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X3D Graphics for Web Authors


Getting Started with X3D


A journey of a thousand miles
begins with a single step.


Chinese proverb
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Goals
This work presents Extensible 3D (X3D) Graphics, 


the open, royalty-free, international standard for 
3D graphics on the Web


Book and slideset goals include
• Show Web authors experienced with HTML and XML 


how to build and connect X3D models
• Teach students principles of Web-capable 3D graphics
• Serve as a ready-reference book for X3D experts


Explain broad principles and specific details of X3D 
for anyone learning how to build 3D models



http://x3dGraphics.com/
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Motivation    1


Over 30 years of steady growth and innovation 
have made 3D graphics an exciting field


Key professional organization is SIGGRAPH for 
computer graphics and interactive techniques
• Includes technical experts and artists alike
• http://www.siggraph.org


Nevertheless, few people actually build 3D 
models themselves
• Usually requires advanced programming skills
• Costly proprietary tools and approaches compete



http://www.siggraph.org/

http://www.siggraph.org/

http://www.acm.org/

http://www.siggraph.org/
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Motivation    2


Rather than creating another expensive technical 
niche, X3D is designed for Web interoperability
• Support capabilities common to most (or all) tools
• Provide import/export publishing compatibility for 


many other formats
• Align 3D with Architecture of the World Wide Web


This approach works well for simple 3D models, 
scaling up to large-scale virtual environments
• Ultimate X3D success means that 3D graphics 


becomes a “first-class citizen” for Web multimedia



http://www.w3.org/TR/webarch

http://www.w3.org/TR/webarch

http://www.w3.org/TR/webarch
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Student background


Provide introductory course in to 3D graphics 
achievable at undergraduate level
• Course successfully taught first as VRML, then X3D


The following are all helpful but not required
• XML authoring background
• Programming skills
• Modeling-tool experience


Lots of free resources are available
• Can be self-taught with dedicated effort
• Support and feedback from online community
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X3D Examples


Software support


back to Table of Contents
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Software support for X3D authoring


Lots of free plugins, tools and resources provided
• X3D Resources at 
http://www.web3d.org/x3d/content/examples/X3dResources.html


Best first step is to install an X3D plugin into your 
default Web browser 
• Letting you easily view any X3D scene


Set up to author X3D scenes using plain-text editor, 
or else by using an X3D-aware authoring tool
• X3D-Edit provided free for any use
• Other tools listed on X3D Resources page above


Get ready, get set...



http://www.web3d.org/x3d/content/examples/X3dResources.html

http://www.web3d.org/x3d/content/examples/X3dResources.html

http://www.web3d.org/x3d/content/examples/X3dResources.html

http://x3dgraphics.com/

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter01-TechnicalOverview

https://cle.nps.edu/xsl-portal/site/x3d

https://savage.nps.edu/X3D-Edit

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter01-TechnicalOverview
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X3D Examples


Numerous (thousands) of X3D examples are 
available online
• http://x3dgraphics.com/examples/X3dResources.html#Examples 


Can browse all examples in X3D for Web Authors
• http://x3dgraphics.com/examples summary
• http://x3dgraphics.com/examples/X3dForWebAuthors archive
• http://x3dgraphics.com/X3dExamplesX3dForWebAuthors.zip 


Recommended approach:
• Browse examples online
• Download and edit on local system


… go!



http://x3dgraphics.com/examples/X3dResources.html#Examples%20

http://x3dgraphics.com/examples

http://x3dgraphics.com/examples/X3dForWebAuthors

http://x3dgraphics.com/X3dExamplesX3dForWebAuthors.zip

http://x3dgraphics.com/examples/X3dResources.html#Examples%20

http://x3dgraphics.com/examples

http://x3dgraphics.com/examples/X3dForWebAuthors

http://x3dgraphics.com/X3dExamplesX3dForWebAuthors.zip
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X3D Examples Archives


X3D for Web Authors
• Textbook on how to design and build X3D scenes


Basic 
• Diverse scenes illustrating various X3D capabilities


Conformance NIST
• Strictly defined test examples for correct operation


VRML 2.0 Sourcebook
• Textbook on VRML97, examples converted to X3D


Savage
• Open-source military models and tools


 245 models


 637 models


 732 models


 269 models


1134 models


3000+ models available`



http://x3dGraphics.com/examples/X3dForWebAuthors

http://www.web3d.org/x3d/content/examples/Basic

http://www.web3d.org/x3d/content/examples/ConformanceNist

http://www.web3d.org/x3d/content/examples/Vrml2.0Sourcebook

https://savage.nps.edu/Savage

http://x3dGraphics.com/examples/X3dForWebAuthors

http://www.web3d.org/x3d/content/examples/Basic

http://www.web3d.org/x3d/content/examples/ConformanceNist

http://www.web3d.org/x3d/content/examples/Vrml2.0Sourcebook

https://savage.nps.edu/Savage

http://x3dgraphics.com/examples/X3dResources.html#Examples

https://savagedefense.nps.navy.mil/SavageDefense





X3D Examples download panel, X3D-Edit



http://x3dgraphics.com/examples/X3dResources.html#Examples
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X3D-Edit authoring tool


Software support


back to Table of Contents



https://savage.nps.edu/X3D-Edit/#Acknowledgements
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X3D-Edit


Available free for any use
• https://savage.nps.edu/X3D-Edit 
• Written using Java, XML and X3D
• Windows, MacOSX, Linux, Solaris operating systems


Standalone application with automatic updates 
available once installed


Also available for Netbeans as plugin module
• Open integrated development environment (IDE), 


primarily (but not exclusively) for Java
• http://www.netbeans.org 



https://savage.nps.edu/X3D-Edit

http://www.netbeans.org/

https://savage.nps.edu/X3D-Edit

http://www.netbeans.org/
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X3D-Edit features
X3D-Edit features include direct editing of X3D 


scenes using the XML (.x3d) encoding, 
embedded visualization of scenes using the 
Xj3D viewer, XML validation against X3D DTDs 
and Schemas, drag-and-drop palette for X3D 
nodes, popup panels for node editing, and 
extensive help resources.


New features include ClassicVRML and X3D 
compressed binary encoding support, plus 
encryption and digital-signature authentication 
using XML Security standards.
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X3D-Edit home page



https://savage.nps.edu/X3D-Edit
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X3D-Edit screen snapshot



https://savage.nps.edu/X3D-Edit
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X3D-Edit download and installation


Options on X3D-Edit home page
• https://savage.nps.edu/X3D-Edit/#Downloads 


Standalone executable application:
• Download and extract X3D-Edit3.2.zip 
• https://savage.nps.edu/X3D-Edit/X3D-Edit3.2.zip 
• Launch runX3dEditWin.bat on a Windows machine
• Launch runX3dEditMac.sh.command on a Mac
• Successful test reports received for Linux...
• That's all there is to it!



https://savage.nps.edu/X3D-Edit/#Downloads

https://savage.nps.edu/X3D-Edit/X3D-Edit3.2.zip

https://savage.nps.edu/X3D-Edit/X3D-Edit3.2.zip

https://savage.nps.edu/X3D-Edit/#Downloads

https://savage.nps.edu/X3D-Edit/X3D-Edit3.2.zip

https://savage.nps.edu/X3D-Edit/X3D-Edit3.2.zip
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X3D-Edit built using Netbeans


X3D-Edit 3.2 is written in Java using the 
Netbeans platform, and so is portable across 
major desktop and laptop operating systems 
(Windows MacOSX Linux Solaris)
• http://www.netbeans.org


Lots of help and documentation are provided, 
both online and within X3D-Edit help system



http://www.netbeans.org/

http://www.netbeans.org/

http://www.netbeans.org/

http://www.netbeans.org/
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X3D-Edit updates


Icon in lower-left corner of screen indicates when 
updates are available for automatic installation


Plugin available:  click
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X3D-Edit Help







Netbeans editor keyboard shortcuts



http://wiki.netbeans.org/wiki/view/KeymapProfileFor60
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Hello World example


back to Table of Contents
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Hello World example


Hello World programs are simple examples of a 
computer language to illustrate their structure
• HelloWorld.x3d actually has a small world in it!
• Found in local-directory archive download at 


www.web3d.org/x3d/content/examples


X3D-Edit display includes color-coded text, node 
palette, validation, XML tree, Xj3D rendering
• Pretty-print HTML version is another useful output


Studying and modifying HelloWorld.x3d is an 
excellent way to learn a lot about X3D graphics


back to Table of Contents



http://x3dgraphics.com/examples/HelloWorld.x3d

http://www.web3d.org/x3d/content/examples/HelloWorld.x3d

http://x3d.svn.sourceforge.net/viewvc/*checkout*/x3d/www.web3d.org/x3d/content/examples/HelloWorld.x3d
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HelloWorld.x3d in X3D-Edit
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Suggested exercise


Recreate the HelloWorld.x3d scene with X3D-Edit
• Create a new X3D scene, Save As using a new 


filename of your choosing
• Iconize the <head> element by clicking margin '+'
• Drag and drop nodes to build the scene
• Edit by typing, and by using node editors
• Make sure you maintain valid XML as you go
• Save, view, repeat as necessary


This matches how we build many X3D scenes
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HelloWorld catalog page
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Pretty-print HTML version of HelloWorld.x3d



http://www.web3d.org/x3d/content/examples/HelloWorld.html
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Other features


back to Table of Contents
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Viewing alternatives for X3D


Default built-in viewer is open-source Xj3D
• High performance, implemented using Java OpenGL


Can launch current scene into web browser
• Displays using any of your installed plugins
• “Launch all viewers” simplifies comparison testing 


Can also launch into standalone applications
• Configuration panel simplifies download, install 



http://www.xj3d.org/

http://www.web3d.org/x3d/content/examples/X3dResources.html#Applications





Right-click to launch external viewer







Download, configure viewers: 
Tools, Options, Miscellaneous, X3D, Players
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X3D-Edit collaboration chat  1


Chat-based collaboration for text messaging or 
simultaneous file sharing is now available as an 
integrated capability in X3D-Edit.


Currently the installation procedure is performed 
by end users.  Directions and screen snapshots 
are available at
• https://savage.nps.edu/X3D-Edit/XmppChatCollaborationModule.html 



https://savage.nps.edu/X3D-Edit/XmppChatCollaborationModule.html

https://savage.nps.edu/X3D-Edit/XmppChatCollaborationModule.html
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X3D-Edit collaboration chat  2


XMPP JID for the chat channel is xmpp://x3d@muc.share.java.net 


Subscription directions are provided on the installation page
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Version control support included



http://x3d.svn.sourceforge.net/viewvc/x3d/www.web3d.org/x3d/tools/X3dEdit3.2
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X3D for Web Authors


http://x3dGraphics.com 


back to Table of Contents



http://x3dGraphics.com/

http://x3dGraphics.com/
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X3D for Web Authors
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Book organization


back to Table of Contents
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Book organization


Chapter 1 provides a thorough technical 
background study of how X3D works.


Subsequent chapters covers specific X3D nodes, 
grouped by similar functionality
• Chapters 2-6 for scene-graph fundamentals
• Chapters 7-9 for event animation and scripting
• Chapters 10-14 can be read in any order


Example scenes are provided in every chapter to 
enable direct learning, by changing examples 
and creating new scenes
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Chapter descriptions


1. Technical Overview. General introduction of the 
fundamentals of 3D, including scene graphs, 
events, node reuse, file structure and encodings, 
components and profiles, and conformance.


2. Geometry Nodes, Part 1: Primitives. The 
basic primitive shapes.
• Box, Sphere, Cylinder, Cone, and Text.


3. Grouping Nodes. Collecting and positioning 
objects in the 3D world.
• Inline, LOD, Group and StaticGroup, Switch, 


Transform, and Anchor.
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Chapter descriptions


4. Viewing and Navigation. How to view and 
navigate in the 3D world
• Viewpoint and NavigationInfo.


5. Appearance, Material, and Textures. 
Adding colors, shininess, and transparency
• Material and TwoSidedMaterial, 


or by adding image-file textures
• PixelTexture, ImageTexture, MovieTexture, 


TextureTransform, TextureCoordinate, and 
TextureCoordinateGenerator.
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Chapter descriptions


6. Geometry Nodes, Part 2: Points, Lines, and 
Polygons. Geometric creations that are more 
advanced than the basic shapes.
• Coordinate, Color, PointSet, LineSet, Extrusion 


IndexedLineSet, IndexedFaceSet, ElevationGrid.
7. Event Animation and Interpolation. Making 


objects move, twist, wiggle, and shake.
• TimeSensor and interpolation nodes: 


ScalarInterpolator, PositionInterpolator, 
PositionInterpolator2D, ColorInterpolator, 
OrientationInterpolator,  CoordinateInterpolator.
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Chapter descriptions


8. User Interactivity Nodes. Allowing users to 
interact with the world by connecting
• TouchSensor, PlaneSensor, CylinderSensor, 


SphereSensor, KeySensor, and StringSensor nodes.


9. Event Utilities and Scripting. Event type 
conversion and improved animation using the 
event-utility nodes
• BooleanFilter, BooleanSequencer, BooleanToggle, 


BooleanTrigger, IntegerSequencer, IntegerTrigger
• author-programmable Script node.
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Chapter descriptions


10. Geometry Nodes, Part 3: Geometry2D 
Nodes. Flat geometry is helpful for building 2D 
shapes that face the viewer. Planar nodes include 
• Polypoint2D, Rectangle2D, TriangleSet2D, Polyline2D, 


Circle2D, Arc2D, ArcClose2D, Disk2D.


11. Lighting and Environment Nodes. Achieve 
lighting and scene background effects using 
• DirectionalLight, PointLight, SpotLight, Background, 


TextureBackground, Fog, and Sound.
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Chapter descriptions


12.  Environment Sensor and Sound Nodes. 
User activity in the environment can be detected 
and processed by using 
• LoadSensor, Collision, Billboard, ProximitySensor, and 


VisibilitySensor


13. Geometry Nodes, Part 4: Triangles and 
Quadrilaterals. Fundamental low-level 
geometry creation using triangles: 
• TriangleSet, TriangleStripSet, TriangleFanSet, 


IndexedTriangleSet, IndexedTriangleStripSet, and 
IndexedTriangleFanSet.
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Chapter descriptions


14. Creating Prototype Nodes. Probably the 
most powerful extension feature in X3D is the 
ability to define new reusable nodes, known as 
prototypes.  Prototype declarations are 
combinations of already-existing nodes and 
(optionally) other prototypes. Prototype 
instances can then be used like any other X3D 
node. External prototype declarations allow 
authors to collect reusable prototype 
definitions together in a single file that can be 
accessed by other scenes.
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How to use the book


back to Table of Contents
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How to use the book, 1


Hands-on, eyes-on approach
• Learning is best accomplished by building and 


modifying scenes, using a text editor or an  
authoring tool that is X3D capable


• Modify and refresh frequently, you won't break it!
• X3D-Edit is provided free for your use 


https://savage.nps.edu/X3D-Edit 


Web authors and X3D students
• Chapter 1 section 1 only, then start with Chapter 2 


and proceed in order
• Review chapter 1 periodically later, when you want



https://savage.nps.edu/X3D-Edit

https://savage.nps.edu/X3D-Edit
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How to use the book, 2


Experienced 3D programmers
• Read Chapter 1 first to figure out how X3D is both 


similar to (and different from) the technologies 
which you already understand


• Skim chapters 2-6 scene graph fundamentals, then 
study chapters 2-9 animation, use others as needed


Experienced X3D authors
• Study Chapter 1 descriptions of XML + ClassicVRML 


encodings, which are functionally equivalent
• Remainder of book in any order, can use it as a 


ready-reference manual
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Summary


back to Table of Contents
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Summary


Reading this “Getting Started” slideset prepares 
you to work examples in X3D for Web Authors


Topics include
• Goals, Motivation and Student background
• X3D-Edit Authoring Tool and Hello World example
• X3D for Web Authors:  book organization and use


• It is important to get your system fully set up 
to view and edit X3D example scenes


• Can skip Chapter 1, Technical Introduction
• Start right in working examples in Chapter 2



http://x3dGraphics.com/

http://x3dGraphics.com/

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23X3D%20browsers

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23X3D%20browsers
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CGEMS, SIGGRAPH, Eurographics


The Computer Graphics Educational Materials 
Source(CGEMS) site is designed for educators
• to provide a source of refereed high-quality content
• as a service to the Computer Graphics community
• freely available, directly prepared for classroom use
• http://cgems.inesc.pt 


X3D for Web Authors recognized by CGEMS!  ☺
• Book materials:  X3D-Edit tool, examples, slidesets
• Received jury award for Best Submission 2008


CGEMS supported by SIGGRAPH, Eurographics



http://cgems.inesc.pt/

http://cgems.inesc.pt/

http://www.siggraph.org/

http://www.eg.org/

http://cgems.inesc.pt/

http://cgems.inesc.pt/

http://www.siggraph.org/

http://www.eg.org/

http://cgems.inesc.pt/

http://cgems.inesc.pt/authors/ListModules.aspx

http://cgems.inesc.pt/EditorialPolicy.htm
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Creative Commons open-source license
http://creativecommons.org/licenses/by-nc-sa/3.0 



http://creativecommons.org/licenses/by-nc-sa/3.0

http://creativecommons.org/licenses/by-nc-sa/3.0





Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.



http://www.web3d.org/x3d/content/examples/license.html

http://www.web3d.org/x3d/content/examples/license.html

http://www.web3d.org/x3d/content/examples/license.txt

http://www.web3d.org/x3d/content/examples/license.html

http://oreilly.com/catalog/9780596005818/index.html

http://handle.dtic.mil/100.2/ADA450769
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Goals
This work presents Extensible 3D (X3D) Graphics, 


the open, royalty-free, international standard for 
3D graphics on the Web


Book and slideset goals include
• Show Web authors experienced with HTML and XML 


how to build and connect X3D models
• Teach students principles of Web-capable 3D graphics
• Serve as a ready-reference book for X3D experts


Explain broad principles and specific details of X3D 
for anyone learning how to build 3D models


Excerpted and adapted from Chapter 1, X3D Graphics for Web Authors


http://x3dGraphics.com 
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Motivation    1


Over 30 years of steady growth and innovation 
have made 3D graphics an exciting field


Key professional organization is SIGGRAPH for 
computer graphics and interactive techniques
• Includes technical experts and artists alike
• http://www.siggraph.org


Nevertheless, few people actually build 3D 
models themselves
• Usually requires advanced programming skills
• Costly proprietary tools and approaches compete


Association for Computing Machinery (ACM) at http://www.acm.org 


is the parent organization of the


Special Interest Group on Graphics (SIGGRAPH) http://www.siggraph.org 







 


Chapter00-GettingStarted 5


5


Motivation    2


Rather than creating another expensive technical 
niche, X3D is designed for Web interoperability
• Support capabilities common to most (or all) tools
• Provide import/export publishing compatibility for 


many other formats
• Align 3D with Architecture of the World Wide Web


This approach works well for simple 3D models, 
scaling up to large-scale virtual environments
• Ultimate X3D success means that 3D graphics 


becomes a “first-class citizen” for Web multimedia


Students (and experts) working in 3D graphics usually get “locked into” one authoring 
tool or software package.  This means they are often learning methods techniques 
that are peculiar to the tool interface, rather than 'nondenominational' 3D graphics 
knowledge that is more general, more portable, and suitable for Web export.


We hope that the book and associated materials changes this long-running situation.


The Architecture of the World Wide Web is a World Wide Web Consortium (W3C) 
Recommendation, administered by the W3C Technical Architecture Group (TAG) and 
online at http://www.w3.org/TR/webarch 







 


Chapter00-GettingStarted 6


6


Student background


Provide introductory course in to 3D graphics 
achievable at undergraduate level
• Course successfully taught first as VRML, then X3D


The following are all helpful but not required
• XML authoring background
• Programming skills
• Modeling-tool experience


Lots of free resources are available
• Can be self-taught with dedicated effort
• Support and feedback from online community


We are working to make X3D learnable and usable by any Web author.







 


Chapter00-GettingStarted 7


7


X3D Examples


Software support


back to Table of Contents
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Software support for X3D authoring


Lots of free plugins, tools and resources provided
• X3D Resources at 
http://www.web3d.org/x3d/content/examples/X3dResources.html


Best first step is to install an X3D plugin into your 
default Web browser 
• Letting you easily view any X3D scene


Set up to author X3D scenes using plain-text editor, 
or else by using an X3D-aware authoring tool
• X3D-Edit provided free for any use
• Other tools listed on X3D Resources page above


Get ready, get set...


There are several ways to get to the X3D Resources page


• Online


• An earlier version of the X3D Resources (formerly called X3D Help page) 
is also provided as Appendix B in X3D for Web Authors book


• Also bundled with each of the X3D Examples archives


• Sakai course website for enrolled NPS students


• Bundled with X3D-Edit help system:
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X3D Examples


Numerous (thousands) of X3D examples are 
available online
• http://x3dgraphics.com/examples/X3dResources.html#Examples 


Can browse all examples in X3D for Web Authors
• http://x3dgraphics.com/examples summary
• http://x3dgraphics.com/examples/X3dForWebAuthors archive
• http://x3dgraphics.com/X3dExamplesX3dForWebAuthors.zip 


Recommended approach:
• Browse examples online
• Download and edit on local system


… go!


... go!
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X3D Examples Archives


X3D for Web Authors
• Textbook on how to design and build X3D scenes


Basic 
• Diverse scenes illustrating various X3D capabilities


Conformance NIST
• Strictly defined test examples for correct operation


VRML 2.0 Sourcebook
• Textbook on VRML97, examples converted to X3D


Savage
• Open-source military models and tools


 245 models


 637 models


 732 models


 269 models


1134 models


3000+ models available`


Model archives, .zip distributions and version control inspection are available at


• http://x3dgraphics.com/examples/X3dResources.html#Examples 


NPS students from USA and other government agencies can also use the restricted-access 
SavageDefense archive.


• NPS SavageDefense library is an open-source set of models used for defense 
simulation. Access is restricted to NPS partners working on government-sponsored 
projects. Bug reports are tracked privately.


• Online at https://savagedefense.nps.navy.mil/SavageDefense 


• Compressed archive (~450 MB) at X3dExamplesSavageDefense.zip


• Subversion master source is retrievable via subversion check out:
  svn co https://savagedefense.nps.navy.mil/svn/nps/SavageDefense SavageDefense 
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X3D Examples download panel, X3D-Edit


X3D-Edit includes this download panel.  Select the top-level Examples menu, then 
Download X3D Example Archives.


All .zip distributions remain available at


• http://x3dgraphics.com/examples/X3dResources.html#Examples 
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X3D-Edit authoring tool


Software support


back to Table of Contents


Acknowledgements at https://savage.nps.edu/X3D-Edit/#Acknowledgements 
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X3D-Edit


Available free for any use
• https://savage.nps.edu/X3D-Edit 
• Written using Java, XML and X3D
• Windows, MacOSX, Linux, Solaris operating systems


Standalone application with automatic updates 
available once installed


Also available for Netbeans as plugin module
• Open integrated development environment (IDE), 


primarily (but not exclusively) for Java
• http://www.netbeans.org 


The X3D-Edit 3.2 Authoring Tool for Extensible 3D (X3D) Graphics supports the 
creation, checking, display and publication of X3D scenes. 


It is written in open-source Java and XML using the Netbeans platform, making it 
suitable both as a standalone application and as a plugin module for the Netbeans 
integrated development environment (IDE).
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X3D-Edit features


X3D-Edit features include direct editing of X3D 
scenes using the XML (.x3d) encoding, 
embedded visualization of scenes using the 
Xj3D viewer, XML validation against X3D DTDs 
and Schemas, drag-and-drop palette for X3D 
nodes, popup panels for node editing, and 
extensive help resources.


New features include ClassicVRML and X3D 
compressed binary encoding support, plus 
encryption and digital-signature authentication 
using XML Security standards.
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X3D-Edit home page


X3D-Edit home page is online at https://savage.nps.edu/X3D-Edit 
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X3D-Edit screen snapshot


As the name implies, X3D-Edit is primarily oriented towards editing X3D text.  
Additional features include:


• Pop-up editors for each node


• Palette for dragging/dropping new nodes


• Xj3D scene visualization


• XML tree view


• Automatic code completion and element matching


• Validation and error checking


• Help system including multilingual tooltips, X3D specifications, examples help and


  X3D Scene Authoring Hints


• Automatic updates


https://savage.nps.edu/X3D-Edit 
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X3D-Edit download and installation


Options on X3D-Edit home page
• https://savage.nps.edu/X3D-Edit/#Downloads 


Standalone executable application:
• Download and extract X3D-Edit3.2.zip 
• https://savage.nps.edu/X3D-Edit/X3D-Edit3.2.zip 
• Launch runX3dEditWin.bat on a Windows machine
• Launch runX3dEditMac.sh.command on a Mac
• Successful test reports received for Linux...
• That's all there is to it!


Further customization for Linux is welcome, expert help is invited


Work in progress:  Java WebStart version
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X3D-Edit built using Netbeans


X3D-Edit 3.2 is written in Java using the 
Netbeans platform, and so is portable across 
major desktop and laptop operating systems 
(Windows MacOSX Linux Solaris)
• http://www.netbeans.org


Lots of help and documentation are provided, 
both online and within X3D-Edit help system
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X3D-Edit updates


Icon in lower-left corner of screen indicates when 
updates are available for automatic installation


Plugin available:  click


It is also possible to manually trigger an X3D-Edit update, if one is available.


From top menu, select Tools > Plugins > Updates and then click the Update button.
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X3D-Edit Help


F1 or the Help menu launches the JavaHelp system.
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Netbeans editor keyboard shortcuts


Available via the top Help menu, and also online at
 http://wiki.netbeans.org/wiki/view/KeymapProfileFor60  
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Hello World example


back to Table of Contents
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Hello World example


Hello World programs are simple examples of a 
computer language to illustrate their structure
• HelloWorld.x3d actually has a small world in it!
• Found in local-directory archive download at 


www.web3d.org/x3d/content/examples


X3D-Edit display includes color-coded text, node 
palette, validation, XML tree, Xj3D rendering
• Pretty-print HTML version is another useful output


Studying and modifying HelloWorld.x3d is an 
excellent way to learn a lot about X3D graphics


back to Table of Contents


http://x3dgraphics.com/examples/HelloWorld.x3d 


http://www.web3d.org/x3d/content/examples/HelloWorld.x3d 


master in version control:
http://x3d.svn.sourceforge.net/viewvc/*checkout*/x3d/www.web3d.org/x3d/content/examples/HelloWorld.x3d 
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HelloWorld.x3d in X3D-Edit
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Suggested exercise


Recreate the HelloWorld.x3d scene with X3D-Edit
• Create a new X3D scene, Save As using a new 


filename of your choosing
• Iconize the <head> element by clicking margin '+'
• Drag and drop nodes to build the scene
• Edit by typing, and by using node editors
• Make sure you maintain valid XML as you go
• Save, view, repeat as necessary


This matches how we build many X3D scenes
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HelloWorld catalog page
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Pretty-print HTML version of HelloWorld.x3d


Pretty-printed HTML output using X3dToXhtml.xslt stylesheet


http://www.web3d.org/x3d/content/examples/HelloWorld.html 
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Other features


back to Table of Contents
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Viewing alternatives for X3D


Default built-in viewer is open-source Xj3D
• High performance, implemented using Java OpenGL


Can launch current scene into web browser
• Displays using any of your installed plugins
• “Launch all viewers” simplifies comparison testing 


Can also launch into standalone applications
• Configuration panel simplifies download, install 


http://www.xj3d.org 


http://www.web3d.org/x3d/content/examples/X3dResources.html#Applications
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Right-click to launch external viewer
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Download, configure viewers: 
Tools, Options, Miscellaneous, X3D, Players


X3D-Edit menu selections:  Tools, Options, Miscellaneous, X3D, Players
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X3D-Edit collaboration chat  1


Chat-based collaboration for text messaging or 
simultaneous file sharing is now available as an 
integrated capability in X3D-Edit.


Currently the installation procedure is performed 
by end users.  Directions and screen snapshots 
are available at
• https://savage.nps.edu/X3D-Edit/XmppChatCollaborationModule.html 
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X3D-Edit collaboration chat  2


XMPP JID for the chat channel is xmpp://x3d@muc.share.java.net 


Subscription directions are provided on the installation page
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Version control support included


Version control allows multiple authors to share updates and work together.  
Prerequisite:  you must have the Collabnet subversion client installed.


If the file being edited is under version control, the Netbeans platform detects that and 
offers Subversion or CVS version control (as appropriate) without further setup.


Developers can work with X3D-Edit directly to update, diff (difference compare) and 
commit any file changes.  X3D-Edit 3.2 subversion master source is at


    http://x3d.svn.sourceforge.net/viewvc/x3d/www.web3d.org/x3d/tools/X3dEdit3.2 
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X3D for Web Authors


http://x3dGraphics.com 


back to Table of Contents
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X3D for Web Authors
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Book organization


back to Table of Contents
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Book organization


Chapter 1 provides a thorough technical 
background study of how X3D works.


Subsequent chapters covers specific X3D nodes, 
grouped by similar functionality
• Chapters 2-6 for scene-graph fundamentals
• Chapters 7-9 for event animation and scripting
• Chapters 10-14 can be read in any order


Example scenes are provided in every chapter to 
enable direct learning, by changing examples 
and creating new scenes
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Chapter descriptions


1. Technical Overview. General introduction of the 
fundamentals of 3D, including scene graphs, 
events, node reuse, file structure and encodings, 
components and profiles, and conformance.


2. Geometry Nodes, Part 1: Primitives. The 
basic primitive shapes.
• Box, Sphere, Cylinder, Cone, and Text.


3. Grouping Nodes. Collecting and positioning 
objects in the 3D world.
• Inline, LOD, Group and StaticGroup, Switch, 


Transform, and Anchor.
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Chapter descriptions


4. Viewing and Navigation. How to view and 
navigate in the 3D world
• Viewpoint and NavigationInfo.


5. Appearance, Material, and Textures. 
Adding colors, shininess, and transparency
• Material and TwoSidedMaterial, 


or by adding image-file textures
• PixelTexture, ImageTexture, MovieTexture, 


TextureTransform, TextureCoordinate, and 
TextureCoordinateGenerator.
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Chapter descriptions


6. Geometry Nodes, Part 2: Points, Lines, and 
Polygons. Geometric creations that are more 
advanced than the basic shapes.
• Coordinate, Color, PointSet, LineSet, Extrusion 


IndexedLineSet, IndexedFaceSet, ElevationGrid.
7. Event Animation and Interpolation. Making 


objects move, twist, wiggle, and shake.
• TimeSensor and interpolation nodes: 


ScalarInterpolator, PositionInterpolator, 
PositionInterpolator2D, ColorInterpolator, 
OrientationInterpolator,  CoordinateInterpolator.
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Chapter descriptions


8. User Interactivity Nodes. Allowing users to 
interact with the world by connecting
• TouchSensor, PlaneSensor, CylinderSensor, 


SphereSensor, KeySensor, and StringSensor nodes.


9. Event Utilities and Scripting. Event type 
conversion and improved animation using the 
event-utility nodes
• BooleanFilter, BooleanSequencer, BooleanToggle, 


BooleanTrigger, IntegerSequencer, IntegerTrigger
• author-programmable Script node.
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Chapter descriptions


10. Geometry Nodes, Part 3: Geometry2D 
Nodes. Flat geometry is helpful for building 2D 
shapes that face the viewer. Planar nodes include 
• Polypoint2D, Rectangle2D, TriangleSet2D, Polyline2D, 


Circle2D, Arc2D, ArcClose2D, Disk2D.


11. Lighting and Environment Nodes. Achieve 
lighting and scene background effects using 
• DirectionalLight, PointLight, SpotLight, Background, 


TextureBackground, Fog, and Sound.
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Chapter descriptions


12.  Environment Sensor and Sound Nodes. 
User activity in the environment can be detected 
and processed by using 
• LoadSensor, Collision, Billboard, ProximitySensor, and 


VisibilitySensor


13. Geometry Nodes, Part 4: Triangles and 
Quadrilaterals. Fundamental low-level 
geometry creation using triangles: 
• TriangleSet, TriangleStripSet, TriangleFanSet, 


IndexedTriangleSet, IndexedTriangleStripSet, and 
IndexedTriangleFanSet.
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Chapter descriptions


14. Creating Prototype Nodes. Probably the 
most powerful extension feature in X3D is the 
ability to define new reusable nodes, known as 
prototypes.  Prototype declarations are 
combinations of already-existing nodes and 
(optionally) other prototypes. Prototype 
instances can then be used like any other X3D 
node. External prototype declarations allow 
authors to collect reusable prototype 
definitions together in a single file that can be 
accessed by other scenes.
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How to use the book


back to Table of Contents
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How to use the book, 1


Hands-on, eyes-on approach
• Learning is best accomplished by building and 


modifying scenes, using a text editor or an  
authoring tool that is X3D capable


• Modify and refresh frequently, you won't break it!
• X3D-Edit is provided free for your use 


https://savage.nps.edu/X3D-Edit 


Web authors and X3D students
• Chapter 1 section 1 only, then start with Chapter 2 


and proceed in order
• Review chapter 1 periodically later, when you want


Note that url for the X3D-Edit home page starts with https not http
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How to use the book, 2


Experienced 3D programmers
• Read Chapter 1 first to figure out how X3D is both 


similar to (and different from) the technologies 
which you already understand


• Skim chapters 2-6 scene graph fundamentals, then 
study chapters 2-9 animation, use others as needed


Experienced X3D authors
• Study Chapter 1 descriptions of XML + ClassicVRML 


encodings, which are functionally equivalent
• Remainder of book in any order, can use it as a 


ready-reference manual
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Summary


back to Table of Contents
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Summary


Reading this “Getting Started” slideset prepares 
you to work examples in X3D for Web Authors


Topics include
• Goals, Motivation and Student background
• X3D-Edit Authoring Tool and Hello World example
• X3D for Web Authors:  book organization and use


• It is important to get your system fully set up 
to view and edit X3D example scenes


• Can skip Chapter 1, Technical Introduction
• Start right in working examples in Chapter 2


Students should have an X3D plugin installed in their Web browser by now, along with 
X3D-Edit or another editor.
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X3D: Extensible 3D Graphics for Web Authors         
by Don Brutzman and Leonard Daly, Morgan 
Kaufmann Publishers, April 2007, 468 pages.  
• http://x3dGraphics.com 
• http://x3dgraphics.com/examples/X3dForWebAuthors 


X3D Resources
• http://www.web3d.org/x3d/content/examples/X3dResources.html 


back to Table of Contents
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X3D Scene Authoring Hints
• http://x3dgraphics.com/examples/X3dSceneAuthoringHints.html 


X3D Graphics Specification
• http://www.web3d.org/x3d/specifications 
• Also available as help pages within X3D-Edit 
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Netbeans
• http://www.netbeans.org 
• http://plugins.netbeans.org/PluginPortal 


Netbeans IDE Field Guide, second edition, 
Patrick Keegan, Ludovic Champenois, 
Gregory Crawley, Charlie Hunt, 
Christopher Webster, Prentice Hall, 2006. 
• http://www.netbeans.org/kb/articles/NBFieldGuide.html 


Netbeans IDE Field Guide website online at 
http://www.netbeans.org/kb/articles/NBFieldGuide.html 
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Netbeans Tips and Tricks, Ruth Kusterer, 
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• “Your Guide to Finding Your Way Around the 
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• http://www.netbeans.org/kb/articles/netbeans-tips-and-tricks-book.html 
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Monterey California 93943-5000 USA


1.831.656.2149 voice


Contact
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CGEMS, SIGGRAPH, Eurographics


The Computer Graphics Educational Materials 
Source(CGEMS) site is designed for educators
• to provide a source of refereed high-quality content
• as a service to the Computer Graphics community
• freely available, directly prepared for classroom use
• http://cgems.inesc.pt 


X3D for Web Authors recognized by CGEMS!  ☺
• Book materials:  X3D-Edit tool, examples, slidesets
• Received jury award for Best Submission 2008


CGEMS supported by SIGGRAPH, Eurographics


From the CGEMS home page:


• http://cgems.inesc.pt 


Welcome to CGEMS - Computer Graphics Educational Materials Source. The 
CGEMS site is designed for educators to provide a source of refereed high-
quality content as a service to the Computer Graphics community as a whole. 
Materials herein are freely available and directly prepared for your classroom.


List of all published modules:


• http://cgems.inesc.pt/authors/ListModules.aspx 


CGEMS Editorial Policy:


• http://cgems.inesc.pt/EditorialPolicy.htm 
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Creative Commons open-source license
http://creativecommons.org/licenses/by-nc-sa/3.0 


Attribution-Noncommercial-Share Alike 3.0 Unported


You are free:


    * to Share — to copy, distribute and transmit the work


    * to Remix — to adapt the work


Under the following conditions:


    * Attribution. You must attribute the work in the manner specified by the author or 
licensor (but not in any way that suggests that they endorse you or your use of the 
work).


      Attribute this work:  What does "Attribute this work" mean?


      The page you came from contained embedded licensing metadata, including how 
the creator wishes to be attributed for re-use. You can use the HTML here to cite the 
work. Doing so will also include metadata on your page so that others can find the 
original work as well.   


    * Noncommercial. You may not use this work for commercial purposes.


    * Share Alike. If you alter, transform, or build upon this work, you may distribute the 
resulting work only under the same or similar license to this one.


    * For any reuse or distribution, you must make clear to others the license terms of 
this work. The best way to do this is with a link to this web page.


    * Any of the above conditions can be waived if you get permission from the 
copyright holder.


    * Nothing in this license impairs or restricts the author's moral rights.
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Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.


License available at


    http://www.web3d.org/x3d/content/examples/license.txt 


    http://www.web3d.org/x3d/content/examples/license.html 


Good references on open source:


Andrew M. St. Laurent, Understanding Open Source and Free 
Software Licensing, O'Reilly Publishing, Sebastopol California, 
August 2004.  http://oreilly.com/catalog/9780596005818/index.html 


Herz, J. C., Mark Lucas, John Scott, Open Technology 
Development: Roadmap Plan,  Deputy Under Secretary of Defense 
for  Advanced Systems and Concepts, Washington DC, April 2006.  
http://handle.dtic.mil/100.2/ADA450769 
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X3D Graphics for Web Authors


Chapter 1


Technical Overview


When we mean to build, we first 
survey the plot, then draw the model.


William Shakespeare, Henry IV
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Chapter Overview
X3D Significance


• VRML historical background
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Chapter Overview
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Overview: Technical Introduction 


This chapter provides a broad overview of how 
X3D graphics is designed and implemented
• Goal is to provide quick coverage of many features


For newcomers to X3D, a quick read is sufficient
• Getting started building models in Chapters 2 and 3 


is more important that understanding every point
• Can review again later to reinforce concepts


Details found in Chapter 1, X3D for Web Authors
• This chapter is available free online



http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter01-TechnicalOverview/Chapter01-Technical_Overview.pdf

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter01-TechnicalOverview/Chapter01-Technical_Overview.pdf

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter01-TechnicalOverview/Chapter01-Technical_Overview.pdf
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X3D Significance
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What is Extensible 3D (X3D)?


X3D is a royalty-free open-standard file format
• Communicate animated 3D scenes using XML
• Run-time architecture for consistent user interaction
• ISO-ratified standard for storage, retrieval and 


playback of real-time graphics content
• Enables real-time communication of 3D data across 


applications:  archival publishing format for Web
• Rich set of componentized features for engineering 


and scientific visualization, CAD and architecture, 
medical visualization, training and simulation, 
multimedia, entertainment, education, and more



http://x3dgraphics.com/examples/X3dResources.html#Books
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Historical background:  VRML


Virtual Reality Modeling Language (VRML) began 
in 1994, seeking to create 3D markup for Web
• Numerous candidates considered by an open 


community of interested practitioners
• SGI's OpenInventor won the initial competition
• VRML 1.0 developed over the next year
• VRML 2.0 restructured some nodes, added features


VRML advanced to International Standard 14772 
by ISO in 1997
• Accomplished by individuals and companies 


cooperating together openly



http://x3dgraphics.com/examples/X3dResources.html#Books
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Web3D Consortium


Web3D Consortium founded in 1998 to protect, 
support and advance the VRML specification
• http://www.web3D.org 


Continued efforts on new technology by multiple 
working groups led its successor, X3D
• http://www.web3D.org/x3d


Non-profit organization of many stakeholders 
ensures that X3D remains royalty free, relevant
• Partnership of industry, agency, academic and 


professional members



http://www.web3D.org/

http://www.web3D.org/x3d

http://www.web3D.org/

http://www.web3D.org/x3d

http://www.web3d.org/membership





www.web3D.org November 2012
November 2012



http://www.web3D.org/

http://www.web3D.org/
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www.web3D.org August 2012August 2012



http://www.web3D.org/

http://www.web3D.org/





www.web3D.org January 
2012


January 2012



http://www.web3D.org/

http://www.web3D.org/
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www.web3D.org June 2010
June 2010



http://www.web3D.org/

http://www.web3D.org/
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www.web3D.org February 2010
February 2010



http://www.web3D.org/

http://www.web3D.org/
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www.web3D.org June 2009
June 2009



http://www.web3D.org/

http://www.web3D.org/

http://www.web3d.org/
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www.web3D.org February 2009
February 2009



http://www.web3D.org/

http://www.web3D.org/

http://www.web3d.org/
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www.web3D.org January 2009
January 2009



http://www.web3D.org/

http://www.web3D.org/

http://www.web3d.org/
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www.web3D.org December 2008
December 2008



http://www.web3D.org/

http://www.web3D.org/

http://www.web3d.org/
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www.web3D.org October 2008
October 2008



http://www.web3D.org/

http://www.web3D.org/

http://www.web3d.org/
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www.web3D.org August 2008
August 2008



http://www.web3D.org/

http://www.web3D.org/

http://www.web3d.org/
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www.web3D.org May 2008
May 2008



http://www.web3D.org/

http://www.web3D.org/

http://www.web3d.org/

http://www.lsi.usp.br/forumx3d





22


www.web3D.org February 2008
Today’s www.web3D.org pageMarch 2008



http://www.web3D.org/

http://www.web3D.org/

http://www.web3d.org/
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www.web3D.org January 2008February 2008



http://www.web3D.org/

http://www.web3D.org/

http://www.web3d.org/





24


www.web3D.org December 2007
January 2008



http://www.web3D.org/

http://www.web3D.org/

http://www.web3d.org/
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www.web3D.org September 2007


September 2007



http://www.web3D.org/

http://www.web3D.org/

http://www.web3d.org/
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X3D Specifications


X3D graphics is defined by a set of specifications
These “specs” are developed by working-group 


volunteers as part of the Web3D Consortium
• Nonprofit organization with business, nonprofit, 


academic and professional members
• http://www.web3D.org 
• Efforts include editing, implementing and evaluating


Specification results reviewed and approved by 
International Organization of Standardization 
(ISO), online at http://www.iso.ch 



http://www.web3D.org/

http://www.iso.ch/

http://www.web3D.org/

http://www.iso.ch/
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Why is a 3D standard important?   1


There are many types of 3D graphics engines 
and plugins available.  Best known:
• Computer graphics games
• Animated movies


Well-kept secret:  these are rarely interoperable
• Example:  no 2 experts can run the other's demo


“Silly” question:  hey, let's mix 2 games together!
• ... why should adding models together be so hard?
• Proprietary software actively prevents such mergers
• Interoperability over Web can change all that
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Why is a 3D standard important?   2


Web standards let different companies do what 
they do well, then interoperate together
• Today there are many small islands of functionality
• Tomorrow might bring a much bigger playing field 


for 3D graphics to work with


A shared Web is good for everyone
• Business, public, government, universities
• Best practices emerge
• More information, more connectivity, more progress
• “A rising tide lifts all boats”







Interoperability - what’s the difference?
Multiple paths, but often confused as equal


Standard:  proven process for content interoperability, 
scalability, compatibility, licensing, growth, success


Specification:  Algorithm descriptions, necessary detail
• But:  might hide royalty problems, such as GIF imagery 


debacle in 1990s


Open source software:  pile of (maybe repeatable) code
• But:  usage licensing is not same as source-code licensing


Market share dominance:  biggest competitor wins?
• Companies (or at least investors) hope to “own” 3D
• But: many defunct companies, dead-end technologies
• Everyone ends up with much smaller market than the Web
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Equivalent X3D encodings, APIs


X3D has multiple file-format encodings
• .x3d is XML based
• .x3dv is ClassicVRML syntax
• .x3db is Compressed Binary Encoding with both 


geometric and information compression


X3D has multiple application program 
interfaces (APIs) with similar structure
• Javascript (formally known as EcmaScript)
• Java (optionally supported)


All these forms have equivalent functionality
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X3D specifications “honeycomb” diagram


X3D Specification 
 is equivalently
defined for all


file encodings and 
programming APIs



http://www.ecma-international.org/





32


Reading the X3D specification


The X3D Specification is highly detailed, primarily 
written for 3D graphics experts.  


Requirements must be described as strictly and 
precisely as possible so that X3D browsers can be 
implemented consistently.  This precision means 
that X3D content is more likely to render and 
animate correctly.


Nevertheless the X3D specification is a great  
learning resource for additional graphics details.  
It is also the authoritative reference for questions.
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Specification availability
The X3D specifications are online at  


• http://www.web3d.org/x3d/specifications 
• also embedded in the X3D-Edit help system


The X3D specifications are published by the Web3D 
Consortium and International Organization of 
Standardization (ISO)
• Web3D versions are published in HTML for free online
• ISO publishes .pdf versions and requires purchase


Feedback on X3D specifications is always welcome
• http://www.web3d.org/x3d/specifications/spec_feedback 



http://www.web3d.org/x3d/specifications

http://www.web3d.org/x3d/specifications/spec_feedback

http://www.web3d.org/x3d/specifications

http://www.web3d.org/x3d/specifications/spec_feedback
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Community rules


Thanks to an open process, IPR-protection rules 
and steady innovation by Web3D members, 
new X3D features continue to evolve and 
grow into great capabilities


• Lots of working groups have formed, worked, 
faded, regrouped and succeeded


•
• Web3D members and public mailing lists still 


keep these successes building, year after year







35


ISO and X3D


Implementation, evaluation and then formal 
review by the International Organization of 
Standardization (ISO) have made X3D an 
approved standard for real-world use, both on 
and off the Web.


Experts from 12-15 nations review our specs.
• Immediate adoption by other governing 


bodies helps to increase deployment.
• Nevertheless all changes and additions 


originate within Web3D working groups.



http://www.iso.ch/

http://www.iso.ch/
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W3C


Further collaboration by Web3D Consortium 
with the World Wide Web Consortium (W3C) 
has made X3D a "first-class citizen" on the 
Web, providing excellent (and growing) 
interoperability with other XML standards.


More work (especially more volunteers) needed, 
some excellent individual opportunities here.



http://www.w3.org/

http://www.w3.org/

http://www.w3.org/

http://www.w3.org/

http://www.w3.org/2008/WebVideo

http://www.w3.org/2007/08/video/positions/Web3D.pdf

http://www.w3.org/XML/EXI

http://www.w3.org/2003/08/binary-interchange-workshop
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W3C home   http://w3.org
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Intellectual property rights (IPR)


Web3D and W3C have similar policies
• Any known patented technology must be 


declared by members prior to consideration 
in safe haven of working groups


• Any patented technology contributions must 
be licensed on a royalty-free (RF) basis for 
inclusion in an openly used Web standard 
http://www.web3d.org/membership 


Caveat:  any legal problem can be solved, 
but only in advance!


Must innoculate against patent problems
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Open source:  at least one
One of two independent implementations
• Required for Web3D approval, standardization


Open for any use, without license fees
• Free = freedom to innovate, free to fix!
• Not necessarily free cost 
• More like “free puppy”, not “free beer”


Common shared example implementations
• Can provide a self-sustaining business model for 


continued activity, improvement
• Can clear up logjams when companies can’t resolve 


interoperability issues due to proprietary code
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Digital rights management


X3D’s XML and Compressed Binary encodings 
allow use of W3C’s Security recommendations 


• XML Encryption
• XML Digital Signature (for authentication)
• Public key infrastructure
More flexible DRM is now feasible
• More uses than Hollywood-commercial exist
• Sun’s DReaM project, Open Media Commons 


http://www.openmediacommons.org 



http://www.openmediacommons.org/

http://www.openmediacommons.org/
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IPR summary


IPR = Intellectual Property Rights
Open standards & open source:  part of success
Complements legacy approaches, traditional 


“hierarchical stovepipes,” provides stability
Win-win approach for government, industry


• Both wins are needed for program success 


Standards organizations, IPR agreements 
provide a stable playing field for long term


Welcome to another active playing field!
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X3D Technical Overview


back to Table of Contents
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Web browsers, X3D plugins    1


X3D browsers parse (read) X3D scene models and 
render (draw) them
• Also provide simulation capabilities for animation and 


user interaction
• http://www.web3d.org/x3d/content/examples/X3dResources.html#Applications 


Often implemented as plugins to web browsers: 
• Internet Explorer http://www.microsoft.com 
• Mozilla Firefox     http://www.mozilla.com 
• Opera     http://www.opera.com 
• Safari                 http://www.apple.com/safari 



http://www.web3d.org/x3d/content/examples/X3dResources.html#Applications

http://www.microsoft.com/

http://www.mozilla.com/

http://www.opera.com/

http://www.apple.com/safari

http://www.web3d.org/x3d/content/examples/X3dResources.html#Applications

http://www.microsoft.com/

http://www.mozilla.com/

http://www.opera.com/

http://www.apple.com/safari

http://www.web3d.org/x3d/content/examples/help.html#Applications
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Web browsers, X3D plugins    2


There are many X3D plugins for Web browsers 
• Contact        http://www.bitmanagement.de 
➢ FreeWRL/FreeX3D  http://www.crc.ca/FreeWRL 
• InstantReality        http://instantreality.org 
• Octaga        http://www.octaga.com 
➢ Xj3D        http://www.xj3d.org 
● Others available     online


Most also operate as a standalone application
• Either commercial source code or open source 
• Same X3D graphics content runs on each one



http://www.bitmanagement.de/

http://www.crc.ca/FreeWRL

http://instantreality.org/

http://www.octaga.com/

http://www.xj3d.org/

http://www.web3d.org/x3d/content/examples/X3dResources.html#Applications

http://www.bitmanagement.de/

http://www.crc.ca/FreeWRL

http://instantreality.org/

http://www.octaga.com/

http://www.xj3d.org/

http://www.web3d.org/x3d/content/examples/X3dResources.html#Applications

http://www.web3d.org/x3d/content/examples/help.html#Applications

http://www.web3d.org/x3d/wiki/index.php/Player_support_for_X3D_components
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Example software architecture for X3D browser


3D graphics algorithms and implementations are 
intensely technical and performance-sensitive 


X3D browsers are thus allowed to implement in 
any manner which they choose
• As long as the author's X3D scene works properly


This is a healthy split of responsibilities
• Each gets to excel at what they are good at


Quality designs and shared “lessons learned” 
continue to build up nicely
• Next diagram shows example architecture







Example software architecture for X3D browser - 
diagram
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Scene graph concepts


Scene graphs are a model-centric approach to 
3D that hierarchically defines geometry shape, 
appearance, position and orientation, etc. etc.
• Directed acyclic graph (DAG), meaning a tree with a 


root node and no loops


• Declarative listing of parameters of interest
• Similar to Computer Aided Design (CAD) models:  


define 3D geometry and appearance, but simply


Unlike most imperative programming approaches
• draw this triangle, that triangle, recompute, etc.
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Scene graph terminology


Scene graph data file
• contains model description, may refer to data files


Scene graph viewer
• Reads and renders scene-graph models
• Implemented as application or web browser plugin


Scene graph editor
• Special text editor for scene graph development


Executable application
• Specific 3D model capable of running on a specific 


operating system
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Scene graph rendering


The browser traverses the scene graph, updating 
any values within nodes and building an image
• New image then replaces previous screen image, 


process known as double buffering
• Rapid repetitions are very important
• Frame rate faster than 7-10 Hz (cycles per second) 


provides appearance of smooth motion


Rendering is defined as this drawing process
Off-line rendering is performing such 


operations to image or movie files, rather than 
display







50


Performance optimizations 


Scene graphs have performance optimizations 
sometimes not available in other Application 
Programming Interface (API) approaches
• Scene graph structure designed to take advantage 


of graphics hardware acceleration
• Can refer to (and reuse) subgraphs (X3D DEF, USE)
• “dirty bit” indicates whether a scene subgraph has 


been modified, avoiding needless recomputations
• Browser can rearrange or simplify geometry
• Scoping of lights to reduce computational impact
• Widely repeated interchange patterns
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Scene-graph advantages relative 
to OpenGL, DirectX render layers


OpenGL and DirectX APIs are thin software 
layers that expose underlying 3D graphics-
acceleration hardware for real-time rendering


Each is a state machine, optimized for drawing 
triangles textures etc., not designed to have 
memory for modeling high-level simulation 
objects, remembering user actions, etc.


Scene graphs are a closer match to simulation 
models, easier to model and modify







Scene graphs and ray tracing


Ray tracing emulates physical properties of light 
interaction with material surfaces
• Ray vectors are propagated, computed, added
• Computational time can be intensive, usually best 


for high-fidelity rendering (rather than real-time)


Variety of different approaches, programs
• Persistence of Vision Raytracer (www.povray.org)
• Movies, e.g. Renderman (renderman.pixar.com)


Scene graph designed for real-time rendering
• But X3D Specification has no rendering prohibitions
• Okino Polytrans supports both (www.okino.com) 



http://www.povray.org/

http://renderman.pixar.com/

http://www.web3d.org/x3d/specifications

http://www.okino.com/

http://www.povray.org/

http://renderman.pixar.com/

http://www.web3d.org/x3d/specifications

http://www.okino.com/





Many other scene graph architectures


OpenInventor (OI), predecessor of VRML
• http://oss.sgi.com/projects/inventor 


Virtual Reality Modeling Language (VRML), 
direct predecessor of X3D
• http://www.web3d.org/x3d/specifications 


Java3D quite similar to X3D scene graph
• https://java3d.dev.java.net 


OpenSceneGraph (OSG)
• http://www.openscenegraph.org 


OpenSG
• http://www.opensg.org 



http://oss.sgi.com/projects/inventor

http://www.web3d.org/x3d/specifications

https://java3d.dev.java.net/

http://www.openscenegraph.org/

http://www.opensg.org/

http://oss.sgi.com/projects/inventor

http://www.web3d.org/x3d/specifications

https://java3d.dev.java.net/

http://www.openscenegraph.org/

http://www.opensg.org/

http://en.wikipedia.org/wiki/Open_Inventor
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Behaviors


Behavior is defined as changing the value of a 
field contained by some node in scene graph


Animation nodes, user interaction nodes and 
network updates can produce updated values


ROUTE statements connect output of one node 
as an input to field in another node


Event is defined as the time-stamped value 
passed by a ROUTE, from one field to another


Thus the values held by nodes in scene graph 
can change as time advances
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Behavior traversal of scene graph


Once frame is swapped to update screen image, 
need to update values in the scene


Event model consists of 
• Examining clock-driven and user-initiated events
• Updating scene-graph values
• Triggering and updating new events as appropriate
• Continue until all events handled, loops not allowed


Event updates modify the scene graph
• Changing rendering properties, or
• Generating further event outputs 
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Example behavior event chain
• User clicks button to start a timer clock
• Clock outputs new event at start of each frame,
• ... which stimulates linear-interpolation function 


which produces another output value
• ... which updates some target value in scene graph
• Repeat event traversal after each frame redraw
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X3D file structure


X3D scene files have a common file structure
• File header (XML, ClassicVRML, Compressed Binary)
• X3D header statement
• Profile statement
• Component statements (optional)
• Meta statements (optional)
• X3D root node
• X3D scene graph child nodes
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Need for subdivisions and subsets


3D graphics is a big and complicated subject
• Beginning authors just want simple scenes
• Experienced authors want to use everything


Similar needs for browser software builders
• Small rapid download for simple web graphics
• Full-capability software for every possible technique


Challenge:  how to consistently support both?
• Object-oriented decomposition for consistency
• Key design criteria for bottom-up X3D extensibility
• X3D design answer:  profiles + components
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Profiles and components


Profiles are predefined collections of components
• Can augmented each by adding other components


Components are predefined collections of nodes
• Further defined by level of complexity
• Components match chapters in X3D specification


Authors define the expected complexity of scene 
by defining profile level in the X3D header
• Can also add optional components, if desired
• This tells the X3D browser what level of support is 


needed for run-time operation
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Profiles cover common use cases


Profiles are a collection of components matching 
common levels of complexity


Profiles are X3D subsets 
• Collection of X3D nodes for 


for author's palette
• Interchange suitable for 


simple geometry conversion
• Interactive adds simple user 


interactivity (clicking etc.)
• Immersive matches 


VRML97, plus a bit more
• Full profile includes all 


nodes



http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/Architecture.html

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/coreprofile.html

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/interchange.html

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/interactive.html

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/MPEG4interactive.html

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/immersive.html

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/fullProfile.html

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/versionContent.html

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/componentIndex.html

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/profileIndex.html

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01
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meta statements


meta statements provide information about the 
X3D scene
• Document metadata, not scene metadata


Information provided as name-value pairs
• Example:  
  <meta name='created' value='1 January 2008'/>


This approach is thus very general
• Wide variety of metadata can be represented
• Matches same approach used by HTML for regular 


hypertext web pages



http://www.web3d.org/x3d/content/examples/newScene.x3d

http://www.web3d.org/x3d/content/examples/newScene.html

http://www.dublincore.org/documents/dcmi-terms

http://www.dublincore.org/documents/dces

http://www.w3.org/TR/html4/struct/global.html#h-7.4.4

http://vancouver-webpages.com/META

http://vancouver-webpages.com/META/about-mk-metas2.html

ftp://ftp.isi.edu/in-notes/bcp/bcp47.txt

http://www.loc.gov/standards/iso639-2/langhome.html

http://www.iana.org/numbers.html#L





profile, component and meta statements, 
XML (.x3d) encoding syntax


<?xml version=''1.0'' encoding=''UTF-8''?>


<!DOCTYPE X3D PUBLIC ''ISO//Web3D//DTD X3D 3.2//EN'' ''http://www.web3d.org/specifications/x3d-3.2.dtd''>


<X3D version=''3.2'' profile=''Immersive'' xmlns:xsd=''http://www.w3.org/2001/XMLSchema-instance''


                         xsd:noNamespaceSchemaLocation=''http://www.web3d.org/specifications/x3d-3.2.xsd''>


<head>


<component name='DIS' level='1'/>


<component name='Geospatial' level='1'/>


<component name='H-Anim' level='1'/>


<component name='NURBS' level='4'/>


<meta name='title' content='HeaderProfileComponentMetaExample.x3d'/>


</head>


<Scene>


<!——Scene graph nodes are added here——>


</Scene>


</X3D>
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profile, component and meta statements, 
ClassicVRML (.x3dv) encoding syntax


#X3D V3.2 utf8


PROFILE Immersive


# No HEAD statement is provided in ClassicVRML Encoding


COMPONENT DIS:1


COMPONENT Geospatial:1


COMPONENT H-Anim:1


COMPONENT NURBS:4


META ''filename'' ''HeaderProfileComponentMetaExample.x3d''


# Scene graph nodes are added here







newScene.x3d metadata prompts
    <meta content='*enter FileNameWithNoAbbreviations.x3d here*' name='title'/>


    <meta content='*enter description here, short-sentence summaries preferred*' name='description'/>


    <meta content='*enter name of original author here*' name='creator'/>


    <meta content='*if manually translating VRML-to-X3D, enter name of person translating here*' name='translator'/>


    <meta content='*enter date of initial version here*' name='created'/>


    <meta content='*enter date of translation here*' name='translated'/>


    <meta content='*enter date of latest revision here*' name='modified'/>


    <meta content='*enter version here, if any*' name='version'/>


    <meta content='*enter reference citation or relative/online url here*' name='reference'/>


    <meta content='*enter additional url/bibliographic reference information here*' name='reference'/>


    <meta content='*enter reference resource here if required to support function, delivery, or coherence of content*' name='requires'/>


    <meta content='*enter copyright information here* Example: Copyright (c) Web3D Consortium Inc. 2008' name='rights'/>


    <meta content='*enter drawing filename/url here*' name='drawing'/>


    <meta content='*enter image filename/url here*' name='image'/>


    <meta content='*enter movie filename/url here*' name='MovingImage'/>


    <meta content='*enter photo filename/url here*' name='photo'/>


    <meta content='*enter subject keywords here*' name='subject'/>


    <meta content='*enter permission statements or url here*' name='accessRights'/>


    <meta content='*insert any known warnings, bugs or errors here*' name='warning'/>


    <meta content='*enter online Uniform Resource Identifier (URI) or Uniform Resource Locator (URL) address for this file here*' 
name='identifier'/>


    <meta content='X3D-Edit, https://savage.nps.edu/X3D-Edit' name='generator'/>


    <meta content='../../license.html' name='license'/>



https://savage.nps.edu/X3D-Edit

https://savage.nps.edu/X3D-Edit





newScene.html metadata prompts



http://www.web3d.org/x3d/content/examples/newScene.html
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Field data types


X3D is a strongly typed language
• Each field in each node (i.e. each XML attribute) has 


a strictly defined data type
• Data types for boolean, integer, floating point, string


Types are either single or multiple-value
• Examples:  SFFloat, SFVec2f, SFVec3f, SFOrientation


Also have arrays for all types
SF = Single Field, MF = Multiple Field (array)
Failure to match data types correctly is an error!


• During scene validation, loading, or at run time







Field data types, part 1



http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/fieldsDef.html#FieldTypes





Field data types, part 2



http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/fieldsDef.html#FieldTypes





Field data types, part 3


ClassicVRML (.x3dv) encoding has some syntax 
differences compared to XML encoding (.x3d)
• TRUE and FALSE (rather than XML true and false)
• MF multiple-field array values are surrounded by 


square brackets, e.g. [ 10 20 30, 4.4 -5.5 6.6 ]
• No special XML escape characters such as &amp; 



http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/fieldsDef.html#FieldTypes
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accessType:  input, output, initialize


accessType determines if field is data sender, 
receiver, or holder


● inputOnly: can only receive events
● outputOnly: can only send events
● initializeOnly: cannot send or receive, only initialized
● inputOutput: can send, receive and be initialized


Failure to match accessType correctly is an error!
• Detected during authoring-tool checks, or run time







accessType naming conventions


The accessType names were changed when 
VRML97 was upgraded to X3D
• Functionality remains essentially unchanged


 X3D specification entries for each node use yet 
another shorthand, as shown here


Use the X3D nomenclature in .x3d scenes
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Abstract node types


X3D nodes also have strong typing
• Provides consistent field interfaces for similar nodes
• Object-oriented improvement over VRML97, which 


had several internal inconsistencies
• Better language design


Benefits include
• Allowed child-node content is consistent
• Simple-type field values have identical defaults
• Application programming interfaces more consistent
• Definitions are easier to remember and apply
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XML file encoding


The Extensible Markup Language (XML) is a 
plain-text format used by many Web languages
• Including Hypertext Markup Language (HTML)


XML is used to define other data-oriented 
languages
• Thus XML is not a language by itself, rather it is a 


language about languages, a metalanguage


XML has many benefits and is well-suited for X3D
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XML in 10 Points
XML is for structuring data
XML looks a bit like HTML
XML is text, but isn't meant to 


be read
XML is verbose by design
XML is a family of technologies


XML is new but not that new
XML leads HTML to XHTML
XML is modular
XML is basis for RDF and the 


Semantic Web
XML is license-free,   


platform-independent and 
well-supported


http://www.w3.org/XML/1999/XML-in-10-points  


XML in 10 Points is a key reference for 
understanding the common underlying 
design principles underlying the great 
diversity of XML.


Only 4 pages long – essential reading.



http://www.w3.org/XML/1999/XML-in-10-points

http://www.w3.org/XML/1999/XML-in-10-points

http://www.w3.org/XML/1999/XML-in-10-points
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XML and X3D correspondence


Elements correspond to X3D nodes
Attributes correspond to X3D simple-type fields
Parent-child relationships define containerField
Validatable XML using X3D DTD, schema
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XML validation


XML validation applies XML rules to an XML 
document to confirm whether it is correct
• Well formed XML: legal header, matching 


open/close tags, proper attribute-value pairs, etc.
• DTD (DOCTYPE) validation:  adds checks on legal  


element and attribute names, proper parent-child 
relationships, simple checks on attribute values


• XML Schema validation:  also includes stricter  
checks on data types of attribute values


XML validation finds problems before end users
• reducing garbage-in garbage-out (GIGO)
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ClassicVRML file encoding


The ClassicVRML file syntax is a direct, 
backwards-compatible extension of VRML97
• VRML version 2.0 became X3D version 3.0, 3.1 etc.
• No changes in syntax rules
• Some additional new nodes and slight naming 


differences to match specification improvements 
• VRML97 content still works and is easily supported


XML, ClassicVRML and Compressed Binary 
encodings are functionally equivalent
• Governed by same X3D abstract specification
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Compressed binary encoding


Two types of compression for .x3db encoding
• XML-centric ISO Fast Infoset
• Geometry-centric for coplanar polygons, 


quantization of points, colors & normals, etc.


Java3D algorithms are default for geometry 
compression
• Royalty free for use with X3D
• Other uses – please contact Sun Microsystems


Alternate geometry compression is allowed
Implementations:  Xj3D, Instant Reality, EDF



http://en.wikipedia.org/wiki/Fast_Infoset

http://en.wikipedia.org/wiki/Fast_Infoset

http://en.wikipedia.org/wiki/Fast_Infoset
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X3D compressed binary algorithm and XML Security


X3D compressed binary uses Canonical X3D form
• Strict formatting rules so that files with identical 


format can be shown to match
Canonical form enables use of XML Security


• XML Encryption
• XML Digital Signature (for author authentication)



http://www.w3.org/TR/xmlenc-core

http://www.w3.org/TR/xmldsig-core%20

http://www.w3.org/TR/xmlenc-core

http://www.w3.org/TR/xmldsig-core%20

http://www.web3d.org/x3d/content/examples/Basic/Security/X3dSecurityReadMe.html

http://www.web3d.org/x3d/content/examples/Basic/Security

http://www.w3.org/Security

http://www.w3.org/TR/xmlenc-core

http://www.w3.org/TR/xmldsig-core

http://www.web3d.org/x3d/specifications/ISO-IEC-FCD-19776-3.2-X3DEncodings-CompressedBinary/Part03/concepts.html#X3DCanonicalForm
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Additional Resources


back to Table of Contents
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Mailing lists



mailto:x3d-public@web3d.org

mailto:x3d@web3d.org

http://www.web3d.org/x3d/publiclists
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Web3D liaison organizations


World Wide Web Consortium (W3C)
• Leading the Web to its Full Potential


International Organization of Standards (ISO)
• Review and ratification of X3D Graphics Standard


Open Geospatial Consortium (OGC)
• Leading the development of standards for 


geospatial and location-based services.
• http://www.opengeospatial.org 


Web3D Symposium series in cooperation with 
SIGGRAPH, Eurographics



http://www.w3.org/

http://www.iso.org/

http://www.opengeospatial.org/

http://www.opengeospatial.org/

http://www.siggraph.org/

http://eg.org/

http://www.w3.org/

http://www.iso.org/

http://www.opengeospatial.org/

http://www.opengeospatial.org/

http://www.siggraph.org/

http://eg.org/

http://www.w3.org/

http://www.opengeospatial.org/

http://iso.ch/

http://www.siggraph.org/

http://eg.org/

http://www.khronos.org/





Annual Conferences 2009


SIGGRAPH 
• New Orleans Louisiana, 3-7 August 2009
• http://www.siggraph.org 


Web3D Symposium
• Darmstadt Germany, 15-17 June 2009
• http://www.web3d.org/conferences/web3d2009


Eurographics
• Munich Germany, 30 March - 3 April 2009
• http://www.eg.org


SIGGRAPH Asia
• Yokohama Japan 16-19 December 2009
• http://www.siggraph.org/asia2009 



http://www.siggraph.org/

http://www.web3d.org/conferences/web3d2009

http://www.eg.org/

http://www.siggraph.org/asia2009

http://www.siggraph.org/

http://www.web3d.org/conferences/web3d2009

http://www.eg.org/

http://www.siggraph.org/asia2009

https://www.movesinstitute.org/video/web3d/SIGGRAPH2008/TechTalk2008/

https://www.movesinstitute.org/video/web3d/SIGGRAPH2008/TechTalk2008
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Chapter Summary


back to Table of Contents
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Chapter Summary


This technical overview chapter is a mile wide 
and a few meters deep.  Key points include
• VRML historical background
• Web3D Consortium
• Browsers, X3D Specifications, scene graph
• Profiles + components, field and node data types
• XML encoding, ClassicVRML, Compressed binary


New students of X3D can refer to details later.  
Get working on examples in the next chapters!



file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23X3D-Edit
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Book testimonials   1
There will be no problem understanding these concise, clear, comprehensible 


background concepts for readers new to Extensible 3D (X3D).  There are 
many notes and examples that compare X3D to Virtual Reality Modeling 
Language (VRML) features. Don Brutzman and Leonard Daly clearly and 
thoroughly illustrate each logical concept and feature of X3D with 
diagrams, tables, code snippets, screenshots of 3D 
objects/environments, and example scenes, while making use of the very 
latest specifications and implementations. Their approach contributes 
greatly to an easy and in-depth understanding of the X3D language.  
This book is the ultimate introductory guide to X3D!


—Dr. Vladimir Geroimenko, University of Plymouth,
School of Computing Communications and Electronics, Plymouth, UK
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Book testimonials   2
This book is required reading for anybody interested in Web3D. The authors 


are well known and respected in the X3D community as pioneers.  Their 
writing style is concise and engaging, set at an appropriate level to 
encourage understanding, and uses the concepts being introduced.  
Their “Hints and warnings” sections provide added value above what is 
available from X3D specification documents. Hard to achieve in a 
reference manual!


—Professor Nigel W. John, School of Computer Science, 
University of Wales, Bangor; Chair of Web3D 2005 Symposium
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Book testimonials   3
How many times have we heard “The ISO specification is hard to read, do 


you have something more approachable?” This book is the answer. It 
provides a detailed explanation of each node in the Immersive profile 
and gives many reusable examples. After reading this book you’ll be well 
prepared to develop your own X3D content.


—Alan Hudson, President Web3D Consortium, Yumetech Inc.


This is a much-needed book about the X3D standard and X3D content 
development. The book follows the structure of the X3D standard 
specifications which helps readers understand and apply the X3D 
standard.  It can also be used as a reference material in virtual reality 
and graphics-related courses.


—Professor Denis Gracanin, Virginia Polytechnic Institute &
State University, Chair Web3D 2006 Symposium
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Don Brutzman


brutzman@nps.edu 


http://faculty.nps.edu/brutzman 


Code USW/Br, Naval Postgraduate School
Monterey California 93943-5000 USA


1.831.656.2149 voice


Contact



mailto:brutzman@nps.edu

http://faculty.nps.edu/brutzman

mailto:brutzman@nps.edu

http://faculty.nps.edu/brutzman





CGEMS, SIGGRAPH, Eurographics


The Computer Graphics Educational Materials 
Source(CGEMS) site is designed for educators
• to provide a source of refereed high-quality content
• as a service to the Computer Graphics community
• freely available, directly prepared for classroom use
• http://cgems.inesc.pt 


X3D for Web Authors recognized by CGEMS!  ☺
• Book materials:  X3D-Edit tool, examples, slidesets
• Received jury award for Best Submission 2008


CGEMS supported by SIGGRAPH, Eurographics



http://cgems.inesc.pt/

http://cgems.inesc.pt/

http://www.siggraph.org/

http://www.eg.org/

http://cgems.inesc.pt/

http://cgems.inesc.pt/

http://www.siggraph.org/

http://www.eg.org/

http://cgems.inesc.pt/

http://cgems.inesc.pt/authors/ListModules.aspx

http://cgems.inesc.pt/EditorialPolicy.htm
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Creative Commons open-source license
http://creativecommons.org/licenses/by-nc-sa/3.0 



http://creativecommons.org/licenses/by-nc-sa/3.0

http://creativecommons.org/licenses/by-nc-sa/3.0





Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.



http://www.web3d.org/x3d/content/examples/license.html

http://www.web3d.org/x3d/content/examples/license.html

http://www.web3d.org/x3d/content/examples/license.txt

http://www.web3d.org/x3d/content/examples/license.html

http://oreilly.com/catalog/9780596005818/index.html

http://handle.dtic.mil/100.2/ADA450769
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X3D Graphics for Web Authors


Chapter 1


Technical Overview


When we mean to build, we first 
survey the plot, then draw the model.


William Shakespeare, Henry IV
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Chapter Overview
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Overview: Technical Introduction 


This chapter provides a broad overview of how 
X3D graphics is designed and implemented
• Goal is to provide quick coverage of many features


For newcomers to X3D, a quick read is sufficient
• Getting started building models in Chapters 2 and 3 


is more important that understanding every point
• Can review again later to reinforce concepts


Details found in Chapter 1, X3D for Web Authors
• This chapter is available free online


http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter01-TechnicalOverview/Chapter01-Technical_Overview.pdf 
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X3D Significance


back to Table of Contents
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What is Extensible 3D (X3D)?


X3D is a royalty-free open-standard file format
• Communicate animated 3D scenes using XML
• Run-time architecture for consistent user interaction
• ISO-ratified standard for storage, retrieval and 


playback of real-time graphics content
• Enables real-time communication of 3D data across 


applications:  archival publishing format for Web
• Rich set of componentized features for engineering 


and scientific visualization, CAD and architecture, 
medical visualization, training and simulation, 
multimedia, entertainment, education, and more


Lots more can be said here.  Indeed numerous books have been written about VRML.


• http://x3dgraphics.com/examples/X3dResources.html#Books 
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Historical background:  VRML


Virtual Reality Modeling Language (VRML) began 
in 1994, seeking to create 3D markup for Web
• Numerous candidates considered by an open 


community of interested practitioners
• SGI's OpenInventor won the initial competition
• VRML 1.0 developed over the next year
• VRML 2.0 restructured some nodes, added features


VRML advanced to International Standard 14772 
by ISO in 1997
• Accomplished by individuals and companies 


cooperating together openly


Lots more can be said here.  Indeed numerous books have been written about VRML.


• http://x3dgraphics.com/examples/X3dResources.html#Books 







Chapter01-TechnicalOverview 9


9


Web3D Consortium


Web3D Consortium founded in 1998 to protect, 
support and advance the VRML specification
• http://www.web3D.org 


Continued efforts on new technology by multiple 
working groups led its successor, X3D
• http://www.web3D.org/x3d


Non-profit organization of many stakeholders 
ensures that X3D remains royalty free, relevant
• Partnership of industry, agency, academic and 


professional members


Perhaps the  key test of 'openness' for any self-proclaimed 'open' organization:  
exactly who is allowed to join?  Many industry associations only allow preselected 
(usually paying) companies to participate.


The Web3D Consortium includes industry, government-agency, college/university and 
individual professional memberships.  This makes it one of the most open 
organizations around.


Further information on membership and joining available online at 
http://www.web3d.org/membership 
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www.web3D.org August 2012August 2012
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www.web3D.org January 
2012


January 2012
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www.web3D.org June 2010
June 2010
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www.web3D.org February 2010
February 2010
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www.web3D.org June 2009
June 2009


http://www.web3d.org June 2009
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www.web3D.org February 2009
February 2009


http://www.web3d.org February 2009
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www.web3D.org January 2009
January 2009


http://www.web3d.org January 2009
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www.web3D.org December 2008
December 2008


http://www.web3d.org December 2008
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www.web3D.org October 2008
October 2008


http://www.web3d.org January 2008
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www.web3D.org August 2008
August 2008


http://www.web3d.org August 2008
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www.web3D.org May 2008
May 2008


http://www.web3d.org May 2008


http://www.lsi.usp.br/forumx3d 
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www.web3D.org February 2008
Today’s www.web3D.org pageMarch 2008


http://www.web3d.org February 2008
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www.web3D.org January 2008February 2008


http://www.web3d.org January 2008
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www.web3D.org December 2007
January 2008


http://www.web3d.org December 2007
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www.web3D.org September 2007


September 2007


http://www.web3d.org September 2007
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X3D Specifications


X3D graphics is defined by a set of specifications
These “specs” are developed by working-group 


volunteers as part of the Web3D Consortium
• Nonprofit organization with business, nonprofit, 


academic and professional members
• http://www.web3D.org 
• Efforts include editing, implementing and evaluating


Specification results reviewed and approved by 
International Organization of Standardization 
(ISO), online at http://www.iso.ch 


Typically 10-15 member nations review and vote on the X3D Specification







Chapter01-TechnicalOverview 27


27


Why is a 3D standard important?   1


There are many types of 3D graphics engines 
and plugins available.  Best known:
• Computer graphics games
• Animated movies


Well-kept secret:  these are rarely interoperable
• Example:  no 2 experts can run the other's demo


“Silly” question:  hey, let's mix 2 games together!
• ... why should adding models together be so hard?
• Proprietary software actively prevents such mergers
• Interoperability over Web can change all that
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Why is a 3D standard important?   2


Web standards let different companies do what 
they do well, then interoperate together
• Today there are many small islands of functionality
• Tomorrow might bring a much bigger playing field 


for 3D graphics to work with


A shared Web is good for everyone
• Business, public, government, universities
• Best practices emerge
• More information, more connectivity, more progress
• “A rising tide lifts all boats”







  


 


Interoperability - what’s the difference?
Multiple paths, but often confused as equal


Standard:  proven process for content interoperability, 
scalability, compatibility, licensing, growth, success


Specification:  Algorithm descriptions, necessary detail
• But:  might hide royalty problems, such as GIF imagery 


debacle in 1990s


Open source software:  pile of (maybe repeatable) code
• But:  usage licensing is not same as source-code licensing


Market share dominance:  biggest competitor wins?
• Companies (or at least investors) hope to “own” 3D
• But: many defunct companies, dead-end technologies
• Everyone ends up with much smaller market than the Web


It is important to use these terms precisely.  They are often used interchangeably, 
which commonly leads to confusion about the significance of open source and open 
standards.
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Equivalent X3D encodings, APIs


X3D has multiple file-format encodings
• .x3d is XML based
• .x3dv is ClassicVRML syntax
• .x3db is Compressed Binary Encoding with both 


geometric and information compression


X3D has multiple application program 
interfaces (APIs) with similar structure
• Javascript (formally known as EcmaScript)
• Java (optionally supported)


All these forms have equivalent functionality
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X3D specifications “honeycomb” diagram


X3D Specification 
 is equivalently
defined for all


file encodings and 
programming APIs


This is also known as the “honeycomb” diagram for the X3D specification.


Encodings define file formats.


Each Scene Access Interface (SAI) binding is a specific Application Programming 
Interface (API) to simplify and regularize the consistent creation and use of 
programming-language objects specifically designed for X3D.


ECMAScript is the formal-specification name for JavaScript.


ECMA was originally named the European Computer Manufacturers Association and 
is now ECMA International - European association for standardizing information and 
communication systems.  http://www.ecma-international.org 
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Reading the X3D specification


The X3D Specification is highly detailed, primarily 
written for 3D graphics experts.  


Requirements must be described as strictly and 
precisely as possible so that X3D browsers can be 
implemented consistently.  This precision means 
that X3D content is more likely to render and 
animate correctly.


Nevertheless the X3D specification is a great  
learning resource for additional graphics details.  
It is also the authoritative reference for questions.







Chapter01-TechnicalOverview 33


33


Specification availability
The X3D specifications are online at  


• http://www.web3d.org/x3d/specifications 
• also embedded in the X3D-Edit help system


The X3D specifications are published by the Web3D 
Consortium and International Organization of 
Standardization (ISO)
• Web3D versions are published in HTML for free online
• ISO publishes .pdf versions and requires purchase


Feedback on X3D specifications is always welcome
• http://www.web3d.org/x3d/specifications/spec_feedback 


The Web3D Consortium was the first organization to request (and receive) permission 
to place final versions of approved ISO specifications online for free retrieval using 
HTML.  Purchase of hard-copy bound and electronic versions from ISO remains 
available.
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Community rules


Thanks to an open process, IPR-protection rules 
and steady innovation by Web3D members, 
new X3D features continue to evolve and 
grow into great capabilities


• Lots of working groups have formed, worked, 
faded, regrouped and succeeded


•
• Web3D members and public mailing lists still 


keep these successes building, year after year
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ISO and X3D


Implementation, evaluation and then formal 
review by the International Organization of 
Standardization (ISO) have made X3D an 
approved standard for real-world use, both on 
and off the Web.


Experts from 12-15 nations review our specs.
• Immediate adoption by other governing 


bodies helps to increase deployment.
• Nevertheless all changes and additions 


originate within Web3D working groups.
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W3C


Further collaboration by Web3D Consortium 
with the World Wide Web Consortium (W3C) 
has made X3D a "first-class citizen" on the 
Web, providing excellent (and growing) 
interoperability with other XML standards.


More work (especially more volunteers) needed, 
some excellent individual opportunities here.


Web3D contributed to the W3C Video on the Web Workshop. 


• http://www.w3.org/2008/WebVideo 


• Brutzman, Don and Mathias Kolsch, “Video Requirements for Web-based 
Virtual Environments using Extensible 3D (X3D) Graphics,” W3C Video on the 
Web Workshop, San Jose California and Brussels Belgium, 12-13 December 
2007.  Available at http://www.w3.org/2007/08/video/positions/Web3D.pdf  


Web3D contributed to the W3C XML Binary Compression (XBC) Workshop and 
continues to participate in the subsequent Efficient XML Interchange (EXI) Working 
Group. 


• http://www.w3.org/XML/EXI 


• Brutzman, Don, McGregor, Don and Hudson, Alan, "XML Binary Serialization 
using Cross-Format Schema Protocol (XFSP) and XML Compression 
Considerations for Extensible 3D (X3D) Graphics," W3C Workshop on Binary 
Interchange of XML Information Item Sets, Santa Clara, California, USA, 24-26 
September 2003.  Available at 


http://www.w3.org/2003/08/binary-interchange-workshop 
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W3C home   http://w3.org


Web3D participated in the Video on the Web workshop.
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Intellectual property rights (IPR)


Web3D and W3C have similar policies
• Any known patented technology must be 


declared by members prior to consideration 
in safe haven of working groups


• Any patented technology contributions must 
be licensed on a royalty-free (RF) basis for 
inclusion in an openly used Web standard 
http://www.web3d.org/membership 


Caveat:  any legal problem can be solved, 
but only in advance!


Must innoculate against patent problems
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Open source:  at least one
One of two independent implementations
• Required for Web3D approval, standardization


Open for any use, without license fees
• Free = freedom to innovate, free to fix!
• Not necessarily free cost 
• More like “free puppy”, not “free beer”


Common shared example implementations
• Can provide a self-sustaining business model for 


continued activity, improvement
• Can clear up logjams when companies can’t resolve 


interoperability issues due to proprietary code
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Digital rights management


X3D’s XML and Compressed Binary encodings 
allow use of W3C’s Security recommendations 


• XML Encryption
• XML Digital Signature (for authentication)
• Public key infrastructure
More flexible DRM is now feasible
• More uses than Hollywood-commercial exist
• Sun’s DReaM project, Open Media Commons 


http://www.openmediacommons.org 
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IPR summary


IPR = Intellectual Property Rights
Open standards & open source:  part of success
Complements legacy approaches, traditional 


“hierarchical stovepipes,” provides stability
Win-win approach for government, industry


• Both wins are needed for program success 


Standards organizations, IPR agreements 
provide a stable playing field for long term


Welcome to another active playing field!
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X3D Technical Overview


back to Table of Contents
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Web browsers, X3D plugins    1


X3D browsers parse (read) X3D scene models and 
render (draw) them
• Also provide simulation capabilities for animation and 


user interaction
• http://www.web3d.org/x3d/content/examples/X3dResources.html#Applications 


Often implemented as plugins to web browsers: 
• Internet Explorer http://www.microsoft.com 
• Mozilla Firefox     http://www.mozilla.com 
• Opera     http://www.opera.com 
• Safari                 http://www.apple.com/safari 


It is a good idea to install an X3D plugin in your web browser.  Available via


http://www.web3d.org/x3d/content/examples/help.html#Applications 
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Web browsers, X3D plugins    2


There are many X3D plugins for Web browsers 
• Contact        http://www.bitmanagement.de 
➢ FreeWRL/FreeX3D  http://www.crc.ca/FreeWRL 
• InstantReality        http://instantreality.org 
• Octaga        http://www.octaga.com 
➢ Xj3D        http://www.xj3d.org 
● Others available     online


Most also operate as a standalone application
• Either commercial source code or open source 
• Same X3D graphics content runs on each one


➢ Right-arrow bullets indicate open-source codebases


List of X3D browser plugins and standalone applications maintained at 
http://www.web3d.org/x3d/content/examples/help.html#Applications 


Player support for X3D components is kept up-to-date for each browser at 
http://www.web3d.org/x3d/wiki/index.php/Player_support_for_X3D_components 


X3D-Edit authoring tool supports downloading, installing and launching X3D software 
via your local web browser plugin or to locally installed X3D applications 
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Example software architecture for X3D browser


3D graphics algorithms and implementations are 
intensely technical and performance-sensitive 


X3D browsers are thus allowed to implement in 
any manner which they choose
• As long as the author's X3D scene works properly


This is a healthy split of responsibilities
• Each gets to excel at what they are good at


Quality designs and shared “lessons learned” 
continue to build up nicely
• Next diagram shows example architecture
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Example software architecture for X3D browser - 
diagram


X3D browser implementers can use any approach they choose.  This architecture 
diagram is generic to illustrate common approaches.


Part of the magic for X3D scene authors is that they don't have to care about 
underlying hard-core technical details “under the hood” of each browser.  Rather, 
scenes are designed to capture shapes, appearance and behaviors from a content-
authoring perspective that emphasizes modeling results.
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Scene graph concepts


Scene graphs are a model-centric approach to 
3D that hierarchically defines geometry shape, 
appearance, position and orientation, etc. etc.
• Directed acyclic graph (DAG), meaning a tree with a 


root node and no loops


• Declarative listing of parameters of interest
• Similar to Computer Aided Design (CAD) models:  


define 3D geometry and appearance, but simply


Unlike most imperative programming approaches
• draw this triangle, that triangle, recompute, etc.
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Scene graph terminology


Scene graph data file
• contains model description, may refer to data files


Scene graph viewer
• Reads and renders scene-graph models
• Implemented as application or web browser plugin


Scene graph editor
• Special text editor for scene graph development


Executable application
• Specific 3D model capable of running on a specific 


operating system
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Scene graph rendering


The browser traverses the scene graph, updating 
any values within nodes and building an image
• New image then replaces previous screen image, 


process known as double buffering
• Rapid repetitions are very important
• Frame rate faster than 7-10 Hz (cycles per second) 


provides appearance of smooth motion


Rendering is defined as this drawing process
Off-line rendering is performing such 


operations to image or movie files, rather than 
display







  


 


50


Performance optimizations 


Scene graphs have performance optimizations 
sometimes not available in other Application 
Programming Interface (API) approaches
• Scene graph structure designed to take advantage 


of graphics hardware acceleration
• Can refer to (and reuse) subgraphs (X3D DEF, USE)
• “dirty bit” indicates whether a scene subgraph has 


been modified, avoiding needless recomputations
• Browser can rearrange or simplify geometry
• Scoping of lights to reduce computational impact
• Widely repeated interchange patterns
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Scene-graph advantages relative 
to OpenGL, DirectX render layers


OpenGL and DirectX APIs are thin software 
layers that expose underlying 3D graphics-
acceleration hardware for real-time rendering


Each is a state machine, optimized for drawing 
triangles textures etc., not designed to have 
memory for modeling high-level simulation 
objects, remembering user actions, etc.


Scene graphs are a closer match to simulation 
models, easier to model and modify







  


 


Scene graphs and ray tracing


Ray tracing emulates physical properties of light 
interaction with material surfaces
• Ray vectors are propagated, computed, added
• Computational time can be intensive, usually best 


for high-fidelity rendering (rather than real-time)


Variety of different approaches, programs
• Persistence of Vision Raytracer (www.povray.org)
• Movies, e.g. Renderman (renderman.pixar.com)


Scene graph designed for real-time rendering
• But X3D Specification has no rendering prohibitions
• Okino Polytrans supports both (www.okino.com) 







  


 


Many other scene graph architectures


OpenInventor (OI), predecessor of VRML
• http://oss.sgi.com/projects/inventor 


Virtual Reality Modeling Language (VRML), 
direct predecessor of X3D
• http://www.web3d.org/x3d/specifications 


Java3D quite similar to X3D scene graph
• https://java3d.dev.java.net 


OpenSceneGraph (OSG)
• http://www.openscenegraph.org 


OpenSG
• http://www.opensg.org 


OpenInventor reference on Wikipedia:  http://en.wikipedia.org/wiki/Open_Inventor 


VRML97 is still an approved ISO specification.  Furthermore the X3D ClassicVRML 
encoding is a direct extension of VRML 97, moving from version 2.0 to 3.0.


The Java3D scene graph has been described as over 90% similar to VRML and X3D.  
There are many good books and resources.


From the website:  “The OpenSceneGraph is an open source high performance 3D 
graphics toolkit, used by application developers in fields such as visual simulation, 
games, virtual reality, scientific visualization and modeling.”







Chapter01-TechnicalOverview 54


54


Behaviors


Behavior is defined as changing the value of a 
field contained by some node in scene graph


Animation nodes, user interaction nodes and 
network updates can produce updated values


ROUTE statements connect output of one node 
as an input to field in another node


Event is defined as the time-stamped value 
passed by a ROUTE, from one field to another


Thus the values held by nodes in scene graph 
can change as time advances
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Behavior traversal of scene graph


Once frame is swapped to update screen image, 
need to update values in the scene


Event model consists of 
• Examining clock-driven and user-initiated events
• Updating scene-graph values
• Triggering and updating new events as appropriate
• Continue until all events handled, loops not allowed


Event updates modify the scene graph
• Changing rendering properties, or
• Generating further event outputs 
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Example behavior event chain
• User clicks button to start a timer clock
• Clock outputs new event at start of each frame,
• ... which stimulates linear-interpolation function 


which produces another output value
• ... which updates some target value in scene graph
• Repeat event traversal after each frame redraw
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X3D file structure


X3D scene files have a common file structure
• File header (XML, ClassicVRML, Compressed Binary)
• X3D header statement
• Profile statement
• Component statements (optional)
• Meta statements (optional)
• X3D root node
• X3D scene graph child nodes


The X3D scene root node is implicit in ClassicVRML encoding and not listed per se.
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Need for subdivisions and subsets


3D graphics is a big and complicated subject
• Beginning authors just want simple scenes
• Experienced authors want to use everything


Similar needs for browser software builders
• Small rapid download for simple web graphics
• Full-capability software for every possible technique


Challenge:  how to consistently support both?
• Object-oriented decomposition for consistency
• Key design criteria for bottom-up X3D extensibility
• X3D design answer:  profiles + components


These points are some of the original design challenges that faced X3D architects 
when evolving from the successes and lessons learned of VRML97.
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Profiles and components


Profiles are predefined collections of components
• Can augmented each by adding other components


Components are predefined collections of nodes
• Further defined by level of complexity
• Components match chapters in X3D specification


Authors define the expected complexity of scene 
by defining profile level in the X3D header
• Can also add optional components, if desired
• This tells the X3D browser what level of support is 


needed for run-time operation


Someday X3D browser software applications might themselves begin to 
componentize, enabling a light-weight initial download followed by run-time addition of 
further components as needed.


Each specification chapter includes a table at the end that lists the nodes and fields 
which are included for each component level.


This might sound a bit complicated, but is actually a helpful thing architecturally.  
Authors can simply choose the best profile, rarely needing to worry about the 
components or levels that make them up.  Authoring tools can simplify the process of 
identifying the minimum profile.  X3D schematron validation, X3dToClassicVrml.xslt 
and X3dToVrml97.xslt each offer such diagnostics.


Further customization within a scene is always possible using component statements 
to identify the correct level of functional support beyond the identified profile.
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Profiles cover common use cases


Profiles are a collection of components matching 
common levels of complexity


Profiles are X3D subsets 
• Collection of X3D nodes for 


for author's palette
• Interchange suitable for 


simple geometry conversion
• Interactive adds simple user 


interactivity (clicking etc.)
• Immersive matches 


VRML97, plus a bit more
• Full profile includes all 


nodes


This is known as the “onion” diagram for X3D profiles and components.


Usually authors don't have to worry about any of this.  Immersive Profile is common 
for most cases.  Tools warn if insufficient profile/component levels are specified.


Profile and component support levels are listed in detail in X3D Specification Annexes 
which list corresponding support levels, nodes, numbers of polygons, etc. etc.


• A  Core profile


• B  Interchange profile


• C  Interactive profile


• D  MPEG-4 interactive profile


• E  Immersive profile


• F  Full profile


Of particular interest is the corresponding table which shows which version of X3D is 
required for each node.


• L Version content


For convenience, authors can also use the Component index, Profile index and 
Node Index which list the support levels required for each node.
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meta statements


meta statements provide information about the 
X3D scene
• Document metadata, not scene metadata


Information provided as name-value pairs
• Example:  
  <meta name='created' value='1 January 2008'/>


This approach is thus very general
• Wide variety of metadata can be represented
• Matches same approach used by HTML for regular 


hypertext web pages


newScene.x3d includes a number of prompts for authors to fill in the proper metadata


http://www.web3d.org/x3d/content/examples/newScene.x3d 


http://www.web3d.org/x3d/content/examples/newScene.html 


A variety of metadata standards exist that specify the proper metadata terms to use.  
This allows consistent searchability among data files that follow the metadata norms.


<!-- Additional authoring resources for meta-tags:


   http://www.dublincore.org/documents/dcmi-terms 


   http://www.dublincore.org/documents/dces 


   http://www.w3.org/TR/html4/struct/global.html#h-7.4.4 


   http://vancouver-webpages.com/META 


   http://vancouver-webpages.com/META/about-mk-metas2.html 


Additional authoring resources for language codes:


   ftp://ftp.isi.edu/in-notes/bcp/bcp47.txt 


   http://www.loc.gov/standards/iso639-2/langhome.html 


   http://www.iana.org/numbers.html#L 


→


X3D-Edit provides this block as helpful info which you can delete from your scenes.
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profile, component and meta statements, 
XML (.x3d) encoding syntax


<?xml version=''1.0'' encoding=''UTF-8''?>


<!DOCTYPE X3D PUBLIC ''ISO//Web3D//DTD X3D 3.2//EN'' ''http://www.web3d.org/specifications/x3d-3.2.dtd''>


<X3D version=''3.2'' profile=''Immersive'' xmlns:xsd=''http://www.w3.org/2001/XMLSchema-instance''


                         xsd:noNamespaceSchemaLocation=''http://www.web3d.org/specifications/x3d-3.2.xsd''>


<head>


<component name='DIS' level='1'/>


<component name='Geospatial' level='1'/>


<component name='H-Anim' level='1'/>


<component name='NURBS' level='4'/>


<meta name='title' content='HeaderProfileComponentMetaExample.x3d'/>


</head>


<Scene>


<!——Scene graph nodes are added here——>


</Scene>


</X3D>


Profile capabilities are identified first, then component capabilities are incrementally 
added.
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profile, component and meta statements, 
ClassicVRML (.x3dv) encoding syntax


#X3D V3.2 utf8


PROFILE Immersive


# No HEAD statement is provided in ClassicVRML Encoding


COMPONENT DIS:1


COMPONENT Geospatial:1


COMPONENT H-Anim:1


COMPONENT NURBS:4


META ''filename'' ''HeaderProfileComponentMetaExample.x3d''


# Scene graph nodes are added here


The book and slideset emphasize XML (.x3d) syntax over ClassicVRML (.x3dv) syntax 
but each may be used equivalently.


X3D-Edit is designed using the XML (.x3d) encoding, with ability to import/export 
ClassicVRML (.x3dv) and the Compressed Binary Encoding (.x3db).  Native editing 
support for .x3dv (node coloration, popup menus, etc.) may be provided someday.
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newScene.x3d metadata prompts
    <meta content='*enter FileNameWithNoAbbreviations.x3d here*' name='title'/>


    <meta content='*enter description here, short-sentence summaries preferred*' name='description'/>


    <meta content='*enter name of original author here*' name='creator'/>


    <meta content='*if manually translating VRML-to-X3D, enter name of person translating here*' name='translator'/>


    <meta content='*enter date of initial version here*' name='created'/>


    <meta content='*enter date of translation here*' name='translated'/>


    <meta content='*enter date of latest revision here*' name='modified'/>


    <meta content='*enter version here, if any*' name='version'/>


    <meta content='*enter reference citation or relative/online url here*' name='reference'/>


    <meta content='*enter additional url/bibliographic reference information here*' name='reference'/>


    <meta content='*enter reference resource here if required to support function, delivery, or coherence of content*' name='requires'/>


    <meta content='*enter copyright information here* Example: Copyright (c) Web3D Consortium Inc. 2008' name='rights'/>


    <meta content='*enter drawing filename/url here*' name='drawing'/>


    <meta content='*enter image filename/url here*' name='image'/>


    <meta content='*enter movie filename/url here*' name='MovingImage'/>


    <meta content='*enter photo filename/url here*' name='photo'/>


    <meta content='*enter subject keywords here*' name='subject'/>


    <meta content='*enter permission statements or url here*' name='accessRights'/>


    <meta content='*insert any known warnings, bugs or errors here*' name='warning'/>


    <meta content='*enter online Uniform Resource Identifier (URI) or Uniform Resource Locator (URL) address for this file here*' 
name='identifier'/>


    <meta content='X3D-Edit, https://savage.nps.edu/X3D-Edit' name='generator'/>


    <meta content='../../license.html' name='license'/>
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newScene.html metadata prompts


http://www.web3d.org/x3d/content/examples/newScene.html 
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Field data types


X3D is a strongly typed language
• Each field in each node (i.e. each XML attribute) has 


a strictly defined data type
• Data types for boolean, integer, floating point, string


Types are either single or multiple-value
• Examples:  SFFloat, SFVec2f, SFVec3f, SFOrientation


Also have arrays for all types
SF = Single Field, MF = Multiple Field (array)
Failure to match data types correctly is an error!


• During scene validation, loading, or at run time


Data types and accessType names are listed on the following slides, and later covered 
in detail in X3D for Web Authors, Chapter 7, Event Animation and Interpolation.


Types are either single or multiple-value. Examples:  SFFloat (single-value), 
SFVec2f (2-tuple), SFVec3f (3-tuple), SFOrientation (4-tuple for axis-angle values).


Data type and accessType information is available for each node in the X3D Tooltips 
and X3D Specification.


When speaking about data types, you can substitute “array of” for the “MF” prefix.  
Example:  “MFColor is an array of Color values.”
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Field data types, part 1


X3D for Web Authors, Table 1.4, pp. 19-20.


X3D Field Type Reference online at 
http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/fieldsDef.html#FieldTypes 
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Field data types, part 2


X3D for Web Authors, Table 1.4, pp. 19-20.


X3D Field Type Reference online at 
http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/fieldsDef.html#FieldTypes
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Field data types, part 3


ClassicVRML (.x3dv) encoding has some syntax 
differences compared to XML encoding (.x3d)
• TRUE and FALSE (rather than XML true and false)
• MF multiple-field array values are surrounded by 


square brackets, e.g. [ 10 20 30, 4.4 -5.5 6.6 ]
• No special XML escape characters such as &amp; 


X3D for Web Authors, Table 1.4, pp. 19-20.


X3D Field Type Reference online at 
http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/fieldsDef.html#FieldTypes
 


TODO improved resolution figure
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accessType:  input, output, initialize


accessType determines if field is data sender, 
receiver, or holder


● inputOnly: can only receive events
● outputOnly: can only send events
● initializeOnly: cannot send or receive, only initialized
● inputOutput: can send, receive and be initialized


Failure to match accessType correctly is an error!
• Detected during authoring-tool checks, or run time


Data types and accessType are covered in X3D for Web Authors, Chapter 7, 
Event Animation and Interpolation.


Data type and accessType information is available for each node in the X3D Tooltips 
and X3D Specification.
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accessType naming conventions


The accessType names were changed when 
VRML97 was upgraded to X3D
• Functionality remains essentially unchanged


 X3D specification entries for each node use yet 
another shorthand, as shown here


Use the X3D nomenclature in .x3d scenes


X3D for Web Authors, Table 1.6, p. 28.
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Abstract node types


X3D nodes also have strong typing
• Provides consistent field interfaces for similar nodes
• Object-oriented improvement over VRML97, which 


had several internal inconsistencies
• Better language design


Benefits include
• Allowed child-node content is consistent
• Simple-type field values have identical defaults
• Application programming interfaces more consistent
• Definitions are easier to remember and apply
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XML file encoding


The Extensible Markup Language (XML) is a 
plain-text format used by many Web languages
• Including Hypertext Markup Language (HTML)


XML is used to define other data-oriented 
languages
• Thus XML is not a language by itself, rather it is a 


language about languages, a metalanguage


XML has many benefits and is well-suited for X3D
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XML in 10 Points
XML is for structuring data
XML looks a bit like HTML
XML is text, but isn't meant to 


be read
XML is verbose by design
XML is a family of technologies


XML is new but not that new
XML leads HTML to XHTML
XML is modular
XML is basis for RDF and the 


Semantic Web
XML is license-free,   


platform-independent and 
well-supported


http://www.w3.org/XML/1999/XML-in-10-points  


XML in 10 Points is a key reference for 
understanding the common underlying 
design principles underlying the great 
diversity of XML.


Only 4 pages long – essential reading.


Bert Bos et al., “XML in 10 Points,: World Wide Web Consortium (W3C), created 
1999, updated 2003.  Available at http://www.w3.org/XML/1999/XML-in-10-points  
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XML and X3D correspondence


Elements correspond to X3D nodes
Attributes correspond to X3D simple-type fields
Parent-child relationships define containerField
Validatable XML using X3D DTD, schema


XML documents have a tree structure that is a good match for the X3D scene graph.


Critical benefit:  XML well-formed checks and validation detect numerous tricky errors.


• Draconian parse rule prevents an XML parser from continuing if errors are 
encountered.  This is a good thing, because it forces the author to find and fix 
critical input problems, rather than having the application somehow trying to fix 
or recover from incorrect input.


• This approach thus prevents Garbage In Garbage Out (GIGO) syndrome.


• It is better to know that faults occur.  The worst error is the unrecognized error.
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XML validation


XML validation applies XML rules to an XML 
document to confirm whether it is correct
• Well formed XML: legal header, matching 


open/close tags, proper attribute-value pairs, etc.
• DTD (DOCTYPE) validation:  adds checks on legal  


element and attribute names, proper parent-child 
relationships, simple checks on attribute values


• XML Schema validation:  also includes stricter  
checks on data types of attribute values


XML validation finds problems before end users
• reducing garbage-in garbage-out (GIGO)


There are DTD and XML Schema definitions for X3D versions 3.1, 3.2 and 3.3


Additional quality-control checks are possible using special XSLT stylesheets and 
various X3D browsers themselves.
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ClassicVRML file encoding


The ClassicVRML file syntax is a direct, 
backwards-compatible extension of VRML97
• VRML version 2.0 became X3D version 3.0, 3.1 etc.
• No changes in syntax rules
• Some additional new nodes and slight naming 


differences to match specification improvements 
• VRML97 content still works and is easily supported


XML, ClassicVRML and Compressed Binary 
encodings are functionally equivalent
• Governed by same X3D abstract specification







Chapter01-TechnicalOverview 78


78


Compressed binary encoding


Two types of compression for .x3db encoding
• XML-centric ISO Fast Infoset
• Geometry-centric for coplanar polygons, 


quantization of points, colors & normals, etc.


Java3D algorithms are default for geometry 
compression
• Royalty free for use with X3D
• Other uses – please contact Sun Microsystems


Alternate geometry compression is allowed
Implementations:  Xj3D, Instant Reality, EDF


ISO Fast Infoset described at http://en.wikipedia.org/wiki/Fast_Infoset 
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X3D compressed binary algorithm and XML Security


X3D compressed binary uses Canonical X3D form
• Strict formatting rules so that files with identical 


format can be shown to match
Canonical form enables use of XML Security


• XML Encryption
• XML Digital Signature (for author authentication)


X3D security examples, description an references:


• http://www.web3d.org/x3d/content/examples/Basic/Security/X3dSecurityReadMe.html 


• http://www.web3d.org/x3d/content/examples/Basic/Security 


• World Wide Web Consortium (W3C) Security  http://www.w3.org/Security 


• XML Encryption http://www.w3.org/TR/xmlenc-core 


• XML Signature   http://www.w3.org/TR/xmldsig-core 


• X3D Canonicalization (C14N) 


 http://www.web3d.org/x3d/specifications/ISO-IEC-FCD-19776-3.2-X3DEncodings-CompressedBinary/Part03/concepts.html#X3DCanonicalForm 


TODO add link to Jeff Williams' thesis
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Additional Resources


back to Table of Contents
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Mailing lists


There are two x3d mailing lists, plus more for other working groups


• x3d-public@web3d.org


• x3d@web3d.org private for Web3D members working on specification development


http://www.web3d.org/x3d/publiclists 
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Web3D liaison organizations


World Wide Web Consortium (W3C)
• Leading the Web to its Full Potential


International Organization of Standards (ISO)
• Review and ratification of X3D Graphics Standard


Open Geospatial Consortium (OGC)
• Leading the development of standards for 


geospatial and location-based services.
• http://www.opengeospatial.org 


Web3D Symposium series in cooperation with 
SIGGRAPH, Eurographics


W3C    http://www.w3.org


OGC   http://www.opengeospatial.org 


ISO   http://iso.ch 


SIGGRAPH   http://www.siggraph.org 


Eurographics   http://eg.org 


The Khronos Group   http://www.khronos.org 
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Annual Conferences 2009


SIGGRAPH 
• New Orleans Louisiana, 3-7 August 2009
• http://www.siggraph.org 


Web3D Symposium
• Darmstadt Germany, 15-17 June 2009
• http://www.web3d.org/conferences/web3d2009


Eurographics
• Munich Germany, 30 March - 3 April 2009
• http://www.eg.org


SIGGRAPH Asia
• Yokohama Japan 16-19 December 2009
• http://www.siggraph.org/asia2009 


Web3D 2008 Tech Talk podcast
https://www.movesinstitute.org/video/web3d/SIGGRAPH2008/TechTalk2008 


TODO 2009 link







Chapter01-TechnicalOverview 84


84


Chapter Summary
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Chapter Summary


This technical overview chapter is a mile wide 
and a few meters deep.  Key points include
• VRML historical background
• Web3D Consortium
• Browsers, X3D Specifications, scene graph
• Profiles + components, field and node data types
• XML encoding, ClassicVRML, Compressed binary


New students of X3D can refer to details later.  
Get working on examples in the next chapters!


Students should have an X3D plugin installed in their Web browser by now, along with 
X3D-Edit or another editor.
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References   1


X3D: Extensible 3D Graphics for Web Authors         
by Don Brutzman and Leonard Daly, Morgan 
Kaufmann Publishers, April 2007, 468 pages.  
• Chapter 1, Technical Overview
• http://x3dGraphics.com 
• http://x3dgraphics.com/examples/X3dForWebAuthors 


X3D Resources
• http://www.web3d.org/x3d/content/examples/X3dResources.html 
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References   2


X3D-Edit Authoring Tool
• https://savage.nps.edu/X3D-Edit 


X3D Scene Authoring Hints
• http://x3dgraphics.com/examples/X3dSceneAuthoringHints.html 


X3D Graphics Specification
• http://www.web3d.org/x3d/specifications 
• Also available as help pages within X3D-Edit 
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Computer Graphics, Principles and Practice, 
by James D. Foley, Andries van Dam, 
Stephen K. Feiner and John F. Hughes, 
Addison-Wesley, second edition, 1997.
• http://portal.acm.org/citation.cfm?id=83821 


Bert Bos et al., “XML in 10 Points,” World 
Wide Web Consortium (W3C), created 1999, 
updated 2003.


• http://www.w3.org/XML/1999/XML-in-10-points 
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Leonard Daly and Don Brutzman,                     
 “X3D:  Extensible 3D Graphics Standard,” 
Standards in a Nutshell column, IEEE Signal 
Processing Magazine, vol. 24 no. 6, 
November 2007, pp. 130-133.


Wayne Carlson, A Critical History of 
Computer Graphics and Animation, 
course notes, Ohio State University.
• http://design.osu.edu/carlson/history/lessons.html 
• http://design.osu.edu/carlson/history/ID797.html
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Book testimonials   1
There will be no problem understanding these concise, clear, comprehensible 


background concepts for readers new to Extensible 3D (X3D).  There are 
many notes and examples that compare X3D to Virtual Reality Modeling 
Language (VRML) features. Don Brutzman and Leonard Daly clearly and 
thoroughly illustrate each logical concept and feature of X3D with 
diagrams, tables, code snippets, screenshots of 3D 
objects/environments, and example scenes, while making use of the very 
latest specifications and implementations. Their approach contributes 
greatly to an easy and in-depth understanding of the X3D language.  
This book is the ultimate introductory guide to X3D!


—Dr. Vladimir Geroimenko, University of Plymouth,
School of Computing Communications and Electronics, Plymouth, UK
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Book testimonials   2
This book is required reading for anybody interested in Web3D. The authors 


are well known and respected in the X3D community as pioneers.  Their 
writing style is concise and engaging, set at an appropriate level to 
encourage understanding, and uses the concepts being introduced.  
Their “Hints and warnings” sections provide added value above what is 
available from X3D specification documents. Hard to achieve in a 
reference manual!


—Professor Nigel W. John, School of Computer Science, 
University of Wales, Bangor; Chair of Web3D 2005 Symposium
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Book testimonials   3
How many times have we heard “The ISO specification is hard to read, do 


you have something more approachable?” This book is the answer. It 
provides a detailed explanation of each node in the Immersive profile 
and gives many reusable examples. After reading this book you’ll be well 
prepared to develop your own X3D content.


—Alan Hudson, President Web3D Consortium, Yumetech Inc.


This is a much-needed book about the X3D standard and X3D content 
development. The book follows the structure of the X3D standard 
specifications which helps readers understand and apply the X3D 
standard.  It can also be used as a reference material in virtual reality 
and graphics-related courses.


—Professor Denis Gracanin, Virginia Polytechnic Institute &
State University, Chair Web3D 2006 Symposium
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Don Brutzman


brutzman@nps.edu 


http://faculty.nps.edu/brutzman 


Code USW/Br, Naval Postgraduate School
Monterey California 93943-5000 USA


1.831.656.2149 voice


Contact
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CGEMS, SIGGRAPH, Eurographics


The Computer Graphics Educational Materials 
Source(CGEMS) site is designed for educators
• to provide a source of refereed high-quality content
• as a service to the Computer Graphics community
• freely available, directly prepared for classroom use
• http://cgems.inesc.pt 


X3D for Web Authors recognized by CGEMS!  ☺
• Book materials:  X3D-Edit tool, examples, slidesets
• Received jury award for Best Submission 2008


CGEMS supported by SIGGRAPH, Eurographics


From the CGEMS home page:


• http://cgems.inesc.pt 


Welcome to CGEMS - Computer Graphics Educational Materials Source. The 
CGEMS site is designed for educators to provide a source of refereed high-
quality content as a service to the Computer Graphics community as a whole. 
Materials herein are freely available and directly prepared for your classroom.


List of all published modules:


• http://cgems.inesc.pt/authors/ListModules.aspx 


CGEMS Editorial Policy:


• http://cgems.inesc.pt/EditorialPolicy.htm 
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Creative Commons open-source license
http://creativecommons.org/licenses/by-nc-sa/3.0 


Attribution-Noncommercial-Share Alike 3.0 Unported


You are free:


    * to Share — to copy, distribute and transmit the work


    * to Remix — to adapt the work


Under the following conditions:


    * Attribution. You must attribute the work in the manner specified by the author or 
licensor (but not in any way that suggests that they endorse you or your use of the 
work).


      Attribute this work:  What does "Attribute this work" mean?


      The page you came from contained embedded licensing metadata, including how 
the creator wishes to be attributed for re-use. You can use the HTML here to cite the 
work. Doing so will also include metadata on your page so that others can find the 
original work as well.   


    * Noncommercial. You may not use this work for commercial purposes.


    * Share Alike. If you alter, transform, or build upon this work, you may distribute the 
resulting work only under the same or similar license to this one.


    * For any reuse or distribution, you must make clear to others the license terms of 
this work. The best way to do this is with a link to this web page.


    * Any of the above conditions can be waived if you get permission from the 
copyright holder.


    * Nothing in this license impairs or restricts the author's moral rights.
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Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.


License available at


    http://www.web3d.org/x3d/content/examples/license.txt 


    http://www.web3d.org/x3d/content/examples/license.html 


Good references on open source:


Andrew M. St. Laurent, Understanding Open Source and Free 
Software Licensing, O'Reilly Publishing, Sebastopol California, 
August 2004.  http://oreilly.com/catalog/9780596005818/index.html 


Herz, J. C., Mark Lucas, John Scott, Open Technology 
Development: Roadmap Plan,  Deputy Under Secretary of Defense 
for  Advanced Systems and Concepts, Washington DC, April 2006.  
http://handle.dtic.mil/100.2/ADA450769 
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Chapter02-GeometryPrimitives.pdf


1


X3D Graphics for Web Authors


Chapter 2


Geometry 1:  Primitive Shapes


Dorothy in Oz: “Toto, I’ve a feeling we’re not in Kansas anymore.”
—L. Frank Baum, Wizard of Oz, 1939



http://www.imdb.com/title/tt0032138/quotes
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Table of Contents


Chapter Overview and Concepts


X3D Nodes and Examples


Additional Resources


Chapter Summary and Suggested Exercises


References



file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23SuggestedExercises

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23SuggestedExercises
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Chapter Overview
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Overview:  Geometry 1, Primitive Shapes


Common pattern for Shape nodes
• Shape contains geometry node
• Appearance and Material nodes


Five nodes for primitive geometry in this chapter
• Box, Cone, Cylinder, Sphere, Text
• Text node is flat, not extruded
• FontStyle modifies Text node parameters


X3D tooltips and specifications are helpful to use







5


Concepts


back to Table of Contents
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Shape and geometry


Shape nodes can contain a single geometry node
• For example, one of the five geometry primitive nodes
• Alternatively contains a more-advanced geometry node


• Chapter 2:   Geometric primitives
• Chapter 6:   Points Lines and Polygon nodes
• Chapter 10: Geometry2D nodes
• Chapter 13: Triangle nodes


Shape nodes can also contain an Appearance node
• Which in turn contains a Material node for coloring
• Covered in Chapter 3
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Why is this pattern fundamental?


• Common design pattern throughout X3D:
• Shape


• GeometryNode
• Appearance


• Material (optional) for colors
• ImageTexture (optional) for wrapping an image file


• Top three priorities in graphics design:  
performance performance performance!!!


• This pattern is repeated in order to directly 
represent geometry and appearance together 
for maximum graphics-card performance



http://en.wikipedia.org/wiki/Carnegie_Hall
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Geometry Primitives


Primitives are simple geometric constructs
Shape, geometry, Appearance, Material pattern
Browsers decide implementation details, including   


tessellation (polygon count) and thus quality



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/GeometryPrimitiveNodes.x3d

http://en.wikipedia.org/wiki/Tessellation
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Common field:  solid


In 3D graphics, all triangles have 2 sides
• Graphics term:  backface culling only draws front sides


The solid  field defines whether a geometry node 
has an inside or not, with a default value of true
• solid='true' means do not render (draw) the inside
• solid='false' means render both inside and outside


This approach reduces the number of polygons 
needing to be drawn, thus improving performance


Confusing if user gets lost inside invisible geometry
• Hint:  set solid='false' to draw both sides



http://www.web3d.org/x3d/content/examples/X3dResources.html

http://www.web3d.org/x3d/specifications/

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/Architecture.html

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/geometry3D.html
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X3D Nodes and Examples


back to Table of Contents
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Shape parent with geometry child


 Shape must be parent node, can 
only hold one geometry node


Appearance and Material nodes 
define colors, transparency, etc.


Primitives have simple dimensions
• Typical volume ~1 m radius


All units are in meters
Note parent-child relationships


<Shape>
      <Box size='1 2 3'/>
      <Appearance>


<Material/>
      </Appearance>
</Shape>


<Shape>
      <Sphere radius='1'/>
      <Appearance>


<Material/>
      </Appearance>
</Shape>
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Box node


Six-sided rectangular parallelepiped
• meaning:  not necessarily a cube, but it can be
• Three non-zero non-negative size dimensions for x y z


Centered at local origin
size field has X3D data type SFVec3f


• SF Vec = Single-field vector
• array length of 0 or 1  only
• 3f = 3 floating-point values
• Default size='2 2 2'



http://www.web3d.org/x3d/specifications
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Box node X3D-EditBox node X3D-Edit


Box.x3d



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/Box.x3d





Box node tooltipsBox node tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#Box

http://www.web3d.org/x3d/content/X3dTooltips.html#Box
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Circular bottomRadius 
non-zero non-negative 


height above bottom
Centered at local origin
Can hide different parts


•     side='false'
• bottom='false'


Default   height='2' 
bottomRadius='1'


Set side='false' (for bottom only) to define flat circle


Cone node



http://www.web3d.org/x3d/specifications
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Cone node X3D-EditCone node X3D-Edit


Cone.x3d



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/Cone.x3d
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Cone node tooltipsCone node tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#Cone
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Cylinder node


Right-angle cylinder with top and bottom caps
Non-zero non-negative height above bottom
Circular radius 
Centered at local origin
Can hide different parts


•     side='false'
•      top='false'
• bottom='false'


Default values are
   height='2' radius='1'



http://www.web3d.org/x3d/specifications
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Cylinder node X3D-EditCylinder node X3D-Edit


Cylinder.x3d



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/Cylinder.x3d
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Cylinder node tooltipsCylinder node tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#Cone
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Sphere node


Circular radius 


Centered at local origin
• phi and theta are implicit
• not defined by author



http://www.web3d.org/x3d/specifications
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Sphere node X3D-EditSphere node X3D-Edit


Sphere.x3d



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/Sphere.x3d
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Sphere node tooltipsSphere node tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#Sphere
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Text node


Produce readable flat, 2D text strings in X3D world
string field is MFString array of “quoted strings”


• Each  “quoted string” appears on a separate line


length field is MFFloat array of lengths for each line
• Can shrink or stretch size of each line if needed


maxExtent is maximum length for all substring lines


Note characters have no 3D depth
• Flat when viewed from alongside
• Typically viewable from behind 


since default is solid='false'
• Hint:  use Billboard to face user



http://scholar.lib.vt.edu/theses/available/etd-06152006-024611/
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Text node X3D-EditText node X3D-Edit


Text.x3d



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/Text.x3d





Inserting apostrophes, ampersands, and 
quotation marks into Text strings


Character entity definitions are XML encodings
• Character entities are also known as escape characters
• apostrophe '  is &apos;     & is &amp;   "  is &quot;
• http://www.w3.org/TR/REC-html40/sgml/entities.html  


Precede embedded "quote marks" with  backslash \" 
to differentiate from line-delimiting quote marks


Suggested XML to escape Text node's string field: 
• single quote (apostrophe) as XML attribute delimiter
• string=' "Hello from \"Monterey\" " ' or
• string=' "Hello from \&quot;Monterey\&quot; " '
• string=' "A friend&apos;s new car" "just arrived" '



http://www.w3.org/TR/REC-html40/sgml/entities.html

http://www.w3.org/TR/REC-html40/sgml/entities.html

http://www.w3.org/TR/REC-html40/sgml/entities.html
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Try it yourself
1. Create a new scene by clicking the New X3D Scene button, or else select 


using menus (File, New X3D, New X3D Scene)


2.  Open the palette for Geometry: Primitives


3.  Drag a new Shape node into the scene graph where XML comment says


   <!-- Scene graph nodes are added here -->


7. Drag a new Text node into the scene graph where the XML comment says 


 <!-- Add a single geometry node here --> 


9. Right click on the Text node, cut and paste the text into the string field.  
Be sure to include all of the double quotes, don't paste the single quote 
delimiters.  


 <Text string='Hello from \"My Home Town\" ' />


11. Right-click the context menu to refresh or redraw in Xj3D:
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TextSpecialCharacters.x3dTextSpecialCharacters.x3d



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/TextSpecialCharacters.x3d

http://www.w3.org/International
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TextLengthMaxExtent.x3dTextLengthMaxExtent.x3d


`



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/TextLengthMaxExtent.x3d

http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/Part01/components/text.html#Text





Horizontal or vertical adjustments



http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/Part01/components/

http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/Part01/components/text.html#f-LineBoundsAndTextBoundsMeasurements
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Text node tooltipsText node tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#Text
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FontStyle node


Defines size, font family, layout directions and 
justification, language, and style for Text strings


http://www.web3d.org/x3d/content/examples/ConformanceNist/Appearance/FontStyle/driver.x3d 



http://www.web3d.org/x3d/content/examples/ConformanceNist/Appearance/FontStyle/driver.x3d

http://www.web3d.org/x3d/content/examples/ConformanceNist/Appearance/FontStyle/driver.x3d

http://www.web3d.org/x3d/content/examples/ConformanceNist

http://www.web3d.org/x3d/content/examples/ConformanceNist/Appearance/FontStyle/driver.x3d
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<FontStyle justify=' "MIDDLE" "MIDDLE" '/><FontStyle justify=' "MIDDLE" "MIDDLE" '/>


FontStyle is only allowed as 
child of a Text node
• FontStyle modifies that parent


Other supported default font 
family values are SANS (serif) 
and TYPEWRITER
• Additional font families require 


special browser support


Other field values support 
internationalization (I18N) 
and localization (L10N)
• DEF, USE for consistent look



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/Text.x3d





FontStyle values, X3D Specification



http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/Part01/components/text.html#t-MajorAlignhorizTRUE





FontStyle values, X3D Specification



http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/Part01/components/text.html#t-MinorAlignhorizTRUE





X3D Specification 
Tables 15.6 and 15.7



http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/Part01/components/text.html#f-KeyforTables

http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/Part01/components/text.html#f-KeyforTables
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FontStyle node tooltipsFontStyle node tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#FontStyle
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Geometry Primitives


Primitives are simple geometric constructs
Shape, geometry, Appearance, Material pattern
Browsers decide implementation details, 
including quality of tessellation resolution


Review
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X3D-Edit 3.1 scene graphX3D-Edit 3.1 scene graph


Transform nodes
position each Shape
so that they do not
obscure each other



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/GeometryPrimitiveNodes.x3d
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Additional Resources


back to Table of Contents
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Multilingual X3D tooltips


X3D tooltips are available online and bundled in the 
X3D-Edit help pages


X3D tooltips are available in the following languages
• English
• Chinese
• French


Translations into other languages are welcome
• http://www.web3d.org/x3d/content/X3dTooltips.html 


• German
• Italian
• Korean


• Portuguese
• Spanish



https://savage.nps.edu/X3D-Edit

http://www.web3d.org/x3d/content/X3dTooltips.html

http://www.web3d.org/x3d/content/X3dTooltipsChinese.html

http://www.web3d.org/x3d/content/X3dTooltipsFrench.html

http://www.web3d.org/x3d/content/X3dTooltips.html

http://www.web3d.org/x3d/content/X3dTooltipsGerman.html

http://www.web3d.org/x3d/content/X3dTooltipsItalian.html

http://www.web3d.org/x3d/content/X3dTooltipsKorean.html

http://www.web3d.org/x3d/content/X3dTooltipsPortuguese.html

http://www.web3d.org/x3d/content/X3dTooltipsSpanish.html

https://savage.nps.edu/X3D-Edit

http://www.web3d.org/x3d/content/X3dTooltips.html

http://www.web3d.org/x3d/content/X3dTooltipsChinese.html

http://www.web3d.org/x3d/content/X3dTooltipsFrench.html

http://www.web3d.org/x3d/content/X3dTooltips.html

http://www.web3d.org/x3d/content/X3dTooltipsGerman.html

http://www.web3d.org/x3d/content/X3dTooltipsItalian.html

http://www.web3d.org/x3d/content/X3dTooltipsKorean.html

http://www.web3d.org/x3d/content/X3dTooltipsPortuguese.html

http://www.web3d.org/x3d/content/X3dTooltipsSpanish.html

http://www.web3d.org/x3d/content/X3dTooltipsChinese.html

http://www.web3d.org/x3d/content/X3dTooltips.html

http://www.web3d.org/x3d/content/X3dTooltipsFrench.html

http://www.web3d.org/x3d/content/X3dTooltipsGerman.html

http://www.web3d.org/x3d/content/X3dTooltipsItalian.html

http://www.web3d.org/x3d/content/X3dTooltipsPortuguese.html

http://www.web3d.org/x3d/content/X3dTooltipsSpanish.html
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X3D spec excerpt for Shape node



http://www.web3d.org/x3d/specifications

http://www.web3d.org/x3d/specifications/spec_feedback
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X3D Specification Diagrams



http://www.web3d.org/x3d/specifications
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Related concepts


DEF/USE nodes: chapter 3 
Transform node: chapter 3 
Viewpoint node: chapter 4
Appearance node: chapter 5
Material node:  chapter 5
Background node: chapter 11


Bounding boxes: chapter 12







Geometry nodes


Chapter 2, Primitives
• Box, Cone, Cylinder, Sphere, Text / FontStyle


Chapter 6, Points Lines and Polygons
• PointSet, IndexedLineSet, IndexedFaceSet, 


ElevationGrid, Extrusion


Chapter 10, Geometry2D
• Arc2D,ArcClose2D, Circle2D, Disk2D, Polyline2D, 


Polypoint2D, Rectangle2D, TriangleSet2D


Chapter 13, Triangles and Quadrilaterals
• TriangleSet, TriangleStripSet, TriangleFanSet, QuadSet
• Both regular and Indexed versions
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Advanced geometry nodes


Geospatial component
• GeoElevationGrid


NURBS component
• NurbsCurve, NurbsPatchSurface, NurbsSweptSurface, 


NurbsSwungSurface, NurbsTrimmedSurface


Programmable shaders component
• ComposedShader, PackagedShader, ProgramShader


Further information available in X3D Specification
• http://www.web3d.org/x3d/specifications 



http://www.web3d.org/x3d/specifications

http://www.web3d.org/x3d/specifications
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Chapter Summary
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Chapter Summary


Shape is a container node for a single piece of 
geometry


Geometry primitive nodes
• Box, Cone, Cylinder, Sphere, Text
• FontStyle supports Text


Numerous additional resources
• X3D tooltips, with multilingual versions available
• X3D specifications
• Each are integrated within X3D-Edit authoring tool



http://www.web3d.org/x3d/content/X3dTooltips.html

http://www.web3d.org/x3d/content/X3dTooltips.html#credits

http://www.web3d.org/x3d/specifications/

https://savage.nps.edu/X3D-Edit

http://www.web3d.org/x3d/content/X3dTooltips.html

http://www.web3d.org/x3d/content/X3dTooltips.html#credits

http://www.web3d.org/x3d/specifications/

https://savage.nps.edu/X3D-Edit
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Suggested exercises


Modify an existing example scene to make it into 
another object.  Become familiar with editing, 
XML validation, and reloading a scene to refresh 
the 3D rendering.


Create a simple object using only primitive 
geometric shapes


Demonstrate use of internationalization (I18N) text
Look at other examples for modeling ideas


• http://www.web3d.org/x3d/content/examples/Vrml2.0Sourcebook 
• http://www.web3d.org/x3d/content/examples/Basic/StudentProjects 



http://www.web3d.org/x3d/content/examples/Vrml2.0Sourcebook

http://www.web3d.org/x3d/content/examples/Basic/StudentProjects

http://www.web3d.org/x3d/content/examples/Vrml2.0Sourcebook

http://www.web3d.org/x3d/content/examples/Basic/StudentProjects

http://scholar.lib.vt.edu/theses/available/etd-06152006-024611
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Creative Commons open-source license
http://creativecommons.org/licenses/by-nc-sa/3.0 



http://creativecommons.org/licenses/by-nc-sa/3.0

http://creativecommons.org/licenses/by-nc-sa/3.0





Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.



http://www.web3d.org/x3d/content/examples/license.html

http://www.web3d.org/x3d/content/examples/license.html

http://www.web3d.org/x3d/content/examples/license.txt

http://www.web3d.org/x3d/content/examples/license.html

http://oreilly.com/catalog/9780596005818/index.html

http://handle.dtic.mil/100.2/ADA450769
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X3D Graphics for Web Authors


Chapter 2


Geometry 1:  Primitive Shapes


Dorothy in Oz: “Toto, I’ve a feeling we’re not in Kansas anymore.”
—L. Frank Baum, Wizard of Oz, 1939


Memorable quotes for The Wizard of Oz:  http://www.imdb.com/title/tt0032138/quotes 
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Chapter Overview
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Overview:  Geometry 1, Primitive Shapes


Common pattern for Shape nodes
• Shape contains geometry node
• Appearance and Material nodes


Five nodes for primitive geometry in this chapter
• Box, Cone, Cylinder, Sphere, Text
• Text node is flat, not extruded
• FontStyle modifies Text node parameters


X3D tooltips and specifications are helpful to use
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Concepts


back to Table of Contents
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Shape and geometry


Shape nodes can contain a single geometry node
• For example, one of the five geometry primitive nodes
• Alternatively contains a more-advanced geometry node


• Chapter 2:   Geometric primitives
• Chapter 6:   Points Lines and Polygon nodes
• Chapter 10: Geometry2D nodes
• Chapter 13: Triangle nodes


Shape nodes can also contain an Appearance node
• Which in turn contains a Material node for coloring
• Covered in Chapter 3


Since every individual piece of geometry to be drawn must have a parent Shape node, 
expect to see a lot of Shape nodes in your X3D scenes.


The structure provided by having many Shape nodes helps keep a scene organized 
and clearly separates capabilities that might otherwise get unintentionally mixed up.
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Why is this pattern fundamental?


• Common design pattern throughout X3D:
• Shape


• GeometryNode
• Appearance


• Material (optional) for colors
• ImageTexture (optional) for wrapping an image file


• Top three priorities in graphics design:  
performance performance performance!!!


• This pattern is repeated in order to directly 
represent geometry and appearance together 
for maximum graphics-card performance


It is helpful to remember that maximizing the performance of graphics cards to render 
geometry is of fundamental importance.  Performance issues explain many default 
values and design choices in X3D as well as other graphics languages.


For example, an excellent way to optimize for high performance is to do one thing 
extremely well, and apply it generally.  As a result, graphics cards have long been 
optimized to render loooong piles of triangles as quickly as possible.  Thus X3D 
geometric shapes are typically converted into triangles by the X3D browser when it 
takes your model and preprocesses it for the the graphics card.  This general 
approach is called polygon-based rendering.


Old piano-teacher joke follows.  Carnegie Hall is in  New York City, and performing 
there is considered the pinnacle of a musical career.


• Pedestrian: how can I get to Carnegie Hall?


• Cab driver: well, there are only three ways to get there.


• Pedestrian:  OK then, what are the three ways to get to Carnegie Hall?


• Cab driver: practice, practice, practice!
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Figure 2.2b, page 39, X3D for Web Authors


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/GeometryPrimitiveNodes.x3d


There are five primitive geometry nodes:  Box Cone Cylinder Sphere and Text


Why is this very simple pattern repeated so many times?  Because graphics cards like it!


Improving the polygon count of primitive geometry is a frequently requested X3D feature.


• Some browsers (e.g. Xj3D) allow setting a parameter for primitive quality.


• Maybe  a new field will eventually be added to the X3D specification, or maybe not.  
Probably this won't ever happen, because X3D browsers like to be small and fast.  
Adding non-essential features is usually referred to as “code bloat.”


• Authors can generate their own geometry (e.g. IndexedFaceSet) if they do not want to 
live with the uncertainty of browser quality when drawing geometry primitives.


Tesselation means how do we convert an arbitrary shape into triangles for fast rendering


8


Geometry Primitives


Primitives are simple geometric constructs
Shape, geometry, Appearance, Material pattern
Browsers decide implementation details, including   


tessellation (polygon count) and thus quality
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Common field:  solid


In 3D graphics, all triangles have 2 sides
• Graphics term:  backface culling only draws front sides


The solid  field defines whether a geometry node 
has an inside or not, with a default value of true
• solid='true' means do not render (draw) the inside
• solid='false' means render both inside and outside


This approach reduces the number of polygons 
needing to be drawn, thus improving performance


Confusing if user gets lost inside invisible geometry
• Hint:  set solid='false' to draw both sides


Mnemonic device:  solid like a brick!  We don't need to draw the insides of a brick, 
so only single-sided rendering of the outside is needed.  You can't go inside a brick.


Let's check to see what the X3D Specification says about the solid field for the nodes 
in this chapter.  It is the final authority on what the correct behavior is for X3D Scenes.


X3D Resources, Authoring Support, X3D Specifications,


X3D Architecture and base components Edition 2


http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/Architecture.html
 


For each node, we look in Geometry3D and Text Components for default values


http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/geometry3D.html


• Box solid='true' for 1-sided rendering


• Cone solid='true'


• Cylinder solid='true'


• Sphere solid='true'


But:


• Text solid='false' for 2-sided rendering 


• Why? for human performance!  Invisible text is not much use, so we made a 
special case for the Text node
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X3D Nodes and Examples


back to Table of Contents
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Shape parent with geometry child


 Shape must be parent node, can 
only hold one geometry node


Appearance and Material nodes 
define colors, transparency, etc.


Primitives have simple dimensions
• Typical volume ~1 m radius


All units are in meters
Note parent-child relationships


<Shape>
      <Box size='1 2 3'/>
      <Appearance>


<Material/>
      </Appearance>
</Shape>


<Shape>
      <Sphere radius='1'/>
      <Appearance>


<Material/>
      </Appearance>
</Shape>
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Box node


Six-sided rectangular parallelepiped
• meaning:  not necessarily a cube, but it can be
• Three non-zero non-negative size dimensions for x y z


Centered at local origin
size field has X3D data type SFVec3f


• SF Vec = Single-field vector
• array length of 0 or 1  only
• 3f = 3 floating-point values
• Default size='2 2 2'


Image used with permission from X3D Abstract Specification, ISO/IEC 19775-1:2008


• Figure 13.1 — Box node


• http://www.web3d.org/x3d/specifications 
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Box node X3D-EditBox node X3D-Edit


Box.x3d


From Xj3D help: Alt-W toggles Wireframe rendering mode.  Wireframe rendering  of geometry


is a special feature offered by some browsers and cannot be set by an X3D author.


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/Box.x3d 
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Box node tooltipsBox node tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#Box 
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Circular bottomRadius 
non-zero non-negative 


height above bottom
Centered at local origin
Can hide different parts


•     side='false'
• bottom='false'


Default   height='2' 
bottomRadius='1'


Set side='false' (for bottom only) to define flat circle


Cone node


Image used with permission from X3D Abstract Specification, ISO/IEC 19775-1:2008


• Figure 13.2 — Cone node


• http://www.web3d.org/x3d/specifications 
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Cone node X3D-EditCone node X3D-Edit


Cone.x3d


From Xj3D help: Alt-W toggles Wireframe rendering mode.  Wireframe rendering  of geometry


is a special feature offered by some browsers and cannot be set by an X3D author.


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/Cone.x3d 
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Cone node tooltipsCone node tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#Cone 
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Cylinder node


Right-angle cylinder with top and bottom caps
Non-zero non-negative height above bottom
Circular radius 
Centered at local origin
Can hide different parts


•     side='false'
•      top='false'
• bottom='false'


Default values are
   height='2' radius='1'


Image used with permission from X3D Abstract Specification, ISO/IEC 19775-1:2008


• Figure 13.3 — Cylinder node


• http://www.web3d.org/x3d/specifications 
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Cylinder node X3D-EditCylinder node X3D-Edit


Cylinder.x3d


From Xj3D help: Alt-W toggles wireframe rendering mode.  Wireframe rendering  of geometry


is a special feature offered by some browsers and cannot be set by an X3D author.


Note that wireframe mode can play tricks with your sense of perspective 


because all line segments are drawn exactly 1-pixel wide.


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/Cylinder.x3d 
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Cylinder node tooltipsCylinder node tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#Cone 
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Sphere node


Circular radius 


Centered at local origin
• phi and theta are implicit
• not defined by author


Note that angles are defined in the figure, but these really can't be referenced within 
the Sphere node.  So this specification figure is really much more complex than it 
needs to be.


Image used with permission from X3D Abstract Specification, ISO/IEC 19775-1:2008


• Figure 13.8 — Sphere node


• http://www.web3d.org/x3d/specifications 
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Sphere node X3D-EditSphere node X3D-Edit


Sphere.x3d


From Xj3D help: Alt-W toggles Wireframe rendering mode.  Wireframe rendering  of geometry


is a special feature offered by some browsers and cannot be set by an X3D author.


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/Sphere.x3d 
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Sphere node tooltipsSphere node tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#Sphere 
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Text node


Produce readable flat, 2D text strings in X3D world
string field is MFString array of “quoted strings”


• Each  “quoted string” appears on a separate line


length field is MFFloat array of lengths for each line
• Can shrink or stretch size of each line if needed


maxExtent is maximum length for all substring lines


Note characters have no 3D depth
• Flat when viewed from alongside
• Typically viewable from behind 


since default is solid='false'
• Hint:  use Billboard to face user


Commonly we don't have to worry about the length and maxExtent fields.  They are 
computed automatically and internally by the X3D view.  Defining values for these two 
fields is a specialty technique when needed for very precise authoring.


The other primitive geometry nodes have default solid='true' for 1-sided rendering.


Billboard node is covered in Chapter 4, Viewing and Navigation.  Use of Billboard as a 
parent node keeps the front face of Text facing users in order to maintain readability.


Interesting reference describing in detail how to make text and other information 
comprehensible and readable despite self-occluding clutter in detailed scenes:  


• Information Visualization in Information-Rich Virtual Environments, 
dissertation, Nick Polys at Virginia Tech.
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Text node X3D-EditText node X3D-Edit


Text.x3d


From Xj3D help: Alt-W toggles Wireframe rendering mode.  Wireframe rendering  of geometry


is a special feature offered by some browsers and cannot be set by an X3D author.


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/Text.x3d 
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Inserting apostrophes, ampersands, and 
quotation marks into Text strings


Character entity definitions are XML encodings
• Character entities are also known as escape characters
• apostrophe '  is &apos;     & is &amp;   "  is &quot;
• http://www.w3.org/TR/REC-html40/sgml/entities.html  


Precede embedded "quote marks" with  backslash \" 
to differentiate from line-delimiting quote marks


Suggested XML to escape Text node's string field: 
• single quote (apostrophe) as XML attribute delimiter
• string=' "Hello from \"Monterey\" " ' or
• string=' "Hello from \&quot;Monterey\&quot; " '
• string=' "A friend&apos;s new car" "just arrived" '


HTML spec lists all character entities at


http://www.w3.org/TR/REC-html40/sgml/entities.html


Although alphabetic abbreviations are provided for most numeric code, support for the 
abbreviations is an optional feature for browsers.


Note that  decimal character-code values are expressed as &#___; 


while hexadecimal character-code values are expressed as &#x___;


Support for 3D rendering of special fonts and special characters in the Text node is 
dependent on the X3D viewer utilized by the end user.


Special characters can usually be cut/pasted from other applications into an X3D file 
or into the string array on the X3D-Edit pane for editing a Text node.


TODO: add X3D-Edit features to 


• select and insert special characters


• Convert unicode symbology into escape codes


• Additional Unicode references
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Try it yourself
1. Create a new scene by clicking the New X3D Scene button, or else select 


using menus (File, New X3D, New X3D Scene)


2.  Open the palette for Geometry: Primitives


3.  Drag a new Shape node into the scene graph where XML comment says


   <!-- Scene graph nodes are added here -->


7. Drag a new Text node into the scene graph where the XML comment says 


 <!-- Add a single geometry node here --> 


9. Right click on the Text node, cut and paste the text into the string field.  
Be sure to include all of the double quotes, don't paste the single quote 
delimiters.  


 <Text string='Hello from \"My Home Town\" ' />


11. Right-click the context menu to refresh or redraw in Xj3D:
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TextSpecialCharacters.x3dTextSpecialCharacters.x3d


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/TextSpecialCharacters.x3d 


Note that this slide's Text box is actual X3D output, captured as a screen snapshot.


Usually special escape characters aren't needed for most scenes.


Character entities are crucial for creating multilingual scenes using the 
internationalization (I18N) capabilities of XML.


http://www.w3.org/International 


TODO:


• Joke about thermos bottle


• Escape-character conundrum:  how to represent escape characters themselves?


• Qui custodiet custodies?  Who watches the watchers?
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TextLengthMaxExtent.x3dTextLengthMaxExtent.x3d


`


Example TextLengthMaxExtent.x3d online at
http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/TextLengthMaxExtent.x3d 


From X3D Specification, 15.4.2 Text:
http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/Part01/components/text.html#Text


“The length field contains an MFFloat value that specifies the length of each 
text string in the local coordinate system.”


“The maxExtent field limits and compresses all of the text strings if the 
length of the maximum string is longer than the maximum extent, as 
measured in the local coordinate system. If the text string with the 
maximum length is shorter than the maxExtent, then there is no 
compressing.” 
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Horizontal or vertical adjustments


X3D Specification, Figure 15.3 — lineBounds and textBounds measurements.
http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/Part01/components/


         text.html#f-LineBoundsAndTextBoundsMeasurements
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Text node tooltipsText node tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#Text 







Chapter02-GeometryPrimitives 32


32


FontStyle node


Defines size, font family, layout directions and 
justification, language, and style for Text strings


http://www.web3d.org/x3d/content/examples/ConformanceNist/Appearance/FontStyle/driver.x3d 


These images correspond to Figures 2.11, 2.12 on pp. 57-58 in X3D for Web Authors.  
Note that the image provided for Figure 2.11 in the published book is incorrect.


These example snapshots are taken from the FontStyle demo scene in the 
NIST Conformance Suite.


http://www.web3d.org/x3d/content/examples/ConformanceNist 


http://www.web3d.org/x3d/content/examples/ConformanceNist/Appearance/FontStyle/driver.x3d  
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<FontStyle justify=' "MIDDLE" "MIDDLE" '/><FontStyle justify=' "MIDDLE" "MIDDLE" '/>


FontStyle is only allowed as 
child of a Text node
• FontStyle modifies that parent


Other supported default font 
family values are SANS (serif) 
and TYPEWRITER
• Additional font families require 


special browser support


Other field values support 
internationalization (I18N) 
and localization (L10N)
• DEF, USE for consistent look


Dialog box is from the same Text.x3d scene:


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/Text.x3d 


It is possible to define a single font style for consistent use throughout an X3D scene.


Create and define (DEF) a single FontStyle node near the top of a scene, then USE it


whenever a Text node appears elsewhere.  This makes it easy to maintain or change


consistent font styles throughout a document.  Example:


    <Shape>


      <Text string='Hello from \"Monterey\"'>


        <FontStyle DEF="MiddleJustify" justify='"MIDDLE" "MIDDLE"'/>


      </Text>


    </Shape>


    <!-- ... and then later in the scene: -->


    <Shape>


      <Text string='Hello again from \"somewhere else\"'>


        <FontStyle USE='MiddleJustify'/>


      </Text>


    </Shape>


DEF and USE are covered in Chapter 3, Grouping nodes.
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FontStyle values, X3D Specification


There is no need to memorize this information.  Rather, the key part is to remember 
that this information is available in the book and in the specification when needed for 
internationalization (non-English) text or special layouts.


From X3D abstract specification, Tables 15.2 and 15.3


http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/Part01/components/text.html#t-MajorAlignhorizTRUE 
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FontStyle values, X3D Specification


There is no need to memorize this information.  Rather, the key part is to remember 
that this information is available in the book and in the specification when needed for 
internationalization (non-English) text or special layouts.


From X3D abstract specification, Tables 15.4 and 15.5


http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/Part01/components/text.html#t-MinorAlignhorizTRUE 







Chapter02-GeometryPrimitives 36


X3D Specification 
Tables 15.6 and 15.7


There is no need to memorize this information.  Rather, the key part is to remember 
that this information is available in the book and in the specification when needed for 
internationalization (non-English) text or special layouts.


From X3D abstract specification, Tables 15.6 and 15.7


http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/ 
Part01/components/text.html#f-KeyforTables 
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FontStyle node tooltipsFontStyle node tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#FontStyle 
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Geometry Primitives


Primitives are simple geometric constructs
Shape, geometry, Appearance, Material pattern
Browsers decide implementation details, 
including quality of tessellation resolution


Review
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X3D-Edit 3.1 scene graphX3D-Edit 3.1 scene graph


Transform nodes
position each Shape
so that they do not
obscure each other


Figures 2.1 and 2.2, page 39, X3D for Web Authors


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/GeometryPrimitiveNodes.x3d


This scene-graph screen snapshot was taken using X3D-Edit 3.1.
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Additional Resources


back to Table of Contents
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Multilingual X3D tooltips


X3D tooltips are available online and bundled in the 
X3D-Edit help pages


X3D tooltips are available in the following languages
• English
• Chinese
• French


Translations into other languages are welcome
• http://www.web3d.org/x3d/content/X3dTooltips.html 


• German
• Italian
• Korean


• Portuguese
• Spanish


X3D tooltip links:


http://www.web3d.org/x3d/content/X3dTooltipsChinese.html 


http://www.web3d.org/x3d/content/X3dTooltips.html   (English)


http://www.web3d.org/x3d/content/X3dTooltipsFrench.html 


http://www.web3d.org/x3d/content/X3dTooltipsGerman.html 


http://www.web3d.org/x3d/content/X3dTooltipsItalian.html 


http://www.web3d.org/x3d/content/X3dTooltipsPortuguese.html 


http://www.web3d.org/x3d/content/X3dTooltipsSpanish.html 
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X3D spec excerpt for Shape node


All of the current approved X3D specifications are available via X3D-Edit help system.


X3D specifications are online at


http://www.web3d.org/x3d/specifications 


X3D specification feedback can be submitted at


http://www.web3d.org/x3d/specifications/spec_feedback 
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X3D Specification Diagrams


Images used with permission from X3D Abstract Specification, ISO/IEC 19775-1:2008


• Clause 13 : Geometry3D component


• http://www.web3d.org/x3d/specifications 
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Related concepts


DEF/USE nodes: chapter 3 
Transform node: chapter 3 
Viewpoint node: chapter 4
Appearance node: chapter 5
Material node:  chapter 5
Background node: chapter 11


Bounding boxes: chapter 12
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Geometry nodes


Chapter 2, Primitives
• Box, Cone, Cylinder, Sphere, Text / FontStyle


Chapter 6, Points Lines and Polygons
• PointSet, IndexedLineSet, IndexedFaceSet, 


ElevationGrid, Extrusion


Chapter 10, Geometry2D
• Arc2D,ArcClose2D, Circle2D, Disk2D, Polyline2D, 


Polypoint2D, Rectangle2D, TriangleSet2D


Chapter 13, Triangles and Quadrilaterals
• TriangleSet, TriangleStripSet, TriangleFanSet, QuadSet
• Both regular and Indexed versions


The principle that one geometry node goes inside each Shape, and next to each 
Appearance, is consistent for all the different geometry nodes available in X3D.
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Advanced geometry nodes


Geospatial component
• GeoElevationGrid


NURBS component
• NurbsCurve, NurbsPatchSurface, NurbsSweptSurface, 


NurbsSwungSurface, NurbsTrimmedSurface


Programmable shaders component
• ComposedShader, PackagedShader, ProgramShader


Further information available in X3D Specification
• http://www.web3d.org/x3d/specifications 
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Chapter Summary


back to Table of Contents







Chapter02-GeometryPrimitives 48


48


Chapter Summary


Shape is a container node for a single piece of 
geometry


Geometry primitive nodes
• Box, Cone, Cylinder, Sphere, Text
• FontStyle supports Text


Numerous additional resources
• X3D tooltips, with multilingual versions available
• X3D specifications
• Each are integrated within X3D-Edit authoring tool







Chapter02-GeometryPrimitives 49


49


Suggested exercises


Modify an existing example scene to make it into 
another object.  Become familiar with editing, 
XML validation, and reloading a scene to refresh 
the 3D rendering.


Create a simple object using only primitive 
geometric shapes


Demonstrate use of internationalization (I18N) text
Look at other examples for modeling ideas


• http://www.web3d.org/x3d/content/examples/Vrml2.0Sourcebook 
• http://www.web3d.org/x3d/content/examples/Basic/StudentProjects 


Advanced study:


Polys, Nicholas R., Display Techniques in Information-Rich Virtual Environments, 
Ph.D. Dissertation, Virginia Tech University, Blacksburg Virginia, June 2006.  Available 
at http://scholar.lib.vt.edu/theses/available/etd-06152006-024611 


    Across domains, researchers, engineers, and designers are faced with large volumes of 
data that are heterogeneous in nature - including spatial, abstract, and temporal information. 
There are numerous design and technical challenges when considering the unification, 
management, and presentation of these information types. Most research and applications 
have focused on display techniques for each of the information types individually, but much 
less in known about how to represent the relationships between information types. This 
research explores the perceptual and usability impacts of data representations and layout 
algorithms for the next-generation of integrated information spaces.


    We propose Information-Rich Virtual Environments (IRVEs) as a solution to challenges of 
integrated information spaces. In this presentation, we will demonstrate the application 
requirements and foundational technology of IRVEs and articulate crucial tradeoffs in IRVE 
information design. We will present a design space and evaluation methodology to explore the 
usability effects of these tradeoffs. Experimental results will be presented for a series of 
empirical usability evaluations that increase our understanding of how these tradeoffs can be 
resolved to improve user performance. Finally, we interpret the results though the models of 
Information Theory and Human Information Processing to derive new conclusions regarding 
the role of perceptual cues in determining user performance in IRVEs. These lessons are 
posed as a set of design guidelines to aid developers of new IRVE interfaces and 
specifications. 
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References


back to Table of Contents
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References   1


X3D: Extensible 3D Graphics for Web Authors         
by Don Brutzman and Leonard Daly, Morgan 
Kaufmann Publishers, April 2007, 468 pages.  
• Chapter 2, Geometry:  Primitive Shapes
• http://x3dGraphics.com 
• http://x3dgraphics.com/examples/X3dForWebAuthors 


X3D Resources
• http://www.web3d.org/x3d/content/examples/X3dResources.html 
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References   2
X3D-Edit Authoring Tool


• https://savage.nps.edu/X3D-Edit 


X3D Scene Authoring Hints
• http://x3dgraphics.com/examples/X3dSceneAuthoringHints.html 


X3D Graphics Specification
• http://www.web3d.org/x3d/specifications 
• http://www.web3d.org/x3d/specifications/spec_feedback 


• Available as help pages from within X3D-Edit 
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References   3
VRML 2.0 Sourcebook by Andrea L. Ames, 


David R. Nadeau, and John L. Moreland, 
John Wiley & Sons, 1996.
• http://www.wiley.com/legacy/compbooks/vrml2sbk/cover/cover.htm 
• http://www.web3d.org/x3d/content/examples/Vrml2.0Sourcebook 


• Chapter 02 – Introduction
• Chapter 03 – Shapes
• Chapter 04 – Text
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References   4
Pixel Perfect Text by David Frerichs


• Overcome poor pixelation of Text nodes by creating 
a texture image of the desired text, along with a 
matching Viewpoint at the right distance


• http://www.frerichs.net/vrml2/pp/pixel_perfect.html 


Texture images are covered in Chapter 5:  Appearance, Materials and Textures.


Pixel Perfect Text scene available directly at 
http://www.frerichs.net/vrml2/pp/pixel_perfect.wrl 
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CGEMS, SIGGRAPH, Eurographics
The Computer Graphics Educational Materials 


Source(CGEMS) site is designed for educators
• to provide a source of refereed high-quality content
• as a service to the Computer Graphics community
• freely available, directly prepared for classroom use
• http://cgems.inesc.pt 


X3D for Web Authors recognized by CGEMS!  ☺
• Book materials:  X3D-Edit tool, examples, slidesets
• Received jury award for Best Submission 2008


CGEMS supported by SIGGRAPH, Eurographics


From the CGEMS home page:


• http://cgems.inesc.pt 


Welcome to CGEMS - Computer Graphics Educational Materials Source. The 
CGEMS site is designed for educators to provide a source of refereed high-
quality content as a service to the Computer Graphics community as a whole. 
Materials herein are freely available and directly prepared for your classroom.


List of all published modules:


• http://cgems.inesc.pt/authors/ListModules.aspx 


CGEMS Editorial Policy:


• http://cgems.inesc.pt/EditorialPolicy.htm 
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Creative Commons open-source license
http://creativecommons.org/licenses/by-nc-sa/3.0 


Attribution-Noncommercial-Share Alike 3.0 Unported


You are free:


    * to Share — to copy, distribute and transmit the work


    * to Remix — to adapt the work


Under the following conditions:


    * Attribution. You must attribute the work in the manner specified by the author or 
licensor (but not in any way that suggests that they endorse you or your use of the 
work).


      Attribute this work:  What does "Attribute this work" mean?


      The page you came from contained embedded licensing metadata, including how 
the creator wishes to be attributed for re-use. You can use the HTML here to cite the 
work. Doing so will also include metadata on your page so that others can find the 
original work as well.   


    * Noncommercial. You may not use this work for commercial purposes.


    * Share Alike. If you alter, transform, or build upon this work, you may distribute the 
resulting work only under the same or similar license to this one.


    * For any reuse or distribution, you must make clear to others the license terms of 
this work. The best way to do this is with a link to this web page.


    * Any of the above conditions can be waived if you get permission from the 
copyright holder.


    * Nothing in this license impairs or restricts the author's moral rights.
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Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.


License available at


    http://www.web3d.org/x3d/content/examples/license.txt 


    http://www.web3d.org/x3d/content/examples/license.html 


Good references on open source:


Andrew M. St. Laurent, Understanding Open Source and Free 
Software Licensing, O'Reilly Publishing, Sebastopol California, 
August 2004.  http://oreilly.com/catalog/9780596005818/index.html 


Herz, J. C., Mark Lucas, John Scott, Open Technology 
Development: Roadmap Plan,  Deputy Under Secretary of Defense 
for  Advanced Systems and Concepts, Washington DC, April 2006.  
http://handle.dtic.mil/100.2/ADA450769 
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X3D Graphics for Web Authors


Chapter 3


Grouping Nodes


 
A Working Group is a technical committee that researches and 


proposes solutions to specific technical problems relating to X3D.
Web3D Consortium



http://www.web3d.org/
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Chapter Overview







Overview:  grouping nodes


Concepts: DEF/USE, units of measure, coordinate 
systems, right-hand rule, and bounding boxes


Grouping nodes organize objects in an X3D world
• Group, StaticGroup collect related nodes together
• Transform controls position, orientation and scale
• Inline loads other X3D scenes
• LOD (level of detail) provides different levels of 


geometry quality according to the user's viewpoint
• Switch can be animated to select different children, 


one (or none) at a time


Other grouping nodes are covered in Chapter 4
• Anchor, Billboard, Collision
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Concepts


back to Table of Contents
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Tree terminology   1


Tree (graph theory) (data structures)


• a graph in which any two vertices are 
connected by exactly one simple path


• any connected  graph without cycles is a tree


Node
• A node is a vertex in a graph
• Nodes are connected by edges or arcs


Directed acyclic graph (DAG)
• Arcs connecting nodes have direction
• directed graph with no directed cycles



http://en.wikipedia.org/wiki/Tree_(graph_theory)

http://en.wikipedia.org/wiki/Tree_(graph_theory)

http://en.wikipedia.org/wiki/Tree_(data_structure)

http://en.wikipedia.org/wiki/Node_(graph_theory)

http://en.wikipedia.org/wiki/Directed_acyclic_graph

http://en.wikipedia.org/wiki/Tree_(graph_theory)

http://en.wikipedia.org/wiki/Tree_(graph_theory)

http://en.wikipedia.org/wiki/Tree_(data_structure)

http://en.wikipedia.org/wiki/Node_(graph_theory)

http://en.wikipedia.org/wiki/Directed_acyclic_graph

http://en.wikipedia.org/wiki/File:Binary_tree.svg

http://en.wikipedia.org/wiki/File:Directed_acyclic_graph_3.svg
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Tree terminology   2


Parent-child relationship, in a rooted tree
• The parent  node of a given vertex is the vertex 


connected to it on the path to the root
• Every vertex except the root has a 


unique parent     
• A child node of a vertex v is a vertex 


of which v is the parent
• A leaf  node is a vertex without children


Subgraph is a subset of a graph; is also a graph
Intermediate (branching) or internal node


• A non-leaf vertex (nodes 4 or 5 in example)


root


leaf


subgraph


       parent
child



http://en.wikipedia.org/wiki/Subgraph#Subgraphs

http://en.wikipedia.org/wiki/Subgraph#Subgraphs

http://en.wikipedia.org/wiki/File:Tree_graph.svg
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XML and X3D correspondence


Elements correspond to X3D nodes
Attributes correspond to X3D simple-type fields
Parent-child relationships define containerField
Validatable XML using X3D DTD, schema
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Grouping rationale


X3D scenes are directed acyclic graphs, made up 
of subgraphs with intermediate & leaf nodes


Grouping nodes help provide sensible structure
• Functionally related nodes collected together
• Grouping nodes can contain other grouping nodes, 


i.e. graphs of subgraphs
• Establish common or separate coordinate systems
• Make it easy to label nodes or subgraphs with DEF, 


then reference copies of those nodes (or grouped 
collections of nodes) with USE







DEF and USE


DEF names provide a label for any node
• Including child nodes making up that subgraph
• Equivalent to ID type in XML:  must be unique 


within an X3D scene, no duplicate node labels
• Provides target for routing events
• Multiple DEFs: legal in X3D, illegal in XML, harmful


USE labels reference a DEF node
• Spelling is case sensitive, must be identical


DEF label must precede USE reference in scene
• Enables faster performance by single-pass loading
• Not detected by XML validation but still required



http://en.wikipedia.org/wiki/Don't_repeat_yourself
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DEF naming


Names are important!
• Identifiers describe purpose and functionality
• Strongly influences how you think about a thing
• Provides explanatory documentation
• Must start with a letter, can't use hyphens


Naming convention:  CamelCaseNaming
• capitalize each individual word
• avoid abbreviations, since none are consistent and 


they don't help international readers
• strive for clarity, be brief but complete



http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#NamingConventions
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Units of measurement


Linear measurements in meters
• 1 m = 39.3”


Angular measurements in radians
• 2 pi = 360 degrees


Time measured in seconds
• Starting 1 January 1970 at 00:00:00 midnight
• Sometimes referred to as “Unix time” 


Colors
• RGB red-green-blue floating points ranging [0..1]
• Contrast with HTML use of integers [0..255]



http://en.wikipedia.org/wiki/Unix_time

http://en.wikipedia.org/wiki/Unix_time

http://en.wikipedia.org/wiki/Unix_time
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Coordinate systems


Right hand rule for X Y Z order


Y axis is up


Correspondence:  East, Up, South


Accept no substitutes!
• or at least realign them  ☺


rgb xyz



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/CoordinateAxesNSEW.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter03-Grouping/CoordinateAxes.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter03-Grouping/CoordinateAxesInlineExample.x3d
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Right hand rules!


First three fingers of 
right hand must 
align with the X Y Z 
axes, in that order


Right hand rule also 
provides direction 
of positive rotation 
about an axis 
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Bounding boxes


Provides a hint to browsers about object size
• Does not affect how an object is rendered (drawn) 


if it is actually larger than the bounding box
• Are never drawn themselves
• Defined by bboxSize and bboxCenter 


Goal is to reduce computational complexity
• browser avoids calculating impossible collisions
• Size accumulates while proceeding up scene graph


Bounding boxes can be ignored by authors
• some authoring tools can provide them if needed
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Bounding box illustration



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/BoundingBoxIllustration.x3d
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X3D Nodes and Examples


back to Table of Contents
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Group node


Collects nodes together with related purpose
• Often close to each other spatially 


Can make USE copies if a DEF is provided
• Example:  4 identical tires in a car model


Simplify editing
• X3D-Edit:  collapse node using +,- ticks in margin 
• Mouse-over to show 


hidden contents
• Helps to organize 


your work
• Copy by reference


X3D-Edit
trick



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/Group.x3d





19


Group node X3D-Edit



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/Group.x3d
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Group tooltip



http://www.web3d.org/x3d/content/X3dTooltips.html#Group
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StaticGroup node


Identical to Group, except that children are not 
allowed to change or be animated


Rarely used


Allows X3D browsers to simplify underlying data 
representations and optimize performance,     
if possible
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StaticGroup node X3D-Edit



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/StaticGroup.x3d
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StaticGroup tooltip



http://www.web3d.org/x3d/content/X3dTooltips.html#StaticGroup
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Transform node


Grouping node that defines a coordinate system 
for its children


Root of X3D scene graph is always at (0 0 0)
Transform nodes can 


• Translate local origin linearly to another coordinate
• Rotate about any axis
• Scale size, uniformly or separately along x y z axes


Group and Transform are among most commonly 
used nodes







25


Transform fields
• translation:  x y z  movement in meters from origin 


of local coordinate system
• rotation:    [axis x y z]-angle rotation about origin 


of local coordinate system, using units of radians
• scale:         x y z (potentially nonuniform) factor for 


change in object scale to make it larger or smaller
• center:  origin offset prior to applying rotation
• scaleOrientation:  [axis x y z]-angle rotation to 


apply prior to scaling
• bboxCenter, bboxSize:  x y z  bounding box 


information (if any is provided by author, optional)
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Transform node X3D-Edit



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/Transform.x3d
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Each Transform is a scene subgraph



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/Transform.x3d
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`


Default Default centercenter='0 0 0'='0 0 0'
rotates about middlerotates about middle


centercenter='0 -2 0'='0 -2 0'
rotates aboutrotates about


Cylinder bottomCylinder bottom



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter03-Grouping/TransformCenterOffsetForRotation.x3d





Complex rotations


When in doubt, nest multiple Transform nodes
• Substitute roll, pitch, yaw values in order, e.g.
<Transform rotation='0 1 0 yaw'>


<Transform rotation='0 0 1 pitch'>
<Transform rotation='1 0 0 roll'>


<!-- Shape (pointing along X axis, Y up) goes here -->
</Transform>


</Transform>


</Transform>


This approach helps ensure correctness & clarity
• Without reducing computational performance of 


viewer rendering, since recalculations are avoided 
whenever no intermediate changes occur in the 
composite transformation matrix
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Order of transformation operations


The ordering of transformation operations is 
important and not symmetric.  Algorithm:
• Apply reverse center offset to set up for properly 


centered scaling and orientation operations
• Apply reverse scaleOrientation, then apply scale 


operation, then apply forward scaleOrientation to 
regain initial frame


• Apply rotation to final direction, then apply forward 
center offset to regain initial origin


• Apply translation to final location of new coordinate 
frame
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Comparing out-of-order operations


Case 1


Case 2
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Equivalent transformations
Transform {


center C


rotation R


scale S


scaleOrientation SR


translation T


children [...]


}


Using matrix transformation notation, where


• C   (center), 


• SR (scaleOrientation), 


• T   (translation), 


• R   (rotation), and 


• S   (scale) 


are the equivalent transformation matrices, then


• P' is transformed child point P


• P' = T · C · R · SR · S · −SR · −C · P


 Transform {


translation T


children Transform {


translation C


children Transform {


rotation R


children Transform {


rotation SR


children Transform {


        scale S


        children Transform {


                rotation -SR


                children Transform {


                        translation -C


                        children [...]


                }


        }


}


}


}


}


 }
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Matrix operations


Matrix operations are not directly exposed in X3D
• Unlike most imperative programming interfaces 


which use 4x4 transformation matrix operations
• Instead Transform nodes provide a regularized way 


to perform translation, rotation, scaling


Transform includes a specific order of operations
• Illustrated in next slides


Flexible: multiple Transform nodes can be nested
• Each Transform establishes new coordinate frame
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Order of transformation operations, initial 
and final



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/OrderOfOperations1.x3d
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Order of transformation operations, initial 
intermediate and final



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/OrderOfOperations2.x3d
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Transform tooltip



http://www.web3d.org/x3d/content/X3dTooltips.html#Transform
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Inline node


Loads another X3D world within current scene
• Supported formats depend on user's X3D browser: 


XML encoding .x3d, ClassicVRML encoding .x3dv, 
compressed binary .x3db, possibly VRML97 .wrl


• Load another world into your scene, or vice versa


Inline scene is positioned, rotated and scaled to 
match the local coordinate frame
• Local reference frame determined by parent 


Transformation node hierarchy
• User's viewpoint does not change automatically to 


the loaded Inline scene's default Viewpoint
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url field


url = uniform resource locator
• Equivalent to universal resource identifier (uri)


url field is a “quoted” string array that can hold 
multiple equivalent addresses
• Each address should point to same resource
• Each address is retrieved and evaluated, in order, 


until the desired Inline file is successfully retrieved
• Relative addresses can work on localhost or server
• Absolute addresses provide reliable backup
• Interesting variations possible
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Inline node X3D-Edit



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/Inline.x3d
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Inline tooltip



http://www.web3d.org/x3d/content/X3dTooltips.html#Inline
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LOD (level of detail) node


LOD holds multiple versions of same geometry
• Also defines array of range values corresponding to 


transition distance between each version
• Selection of appropriate LOD child is based on 


distance to user's current view position


LOD improves scene performance by reducing 
polygonal complexity
• Use high-fidelity geometry at close range, and 


progressively simpler geometry when farther off
• Range values are hint unless forceTransitions='true'
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LOD node X3D-Edit



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/LOD.x3d
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Example LOD range transitions


LOD.jpg Near view Far viewLOD.jpg Near view Far view


Each child of LOD should represent the same object
• Use Switch to change between different objects


Small difference between X3D and VRML97
• containerField name is 'children', not 'level'



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter03-Grouping/LOD.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter03-Grouping/LOD.jpg
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LOD range transitions


Must have one more child than # of range values
Each value in range array indicates suggested 


transition point between child versions
• Browser can honor or ignore based on performance
• Use forceTransitions='true' for strict view transitions 


at each of the range values specified







LOD forceTransitions 
animation pattern, 


illustrated



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter03-Grouping/LodWithDifferentShapes.x3d





46


LOD tooltip



http://www.web3d.org/x3d/content/X3dTooltips.html#LOD
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Switch node


Switch selects only one (or none) of its children 
for rendering
• Initial child index is whichChoice='0'
• whichChoice='-1' indicates no child is selected


Can manually change values
• Sometimes better to hide geometry rather than to 


comment out large blocks 
• (which may already have embedded comments)


• Chapter 7 Event Animation describes how to 
change selections using event animation
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Switch node X3D-EditSwitch node X3D-Edit



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/Switch.x3d
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Switch node example


Note whichChoice starts at index 0, so -1 means none
• Child-node containerField ='children', not 'choice'



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/Switch.x3d
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Switch tooltip



http://www.web3d.org/x3d/content/X3dTooltips.html#Switch
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Additional Resources


back to Table of Contents
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Savage Tools for Authoring:  grids


3D grids for object placement are provided by 
many 3D authoring environments


Reusable grid examples: Savage authoring tools
• https://savage.nps.edu/Savage/Tools/Authoring 


• Grids Example
• Grids Example Pixel Texture
• Grid XY 20x 20 Movable
• Grid XZ 20x 20 Fixed
• Grid XZ 20x 20 Movable
• Grid XZExample
• Grid XZPrototype
• Grid YZ 20x 20 Movable



https://savage.nps.edu/Savage/Tools/Authoring

https://savage.nps.edu/Savage/Tools/Authoring/GridsExample.x3d

https://savage.nps.edu/Savage/Tools/Authoring

https://savage.nps.edu/Savage/Tools/Authoring/GridsExample.x3d
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Savage/Tools/Authoring/GridsExample.x3d



https://savage.nps.edu/Savage/Tools/Authoring/GridsExample.x3d

https://savage.nps.edu/Savage/Tools/Authoring/GridsExample.x3d
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Basic examples:  DIS gimbals


Common problem: trying to adapt roll, pitch, yaw 
angles into single axis-angle SFRotation value


Example solution provided in X3D Basic Examples
• http://www.web3d.org/x3d/content/examples/Basic 
• Distributed Interactive Simulation, Gimbals


Dragging circular rings of the gimbals provides 
SFRotation and DIS (roll pitch yaw) values
• External script Gimbals.js shows conversion math



http://www.web3d.org/x3d/content/examples/Basic

http://www.web3d.org/x3d/content/examples/Basic

http://www.web3d.org/x3d/content/examples/Basic/DistributedInteractiveSimulation/Gimbals.x3d

http://www.web3d.org/x3d/content/examples/Basic/DistributedInteractiveSimulation/Gimbals.js

http://www.web3d.org/x3d/content/examples/Basic

http://www.web3d.org/x3d/content/examples/Basic

http://www.web3d.org/x3d/content/examples/Basic/DistributedInteractiveSimulation/Gimbals.x3d

http://www.web3d.org/x3d/content/examples/Basic/DistributedInteractiveSimulation/Gimbals.js

http://www.web3d.org/x3d/content/examples/Basic/DistributedInteractiveSimulation/Gimbals.x3d
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Chapter Summary


back to Table of Contents







Chapter Summary


Grouping nodes collect and select other nodes
• Concepts: DEF/USE, units of measure, coordinate 


systems, right-hand rule, and bounding boxes


Grouping nodes are fundamental to well-behaved 
design of an effective scene graph
• Group, StaticGroup collect children nodes together
• Transform  provides translation, rotation, scale
• Inline loads other X3D content
• LOD supports level-of-detail performance gains
• Switch selects one (or none) of children


• Related grouping nodes covered in Chapter 4
• Anchor, Billboard, Collision
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Suggested exercises


Demonstrate the ability to perform translations 
and rotations by arranging several geometric 
shapes together


Inline an X3D scene into your own, or vice versa
Create low-fidelity, medium-fidelity, high-fidelity 


versions of an object, then arrange them 
within a level-of-detail LOD node


Use a Switch to “hide” unwanted geometry
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• freely available, directly prepared for classroom use
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Creative Commons open-source license
http://creativecommons.org/licenses/by-nc-sa/3.0 



http://creativecommons.org/licenses/by-nc-sa/3.0

http://creativecommons.org/licenses/by-nc-sa/3.0





Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.



http://www.web3d.org/x3d/content/examples/license.html

http://www.web3d.org/x3d/content/examples/license.html

http://www.web3d.org/x3d/content/examples/license.txt

http://www.web3d.org/x3d/content/examples/license.html

http://oreilly.com/catalog/9780596005818/index.html

http://handle.dtic.mil/100.2/ADA450769
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X3D Graphics for Web Authors


Chapter 3


Grouping Nodes


 
A Working Group is a technical committee that researches and 


proposes solutions to specific technical problems relating to X3D.
Web3D Consortium


The Web3D Consortium (www.web3d.org) actively supports many working groups and 
an active community of interested users. Scene authors, software developers, industry 
professionals, and 3D enthusiasts continue to add to the long list of capabilities in 
X3D. Web3D Consortium membership is open to both organizations and individuals.
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Chapter Overview
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Overview:  grouping nodes


Concepts: DEF/USE, units of measure, coordinate 
systems, right-hand rule, and bounding boxes


Grouping nodes organize objects in an X3D world
• Group, StaticGroup collect related nodes together
• Transform controls position, orientation and scale
• Inline loads other X3D scenes
• LOD (level of detail) provides different levels of 


geometry quality according to the user's viewpoint
• Switch can be animated to select different children, 


one (or none) at a time


Other grouping nodes are covered in Chapter 4
• Anchor, Billboard, Collision
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Concepts
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Tree terminology   1


Tree (graph theory) (data structures)


• a graph in which any two vertices are 
connected by exactly one simple path


• any connected  graph without cycles is a tree


Node
• A node is a vertex in a graph
• Nodes are connected by edges or arcs


Directed acyclic graph (DAG)
• Arcs connecting nodes have direction
• directed graph with no directed cycles


These definitions are good discussion topics.  Graph theory is cool!


• Parent-child relationship in a tree determines direction of an arc


Images used with permission from corresponding Wikipedia pages


• http://en.wikipedia.org/wiki/File:Binary_tree.svg


• http://en.wikipedia.org/wiki/File:Directed_acyclic_graph_3.svg 


The directed acyclic (no cycles) nature of these graphs is important.  A cycle in the 
graph, when traversed, becomes an infinite loop.  Infinite loops are not acceptable for 
a Web-based presentation language because they can freeze a user's Web browser.
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Tree terminology   2


Parent-child relationship, in a rooted tree
• The parent  node of a given vertex is the vertex 


connected to it on the path to the root
• Every vertex except the root has a 


unique parent     
• A child node of a vertex v is a vertex 


of which v is the parent
• A leaf  node is a vertex without children


Subgraph is a subset of a graph; is also a graph
Intermediate (branching) or internal node


• A non-leaf vertex (nodes 4 or 5 in example)


root


leaf


subgraph


       parent
child


These definitions are good discussion topics.  Graph theory is cool!


Image used with permission from corresponding Wikipedia page


• http://en.wikipedia.org/wiki/File:Tree_graph.svg 
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XML and X3D correspondence


Elements correspond to X3D nodes
Attributes correspond to X3D simple-type fields
Parent-child relationships define containerField
Validatable XML using X3D DTD, schema


XML documents have a tree structure that is a good match for the X3D scene graph.


• Graph nodes correspond to X3D node elements.


• Graph arcs correspond to parent-child relationships


Critical benefit:  XML well-formed checks and validation detect numerous tricky errors.


• Draconian parse rule prevents an XML parser from continuing if errors are 
encountered.  This is a good thing, because it forces the author to find and fix 
critical input problems, rather than having the application somehow trying to fix 
or recover from incorrect input.


• This approach thus prevents Garbage In Garbage Out (GIGO) syndrome.


• It is better to know that faults occur.  The worst error is the unrecognized error.


[This slide is a review from Chapter 1]


Corresponding tree diagram:
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Grouping rationale


X3D scenes are directed acyclic graphs, made up 
of subgraphs with intermediate & leaf nodes


Grouping nodes help provide sensible structure
• Functionally related nodes collected together
• Grouping nodes can contain other grouping nodes, 


i.e. graphs of subgraphs
• Establish common or separate coordinate systems
• Make it easy to label nodes or subgraphs with DEF, 


then reference copies of those nodes (or grouped 
collections of nodes) with USE


DEF and USE provide special performance benefits that do not break the fundamental 
nature of the scene-graph tree.
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DEF and USE


DEF names provide a label for any node
• Including child nodes making up that subgraph
• Equivalent to ID type in XML:  must be unique 


within an X3D scene, no duplicate node labels
• Provides target for routing events
• Multiple DEFs: legal in X3D, illegal in XML, harmful


USE labels reference a DEF node
• Spelling is case sensitive, must be identical


DEF label must precede USE reference in scene
• Enables faster performance by single-pass loading
• Not detected by XML validation but still required


USE nodes can greatly speed up performance and reduce memory requirements for 
duplicative scene subgraphs.


USE nodes also simplify the authoring and modification of scene consistency for 
commonly reused graphics items such as material values or image textures.


Since DEF defines the original instance of a node, and USE references it, this is an 
example of copy by reference (rather than copy by value).


• X3D DEF corresponds to XML datatype ID


• X3D USE corresponds to XML datatype IDREF


• Thus XML validation will confirm that DEF/USE names are legally formed and 
also that a USE name has a corresponding DEF


Software engineering design principle:  Don't Repeat Yourself (DRY)


• In other words, define a critical value only once, and then refer to it as needed
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DEF naming


Names are important!
• Identifiers describe purpose and functionality
• Strongly influences how you think about a thing
• Provides explanatory documentation
• Must start with a letter, can't use hyphens


Naming convention:  CamelCaseNaming
• capitalize each individual word
• avoid abbreviations, since none are consistent and 


they don't help international readers
• strive for clarity, be brief but complete


Naming metric:  can the DEF name be used in a sentence sensibly?


Irony:  you know that you have the proper name for something when no one asks 
about it any more.  – Jeff Weekley


The X3D Scene Authoring Hints include guidance on good naming conventions.  
These hints are available in the X3D-Edit help system, and also online at


 http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#NamingConventions 
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Units of measurement


Linear measurements in meters
• 1 m = 39.3”


Angular measurements in radians
• 2 pi = 360 degrees


Time measured in seconds
• Starting 1 January 1970 at 00:00:00 midnight
• Sometimes referred to as “Unix time” 


Colors
• RGB red-green-blue floating points ranging [0..1]
• Contrast with HTML use of integers [0..255]


Warning:  using degree values rather than radians is a common mistake by new 
authors learning X3D.


The convention for time units is quite common in computer science and was ultimately 
inherited from the Unix operating system.  Reference: “Unix time.”


Choice of units is strict and consistent throughout:  Systeme Internationale (SI), also 
known as the metric system.


• Potential drawback:  sometimes values are in other units of measurement and 
scaling is required


• Benefit:  units are always consistent and implicit, not needing to be defined, 
thus avoiding a significant potential source of error


TODO:  X3D v3.3 is introducing a Units Component to permit the use of different base 
units for length, angles, mass, speed and acceleration for a given X3D scene.


TODO:  it would be helpful to have a time conversion calculator provided in X3D-Edit
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Coordinate systems


Right hand rule for X Y Z order


Y axis is up


Correspondence:  East, Up, South


Accept no substitutes!
• or at least realign them  ☺


rgb xyz


See Figures 3.1 and 3.1, page 68, X3D for Web Authors


There are a total of eight different Euler angle systems, each with different relative orientations 
for the X, Y and Z axes.


Half of these follow a left-hand rule, rather than a right-hand rule.  Occasionally a graphics book 
comes out that presents mathematical equations using a left-hand rule.  Immediately throw such 
books in the fire so that further pain and suffering is prevented!


The second and third displayed examples are
http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/CoordinateAxesNSEW.x3d 


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter03-Grouping/CoordinateAxes.x3d


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter03-Grouping/CoordinateAxesInlineExample.x3d 


Ordinarily we ignore correspondences with geographic North, South, East and West, since 
regular X3D coordinates are single-precision floating point, while the Geospatial nodes use 
double-precision floating-point values in order to capture latitude and longitude coordinates with 
sufficient accuracy.  The X3D Geospatial Component (and the X3D Earth exemplars) are 
advanced topics that are not covered in this book.
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Right hand rules!


First three fingers of 
right hand must 
align with the X Y Z 
axes, in that order


Right hand rule also 
provides direction 
of positive rotation 
about an axis 


 Figures 3.3 and 3.4, pages 69-70, X3D for Web Authors


Instructors and students alike should frequently use their right hand to illustrate proper 
orientation relationships.  It is a big help.  (Don't worry about onlookers!)
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Bounding boxes


Provides a hint to browsers about object size
• Does not affect how an object is rendered (drawn) 


if it is actually larger than the bounding box
• Are never drawn themselves
• Defined by bboxSize and bboxCenter 


Goal is to reduce computational complexity
• browser avoids calculating impossible collisions
• Size accumulates while proceeding up scene graph


Bounding boxes can be ignored by authors
• some authoring tools can provide them if needed


Note that bounding boxes are invisible and not displayed.


If defined, bounding box dimensions need to account for all children in the contained 
scene subgraph. 
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Bounding box illustration


Note that bounding boxes are invisible and not displayed.  This wireframe has been explicitly 
added to this particular scene in order to illustrate bounding box principles.  Also note that the 
bounding values are greater than the minimum possible, and thus a little bit larger than what t 
tool would compute.


The bounding box illustrated here is somewhat larger than the actual bounding box size.


The IndexedLineSet node is described in Chapter 6 Geometry: Points Lines Polygons.


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/BoundingBoxIllustration.x3d


X3D-Edit now includes visualization options that adds extra geometry to show bounding box dimensions.


Note that X3D-Edit also enables computation of all bounding box values (using Xj3D) via the  menus for:


Conversions => Cad Filter Conversions => Add bounding boxes 
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X3D Nodes and Examples


back to Table of Contents
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Group node


Collects nodes together with related purpose
• Often close to each other spatially 


Can make USE copies if a DEF is provided
• Example:  4 identical tires in a car model


Simplify editing
• X3D-Edit:  collapse node using +,- ticks in margin 
• Mouse-over to show 


hidden contents
• Helps to organize 


your work
• Copy by reference


X3D-Edit
trick


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/Group.x3d 


Hint:  DEF and USE are often used with Group nodes that hold repeatable groups of 


geometry.
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Group node X3D-Edit


Figure 3.5, page 76, X3D for Web Authors


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/Group.x3d 
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Group tooltip


http://www.web3d.org/x3d/content/X3dTooltips.html#Group 
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StaticGroup node


Identical to Group, except that children are not 
allowed to change or be animated


Rarely used


Allows X3D browsers to simplify underlying data 
representations and optimize performance,     
if possible
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StaticGroup node X3D-Edit


Figure 3.5, page 76, X3D for Web Authors


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/StaticGroup.x3d


Note that a Group might be used identically here instead of a StaticGroup. 
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StaticGroup tooltip


http://www.web3d.org/x3d/content/X3dTooltips.html#StaticGroup 
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Transform node


Grouping node that defines a coordinate system 
for its children


Root of X3D scene graph is always at (0 0 0)
Transform nodes can 


• Translate local origin linearly to another coordinate
• Rotate about any axis
• Scale size, uniformly or separately along x y z axes


Group and Transform are among most commonly 
used nodes


Transform is perhaps the most fundamental of all X3D nodes.
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Transform fields
• translation:  x y z  movement in meters from origin 


of local coordinate system
• rotation:    [axis x y z]-angle rotation about origin 


of local coordinate system, using units of radians
• scale:         x y z (potentially nonuniform) factor for 


change in object scale to make it larger or smaller
• center:  origin offset prior to applying rotation
• scaleOrientation:  [axis x y z]-angle rotation to 


apply prior to scaling
• bboxCenter, bboxSize:  x y z  bounding box 


information (if any is provided by author, optional)


TODO picture or animated scene to illustrate rotation?







Chapter03-Grouping 26


26


26


Transform node X3D-Edit


Figure 3.6, page 79, X3D for Web Authors


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/Transform.x3d


Note that X3D-Edit includes a tooltip for radian fields that shows angle values in degrees.


 


X3D-Edit data-entry trick:  entered values with a magnitude greater than 6.28 (i.e. 2 Π) 


prompt the user to confirm if the value is actually degrees instead of radians.


• Can then convert from degrees to correct radian value easily


• Can also support smaller values by adding 360°, e.g. 363° for 3°
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Each Transform is a scene subgraph


Figure 3.6, page 79, X3D for Web Authors


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/Transform.x3d 
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`


Default Default centercenter='0 0 0'='0 0 0'
rotates about middlerotates about middle


centercenter='0 -2 0'='0 -2 0'
rotates aboutrotates about


Cylinder bottomCylinder bottom


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter03-Grouping/TransformCenterOffsetForRotation.x3d


Note the three Cylinders in this example.  Each has a height of 4m which aligns with Y axis, ± 2m above/below Y=0.


• Left Cylinder is not rotated


• Middle Cylinder is rotated about its default center='0 0 0' 


• Right Cylinder is rotated about its bottom,  center='0 -2 0'


Note that rotation='0 0 1 0.78' doesn't have to be too mysterious either.


• The '0 0 1' vector value means rotate about the Z axis, which is coming out of the page


• The '0.78' radians angle can be figured out as well:


• 360º = 2π  ≈ 6.28, then


• 180º = π    ≈ 3.14


•   90º = π/2 ≈ 1.57


•   45º = π/4 ≈ 0.78, which matches the 45º rotation shown in the figure above
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Complex rotations


When in doubt, nest multiple Transform nodes
• Substitute roll, pitch, yaw values in order, e.g.
<Transform rotation='0 1 0 yaw'>


<Transform rotation='0 0 1 pitch'>
<Transform rotation='1 0 0 roll'>


<!-- Shape (pointing along X axis, Y up) goes here -->
</Transform>


</Transform>


</Transform>


This approach helps ensure correctness & clarity
• Without reducing computational performance of 


viewer rendering, since recalculations are avoided 
whenever no intermediate changes occur in the 
composite transformation matrix


Assuming model shapes are oriented to point along the local X axis, with Y axis up:  
the following Transform rotations are performed from the innermost to the outermost


• First roll about the nose direction, which is the local X axis


• Next pitch up/down about the local Z axis, which points out right side of model


• Finally yaw to match heading direction about local Y axis


Note that all rotations are following the right-hand rule.  Thus you must carefully check 
positive/negative directions of rotation for the roll/pitch/yaw values you want to apply.


See the DIS gimbals slide under Additional Resources for an advanced example.


TODO:  addition of a rotation calculator for X3D-Edit that converts multiple rotations 
about different axes into a single SFRotation (and vice versa).  There used to be the 
Vapour tools for Windows, though these are no longer publicly available.
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Order of transformation operations


The ordering of transformation operations is 
important and not symmetric.  Algorithm:
• Apply reverse center offset to set up for properly 


centered scaling and orientation operations
• Apply reverse scaleOrientation, then apply scale 


operation, then apply forward scaleOrientation to 
regain initial frame


• Apply rotation to final direction, then apply forward 
center offset to regain initial origin


• Apply translation to final location of new coordinate 
frame


The next slide illustrates these steps.


Lower-level computer graphics interfaces often employ the concept of 4x4 
transformation matrices, which are described on the Matrix operations slide.
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Comparing out-of-order operations


Case 1


Case 2


Figure 3.7, page 80, X3D for Web Authors


Case 1:  first rotation, then translation. (Requires one Transform node  in X3D)


Case 2:  first translation, then rotation. (Requires two Transform nodes in X3D)


The intermediate steps (blue triangle) are not displayed when rendering a 3D scene.


Results (the second purple triangle) are not equivalent.  Thus the application of 
transformation steps (scale, rotation, translation) are order dependent.


Case 1 corresponds to the way that a single X3D Transform node works:  first rotation, 
then translation.


Case 2 is also possible, but requires two Transform nodes to apply steps in the order 
desired.
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Equivalent transformations
Transform {


center C


rotation R


scale S


scaleOrientation SR


translation T


children [...]


}


Using matrix transformation notation, where


• C   (center), 


• SR (scaleOrientation), 


• T   (translation), 


• R   (rotation), and 


• S   (scale) 


are the equivalent transformation matrices, then


• P' is transformed child point P


• P' = T · C · R · SR · S · −SR · −C · P


 Transform {


translation T


children Transform {


translation C


children Transform {


rotation R


children Transform {


rotation SR


children Transform {


        scale S


        children Transform {


                rotation -SR


                children Transform {


                        translation -C


                        children [...]


                }


        }


}


}


}


}


 }


Figure 3.8, page 81, X3D for Web Authors


The Transform on the left is equivalent to the set of Transform nodes on the right.


Most 3D graphics programming languages are more complicated than X3D 


in this respect, requiring the author to carefully apply matrix algebra to 


transformation matrices.


The way to read the governing matrix equation at the bottom left corner is from right to 
left.  The order of operations is strictly defined for a single Transform node.


Summary:  first apply center and scaling operations, then rotation, then translation.


If you really want to perform these operations in a different order than X3D, so that it 
matches some other matrix-operations source code, then use multiple nested X3D 
Transform nodes.
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Matrix operations


Matrix operations are not directly exposed in X3D
• Unlike most imperative programming interfaces 


which use 4x4 transformation matrix operations
• Instead Transform nodes provide a regularized way 


to perform translation, rotation, scaling


Transform includes a specific order of operations
• Illustrated in next slides


Flexible: multiple Transform nodes can be nested
• Each Transform establishes new coordinate frame


Advanced topic:  matrix operations are exposed in the Scene Access Interface (SAI) 
application programming interface (API) for X3D.  Nevertheless  these are provided as 
a programming convenience for classical algorithms and rarely used.
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Order of transformation operations, initial 
and final


The next two scenes illustrate the combined effect of scaling, rotation and translation operations.


In this scene, we see all three operations performed at once by a single Transform node.


Using a single Transform node is the most common way to perform this task.


The small red sphere shows the origin of the local coordinate reference frame.


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/OrderOfOperations1.x3d 
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Order of transformation operations, initial 
intermediate and final


This second scene illustrates the effects of sequentially transforming (scaling, rotating, translating) 


an object.


(a) shows the original Box


(b) first we scale the object,


(c) then rotate it,


(d) then translate it.


The effect of these three sequential Transform operations matches the combined Transform 


in the preceding scene.


The small red sphere shows the origin of the local coordinate reference frame.


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/OrderOfOperations2.x3d 
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Transform tooltip


http://www.web3d.org/x3d/content/X3dTooltips.html#Transform 
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Inline node


Loads another X3D world within current scene
• Supported formats depend on user's X3D browser: 


XML encoding .x3d, ClassicVRML encoding .x3dv, 
compressed binary .x3db, possibly VRML97 .wrl


• Load another world into your scene, or vice versa


Inline scene is positioned, rotated and scaled to 
match the local coordinate frame
• Local reference frame determined by parent 


Transformation node hierarchy
• User's viewpoint does not change automatically to 


the loaded Inline scene's default Viewpoint


Using Inline nodes is a good way to quickly produce large worlds populated with many 
models.


The X3D model archives are available for any use, offered by NPS MOVES Institute 
and the Web3D Consortium under an open-source license.


Note that IMPORT/EXPORT statements allows an author to ROUTE values between 
the parent scene and the sub-scene contained by an Inline node.  Event routing and 
IMPORT/EXPORT are covered further in Chapter 7 Event Animation and Interpolation, 
as well as in Chapter 9 Event Utilities and Scripting.
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url field


url = uniform resource locator
• Equivalent to universal resource identifier (uri)


url field is a “quoted” string array that can hold 
multiple equivalent addresses
• Each address should point to same resource
• Each address is retrieved and evaluated, in order, 


until the desired Inline file is successfully retrieved
• Relative addresses can work on localhost or server
• Absolute addresses provide reliable backup
• Interesting variations possible


This approach to url -- having an ordered list of legal values – can be considered more 
robust and more capable that the HTML approach of having just a single url value.  If 
the first url value fails, the X3D scene keeps on trying the rest until it finds one that 
works.


The url field is also used by a number of other nodes, such as ImageTexture and 
MovieTexture in Chapter 5.   Functionality for the url field is formally defined by 
X3DUrlObject type, which is defined in the Networking component of the X3D Abstract 
Specification.


Example variations and benefits provided by url ordering:


• Preferentially pick online (latest greatest) version first, otherwise fall back to local 


• Allow scenes to work even when in isolation, for example as email attachment







Chapter03-Grouping 39


39


39


Inline node X3D-Edit


 http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/Inline.x3d 
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Inline tooltip


http://www.web3d.org/x3d/content/X3dTooltips.html#Inline 
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LOD (level of detail) node


LOD holds multiple versions of same geometry
• Also defines array of range values corresponding to 


transition distance between each version
• Selection of appropriate LOD child is based on 


distance to user's current view position


LOD improves scene performance by reducing 
polygonal complexity
• Use high-fidelity geometry at close range, and 


progressively simpler geometry when farther off
• Range values are hint unless forceTransitions='true'


Typical order for children nodes:  high fidelity, medium fidelity, low fidelity, no fidelity.
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LOD node X3D-Edit


Animate the scene by zooming your view in and out to watch transitions.  


The next slide shows the two different versions of (sphere + box) rendering quality.


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/LOD.x3d 
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Example LOD range transitions


LOD.jpg Near view Far viewLOD.jpg Near view Far view


Each child of LOD should represent the same object
• Use Switch to change between different objects


Small difference between X3D and VRML97
• containerField name is 'children', not 'level'


Animate the scene by zooming your view both in and out to watch transitions.


Scene:


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter03-Grouping/LOD.x3d 


ImageTexture:  
http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter03-Grouping/LOD.jpg


containerField is the field-name label given to child nodes.  


This value was changed in X3D (containerField='children') from the original value in 
VRML97 (containerField='level') in order to make  the LOD node consistent with other 
X3DGroupingNode types.
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LOD range transitions


Must have one more child than # of range values
Each value in range array indicates suggested 


transition point between child versions
• Browser can honor or ignore based on performance
• Use forceTransitions='true' for strict view transitions 


at each of the range values specified


The forceTransitions field is a new feature in X3D version 3.2.


Here is an example of the LOD design pattern:


    <LOD range='100 10000'>


        <!-- close up, less than 100m between camera and object center -->


        <Inline url="MyJeep.x3d"/>


        <!-- medium range, 100-10000m between camera and object center  -->


        <Shape>


            <Box/>


        </Shape>


        <!-- long range: draw nothing when more than 10000m between camera and 
object center -->


        <Group DEF="Null-DrawNothing"/>


    </LOD>
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LOD forceTransitions 
animation pattern, 


illustrated


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter03-Grouping/LodWithDifferentShapes.x3d
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LOD tooltip


http://www.web3d.org/x3d/content/X3dTooltips.html#LOD 
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Switch node


Switch selects only one (or none) of its children 
for rendering
• Initial child index is whichChoice='0'
• whichChoice='-1' indicates no child is selected


Can manually change values
• Sometimes better to hide geometry rather than to 


comment out large blocks 
• (which may already have embedded comments)


• Chapter 7 Event Animation describes how to 
change selections using event animation
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Switch node X3D-EditSwitch node X3D-Edit


These scene has an added built-in animation to show the Switch in operation.  This 
allows the scene to automatically illustrate the effects of changing the whichChoice 
field.


Animation is explained in Chapter07 (Event Animation and Interpolation) so don't 
worry about the nodes that haven't been covered yet.  It is a good “look ahead” at 
some of the capabilities we will be learning.


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/Switch.x3d
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Switch node example


Note whichChoice starts at index 0, so -1 means none
• Child-node containerField ='children', not 'choice'


Figure 3.12, page 91, X3D for Web Authors


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/Switch.x3d


Each of the black-background objects shows the different views that occur when the value of 
the Switch node's whichChoice field is changed.


containerField is the field-name label given to child nodes.


The default containerField value for Switch was changed to containerField='children' in X3D 
(from containerField='choice' in VRML97) in order to make the Switch node consistent with 
other X3DGroupingNode types. 
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Switch tooltip


http://www.web3d.org/x3d/content/X3dTooltips.html#Switch 
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Additional Resources


back to Table of Contents
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Savage Tools for Authoring:  grids


3D grids for object placement are provided by 
many 3D authoring environments


Reusable grid examples: Savage authoring tools
• https://savage.nps.edu/Savage/Tools/Authoring 


• Grids Example
• Grids Example Pixel Texture
• Grid XY 20x 20 Movable
• Grid XZ 20x 20 Fixed
• Grid XZ 20x 20 Movable
• Grid XZExample
• Grid XZPrototype
• Grid YZ 20x 20 Movable
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Savage/Tools/Authoring/GridsExample.x3d


https://savage.nps.edu/Savage/Tools/Authoring/GridsExample.x3d 


Grids Example shows three grids aligned to XY, XZ, YZ planes respectively.  


• The white coordinate labels can be selected to temporarily hide a grid


• The yellow axis labels can be dragged along their perpendicular axis to 
position each grid along the desired level


• Moving a grid plane updates the white coordinate labels to the new location


This approach lets authors then visually inspect where 
grid lines intersect geometry in order to get a good 
measurement of various shape dimensions in any parent 
scene.


Note that these grids are available in X3D-Edit as built-in 
authoring tools under the Savage X3D Authoring Tools 
palette.  Simply drag/drop the desired tool icon into a 
scene for further testing of your content.
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Basic examples:  DIS gimbals


Common problem: trying to adapt roll, pitch, yaw 
angles into single axis-angle SFRotation value


Example solution provided in X3D Basic Examples
• http://www.web3d.org/x3d/content/examples/Basic 
• Distributed Interactive Simulation, Gimbals


Dragging circular rings of the gimbals provides 
SFRotation and DIS (roll pitch yaw) values
• External script Gimbals.js shows conversion math


This is a fairly sophisticated script and an advanced technique.  Script nodes are 
covered in Chapter 9, Event Utilities and Scripting.


http://www.web3d.org/x3d/content/examples/Basic/DistributedInteractiveSimulation/Gimbals.x3d 
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Chapter Summary


back to Table of Contents
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Chapter Summary


Grouping nodes collect and select other nodes
• Concepts: DEF/USE, units of measure, coordinate 


systems, right-hand rule, and bounding boxes


Grouping nodes are fundamental to well-behaved 
design of an effective scene graph
• Group, StaticGroup collect children nodes together
• Transform  provides translation, rotation, scale
• Inline loads other X3D content
• LOD supports level-of-detail performance gains
• Switch selects one (or none) of children


• Related grouping nodes covered in Chapter 4
• Anchor, Billboard, Collision
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Suggested exercises


Demonstrate the ability to perform translations 
and rotations by arranging several geometric 
shapes together


Inline an X3D scene into your own, or vice versa
Create low-fidelity, medium-fidelity, high-fidelity 


versions of an object, then arrange them 
within a level-of-detail LOD node


Use a Switch to “hide” unwanted geometry


Setting <Switch whichChoice='-1'> is a good way to hide content under development.  
This approach is often better than “commenting out” source code, since nested XML 
comments (i.e. a second XML comment within another XML comment) are not 
allowed.
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CGEMS, SIGGRAPH, Eurographics


The Computer Graphics Educational Materials 
Source(CGEMS) site is designed for educators
• to provide a source of refereed high-quality content
• as a service to the Computer Graphics community
• freely available, directly prepared for classroom use
• http://cgems.inesc.pt 


X3D for Web Authors recognized by CGEMS!  ☺
• Book materials:  X3D-Edit tool, examples, slidesets
• Received jury award for Best Submission 2008


CGEMS supported by SIGGRAPH, Eurographics


From the CGEMS home page:


• http://cgems.inesc.pt 


Welcome to CGEMS - Computer Graphics Educational Materials Source. The 
CGEMS site is designed for educators to provide a source of refereed high-
quality content as a service to the Computer Graphics community as a whole. 
Materials herein are freely available and directly prepared for your classroom.


List of all published modules:


• http://cgems.inesc.pt/authors/ListModules.aspx 


CGEMS Editorial Policy:


• http://cgems.inesc.pt/EditorialPolicy.htm 
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Creative Commons open-source license
http://creativecommons.org/licenses/by-nc-sa/3.0 


Attribution-Noncommercial-Share Alike 3.0 Unported


You are free:


    * to Share — to copy, distribute and transmit the work


    * to Remix — to adapt the work


Under the following conditions:


    * Attribution. You must attribute the work in the manner specified by the author or 
licensor (but not in any way that suggests that they endorse you or your use of the 
work).


      Attribute this work:  What does "Attribute this work" mean?


      The page you came from contained embedded licensing metadata, including how 
the creator wishes to be attributed for re-use. You can use the HTML here to cite the 
work. Doing so will also include metadata on your page so that others can find the 
original work as well.   


    * Noncommercial. You may not use this work for commercial purposes.


    * Share Alike. If you alter, transform, or build upon this work, you may distribute the 
resulting work only under the same or similar license to this one.


    * For any reuse or distribution, you must make clear to others the license terms of 
this work. The best way to do this is with a link to this web page.


    * Any of the above conditions can be waived if you get permission from the 
copyright holder.


    * Nothing in this license impairs or restricts the author's moral rights.
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Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.


License available at


    http://www.web3d.org/x3d/content/examples/license.txt 


    http://www.web3d.org/x3d/content/examples/license.html 


Good references on open source:


Andrew M. St. Laurent, Understanding Open Source and Free 
Software Licensing, O'Reilly Publishing, Sebastopol California, 
August 2004.  http://oreilly.com/catalog/9780596005818/index.html 


Herz, J. C., Mark Lucas, John Scott, Open Technology 
Development: Roadmap Plan,  Deputy Under Secretary of Defense 
for  Advanced Systems and Concepts, Washington DC, April 2006.  
http://handle.dtic.mil/100.2/ADA450769 
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X3D Graphics for Web Authors


Chapter 4


Viewing and Navigation


But the eyes, though they are no sailors, will never 
be satisfied with any model, however fashionable, 
which does not answer all the requisitions of art.


Henry David Thoreau, 1849
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Chapter Overview
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Overview:  Viewing and Navigation  


Users explore X3D worlds by choosing predefined 
viewpoints and navigating through 3D space.
• Bindable nodes, so only one is active at a time
• Viewpoint lets authors identify key camera locations
• NavigationInfo provides options for moving around


Related nodes improve navigability, interaction
• Anchor makes geometric shapes linkable
• Billboard keeps child geometry facing the user
• Collision can allow or prevent a user's view from 


passing through geometry
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Concepts


back to Table of Contents
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Viewing and navigation


It is helpful to think of X3D scenes as fixed at 
different locations in 3D space
• Viewpoints are like cameras, prepositioned in 


locations (and directions) of interest
• Users can move their current camera viewpoint 


further and change direction they are looking at
• This process is called navigation


Making navigation easy for users is important
• Authors provide viewpoints of interest with scenes
• Browsers enable camera rotation, pan, zoom, etc.
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Goals of viewing and navigation
• Viewing a scene from different vantage points that 


reveal aspects of interest, document key locations, 
or help to tell a story


• Navigating changes in the user’s view of a scene 
effectively, by moving from place to place in an 
intuitive manner


• Making geometric objects selectable so that users 
can transport to another viewpoint, launch into 
another scene, or receive other web content


• Taking advantage of viewpoint location for special 
interactive techniques, such as user-facing billboard 
rotations and terrain following







Bindable nodes


Bindable nodes have a special property:  
only one can be active at a time
• Bindable nodes are Viewpoint, NavigationInfo, 


Background, TextureBackground, Fog
• Each implements X3DBindableNode type interface 


for consistency
• First nodes found in scene become active by default


Implemented using a stack
• Similar to spring-loaded tray of plates in cafeteria
• One (and only one) is active, on top
• One can be pulled off top, sent off to the side
• One can be pulled to top, pushing down others



http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/Part01/components/core.html#X3DBindableNode

http://en.wikipedia.org/wiki/Stack_(data_structure)%20

http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/Part01/components/core.html#X3DBindableNode

http://en.wikipedia.org/wiki/Stack_(data_structure)%20

http://en.wikipedia.org/wiki/Stack_(data_structure)





Binding example


Basic user operation is pretty simple:
• just select the desired Viewpoint


Complex example follows, stepping through 
binding stack operations
• Advanced details
• BindingOperations.x3d
• Animated with scripting
• Console results found in
   BindingOperations.console.txt


New users please skip ahead to Nodes and Examples



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.console.txt

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.console.txt

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.console.txt





Binding node operations diagram


Viewpoints are activated (bound) upon selection, 
ordering is governed by stack operations



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.console.txt





Binding node operations   1
• Time t0. The initial loading of the scene has first 
<Viewpoint DEF='View1'/> active and bound to 
the top of the binding stack. Other viewpoints are 
off the binding stack.  


• If no viewpoints are provided in the scene, then the 
default <Viewpoint position='0 0 10'/> 
defined in the X3D Specification is used.


• Time t1. When the user selects View2 from the 
viewpoint list, it receives a set_bind=''true'' event 
and goes to the top of the binding stack. View2 
also issues an isBound=''true'' event, and View1 
issues an isBound=''false'' event as it moves down 
the stack.







Binding node operations   2
• Time t2. Similar to the previous transitions in step 


t1, View3 receives a set_bind=''true'' event and 
responds with an isBound=''true'' event, while 
View2 issues an isBound=''false'' event and pushes 
View1 further down the stack.


• Time t3. View3 receives a set_bind=''false'' event, 
triggering a corresponding isBound=''false'' event 
and dropping off the stack completely. Because 
View2 is the next node on the binding stack, it pops 
to the top to become the active Viewpoint node.  
View2 also issues an isBound=''true'' event.







Binding node operations   3
• Time t4. The user now selects View1 from the 


browser’s viewpoint list, so View1 receives a 
set_bind=''true'' event and sends a corresponding 
isBound=''true'' event.  View2 is no longer bound, 
and is pushed down the binding stack.


• Time t5.  View2 receives a set_bind=''false'' event 
while on the binding stack but unbound, and as a 
result, it is taken completely off the binding stack.


• Time t6. View1 is now removed off the binding 
stack via a set_bind=''false'' event, leaving no other 
defined Viewpoint nodes on the stack.







Binding node operations   4
• Time t7. With no Viewpoint nodes remaining on 


the stack to bind, default viewpoint values are 
used: <Viewpoint position='0 0 10'/>. 
The user then selects the previously unbound 
View4 from the viewpoint list.


• Time t8. View4 remains as the bound viewpoint 
with no further viewpoints remaining on the stack.


Same process for all X3D bindable node stacks:
• Viewpoint/OrthoViewpoint/GeoViewpoint,  


NavigationInfo/GeoViewpoint, Fog,
Background/TextureBackground 
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X3D Nodes and Examples


back to Table of Contents
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Viewpoint node


It is helpful to think of X3D scenes as being fixed 
solidly in 3D space, positioned and oriented 
exactly where placed by the scene author


Viewing a scene is thus a matter of navigating 
the current user point of view through space


Viewpoint nodes let X3D scene authors predefine 
locations and orientations of particular interest
• Sometimes viewpoints are animated and moving
• Freedom of viewpoint is exciting and engaging, also 


a major advantage over fixed-viewpoint video







Viewpoint list


Viewpoint list is optional browser-provided 
feature that lists currently available viewpoints
• Provides description information for viewpoints
• Simplifies user selection of viewpoints
• Thus supports navigation within a scene


Viewpoints are listed in the order that they 
appear in the “extended scene graph”
• First includes order of definition in primary scene
• Then includes viewpoints provided by Inline and 


prototype instances, inserted in order within the list
• Authors need to order Viewpoints carefully so that 


user navigation, understanding is best supported



http://web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/navigation.html#ViewpointList
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Viewpoint description


Each Viewpoint is given a description string to 
help users decide which view to select
• Clear, understandable descriptions can guide users 
• Use an object's name first when many viewpoints 


follow, so they are more easily identified in a list
• Use whitespace instead of underscores for better 


readability


Viewpoints are primary user tool for navigation
• Browsers provide Viewpoint List to show and select 


descriptions
• So authors should always include description!
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A Viewpoint node defines a specific position and 
orientation for looking at a 3D scene
• Similar to a “virtual camera” vantage point


Default Viewpoint position is (0 0 10)
• out 10 m on +Z axis, looking back towards origin


Any changes to Viewpoint orientation are made 
relative to that default direction (along -Z axis)
• Different initial direction than other orientations
• Visualize the situation and then use right-hand rule 


to figure out the correct orientation value


Viewpoint position, orientation







Viewpoint Calculator provided as an author-assist tool to 
compute Viewpoint orientation to a given point


Viewpoint calculator


Inputs:
position


goal look-at point


twist angle 
about viewing axis


Output:


orientation



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewFrustumExample.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewpointCalculator.png
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Viewpoint centerOfRotation, fieldOfView


centerOfRotation is a local position
• User's current view rotates about this point if the  


bound NavigationInfo node is in EXAMINE mode
• Can be changed by a user's LOOKAT operation 


picking some other geometry as new center


fieldOfView is preferred minimum angular width
• Shorter side of horizontal width or vertical height 
• Default is 45 degrees = pi/4 radians = 0.785
• Larger side determined by browser aspect ratio
• Author can set width, height if within HTML page



http://web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/navigation.html#Viewpoint





ViewFrustum prototype


ViewFrustum is a helpful visualization prototype
• Prototypes simplify creation of new X3D nodes


Shows near and far clipping planes                  
that truncate the viewable area
• Depends on Viewpoint and 


NavigationInfo parameters



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewFrustrumExample.x3d
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Viewpoint jump


jump can be a tricky field (but is not often used)
• jump='true' when a Viewpoint is selected means 


that the current view position and orientation is 
modified according to NavigationInfo transitionType


• jump='true' is usual default
• jump='false' is an advanced technique


• User's view doesn't appear to change when new Viewpoint 
is selected


• New Viewpoint is bound, but given offsets to match prior 
user position and orientation (hence no jumping)


• Example use:  changing bound viewpoint when moving 
from one floor into an elevator, then to another floor



http://www.web3d.org/x3d/content/examples/Basic/X3dSpecification/Elevator.x3d

http://www.web3d.org/x3d/content/examples/Basic/X3dSpecification/ElevatorAnimation.png
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Viewpoint hints and warnings


Use parent Transform node(s) for complex 
Viewpoint orientation and position values
• One axis of rotation at a time can work more clearly


Keyboard shortcuts are helpful
• PageUp PageDown Home End to select Viewpoint
• Arrow keys to examine (rotate), pan, zoom, etc. 


depending on current NavigationInfo mode
• Browser may allow Viewpoint reset after navigating


Distinguish between defined Viewpoint and 
current navigated user-view location, direction
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Viewpoint node X3D-Edit



http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.x3d
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KelpForestMain.x3d archive page



http://www.x3dbook.com/examples/X3dForWebAuthors/KelpForestExhibit
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KelpForestMain.x3d entry view







KelpForestMain.x3d 
viewpoints







29


Viewpoint tooltip



http://www.web3d.org/x3d/content/X3dTooltips.html#Viewpoint





OrthoViewpoint provides an orthographic 
perspective-free view of a scene from a 
specific location and direction
• fieldOfView  minX, maxX, minY, maxY values 


(default -1 -1, 1 1) define minimum and 
maximum extents of view, provided in units 
of local coordinate system


• For a rectangular display: 
   width/height = (maxX-minX)/(maxY-minY) 
• <component name='Navigation' level='3'/>
• Caution: often disorienting, special uses only


OrthoViewpoint
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Navigation model   1


Users can select predefined Viewpoints
• Defines both position and direction of view


Users can further navigate around scene
• Using pointing device or hot keys
• Chosen viewpoint remains bound
• Browser applies offsets using user-driven changes


These are the default navigation key responses







32


Navigation model   2


User's current view can itself be animated
• ROUTE new position/direction event values to the 


Viewpoint itself, or to parent Transform nodes
• User navigation offsets to that view remain in effect
• Thus “over the shoulder” viewpoints can follow a 


moving object around, while still allowing user to 
look around while in that moving viewpoint


Lefty and Lucy shark in the Kelp Forest Main 
scene use this technique as virtual tour guides
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NavigationInfo node


NavigationInfo indicates how a browser might 
best support user navigation in the scene


Multiple NavigationInfo nodes may exist in scene
• Or in multiple Inline scenes loaded together


NavigationInfo is an X3DBindableNode
• So only one NavigationInfo can be active at a time
• Follows the same binding rules as Viewpoint, but 


note that they are easily selectable by end users
• Can be linked to a given Viewpoint by ROUTE that 


connects isBound of one node to set_bind of other







34


NavigationInfo type


Primary field is type which indicates which of the  
various modes of navigation are relevant
• "EXAMINE" best for rotating solitary objects
• "FLY" allows zooming in, out and around
• "WALK" also allows exploration, but on the ground
• "LOOKAT" use pointer to select geometry of interest
• "ANY" lets user select any mode
• "NONE" gives user zero control of navigation


MFString array default type=' "EXAMINE" "ANY" ' 
• which gives users plenty of flexibility
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NavigationInfo type details  1
• "EXAMINE"  Used to view individual objects. Scene 


navigation consists of rotating the user viewpoint 
about the center of the observed object. The 
centerOfRotation field of the currently bound 
Viewpoint node values determines which local point 
centers the view rotation.


• "WALK"  Used when exploring a virtual world on 
the ground. The user’s eye level stays above the 
ground geometry and collision detection prevents 
the user from falling if underlying geometry is 
present.
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NavigationInfo type details  2
• "FLY"  Similar to “WALK“, but terrain following and 


collision detection is ignored. This type of 
navigation has the fewest constraints.  Shifts the 
current view and related centerOfRotation values to 
track or zoom toward objects of interest to user.


• "ANY"  Browser is allowed to provide whichever 
navigation type seems appropriate for the task at 
hand, modifying the user interface if necessary.


• "NONE"  All navigation disabled and hidden. 
Navigation remains possible via animation of 
viewpoint fields or by binding other viewpoints 
(using viewpoint-list selection or Anchor node).
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NavigationInfo speed, headlight


speed determines how fast navigation occurs
● Default value 1 meter/second is usually pretty slow
● Might need to vary widely from ground to space
● Might need multiple NavigationInfo nodes matching 


different viewpoints (high speed for flying, low 
speed for walking around or examining objects)


headlight is whether a light is shining ahead from 
user's point of view


● Otherwise one or more Light nodes is needed 
(covered in Chapter 11), or else world goes black
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NavigationInfo transitions


transitionType determines type of path followed 
when transitioning between viewpoints
• "ANIMATE" browser chooses smoothing algorithm
• "LINEAR" interpolation of position, orientation
• "TELEPORT" immediate repositioning to destination


transitionTime 
• initial array value used for linear, otherwise multiple 


values can be used by browser-specific "ANIMATE"


transitionComplete lets author know when done
• SFBool boolean event sent when move is finished







avatarSize SFVec3f array
●  


<NavigationInfo avatarSize='0.25 1.6 0.75'/>
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NavigationInfo visibilityLimit


visibilityLimit defines the maximum range  that 
may be rendered by the browser


● Measured from the user's point of view
● Geometry beyond that distance are not drawn
● visibilityLimit='0.0' means no limits are imposed


Quality thumbrule:  meet following relationship
● avatarSize.collisionDistance /visibilityLimit < 10,000
● Avoids floating-point roundoff error on graphics card 


and almost-coplanar polygon tearing/aliasing
● Exactly coplanar polygons still suffer from aliasing
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NavigationInfo node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/NavigationInfo.x3d
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NavigationInfo tooltip



http://www.web3d.org/x3d/content/X3dTooltips.html#NavigationInfo
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Aliasing (tearing) of polygons



http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/AliasingExample.x3d
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Anchor node


Anchor is another grouping node that can 
contain other nodes


Geometry rendered by contained nodes is active 
and can be selected by user
• User clicking on Anchor geometry launches url link 


(.html .x3d mailto: etc.) 
• thus similar to HTML anchor tag  <a href=”url”>link</a>


• Alternatively can select a viewpoint in the scene 
(similar to HTML bookmark)


Selected link can replace current X3D scene, or 
else launch into another browser window



http://www.w3.org/TR/html401/struct/links.html#h-12.1
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Anchor description


The description field provides the user with a 
single-string summary of what is selected 
when the Anchor geometry is selected, e.g.
• description='click door, open portal to new world'
• description='jump to next viewpoint...'


X3D browsers usually pop up the text description 
when the pointing device is over the selection 
geometry
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url  Uniform Resource Locator


The url field provides either
• Address to new X3D scene, HTML page, or another 


Web resource, or else
• Viewpoint bookmark within the scene


MFString array provides alternate url addresses
• url addresses can be either local or online
• Point to alternate versions of same resource
• X3D browser goes sequentially through ordered list, 


one at a time, until one retrieval succeeds
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Anchor parameter


parameter provides additional information to 
browser regarding redirection of loaded result
• parameter='target=_blank' sends to new frame
• parameter='target=frame4' sends to named frame
• May be ignored if browser is solely X3D capable, 


rather than (for instance) a Web-browser plugin


Once again, designed to match functionality 
found in HTML anchor tag



http://www.w3.org/TR/html401/present/frames.html#adef-target
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Anchor hints and warnings


Strictly match capitalization of directories and 
file names
• Unix and http are case sensitive and fail otherwise
• Windows is forgiving but actually this hides errors


XML escape characters
• & (ampersand) &amp;
• '  (apostrophe) &apos;
• "  (double quote) &quot;



http://www.w3.org/TR/html401/sgml/entities.html
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AnchorComparison.x3d scene



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/AnchorComparison.x3d

http://www.montereybayaquarium.org/efc/kelp.asp

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter03-Grouping/CoordinateAxes.x3d
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AnchorComparison.x3d scene, X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/AnchorComparison.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/AnchorComparison.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/AnchorComparison.x3d
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Anchor example scene, editor



http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/Anchor.x3d
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Anchor.x3d scene, X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/Anchor.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/Anchor.x3d

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/Anchor.x3d
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Anchor tooltip



http://www.web3d.org/x3d/content/X3dTooltips.html#Anchor
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Billboard node


Billboard is another X3DGroupingNode
Child-content geometry faces user


• Special effect that improves readability or visibility


axisOfRotation determines Billboard pivot point
• Relative to local coordinate system
• Default is axisOfRotation='0 1 0' which swivels 


about vertical (Y axis)
• Rotations unpredictable when view above (on axis)
• Define axisOfRotation='0 0 0' for circular rotation in 


any direction, always fully facing the user
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Billboard hints and warnings


DEF, USE allowed for multiple Billboards nodes
• Each copy should independently face user


Put Billboard as close to moving geometry as 
possible, nested inside a positioning Transform
• Usually bad idea to put Transform inside Billboard


Do not put a Viewpoint under a Billboard
• Creates a feedback loop
• Unpredictable behavior likely to result
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Billboard node X3D-Edit



http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/Billboard.x3d
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Billboard example


Starting at initial 
viewpoint and 
navigating with 
mouse or arrow 
keys reveals that 
Billboard Text 
remains facing 
the viewer, 
improving 
readability



http://www.x3dbook.com/examples/X3dForWebAuthors/KelpForestExhibit/KelpForestMain.x3d
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Billboard tooltip



http://www.web3d.org/x3d/content/X3dTooltips.html#Billboard
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Collision node


Defines camera-to-object collision-detection 
properties between child geometry and user
• enabled='true' blocks user navigation through the 


geometry
• enabled='false' allows user navigation through the 


geometry


Not used for object-to-object collision detection
Authors can detect when collision occurs


• SFTime outputOnly event collideTime
• SFBool  outputOnly event isActive
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Collision detection and terrain following


Terrain following depends on +Y axis being “up”
• Other coordinate systems are possible but do not 


match this X3D convention
• Thus datasets using other coordinates must be 


converted to match


WALK mode is another form of collision detection
• Viewer's camera drops until NavigationInfo avatar 


rests on geometry serving as the ground plane
• Step-over distance (an avatarSize parameter) 


governs whether user can rise over obstacles
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Collision proxy field


Child geometry may be quite detailed, irregular
• Complicating collision-detection calculations and 


thus slowing rendering performance


Can substitute SFNode proxy child as alternate
• Shape containing a Box, Sphere or Cylinder can 


provide simplifying geometric alternative
• proxy geometry is not rendered


<Collision DEF='Example' enabled='true'>
<Shape containerField='proxy'><Cylinder/></Shape>
<Inline url='SomeComplicatedObject.x3d'/>


</Collision>



http://www.web3d.org/x3d/specifications/ISO-IEC-FCD-19776-3.2-X3DEncodings-CompressedBinary/Part03/concepts.html#X3DCanonicalForm

http://www.web3d.org/x3d/specifications/ISO-IEC-FCD-19776-3.2-X3DEncodings-CompressedBinary/Part03/concepts.html#X3DCanonicalForm
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Collision hints and warnings


<NavigationInfo type=' "WALK" "FLY" '/> 
modes support camera-to-object collision 
detection


Only polygonal geometry can be used for 
collision detection
• No points or lines
• Special limitation:  no Text node collisions
• Nevertheless you can achieve the same collision 


effects by adding a transparent Box or other shape, 
thus providing necessary polygons as boundaries
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Collision node X3D-Edit


initial view outside tank glass            zoom into tank, collision off         blocked by glass, collision on



http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/Collision.x3d
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Collision example


Example screen shots 
first show the viewer 
being stopped by 
glass geometry, then 
the viewer passing 
through the tank glass 
for a closer view. 


Collision enabled=''true'' 
or enabled=''false'' 
result in different 
navigation responses.
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Collision tooltip



http://www.web3d.org/x3d/content/X3dTooltips.html#Collision
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Additional Resources


back to Table of Contents
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File formatting


X3D-Edit has a Netbeans capability for formatting
• Alt-shift-F Format acts upon highlighted text blocks, 


also available via right-click menu
• Warning:  do not reformat embedded ECMAscript 


source code


X3D Canonicalization (C14N) also reformats X3D
• Performed prior to examples being placed in archive
• Can invoke in X3D-Edit using C14N button
• Preferred method for file formatting



http://www.netbeans.org/kb/60/java/editor-tips.html

http://www.web3d.org/x3d/specifications/ISO-IEC-19776-3-X3DEncodings-CompressedBinary/Part03/concepts.html#X3DCanonicalForm

https://www.movesinstitute.org/bugzilla/show_bug.cgi?id=1461
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Pretty-print HTML capabilities


Pretty print means to reformat nicely in HTML, 
usually with color coding
• facilitates reading and printing


X3D-Edit has this Netbeans feature
• File > Print to HTML


X3dToXhtml.xslt stylesheet
• Includes indices and hyperlinks to DEF/USE, 


ROUTEs, images, url values, prototypes, etc.
• Can be launched via XSL Transformation button
• Available via X3D-Edit > X3D > Export menu



http://www.web3d.org/x3d/content/examples/help.html#Conversions

https://www.movesinstitute.org/bugzilla/show_bug.cgi?id=1549
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X3dToXhtml.xslt example



http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.html





Launching other XSLT stylesheets


Extensible Stylesheet Language for XML (XSLT) 
stylesheets support a variety of conversions
• X3dToVrml97.xslt
• X3dToClassicVRML.xslt


• X3dToXhtml.xslt
• others
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Chapter Summary


Users explore X3D worlds by choosing predefined 
viewpoints and navigating through 3D space.
• Bindable nodes, so only one is active at a time
• Viewpoint lets authors identify key camera locations
• NavigationInfo provides options for moving around


Nodes to improve user navigability, interaction:
• Anchor makes geometric shapes linkable, like HTML
• Billboard for axis-aligned geometry facing the user
• Collision permits or blocks a user's current camera 


view from passing through collidable geometry







Suggested exercises


Demonstrate the ability to choose viewpoints and 
navigate in master Kelp Forest Exhibit scene
• Take screen snapshot image to show what you saw


Create a “guided tour” of multiple Viewpoints for 
navigating a scene of interest


Switch between EXAMINE, WALK and FLY 
navigation in one or more browsers


Demonstrate the Anchor node by linking some 
text to another scene or an external web page


Use Billboard for multiple Text descriptions, 
linked via Anchor to bind respective viewpoints
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following disclaimer in the documentation and/or other materials provided with the distribution.
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(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.
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SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
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X3D Graphics for Web Authors


Chapter 4


Viewing and Navigation


But the eyes, though they are no sailors, will never 
be satisfied with any model, however fashionable, 
which does not answer all the requisitions of art.


Henry David Thoreau, 1849
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Chapter Overview
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Overview:  Viewing and Navigation  


Users explore X3D worlds by choosing predefined 
viewpoints and navigating through 3D space.
• Bindable nodes, so only one is active at a time
• Viewpoint lets authors identify key camera locations
• NavigationInfo provides options for moving around


Related nodes improve navigability, interaction
• Anchor makes geometric shapes linkable
• Billboard keeps child geometry facing the user
• Collision can allow or prevent a user's view from 


passing through geometry
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Concepts


back to Table of Contents
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Viewing and navigation


It is helpful to think of X3D scenes as fixed at 
different locations in 3D space
• Viewpoints are like cameras, prepositioned in 


locations (and directions) of interest
• Users can move their current camera viewpoint 


further and change direction they are looking at
• This process is called navigation


Making navigation easy for users is important
• Authors provide viewpoints of interest with scenes
• Browsers enable camera rotation, pan, zoom, etc.


Difficult navigation leads to users becoming “lost in space” or, worse yet from an 
author's perspective, simply leaving the scene because it is incomprehensible.
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Goals of viewing and navigation
• Viewing a scene from different vantage points that 


reveal aspects of interest, document key locations, 
or help to tell a story


• Navigating changes in the user’s view of a scene 
effectively, by moving from place to place in an 
intuitive manner


• Making geometric objects selectable so that users 
can transport to another viewpoint, launch into 
another scene, or receive other web content


• Taking advantage of viewpoint location for special 
interactive techniques, such as user-facing billboard 
rotations and terrain following
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Bindable nodes


Bindable nodes have a special property:  
only one can be active at a time
• Bindable nodes are Viewpoint, NavigationInfo, 


Background, TextureBackground, Fog
• Each implements X3DBindableNode type interface 


for consistency
• First nodes found in scene become active by default


Implemented using a stack
• Similar to spring-loaded tray of plates in cafeteria
• One (and only one) is active, on top
• One can be pulled off top, sent off to the side
• One can be pulled to top, pushing down others


The key point here about bindable nodes is that only one of each type of node can be 
active and bound at a given moment.


The first bindable node (of each type) that is found in a scene becomes active by 
default.  Any bindable nodes found within an Inline scene are added to the stack, but 
thes Inlined nodes cannot become active automatically by default.


Four types of X3DBindableNode types:


• X3DViewpointNode:  Viewpoint, OrthoViewpoint, GeoViewpoint


• NavigationInfo, GeoViewpoint


• X3DBackgroundNode: Background, TextureBackground


• Fog (but not LocalFog)


Background, TextureBackground, Fog nodes are covered in Chapter 11, Lighting and 
Environment nodes.


Stack (data structure) description:  http://en.wikipedia.org/wiki/Stack_(data_structure)


Stereo glasses are still possible with a single bound Viewpoint since the left/right eye 
disparities are computed as offsets from that single location and orientation.
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Binding example


Basic user operation is pretty simple:
• just select the desired Viewpoint


Complex example follows, stepping through 
binding stack operations
• Advanced details
• BindingOperations.x3d
• Animated with scripting
• Console results found in
   BindingOperations.console.txt


New users please skip ahead to Nodes and Examples


Related chapter for event passing:  Chapter 8, User Interactivity Nodes


Example scene, expected output:


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.x3d


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.console.txt 
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Binding node operations diagram


Viewpoints are activated (bound) upon selection, 
ordering is governed by stack operations


X3D for Web Authors Figure 4.1.  Binding node operations: set_bind events control 
whether bindable nodes go to the top of the stack or else pop off the stack.


TODO:  improved resolution figure


Example scene, expected output:


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.x3d


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.console.txt
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Binding node operations   1
• Time t0. The initial loading of the scene has first 
<Viewpoint DEF='View1'/> active and bound to 
the top of the binding stack. Other viewpoints are 
off the binding stack.  


• If no viewpoints are provided in the scene, then the 
default <Viewpoint position='0 0 10'/> 
defined in the X3D Specification is used.


• Time t1. When the user selects View2 from the 
viewpoint list, it receives a set_bind=''true'' event 
and goes to the top of the binding stack. View2 
also issues an isBound=''true'' event, and View1 
issues an isBound=''false'' event as it moves down 
the stack.


These steps refer to preceding diagram
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Binding node operations   2
• Time t2. Similar to the previous transitions in step 


t1, View3 receives a set_bind=''true'' event and 
responds with an isBound=''true'' event, while 
View2 issues an isBound=''false'' event and pushes 
View1 further down the stack.


• Time t3. View3 receives a set_bind=''false'' event, 
triggering a corresponding isBound=''false'' event 
and dropping off the stack completely. Because 
View2 is the next node on the binding stack, it pops 
to the top to become the active Viewpoint node.  
View2 also issues an isBound=''true'' event.


These steps refer to preceding diagram
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Binding node operations   3
• Time t4. The user now selects View1 from the 


browser’s viewpoint list, so View1 receives a 
set_bind=''true'' event and sends a corresponding 
isBound=''true'' event.  View2 is no longer bound, 
and is pushed down the binding stack.


• Time t5.  View2 receives a set_bind=''false'' event 
while on the binding stack but unbound, and as a 
result, it is taken completely off the binding stack.


• Time t6. View1 is now removed off the binding 
stack via a set_bind=''false'' event, leaving no other 
defined Viewpoint nodes on the stack.


These steps refer to preceding diagram
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Binding node operations   4
• Time t7. With no Viewpoint nodes remaining on 


the stack to bind, default viewpoint values are 
used: <Viewpoint position='0 0 10'/>. 
The user then selects the previously unbound 
View4 from the viewpoint list.


• Time t8. View4 remains as the bound viewpoint 
with no further viewpoints remaining on the stack.


Same process for all X3D bindable node stacks:
• Viewpoint/OrthoViewpoint/GeoViewpoint,  


NavigationInfo/GeoViewpoint, Fog,
Background/TextureBackground 


These steps refer to preceding diagram
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X3D Nodes and Examples


back to Table of Contents
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Viewpoint node


It is helpful to think of X3D scenes as being fixed 
solidly in 3D space, positioned and oriented 
exactly where placed by the scene author


Viewing a scene is thus a matter of navigating 
the current user point of view through space


Viewpoint nodes let X3D scene authors predefine 
locations and orientations of particular interest
• Sometimes viewpoints are animated and moving
• Freedom of viewpoint is exciting and engaging, also 


a major advantage over fixed-viewpoint video
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Viewpoint list


Viewpoint list is optional browser-provided 
feature that lists currently available viewpoints
• Provides description information for viewpoints
• Simplifies user selection of viewpoints
• Thus supports navigation within a scene


Viewpoints are listed in the order that they 
appear in the “extended scene graph”
• First includes order of definition in primary scene
• Then includes viewpoints provided by Inline and 


prototype instances, inserted in order within the list
• Authors need to order Viewpoints carefully so that 


user navigation, understanding is best supported


Viewpoint list:


• X3d Abstract Specification, 23.2.5 Viewpoint list


• http://web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/navigation.html#ViewpointList 
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Viewpoint description


Each Viewpoint is given a description string to 
help users decide which view to select
• Clear, understandable descriptions can guide users 
• Use an object's name first when many viewpoints 


follow, so they are more easily identified in a list
• Use whitespace instead of underscores for better 


readability


Viewpoints are primary user tool for navigation
• Browsers provide Viewpoint List to show and select 


descriptions
• So authors should always include description!
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A Viewpoint node defines a specific position and 
orientation for looking at a 3D scene
• Similar to a “virtual camera” vantage point


Default Viewpoint position is (0 0 10)
• out 10 m on +Z axis, looking back towards origin


Any changes to Viewpoint orientation are made 
relative to that default direction (along -Z axis)
• Different initial direction than other orientations
• Visualize the situation and then use right-hand rule 


to figure out the correct orientation value


Viewpoint position, orientation
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Viewpoint Calculator provided as an author-assist tool to 
compute Viewpoint orientation to a given point


Viewpoint calculator


Inputs:
position


goal look-at point


twist angle 
about viewing axis


Output:


orientation


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewFrustumExample.x3d 


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewpointCalculator.png    
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Viewpoint centerOfRotation, fieldOfView


centerOfRotation is a local position
• User's current view rotates about this point if the  


bound NavigationInfo node is in EXAMINE mode
• Can be changed by a user's LOOKAT operation 


picking some other geometry as new center


fieldOfView is preferred minimum angular width
• Shorter side of horizontal width or vertical height 
• Default is 45 degrees = pi/4 radians = 0.785
• Larger side determined by browser aspect ratio
• Author can set width, height if within HTML page


From X3D specification for Viewpoint node:


“The fieldOfView field specifies a preferred minimum viewing angle from this viewpoint 
in radians. A small field of view roughly corresponds to a telephoto lens; a large field of 
view roughly corresponds to a wide-angle lens. The field of view shall be greater than 
zero and smaller than π. The value of fieldOfView represents the minimum viewing 
angle in any direction axis perpendicular to the view.”


“[...] the smaller of display width or display height determines which angle equals the 
fieldOfView”


• X3d Abstract Specification, 23.4.6 Viewpoint


• http://web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/navigation.html#Viewpoint
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ViewFrustum prototype


ViewFrustum is a helpful visualization prototype
• Prototypes simplify creation of new X3D nodes


Shows near and far clipping planes                  
that truncate the viewable area
• Depends on Viewpoint and 


NavigationInfo parameters


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewFrustrumExample.x3d 


ViewFrustrum is now available in the X3D-Edit palette for easy drag/drop addition.


Prototypes (including this one) are covered in detail in Chapter 14.  Example use:
    <ExternProtoDeclare appinfo='Display view frustum associated with a given pair of Viewpoint NavigationInfo nodes'


      name='ViewFrustum' url='"ViewFrustumPrototype.x3d#ViewFrustum"  


 "http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewFrustumPrototype.x3d#ViewFrustum"'>


      <field accessType='initializeOnly' name='ViewpointNode' type='SFNode'/>


      <field accessType='initializeOnly' name='NavigationInfoNode' type='SFNode'/>


      <field accessType='inputOutput' name='lineColor' type='SFColor'/>


      <field accessType='inputOutput' name='frustumColor' type='SFColor'/>


      <field accessType='inputOutput' name='transparency' type='SFFloat'/>


      <field accessType='inputOutput' name='aspectRatio' type='SFFloat'/>


      <field accessType='initializeOnly' name='trace' type='SFBool'/>


    </ExternProtoDeclare>


    <!-- Example use -->


    <ProtoInstance name='ViewFrustum'>


      <fieldValue name='ViewpointNode'>


        <Viewpoint DEF='TestViewpoint' fieldOfView='0.78'/>


      </fieldValue>


      <fieldValue name='NavigationInfoNode'>


        <NavigationInfo DEF='TestNavigationInfo' avatarSize='1 1.6 0.75' visibilityLimit='15'/>


      </fieldValue>


      <fieldValue name='lineColor' value='0.9 0.9 0.9'/>


      <fieldValue name='frustumColor' value='0.8 0.8 0.8'/>


      <fieldValue name='transparency' value='0.75'/>


    </ProtoInstance>
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Viewpoint jump


jump can be a tricky field (but is not often used)
• jump='true' when a Viewpoint is selected means 


that the current view position and orientation is 
modified according to NavigationInfo transitionType


• jump='true' is usual default
• jump='false' is an advanced technique


• User's view doesn't appear to change when new Viewpoint 
is selected


• New Viewpoint is bound, but given offsets to match prior 
user position and orientation (hence no jumping)


• Example use:  changing bound viewpoint when moving 
from one floor into an elevator, then to another floor


Example demonstrating Viewpoint jump field:


http://www.web3d.org/x3d/content/examples/Basic/X3dSpecification/Elevator.x3d 


http://www.web3d.org/x3d/content/examples/Basic/X3dSpecification/ElevatorAnimation.png 


Sequence of screen snapshots follows.  Navigate towards the elevator platform by 
using the up-arrow key to move forward.  Once you are close enough to the bottom 
cone, a ProximitySensor triggers the animation to start.







 


Chapter 4 - Viewing and Navigation 24


24


Viewpoint hints and warnings


Use parent Transform node(s) for complex 
Viewpoint orientation and position values
• One axis of rotation at a time can work more clearly


Keyboard shortcuts are helpful
• PageUp PageDown Home End to select Viewpoint
• Arrow keys to examine (rotate), pan, zoom, etc. 


depending on current NavigationInfo mode
• Browser may allow Viewpoint reset after navigating


Distinguish between defined Viewpoint and 
current navigated user-view location, direction


Remember that initial Viewpoint direction is looking down the negative Z axis, and so 
any rotation changes are with respect to that direction.  A helpful technique is to point 
in that direction, then consider how the Viewpoint orientation changes from that axis.


Try changing Viewpoint position and orientation to change direction of view.  Then also 
try modifying a parent Transform translation and rotation values.  Examples:


• <Viewpoint position=”2 1 0” orientation=”1 0 0 0.1”/>


• <Transform rotation=”0 1 0 0.2”><Viewpoint position=”2 1 0”/></Transform>


Note X3D-Edit feature (found in right-click context menu) that lets you wrap a new 
parent node around the selected node.
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Viewpoint node X3D-Edit


 


http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.x3d 
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KelpForestMain.x3d archive page


http://www.x3dbook.com/examples/X3dForWebAuthors/KelpForestExhibit 


then select Kelp Forest Main
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KelpForestMain.x3d entry view
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KelpForestMain.x3d 
viewpoints


TODO:  better image resolution
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Viewpoint tooltip


http://www.web3d.org/x3d/content/X3dTooltips.html#Viewpoint 
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OrthoViewpoint provides an orthographic 
perspective-free view of a scene from a 
specific location and direction
• fieldOfView  minX, maxX, minY, maxY values 


(default -1 -1, 1 1) define minimum and 
maximum extents of view, provided in units 
of local coordinate system


• For a rectangular display: 
   width/height = (maxX-minX)/(maxY-minY) 
• <component name='Navigation' level='3'/>
• Caution: often disorienting, special uses only


OrthoViewpoint


All other OrthoViewpoint fields are identical to Viewpoint.


OrthoViewpoint is part of the same bindable stack as Viewpoint and GeoViewpoint 
nodes.  Only one can be bound at a single time.


Orthographic views are often used in Computer Aided Design (CAD) plans.  However 
they can disorient a user and make a scene look quite strange, so it is usually best to 
avoid including them in most scenes.
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Navigation model   1


Users can select predefined Viewpoints
• Defines both position and direction of view


Users can further navigate around scene
• Using pointing device or hot keys
• Chosen viewpoint remains bound
• Browser applies offsets using user-driven changes


These are the default navigation key responses


Figure 4.9. Recommended Keyboard Navigation Keys and Responses


Browsers are allowed to offer variations in default key navigation.  This is specified in 
X3D Abstract Specification Annex G:  Recommended Navigation Behaviours.  
Excerpt:


This annex describes basic X3D scene navigation recommended 
practice. This recommended practice describes a browser-independent 
standardized keyboard interface which implements X3D frequently used 
scene interactivity. Features that imply interactivity are fundamental in 
X3D. The author expects to be able to specify multiple viewpoints in a 
predicable sequence, the ability to point and select, and to enable 
continuous navigation within the scene. Likewise the interactor expects 
to be able to exercise scene functionality using predictable methods.


This recommended practice is intended to allow use of a core subset of 
the functionality of an X3D browser, not unnecessarily limit interactive 
functionality which may be provided by a browser.
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Navigation model   2


User's current view can itself be animated
• ROUTE new position/direction event values to the 


Viewpoint itself, or to parent Transform nodes
• User navigation offsets to that view remain in effect
• Thus “over the shoulder” viewpoints can follow a 


moving object around, while still allowing user to 
look around while in that moving viewpoint


Lefty and Lucy shark in the Kelp Forest Main 
scene use this technique as virtual tour guides


Animation techniques are covered in Chapter 7, Event Animation and Interpolation.
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NavigationInfo node


NavigationInfo indicates how a browser might 
best support user navigation in the scene


Multiple NavigationInfo nodes may exist in scene
• Or in multiple Inline scenes loaded together


NavigationInfo is an X3DBindableNode
• So only one NavigationInfo can be active at a time
• Follows the same binding rules as Viewpoint, but 


note that they are easily selectable by end users
• Can be linked to a given Viewpoint by ROUTE that 


connects isBound of one node to set_bind of other


ROUTE and animation techniques are covered in Chapter 7, Event Animation and 
Interpolation.
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NavigationInfo type


Primary field is type which indicates which of the  
various modes of navigation are relevant
• "EXAMINE" best for rotating solitary objects
• "FLY" allows zooming in, out and around
• "WALK" also allows exploration, but on the ground
• "LOOKAT" use pointer to select geometry of interest
• "ANY" lets user select any mode
• "NONE" gives user zero control of navigation


MFString array default type=' "EXAMINE" "ANY" ' 
• which gives users plenty of flexibility


The first supported value in the type list is used once a NavigationInfo values.  Other 
specified values are usually offered by the navigation interfaces of most browsers.  
Any navigation modes that are not listed in the type list are illegal for the current 
NavigationInfo node and should not be offered as user-selectable options.


LOOKAT functionality is similar to user zooming in/out.  fieldOfView does not change 
during this operation.


Note that browsers are also allowed to define their own specialty navigation types.  
In general, extensibility is good!  However, there is little guarantee that such a mode 
will be available in other browsers.  So, if you use an additional specialty type mode, 
be sure to also give the user another well-specified mode in the type list so that they 
can navigate satisfactorily.


Sometimes this flexibility lets authors and developers innovate as a group to develop 
good new practices.  For example, given that it is a common browser feature, will we 
ever formalize a NavigationInfo type called “SHOWALL” or “FIT”  in the X3D 
specification?
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NavigationInfo type details  1
• "EXAMINE"  Used to view individual objects. Scene 


navigation consists of rotating the user viewpoint 
about the center of the observed object. The 
centerOfRotation field of the currently bound 
Viewpoint node values determines which local point 
centers the view rotation.


• "WALK"  Used when exploring a virtual world on 
the ground. The user’s eye level stays above the 
ground geometry and collision detection prevents 
the user from falling if underlying geometry is 
present.


Default values for the type list are “EXAMINE” “ANY” which means that a 
NavigationInfo node will start in EXAMINE mode, but any other mode can be selected 
instead by the user at run time.







 


Chapter 4 - Viewing and Navigation 36


36


NavigationInfo type details  2
• "FLY"  Similar to “WALK“, but terrain following and 


collision detection is ignored. This type of 
navigation has the fewest constraints.  Shifts the 
current view and related centerOfRotation values to 
track or zoom toward objects of interest to user.


• "ANY"  Browser is allowed to provide whichever 
navigation type seems appropriate for the task at 
hand, modifying the user interface if necessary.


• "NONE"  All navigation disabled and hidden. 
Navigation remains possible via animation of 
viewpoint fields or by binding other viewpoints 
(using viewpoint-list selection or Anchor node).


Navigation mode NONE means that a user cannot force navigation even if they want 
to.  This is sometimes a useful authoring choice, but should only be applied sparingly 
and carefully since it can fool a user into thinking that the X3D player is frozen.
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NavigationInfo speed, headlight


speed determines how fast navigation occurs
● Default value 1 meter/second is usually pretty slow
● Might need to vary widely from ground to space
● Might need multiple NavigationInfo nodes matching 


different viewpoints (high speed for flying, low 
speed for walking around or examining objects)


headlight is whether a light is shining ahead from 
user's point of view


● Otherwise one or more Light nodes is needed 
(covered in Chapter 11), or else world goes black







 


Chapter 4 - Viewing and Navigation 38


38


NavigationInfo transitions


transitionType determines type of path followed 
when transitioning between viewpoints
• "ANIMATE" browser chooses smoothing algorithm
• "LINEAR" interpolation of position, orientation
• "TELEPORT" immediate repositioning to destination


transitionTime 
• initial array value used for linear, otherwise multiple 


values can be used by browser-specific "ANIMATE"


transitionComplete lets author know when done
• SFBool boolean event sent when move is finished


transitionType is an inputOutput MFString array of quoted string values


transitionTime is an inputOutput MFBool boolean array of time intervals


transitionComplete is an outputOnly SFTime value that can be used to trigger other 
animation or scripted behaviors.


Animation techniques are covered in Chapter 7, Event Animation and Interpolation 
and Chapter 9, Event Utilities and Scripting.  
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avatarSize SFVec3f array
●  


<NavigationInfo avatarSize='0.25 1.6 0.75'/>


Note that an SFVec3f is a 3-tuple with 3 component values.
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NavigationInfo visibilityLimit


visibilityLimit defines the maximum range  that 
may be rendered by the browser


● Measured from the user's point of view
● Geometry beyond that distance are not drawn
● visibilityLimit='0.0' means no limits are imposed


Quality thumbrule:  meet following relationship
● avatarSize.collisionDistance /visibilityLimit < 10,000
● Avoids floating-point roundoff error on graphics card 


and almost-coplanar polygon tearing/aliasing
● Exactly coplanar polygons still suffer from aliasing
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NavigationInfo node X3D-Edit


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/NavigationInfo.x3d
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NavigationInfo tooltip


http://www.web3d.org/x3d/content/X3dTooltips.html#NavigationInfo 
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Aliasing (tearing) of polygons


Aliasing (sometimes called tearing) occurs when the rendering engine is not able to 
detect which polygon is closer to the viewer.  Equal floating point values (or floating-
point roundoff error) that leads to coincident polygons causes this problem.  
Essentially pixels from each polygon are overwriting each other.


In this example, most of each unit box is defined to be directly superimposed and 
coincident with the other box.


Moving the viewpoint varies the aliasing pattern a lot, because the floating-point 
roundoff error is still occurring but with slightly different values.


Relevant joke:


• Patient:  Doctor, doctor, my arm hurts when I raise it over my head like this!


• Doctor:  In that case, don't raise your arm.


Moral of the story:  don't do that, avoid coplanar polygons.  


Antialiasing is the general name for techniques to avoid this problem, most are 
automatically applied by hardware.


http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/AliasingExample.x3d 
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Anchor node


Anchor is another grouping node that can 
contain other nodes


Geometry rendered by contained nodes is active 
and can be selected by user
• User clicking on Anchor geometry launches url link 


(.html .x3d mailto: etc.) 
• thus similar to HTML anchor tag  <a href=”url”>link</a>


• Alternatively can select a viewpoint in the scene 
(similar to HTML bookmark)


Selected link can replace current X3D scene, or 
else launch into another browser window


HTML 4.01 Recommendation, Section 12 Links:


http://www.w3.org/TR/html401/struct/links.html#h-12.1 
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Anchor description


The description field provides the user with a 
single-string summary of what is selected 
when the Anchor geometry is selected, e.g.
• description='click door, open portal to new world'
• description='jump to next viewpoint...'


X3D browsers usually pop up the text description 
when the pointing device is over the selection 
geometry


Anchor description is similar to Viewpoint description.
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url  Uniform Resource Locator


The url field provides either
• Address to new X3D scene, HTML page, or another 


Web resource, or else
• Viewpoint bookmark within the scene


MFString array provides alternate url addresses
• url addresses can be either local or online
• Point to alternate versions of same resource
• X3D browser goes sequentially through ordered list, 


one at a time, until one retrieval succeeds


Anchor url rules match those for Inline url.
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Anchor parameter


parameter provides additional information to 
browser regarding redirection of loaded result
• parameter='target=_blank' sends to new frame
• parameter='target=frame4' sends to named frame
• May be ignored if browser is solely X3D capable, 


rather than (for instance) a Web-browser plugin


Once again, designed to match functionality 
found in HTML anchor tag


HTML 4.01 Recommendation, Section 16.3 Specifying target frame information:


http://www.w3.org/TR/html401/present/frames.html#adef-target 
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Anchor hints and warnings


Strictly match capitalization of directories and 
file names
• Unix and http are case sensitive and fail otherwise
• Windows is forgiving but actually this hides errors


XML escape characters
• & (ampersand) &amp;
• '  (apostrophe) &apos;
• "  (double quote) &quot;


HTML 4.01 Recommendation, Section 24 Character entity references in HTML 4:


http://www.w3.org/TR/html401/sgml/entities.html 
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AnchorComparison.x3d scene


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/AnchorComparison.x3d 


http://www.montereybayaquarium.org/efc/kelp.asp 


Viewpoint link:  #AngledView


"http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter03-Grouping/CoordinateAxes.x3d 
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AnchorComparison.x3d scene, X3D-Edit


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/AnchorComparison.x3d 
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Anchor example scene, editor


http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/Anchor.x3d 
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Anchor.x3d scene, X3D-Edit


http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/Anchor.x3d 
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Anchor tooltip


http://www.web3d.org/x3d/content/X3dTooltips.html#Anchor 
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Billboard node


Billboard is another X3DGroupingNode
Child-content geometry faces user


• Special effect that improves readability or visibility


axisOfRotation determines Billboard pivot point
• Relative to local coordinate system
• Default is axisOfRotation='0 1 0' which swivels 


about vertical (Y axis)
• Rotations unpredictable when view above (on axis)
• Define axisOfRotation='0 0 0' for circular rotation in 


any direction, always fully facing the user


Unlike most other X3D fields, in this case a 0 0 0 vector value is allowed and given a 
special meaning.







 


Chapter 4 - Viewing and Navigation 55


55


Billboard hints and warnings


DEF, USE allowed for multiple Billboards nodes
• Each copy should independently face user


Put Billboard as close to moving geometry as 
possible, nested inside a positioning Transform
• Usually bad idea to put Transform inside Billboard


Do not put a Viewpoint under a Billboard
• Creates a feedback loop
• Unpredictable behavior likely to result


Put Transform nodes outside of the Billboard to move shapes where they need to be, 
then insert the Billboard just above the rotating object so that it stays in place while 
rotating to face the user's current view.


- Transform


   -  Billboard


      - Shape
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Billboard node X3D-Edit


http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/Billboard.x3d 
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Billboard example


Starting at initial 
viewpoint and 
navigating with 
mouse or arrow 
keys reveals that 
Billboard Text 
remains facing 
the viewer, 
improving 
readability


http://www.x3dbook.com/examples/X3dForWebAuthors/KelpForestExhibit/KelpForestMain.x3d 
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Billboard tooltip


http://www.web3d.org/x3d/content/X3dTooltips.html#Billboard 
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Collision node


Defines camera-to-object collision-detection 
properties between child geometry and user
• enabled='true' blocks user navigation through the 


geometry
• enabled='false' allows user navigation through the 


geometry


Not used for object-to-object collision detection
Authors can detect when collision occurs


• SFTime outputOnly event collideTime
• SFBool  outputOnly event isActive


Advanced object-to-object collision techniques are also possible using the 
RigidBodyPhysics component defined in X3D version 3.2.
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Collision detection and terrain following


Terrain following depends on +Y axis being “up”
• Other coordinate systems are possible but do not 


match this X3D convention
• Thus datasets using other coordinates must be 


converted to match


WALK mode is another form of collision detection
• Viewer's camera drops until NavigationInfo avatar 


rests on geometry serving as the ground plane
• Step-over distance (an avatarSize parameter) 


governs whether user can rise over obstacles







 


Chapter 4 - Viewing and Navigation 61


61


Collision proxy field


Child geometry may be quite detailed, irregular
• Complicating collision-detection calculations and 


thus slowing rendering performance


Can substitute SFNode proxy child as alternate
• Shape containing a Box, Sphere or Cylinder can 


provide simplifying geometric alternative
• proxy geometry is not rendered


<Collision DEF='Example' enabled='true'>
<Shape containerField='proxy'><Cylinder/></Shape>


<Inline url='SomeComplicatedObject.x3d'/>


</Collision>


Note that proxy child can occur in any order as part of the Collision node's children.  The following 
example also includes the optional default-valued attributes for containerField='children'.


<Collision DEF='Example' enabled='true'>


<Group containerField='children' DEF='SomeComplicatedGeometry'/>


<Shape containerField='proxy'>


<Cylinder/>


</Shape>


<Inline containerField='children' url='AnotherComplicatedObject.x3d'/>


</Collision>


However, note that if reformatted in X3D Canonical Form as a preparation step for X3D Compressed 
Binary Encoding (CBE) , children nodes are sorted in order to group alike containerField values together. 
 Additionally any default containerField values would be omitted.  Thus the above example becomes:


<Collision DEF='Example' enabled='true'>


<Shape containerField='proxy'>


<Cylinder/>


</Shape>


<Group DEF='SomeComplicatedGeometry'/>


<Inline url='AnotherComplicatedObject.x3d'/>


</Collision>


4.2.3 X3D canonical form


http://www.web3d.org/x3d/specifications/ISO-IEC-FCD-19776-3.2-X3DEncodings-
CompressedBinary/Part03/concepts.html#X3DCanonicalForm
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Collision hints and warnings


<NavigationInfo type=' "WALK" "FLY" '/> 
modes support camera-to-object collision 
detection


Only polygonal geometry can be used for 
collision detection
• No points or lines
• Special limitation:  no Text node collisions
• Nevertheless you can achieve the same collision 


effects by adding a transparent Box or other shape, 
thus providing necessary polygons as boundaries
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Collision node X3D-Edit


initial view outside tank glass            zoom into tank, collision off         blocked by glass, collision on


http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/Collision.x3d 
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Collision example


Example screen shots 
first show the viewer 
being stopped by 
glass geometry, then 
the viewer passing 
through the tank glass 
for a closer view. 


Collision enabled=''true'' 
or enabled=''false'' 
result in different 
navigation responses.


X3D for Web Authors, Figure 4.5
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Collision tooltip


http://www.web3d.org/x3d/content/X3dTooltips.html#Collision 
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Additional Resources


back to Table of Contents
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File formatting


X3D-Edit has a Netbeans capability for formatting
• Alt-shift-F Format acts upon highlighted text blocks, 


also available via right-click menu
• Warning:  do not reformat embedded ECMAscript 


source code


X3D Canonicalization (C14N) also reformats X3D
• Performed prior to examples being placed in archive
• Can invoke in X3D-Edit using C14N button
• Preferred method for file formatting


Source Editing in Netbeans 6.0+


http://www.netbeans.org/kb/60/java/editor-tips.html 


X3D Canonical Form 
http://www.web3d.org/x3d/specifications/ISO-IEC-19776-3-X3DEncodings-CompressedBinary/Part03/concepts.html#X3DCanonicalForm 


Issue-tracker entry for C14N addition to X3D-Edit


https://www.movesinstitute.org/bugzilla/show_bug.cgi?id=1461 


TODO: add C14N to X3D-Edit Tools menu







 


Chapter 4 - Viewing and Navigation 68


68


Pretty-print HTML capabilities


Pretty print means to reformat nicely in HTML, 
usually with color coding
• facilitates reading and printing


X3D-Edit has this Netbeans feature
• File > Print to HTML


X3dToXhtml.xslt stylesheet
• Includes indices and hyperlinks to DEF/USE, 


ROUTEs, images, url values, prototypes, etc.
• Can be launched via XSL Transformation button
• Available via X3D-Edit > X3D > Export menu


Tagset pretty-printing in XHTML (.html encoding), includes cross linking of 
DEF/USE/ROUTE and other features: X3dToXhtml.xslt and X3dToXhtml.bat


http://www.web3d.org/x3d/content/examples/help.html#Conversions 


Issue-tracker entry for X3dToXhtml.xslt addition to X3D-Edit 
https://www.movesinstitute.org/bugzilla/show_bug.cgi?id=1549 
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X3dToXhtml.xslt example


http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.html 


Example use is shown of Export as Annotated XHTML, which invokes X3dToXhtml.xslt 
stylesheet to make pretty-print HTML output:







 


Chapter 4 - Viewing and Navigation 70


Launching other XSLT stylesheets


Extensible Stylesheet Language for XML (XSLT) 
stylesheets support a variety of conversions
• X3dToVrml97.xslt
• X3dToClassicVRML.xslt


• X3dToXhtml.xslt
• others


Template for new stylesheet also available:  File > New X3D > New XSLT stylesheet...


Under Help system, see XML Documents > Creating and Editing an XSL Stylesheet, 
Performing an XSL Transformation
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Chapter Summary


back to Table of Contents
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Chapter Summary


Users explore X3D worlds by choosing predefined 
viewpoints and navigating through 3D space.
• Bindable nodes, so only one is active at a time
• Viewpoint lets authors identify key camera locations
• NavigationInfo provides options for moving around


Nodes to improve user navigability, interaction:
• Anchor makes geometric shapes linkable, like HTML
• Billboard for axis-aligned geometry facing the user
• Collision permits or blocks a user's current camera 


view from passing through collidable geometry
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Suggested exercises


Demonstrate the ability to choose viewpoints and 
navigate in master Kelp Forest Exhibit scene
• Take screen snapshot image to show what you saw


Create a “guided tour” of multiple Viewpoints for 
navigating a scene of interest


Switch between EXAMINE, WALK and FLY 
navigation in one or more browsers


Demonstrate the Anchor node by linking some 
text to another scene or an external web page


Use Billboard for multiple Text descriptions, 
linked via Anchor to bind respective viewpoints
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back to Table of Contents
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CGEMS, SIGGRAPH, Eurographics


The Computer Graphics Educational Materials 
Source(CGEMS) site is designed for educators
• to provide a source of refereed high-quality content
• as a service to the Computer Graphics community
• freely available, directly prepared for classroom use
• http://cgems.inesc.pt 


X3D for Web Authors recognized by CGEMS!  ☺
• Book materials:  X3D-Edit tool, examples, slidesets
• Received jury award for Best Submission 2008


CGEMS supported by SIGGRAPH, Eurographics


From the CGEMS home page:


• http://cgems.inesc.pt 


Welcome to CGEMS - Computer Graphics Educational Materials Source. The 
CGEMS site is designed for educators to provide a source of refereed high-
quality content as a service to the Computer Graphics community as a whole. 
Materials herein are freely available and directly prepared for your classroom.


List of all published modules:


• http://cgems.inesc.pt/authors/ListModules.aspx 


CGEMS Editorial Policy:


• http://cgems.inesc.pt/EditorialPolicy.htm 
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Creative Commons open-source license
http://creativecommons.org/licenses/by-nc-sa/3.0 


Attribution-Noncommercial-Share Alike 3.0 Unported


You are free:


    * to Share — to copy, distribute and transmit the work


    * to Remix — to adapt the work


Under the following conditions:


    * Attribution. You must attribute the work in the manner specified by the author or 
licensor (but not in any way that suggests that they endorse you or your use of the 
work).


      Attribute this work:  What does "Attribute this work" mean?


      The page you came from contained embedded licensing metadata, including how 
the creator wishes to be attributed for re-use. You can use the HTML here to cite the 
work. Doing so will also include metadata on your page so that others can find the 
original work as well.   


    * Noncommercial. You may not use this work for commercial purposes.


    * Share Alike. If you alter, transform, or build upon this work, you may distribute the 
resulting work only under the same or similar license to this one.


    * For any reuse or distribution, you must make clear to others the license terms of 
this work. The best way to do this is with a link to this web page.


    * Any of the above conditions can be waived if you get permission from the 
copyright holder.


    * Nothing in this license impairs or restricts the author's moral rights.
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Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.


License available at


    http://www.web3d.org/x3d/content/examples/license.txt 


    http://www.web3d.org/x3d/content/examples/license.html 


Good references on open source:


Andrew M. St. Laurent, Understanding Open Source and Free 
Software Licensing, O'Reilly Publishing, Sebastopol California, 
August 2004.  http://oreilly.com/catalog/9780596005818/index.html 


Herz, J. C., Mark Lucas, John Scott, Open Technology 
Development: Roadmap Plan,  Deputy Under Secretary of Defense 
for  Advanced Systems and Concepts, Washington DC, April 2006.  
http://handle.dtic.mil/100.2/ADA450769 
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X3D Graphics for Web Authors


Chapter 5


Appearance, Material, and Textures


Things are not always as they appear.
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Chapter Overview
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Overview:  Appearance, Material, and Textures  


Appearance affects associated geometry, 
containing the following fields


Visual surface properties that interact with lights
• Material and TwoSidedMaterial
• LineProperties and FillProperties


Texture nodes wrap images onto geometry
• ImageTexture, MovieTexture, PixelTexture and 


MultiTexture
• TextureTransform, TextureCoordinate and 


TextureCoordinateGenerator



file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23MultiTexture

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23TextureCoordinateGenerator

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23MultiTexture

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23TextureCoordinateGenerator
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Concepts


back to Table of Contents
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Motivation


Appearance, material and texture nodes are 
intended to allow authors to make 3D objects 
look similar to objects in the real world
• This goal is always a worthy challenge


Lighting is an important factor in appearance, 
because 3D objects reflect their virtual light
• Appearance and lighting are computational
• In this chapter we assume white light available, 


usually from default NavigationInfo headlight
• Lighting and environment covered in Chapter 11
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Parent-child constraints


Each Shape node can contain
• Single geometry node
• Single Appearance node


Each Appearance node can contain
• A single Material (or TwoSidedMaterial) node
• FillProperties, LineProperties, TextureProperties
• A single Texture node (image, pixel or movie)


Each Texture node can contain
• Single TextureTransform or 


TextureTransformGenerator node
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Common functionality


Node repetition can be efficiently accomplished 
via DEF and USE
• Remember, first DEF must precede any USE copies
• Simplifies application of consistent coloring to 


multiple pieces of geometry which are either similar 
or parts of the same larger object


Consistent, more efficient, easier to globally 
change all instances at once
• Which is further important when changing styles or 


applying accessibility techniques throughout
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X3D Nodes and Examples


back to Table of Contents







Appearance node


Each Shape contains a single geometry node 
along with a corresponding Appearance node


Appearance is a container which may include
• A single Material (or TwoSidedMaterial) node
• Fill/Line/Texture Properties, single Texture node


This close association makes assignment of 
rendering properties to geometry unambiguous
• Repetition of values for visual consistency is easily 


accomplished with DEF/USE of Appearance, 
Material, Texture node, etc.


• Clear naming helps, for example
  <Appearance USE='FoggyGlassAppearance'/>



http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#NamingConventions
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Appearance node X3D-Edit


Appearance only has
attributes for DEF or USE.


Actual information on 
geometry appearance is 
held by contained nodes.







Palette simplifies addition of new nodes


Use X3D-Edit palette to pick the node of interest:
• Palette groups match chapter structure, and can be 


reordered by dragging with mouse
• Upon dragging a new node element into scene, 


corresponding node editor pops up
• After checking attribute values with node editor, 


select OK to confirm the new node
• Default attribute values omitted in XML for clarity
• Erroneous node placement in scene graph, or 


invalid attribute values, cause a validation error
• Accept or reject validation errors as appropriate, 


then continue with text editing if desired
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Appearance node and X3D-Edit palette


drag + drop icon fro
m palette


drag + drop icon from palette
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Appearance tooltip



http://www.web3d.org/x3d/content/X3dTooltips.html#Appearance
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Material node


Material controls how most geometry is colored, 
whether it is transparent or glowing, etc.


Surface visual properties are applied equally 
across all polygons making up a shape


Material properties define how geometry visually 
interacts with light sources in the scene
• Lighting and Environment is covered in Chapter 11
• Rendering results also depend on view perspective


Material is an important node to master



http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/Part01/components/shape.html#Material
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Reading X3D Specification node signatures


Actual X3D Specification entries are as follows:
• SFFloat [in,out] ambientIntensity  0.2             [0,1]
• SFColor [in,out] diffuseColor        0.8 0.8 0.8  [0,1]
• SFColor [in,out] emissiveColor      0 0 0          [0,1]
• SFFloat [in,out] shininess             0.2            [0,1]
• SFColor [in,out] specularColor      0 0 0          [0,1]
• SFFloat [in,out] transparency       0                [0,1]


These field signatures are interpreted as follows:
• SFColor and SFFloat are field types
• [in,out] is accessType (i.e. “in, out” = inputOutput)
• default value is followed by [min,max] inclusive



http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/Part01/components/shape.html#TwoSidedMaterial
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Material fields


Color, transparency and shininess fields together 
make up Material properties.  Examples follow.
• diffuseColor reflects all X3D light sources, 


depending on viewing angles towards each light
• ambientIntensity is reflection multiplication factor
• emissiveColor is glowing component, normally off, 


independent of reflected light
• specularColor governs reflection highlights
• shininess controls specular intensity
• transparency is ability to see through an object:  


1 is completely transparent, 0 is opaque
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Material node X3D-Edit


diffuseColor is the primary Material field



http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/DiffuseColor.x3d





Material editor:  diffuseColor
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emissiveColor


emissiveColor 
is the glowing component
and can easily overpower 


other color fields



http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/EmissiveColor.x3d





Material editor color selector


Click colored box to select a color
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specularColor


specularColor and shininess subtly change perceived colors


bright shiny spots on an apple are examples of specular color



http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/SpecularColor.x3d





Material editor specularColor, shininess
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transparency effects


View of semitransparent shiny Sphere,
in front of nontransparent (opaque) Box,


in front of opaque Cylinder



http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/Transparency.x3d





Universal Media materials library


The Universal Media materials were originally 
created by SGI as part of OpenInventor in the 
1990s as a convenience to authors


Each set of materials is grouped for visual 
compatibility and aesthetic appeal


Now converted and available for X3D use
• David Rousseau converted to VRML97
• Aaron Walsh created VRML Universal Media archive
• Don Brutzman translated into X3D as prototypes, 


cut/paste field values, also embedded in X3D-Edit
• http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials 



http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials

http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials

http://vrmlstuff.free.fr/materials





Selecting a Universal Material value


Selecting a Universal Media
library and index number


resets Material field values







Universal Media screenshots


Universal Media Material libraries include
ArtDeco, Autumn, Glass, Metal, Neon, Rococo, SantaFe, 


Sheen, Silky, Spring, Summer, Tropical, Winter


http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials



http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials

http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials





Universal Media Material library online
http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials 


• Example scenes 
good for browsing


• Click sphere for 
closeup view


• Click text for X3D 
material source


• Click grid to 
restore full view


http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials/GlassExamples.x3d



http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials

http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials/GlassExamples.x3d

http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials

http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials/GlassExamples.x3d

http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials/GlassPrototypes.html#ProtoDeclare_Glass34
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Material tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#Material
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TwoSidedMaterial node


TwoSidedMaterial fields are identical to Material, 
with the addition of the following new fields:
• backAmbientIntensity, backShininess, backTransparency
• backDiffuseColor, backEmissiveColor, backSpecularColor 


The 'back' fields determine how the 'backsides' of 
polygons are drawn
• Such as insides of primitive geometry
• Corresponding geometry must have solid='false' 


Hint: separateBackColor='true' to enable back
Hint: include <component name='Shape' level='4'/>



http://www.web3d.org/x3d/specifications/ISO-IEC-19775-X3DAbstractSpecification_Revision1_to_Part1/Part01/components/shape.html#TwoSidedMaterial
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TwoSidedMaterial specification 
help entry in X3D-Edit


12.  Shape component
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TwoSidedMaterial tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#TwoSidedMaterial
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FillProperties node


FillProperties specifies additional characteristics 
that can be applied to the material shading of 
geometry nodes
• Adds to basic effects of peer Material and texture


FillProperties is a new X3D node not in VRML97
• If backwards compatibility needed and FillProperties 


effects are critical, consider an additional secondary 
technique to also backup this functionality


Hint: include <component name='Shape' level='3'/>
Note: hatch effects are not affected by lighting
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FillProperties fields
• filled is a boolean (true or false) field to indicate 


whether the material properties are filled in.  
Setting filled='false' can be useful to highlight 
hatching effects.


• hatched is another SFBool single-field boolean that 
turns hatching effects on or off.  Hatching can be a 
helpful user-interaction technique to indicate 
selection or objects of interest.


• hatchColor is the color applied to hatching effects 
over the material surface.  Be sure to use a color 
that distinguishes hatching from diffuseColor.


• hatchStyle codes follow on the next slide 
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FillProperties hatchStyle codes
(parentheses indicate optional support)



http://jitc.fhu.disa.mil/nitf/graph_reg/graph_reg.html

http://jitc.fhu.disa.mil/nitf/graph_reg/class_pages/hatchstyle.html
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FillProperties node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/FillProperties.x3d
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FillProperties hatchStyle example screen 
snapshot



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/FillProperties.x3d
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FillProperties tooltip



http://www.web3d.org/x3d/content/X3dTooltips.html#FillProperties
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LineProperties node


LineProperties specifies additional characteristics 
that can be applied to the material shading of 
geometry nodes
• Adds to basic effects of peer Material and texture
• Also applies to geometry edges, not just lines


LineProperties is a new X3D node not in VRML97
• If backwards compatibility needed and FillProperties 


effects are critical, consider an additional secondary 
technique to also backup this functionality


• Hint: include <component name='Shape' level='2'/>
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LineProperties fields
• applied is an SFBool field to turn the line property 


effects on or off, which can be set up as a helpful 
user-interaction technique


• linewidthScaleFactor (note irregular capitalization) 
provides a multiplicative factor to scale the nominal 
X3D-browser line width


• linetype (note irregular capitalization) selects a line 
pattern, with allowed values listed on following slide
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LineProperties linetype values
(parentheses indicate optional support)


(single arrow)



http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/Part01/components/shape.html#t-Linetypes

http://jitc.fhu.disa.mil/nitf/graph_reg/graph_reg.html

http://jitc.fhu.disa.mil/nitf/graph_reg/class_pages/linetype.html

http://www.web3d.org/x3d/specifications/#x3dreporting

http://x3dgraphics.com/errata.php
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LineProperties node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/LineProperties.x3d





43


LineProperties linetype example 
screen snapshot



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/LineProperties.x3d
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LineProperties tooltip



http://www.web3d.org/x3d/content/X3dTooltips.html#LineProperties
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Texture nodes


Texture nodes read 2D image (or movie) files 
and apply them pixel-by-pixel to the associated 
geometry sharing the same Shape node
• Thus wrapping picture images around an object
• ImageTexture, PixelTexture, MovieTexture
• Can be inexpensive way to achieve high fidelity


Texture images can be shifted, rotated, scaled
• TextureTransform, TextureCoordinate 
• Thus modifying image application to geometry
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Texture coordinates   1


Defined by a 2D (s, t) coordinate system
• Ranges from [0,1] along lateral s and vertical t axes
• Bottom edge of image is s-axis (t=0)
• Left      edge of image is t-axis (s=0)
• Top-right corner is (s, t) = (1, 1)


Thus texture maps provide a 2D color function 
that find the pixel in an image at location (s, t) 
to return value of color(s, t)
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Texture coordinates   2


s and t coordinates locate each pixel in an image
• Thus texture coordinates work independently of 


either file size (bytes), image size (pixel count) or 
aspect ratio (width:height)
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Common fields for texture nodes


repeatS and repeatT
• These boolean fields indicate whether the texture 


image is repeated along a given axis once used
• Default is to use once along each axis, mapping the 


texture image once from coordinates (0,0) to (1,1)


Hint:  rather than working with repeatS repeatT 
parameters or TextureTransform, it is often 
easiest to adjust a texture by modifying it 
within an image editor.  Example follows.
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Image file manipulation tools


Many tools are available for manipulating images, 
sometimes provided with the operating system
• Adobe Photoshop
• Microsoft Visio, Paint, Keynote (Mac)


One of best is free, open source, recommended:
• Gnu Image Manipulation Program (GIMP) 


http://www.gimp.org 


Drawing tools can also be helpful
• OpenOffice Draw, Impress 


http://www.openOffice.org 



http://www.gimp.org/

http://www.openOffice.org/

http://www.gimp.org/

http://www.openOffice.org/





Texture flipping for (s,t) tile repetition
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ImageTexture node


ImageTexture retrieves a 2D image file and 
applies it as a texture to geometry
• Commonly used technique, important to master


url described in Chapter 4 Grouping Nodes 
• as part of Inline and Anchor
• Recall that the url field is an ordered list which can 


include both local (relative) and online addresses to 
image files


• Might preferentially load online version first, 
perhaps if it can be updated, and keep a local url 
value for a backup image



http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#urls





ImageTexture 
example


Change <Sphere/> to <Box/>


Note that image is applied equally
to each side of the Box geometry







53


ImageTexture file formats


Supported, required image file formats:
• Joint Photographic Expert Group (.jpg) which is 


good for photographic images
• Portable Network Graphics (.png) which is good for 


bit-mapped drawings and other images
• Both formats are royalty free, commonly used in Web


Also suggested (but not required)
• Graphics Image Format (.gif), has license restrictions


Other image formats are also allowed
• but support for users by X3D browser not guaranteed



http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/Part01/components/texturing.html#Texturemapimageformats
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ImageTexture and Material


It is good practice to accompany ImageTexture 
with a Material node
• Material is rendered first if network delays are 


encountered when loading the image file
• Carefully chosen Material diffuseColor can reduce 


sudden color changes when a delayed image file is 
finally applied


• Underlying Material values are further important 
and will show through if the texture image includes 
transparent pixels
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ImageTexture node X3D-Edit



http://www.web3d.org/x3d/content/examples/HelloWorld.x3d





56


ImageTexture tooltip



http://www.web3d.org/x3d/content/X3dTooltips.html#ImageTexture
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MovieTexture node


MovieTexture applies video imagery to geometry
• Same considerations for url field as ImageTexture


Often applied sparingly, because 
• movie files are often quite large
• Applying high-frame rate pixels is computationally 


expensive, which can slow down frame rate and 
may present low-quality results in some browsers


3D wall or billboard helps make movies viewable
• Important to provide a clear Viewpoint to see it
• Authors might prefer for movie to instead play 


within Web browser outside X3D scene



http://www.web3d.org/x3d/content/examples/ConformanceNist/Appearance/MovieTexture
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MovieTexture file formats


Supported, required image file formats:
• Motion Picture Expert Group (.mpg format, MPEG-2) 


which is good for low (or moderate) bandwidth video


Other movie formats are also allowed
• but consistent support for users among X3D browsers 


is not guaranteed, unless royalty free (RF)


Expected future work
• Possible merger of streaming video, streaming X3D?
• Web3D Consortium will not approve video formats for 


Web use by X3D unless they are royalty free
• Related efforts: World Wide Web Consortium



http://www.w3.org/2008/WebVideo

http://www.w3.org/2008/WebVideo

http://www.w3.org/2007/08/video/positions/Web3D.pdf
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MovieTexture fields   1
• speed is a rate factor to speed up or slow down 


movie playback, can be negative to go in reverse
• startTime and stopTime are used as input controls 


to begin and end play, usually by routing an SFTime 
event from a TimeSensor or TouchSensor


• pauseTime and resumeTime operate similarly, 
allowing the movie to pause/resume at same point 
in time (rather than starting over from beginning)


• isActive and isPaused are boolean output events 
that are sent by the MovieTexture node:  true when 
the condition occurs, false when it ends
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MovieTexture fields   2
• duration_changed is length of time in seconds for 


one cycle of the movie
• elapsedTime is SFTime output event sent 


continuously as movie is playing, cumulatively in 
seconds without counting any pause durations


Can use LoadSensor (chapter 12) to detect when 
movie is fully loaded


DEF and USE are important for multiple copies
• Minimize download file size, bandwidth, and delay
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MovieTexture and Material


It is good practice to accompany MovieTexture 
with a Material node
• Material is rendered first if network delays are 


encountered when loading the image file
• Carefully chosen Material diffuseColor can reduce 


sudden color changes when a delayed image file is 
finally applied


• Underlying Material values are further important 
and will show through if the MovieTexture images 
include transparent pixels


Same considerations as ImageTexture
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MovieTexture node X3D-Edit







MovieTexture example screen snapshots
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MovieTexture tooltips 1



http://www.web3d.org/x3d/content/X3dTooltips.html#MovieTexture
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MovieTexture tooltips continued



http://www.web3d.org/x3d/content/X3dTooltips.html#MovieTexture
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PixelTexture node


PixelTexture contains the bit pattern of an image
• Written out as set of numeric data within the node


This allows single X3D scene to embed imagery
• Which helps when delivering a self-sufficient scene
• However may increase overall file size


Numeric image data is encoded pixel by pixel, 
using a special data type:  SFImage
• After defining array dimensions, each individual 


number entered in pixel field corresponds to a 
black/white, black/white/alpha, RGB or RGBA value







SFImage data type


First three data values:
• Number of width  pixels in image
• Number of height pixels in image
• Number of components in each pixel value (0-4)


Component count represented by each pixel value:
• 0 for no image,  <ImageTexture image='0 0 0'/>
• 1 for black-white intensity
• 2 for black-white intensity, transparency
• 3 for red-green-blue colors
• 4 for red-green-blue colors, transparency


Array then holds appropriate number of pixel values
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SFImage examples


`


Each numeric pixel entry is a single component value


 note erratum in book 


3 2 4, 0xFF0000FF 0x00FF00FF 
0x0000FFFF 0xFF00007F 
0x00FF007F 0x0000FF7F


Pixel count


0


2


2


8


6



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/PixelTextureComponentExamples.x3d

http://x3dgraphics.com/errata.php





Hexadecimal number representation


Hexadecimal (base 16) and decimal (base 10) are 
both permitted for any X3D numeric data
• Hex commonly used in SFImage, easier to read


Base 10 and base 16 digits:
• 0  1  2  3  4  5  6  7  8  9   10  11  12  13  14  15
• 0  1  2  3  4  5  6  7  8  9    a    b   c    d    e    f


Syntax and examples:


• Precede hex values with 0x, thus hex 0xC=15
10


  


• 0x0012BE = 1·163+2·162+11·161+14 = 4798
10


 
➢ = 0 red, (0x12=47)/255 green, (0xBE=190)/255 blue
➢ = color value  (0 red, 0.184 green, 0.745 blue)







Example value conversions
Hex value 0-255 range    r g b a transparency color


0xFF 255 1
0x00 0 0


0xCCFF 204 0.8 255   0.0
0x2277 34 0.13 119   0.53


0xFF0000 255 0 0 1 0 0
0xFF00 0 255 0 0 1 0
0xFFFFFF 255 255 255 1 1 1
0xFFFF00 255 255 0 1 1 0


1 0 0 255   0.0
0 1 0 255   0.0
0 0 1 255   0.0
1 0 0 127   0.5
0 1 0 127   0.5
0 0 1 127   0.5


bw


Note that alpha a = (1- transparency)



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/PixelTextureComponentExamples.x3d
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PixelTexture.x3d X3D-Edit



http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/PixelTexture.x3d
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PixelTextureBW.x3d X3D-Edit



http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/PixelTextureBW.x3d





Converting image into PixelTexture


PixelTextureGenerator is a .java application to 
convert an image file into a PixelTexture node
• Available in Savage archive under Tools, Authoring
• https://savage.nps.edu/Savage/Tools/Authoring/PixelTextureGenerator.java


• Can be downloaded with open-source Savage archive


Command-line invocation
• java PixelTextureGenerator imageName.ext [outputSceneName.x3d]


X3D-Edit includes this capability 
within the PixelTexture editor, 
greatly simplifying image file 
conversion into pixel values


Warning
file size 


increases 
are drastic!



https://savage.nps.edu/Savage/Tools/Authoring/PixelTextureGenerator.java

https://savage.nps.edu/Savage/Tools/Authoring/PixelTextureGenerator.java

https://savage.nps.edu/Savage/Tools/Authoring/PixelTextureNavyJackDontTreadOnMe.x3d

https://savage.nps.edu/Savage/Tools/Authoring/PixelTextureTemplate.x3d

https://savage.nps.edu/Savage/Tools/Authoring/NavyJackDontTreadOnMe.gif

https://savage.nps.edu/Savage/Tools/Authoring/NavyJackDontTreadOnMe.txt
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PixelTexture tooltip



http://www.web3d.org/x3d/content/X3dTooltips.html#PixelTexture
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TextureTransform node


TextureTransform defines a 2D (s, t) coordinate 
transformation for corresponding texture node, 
to better align images placed on geometry
• 2D translation left/right/up/down
• rotation angle about center
• 2D scaling, uniform or non-uniform


Transformation order remains significant
• translation, rotation, scale (same as Transform)
• However it is applied against coordinate system, 


not image file, so directions are counterintuitive
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TextureTransform fields


Transformation are (s,t) axes-centric, not image 
centric, so direction differs from expectations
• translation controls lateral shift of image file along 


the polygonal surface, defined using (s,t) values
• center and rotation modify texture orientation:  


each makes a change in coordinate system, so the 
textured image rotates in opposite direction


• center defined using (s,t) values
• rotation defined using radians


• scale similarly opposite:  scale='3 0.5' shows only 
1/3 of texture along s axis, doubled along t axis







TextureTransform rotation


<TextureTransform rotation='0.78'/>
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TextureTransform node X3D-Edit



http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/TextureTransform.x3d
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TextureTransform node X3D-Edit
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TextureTransform tooltip



http://www.web3d.org/x3d/content/X3dTooltips.html#TextureTransform





TextureProperties node


TextureProperties specifies additional properties 
applicable to all line geometry
• anisotropicDegree texture filtering
• borderColor SFColorRGBA 3-tuple color plus alpha
• borderWidth pixel boundary [0..1]
• boundaryModeS, boundaryModeT, boundaryModeR: 


CLAMP, CLAMP_TO_EDGE, CLAMP_TO_BOUNDARY, 
MIRRORED_REPEAT


• Others:  magnificationFilter, minificationFilter, 
textureCompression, texturePriority, generateMipMaps


• Hint: include 
   <component name='Shape' level='2'/>
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TextureProperties interface
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TextureProperties tooltip



http://www.web3d.org/x3d/content/X3dTooltips.html#TextureProperties
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TextureCoordinate node


TextureCoordinate specifies a set of 2D texture 
coordinates used by vertex-based nodes
• Such as IndexedFaceSet and ElevationGrid, which 


are covered in Chapter 6


TextureCoordinate point field has (s,t) values 
corresponding to vertices in parent geometry
• Type MFVec2f, multiple field array of 2-tuple floats
• Default is empty array, corresponds to regular 


(s,t) values ranging (0,1)


Best approach:  use special authoring tools
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TextureCoordinate example



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/MovieTextureAuthoringOptions.x3d





86


TextureCoordinate tooltip



http://www.web3d.org/x3d/content/X3dTooltips.html#TextureCoordinate
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TextureCoordinateGenerator node


TextureCoordinateGenerator enables the 
automatic computation and generation of 
texture coordinates for geometric shapes
• Can serve as substitute for TextureCoordinate node


Eleven procedural modes are provided
• mode field, following table explains possible values
• Associated parameter field provides setup values


This node is quite complicated 
• May find support in 3D acceleration hardware


Best approach:  use special authoring tools







TextureCoordinateGenerator 
mode enumerations


and parameter values
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TextureCoordinateGenerator 
tooltip



http://www.web3d.org/x3d/content/X3dTooltips.html#TextureCoordinateGenerator
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Advanced Nodes:  MultiTextures
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MultiTexture node


MultiTexture applies several textures together to 
achieve more complex visual effects


MultiTexture contains multiple ImageTexture, 
MovieTexture and PixelTexture nodes
• Texture maps have a 2D coordinate system
• (s, t) horizontal and vertical
• (s, t) values [0.0, 1.0] at opposite corners of  image


MultiTextureTransform is associated sibling node
MultiTextureCoordinate is child of associated 


polygonal geometry node



http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/texturing.html#MultiTexture





MultiTexture fields


MultiTexture fields define how each image in series 
of texture children are composed and applied
• mode, function, source are matching MFString arrays


mode enumerations indicate type of blending 
operation, both for color and for alpha channel
• Numerous enumeration values, default MODULATE


function operators COMPLEMENT, ALPHAREPLICATE 
optionally applied after mode blending operation


source determines if image source pixels are treated 
as DIFFUSE, SPECULAR or multiplicative FACTOR


alpha, color define baseline (1-transparency), RGB



http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/texturing.html#MultiTexture

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/texturing.html#t-multitexturemodes

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/texturing.html#t-ValuesForSourceField

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/texturing.html#t-ValuesForFunctionField





"MODULATE" Multiply texture color with current color, Arg1 × Arg2


"REPLACE" Replace current color, Arg2


"MODULATE2X" Multiply components of  arguments, shift products left 1 bit (multiplying by 2) for brightening


"MODULATE4X" Multiply components of  arguments, shift products left 2 bits (multiplying by 4) for 
brightening


"ADD" Add the components of the arguments, Arg1 + Arg2


"ADDSIGNED" Add components of arguments with -0.5 bias, effective range becomes -0.5 through 0.5


"ADDSIGNED2X" Add components of arguments with -0.5 bias, shift products to left 1 bit


"SUBTRACT" Subtract components of second argument from first argument, Arg1 - Arg2


"ADDSMOOTH" Add first and second arguments, then subtract product from sum. Arg1 + Arg2 - Arg1 × Arg2 = Arg1 + (1 - Arg1) × Arg2


"BLENDDIFFUSEALPHA" Linearly blend this texture stage using interpolated alpha from each vertex, Arg1 × (Alpha) + Arg2 × (1 - Alpha)


"BLENDTEXTUREALPHA" Linearly blend this texture stage using alpha from this stage's texture, Arg1 × (Alpha) + Arg2 × (1 - Alpha)


"BLENDFACTORALPHA" Linearly blend this texture stage using alpha factor from MultiTexture node, Arg1 × (Alpha) + Arg2 × (1 - Alpha)


"BLENDCURRENTALPHA" Linearly blend this texture stage using alpha taken from previous texture stage, Arg1 × (Alpha) + Arg2 × (1 - Alpha)


"MODULATEALPHA_ADDCOLOR" Modulate color of second argument using alpha of first argument, then add result to argument one, Arg1.RGB + Arg1.A × 
Arg2.RGB


"MODULATEINVALPHA_ADDCOLOR" Similar to MODULATEALPHA_ADDCOLOR but use inverse of alpha of first argument, (1 - Arg1.A) × Arg2.RGB + 
Arg1.RGB


"MODULATEINVCOLOR_ADDALPHA" Similar to MODULATECOLOR_ADDALPHA but use inverse of color of first argument, (1 - Arg1.RGB) × Arg2.RGB + 
Arg1.A


"OFF" No texture composition for this stage


"SELECTARG1" Use color argument 1, Arg1


"SELECTARG2" Use color argument 1, Arg2


"DOTPRODUCT3" Modulate components of each argument (as signed components), add their products, then replicate sum to all color 
channels, including alpha


MultiTexture mode enumeration values



http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/texturing.html#t-multitexturemodes





MultiTextureDesignPattern.x3d







95


MultiTexture editing panel
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TextureCoordinateGenerator 
tooltip



http://www.web3d.org/x3d/content/X3dTooltips.html#TextureCoordinateGenerator
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MultiTextureTransform


MultiTextureTransform contains multiple child 
TextureTransform nodes 


Each of the contained TextureTransform nodes 
correspond to the multiple texture nodes found 
in sibling MultiTexture node
• ImageTexture MovieTexture or 


PixelTexture


Thus supports application of 
multiple textures







98


TextureCoordinateGenerator 
tooltip



http://www.web3d.org/x3d/content/X3dTooltips.html#TextureCoordinateGenerator
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MultiTextureCoordinate


MultiTextureCoordinate contains multiple child 
TextureCoordinate, TextureCoordinateGenerator 
nodes
• for use by a parent polygonal geometry node such as 


IndexedFaceSet or Triangle* node


Contained TextureCoordinate nodes
correspond to texture nodes
• which in turn are contained in 


sibling Appearance/MultiTexture
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TextureCoordinateGenerator 
tooltip



http://www.web3d.org/x3d/content/X3dTooltips.html#TextureCoordinateGenerator
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Additional Resources
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Additional Resources
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Pellucid materials editor


Pellucid materials editor provides high-fidelity 
rendering of the VRML (X3D) materials model
• Eric Haines, copyright (c) 1997
• http://tog.acm.org/resources/applets/vrml/pellucid.html 



http://tog.acm.org/resources/applets/vrml/pellucid.html

http://tog.acm.org/resources/applets/vrml/pellucid.html
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InstantReality color calculator


• http://instantreality.org/tools/color_calculator



http://instantreality.org/tools/color_calculator

http://instantreality.org/tools/color_calculator
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PNG and JPEG image formats


Portable Network Graphics (PNG) image format
• http://www.w3.org/Graphics/PNG W3C activity
• http://www.w3.org/TR/PNG specification
• http://www.libpng.org/pub/png PNG home page
• http://www.libpng.org/pub/png/slashpng-1999.html 


Story of PNG


JPEG
• JPEG File Interchange Format (JFIF) 


http://www.w3.org/Graphics/JPEG/jfif.txt 
• http://www.jpeg.org JPEG committee home page



http://www.w3.org/Graphics/PNG

http://www.w3.org/TR/PNG

http://www.libpng.org/pub/png

http://www.libpng.org/pub/png/slashpng-1999.html

http://www.w3.org/Graphics/JPEG/jfif.txt

http://www.jpeg.org/

http://www.w3.org/Graphics/PNG

http://www.w3.org/TR/PNG

http://www.libpng.org/pub/png

http://www.libpng.org/pub/png/slashpng-1999.html

http://www.w3.org/Graphics/JPEG/jfif.txt

http://www.jpeg.org/

http://www.jpeg.org/jpeg2000
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Scalable Vector Graphics (SVG)


SVG describes 2D graphics using scalably sized 
vector definitions, rather than raster pixels
• SVG supports 2D images, interactive applications
• Support for SVG not directly required in X3D


Multiple specifications sharing a common core
• SVG, Mobile Profiles (Basic and Tiny), SVG Print
• W3C home:  http://www.w3.org/Graphics/SVG 
• Community:  http://svg.org 


Conversion to other formats available using Batik
• http://xmlgraphics.apache.org/batik open-source



http://www.w3.org/Graphics/SVG

http://svg.org/

http://xmlgraphics.apache.org/batik

http://www.w3.org/Graphics/SVG

http://svg.org/

http://xmlgraphics.apache.org/batik

http://www.fileformat.info/convert/image/svg2raster.htm

http://wiki.svg.org/Viewer_Matrix

http://www.codedread.com/svg-support.php

http://www.w3.org/Graphics/SVG/Test
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MPEG and other video formats


Caveat: the video format arena is dominated by 
proprietary, incompatible formats.


MPEG
• http://www.mpeg.org MPEG reference website
• http://www.chiariglione.org/mpeg MPEG home


Video
• Poynton, Charles, Digital Video and HDTV: 


Algorithms and Interfaces, Morgan Kaufmann 
Publishers, 2003.  http://www.poynton.com/DVAI 



http://www.mpeg.org/

http://www.chiariglione.org/mpeg

http://www.poynton.com/DVAI

http://www.mpeg.org/

http://www.chiariglione.org/mpeg

http://www.poynton.com/DVAI
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Chapter Summary


Appearance affects associated geometry, 
containing the following fields


Visual surface properties that interact with lights
• Material and TwoSidedMaterial
• LineProperties and FillProperties


Texture nodes wrap images onto geometry
• ImageTexture, MovieTexture, PixelTexture and 


MultiTexture
• TextureTransform, TextureCoordinate and 


TextureCoordinateGenerator



file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23MultiTexture

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23TextureCoordinateGenerator

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23MultiTexture

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23TextureCoordinateGenerator
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Suggested exercises


Compare different materials on identical shapes
Demonstrate the use of ImageTexture nodes by 


taking (or finding) photos of interest and then 
applying them to corresponding geometry
• Be sure to give credit for someone else's content, 


do not use unlicensed imagery without permission


Build a PixelTexture image, apply it to geometry
Demonstrate use of MovieTexture video applied 


to square geometry within a Billboard node
• Always observe credit, licensing requirements
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• Add TestCube.x3d
• Consider adding a triangular version of 


TestCube that uses triangles and 
TextureTransform slicing instead of quads


• add example scene using flipped texture
• Hugin panoramic image stitching program 


http://sourceforge.net/projects/hugin 
• Skypaint http://www.skypaint.com 



http://sourceforge.net/projects/hugin
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Appearance, Material, and Textures


Things are not always as they appear.
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Chapter Overview
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Overview:  Appearance, Material, and Textures  


Appearance affects associated geometry, 
containing the following fields


Visual surface properties that interact with lights
• Material and TwoSidedMaterial
• LineProperties and FillProperties


Texture nodes wrap images onto geometry
• ImageTexture, MovieTexture, PixelTexture and 


MultiTexture
• TextureTransform, TextureCoordinate and 


TextureCoordinateGenerator
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Motivation


Appearance, material and texture nodes are 
intended to allow authors to make 3D objects 
look similar to objects in the real world
• This goal is always a worthy challenge


Lighting is an important factor in appearance, 
because 3D objects reflect their virtual light
• Appearance and lighting are computational
• In this chapter we assume white light available, 


usually from default NavigationInfo headlight
• Lighting and environment covered in Chapter 11


In a number of ways, lighting and appearance in 3D graphics are the theoretical 
inverses of optical properties.  Graphics attempts to recreate optical properties 
computationally.
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Parent-child constraints


Each Shape node can contain
• Single geometry node
• Single Appearance node


Each Appearance node can contain
• A single Material (or TwoSidedMaterial) node
• FillProperties, LineProperties, TextureProperties
• A single Texture node (image, pixel or movie)


Each Texture node can contain
• Single TextureTransform or 


TextureTransformGenerator node
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Common functionality


Node repetition can be efficiently accomplished 
via DEF and USE
• Remember, first DEF must precede any USE copies
• Simplifies application of consistent coloring to 


multiple pieces of geometry which are either similar 
or parts of the same larger object


Consistent, more efficient, easier to globally 
change all instances at once
• Which is further important when changing styles or 


applying accessibility techniques throughout
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X3D Nodes and Examples
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Appearance node


Each Shape contains a single geometry node 
along with a corresponding Appearance node


Appearance is a container which may include
• A single Material (or TwoSidedMaterial) node
• Fill/Line/Texture Properties, single Texture node


This close association makes assignment of 
rendering properties to geometry unambiguous
• Repetition of values for visual consistency is easily 


accomplished with DEF/USE of Appearance, 
Material, Texture node, etc.


• Clear naming helps, for example
  <Appearance USE='FoggyGlassAppearance'/>


DEF/USE names can get confusing in a large X3D scene, unless good patterns and habits 
are used when giving names to nodes.


For example, a DEF name of FoggyGlass certainly describes what is intended, but it is 
not clear whether the node is an Appearance, Material, or even some kind of Texture.  
Therefore, including the name of the defining node in the DEF name (e.g. 
FoggyGlassAppearance) makes it easy to copy. 


In other words, it is more likely to later say


     <Appearance USE='FoggyGlassAppearance'/>


instead of making the node-typing mistake


     <Material USE='FoggyGlass'/> <!-- run-time error -->


Since such run-time errors are often not caught until an end user is trying to view a scene 
with unintended errors, it is better to adopt good naming practices early to avoid puzzling 
problems later.


Thumbrules on node-naming conventions are given in the X3D Scene Authoring Hints, 
provided in the X3D-Edit help system and also online at


http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#NamingConventions 
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Appearance node X3D-Edit


Appearance only has
attributes for DEF or USE.


Actual information on 
geometry appearance is 
held by contained nodes.


When adding an Appearance node from the palette, the following text appears in the 
editing pane, prompting further node addition(s):


<Appearance>


    <!--Add Material, Texture, TextureTransform, FillProperties, and/or


        LineProperties nodes here-->


</Appearance>
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Palette simplifies addition of new nodes


Use X3D-Edit palette to pick the node of interest:
• Palette groups match chapter structure, and can be 


reordered by dragging with mouse
• Upon dragging a new node element into scene, 


corresponding node editor pops up
• After checking attribute values with node editor, 


select OK to confirm the new node
• Default attribute values omitted in XML for clarity
• Erroneous node placement in scene graph, or 


invalid attribute values, cause a validation error
• Accept or reject validation errors as appropriate, 


then continue with text editing if desired
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Appearance node and X3D-Edit palette


drag + drop icon fro
m palette


drag + drop icon from palette


dr
ag


 +
 d


ro
p 


ico
n 


fro
m


 p
al


et
te


Hint:  place the cursor before comments and closing tags, and then press Enter 
(return key for line feeds), to get proper line spacing and to make the scene easier to 
read.


Embedded comments (that prompt where new nodes are inserted) can be deleted.


When all nodes are in place, you can reformat by selecting


• Control+A to select all nodes


• Alt+Shift+F to format the XML (also available via right-click context menu)


Note that head element is iconized and DOCTYPE deleted in these scenes for clarity.
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Appearance tooltip


http://www.web3d.org/x3d/content/X3dTooltips.html#Appearance 
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Material node


Material controls how most geometry is colored, 
whether it is transparent or glowing, etc.


Surface visual properties are applied equally 
across all polygons making up a shape


Material properties define how geometry visually 
interacts with light sources in the scene
• Lighting and Environment is covered in Chapter 11
• Rendering results also depend on view perspective


Material is an important node to master


This is a good time to look at the X3D specification entry for Material, either within 
X3D Help or online at 


http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/Part01/components/shape.html#Material 
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Reading X3D Specification node signatures


Actual X3D Specification entries are as follows:
• SFFloat [in,out] ambientIntensity  0.2             [0,1]
• SFColor [in,out] diffuseColor        0.8 0.8 0.8  [0,1]
• SFColor [in,out] emissiveColor      0 0 0          [0,1]
• SFFloat [in,out] shininess             0.2            [0,1]
• SFColor [in,out] specularColor      0 0 0          [0,1]
• SFFloat [in,out] transparency       0                [0,1]


These field signatures are interpreted as follows:
• SFColor and SFFloat are field types
• [in,out] is accessType (i.e. “in, out” = inputOutput)
• default value is followed by [min,max] inclusive


Note that [0,1] means any value from 0 to one.


[Square brackets] mean inclusive, (parentheses) mean exclusive.


Thus [0,   ) means a range from zero inclusive to infinity exclusive.


This is a good time to look at the X3D specification entry for TwoSidedMaterial, either 
within X3D Help or online at 


http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/Part01/components/shape.html#TwoSidedMaterial 


∞
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Material fields


Color, transparency and shininess fields together 
make up Material properties.  Examples follow.
• diffuseColor reflects all X3D light sources, 


depending on viewing angles towards each light
• ambientIntensity is reflection multiplication factor
• emissiveColor is glowing component, normally off, 


independent of reflected light
• specularColor governs reflection highlights
• shininess controls specular intensity
• transparency is ability to see through an object:  


1 is completely transparent, 0 is opaque
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Material node X3D-Edit


diffuseColor is the primary Material field


http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/DiffuseColor.x3d 
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Material editor:  diffuseColor
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emissiveColor


emissiveColor 
is the glowing component
and can easily overpower 


other color fields


http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/EmissiveColor.x3d 


Also note how all highlights are washed out, the sense of perspective provided by the 
shading of reflected light is completely lost.


Because of this side effect, emissiveColor should be used sparingly (if at all) and is 
usually reserved for visualizing energy or other special effects.
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Material editor color selector


Click colored box to select a color
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specularColor


specularColor and shininess subtly change perceived colors


bright shiny spots on an apple are examples of specular color


http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/SpecularColor.x3d 
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Material editor specularColor, shininess
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transparency effects


View of semitransparent shiny Sphere,
in front of nontransparent (opaque) Box,


in front of opaque Cylinder


http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/Transparency.x3d 
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Universal Media materials library


The Universal Media materials were originally 
created by SGI as part of OpenInventor in the 
1990s as a convenience to authors


Each set of materials is grouped for visual 
compatibility and aesthetic appeal


Now converted and available for X3D use
• David Rousseau converted to VRML97
• Aaron Walsh created VRML Universal Media archive
• Don Brutzman translated into X3D as prototypes, 


cut/paste field values, also embedded in X3D-Edit
• http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials 


David Rousseau's VRML site for these materials is http://vrmlstuff.free.fr/materials 







 


Chapter05-AppearanceMaterialTextures 26


Selecting a Universal Material value


Selecting a Universal Media
library and index number


resets Material field values
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Universal Media screenshots


Universal Media Material libraries include
ArtDeco, Autumn, Glass, Metal, Neon, Rococo, SantaFe, 


Sheen, Silky, Spring, Summer, Tropical, Winter


http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials
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Universal Media Material library online
http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials 


• Example scenes 
good for browsing


• Click sphere for 
closeup view


• Click text for X3D 
material source


• Click grid to 
restore full view


http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials/GlassExamples.x3d


Pretty-print HTML version of X3D material declaration is popped up 
when the user selects some text (such as “Glass 34”).  Then the 


Material values can be copied/pasted into your X3D scene.


http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials/GlassPrototypes.html#ProtoDeclare_Glass34 







 


Chapter05-AppearanceMaterialTextures 29


29


Material tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#Material 
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TwoSidedMaterial node


TwoSidedMaterial fields are identical to Material, 
with the addition of the following new fields:
• backAmbientIntensity, backShininess, backTransparency
• backDiffuseColor, backEmissiveColor, backSpecularColor 


The 'back' fields determine how the 'backsides' of 
polygons are drawn
• Such as insides of primitive geometry
• Corresponding geometry must have solid='false' 


Hint: separateBackColor='true' to enable back
Hint: include <component name='Shape' level='4'/>


TwoSidedMaterial was introduced in X3D version 3.2.


http://www.web3d.org/x3d/specifications/ISO-IEC-19775-X3DAbstractSpecification_Revision1_to_Part1/Part01/components/shape.html#TwoSidedMaterial 


The front (and back) sides of a polygon are defined by normal direction of each polygon.  For simple 
geometry primitives, these are simply the outside (and inside) respectively.  For vertex-based polygons, 
the positive normal direction is defined using the right-hand rule:  follow the points in order pointing 
from lower to higher using the curled fingers of the right hand.  The right-hand thumb then points in the 
direction of the positive normal.


Normals are discussed further in Chapter 13, Triangles and Quadrilaterals.


Also note that many geometry nodes have a solid field which has an effect on TwoSidedMaterial.


• solid='true' means that the object has one side and is considered solid (like a brick) with no 
inside faces to draw


• solid='false' means the object has two sides, both front (outer) faces and back (inner) faces.  
So for this case, TwoSidedMaterial is honored and used.


Advanced hint:  separateBackColor presents interesting opportunities for animation. 







 


Chapter05-AppearanceMaterialTextures 31


31


TwoSidedMaterial specification 
help entry in X3D-Edit


12.  Shape component


F1 is the X3D-Edit hot key to invoke the JavaHelp system
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TwoSidedMaterial tooltips


 http://www.web3d.org/x3d/content/X3dTooltips.html#TwoSidedMaterial
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FillProperties node


FillProperties specifies additional characteristics 
that can be applied to the material shading of 
geometry nodes
• Adds to basic effects of peer Material and texture


FillProperties is a new X3D node not in VRML97
• If backwards compatibility needed and FillProperties 


effects are critical, consider an additional secondary 
technique to also backup this functionality


Hint: include <component name='Shape' level='3'/>
Note: hatch effects are not affected by lighting


Note:  <component> declarations precede <meta> statements inside the scene 
<head> section
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FillProperties fields
• filled is a boolean (true or false) field to indicate 


whether the material properties are filled in.  
Setting filled='false' can be useful to highlight 
hatching effects.


• hatched is another SFBool single-field boolean that 
turns hatching effects on or off.  Hatching can be a 
helpful user-interaction technique to indicate 
selection or objects of interest.


• hatchColor is the color applied to hatching effects 
over the material surface.  Be sure to use a color 
that distinguishes hatching from diffuseColor.


• hatchStyle codes follow on the next slide 
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FillProperties hatchStyle codes
(parentheses indicate optional support)


X3D for Web Authors, Table 5.8, p.136


ISO International Register of Graphical Items, Registration authority — National 
Imagery and Mapping Agency, c/o Joint Interoperability Test Command, Building 


57305, Room 263A, Fort Huachuca, Arizona 85613-7020. USA.


http://jitc.fhu.disa.mil/nitf/graph_reg/graph_reg.html


Hatchstyle Section


http://jitc.fhu.disa.mil/nitf/graph_reg/class_pages/hatchstyle.html 
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FillProperties node X3D-Edit


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/FillProperties.x3d 
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FillProperties hatchStyle example screen 
snapshot


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/FillProperties.x3d 


Warning:  currently support for FillProperties is poor for many browsers.  This screen 
snapshot shows that the optional hatchStyle values are not supported by this browser.
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FillProperties tooltip


http://www.web3d.org/x3d/content/X3dTooltips.html#FillProperties 
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LineProperties node


LineProperties specifies additional characteristics 
that can be applied to the material shading of 
geometry nodes
• Adds to basic effects of peer Material and texture
• Also applies to geometry edges, not just lines


LineProperties is a new X3D node not in VRML97
• If backwards compatibility needed and FillProperties 


effects are critical, consider an additional secondary 
technique to also backup this functionality


• Hint: include <component name='Shape' level='2'/>


Note:  <component> declarations precede <meta> statements inside the scene 
<head> section
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LineProperties fields
• applied is an SFBool field to turn the line property 


effects on or off, which can be set up as a helpful 
user-interaction technique


• linewidthScaleFactor (note irregular capitalization) 
provides a multiplicative factor to scale the nominal 
X3D-browser line width


• linetype (note irregular capitalization) selects a line 
pattern, with allowed values listed on following slide
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LineProperties linetype values
(parentheses indicate optional support)


(single arrow)


X3D for Web Authors, Table 5.11, p.138


X3D specification, Table 12.2 — International registry of graphical items linetypes


http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/Part01/components/shape.html#t-Linetypes 


ISO International Register of Graphical Items, Registration authority — National 
Imagery and Mapping Agency, c/o Joint Interoperability Test Command, Building 


57305, Room 263A, Fort Huachuca, Arizona 85613-7020. USA.


http://jitc.fhu.disa.mil/nitf/graph_reg/graph_reg.html


Linetype Section


http://jitc.fhu.disa.mil/nitf/graph_reg/class_pages/linetype.html 


The linetype erratum for enumeration code 6 was found and reported by a member of 
the X3D Working Group in August 2009.  You can report specification comments and 
issues via online feedback forms available at


http://www.web3d.org/x3d/specifications/#x3dreporting 


Book errata are tracked at


http://x3dgraphics.com/errata.php 
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LineProperties node X3D-Edit


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/LineProperties.x3d 
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LineProperties linetype example 
screen snapshot


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/LineProperties.x3d 


Warning:  currently support for LineProperties is poor for many browsers.
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LineProperties tooltip


http://www.web3d.org/x3d/content/X3dTooltips.html#LineProperties 
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Texture nodes


Texture nodes read 2D image (or movie) files 
and apply them pixel-by-pixel to the associated 
geometry sharing the same Shape node
• Thus wrapping picture images around an object
• ImageTexture, PixelTexture, MovieTexture
• Can be inexpensive way to achieve high fidelity


Texture images can be shifted, rotated, scaled
• TextureTransform, TextureCoordinate 
• Thus modifying image application to geometry
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Texture coordinates   1


Defined by a 2D (s, t) coordinate system
• Ranges from [0,1] along lateral s and vertical t axes
• Bottom edge of image is s-axis (t=0)
• Left      edge of image is t-axis (s=0)
• Top-right corner is (s, t) = (1, 1)


Thus texture maps provide a 2D color function 
that find the pixel in an image at location (s, t) 
to return value of color(s, t)
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Texture coordinates   2


s and t coordinates locate each pixel in an image
• Thus texture coordinates work independently of 


either file size (bytes), image size (pixel count) or 
aspect ratio (width:height)


“Figure 18.1 — Texture map coordinate system”


used with permission from X3D Specification
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Common fields for texture nodes


repeatS and repeatT
• These boolean fields indicate whether the texture 


image is repeated along a given axis once used
• Default is to use once along each axis, mapping the 


texture image once from coordinates (0,0) to (1,1)


Hint:  rather than working with repeatS repeatT 
parameters or TextureTransform, it is often 
easiest to adjust a texture by modifying it 
within an image editor.  Example follows.
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Image file manipulation tools


Many tools are available for manipulating images, 
sometimes provided with the operating system
• Adobe Photoshop
• Microsoft Visio, Paint, Keynote (Mac)


One of best is free, open source, recommended:
• Gnu Image Manipulation Program (GIMP) 


http://www.gimp.org 


Drawing tools can also be helpful
• OpenOffice Draw, Impress 


http://www.openOffice.org 
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Texture flipping for (s,t) tile repetition


This is a nice trick for repetitive surfaces such as grass, water, sky, etc. that will show 
sharp, distracting edge artifacts if simply tiled as they originally appear.


Most image editors are capable of copying, flipping and aligning the quadrant images.


This is not a sufficient technique for smooth repetitive texturing if there are large color 
differences among the pixels within the original image being tiled.


TODO:  add example scene using this texture
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ImageTexture node


ImageTexture retrieves a 2D image file and 
applies it as a texture to geometry
• Commonly used technique, important to master


url described in Chapter 4 Grouping Nodes 
• as part of Inline and Anchor
• Recall that the url field is an ordered list which can 


include both local (relative) and online addresses to 
image files


• Might preferentially load online version first, 
perhaps if it can be updated, and keep a local url 
value for a backup image


Examples of online imagery updates might be weather-related sky snapshots, 
webcam views, or perhaps other photography.


Further guidance on url links provided in X3D Scene Authoring Hints, provided within 
X3D-Edit help system or online at 
http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#urls 
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ImageTexture 
example


Change <Sphere/> to <Box/>


Note that image is applied equally
to each side of the Box geometry
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ImageTexture file formats


Supported, required image file formats:
• Joint Photographic Expert Group (.jpg) which is 


good for photographic images
• Portable Network Graphics (.png) which is good for 


bit-mapped drawings and other images
• Both formats are royalty free, commonly used in Web


Also suggested (but not required)
• Graphics Image Format (.gif), has license restrictions


Other image formats are also allowed
• but support for users by X3D browser not guaranteed


Specialty image file formats are allowed.  There are no restrictions on what file formats 
can be referenced within the url values of an X3D scene.


One common approach to the use of specialty (perhaps high resolution) file formats is 
to list these first in the url ordered-list array, followed by an alternate version of the 
image file encoded in a format required to be supported (such as .png).


In that way, a broader-capability X3D browser can preferentially load the specialty 
image format first, but other regular X3D browsers will skip the unsupported format 
and then load the fallback url that lists the required format.


Further detail:  X3D Specification, 18.2.2 Texture map image formats


http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/Part01/components/texturing.html#Texturemapimageformats 
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ImageTexture and Material


It is good practice to accompany ImageTexture 
with a Material node
• Material is rendered first if network delays are 


encountered when loading the image file
• Carefully chosen Material diffuseColor can reduce 


sudden color changes when a delayed image file is 
finally applied


• Underlying Material values are further important 
and will show through if the texture image includes 
transparent pixels
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ImageTexture node X3D-Edit


An old favorite.


http://www.web3d.org/x3d/content/examples/HelloWorld.x3d 


url list functionality:


• Color coding:  green=resource found, red=resource not found, black=still searching


• Edit:  edit url value, as shown in popup menu


• Launch:  pass url to Web browser for display


• Load:  load image in X3D-Edit


earth-topo.png







 


Chapter05-AppearanceMaterialTextures 56


56


ImageTexture tooltip


http://www.web3d.org/x3d/content/X3dTooltips.html#ImageTexture 
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MovieTexture node


MovieTexture applies video imagery to geometry
• Same considerations for url field as ImageTexture


Often applied sparingly, because 
• movie files are often quite large
• Applying high-frame rate pixels is computationally 


expensive, which can slow down frame rate and 
may present low-quality results in some browsers


3D wall or billboard helps make movies viewable
• Important to provide a clear Viewpoint to see it
• Authors might prefer for movie to instead play 


within Web browser outside X3D scene


Of course, as systems and graphics cards get faster and faster, with more and more 
memory, the size of movie files is becoming much less of a problem these days.


MovieTexture examples are available in ConformanceNIST suite, locally downloadable 
using X3D-Edit or else found online at


http://www.web3d.org/x3d/content/examples/ConformanceNist/Appearance/MovieTexture 
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MovieTexture file formats


Supported, required image file formats:
• Motion Picture Expert Group (.mpg format, MPEG-2) 


which is good for low (or moderate) bandwidth video


Other movie formats are also allowed
• but consistent support for users among X3D browsers 


is not guaranteed, unless royalty free (RF)


Expected future work
• Possible merger of streaming video, streaming X3D?
• Web3D Consortium will not approve video formats for 


Web use by X3D unless they are royalty free
• Related efforts: World Wide Web Consortium


Specialty movie  file formats are allowed.  There are no restrictions on what file 
formats can be referenced within the url values of an X3D scene.


One common approach to the use of specialty (perhaps high resolution) file formats is 
to list these first in the url ordered-list array, followed by an alternate version of the 
image file encoded in the format required to be supported (which is .jpg).  


In that way, a broader-capability X3D browser can preferentially load the specialty 
image format first, but other regular X3D browsers will skip the unsupported format 
and then load the fallback url that lists the required format.


Related work at W3C:  Video on the Web at http://www.w3.org/2008/WebVideo 


Reference:  Video Requirements for Web-based Virtual Environments using 
Extensible 3D (X3D) Graphics, Don Brutzman, Mathias Kolsch (Web3D Consortium, 
Naval Postgraduate School, Monterey California USA).


http://www.w3.org/2007/08/video/positions/Web3D.pdf 
Abstract.  Real-time interactive 3D graphics and virtual environments typically include a variety of 
multimedia capabilities, including video. The Extensible 3D (X3D) Graphics is an ISO standard produced 
by the Web3D Consortium that defines 3D scenes using a scene-graph approach. Multiple X3D file 
formats and language encodings are available, with a primary emphasis on XML for maximum 
interoperability with the Web architecture.  A large number of functional capabilities are needed and 
projected for the use of video together with Web-based virtual environments. This paper examines 
numerous functional requirements for the integrated use of Web-compatible video with 3D. Three areas 
of interest are identified:  video usage within X3D scenes, linking video external to X3D scenes, and 
generation of 3D geometry from video. 
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MovieTexture fields   1
• speed is a rate factor to speed up or slow down 


movie playback, can be negative to go in reverse
• startTime and stopTime are used as input controls 


to begin and end play, usually by routing an SFTime 
event from a TimeSensor or TouchSensor


• pauseTime and resumeTime operate similarly, 
allowing the movie to pause/resume at same point 
in time (rather than starting over from beginning)


• isActive and isPaused are boolean output events 
that are sent by the MovieTexture node:  true when 
the condition occurs, false when it ends


Events are described further in Chapter 7
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MovieTexture fields   2
• duration_changed is length of time in seconds for 


one cycle of the movie
• elapsedTime is SFTime output event sent 


continuously as movie is playing, cumulatively in 
seconds without counting any pause durations


Can use LoadSensor (chapter 12) to detect when 
movie is fully loaded


DEF and USE are important for multiple copies
• Minimize download file size, bandwidth, and delay
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MovieTexture and Material


It is good practice to accompany MovieTexture 
with a Material node
• Material is rendered first if network delays are 


encountered when loading the image file
• Carefully chosen Material diffuseColor can reduce 


sudden color changes when a delayed image file is 
finally applied


• Underlying Material values are further important 
and will show through if the MovieTexture images 
include transparent pixels


Same considerations as ImageTexture
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MovieTexture node X3D-Edit


Note the presence of 


     <TextureCoordinate DEF='FullImageMapping' point='0 0 1 0 1 1 0 1'/> 


to guarantee proper (s, t) mapping of the MovieTexture image corners to a rectangular 
IndexedFaceSet.


Note that url values are listed in green, indicating that X3D-Edit was able to find the 
resources OK.  Missing resources are listed in red, while a check in progress keeps 
the resource listed in black.


The url editor is also able to launch a resource into the browser for testing.  If the file 
type is supported (X3D, image, HTML) then the author can also load it into X3D-Edit.  
X3D-Edit support of movie files isn't supported.
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MovieTexture example screen snapshots


Billboard above a MovieTexture rotates it to always face the user.
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MovieTexture tooltips 1


http://www.web3d.org/x3d/content/X3dTooltips.html#MovieTexture 
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MovieTexture tooltips continued


http://www.web3d.org/x3d/content/X3dTooltips.html#MovieTexture 
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PixelTexture node


PixelTexture contains the bit pattern of an image
• Written out as set of numeric data within the node


This allows single X3D scene to embed imagery
• Which helps when delivering a self-sufficient scene
• However may increase overall file size


Numeric image data is encoded pixel by pixel, 
using a special data type:  SFImage
• After defining array dimensions, each individual 


number entered in pixel field corresponds to a 
black/white, black/white/alpha, RGB or RGBA value
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SFImage data type


First three data values:
• Number of width  pixels in image
• Number of height pixels in image
• Number of components in each pixel value (0-4)


Component count represented by each pixel value:
• 0 for no image,  <ImageTexture image='0 0 0'/>
• 1 for black-white intensity
• 2 for black-white intensity, transparency
• 3 for red-green-blue colors
• 4 for red-green-blue colors, transparency


Array then holds appropriate number of pixel values


Pixel values (as well as any other X3D integer value) can be in decimal or 
hexadecimal format.
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SFImage examples


`


Each numeric pixel entry is a single component value


 note erratum in book 


3 2 4, 0xFF0000FF 0x00FF00FF 
0x0000FFFF 0xFF00007F 
0x00FF007F 0x0000FF7F


Pixel count


0


2


2


8


6


X3D for Web Authors, Table 5.18, p.145.  
http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/PixelTextureComponentExamples.x3d 


Erratum correction applied to 4-component example (omit leading FF in final value).


http://x3dgraphics.com/errata.php 
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Hexadecimal number representation


Hexadecimal (base 16) and decimal (base 10) are 
both permitted for any X3D numeric data
• Hex commonly used in SFImage, easier to read


Base 10 and base 16 digits:
• 0  1  2  3  4  5  6  7  8  9   10  11  12  13  14  15
• 0  1  2  3  4  5  6  7  8  9    a    b   c    d    e    f


Syntax and examples:


• Precede hex values with 0x, thus hex 0xC=15
10


  


• 0x0012BE = 1·163+2·162+11·161+14 = 4798
10


 
➢ = 0 red, (0x12=47)/255 green, (0xBE=190)/255 blue
➢ = color value  (0 red, 0.184 green, 0.745 blue)


Hexadecimal is base sixteen, which is more concise and suitable for binary data.  


Both decimal (base 10) and hexadecimal data appear in the above example.


     Base 10 digits:   0  1  2  3  4  5  6  7  8  9   10  11  12  13  14  15


     Base 16 digits:   0  1  2  3  4  5  6  7  8  9    a    b     c    d    e    f


Note X3D and ClassicVRML encoding prefix for hexadecimal data is '0x' 


Hexadecimal data is unsigned, sign information is carried in most-significant bit.


binary    octal  decimal  hex          binary    octal  decimal  hex


0000 0 0 0 1000 10 8 8


0001 1 1 1 1001 11 9 9


0010 2 2 2 1010 12 10 a


0011 3 3 3 1011 13 11 b


0100 4 4 4 1100 14 12 c


0101 5 5 5 1101 15 13 d


0110 6 6 6 1110 16 14 e


0111 7 7 7 1111 17 15 f


Also note that leading zeros may be omitted.  Thus, for the slide example above, 


      0x12BE = 0x0012BE
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Example value conversions
Hex value 0-255 range    r g b a transparency color


0xFF 255 1
0x00 0 0


0xCCFF 204 0.8 255   0.0
0x2277 34 0.13 119   0.53


0xFF0000 255 0 0 1 0 0
0xFF00 0 255 0 0 1 0
0xFFFFFF 255 255 255 1 1 1
0xFFFF00 255 255 0 1 1 0


1 0 0 255   0.0
0 1 0 255   0.0
0 0 1 255   0.0
1 0 0 127   0.5
0 1 0 127   0.5
0 0 1 127   0.5


bw


Note that alpha a = (1- transparency)


X3D for Web Authors, Table 5.18, p.145.  


Errata correction applied to 4-component example.
http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/PixelTextureComponentExamples.x3d 
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PixelTexture.x3d X3D-Edit


 


http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/PixelTexture.x3d 
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PixelTextureBW.x3d X3D-Edit


http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/PixelTextureBW.x3d 
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Converting image into PixelTexture


PixelTextureGenerator is a .java application to 
convert an image file into a PixelTexture node
• Available in Savage archive under Tools, Authoring
• https://savage.nps.edu/Savage/Tools/Authoring/PixelTextureGenerator.java


• Can be downloaded with open-source Savage archive


Command-line invocation
• java PixelTextureGenerator imageName.ext [outputSceneName.x3d]


X3D-Edit includes this capability 
within the PixelTexture editor, 
greatly simplifying image file 
conversion into pixel values


Warning
file size 


increases 
are drastic!


Example showing use of PixelTextureGenerator to convert image file: 
https://savage.nps.edu/Savage/Tools/Authoring/PixelTextureNavyJackDontTreadOnMe.x3d


Once a PixelTexture is generate by the class, it can be inserted into the following X3D 
template to make a complete Shape,  At that point it is ready for copying and further 
use in an X3D scene.


https://savage.nps.edu/Savage/Tools/Authoring/PixelTextureTemplate.x3d   


Use of the PixelTexture editing pane in X3D-Edit automates the use of this class and makes it 
easy to convert image files.  Nevertheless be careful about file size, typically they may get 
about 25 times larger than the original!


Navy Jack references:


https://savage.nps.edu/Savage/Tools/Authoring/NavyJackDontTreadOnMe.gif 


https://savage.nps.edu/Savage/Tools/Authoring/NavyJackDontTreadOnMe.txt 
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PixelTexture tooltip


http://www.web3d.org/x3d/content/X3dTooltips.html#PixelTexture 
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TextureTransform node


TextureTransform defines a 2D (s, t) coordinate 
transformation for corresponding texture node, 
to better align images placed on geometry
• 2D translation left/right/up/down
• rotation angle about center
• 2D scaling, uniform or non-uniform


Transformation order remains significant
• translation, rotation, scale (same as Transform)
• However it is applied against coordinate system, 


not image file, so directions are counterintuitive
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TextureTransform fields


Transformation are (s,t) axes-centric, not image 
centric, so direction differs from expectations
• translation controls lateral shift of image file along 


the polygonal surface, defined using (s,t) values
• center and rotation modify texture orientation:  


each makes a change in coordinate system, so the 
textured image rotates in opposite direction


• center defined using (s,t) values
• rotation defined using radians


• scale similarly opposite:  scale='3 0.5' shows only 
1/3 of texture along s axis, doubled along t axis
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TextureTransform rotation


<TextureTransform rotation='0.78'/>


Key point:  TextureTransform rotations turn in the direction opposite to that expected.  
This is because the rotation operates on the (s,t) coordinate system, rather than the 
individual coordinates themselves.


This convention has always been the case in computer graphics, so X3D remains 
consistent rather than trying to change the semantics of rotation direction (since that 
would cause many unnecessary incompatibility problems).
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TextureTransform node X3D-Edit


http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/TextureTransform.x3d 
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TextureTransform node X3D-Edit
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TextureTransform tooltip


http://www.web3d.org/x3d/content/X3dTooltips.html#TextureTransform 
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TextureProperties node


TextureProperties specifies additional properties 
applicable to all line geometry
• anisotropicDegree texture filtering
• borderColor SFColorRGBA 3-tuple color plus alpha
• borderWidth pixel boundary [0..1]
• boundaryModeS, boundaryModeT, boundaryModeR: 


CLAMP, CLAMP_TO_EDGE, CLAMP_TO_BOUNDARY, 
MIRRORED_REPEAT


• Others:  magnificationFilter, minificationFilter, 
textureCompression, texturePriority, generateMipMaps


• Hint: include 
   <component name='Shape' level='2'/>
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TextureProperties interface
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TextureProperties tooltip


http://www.web3d.org/x3d/content/X3dTooltips.html#TextureProperties
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TextureCoordinate node


TextureCoordinate specifies a set of 2D texture 
coordinates used by vertex-based nodes
• Such as IndexedFaceSet and ElevationGrid, which 


are covered in Chapter 6


TextureCoordinate point field has (s,t) values 
corresponding to vertices in parent geometry
• Type MFVec2f, multiple field array of 2-tuple floats
• Default is empty array, corresponds to regular 


(s,t) values ranging (0,1)


Best approach:  use special authoring tools
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TextureCoordinate example


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/MovieTextureAuthoringOptions.x3d


TODO:  open up window  on plot 5-10% to avoid overwriting axes
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TextureCoordinate tooltip


http://www.web3d.org/x3d/content/X3dTooltips.html#TextureCoordinate 







 


Chapter05-AppearanceMaterialTextures 87


87


TextureCoordinateGenerator node


TextureCoordinateGenerator enables the 
automatic computation and generation of 
texture coordinates for geometric shapes
• Can serve as substitute for TextureCoordinate node


Eleven procedural modes are provided
• mode field, following table explains possible values
• Associated parameter field provides setup values


This node is quite complicated 
• May find support in 3D acceleration hardware


Best approach:  use special authoring tools
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TextureCoordinateGenerator 
mode enumerations


and parameter values


X3D for Web Authors, Table 5.25, p.154
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TextureCoordinateGenerator 
tooltip


http://www.web3d.org/x3d/content/X3dTooltips.html#TextureCoordinateGenerator 
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Advanced Nodes:  MultiTextures


back to Table of Contents
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MultiTexture node


MultiTexture applies several textures together to 
achieve more complex visual effects


MultiTexture contains multiple ImageTexture, 
MovieTexture and PixelTexture nodes
• Texture maps have a 2D coordinate system
• (s, t) horizontal and vertical
• (s, t) values [0.0, 1.0] at opposite corners of  image


MultiTextureTransform is associated sibling node
MultiTextureCoordinate is child of associated 


polygonal geometry node


MultiTexture node in X3D Specification:
http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/texturing.html#MultiTexture 
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MultiTexture fields


MultiTexture fields define how each image in series 
of texture children are composed and applied
• mode, function, source are matching MFString arrays


mode enumerations indicate type of blending 
operation, both for color and for alpha channel
• Numerous enumeration values, default MODULATE


function operators COMPLEMENT, ALPHAREPLICATE 
optionally applied after mode blending operation


source determines if image source pixels are treated 
as DIFFUSE, SPECULAR or multiplicative FACTOR


alpha, color define baseline (1-transparency), RGB


MultiTexture node enumeration value tables are defined in X3D specification


Table 18.3 — Values for the mode field
http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/texturing.html#t-multitexturemodes


Table 18.4 — Values for the source field
http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/texturing.html#t-ValuesForSourceField 


Table 18.5 — Values for the function field
http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/texturing.html#t-ValuesForFunctionField 
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"MODULATE" Multiply texture color with current color, Arg1 × Arg2


"REPLACE" Replace current color, Arg2


"MODULATE2X" Multiply components of  arguments, shift products left 1 bit (multiplying by 2) for brightening


"MODULATE4X" Multiply components of  arguments, shift products left 2 bits (multiplying by 4) for 
brightening


"ADD" Add the components of the arguments, Arg1 + Arg2


"ADDSIGNED" Add components of arguments with -0.5 bias, effective range becomes -0.5 through 0.5


"ADDSIGNED2X" Add components of arguments with -0.5 bias, shift products to left 1 bit


"SUBTRACT" Subtract components of second argument from first argument, Arg1 - Arg2


"ADDSMOOTH" Add first and second arguments, then subtract product from sum. Arg1 + Arg2 - Arg1 × Arg2 = Arg1 + (1 - Arg1) × Arg2


"BLENDDIFFUSEALPHA" Linearly blend this texture stage using interpolated alpha from each vertex, Arg1 × (Alpha) + Arg2 × (1 - Alpha)


"BLENDTEXTUREALPHA" Linearly blend this texture stage using alpha from this stage's texture, Arg1 × (Alpha) + Arg2 × (1 - Alpha)


"BLENDFACTORALPHA" Linearly blend this texture stage using alpha factor from MultiTexture node, Arg1 × (Alpha) + Arg2 × (1 - Alpha)


"BLENDCURRENTALPHA" Linearly blend this texture stage using alpha taken from previous texture stage, Arg1 × (Alpha) + Arg2 × (1 - Alpha)


"MODULATEALPHA_ADDCOLOR" Modulate color of second argument using alpha of first argument, then add result to argument one, Arg1.RGB + Arg1.A × 
Arg2.RGB


"MODULATEINVALPHA_ADDCOLOR" Similar to MODULATEALPHA_ADDCOLOR but use inverse of alpha of first argument, (1 - Arg1.A) × Arg2.RGB + 
Arg1.RGB


"MODULATEINVCOLOR_ADDALPHA" Similar to MODULATECOLOR_ADDALPHA but use inverse of color of first argument, (1 - Arg1.RGB) × Arg2.RGB + 
Arg1.A


"OFF" No texture composition for this stage


"SELECTARG1" Use color argument 1, Arg1


"SELECTARG2" Use color argument 1, Arg2


"DOTPRODUCT3" Modulate components of each argument (as signed components), add their products, then replicate sum to all color 
channels, including alpha


MultiTexture mode enumeration values


X3D specification, Table 18.3 — Multitexture modes
http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/texturing.html#t-multitexturemodes 
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MultiTextureDesignPattern.x3d
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MultiTexture editing panel
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TextureCoordinateGenerator 
tooltip


http://www.web3d.org/x3d/content/X3dTooltips.html#TextureCoordinateGenerator 
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MultiTextureTransform


MultiTextureTransform contains multiple child 
TextureTransform nodes 


Each of the contained TextureTransform nodes 
correspond to the multiple texture nodes found 
in sibling MultiTexture node
• ImageTexture MovieTexture or 


PixelTexture


Thus supports application of 
multiple textures







 


Chapter05-AppearanceMaterialTextures 98


98


TextureCoordinateGenerator 
tooltip


http://www.web3d.org/x3d/content/X3dTooltips.html#TextureCoordinateGenerator 
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MultiTextureCoordinate


MultiTextureCoordinate contains multiple child 
TextureCoordinate, TextureCoordinateGenerator 
nodes
• for use by a parent polygonal geometry node such as 


IndexedFaceSet or Triangle* node


Contained TextureCoordinate nodes
correspond to texture nodes
• which in turn are contained in 


sibling Appearance/MultiTexture
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TextureCoordinateGenerator 
tooltip


http://www.web3d.org/x3d/content/X3dTooltips.html#TextureCoordinateGenerator 
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Additional Resources


back to Table of Contents
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Additional Resources


back to Table of Contents
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Pellucid materials editor


Pellucid materials editor provides high-fidelity 
rendering of the VRML (X3D) materials model
• Eric Haines, copyright (c) 1997
• http://tog.acm.org/resources/applets/vrml/pellucid.html 
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InstantReality color calculator


• http://instantreality.org/tools/color_calculator
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PNG and JPEG image formats


Portable Network Graphics (PNG) image format
• http://www.w3.org/Graphics/PNG W3C activity
• http://www.w3.org/TR/PNG specification
• http://www.libpng.org/pub/png PNG home page
• http://www.libpng.org/pub/png/slashpng-1999.html 


Story of PNG


JPEG
• JPEG File Interchange Format (JFIF) 


http://www.w3.org/Graphics/JPEG/jfif.txt 
• http://www.jpeg.org JPEG committee home page


JPEG 2000


• http://www.jpeg.org/jpeg2000 
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Scalable Vector Graphics (SVG)


SVG describes 2D graphics using scalably sized 
vector definitions, rather than raster pixels
• SVG supports 2D images, interactive applications
• Support for SVG not directly required in X3D


Multiple specifications sharing a common core
• SVG, Mobile Profiles (Basic and Tiny), SVG Print
• W3C home:  http://www.w3.org/Graphics/SVG 
• Community:  http://svg.org 


Conversion to other formats available using Batik
• http://xmlgraphics.apache.org/batik open-source


SVG support not is directly required by the X3D specification.  Nevertheless, SVG 
support theoretically might be legally provided by any X3D player that wants to support 
SVG as an ImageTexture format.


Online support for converting SVG to PNG, JPEG or TIFF formats:


• http://www.fileformat.info/convert/image/svg2raster.htm 


• This server exposes Batik functionality


SVG implementations 


• http://wiki.svg.org/Viewer_Matrix 


SVG support matrix for various browsers


• http://www.codedread.com/svg-support.php 


SVG test suite 


• http://www.w3.org/Graphics/SVG/Test 
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MPEG and other video formats


Caveat: the video format arena is dominated by 
proprietary, incompatible formats.


MPEG
• http://www.mpeg.org MPEG reference website
• http://www.chiariglione.org/mpeg MPEG home


Video
• Poynton, Charles, Digital Video and HDTV: 


Algorithms and Interfaces, Morgan Kaufmann 
Publishers, 2003.  http://www.poynton.com/DVAI 
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Chapter Summary


back to Table of Contents
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Chapter Summary


Appearance affects associated geometry, 
containing the following fields


Visual surface properties that interact with lights
• Material and TwoSidedMaterial
• LineProperties and FillProperties


Texture nodes wrap images onto geometry
• ImageTexture, MovieTexture, PixelTexture and 


MultiTexture
• TextureTransform, TextureCoordinate and 


TextureCoordinateGenerator
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Suggested exercises


Compare different materials on identical shapes
Demonstrate the use of ImageTexture nodes by 


taking (or finding) photos of interest and then 
applying them to corresponding geometry
• Be sure to give credit for someone else's content, 


do not use unlicensed imagery without permission


Build a PixelTexture image, apply it to geometry
Demonstrate use of MovieTexture video applied 


to square geometry within a Billboard node
• Always observe credit, licensing requirements
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Slideset TODO


• Add TestCube.x3d
• Consider adding a triangular version of 


TestCube that uses triangles and 
TextureTransform slicing instead of quads


• add example scene using flipped texture
• Hugin panoramic image stitching program 


http://sourceforge.net/projects/hugin 
• Skypaint http://www.skypaint.com 
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CGEMS, SIGGRAPH, Eurographics


The Computer Graphics Educational Materials 
Source(CGEMS) site is designed for educators
• to provide a source of refereed high-quality content
• as a service to the Computer Graphics community
• freely available, directly prepared for classroom use
• http://cgems.inesc.pt 


X3D for Web Authors recognized by CGEMS!  ☺
• Book materials:  X3D-Edit tool, examples, slidesets
• Received jury award for Best Submission 2008


CGEMS supported by SIGGRAPH, Eurographics


From the CGEMS home page:


• http://cgems.inesc.pt 


Welcome to CGEMS - Computer Graphics Educational Materials Source. The 
CGEMS site is designed for educators to provide a source of refereed high-
quality content as a service to the Computer Graphics community as a whole. 
Materials herein are freely available and directly prepared for your classroom.


List of all published modules:


• http://cgems.inesc.pt/authors/ListModules.aspx 


CGEMS Editorial Policy:


• http://cgems.inesc.pt/EditorialPolicy.htm 
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Creative Commons open-source license
http://creativecommons.org/licenses/by-nc-sa/3.0 


Attribution-Noncommercial-Share Alike 3.0 Unported


You are free:


    * to Share — to copy, distribute and transmit the work


    * to Remix — to adapt the work


Under the following conditions:


    * Attribution. You must attribute the work in the manner specified by the author or 
licensor (but not in any way that suggests that they endorse you or your use of the 
work).


      Attribute this work:  What does "Attribute this work" mean?


      The page you came from contained embedded licensing metadata, including how 
the creator wishes to be attributed for re-use. You can use the HTML here to cite the 
work. Doing so will also include metadata on your page so that others can find the 
original work as well.   


    * Noncommercial. You may not use this work for commercial purposes.


    * Share Alike. If you alter, transform, or build upon this work, you may distribute the 
resulting work only under the same or similar license to this one.


    * For any reuse or distribution, you must make clear to others the license terms of 
this work. The best way to do this is with a link to this web page.


    * Any of the above conditions can be waived if you get permission from the 
copyright holder.


    * Nothing in this license impairs or restricts the author's moral rights.
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Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.


License available at


    http://www.web3d.org/x3d/content/examples/license.txt 


    http://www.web3d.org/x3d/content/examples/license.html 


Good references on open source:


Andrew M. St. Laurent, Understanding Open Source and Free 
Software Licensing, O'Reilly Publishing, Sebastopol California, 
August 2004.  http://oreilly.com/catalog/9780596005818/index.html 


Herz, J. C., Mark Lucas, John Scott, Open Technology 
Development: Roadmap Plan,  Deputy Under Secretary of Defense 
for  Advanced Systems and Concepts, Washington DC, April 2006.  
http://handle.dtic.mil/100.2/ADA450769 
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X3D Graphics for Web Authors


Chapter 6


Points, Lines and Polygons


Drawing is a struggle between nature and the artist, in which 
the better the artist understands the intentions of nature, the more 


easily he will triumph over it. For him it is not a question of copying, 
but of interpreting in a simpler and more luminous language.


Charles Baudelaire, On the Ideal and the Model, 1846.
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Chapter Overview
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Many different geometry nodes


An excellent aspect of X3D is that there are 
many different ways to create geometry


• Chapter  2, Geometry Primitives
• Chapter  6, Points, Lines and Polygons
• Chapter 10, Geometry2D Nodes
• Chapter 13, Triangles and Quadrilaterals


These are all handled consistently inside a Shape 
node with corresponding Appearance
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Fundamental geometry nodes 


Geometry nodes in this chapter include 
points, lines, and indexed face sets


These nodes fundamental and can represent 
almost any shape
• Tools can convert other geometry to simpler forms
• Thus most are part of Interchange profile for 


broadest possible usage and adaptability


Some browsers support viewing geometry in 
wireframe (line) or point (cloud) mode, which 
can help to reveal internal geometric structure


• http://en.wikipedia.org/wiki/Wire-frame_model 



http://en.wikipedia.org/wiki/Wire-frame_model

http://en.wikipedia.org/wiki/Wire-frame_model
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Overview: Points, Lines and Polygons 


Triangles, single-sided polygons, normal vectors
Common fields:  ccw, convex, creaseAngle, etc.
Geometry nodes, part 2:


• Coordinate and CoordinateDouble
• Color and ColorRGBA
• PointSet
• IndexedLineSet and LineSet
• IndexedFaceSet
• ElevationGrid
• Extrusion
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Concepts


back to Table of Contents
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Triangles


Triangles are the primary low-level geometry 
construct used by graphics software, hardware
• More complex shapes are reduced to triangles by 


the rendering software (known as tesselation)
• A triangle is always planar, allowing the material 


appearance to fill it


Sometimes quadrilaterals are used, but problem 
is that values might be non-coplanar due to 
roundoff (or authoring) error
• Which means that filling in material is ill defined, 


and not properly or repeatably renderable







Single-sided polygons


Graphics engines always prefer simplicity in order 
to achieve maximum run-time performance
• Top 3 considerations for graphics hardware:  


performance, performance, performance!


Single-sided polygons take about half the time to 
draw than double-sided polygons
• So if authors can arrange geometry so that only 


one side is ever visible to user, can go single-sided
• Technical term:  backface culling
• Efficiency is rationale for many X3D default values
• Example:  default setting is solid='true' 
• Debugging hint: set solid='false' to show both sides
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Common field:  solid


In 3D graphics, all triangles have 2 sides
• Graphics term:  backface culling only draws front sides


The solid  field defines whether a geometry node 
has an inside or not, with a default value of true
• solid='true' means do not render (draw) the inside
• solid='false' means render both inside and outside


This approach reduces the number of polygons 
needing to be drawn, thus improving performance


Confusing if user gets lost inside invisible geometry
• Hint:  set solid='false' to draw both sides


Review from
Chapter 2







Common field:  solid


To see an example of 'solid' geometry, rotate the 
GeometryPrimitives.x3d scene by 180 degrees


• Once rotated, the first four shapes remain visible, but 
the Text node disappears


• This is because solid='true' by default, so the reverse 
side of text is not drawn by default


Review from
Chapter 2



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/GeometryPrimitiveNodes.x3d





12


Normal vectors


The normal vector is perpendicular to the face, 
pointing away from the centroid of polygon


Direction of normal vector defined by order of 
points defining the polygon and right-hand rule
• Align curvature of fingers to match polygon vertex 


points in order:  indices 0, 1, 2 ...
• Thumb points in direction of (positive) normal, 


which is the front-facing side
• Negative normal thus points in direction of backface







Right-hand rule for polygon normals
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Common field:  ccw


ccw (counter clockwise) indicates whether 
default direction of polygon normals is 
counterclockwise (default) or clockwise
• ccw='true' is right-hand rule
• ccw='false' is opposite


Hint:  can correct some opposite-rendering 
geometry by reversing ccw value, rather 
than reordering all coordinates or indices
• Saves time on some import conversions
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Common geometry node patterns


<IndexedFaceSet>
  <Coordinate/>
  <Color/>
  <Normal/>
</IndexedFaceSet>


<IndexedLineSet>
  <Coordinate/>
  <Color/>
</IndexedLineSet>


etc.







Common field:  colorPerVertex


colorPerVertex indicates whether contained 
color values are applied to each vertex 
point (default), or to each polygonal face


• colorPerVertex='true' requires that 
# colors must equal # points


• colorPerVertex='false' requires that 
# colors must equal # polygons


IndexedFaceSet colorPerVertex true, false IndexedLineSet colorPerVertex true, false



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ColorPerVertexExamples.x3d





ColorPerVertex example



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ColorPerVertexExamples.x3d





Common field: convex 


convex indicates whether an n-sided polygon has 
concave sides, meaning empty-space cavities
• convex='true' (default) means no concave sides
• convex='false' means concave sides may exist in 


the polygon, so extra care is needed to avoid 
hardware or software difficulty when rendering


convex='true' convex='false'







19


Common field: creaseAngle 


creaseAngle defines the angle (in radians) used 
to determine whether adjacent polygons are 
drawn with sharp edges or smooth shading
• If angle between polygons is less than creaseAngle, 


then smooth shading is used
• Smooth shading can conceal underlying tessellation


creaseAngle only affects shading within a single 
geometric shape, not exterior boundaries
• creaseAngle='0.0'        means all edges are sharp
• creaseAngle='3.14159' means no edges are sharp



http://en.wikipedia.org/wiki/Phong_shading

http://en.wikipedia.org/wiki/Bui_Tuong_Phong

http://en.wikipedia.org/wiki/File:Phong-shading-sample.jpg
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Common field:  normalPerVertex


normalPerVertex indicates whether 
contained normal values are applied to 
each vertex point (default), or to each 
polygonal face


• normalPerVertex='true' requires that 
# normals must equal # points


• normalPerVertex='false' requires that 
# normals must equal # polygons



http://en.wikipedia.org/wiki/Bump_map





Common index fields:  
coordIndex, colorIndex, normalIndex


coordIndex, colorIndex, normalIndex 
each provide arrays of integer indices 
that connect individual vertices into 
polygons, then correlate corresponding 
Color/ColorRGBA, Coordinate or Normal 
values 


● Initial index is  0
● Sentinel value -1 concludes polygon, polyline
● Maximum value equals (count - 1)
● Integer type MFInt32, default is empty array
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index counting checks
• colorIndex count must equal (point count - 1)  


when colorPerVertex='true', which is default


• colorIndex count must equal (polygon count - 1) 
when colorPerVertex='false'


• normalIndex count must equal (point count - 1) 
when normalPerVertex='true', which is default


• normalIndex count must equal (polygon count - 1) 
when normalPerVertex='false'
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X3D Nodes and Examples


back to Table of Contents
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Coordinate node


Provide array of x-y-z point values
• Required – otherwise no geometry to draw!
• Type MFVec3f array of 3-tuple values, each with   


32-bit single-precision floating point


Coordinate point values define all of the vertices 
needed to build polygonal geometry
• coordIndex array in parent geometry node indicates 


connectivity for each individual polygon 
• coordIndex value -1 indicates end of one polygon, 


next coordIndex value indicates vertex point that 
begins a new polygon
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CoordinateDouble node


Definition and usage similar to Coordinate node
Provide array of x-y-z point values


• Type MFVec3d array of 3-tuple values, each with 
64-bit double-precision floating point


Double precision may be needed for specialty 
applications (geographic, atomic, etc.)


Note however that most graphics hardware is 
exclusively single-point precision, for speed
• So browser may need special software techniques 


to handle double precision fidelity properly
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Coordinate node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/Color.x3d
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Coordinate, CoordinateDouble 
tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#Coordinate

http://www.web3d.org/x3d/content/X3dTooltips.html#CoordinateDouble
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Color node


Color values for individual polygons, line 
segments and points can be defined using the 
Color node


Color values are red-green-blue (RGB) [0..1]
• Type is MFColor array of 3-tuple values
• HTML, SVG colors are [0..255] [#000000..#FFFFFF] 


and so must be converted numerically if used


Appearance and Material node can also be used 
to control overall transparency, if needed
• Note:  Color node overrides Material color values
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ColorRGBA node


ColorRGBA used similarly to Color node, but adds 
alpha (opacity) to each red-green-blue value
• alpha component equals (1 – transparency)


Alpha values range 0 to 1
• 0 means fully transparent
• 1 means fully opaque


RGBA values selectively allow 
transparent parts in geometry
• Rather than single Material transparency 


consistently across full geometry with Color node
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Color node X3D-Edit


color, coordinate correspondences



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/Color.x3d
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Color, ColorRGBA tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#Color

http://www.web3d.org/x3d/content/X3dTooltips.html#ColorRGBA





PointSet node


PointSet creates a series of simple unconnected 
points in 3D space
• Contains Coordinate node for point data
• Since points are separate, coordIndex unnecessary


Each point typically drawn as a single pixel
• Or consistently as multiple pixels
• Thus scaling and perspective are quite deceiving
• Rarely used due to perspective inconsistencies


Color can be set in one of two ways
• Uniformly via Material emissiveColor value
• Individually via contained Color/ColorRGBA node
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PointSet node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/PointSet.x3d
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PointSet tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#PointSet





IndexedLineSet node


IndexedLineSet creates an array of line segments
• Contains Coordinate node for point data
• Can be discontinuous or share points repeatedly
• Each set of connected line segments is a polyline


Lines are not lit, use no texture-mapped images, 
and do not participate in collision detection


Color can be set in one of two ways
• Uniformly via Material emissiveColor value
• Individually via contained Color/ColorRGBA node; 


applied either by individual points, or by each 
segment, as determined by colorPerVertex


Not 
diffuseColor!
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IndexedLineSet node X3D-Edit


Closed
loop



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/IndexedLineSet.x3d
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IndexedLineSet tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#IndexedLineSet
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LineSet node


Similar to IndexedLineSet
• Contain 0 or 1 Coordinate/CoordinateDouble
• Material emissiveColor or Color/ColorRGBA


Rather than using coordIndex and colorIndex, 
LineSet has vertexCount field
• vertexCount MFInt32 array of integers defines number 


of sequential points used in each polyline
• No -1 sentinel values needed
• Color and Coordinate values used in defined order
• Somewhat more compact than using indices







39


LineSet node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/IndexedLineSet.x3d
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Comparison ILS, LS


colorPerVertex='false'         per-vertex Color


Note pattern
in order, count


5 5 2 2 2 2


5 5 2 2 2 2
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LineSet tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#LineSet
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IndexedFaceSet node   1


IndexedFaceSet creates a set of polygons (faces)
• Contains Coordinate node for point data
• Can be discontinuous or share points repeatedly
• You can essentially create any geometry with IFS


Color can be set in one of two ways
• Uniformly via sibling Material fields
• Individually via contained Color/ColorRGBA node; 


applied either by individual points, or by each 
polygon, as determined by colorPerVertex
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IndexedFaceSet node   2


Many fields and features apply
• ccw, convex, solid, creaseAngle as before
• colorPerVertex, normalPerVertex as before
• coordIndex, colorIndex, normalIndex as before
• texCoordIndex applies texture coordinates to 


map texture images to individual geometry points 


Contained nodes (0 or 1 of each)
• Coordinate/CoordinateDouble (essential, required)
• Color/ColorRGBA
• Normal, TextureCoordinate







44


IndexedFaceSet node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/IndexedFaceSet.x3d
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IndexedFaceSet tooltips 1



http://www.web3d.org/x3d/content/X3dTooltips.html#IndexedFaceSet
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IndexedFaceSet tooltips 2



http://www.web3d.org/x3d/content/X3dTooltips.html#IndexedFaceSet
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ElevationGrid node


ElevationGrid takes a rectangular array of floats 
and converts height  array into post values 
above (or below) baseline y=0 ground plane
• xDimension, zDimension are row, column sizes
• xSpacing, zSpacing are lengths in meters
• height MFFloat array (size xDimension · zDimension )
• ccw, solid  as before
• colorPerVertex, normalPerVertex as before


Contained nodes (0 or 1 of each)
• Color/ColorRGBA, Normal, TextureCoordinate



http://www.web3d.org/x3d-earth

https://x3d-earth.nps.edu/
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ElevationGrid indexing of height array







ElevationGrid inconsistencies due 
to noncoplanar quadrilaterals!


Alternate forms of tessellation are possible for 
nonplanar ElevationGrid quadrilaterals
• Almost all ElevationGrid quads are nonplanar, 


otherwise the geometry is flat
• Leftmost two figures show different views of grid
• Rightmost two figures show different tessellations
• Can avoid problem by using larger, fine-scaled grids



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ElevationGridNonPlanarQuadrilaterals.x3d
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index counting checks
• colorIndex count must equal (point count - 1)  


when colorPerVertex='true', which is default


• colorIndex count must equal (polygon count - 1) 
when colorPerVertex='false' (i.e. color per polygon)


•      point count = (xDimension * zDimension)


• polygon count = (xDimension-1) * (zDimension-1)







ElevationGrid node


Simple authoring trick
• Use a spreadsheet or some other simple tool to 


create a table of values, then cut/paste the values 
into the ElevationGrid height field


• Don't forget to also specify dimensions and spacing


Interesting authoring trick
• ElevationGrid does not have to lay flat on the 


horizontal plane, you can rotate it to another angle
• Example:  stone canyon walls inside Kelp Forest 


exhibit
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ElevationGrid node X3D-Edit
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ElevationGrid tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#ElevationGrid
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Extrusion node   1


Extrusion begins with a planar crossSection 
outline, then stretches (extrudes) it along a 
spine polyline
• crossSection is MFVec2f array of 2-tuple floating-


point 2D coordinate pairs creating an outline
• spine is MFVec3f array of 3-tuple floating-point 3D 


coordinates creating a polyline


Extrusion is a bit tricky to master, but provides a great 
way to create sophisticated geometry with little effort



http://commons.wikimedia.org/wiki/Image:Extruded_aluminium_section_x3.jpg





Play-doh Fun Factory!


Here is an example real-world Extrusion



http://www.hasbro.com/playdoh/default.cfm?page=products&product_id=8994

http://www.youtube.com/watch?v=bptbVF9XETo

http://www.hasbro.com/playdoh/default.cfm?page=products&product_id=8994
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Extrusion node   2


Spine-aligned cross-section plane (SCP) refers to 
each individual copy of the cross section, 
each of which appear about each spine point
● Extrusion outer hull simply connects corresponding 


points on these cross-section outlines
● If the outline of the Extrusion is degenerate or ill 


defined, then the polygons making up Extrusion 
outline are similarly confounded


Drawing simple outlines of crossSection on graph 
paper is great way to keep things straight







Extrusion spine-aligned cross-section plane (SCP)
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Extrusion node   2


Further modifications include scale, orientation to 
modify each cross-section about SCP center
• scale is MFVec2f array of 2-tuple floating-point pairs 


to scale the local spine-aligned crossSection plane 
• orientation is MFRotation array to rotate 
• Single value affects all simultaneously, array affects 


each repeated cross-section individually


Other fields are common
• ccw, convex, solid, creaseAngle as before
• beginCap, endCap are SFBool values to close ends







Extrusion cross-section example:  pentagon



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ExtrusionPentagon.x3d





Extrusion cross-section example:  
pentagon, X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ExtrusionPentagon.x3d





X3D-Edit user interface for Extrusion







Extrusion example:  building walls



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ExtrusionRoomWalls.x3d





Extrusion example:  building walls X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ExtrusionRoomWalls.x3d





Concave geometry defects


Concave geometry with convex='true' 
can lead to confused geometry results


● Nonsensical polygons
● Aliasing (tearing) of coplanar polygons
● To correct:  set convex='false' 


Erroneous rendering Erroneous rendering



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ExtrusionRoomWalls.x3d
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Debugging Extrusion problems   1


Unlike most other nodes, ill-defined geometry is 
possible with Extrusion.  Things to check:


• Verify proper crossSection, spine, scale, 
orientation array values and lengths


• Set convex='false' if geometry might be concave
• Set solid='false' to render inside and outside, 


eliminating “invisible geometry” when viewed 
from behind or inside the exterior hull


• Set ccw='false' if crossSection might be defined 
in clockwise direction
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Debugging Extrusion problems   2


Counting checks
• Length of 2-tuple scale array must be 0, 1, or 


match length of 3-tuple spine array
• Length of 4-tuple orientation array must be 0, 1, or 


match length of 3-tuple spine array
• Values in scale and crossSection arrays must be 


multiple of 2 (MFVec2f)
• Values in spine array must be multiple of 3 


(MFVec3f)
• Values in orientation array must be multiple of 4 


(MFRotation)
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ExtrusionCrossSection prototype


Preceding ExtrusionPentagon.x3d example scene 
contains a new construct:  a Prototype node
• ExternProtoDeclare refers to external prototype url 


and defines field signatures
• ProtoInstance creates an instance of the new node
• fieldValue definitions provide parameter values, 


in this case the same values as Extrusion of interest


Result is a specially computed Extrusion showing 
crossSection planes, spine, transparent sides
• Can provide helpful insight and debugging support







Extrusion cross-section example:  ship



http://www.web3d.org/x3d/content/examples/Basic/course/ExtrusionCrossSectionExampleShip.x3d

http://www.web3d.org/x3d/content/examples/Basic/course/ExtrusionCrossSectionPrototype.x3d





Extrusion cross-section example:  ship X3D-Edit
ExtrusionCrossSectionExampleShip.x3d part 1



http://www.web3d.org/x3d/content/examples/Basic/course/ExtrusionCrossSectionExampleShip.x3d

http://www.web3d.org/x3d/content/examples/Basic/course/ExtrusionCrossSectionPrototype.x3d
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Extrusion node X3D-Edit
ExtrusionCrossSectionExampleShip.x3d part 2



http://www.web3d.org/x3d/content/examples/Basic/course/ExtrusionCrossSectionExampleShip.x3d

http://www.web3d.org/x3d/content/examples/Basic/course/ExtrusionCrossSectionPrototype.x3d
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Extrusion tooltips 1



http://www.web3d.org/x3d/content/X3dTooltips.html#Extrusion
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Extrusion tooltips 2



http://www.web3d.org/x3d/content/X3dTooltips.html#Extrusion
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Additional Resources


back to Table of Contents







Geometry nodes


Chapter 2, Primitives
• Box, Cone, Cylinder, Sphere, Text / FontStyle


Chapter 6, Points Lines and Polygons
• PointSet, IndexedLineSet, IndexedFaceSet, 


ElevationGrid, Extrusion


Chapter 10, Geometry2D
• Arc2D,ArcClose2D, Circle2D, Disk2D, Polyline2D, 


Polypoint2D, Rectangle2D, TriangleSet2D


Chapter 13, Triangles and Quadrilaterals
• TriangleSet, TriangleStripSet, TriangleFanSet, QuadSet
• Both regular and Indexed versions


We are here
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Advanced geometry nodes


Geospatial component
• GeoElevationGrid


NURBS component
• NurbsCurve, NurbsPatchSurface, NurbsSweptSurface, 


NurbsSwungSurface, NurbsTrimmedSurface


Programmable shaders component
• ComposedShader, PackagedShader, ProgramShader


Further information available in X3D Specification
• http://www.web3d.org/x3d/specifications 



http://www.web3d.org/x3d/specifications

http://www.web3d.org/x3d/specifications
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Scalable Vector Graphics (SVG)


SVG is an XML language for two-dimensional 
(2D) graphics and graphical applications
• World Wide Web Consortium (W3C) 


Recommendations, working group
• http://www.w3.org/Graphics/SVG 


Because both X3D and SVG are written in XML, 
we've created an XSLT stylesheet that makes 
SVG plots of 2D data structures in X3D scenes
• X3dExtrusionToSvgViaXslt1.0.xslt
• Linked via pretty-print html, example follows



http://www.w3.org/Graphics/SVG

http://www.web3d.org/x3d/stylesheets/X3dExtrusionToSvgViaXslt1.1.xslt

http://www.w3.org/Graphics/SVG

http://www.web3d.org/x3d/stylesheets/X3dExtrusionToSvgViaXslt1.1.xslt

http://x3d.svn.sourceforge.net/viewvc/x3d/www.web3d.org/x3d/stylesheets

http://xmlgraphics.apache.org/batik

http://www.opera.com/

http://www.firefox.com/

http://www.w3.org/Amaya
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Extrusion crossSection SVG image, and
Viewpoint PNG images, linked on HTML page


Select crossSection to see .svg outline


Select description to see .png image of viewpoint



http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ExtrusionPentagon.html

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/_viewpoints/ExtrusionPentagon.x3d.ExtrusionPentagon.png

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/_viewpoints/ExtrusionPentagon.x3d.Oblique_view_from_above.png

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/_viewpoints/ExtrusionPentagon.x3d.Overhead_view.png

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/_svg/ExtrusionPentagon.Extrusion1.svg





Viewpoint .png and Extrusion .svg output images


TODO: fix clipping artifacts at top of pentagons



http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ExtrusionPentagon.html

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/_viewpoints/ExtrusionPentagon.x3d.ExtrusionPentagon.png

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/_viewpoints/ExtrusionPentagon.x3d.Oblique_view_from_above.png

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/_viewpoints/ExtrusionPentagon.x3d.Overhead_view.png

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/_svg/ExtrusionPentagon.Extrusion1.svg

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/_svg/ExtrusionPentagon.Extrusion1.png
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Chapter Summary


back to Table of Contents
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Chapter Summary   1


Polygonal geometry is essence of X3D graphics
• Also for most other computer graphics approaches


The rendering of almost every geometric shape 
is usually based on tessellation into triangles


Working with examples is the best way to learn.  
Be patient, the principles are consistent, and 


practice helps make principles familiar.
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Chapter Summary   2


Triangles, single-sided polygons, normal vectors
Common fields:  ccw, convex, creaseAngle, etc.
Geometry nodes, part 2


• Color and ColorRGBA
• Coordinate and CoordinateDouble
• PointSet
• IndexedLineSet and LineSet
• IndexedFaceSet
• ElevationGrid
• Extrusion
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Suggested exercises


Produce a simple graph of any sampled or 
functional X-Y data using IndexedLineSet
• Also include axes and min/mix scale labels


Write a simple program (in any language) that 
outputs coordinates for a circle's circumference
• Insert outputs into a PointSet node for display
• Show change when points are more closely spaced


Build a simple object using an IndexedFaceSet
• Add other IFS nodes with different Material values


Build examples with ElevationGrid, Extrusion
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CGEMS, SIGGRAPH, Eurographics


The Computer Graphics Educational Materials 
Source(CGEMS) site is designed for educators
• to provide a source of refereed high-quality content
• as a service to the Computer Graphics community
• freely available, directly prepared for classroom use
• http://cgems.inesc.pt 


X3D for Web Authors recognized by CGEMS!  ☺
• Book materials:  X3D-Edit tool, examples, slidesets
• Received jury award for Best Submission 2008


CGEMS supported by SIGGRAPH, Eurographics



http://cgems.inesc.pt/

http://cgems.inesc.pt/

http://www.siggraph.org/

http://www.eg.org/

http://cgems.inesc.pt/

http://cgems.inesc.pt/

http://www.siggraph.org/

http://www.eg.org/

http://cgems.inesc.pt/

http://cgems.inesc.pt/authors/ListModules.aspx

http://cgems.inesc.pt/EditorialPolicy.htm





Creative Commons open-source license
http://creativecommons.org/licenses/by-nc-sa/3.0 



http://creativecommons.org/licenses/by-nc-sa/3.0

http://creativecommons.org/licenses/by-nc-sa/3.0





Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.



http://www.web3d.org/x3d/content/examples/license.html

http://www.web3d.org/x3d/content/examples/license.html

http://www.web3d.org/x3d/content/examples/license.txt

http://www.web3d.org/x3d/content/examples/license.html

http://oreilly.com/catalog/9780596005818/index.html

http://handle.dtic.mil/100.2/ADA450769
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X3D Graphics for Web Authors


Chapter 6


Points, Lines and Polygons


Drawing is a struggle between nature and the artist, in which 
the better the artist understands the intentions of nature, the more 


easily he will triumph over it. For him it is not a question of copying, 
but of interpreting in a simpler and more luminous language.


Charles Baudelaire, On the Ideal and the Model, 1846.
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Chapter Overview







 


Chapter06-GeometryPointsLinesPolygons 4


4


Many different geometry nodes


An excellent aspect of X3D is that there are 
many different ways to create geometry


• Chapter  2, Geometry Primitives
• Chapter  6, Points, Lines and Polygons
• Chapter 10, Geometry2D Nodes
• Chapter 13, Triangles and Quadrilaterals


These are all handled consistently inside a Shape 
node with corresponding Appearance


The primitive geometry nodes are tessellated (turned into triangles) by X3D browsers.


The primitive geometry nodes might also be written using IndexedFaceSet 
representations.  This would let authors control how many polygons are used, 
meaning that higher fidelity to curved surfaces and higher-resolution shapes can be 
produced than might be produced by a given browser.


Also of interest is the X3D Non-Uniform Rational B-Spline (NURBS) component.
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Fundamental geometry nodes 


Geometry nodes in this chapter include 
points, lines, and indexed face sets


These nodes fundamental and can represent 
almost any shape
• Tools can convert other geometry to simpler forms
• Thus most are part of Interchange profile for 


broadest possible usage and adaptability


Some browsers support viewing geometry in 
wireframe (line) or point (cloud) mode, which 
can help to reveal internal geometric structure


• http://en.wikipedia.org/wiki/Wire-frame_model 


Tip:   Xj3D viewer in X3D-Edit includes  wireframe (line) and point rendering modes


• Alt-shift-D on selected Xj3D window to unDock (or Dock) it from the X3D-Edit frame


• Alt-shift-W toggle Wireframe rendering


• Alt-shift-P toggle Point rendering


If the Xj3D window is undocked, it can be expanded to full screen.


There are no processing commands in X3D to change browser rendering styles from 
polygonal to wireframe (line) or point (cloud) modes.  Ordinarily this is only directable 
by the user, if the browser offers a user interface to change the rendering mode.


• Sometimes a browser offers a custom API that allows a programmer to control this.


 


With a little care during design, it is possible for authors to re-use Coordinate point 
sets to be used either for IndexedFaceSet and IndexedLineSet nodes,
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Overview: Points, Lines and Polygons 


Triangles, single-sided polygons, normal vectors
Common fields:  ccw, convex, creaseAngle, etc.
Geometry nodes, part 2:


• Coordinate and CoordinateDouble
• Color and ColorRGBA
• PointSet
• IndexedLineSet and LineSet
• IndexedFaceSet
• ElevationGrid
• Extrusion
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Concepts


back to Table of Contents


These concepts are also common to Chapter 13, Geometry part 4:  Triangles and 
Quadrilaterals
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Triangles


Triangles are the primary low-level geometry 
construct used by graphics software, hardware
• More complex shapes are reduced to triangles by 


the rendering software (known as tesselation)
• A triangle is always planar, allowing the material 


appearance to fill it


Sometimes quadrilaterals are used, but problem 
is that values might be non-coplanar due to 
roundoff (or authoring) error
• Which means that filling in material is ill defined, 


and not properly or repeatably renderable


Graphics hardware is highly optimized to favor triangles, performing something very 
simple, many times, extremely quickly.
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Single-sided polygons


Graphics engines always prefer simplicity in order 
to achieve maximum run-time performance
• Top 3 considerations for graphics hardware:  


performance, performance, performance!


Single-sided polygons take about half the time to 
draw than double-sided polygons
• So if authors can arrange geometry so that only 


one side is ever visible to user, can go single-sided
• Technical term:  backface culling
• Efficiency is rationale for many X3D default values
• Example:  default setting is solid='true' 
• Debugging hint: set solid='false' to show both sides


Important technique:  set solid='false' to show both sides of all polygons, helping to 
expose inside-out or missing triangles.  The performance handicap is typically slight, 
especially compared to the alternative:  missing model parts!


Despite the historical preoccupation with hardware performance in 3D graphics, your 
time and end-user performance is even more important.  Since graphics cards are 
becoming so fast that it is growing ever harder to overwhelm, this focus on supporting 
author and end-user efficiency is an important strength of X3D.
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Common field:  solid


In 3D graphics, all triangles have 2 sides
• Graphics term:  backface culling only draws front sides


The solid  field defines whether a geometry node 
has an inside or not, with a default value of true
• solid='true' means do not render (draw) the inside
• solid='false' means render both inside and outside


This approach reduces the number of polygons 
needing to be drawn, thus improving performance


Confusing if user gets lost inside invisible geometry
• Hint:  set solid='false' to draw both sides


Review from
Chapter 2
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Common field:  solid


To see an example of 'solid' geometry, rotate the 
GeometryPrimitives.x3d scene by 180 degrees


• Once rotated, the first four shapes remain visible, but 
the Text node disappears


• This is because solid='true' by default, so the reverse 
side of text is not drawn by default


Review from
Chapter 2


Here we are still using the example


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/GeometryPrimitiveNodes.x3d


The original scene (on the left) is rotated about 150 degrees to the right.  To do this, click on 
the left center of the screen and drag the mouse (pointer) to the right.


You need to have browser navigation in EXAMINE mode for this view rotation to work.  In 
Xj3D, which is used in X3D-Edit, the EXAMINE mode icon is the stylized eye (fifth button on 
the lower left as shown here).
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Normal vectors


The normal vector is perpendicular to the face, 
pointing away from the centroid of polygon


Direction of normal vector defined by order of 
points defining the polygon and right-hand rule
• Align curvature of fingers to match polygon vertex 


points in order:  indices 0, 1, 2 ...
• Thumb points in direction of (positive) normal, 


which is the front-facing side
• Negative normal thus points in direction of backface


Normal vectors are only pertinent to polygons, not polyline segments or point sets. 
The Normal node is covered in Chapter 13, Triangles and Quadrilaterals.


The NormalInterpolator node is covered in Chapter 7, Event Animation.
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Right-hand rule for polygon normals


This rule also applies to quadrilaterals and polygons that have more vertices.


Vertices that are not coplanar are degenerate, and can lead to erroneous normal 
computation and unpredictable rendering results.


Normal vectors are only pertinent to polygons, not polyline segments or point sets. 
The Normal node is covered in Chapter 13, Triangles and Quadrilaterals.


Note that order of vertices must match the curl of the right hand.  If not, you are 
looking at the triangle backface and pointing in the opposite direction, rather than the 
(positive) normal direction.


Tool note:  if you export an X3D (or VRML) model from another tool such as Maya or 
3DSMax, you have the option to simply delete all of the autogenerated normals.  X3D 
players are able to quickly and correctly compute these automatically when loading 
geometric models.
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Common field:  ccw


ccw (counter clockwise) indicates whether 
default direction of polygon normals is 
counterclockwise (default) or clockwise
• ccw='true' is right-hand rule
• ccw='false' is opposite


Hint:  can correct some opposite-rendering 
geometry by reversing ccw value, rather 
than reordering all coordinates or indices
• Saves time on some import conversions


Look at a circular clock face, and apply the right-hand rule at the center with the 
thumb pointing out from the wall.  The curvature of the fingers is counterclockwise.


ccw type is SFBool (boolean).
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Common geometry node patterns


<IndexedFaceSet>
  <Coordinate/>
  <Color/>
  <Normal/>
</IndexedFaceSet>


<IndexedLineSet>
  <Coordinate/>
  <Color/>
</IndexedLineSet>


etc.
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Common field:  colorPerVertex


colorPerVertex indicates whether contained 
color values are applied to each vertex 
point (default), or to each polygonal face


• colorPerVertex='true' requires that 
# colors must equal # points


• colorPerVertex='false' requires that 
# colors must equal # polygons


IndexedFaceSet colorPerVertex true, false IndexedLineSet colorPerVertex true, false


In this context, read # as 'number of'


colorPerVertex  type is SFBool (boolean).


Given either value for colorPerVertex: counting the number of colors, along with the 
number of points or polygons, then  making sure that those numbers are consistent, 
is an important correctness check.


X3D for Web Authors, Figure 6.1, p. 160


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ColorPerVertexExamples.x3d 
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ColorPerVertex example


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ColorPerVertexExamples.x3d 


In addition to illustrating colorPerVertex effects, this example shows how Coordinate 
and Color nodes can be shared by both IndexedFaceSet and IndexedLineSet.


Also note how each set of coordIndex and colorIndex fields form a closed loop, both 
starting and ending with index 0 (prior to the end-of-polygon/end-of-polyline sentinel 
value -1).
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Common field: convex 


convex indicates whether an n-sided polygon has 
concave sides, meaning empty-space cavities
• convex='true' (default) means no concave sides
• convex='false' means concave sides may exist in 


the polygon, so extra care is needed to avoid 
hardware or software difficulty when rendering


convex='true' convex='false'


Software or hardware render engines will usually either re-triangulate concave 
geometry, or else apply more stringent rendering algorithms, in order to avoid 
mistakenly filling in the cavities found in a non-convex n-sided polygon.


convex type is SFBool (single-field Boolean, either true or false).


Note that triangles can only be convex, so triangulation always avoids concave 
problems.


X3D for Web Authors, Figure 6.2, p. 161


Visual test for concave geometry:  whether a line segment drawn between any two of 
a polygon's vertices intersects space outside of the polygon.
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Common field: creaseAngle 


creaseAngle defines the angle (in radians) used 
to determine whether adjacent polygons are 
drawn with sharp edges or smooth shading
• If angle between polygons is less than creaseAngle, 


then smooth shading is used
• Smooth shading can conceal underlying tessellation


creaseAngle only affects shading within a single 
geometric shape, not exterior boundaries
• creaseAngle='0.0'        means all edges are sharp
• creaseAngle='3.14159' means no edges are sharp


3.14159 = pi = 180 degrees.  Note that it is not possible for adjacent polygons to have 
a relative angle > 180 degrees.


creaseAngle  type is SFFloat (single-precision floating point).


Browsers perform creaseAngle computations by comparing normal vectors.


Many shapes look better with smooth shading.  Do not hesitate to experiment with 
using creaseAngle='0' or another small (radian) value to improve visual realism.


The original (and still typically the most widely used) implementation algorithm is 
Phong shading, named for work by Bui Tuong Phong at University of Utah in 1973.


http://en.wikipedia.org/wiki/Phong_shading 


http://en.wikipedia.org/wiki/Bui_Tuong_Phong 


http://en.wikipedia.org/wiki/File:Phong-shading-sample.jpg 
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Common field:  normalPerVertex


normalPerVertex indicates whether 
contained normal values are applied to 
each vertex point (default), or to each 
polygonal face


• normalPerVertex='true' requires that 
# normals must equal # points


• normalPerVertex='false' requires that 
# normals must equal # polygons


In this context, read # as 'number of'


normalPerVertex  type is SFBool (boolean).


Given either value for normalPerVertex: counting the number of normals, along with 
the number of points or polygons, then  making sure that those numbers are 
consistent, is an important correctness check.


Normal vectors are only pertinent to polygons, not polyline segments or point sets. 
The Normal node is covered in Chapter 13, Triangles and Quadrilaterals.


Bump mapping is a related advanced rendering technique that is used to vary normal 
vectors across a surface.  Bump mapping techniques for X3D are not yet standardized 
(as of version 3.2).


• http://en.wikipedia.org/wiki/Bump_map 
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Common index fields:  
coordIndex, colorIndex, normalIndex


coordIndex, colorIndex, normalIndex 
each provide arrays of integer indices 
that connect individual vertices into 
polygons, then correlate corresponding 
Color/ColorRGBA, Coordinate or Normal 
values 


● Initial index is  0
● Sentinel value -1 concludes polygon, polyline
● Maximum value equals (count - 1)
● Integer type MFInt32, default is empty array


Normal vectors are only pertinent to polygons, not polyline segments or point sets. 
The Normal node is covered in Chapter 13, Triangles and Quadrilaterals.
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index counting checks
• colorIndex count must equal (point count - 1)  


when colorPerVertex='true', which is default


• colorIndex count must equal (polygon count - 1) 
when colorPerVertex='false'


• normalIndex count must equal (point count - 1) 
when normalPerVertex='true', which is default


• normalIndex count must equal (polygon count - 1) 
when normalPerVertex='false'


Failure to meet these requirements is an error.  Results are often unpredictable since 
the X3D Specification doesn't provide strict requirements for how to handle errors.
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X3D Nodes and Examples


back to Table of Contents
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Coordinate node


Provide array of x-y-z point values
• Required – otherwise no geometry to draw!
• Type MFVec3f array of 3-tuple values, each with   


32-bit single-precision floating point


Coordinate point values define all of the vertices 
needed to build polygonal geometry
• coordIndex array in parent geometry node indicates 


connectivity for each individual polygon 
• coordIndex value -1 indicates end of one polygon, 


next coordIndex value indicates vertex point that 
begins a new polygon


Commas are allowed as whitespace characters, but the X3D Schema will return an 
XML validation error if a comma appears within a given SFVec3f 3-tuple value.


X3D Canonicalization (C14N) reformatting removes intermediate comma characters.


Coordinate and CoordinateDouble nodes can appear as the coord field within the 
following nodes: PointSet, IndexedLineSet, IndexedFaceSet, IndexedTriangleFanSet, 
IndexedTriangleSet, IndexedTriangleStripSet, TriangleFanSet, TriangleSet, and 
TriangleStripSet.
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CoordinateDouble node


Definition and usage similar to Coordinate node
Provide array of x-y-z point values


• Type MFVec3d array of 3-tuple values, each with 
64-bit double-precision floating point


Double precision may be needed for specialty 
applications (geographic, atomic, etc.)


Note however that most graphics hardware is 
exclusively single-point precision, for speed
• So browser may need special software techniques 


to handle double precision fidelity properly


CoordinateDouble was not in VRML97.  It was added to X3D to support advanced 
applications.  It is not needed in most scenes, but is provided here for completeness.


Converting Coordinate nodes to CoordinateDouble nodes is usually a very bad idea, 
since almost all graphics hardware (and software) using single-precision floating point 
numbers.  So don't do that!


Commas are allowed as whitespace characters, but the X3D Schema will return an 
XML validation error if a comma appears within a given SFVec3d 3-tuple value.


X3D Canonicalization (C14N) reformatting removes intermediate comma characters.


Coordinate and CoordinateDouble nodes can appear as the coord field within the 
following nodes: PointSet, IndexedLineSet, IndexedFaceSet, IndexedTriangleFanSet, 
IndexedTriangleSet, IndexedTriangleStripSet, TriangleFanSet, TriangleSet, and 
TriangleStripSet.
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Coordinate node X3D-Edit


X3D for Web Authors, Figure 6.3, p. 164


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/Color.x3d 







 


Chapter06-GeometryPointsLinesPolygons 27


27


Coordinate, CoordinateDouble 
tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#Coordinate 


http://www.web3d.org/x3d/content/X3dTooltips.html#CoordinateDouble 
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Color node


Color values for individual polygons, line 
segments and points can be defined using the 
Color node


Color values are red-green-blue (RGB) [0..1]
• Type is MFColor array of 3-tuple values
• HTML, SVG colors are [0..255] [#000000..#FFFFFF] 


and so must be converted numerically if used


Appearance and Material node can also be used 
to control overall transparency, if needed
• Note:  Color node overrides Material color values


Commas are allowed as whitespace characters, but the X3D Schema will return an 
XML validation error if a comma appears within a given SFColor 3-tuple value.  This is 
stricter in the XML .x3d encoding than is otherwise seen in the ClassicVRML .x3dv 
encoding (which allows commas to go anywhere).


X3D Canonicalization (C14N) reformatting removes intermediate comma characters.


[#000000..#FFFFFF] are hexadecimal (base 16) values.  These are often used in 
HTML for web pages.


Color and ColorRGBA nodes can appear as the color field within the following nodes: 
PointSet, IndexedLineSet, IndexedFaceSet, IndexedTriangleFanSet, 
IndexedTriangleSet, IndexedTriangleStripSet, TriangleFanSet, TriangleSet, and 
TriangleStripSet.
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ColorRGBA node


ColorRGBA used similarly to Color node, but adds 
alpha (opacity) to each red-green-blue value
• alpha component equals (1 – transparency)


Alpha values range 0 to 1
• 0 means fully transparent
• 1 means fully opaque


RGBA values selectively allow 
transparent parts in geometry
• Rather than single Material transparency 


consistently across full geometry with Color node


Note that, conceptually,  alpha = (1 – transparency).  There is no transparency field in 
Color/ColorRGBA nodes, though there is a transparency field in Material nodes.


Commas are allowed as whitespace characters, but the X3D Schema will return an 
XML validation error if a comma appears within a given SFColorRGBA 4-tuple value.


X3D Canonicalization (C14N) reformatting removes intermediate comma characters.


Color and ColorRGBA nodes can appear as the color field within the following nodes: 
PointSet, IndexedLineSet, IndexedFaceSet, IndexedTriangleFanSet, 
IndexedTriangleSet, IndexedTriangleStripSet, TriangleFanSet, TriangleSet, and 
TriangleStripSet.
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Color node X3D-Edit


color, coordinate correspondences


X3D for Web Authors, Figure 6.3, p. 164


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/Color.x3d 
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Color, ColorRGBA tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#Color 


http://www.web3d.org/x3d/content/X3dTooltips.html#ColorRGBA 







 


Chapter06-GeometryPointsLinesPolygons 32


PointSet node


PointSet creates a series of simple unconnected 
points in 3D space
• Contains Coordinate node for point data
• Since points are separate, coordIndex unnecessary


Each point typically drawn as a single pixel
• Or consistently as multiple pixels
• Thus scaling and perspective are quite deceiving
• Rarely used due to perspective inconsistencies


Color can be set in one of two ways
• Uniformly via Material emissiveColor value
• Individually via contained Color/ColorRGBA node


Note that Material diffuseColor and other fields have no effect on PointSet node.


The term pixel is an abbreviation for picture element, that is, the smallest drawable 
color on a display screen. Because pixel size can vary quite widely depending on 
screen resolution, authors thus have little control over the actual on-screen size of 
each point.  Different displays and different resolutions can make points look quite 
different.  Thus pixels are actually a hardware-dependent concept.


Points are not lit, are not texture-mapped, and do not participate in collision detection.


When properly constructed, point-map renderings can be quite interesting.


In recent years, there has been a lot of 3D graphics research progress in point-based 
rendering (PBR).  Hopefully some of these capabilities will get introduced in future 
versions of X3D.
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PointSet node X3D-Edit


X3D for Web Authors, Figure 6.4, p. 167


Points are often hard to see, especially when projected since projectors typically do 
not have the same resolution quality or color fidelity as computer monitors.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/PointSet.x3d 
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PointSet tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#PointSet 
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IndexedLineSet node


IndexedLineSet creates an array of line segments
• Contains Coordinate node for point data
• Can be discontinuous or share points repeatedly
• Each set of connected line segments is a polyline


Lines are not lit, use no texture-mapped images, 
and do not participate in collision detection


Color can be set in one of two ways
• Uniformly via Material emissiveColor value
• Individually via contained Color/ColorRGBA node; 


applied either by individual points, or by each 
segment, as determined by colorPerVertex


Not 
diffuseColor!


Note that Material diffuseColor and other fields have no effect on IndexedLineSet.


This means that your line will be invisible (emissiveColor black) unless you modify 
your Material node!
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IndexedLineSet node X3D-Edit


Closed
loop


X3D for Web Authors, Figure 6.5, p. 170


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/IndexedLineSet.x3d 
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IndexedLineSet tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#IndexedLineSet 
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LineSet node


Similar to IndexedLineSet
• Contain 0 or 1 Coordinate/CoordinateDouble


• Material emissiveColor or Color/ColorRGBA
Rather than using coordIndex and colorIndex, 


LineSet has vertexCount field
• vertexCount MFInt32 array of integers defines number 


of sequential points used in each polyline
• No -1 sentinel values needed
• Color and Coordinate values used in defined order
• Somewhat more compact than using indices


Note that Material diffuseColor and other fields have no effect on LineSet node.


LineSet was not part of VRML97 specification, it was introduced in X3D v3.0.


Things for you to do:


• Compare wireframe rendering mode


• Optical illusion when spinning line cube due to constant line width
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LineSet node X3D-Edit


X3D for Web Authors, Figure 6.5, p. 170


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/IndexedLineSet.x3d


Note that we had to duplicate the initial point (0 -7 -1) as the last value, so that this collection of 19 points produced a 
closed loop.


Notice the size tradeoff: sometimes one form is bigger, sometimes the other form is bigger.


• For IndexedLineSet we had 18 Coordinate values and 19 coordIndex values.


• For              LineSet we had 19 Coordinate values and  1 vertexCount value.


So if you ask, “which should I use, IndexedLineSet of LineSet?” the answer is “It depends.”


• If you care about file size, check it yourself (by example or by calculation)


• If you care about ease of authoring, just use whichever you are comfortable with.


Appropriate acronym here is YMMV:  Your Mileage May Vary.   ☺☻
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Comparison ILS, LS


colorPerVertex='false'         per-vertex Color


Note pattern
in order, count


5 5 2 2 2 2


5 5 2 2 2 2


ILS = IndexedLineSet, LS=LineSet


IndexedLineSet example shows colorPerVertex='false' so that each polyline segment 
is a single color.  


Note that LineSet can only be colored by vertex (and does not have a colorPerVertex 
field).
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LineSet tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#LineSet 
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IndexedFaceSet node   1


IndexedFaceSet creates a set of polygons (faces)
• Contains Coordinate node for point data
• Can be discontinuous or share points repeatedly
• You can essentially create any geometry with IFS


Color can be set in one of two ways
• Uniformly via sibling Material fields
• Individually via contained Color/ColorRGBA node; 


applied either by individual points, or by each 
polygon, as determined by colorPerVertex


All Material fields are active, relevant for IndexedFaceSet and other polygonal nodes.
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IndexedFaceSet node   2


Many fields and features apply
• ccw, convex, solid, creaseAngle as before
• colorPerVertex, normalPerVertex as before
• coordIndex, colorIndex, normalIndex as before
• texCoordIndex applies texture coordinates to 


map texture images to individual geometry points 


Contained nodes (0 or 1 of each)
• Coordinate/CoordinateDouble (essential, required)
• Color/ColorRGBA
• Normal, TextureCoordinate
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IndexedFaceSet node X3D-Edit


X3D for Web Authors, Figure 6.7, p. 175


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/IndexedFaceSet.x3d 







 


Chapter06-GeometryPointsLinesPolygons 45


45


IndexedFaceSet tooltips 1


http://www.web3d.org/x3d/content/X3dTooltips.html#IndexedFaceSet 
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IndexedFaceSet tooltips 2


http://www.web3d.org/x3d/content/X3dTooltips.html#IndexedFaceSet 
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ElevationGrid node


ElevationGrid takes a rectangular array of floats 
and converts height  array into post values 
above (or below) baseline y=0 ground plane
• xDimension, zDimension are row, column sizes
• xSpacing, zSpacing are lengths in meters
• height MFFloat array (size xDimension · zDimension )
• ccw, solid  as before
• colorPerVertex, normalPerVertex as before


Contained nodes (0 or 1 of each)
• Color/ColorRGBA, Normal, TextureCoordinate


ElevationGrid is a good way to create terrain and some special shapes.


Related node:  GeoElevationGrid in X3D Geospatial Component.  A lot of work is 
going on that uses GeoElevationGrid as part of the X3D Earth project.


• http://www.web3d.org/x3d-earth 


• https://x3d-earth.nps.edu 
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ElevationGrid indexing of height array


Indexing scheme for the ElevationGrid height array, including relationship to 
xDimension/zDimension and xSpacing/zSpacing.


X3D for Web Authors, Figure 6.8, p. 177


Adapted with permission from X3D Abstract Specification, section 13.3.4 
ElevationGrid, Figure 13.4.
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ElevationGrid inconsistencies due 
to noncoplanar quadrilaterals!


Alternate forms of tessellation are possible for 
nonplanar ElevationGrid quadrilaterals
• Almost all ElevationGrid quads are nonplanar, 


otherwise the geometry is flat
• Leftmost two figures show different views of grid
• Rightmost two figures show different tessellations
• Can avoid problem by using larger, fine-scaled grids


X3D for Web Authors, Figure 6.9, p. 178


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ElevationGridNonPlanarQuadrilaterals.x3d 


Adding more and more elements to your ElevationGrid (i.e. bigger values for 
xDimension and zDimension) and a smooth value for creaseAngle won't eliminate this 
ambiguity in tesselating quadrilaterals into triangles, but it will make the differences so 
small that they aren't noticeable.


If you really really must control which way the triangles are split, then don't use 
ElevationGrid!  Instead use IndexedFaceSet (or another triangular node) to strictly 
control each polygonal triangulation.


ElevationGrid can be very helpful for creating digital elevation terrain maps.
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index counting checks
• colorIndex count must equal (point count - 1)  


when colorPerVertex='true', which is default


• colorIndex count must equal (polygon count - 1) 
when colorPerVertex='false' (i.e. color per polygon)


•      point count = (xDimension * zDimension)


• polygon count = (xDimension-1) * (zDimension-1)


Failure to meet these requirements is an error.  Results are often unpredictable since 
the X3D Specification doesn't provide strict requirements for how to handle errors.
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ElevationGrid node


Simple authoring trick
• Use a spreadsheet or some other simple tool to 


create a table of values, then cut/paste the values 
into the ElevationGrid height field


• Don't forget to also specify dimensions and spacing


Interesting authoring trick
• ElevationGrid does not have to lay flat on the 


horizontal plane, you can rotate it to another angle
• Example:  stone canyon walls inside Kelp Forest 


exhibit
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ElevationGrid node X3D-Edit
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ElevationGrid tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#ElevationGrid 







 


Chapter06-GeometryPointsLinesPolygons 54


54


Extrusion node   1


Extrusion begins with a planar crossSection 
outline, then stretches (extrudes) it along a 
spine polyline
• crossSection is MFVec2f array of 2-tuple floating-


point 2D coordinate pairs creating an outline
• spine is MFVec3f array of 3-tuple floating-point 3D 


coordinates creating a polyline


Extrusion is a bit tricky to master, but provides a great 
way to create sophisticated geometry with little effort


http://commons.wikimedia.org/wiki/Image:Extruded_aluminium_section_x3.jpg 


Three pieces of extruded aluminum. They are intended to be bolted together, using 
special connectors which fit into the ends and/or side groves, allowing for quick and 
neat construction of metal structures. 


Used with permission.
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Play-doh Fun Factory!


Here is an example real-world Extrusion


Thanks to Jeff Weekley for the Fun Factory!  Good fun.


http://www.hasbro.com/playdoh/default.cfm?page=products&product_id=8994 


http://www.youtube.com/watch?v=bptbVF9XETo 


Play-Doh Fun Factory


• Squeeze, shape, mold and extrude all kinds of crazy shapes with this classic set! 


• 2 shapemaking strips have 10 patterns for extruding long strips of PLAY-DOH 
compound!


• Includes two 5-oz. cans of modeling compound, extruder with 3 half molds, 2 
shapemaking strips (10 designs) and trimmer knife.


http://www.hasbro.com/playdoh/default.cfm?page=products&product_id=8994 
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Extrusion node   2


Spine-aligned cross-section plane (SCP) refers to 
each individual copy of the cross section, 
each of which appear about each spine point
● Extrusion outer hull simply connects corresponding 


points on these cross-section outlines
● If the outline of the Extrusion is degenerate or ill 


defined, then the polygons making up Extrusion 
outline are similarly confounded


Drawing simple outlines of crossSection on graph 
paper is great way to keep things straight
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Extrusion spine-aligned cross-section plane (SCP)


X3D for Web Authors, Figure 6.10, p. 181


Adapted with permission from X3D Abstract Specification, section 13.3.5 Extrusion, 
Figure 13.5, Spine-aligned cross-section plane at a spine point.
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Extrusion node   2


Further modifications include scale, orientation to 
modify each cross-section about SCP center
• scale is MFVec2f array of 2-tuple floating-point pairs 


to scale the local spine-aligned crossSection plane 
• orientation is MFRotation array to rotate 
• Single value affects all simultaneously, array affects 


each repeated cross-section individually


Other fields are common
• ccw, convex, solid, creaseAngle as before
• beginCap, endCap are SFBool values to close ends


scale is easy to modify and get good shape changes at each SCP outline.  Since it is 
a 2-tuple MFVec2f array, each scaling pair can be non-uniform.


orientation is quite tricky, only attempt small rotation changes or significant errors can 
occur (such as geometry folding back on top of itself).  Rotations are not cumulative 
but rather are applied at each of the SCP silhouettes, as indicated in the figure.
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Extrusion cross-section example:  pentagon


Example pentagon Extrusion views showing default rendering on left, and 
cross sections on right, with yellow spine line segment visible in upper right.


X3D for Web Authors, Figure 6.11, p. 182


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ExtrusionPentagon.x3d 
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Extrusion cross-section example:  
pentagon, X3D-Edit


Example pentagon Extrusion views showing default rendering on left, and 
cross sections on right.


TODO:  describe how to copy, adapt prototype ExternProtoDeclare and ProtoInstance


X3D for Web Authors, Figure 6.11, p. 182


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ExtrusionPentagon.x3d 
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X3D-Edit user interface for Extrusion
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Extrusion example:  building walls


Extrusion example constructing the walls of a building.


X3D for Web Authors, Figure 6.12, p. 183


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ExtrusionRoomWalls.x3d 
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Extrusion example:  building walls X3D-Edit


Extrusion example constructing the walls of a building.


X3D for Web Authors, Figure 6.12, p. 183


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ExtrusionRoomWalls.x3d 
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Concave geometry defects


Concave geometry with convex='true' 
can lead to confused geometry results


● Nonsensical polygons
● Aliasing (tearing) of coplanar polygons
● To correct:  set convex='false' 


Erroneous rendering Erroneous rendering


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ExtrusionRoomWalls.x3d 
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Debugging Extrusion problems   1


Unlike most other nodes, ill-defined geometry is 
possible with Extrusion.  Things to check:


• Verify proper crossSection, spine, scale, 
orientation array values and lengths


• Set convex='false' if geometry might be concave
• Set solid='false' to render inside and outside, 


eliminating “invisible geometry” when viewed 
from behind or inside the exterior hull


• Set ccw='false' if crossSection might be defined 
in clockwise direction







 


Chapter06-GeometryPointsLinesPolygons 66


66


Debugging Extrusion problems   2


Counting checks
• Length of 2-tuple scale array must be 0, 1, or 


match length of 3-tuple spine array
• Length of 4-tuple orientation array must be 0, 1, or 


match length of 3-tuple spine array
• Values in scale and crossSection arrays must be 


multiple of 2 (MFVec2f)
• Values in spine array must be multiple of 3 


(MFVec3f)
• Values in orientation array must be multiple of 4 


(MFRotation)
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ExtrusionCrossSection prototype


Preceding ExtrusionPentagon.x3d example scene 
contains a new construct:  a Prototype node
• ExternProtoDeclare refers to external prototype url 


and defines field signatures
• ProtoInstance creates an instance of the new node
• fieldValue definitions provide parameter values, 


in this case the same values as Extrusion of interest


Result is a specially computed Extrusion showing 
crossSection planes, spine, transparent sides
• Can provide helpful insight and debugging support
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Extrusion cross-section example:  ship


Extrusion example constructing the hull, superstructure, and smoke trail of a ship.


X3D for Web Authors, Figure 6.13, p. 184


http://www.web3d.org/x3d/content/examples/Basic/course/ExtrusionCrossSectionExampleShip.x3d


http://www.web3d.org/x3d/content/examples/Basic/course/ExtrusionCrossSectionPrototype.x3d  


Chapter 14, Creating Prototype Nodes covers ProtoInstance and ExternProtoDeclare.
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Extrusion cross-section example:  ship X3D-Edit
ExtrusionCrossSectionExampleShip.x3d part 1


Extrusion example constructing the hull, superstructure, and smoke trail of a ship.


X3D for Web Authors, Figure 6.13, p. 184


http://www.web3d.org/x3d/content/examples/Basic/course/ExtrusionCrossSectionExampleShip.x3d


http://www.web3d.org/x3d/content/examples/Basic/course/ExtrusionCrossSectionPrototype.x3d 


Chapter 14, Creating Prototype Nodes covers ProtoInstance and ExternProtoDeclare. 
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Extrusion node X3D-Edit
ExtrusionCrossSectionExampleShip.x3d part 2


Extrusion example constructing the hull, superstructure, and smoke trail of a ship.


X3D for Web Authors, Figure 6.13, p. 184


http://www.web3d.org/x3d/content/examples/Basic/course/ExtrusionCrossSectionExampleShip.x3d


http://www.web3d.org/x3d/content/examples/Basic/course/ExtrusionCrossSectionPrototype.x3d  


Chapter 14, Creating Prototype Nodes covers ProtoInstance and ExternProtoDeclare.
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Extrusion tooltips 1


http://www.web3d.org/x3d/content/X3dTooltips.html#Extrusion 
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Extrusion tooltips 2


http://www.web3d.org/x3d/content/X3dTooltips.html#Extrusion 
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Additional Resources


back to Table of Contents
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Geometry nodes


Chapter 2, Primitives
• Box, Cone, Cylinder, Sphere, Text / FontStyle


Chapter 6, Points Lines and Polygons
• PointSet, IndexedLineSet, IndexedFaceSet, 


ElevationGrid, Extrusion


Chapter 10, Geometry2D
• Arc2D,ArcClose2D, Circle2D, Disk2D, Polyline2D, 


Polypoint2D, Rectangle2D, TriangleSet2D


Chapter 13, Triangles and Quadrilaterals
• TriangleSet, TriangleStripSet, TriangleFanSet, QuadSet
• Both regular and Indexed versions


We are here
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Advanced geometry nodes


Geospatial component
• GeoElevationGrid


NURBS component
• NurbsCurve, NurbsPatchSurface, NurbsSweptSurface, 


NurbsSwungSurface, NurbsTrimmedSurface


Programmable shaders component
• ComposedShader, PackagedShader, ProgramShader


Further information available in X3D Specification
• http://www.web3d.org/x3d/specifications 
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Scalable Vector Graphics (SVG)


SVG is an XML language for two-dimensional 
(2D) graphics and graphical applications
• World Wide Web Consortium (W3C) 


Recommendations, working group
• http://www.w3.org/Graphics/SVG 


Because both X3D and SVG are written in XML, 
we've created an XSLT stylesheet that makes 
SVG plots of 2D data structures in X3D scenes
• X3dExtrusionToSvgViaXslt1.0.xslt
• Linked via pretty-print html, example follows


Stylesheets available via


http://x3d.svn.sourceforge.net/viewvc/x3d/www.web3d.org/x3d/stylesheets 


The SVG autogenerated example works in the following viewers and browsers:


• Batik http://xmlgraphics.apache.org/batik


• Microsoft Internet Explorer 7


• Opera http://www.opera.com 


... and partially works in the following web browsers:


• Firefox http://www.firefox.com


•W3C Amaya http://www.w3.org/Amaya 
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Extrusion crossSection SVG image, and
Viewpoint PNG images, linked on HTML page


Select crossSection to see .svg outline


Select description to see .png image of viewpoint


Pretty-print HTML
http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ExtrusionPentagon.html 


Viewpoint images
http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/_viewpoints/ExtrusionPentagon.x3d.ExtrusionPentagon.png 


http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/_viewpoints/ExtrusionPentagon.x3d.Oblique_view_from_above.png 


http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/_viewpoints/ExtrusionPentagon.x3d.Overhead_view.png


Extrusion crossSection .svg diagram
http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/_svg/ExtrusionPentagon.Extrusion1.svg 
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Viewpoint .png and Extrusion .svg output images


TODO: fix clipping artifacts at top of pentagons


Pretty-print HTML
http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ExtrusionPentagon.html 


Viewpoint images
http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/_viewpoints/ExtrusionPentagon.x3d.ExtrusionPentagon.png 


http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/_viewpoints/ExtrusionPentagon.x3d.Oblique_view_from_above.png 


http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/_viewpoints/ExtrusionPentagon.x3d.Overhead_view.png


Extrusion crossSection .svg diagram
http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/_svg/ExtrusionPentagon.Extrusion1.svg 


http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/_svg/ExtrusionPentagon.Extrusion1.png
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Chapter Summary
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Chapter Summary   1


Polygonal geometry is essence of X3D graphics
• Also for most other computer graphics approaches


The rendering of almost every geometric shape 
is usually based on tessellation into triangles


Working with examples is the best way to learn.  
Be patient, the principles are consistent, and 


practice helps make principles familiar.
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Chapter Summary   2


Triangles, single-sided polygons, normal vectors
Common fields:  ccw, convex, creaseAngle, etc.
Geometry nodes, part 2


• Color and ColorRGBA
• Coordinate and CoordinateDouble
• PointSet
• IndexedLineSet and LineSet
• IndexedFaceSet
• ElevationGrid
• Extrusion
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Suggested exercises


Produce a simple graph of any sampled or 
functional X-Y data using IndexedLineSet
• Also include axes and min/mix scale labels


Write a simple program (in any language) that 
outputs coordinates for a circle's circumference
• Insert outputs into a PointSet node for display
• Show change when points are more closely spaced


Build a simple object using an IndexedFaceSet
• Add other IFS nodes with different Material values


Build examples with ElevationGrid, Extrusion
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X3D: Extensible 3D Graphics for Web Authors         
by Don Brutzman and Leonard Daly, Morgan 
Kaufmann Publishers, April 2007, 468 pages.  
• Chapter 6, Geometry 2:  Points Lines and Polygons
• http://x3dGraphics.com 
• http://x3dgraphics.com/examples/X3dForWebAuthors 


X3D Resources
• http://www.web3d.org/x3d/content/examples/X3dResources.html 
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X3D Scene Authoring Hints
• http://x3dgraphics.com/examples/X3dSceneAuthoringHints.html 


X3D Graphics Specification
• http://www.web3d.org/x3d/specifications 
• Also available as help pages within X3D-Edit
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VRML 2.0 Sourcebook by Andrea L. Ames, 
David R. Nadeau, and John L. Moreland, 
John Wiley & Sons, 1996.
• http://www.wiley.com/legacy/compbooks/vrml2sbk/cover/cover.htm 
• http://www.web3d.org/x3d/content/examples/Vrml2.0Sourcebook 


• Chapter 13 – Points Lines Faces
• Chapter 14 – Elevation Grid
• Chapter 15 – Extrusion
• Chapter 16 – Color
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Graphics Gems book series:  many algorithms
• http://www.graphicsgems.org 


Journal of Graphics Tools (jgt):  many algorithms
• http://jgt.akpeters.com 


http://www.merriam-webster.com/dictionary/algorithm 


Term:                  al·go·rithm


Pronunciation:    \ˈal-gə-ˌri-thəm\ 


Function:            noun 


Etymology:         alteration of Middle English algorisme, from Old French & Medieval 
Latin; Old French, from Medieval Latin algorismus, from Arabic al-khuwārizmi, from al-
Khwārizmī fl a.d. 825 Islamic mathematician


Date:                   1926


Definition:           a procedure for solving a mathematical problem (as of finding the 
greatest common divisor) in a finite number of steps that frequently involves repetition 
of an operation; broadly : a step-by-step procedure for solving a problem or 
accomplishing some end especially by a computer


Note:  a proper algorithm includes a termination condition.
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Point-Based Graphics, Markus Gross and 
Hanspeter Pfister, editors, 
Morgan Kaufmann Publishers, 2007.


• http://www.elsevier.com/wps/find/bookdescription.cws_home/710117/description#description 


Point-based Graphics Resources
• Ke-Sen Huang
• http://kesen.huang.googlepages.com/PointBasedPaper.html
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CGEMS, SIGGRAPH, Eurographics


The Computer Graphics Educational Materials 
Source(CGEMS) site is designed for educators
• to provide a source of refereed high-quality content
• as a service to the Computer Graphics community
• freely available, directly prepared for classroom use
• http://cgems.inesc.pt 


X3D for Web Authors recognized by CGEMS!  ☺
• Book materials:  X3D-Edit tool, examples, slidesets
• Received jury award for Best Submission 2008


CGEMS supported by SIGGRAPH, Eurographics


From the CGEMS home page:


• http://cgems.inesc.pt 


Welcome to CGEMS - Computer Graphics Educational Materials Source. The 
CGEMS site is designed for educators to provide a source of refereed high-
quality content as a service to the Computer Graphics community as a whole. 
Materials herein are freely available and directly prepared for your classroom.


List of all published modules:


• http://cgems.inesc.pt/authors/ListModules.aspx 


CGEMS Editorial Policy:


• http://cgems.inesc.pt/EditorialPolicy.htm 
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Creative Commons open-source license
http://creativecommons.org/licenses/by-nc-sa/3.0 


Attribution-Noncommercial-Share Alike 3.0 Unported


You are free:


    * to Share — to copy, distribute and transmit the work


    * to Remix — to adapt the work


Under the following conditions:


    * Attribution. You must attribute the work in the manner specified by the author or 
licensor (but not in any way that suggests that they endorse you or your use of the 
work).


      Attribute this work:  What does "Attribute this work" mean?


      The page you came from contained embedded licensing metadata, including how 
the creator wishes to be attributed for re-use. You can use the HTML here to cite the 
work. Doing so will also include metadata on your page so that others can find the 
original work as well.   


    * Noncommercial. You may not use this work for commercial purposes.


    * Share Alike. If you alter, transform, or build upon this work, you may distribute the 
resulting work only under the same or similar license to this one.


    * For any reuse or distribution, you must make clear to others the license terms of 
this work. The best way to do this is with a link to this web page.


    * Any of the above conditions can be waived if you get permission from the 
copyright holder.


    * Nothing in this license impairs or restricts the author's moral rights.
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Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.


License available at


    http://www.web3d.org/x3d/content/examples/license.txt 


    http://www.web3d.org/x3d/content/examples/license.html 


Good references on open source:


Andrew M. St. Laurent, Understanding Open Source and Free 
Software Licensing, O'Reilly Publishing, Sebastopol California, 
August 2004.  http://oreilly.com/catalog/9780596005818/index.html 


Herz, J. C., Mark Lucas, John Scott, Open Technology 
Development: Roadmap Plan,  Deputy Under Secretary of Defense 
for  Advanced Systems and Concepts, Washington DC, April 2006.  
http://handle.dtic.mil/100.2/ADA450769 
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Event tracing


X3D-Edit author-assist feature provides support 
for tracing output events
• “Trace” checkbox on editing pane adds some extra 


X3D source to your scene
• Captures all output events, routes them to a Script
• Script outputs event values to X3D browser console 


at run time so that you can trace execution logic


Can be helpful for selective debugging when  
animation chains are not behaving as expected
• Available for ROUTE, most event-producing nodes
• Simply remove when done troubleshooting
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Event tracing example


 


 


√ Trace


PositionOrientationInterpolatorsExampleTraced.x3d


√ Trace


√ Trace
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X3D Graphics for Web Authors


Chapter 7


Event Animation


If it ain't moving, it ain't 3D.
Andy van Dam, SIGGRAPH Pioneer, Brown University



http://www.siggraph.org/

http://www.cs.brown.edu/~avd
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Chapter Overview
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Overview:  Event Animation


Behaviors, events, ROUTE connections, animation
Animation as scene-graph modification
Event-animation design pattern:  10-step process
Interpolation nodes


● TimeSensor and event timing
● ScalarInterpolator and ColorInterpolator
● OrientationInterpolator, PositionInterpolator, 


PositionInterpolator2D and NormalInterpolator
● CoordinateInterpolator2D, CoordinateInterpolator
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Concepts


back to Table of Contents
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Behaviors


Behavior defined as changing the value of some 
field contained by some node in scene graph


Animation nodes, user interaction nodes and 
network updates can produce updated values


ROUTE statements connect output of one node 
as an input to field in another node


Event defined as the time-stamped value passed 
by a ROUTE, from one field to another


Thus the values held by nodes in scene graph 
can change as time advances


review
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Behavior traversal of scene graph


Double buffer:  once frame is swapped to update 
screen image, repeat and update scene values


Event model consists of 
• Examining clock-driven and user-initiated events
• Updating scene-graph values
• Triggering and updating new events as appropriate
• Continue until all events handled, loops not allowed


Event updates modify the scene graph
• Changing rendering properties, or
• Generating further event outputs 
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Example behavior event chain
• User clicks button to start a timer clock
• Clock outputs new event at start of each frame,
• ... which stimulates linear-interpolation function 


which produces another output value
• ... which updates some target value in scene graph
• Repeat event traversal after each frame redraw


review
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ROUTE connections


ROUTE connection enables the output field of 
one node to pass a value that then stimulates 
the input field of another node
• The passed value also includes a time stamp


Field data type and accessType must both match 
between node/field of source and target
• Chapter 1, Technical Introduction lists field types
• Also provided in tooltips and specification
• Authors usually must carefully check these







Animation as scene-graph modification


Behavior = changing a field value in a node, 
somewhere in the scene graph


Event = time-stamped value going over a ROUTE


Event cascade is a series of events, each one 
triggering the next, before next frame is drawn
• No event loops allowed, guaranteeing completion


Thus all X3D animation can be considered as 
modification of the scene graph at run time
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Event-animation design pattern


X3D can be imposing, there are many nodes
Nevertheless a simple design pattern is used for 


nearly every kind of animation


This consistent event ROUTE pattern enables you 
to expertly animate most X3D scene behaviors


ROUTE ROUTE ROUTE


event event event
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Visualizing scenes on paper 


It is good practice to sketch out 3D scene drafts
• Consider what models are needed, and how 


multiple models might be composed


Consider user experience, from their perspective
• What tasks and goals, what use cases
• What might things look like when first seen


Storyboarding can help build long-form content
• Series of vignettes to tell a larger story
• Each scene defines needed models and behaviors
• Build each piece, put them together



http://en.wikipedia.org/wiki/Story_board

http://www.mcli.dist.maricopa.edu/authoring/studio/guidebook/storyboard.html

http://en.wikiversity.org/wiki/Lesson:Thumbnail_Storyboard

http://en.wikipedia.org/wiki/Previsualization
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Field data types


X3D is a strongly typed language
• Each field in each node (i.e. each XML attribute) 


has a strictly defined data type
• Data types for boolean, integer, floating point


Types are either single or multiple-value
• Example:  SFFloat, SFVec2f, SFVec3f, SFRotation


Also have arrays for all types
SF = Single Field, MF = Multiple Field (array)
Failure to match data types correctly is an error!


• During schema validation, loading or at run time


Review
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X3D has strong data typing


Data typing is very important to prevent errors
• Strong data typing means that all data types must 


match (or be converted) exactly
• Weak data typing means data types may be  


promoted or changed by the system automatically 
without author direction (or quality control)


Data type errors lead to erroneous computations 
and system crashes, in any computer language


X3D has strong data typing
● Cost:  authors must ensure their scene is correct
● Benefit:  mysterious run-time errors avoided







Field data types   1







Field data types   2







ClassicVRML syntax notes
• TRUE and FALSE (rather than XML true and false)
• MF multiple-field array values are surrounded by 


square brackets, e.g. [ 10 20 30, 4.4 -5.5 6.6 ]
• No special XML escape characters such as &amp; 


Field data types   3
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accessType:  input, output, initialize


accessType determines if field is data sender, 
receiver, or holder


● inputOnly: can only receive events
● outputOnly: can only send events
● initializeOnly: cannot send or receive
● inputOutput: can send, receive and be initialized


Failure to match accessType correctly is an error!
• Detected during authoring-tool checks, or run time
● inputOnly and outputOnly values cannot be listed as 


attributes in .x3d scene file, since they are transient



http://www.web3d.org/x3d/content/examples/X3dResources.html#Tooltips

http://www.web3d.org/x3d/specifications





accessType naming conventions   1


The accessType names were changed when 
VRML97 was upgraded to X3D
• Functionality remains essentially unchanged


 X3D specification entries for each node use yet 
another shorthand, as shown here
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accessType naming conventions   2


Field names often reveal special accessType
• Prefix set_         indicates inputOnly   field
• Prefix _changed indicates outputOnly field
• Prefix is  for outputOnly boolean field (e.g. isActive)


inputOnly, outputOnly fields not allowed in files
Understanding naming conventions helps authors 


understand ROUTE definitions and results
Looking ahead:  we will name our own fields 


when creating Scripts and prototypes, further 
underscoring importance of naming
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Interpolating animation chains:  
10-step design process


The following 10-step process can be used for all 
animation tasks


Table is also provided in order to look up how to 
produce typed-value outputs corresponding to 
each interpolator or sequencer node


A detailed example follows


This 10-step process is a good check to perform 
each time you create an animation chain
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Interpolating animation chains  1-2 


1. Pick target. Pick node and target field to 
animate (i.e., field that receives changing 
animation values)


2. Name target. Provide a DEF label for the 
node of interest, giving it a name
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Interpolating animation chains  3-4 


3. Check accessType and data type.
• Ensure target field has accessType of inputOnly or 


inputOutput, so that it can receive input events
• Determine if target field has floating-point type: 


SFFloat, SFVec3f, SFColor, SFRotation, and so on... 
If so, use an interpolator node as the event source


4.  Determine if Sequencer or Script.
• If the target type is an SFBool or SFInt32, use a 


sequencer node as event source
• If the target type is an SFNode or MFNode, use a 


Script node as the event source







Interpolating animation chains  5-6 


5. Determine which Interpolator. If you are 
not using a sequencer or Script node, 
determine corresponding Interpolator which 
produces the appropriate data type for 
value_changed output using lookup table
• Example: PositionInterpolator produces SFVec3f 


value_changed events


6. Triggering sensor. If desired, add sensor 
node at beginning, to provide appropriate 
SFTime or SFBool trigger to start animation
• Sometimes the triggering event is an output event 


from another animation chain







Interpolating animation chains  7-8 


7. TimeSensor clock. Add a TimeSensor as the 
animation clock, then set its cycleInterval field 
to the desired duration interval of animation
• Set loop='false' if an animation only runs once at 


certain specific times.  (Will need triggering event.)
• Set loop='true' if it loops repeatedly


 8. Connect trigger. ROUTE sensor or trigger 
node’s output field to the TimeSensor input in 
order to start the animation chain
• Each node in animation chain needs a DEF name, 


so that ROUTE can connect to/from
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Interpolating animation chains  9-10


9. Connect clock. ROUTE the TimeSensor 
fraction_changed field to the interpolator 
(or sequencer or Script) node's set_fraction 
field, in order to drive the animation chain


10. Connect animation output. ROUTE the 
interpolator, sequencer, or Script node's 
value_changed field to target field of interest 
in order to complete the animation chain


Construction of animation-chain design pattern is 
complete, now test whether animation works
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Example animation chains


Each row in Table 7.2 shows commonly authored 
sequences of nodes in animation chains


Used in Step 5:  Determine which Interpolator







X3D field types and corresponding 
animation nodes


Used in Step 5:  Determine which Interpolator
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Animation chain for this example


HelloX3dAuthorsAnimationChain.x3d 
is our detailed animation-chain example


TouchSensor            TimeSensor       OrientationInterpolator       Transform


        SFTime event                SFFloat event                     SFRotation event


touchTime => startTime                                              value_changed => rotation


fraction_changed => set_fraction



http://www.web3d.org/x3d/content/examples/Basic/course/HelloX3dAuthorsAnimationChain.x3d

http://www.web3d.org/x3d/content/examples/Basic/course/HelloX3dAuthorsAnimationChain.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/HelloX3dAuthorsAnimationChain.x3d
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Hello X3D Authors showing ROUTEs



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/HelloX3dAuthorsAnimationChain.x3d
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Hello X3D Authors 10-step process



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/HelloX3dAuthorsAnimationChain.x3d
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1. Pick target. The target node is a Transform, and the target field is set_rotation.


2. Name target. The Transform is named DEF='EarthCoordinateSystem'.


3. Check accessType and data type.  As shown by the Transform node field-definition table in 
Chapter 3 and the X3D-Edit tooltip, the set_rotation field has type SFRotation.


4. Determine whether Sequencer or Script.  These special node types are not applicable to this 
example, because the data type for set_rotation is SFRotation which is a floating-point type.


5. Determine which Interpolator.  The animating OrientationInterpolator is named 
DEF=''SpinThoseThings'' and placed just before the Transform.


6. Triggering sensor.  A triggering TouchSensor is added next to the geometry to be clicked, and 
then named DEF='ClickTriggerTouchSensor'.


7. TimeSensor clock. The TimeSensor is added at the beginning of the chain, named 
DEF='OrbitalTimeInterval' and has both the cycleInterval and loop fields set.


8. Connect trigger.  Add ROUTE to connect the triggering TouchSensor node’s touchTime output 
field to the clock node’s startTime input field.


9. Connect clock.  Add ROUTE to connect the clock node’s fraction_changed output field to the 
interpolator node’s set_fraction input field.


10. Connect animation output. Add ROUTE to connect the interpolator node’s value_changed 
output field to the original target input field, set_rotation.


Hello X3D Authors 10-step process



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/HelloX3dAuthorsAnimationChain.x3d





ROUTE editor examples


<ROUTE 
fromNode='OrbitalTimeInterval'
fromField='fraction_changed' 
toNode='SpinThoseThings'
toField='set_fraction' />


<ROUTE 
fromNode='ClickTriggerTouchSensor'
fromField='touchTime'
toNode='OrbitalTimeInterval'
toField='startTime' />



http://www.web3d.org/x3d/content/examples/Basic/course/HelloX3dAuthorsAnimationChain.x3d
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Interpolation


Interpolation is the estimation of intermediate 
values from other values


Computing averages is computationally efficient 
and highly optimizable


Linear approximation is thus well suited for  
high-performance graphics animation


X3D provides interpolation nodes for each of the 
floating-point data types
• including multiple-value types: Color, Vec3f, etc.







Interpolation node type


X3DInterpolationNode is the formal name for the 
interpolation node type


Each interpolation node includes the following 
common fields and naming conventions
• SF, MF <type> definition must be consistent for 


node in order to properly define response function







Common interpolator fields
• key, keyValue hold the point values defining the 


characteristic function
• key array always has type MFFloat
• keyValue array data type matches the named type 


of the parent Interpolator node
• final value must equal first value in keyValue array 


if smooth looping is desired


• Lengths of key, keyValue arrays must be equal
• Note that keyValue array can hold values which are 


themselves MF (multi-field) array type
• Function output value_changed always has same 


name, but data type matches the Interpolator node







Linear interpolation


Piecewise-linear curve fitting 
can approximate any curve 
with arbitrary accuracy


Multi-field (MF) values are 
individually interpolated 
proportionately


        key='0 0.3333 0.666 1'
 keyValue='1 0 0, 0 1 0,


0 0 1, 1 0 0'



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/ColorInterpolatorExample.x3d





Step-wise linear interpolation


Step functions are created 
by repeating time values 
and corresponding output


key='0 0.25 0.25 0.5 0.5 1'
keyValue='1 1  2   2   3 4'


Note that time-fraction key 
array must always be 
monotonically (steadily) 
increasing







Double linear-interpolation averaging


Matched key, keyValue arrays define the points 
for a linear-interpolator approximation function


Two-way weighted averaging is used to compute 
interpolated-input, interpolated-output results



file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23TimeSensor%20output%20(Notes)
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X3D Nodes and Examples


back to Table of Contents
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TimeSensor


TimeSensor is the heartbeat of an animation
• provides pulse that triggers event cascades
• initiates computations for drawing next frame
• Outputs values as fraction_changed, from 0 to 1


TimeSensor samples elapsed time based on the 
computer clock, rather than screen update rate
• Ensures that animations are smooth and realistic
• Fixed (constant) frame rate is typically not feasible 


since computation varies for screen-image updates







TimeSensor output


Output time is an SFTime ramp function ranging 
[0,1] that repeats every cycleInterval seconds
• Sometimes called a 'sawtooth' function
• SFFloat output field fraction_changed used 


as input to other interpolators, sequencers







TimeSensor fields  1
• enabled controls whether node enabled or disabled
• loop is an SFBool indicating whether to continue 


looping indefinitely after first cycle is complete
• cycleInterval defines total loop duration in seconds, 


either for single-shot animation or looped repetition
• cycleTime field is sent an SFTime output value 


upon completion of each loop







TimeSensor fields  2
• startTime, stopTime are provided (or contain) 


SFTime values for when to start, stop respectively
• ROUTE an SFTime value to startTime or stopTime
• isActive, isPaused are output SFBool true/false events sent 


whenever the TimeSensor is set to run or paused


• pauseTime, resumeTime are SFTime values for 
current clock time whenever paused or resumed


• Corresponding boolean isPaused event is also sent, with 
value of true when paused and false when resuming


• elapsedTime output provides cumulative number of 
seconds since TimeSensor was activated and began 
running, without including paused time
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TimeSensor node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/ColorInterpolatorExample.x3d
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TimeSensor tooltips 1



http://www.web3d.org/x3d/content/X3dTooltips.html#TimeSensor
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TimeSensor tooltips 2



http://www.web3d.org/x3d/content/X3dTooltips.html#TimeSensor
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ScalarInterpolator node


Generates a scalar (single-valued) SFFloat for 
value_changed  output


key and keyValue arrays contain SFFloat values


set_fraction determines input value to piece-wise 
linear function
• Percentage between bracketing key[i], key[i+1] 


values used to compute corresponding output 
value_changed as weighted average between 
keyValue[i], keyValue[i+1]


• Which is same algorithm for all interpolators
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ScalarInterpolator node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/ScalarInterpolator.x3d
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ScalarInterpolator tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#ScalarInterpolator





ColorInterpolator node


Generates a 3-tuple (triple-valued) SFColor for 
continuous value_changed  output


key        array contains SFFloat values
keyValue array contains SFColor values
Linear interpolation of red, green, blue (RGB) 


values is respectively performed for each 
bracketing keyValue pair


         key='0 0.3333 0.666 1'
 keyValue='1 0 0, 0 1 0,
                 0 0 1, 1 0 0'
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ColorInterpolator animation chain


Each node's output field matches data type of 
next node's input field


accessType outputOnly to inputOnly, initializeOnly 
also match
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ColorInterpolator example output


Using the pointing device to select the text 
triggers the ColorInterpolator animation
• Colors vary gradually, by linear interpolation of each 


of the component  red-green-blue RGB values
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ColorInterpolator scene graph illustration    



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/ColorInterpolatorExample.x3d
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ColorInterpolator scene graph with ROUTEs


Suggested exercise:  
label each link with field names,
types, and accessType.



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/ColorInterpolatorExample.x3d





ColorInterpolator example pretty print



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/ColorInterpolatorExample.x3d





ColorInterpolator example pretty print



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/ColorInterpolatorExample.x3d





ColorInterpolator node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/ColorInterpolatorExample.x3d
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ColorInterpolator tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#ColorInterpolator
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OrientationInterpolator node


Generates a 4-tuple (four-valued orientation) 
SFRotation for value_changed  output


key         array contains SFFloat fraction values
keyValue array contains SFRotation output values


• As always: same number of key, keyValue entries


OrientationInterpolator animates along shortest 
path between the two normal vectors, also 
computes linear average between two 
corresponding angles, in keyValue array







OrientationInterpolator example
This animation-chain example can be added to any scene 


(via cut and paste) to create a look-around Viewpoint.  
This bound camera view rotates about a fixed position.


<Viewpoint DEF='DizzyViewpoint' description='Rotating viewpoint' 
position=”[somewhere you want it]” orientation='0 1 0 0'/>


<OrientationInterpolator DEF='Spinner' key='0 0.25 0.5 0.75 1' 
keyValue='0 1 0 0, 0 1 0 1.57, 0 1 0 3.14, 0 1 0 4.71, 0 1 0 6.28'/>


<TimeSensor DEF='SpinClock' cycleInterval='12' loop='true'/>


<ROUTE fromField='fraction_changed' fromNode='SpinClock' 
toField='set_fraction' toNode='Spinner'/>


<ROUTE fromField='value_changed' fromNode='Spinner' 
toField='orientation' toNode='DizzyViewpoint'/>
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OrientationInterpolator node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/PositionOrientationInterpolatorsExample.x3d
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OrientationInterpolator tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#OrientationInterpolator
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PositionInterpolator node


Generates a 3-tuple (three-valued floating point) 
SFVec3f for value_changed  output


key         array contains SFFloat  fraction values
keyValue array contains SFVec3f output values


• As always: same number of key, keyValue entries


PositionInterpolator computes weighted average 
between corresponding x, y and z pairs in the 
keyValue array
• ROUTE to Transform, either translation or scale







65


PositionInterpolator node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/PositionOrientationInterpolatorsExample.x3d
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Event tracing


X3D-Edit author-assist feature provides support 
for tracing output events
• “Trace” checkbox on editing pane adds some extra 


X3D source to your scene
• Captures all output events, routes them to a Script
• Script outputs event values to X3D browser console 


at run time so that you can trace execution logic


Can be helpful for selective debugging when  
animation chains are not behaving as expected
• Available for ROUTE, most event-producing nodes
• Simply remove when done troubleshooting
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Event tracing example


 


 


√ Trace


PositionOrientationInterpolatorsExampleTraced.x3d


√ Trace


√ Trace



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/PositionOrientationInterpolatorsExampleTraced.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/PositionOrientationInterpolatorsExampleTraced.x3d
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PositionInterpolator tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#PositionInterpolator
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PositionInterpolator2D node


Generates a 2-tuple (two-valued floating point) 
SFVec2f for value_changed  output


key         array contains SFFloat fraction values
keyValue array contains SFVec2f output values


• As always: same number of key, keyValue entries


PositionInterpolator2D computes weighted 
average between corresponding (x, y) pairs in 
the keyValue array
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PositionInterpolator2D node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/PositionInterpolator2dExample.x3d
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PositionInterpolator2D screen captures


Selecting the texture with the mouse pointer 
starts the TextureTransform scale animation,
deselecting the texture stops the animation



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/PositionInterpolator2dExample.x3d
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PositionInterpolator2D tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#PositionInterpolator2D





NormalInterpolator node


Generates a 3-tuple (three-valued floating point) 
SFVec3f for value_changed  output


key         array contains SFFloat values
keyValue array contains SFVec3f values


• As always: same number of key, keyValue entries
• SFVec3f outputs: unit-normal vectors, magnitude=1


NormalInterpolator animates along shortest path 
between the pair of normal vectors currently 
being referenced in keyValue array


Normal vectors used for special shading effects
• see Chapter13 - Geometry Triangles Quadrilaterals
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NormalInterpolator node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/NormalInterpolator.x3d

http://www.web3d.org/x3d/content/examples/Vrml2.0Sourcebook/Chapter19-NormalsShading





NormalInterpolator editor
Rows correspond to each key
Correct results have same number of MFVec3f 


values in each row
Normal-to-normal interpolation occurs on each 


column, allowing easier comparison
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NormalInterpolator tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#NormalInterpolator
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CoordinateInterpolator2D node


Generates 2-tuple (two-valued floating point) 
array, MFVec2f for value_changed  output


key         array contains SFFloat values
keyValue array contains MFVec2f values


• As always: same number of key, keyValue entries
• Counting is very important for arrays of arrays!


CoordinateInterpolator2D computes weighted 
average between corresponding x and y pairs 
for each subarray in the keyValue array
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CoordinateInterpolator2D node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/CoordinateInterpolator2dExample.x3d





79


CoordinateInterpolator2D tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#CoordinateInterpolator2D
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CoordinateInterpolator node


Generates n-tuple (multiple-valued floating point) 
array, MFFloat for value_changed  output


key         array contains n SFFloat values
keyValue array contains n MFFloat values


• As always: same number of key, keyValue entries
• Counting is very important for arrays of arrays!


CoordinateInterpolator computes weighted 
average between corresponding element pairs 
for each subarray in the keyValue array
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Morphing images in 2D


Morphing 2D is the smooth transformation of one 
image into another using digital in-betweening
• Not a feature built into X3D


Typically this is done by identifying control points 
and gradually changing individual pixel colors 
from one 2D image into another
• Initial and final 2D images are already defined
• Corresponding control points are carefully chosen
• Special algorithms are applied
• Now a common photographic editing technique
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Morphing models in X3D


Morphing 3D is the smooth transformation of one 
model into another using digital in-betweening
• Supported in X3D by CoordinateInterpolator node


Typically this is done by identifying control points 
and gradually changing coordinates from one 
set of values to another
• Linear interpolation value-by-value for each point
• Also usable for colors, normals, texture coordinates


We will use this technique to morph between 3D 
coordinate sets using CoordinateInterpolator



http://www.cs.unc.edu/~lazebnik/research/fall08/qi_mo.ppt
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Creating a morphable model


1.  Create baseline model geometry
• typically an IndexedFaceSet node


2.  Create alternate poses in key positions
• Ensure that same geometric layout is maintained
• These are referred to as “key frames”
• Can observe proper sequencing via a Switch node


3.  Use each set of point position values as part 
of a CoordinateInterpolator keyValue array


• Corresponding key array holds fraction durations, 
similar to any other interpolator node
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CoordinateInterpolator node X3D-Edit


Case-study example:  morphing a dolphin model
• Chris Lang, author
• Monterey High School class of 2008
• Models online at


https://savage.nps.edu/Savage/Biologics/Dolphin 



https://savage.nps.edu/Savage/Biologics/Dolphin

https://savage.nps.edu/Savage/Biologics/Dolphin
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Creating a morphable dolphin   1


 1.  Create baseline model geometry
• typically an IndexedFaceSet node


Chris Lang first built a dolphin model using Maya
• advanced 3D modeling tool, commercial product
• http://autodesk.com > Products > Maya


Such models tend to be complex, perhaps saved 
in proprietary or perhaps-confusing formats


• But can nevertheless be saved as X3D or VRML, 
making this approach reasonably repeatable


• Can also use Aaron Bergstrom's Rawkee tool



http://autodesk.com/

http://autodesk.com/

http://autodesk.com/

http://en.wikipedia.org/wiki/Maya_software

http://rawkee.sourceforge.net/
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Creating a morphable dolphin   2


2.   Create alternate poses in key positions
• Ensure that same geometric layout is maintained
• These are referred to as “key frames”
• Can observe proper sequencing via a Switch node


The original model was then modified to match 
other poses, making sure each time that no 
new coordinate points were added or deleted


• Each individually saved as X3D or VRML scenes
• Switch cycler allows direct comparison of each
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DolphinSwitcher.x3d



https://savage.nps.edu/Savage/Biologics/Dolphin/DolphinSwitcher.x3d





DolphinPose02.x3d   DolphinPose01.x3d   DolphinPose03.x3d



https://savage.nps.edu/Savage/Biologics/Dolphin/DolphinPose02.x3d

https://savage.nps.edu/Savage/Biologics/Dolphin/DolphinPose01.x3d

https://savage.nps.edu/Savage/Biologics/Dolphin/DolphinPose03.x3d
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Creating a morphable dolphin   3


3. Use each set of point position values as part of 
a CoordinateInterpolator keyValue array
Corresponding key array holds fraction durations, 


similar to any other interpolator node


Define pose sequence for CoordinateInterpolator
• 02 CurvedUpwardPose
• 01 NeutralPose
• 03 CurvedDownwardPose
• 01 NeutralPose
• 02 CurvedUpwardPose completes loop, then repeat
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Creating a morphable dolphin   4


CoordinateInterpolator key array lists all five at 
equal time-fraction intervals:
• key='0 0.25 0.5 0.75 1' 


Now need to build keyValue array
• Brute-force approach is then to copy set of array 


values from each <Coordinate point='...'/> pose


But note that each point sequence is quite long
• 508 points, meaning 1524 x-y-z values for each!!
• 5 arrays hold 7620 points total, 40% duplication
• Prefer 3 arrays, 4572 points, no array duplication
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CoordinateInterpolator editor
Rows correspond to each key
Correct results have same number of MFVec3f 


values in each row
Point-by-point interpolation occurs on each 


column, allowing easier comparison
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Modifying TimeSensor outputs   1


Two ways to achieve the same pose sequence
•   Five poses: forward 02, 01, 03, 01, 02, repeat
• Three poses: forward 02, 01, 03, backwards, repeat


Build the second approach by modifying the 
TimeSensor fraction_changed output via a 
ScalarInterpolator 
• TimeSensor output ramps from 0..1 linearly
• Five-pose CoordinateInterpolator uses 0..1 directly
• ScalarInterpolator output ramps 0 to 1 then back to 0
• Three-pose CoordinateInterpolator uses 0..1..0 instead







Modifying TimeSensor outputs   2


Can modify TimeSensor output by ROUTE 
connections through a ScalarInterpolator
• Change timing characteristic from 0..1 to 0..1..0


Resulting sequence of five poses: 
• forward 02, 01, 03, backwards 03, 01, 02, repeat
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DolphinMorpher.x3d



https://savage.nps.edu/Savage/Biologics/Dolphin/DolphinMorpher.x3d
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CoordinateInterpolator tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#CoordinateInterpolator
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Chapter Summary


back to Table of Contents
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Chapter Summary:  Event Animation


Behaviors, events, ROUTE connections, animation
Animation as scene-graph modification
Event-animation design pattern:  10-step process
Interpolation nodes


● TimeSensor and event timing
● ScalarInterpolator and ColorInterpolator
● OrientationInterpolator, PositionInterpolator, 


PositionInterpolator2D and NormalInterpolator
● CoordinateInterpolator, CoordinateInterpolator2D
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Suggested exercises


Illustrate and annotate ROUTE connections in an 
animation scene graph (documenting 10 steps)
• Print out one of these scenes in landscape mode, 


either using the X3dToXhtml.xslt stylesheet version 
or Netbeans 'Save as HTML' option.


• Then draw all ROUTE connections, label beginning 
and end of each by name, type and accessType


Draw animation chain diagrams to document 
behaviors in your own example scenes
• Add use-case summaries about user intent
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Overview:  Event Animation


Behaviors, events, ROUTE connections, animation
Animation as scene-graph modification
Event-animation design pattern:  10-step process
Interpolation nodes


● TimeSensor and event timing
● ScalarInterpolator and ColorInterpolator
● OrientationInterpolator, PositionInterpolator, 


PositionInterpolator2D and NormalInterpolator
● CoordinateInterpolator2D, CoordinateInterpolator
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Concepts


back to Table of Contents
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Behaviors


Behavior defined as changing the value of some 
field contained by some node in scene graph


Animation nodes, user interaction nodes and 
network updates can produce updated values


ROUTE statements connect output of one node 
as an input to field in another node


Event defined as the time-stamped value passed 
by a ROUTE, from one field to another


Thus the values held by nodes in scene graph 
can change as time advances


review


Fun definition of time:  “time is what keeps everything from happening at once!”


This is motivation for why events include timestamps.  The timestamp values allow 
ordering of events so that an earlier behavior doesn't mistakenly override a later 
behavior.
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Behavior traversal of scene graph


Double buffer:  once frame is swapped to update 
screen image, repeat and update scene values


Event model consists of 
• Examining clock-driven and user-initiated events
• Updating scene-graph values
• Triggering and updating new events as appropriate
• Continue until all events handled, loops not allowed


Event updates modify the scene graph
• Changing rendering properties, or
• Generating further event outputs 


Double buffering is an approach used by most 3D programs to incrementally draw 
each frame in the background, then swap it with the front buffer when ready.  When 
this repeats at a frame rate of 10 Hz or better, smooth motion is perceived by the user. 
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Example behavior event chain
• User clicks button to start a timer clock
• Clock outputs new event at start of each frame,
• ... which stimulates linear-interpolation function 


which produces another output value
• ... which updates some target value in scene graph
• Repeat event traversal after each frame redraw


review
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ROUTE connections


ROUTE connection enables the output field of 
one node to pass a value that then stimulates 
the input field of another node
• The passed value also includes a time stamp


Field data type and accessType must both match 
between node/field of source and target
• Chapter 1, Technical Introduction lists field types
• Also provided in tooltips and specification
• Authors usually must carefully check these
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Animation as scene-graph modification


Behavior = changing a field value in a node, 
somewhere in the scene graph


Event = time-stamped value going over a ROUTE


Event cascade is a series of events, each one 
triggering the next, before next frame is drawn
• No event loops allowed, guaranteeing completion


Thus all X3D animation can be considered as 
modification of the scene graph at run time
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Event-animation design pattern


X3D can be imposing, there are many nodes
Nevertheless a simple design pattern is used for 


nearly every kind of animation


This consistent event ROUTE pattern enables you 
to expertly animate most X3D scene behaviors


ROUTE ROUTE ROUTE


event event event


X3D for Web Authors, Figure 7.1, p. 189.


TouchSensor is optional.  Some other triggering event may be provided to start the 
animation chain, or the TimeSensor may be looping indefinitely.


There are many interpolator nodes.  The choice of which interpolator to utilize is 
determined by the data type of the target field in the target node.


A sequencer node is used instead of an interpolator node if the target field is boolean 
or integer.  Sequencer nodes are described in Chapter 9, Event Utilities and Scripting.
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Visualizing scenes on paper 


It is good practice to sketch out 3D scene drafts
• Consider what models are needed, and how 


multiple models might be composed


Consider user experience, from their perspective
• What tasks and goals, what use cases
• What might things look like when first seen


Storyboarding can help build long-form content
• Series of vignettes to tell a larger story
• Each scene defines needed models and behaviors
• Build each piece, put them together


Storyboarding


• http://en.wikipedia.org/wiki/Story_board 


• http://www.mcli.dist.maricopa.edu/authoring/studio/guidebook/storyboard.html 


• http://en.wikiversity.org/wiki/Lesson:Thumbnail_Storyboard 


Previsualization


• http://en.wikipedia.org/wiki/Previsualization 
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Field data types


X3D is a strongly typed language
• Each field in each node (i.e. each XML attribute) 


has a strictly defined data type
• Data types for boolean, integer, floating point


Types are either single or multiple-value
• Example:  SFFloat, SFVec2f, SFVec3f, SFRotation


Also have arrays for all types
SF = Single Field, MF = Multiple Field (array)
Failure to match data types correctly is an error!


• During schema validation, loading or at run time


Review


Data type and accessType information is available for each node in the X3D Tooltips 
and X3D Specification.


When speaking about data types, you can substitute “array of” for the “MF” prefix.  
Example:  “MFColor is an array of Color values.”


For full review see Chapter 1, Technical Overview.
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X3D has strong data typing


Data typing is very important to prevent errors
• Strong data typing means that all data types must 


match (or be converted) exactly
• Weak data typing means data types may be  


promoted or changed by the system automatically 
without author direction (or quality control)


Data type errors lead to erroneous computations 
and system crashes, in any computer language


X3D has strong data typing
● Cost:  authors must ensure their scene is correct
● Benefit:  mysterious run-time errors avoided


Strong data typing, XML validation and a number of other X3D quality-control checks 
prevent the dreaded errors which arise from Garbage In Garbage Out (GIGO).


GIGO errors can be quite difficult to detect, debug and correct.  Thus they are best 
avoided in the first place.  Strong typing, XML validation and tools that report errors 
are an X3D author's best friend.
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Field data types   1


X3D for Web Authors, Table 1.4, pp. 19-20.
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Field data types   2


X3D for Web Authors, Table 1.4, pp. 19-20.
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ClassicVRML syntax notes
• TRUE and FALSE (rather than XML true and false)
• MF multiple-field array values are surrounded by 


square brackets, e.g. [ 10 20 30, 4.4 -5.5 6.6 ]
• No special XML escape characters such as &amp; 


Field data types   3


X3D for Web Authors, Table 1.4, pp. 19-20.
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accessType:  input, output, initialize


accessType determines if field is data sender, 
receiver, or holder


● inputOnly: can only receive events
● outputOnly: can only send events
● initializeOnly: cannot send or receive
● inputOutput: can send, receive and be initialized


Failure to match accessType correctly is an error!
• Detected during authoring-tool checks, or run time
● inputOnly and outputOnly values cannot be listed as 


attributes in .x3d scene file, since they are transient


Data type and accessType information is available for each node in the X3D Tooltips 
and X3D Specification.


TODO explain 3D graphics rationale for accessType:  performance







Chapter 7 - Event Animation and Interpolation 19


accessType naming conventions   1


The accessType names were changed when 
VRML97 was upgraded to X3D
• Functionality remains essentially unchanged


 X3D specification entries for each node use yet 
another shorthand, as shown here


X3D for Web Authors, Table 1.6, p. 28.
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accessType naming conventions   2


Field names often reveal special accessType
• Prefix set_         indicates inputOnly   field
• Prefix _changed indicates outputOnly field
• Prefix is  for outputOnly boolean field (e.g. isActive)


inputOnly, outputOnly fields not allowed in files
Understanding naming conventions helps authors 


understand ROUTE definitions and results
Looking ahead:  we will name our own fields 


when creating Scripts and prototypes, further 
underscoring importance of naming


Script nodes allow an author to define the input and output fields of interest.  Each 
Script node can react and respond to input events by performing computations and 
then sending output events.    The contained Script code may be written in Ecmasript 
(i.e. Javascript) or in Java.


For more on this subject, see Chapter 9, Event Utilities and Scripting.







Chapter 7 - Event Animation and Interpolation 21


21


Interpolating animation chains:  
10-step design process


The following 10-step process can be used for all 
animation tasks


Table is also provided in order to look up how to 
produce typed-value outputs corresponding to 
each interpolator or sequencer node


A detailed example follows


This 10-step process is a good check to perform 
each time you create an animation chain
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Interpolating animation chains  1-2 


1. Pick target. Pick node and target field to 
animate (i.e., field that receives changing 
animation values)


2. Name target. Provide a DEF label for the 
node of interest, giving it a name


X3D for Web Authors, section 2.5, pp. 192-193
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Interpolating animation chains  3-4 


3. Check accessType and data type.
• Ensure target field has accessType of inputOnly or 


inputOutput, so that it can receive input events
• Determine if target field has floating-point type: 


SFFloat, SFVec3f, SFColor, SFRotation, and so on... 
If so, use an interpolator node as the event source


4.  Determine if Sequencer or Script.
• If the target type is an SFBool or SFInt32, use a 


sequencer node as event source
• If the target type is an SFNode or MFNode, use a 


Script node as the event source


X3D for Web Authors, section 2.5, pp. 192-193


When checking data type:


• The target field can either be singleton SF type or array MF type


• SF means Single Field, MF means Multiple Field (i.e. an array) in the 
X3D type-naming convention
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Interpolating animation chains  5-6 


5. Determine which Interpolator. If you are 
not using a sequencer or Script node, 
determine corresponding Interpolator which 
produces the appropriate data type for 
value_changed output using lookup table
• Example: PositionInterpolator produces SFVec3f 


value_changed events


6. Triggering sensor. If desired, add sensor 
node at beginning, to provide appropriate 
SFTime or SFBool trigger to start animation
• Sometimes the triggering event is an output event 


from another animation chain


X3D for Web Authors, section 2.5, pp. 192-193


for Step 5, Determine which Interpolator:


• See Table 7.2 for example interpolator chains


• See Table 7.5 for list of candidate interpolators to use, based on data type
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Interpolating animation chains  7-8 


7. TimeSensor clock. Add a TimeSensor as the 
animation clock, then set its cycleInterval field 
to the desired duration interval of animation
• Set loop='false' if an animation only runs once at 


certain specific times.  (Will need triggering event.)
• Set loop='true' if it loops repeatedly


 8. Connect trigger. ROUTE sensor or trigger 
node’s output field to the TimeSensor input in 
order to start the animation chain
• Each node in animation chain needs a DEF name, 


so that ROUTE can connect to/from


X3D for Web Authors, section 2.5, pp. 192-193
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Interpolating animation chains  9-10


9. Connect clock. ROUTE the TimeSensor 
fraction_changed field to the interpolator 
(or sequencer or Script) node's set_fraction 
field, in order to drive the animation chain


10. Connect animation output. ROUTE the 
interpolator, sequencer, or Script node's 
value_changed field to target field of interest 
in order to complete the animation chain


Construction of animation-chain design pattern is 
complete, now test whether animation works


X3D for Web Authors, section 2.5, pp. 192-193
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Example animation chains


Each row in Table 7.2 shows commonly authored 
sequences of nodes in animation chains


Used in Step 5:  Determine which Interpolator


X3D for Web Authors, Table 7.2, p. 196.   Example Animation Chains: 


Each Row Shows a Commonly Authored Sequence of Nodes
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X3D field types and corresponding 
animation nodes


Used in Step 5:  Determine which Interpolator


X3D for Web Authors, Table 7.5, p. 199.


Notice that some types are not on the list!  That is because there is no direct way to 
animate them.  Usually a Script node is needed to do this.


• BackgroundColorArrayAnimation.x3d example in Script chapter 9


• TODO: also consider ColorArrayInterpolator node in Prototypes chapter 14
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Animation chain for this example


HelloX3dAuthorsAnimationChain.x3d 
is our detailed animation-chain example


TouchSensor            TimeSensor       OrientationInterpolator       Transform


        SFTime event                SFFloat event                     SFRotation event


touchTime => startTime                                              value_changed => rotation


fraction_changed => set_fraction


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/HelloX3dAuthorsAnimationChain.x3d
 


Interestingly our example scene includes the TouchSensor trigger node, but as a 
default ignores that trigger by setting <TimeSensor loop=”true”/> which starts the 
rotation automatically.
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Hello X3D Authors showing ROUTEs


X3D for Web Authors, Figure 7.5, pp. 193-195.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/HelloX3dAuthorsAnimationChain.x3d 


    10-step process for constructing animation chains, applied to animated HelloWorld example
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Hello X3D Authors 10-step process


X3D for Web Authors, Figure 7.5, pp. 193-195.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/HelloX3dAuthorsAnimationChain.x3d 


    10-step process for constructing animation chains, applied to animated HelloWorld example
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1. Pick target. The target node is a Transform, and the target field is set_rotation.


2. Name target. The Transform is named DEF='EarthCoordinateSystem'.


3. Check accessType and data type.  As shown by the Transform node field-definition table in 
Chapter 3 and the X3D-Edit tooltip, the set_rotation field has type SFRotation.


4. Determine whether Sequencer or Script.  These special node types are not applicable to this 
example, because the data type for set_rotation is SFRotation which is a floating-point type.


5. Determine which Interpolator.  The animating OrientationInterpolator is named 
DEF=''SpinThoseThings'' and placed just before the Transform.


6. Triggering sensor.  A triggering TouchSensor is added next to the geometry to be clicked, and 
then named DEF='ClickTriggerTouchSensor'.


7. TimeSensor clock. The TimeSensor is added at the beginning of the chain, named 
DEF='OrbitalTimeInterval' and has both the cycleInterval and loop fields set.


8. Connect trigger.  Add ROUTE to connect the triggering TouchSensor node’s touchTime output 
field to the clock node’s startTime input field.


9. Connect clock.  Add ROUTE to connect the clock node’s fraction_changed output field to the 
interpolator node’s set_fraction input field.


10. Connect animation output. Add ROUTE to connect the interpolator node’s value_changed 
output field to the original target input field, set_rotation.


Hello X3D Authors 10-step process


X3D for Web Authors, Figure 7.5, pp. 193-195.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/HelloX3dAuthorsAnimationChain.x3d 


    10-step process for constructing animation chains, applied to animated HelloWorld example


I strongly recommend you print this out (or keep it handy) and check off each step as you proceed.  After a few 
times you will find that you are doing this without needing the checklist.  Keeping a consistent pattern let's you 
avoid thinking that the various animation nodes are “really different” when they are not.  It also helps you avoid 
skipping steps and making mistakes that are hard to debug afterwards.
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ROUTE editor examples


<ROUTE 
fromNode='OrbitalTimeInterval'
fromField='fraction_changed' 
toNode='SpinThoseThings'
toField='set_fraction' />


<ROUTE 
fromNode='ClickTriggerTouchSensor'
fromField='touchTime'
toNode='OrbitalTimeInterval'
toField='startTime' />


http://www.web3d.org/x3d/content/examples/Basic/course/HelloX3dAuthorsAnimationChain.x3d 
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Interpolation


Interpolation is the estimation of intermediate 
values from other values


Computing averages is computationally efficient 
and highly optimizable


Linear approximation is thus well suited for  
high-performance graphics animation


X3D provides interpolation nodes for each of the 
floating-point data types
• including multiple-value types: Color, Vec3f, etc.
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Interpolation node type


X3DInterpolationNode is the formal name for the 
interpolation node type


Each interpolation node includes the following 
common fields and naming conventions
• SF, MF <type> definition must be consistent for 


node in order to properly define response function


X3D for Web Authors, Table 7.4, p. 197.
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Common interpolator fields
• key, keyValue hold the point values defining the 


characteristic function
• key array always has type MFFloat
• keyValue array data type matches the named type 


of the parent Interpolator node
• final value must equal first value in keyValue array 


if smooth looping is desired


• Lengths of key, keyValue arrays must be equal
• Note that keyValue array can hold values which are 


themselves MF (multi-field) array type
• Function output value_changed always has same 


name, but data type matches the Interpolator node
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Linear interpolation


Piecewise-linear curve fitting 
can approximate any curve 
with arbitrary accuracy


Multi-field (MF) values are 
individually interpolated 
proportionately


        key='0 0.3333 0.666 1'
 keyValue='1 0 0, 0 1 0,


0 0 1, 1 0 0'


First figure:  X3D for Web Authors, Figure 7.2, p. 191.


   <ScalarInterpolator key=''0 0.2 0.4 0.6 0.8 1'' keyValue=''0 5 8 9 4 0''/>


Second figure:  X3D for Web Authors, Figure 7.4, p. 192.


   <ColorInterpolator key=''0, 0.3333, 0.6666, 1'' keyValue=''1 0 0, 0 1 0, 0 0 1, 1 0 0''/>


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/ColorInterpolatorExample.x3d 
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Step-wise linear interpolation


Step functions are created 
by repeating time values 
and corresponding output


key='0 0.25 0.25 0.5 0.5 1'
keyValue='1 1  2   2   3 4'


Note that time-fraction key 
array must always be 
monotonically (steadily) 
increasing


X3D for Web Authors, Figure 7.3, p. 191.


    <ScalarInterpolator key=''0 0.25, 0.25 0.5, 0.5 1'' keyValue=''1 1, 2 2, 3 4''/>
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Double linear-interpolation averaging


Matched key, keyValue arrays define the points 
for a linear-interpolator approximation function


Two-way weighted averaging is used to compute 
interpolated-input, interpolated-output results


X3D for Web Authors, Figure 7.8, p. 198.


First the entry-value t is compared to the key array until the prior and following values 
of key are found that are less-than and greater-than t.  


Then a percentage is computed that accounts for the proportion of t between the 
bracketing values of key[i] and key[i+1].


Then this same percentage is applied to compute a new result value which equals the  
same percentage between corresponding output-array values of keyValue[i] and 
keyValue[i+1].


Interpolation equations are found on the TimeSensor Output slide and notes.
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X3D Nodes and Examples


back to Table of Contents
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TimeSensor


TimeSensor is the heartbeat of an animation
• provides pulse that triggers event cascades
• initiates computations for drawing next frame
• Outputs values as fraction_changed, from 0 to 1


TimeSensor samples elapsed time based on the 
computer clock, rather than screen update rate
• Ensures that animations are smooth and realistic
• Fixed (constant) frame rate is typically not feasible 


since computation varies for screen-image updates
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TimeSensor output


Output time is an SFTime ramp function ranging 
[0,1] that repeats every cycleInterval seconds
• Sometimes called a 'sawtooth' function
• SFFloat output field fraction_changed used 


as input to other interpolators, sequencers


Sawtooth function


X3D for Web Authors, Figure 7.9, p. 201. TimeSensor fraction_changed varies over 
the range [0,1] for each cycleInterval repetition.


X3D for Web Authors, Figure 7.10, p. 202.  TimeSensor fraction_changed output 
algorithm, expressed in pseudocode.


time=now; // output field value
numberOfLoops=(now−startTime) / cycleInterval; // floating-point calculation
f = fractionalPart (numberOfLoops);
if (now == startTime)
   fraction_changed = 0.0; // output field value
else if ((loop==''false'') && (now == (startTime + cycleInterval)))
   fraction_changed = 1.0; // output field value
else fraction_changed = f; // output field value







Chapter 7 - Event Animation and Interpolation 43


TimeSensor fields  1
• enabled controls whether node enabled or disabled
• loop is an SFBool indicating whether to continue 


looping indefinitely after first cycle is complete
• cycleInterval defines total loop duration in seconds, 


either for single-shot animation or looped repetition
• cycleTime field is sent an SFTime output value 


upon completion of each loop


Two ways to stop an animation:  set enabled='false' or send an SFTime event to 
stopTime


Similarly, must reset enabled or send an SFTime event to startTime to begin again.


Can alternatively send SFTime values to set_stopTime, set_startTime
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TimeSensor fields  2
• startTime, stopTime are provided (or contain) 


SFTime values for when to start, stop respectively
• ROUTE an SFTime value to startTime or stopTime
• isActive, isPaused are output SFBool true/false events sent 


whenever the TimeSensor is set to run or paused


• pauseTime, resumeTime are SFTime values for 
current clock time whenever paused or resumed


• Corresponding boolean isPaused event is also sent, with 
value of true when paused and false when resuming


• elapsedTime output provides cumulative number of 
seconds since TimeSensor was activated and began 
running, without including paused time


Can alternatively send SFTime values to set_pauseTime, set_resumeTime







Chapter 7 - Event Animation and Interpolation 45


45


TimeSensor node X3D-Edit


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/ColorInterpolatorExample.x3d 
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TimeSensor tooltips 1


http://www.web3d.org/x3d/content/X3dTooltips.html#TimeSensor 
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TimeSensor tooltips 2


http://www.web3d.org/x3d/content/X3dTooltips.html#TimeSensor 
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ScalarInterpolator node


Generates a scalar (single-valued) SFFloat for 
value_changed  output


key and keyValue arrays contain SFFloat values


set_fraction determines input value to piece-wise 
linear function
• Percentage between bracketing key[i], key[i+1] 


values used to compute corresponding output 
value_changed as weighted average between 
keyValue[i], keyValue[i+1]


• Which is same algorithm for all interpolators
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ScalarInterpolator node X3D-Edit


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/ScalarInterpolator.x3d


The ScalarInterpolator output values are used to modify the Material transparency 
value of the Sphere.
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ScalarInterpolator tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#ScalarInterpolator 
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ColorInterpolator node


Generates a 3-tuple (triple-valued) SFColor for 
continuous value_changed  output


key        array contains SFFloat values
keyValue array contains SFColor values
Linear interpolation of red, green, blue (RGB) 


values is respectively performed for each 
bracketing keyValue pair


         key='0 0.3333 0.666 1'
 keyValue='1 0 0, 0 1 0,
                 0 0 1, 1 0 0'
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ColorInterpolator animation chain


Each node's output field matches data type of 
next node's input field


accessType outputOnly to inputOnly, initializeOnly 
also match
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ColorInterpolator example output


Using the pointing device to select the text 
triggers the ColorInterpolator animation
• Colors vary gradually, by linear interpolation of each 


of the component  red-green-blue RGB values
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ColorInterpolator scene graph illustration    


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/ColorInterpolatorExample.x3d 
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ColorInterpolator scene graph with ROUTEs


Suggested exercise:  
label each link with field names,
types, and accessType.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/ColorInterpolatorExample.x3d 
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ColorInterpolator example pretty print


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/ColorInterpolatorExample.x3d 


Pretty-printing a scene in HTML, printing it in landscape mode and then annotating it 
with ROUTE arrows is an excellent way to debug animation chains in a large scene.
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ColorInterpolator example pretty print


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/ColorInterpolatorExample.x3d 


Pretty-printing a scene in HTML, printing it in landscape mode and then annotating it 
with ROUTE arrows is an excellent way to debug animation chains in a large scene.
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ColorInterpolator node X3D-Edit


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/ColorInterpolatorExample.x3d 







Chapter 7 - Event Animation and Interpolation 59


59


ColorInterpolator tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#ColorInterpolator 
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OrientationInterpolator node


Generates a 4-tuple (four-valued orientation) 
SFRotation for value_changed  output


key         array contains SFFloat fraction values
keyValue array contains SFRotation output values


• As always: same number of key, keyValue entries


OrientationInterpolator animates along shortest 
path between the two normal vectors, also 
computes linear average between two 
corresponding angles, in keyValue array
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OrientationInterpolator example
This animation-chain example can be added to any scene 


(via cut and paste) to create a look-around Viewpoint.  
This bound camera view rotates about a fixed position.


<Viewpoint DEF='DizzyViewpoint' description='Rotating viewpoint' 
position=”[somewhere you want it]” orientation='0 1 0 0'/>


<OrientationInterpolator DEF='Spinner' key='0 0.25 0.5 0.75 1' 
keyValue='0 1 0 0, 0 1 0 1.57, 0 1 0 3.14, 0 1 0 4.71, 0 1 0 6.28'/>


<TimeSensor DEF='SpinClock' cycleInterval='12' loop='true'/>


<ROUTE fromField='fraction_changed' fromNode='SpinClock' 
toField='set_fraction' toNode='Spinner'/>


<ROUTE fromField='value_changed' fromNode='Spinner' 
toField='orientation' toNode='DizzyViewpoint'/>
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OrientationInterpolator node X3D-Edit


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/PositionOrientationInterpolatorsExample.x3d 
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OrientationInterpolator tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#OrientationInterpolator 
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PositionInterpolator node


Generates a 3-tuple (three-valued floating point) 
SFVec3f for value_changed  output


key         array contains SFFloat  fraction values
keyValue array contains SFVec3f output values


• As always: same number of key, keyValue entries


PositionInterpolator computes weighted average 
between corresponding x, y and z pairs in the 
keyValue array
• ROUTE to Transform, either translation or scale
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PositionInterpolator node X3D-Edit


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/PositionOrientationInterpolatorsExample.x3d 
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Event tracing


X3D-Edit author-assist feature provides support 
for tracing output events
• “Trace” checkbox on editing pane adds some extra 


X3D source to your scene
• Captures all output events, routes them to a Script
• Script outputs event values to X3D browser console 


at run time so that you can trace execution logic


Can be helpful for selective debugging when  
animation chains are not behaving as expected
• Available for ROUTE, most event-producing nodes
• Simply remove when done troubleshooting


A long-standing challenge for many X3D authors is debugging event chains.  It is 
sometimes hard to detect when an event is not being passed as expected.  Problems 
can include missing or incorrect ROUTE connections, mismatched types or 
accessTypes, or other problems.


Sometimes (but only just sometimes) a browser might also be at fault.


X3D-Edit now includes a new capability when editing ROUTE connections or event-
producing nodes.  If you select the "Trace" checkbox, then a block of X3D code is 
inserted that connects all of the output events to a Script which reports whenever an 
event is passed.


Although a bit verbose, it is a  cool capability and can be very helpful whenever you 
are troubleshooting or tracking progress. 


Script nodes and Javascript are covered in Chapter 9, Event Utilities and Scripting.
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Event tracing example


 


 


√ Trace


PositionOrientationInterpolatorsExampleTraced.x3d


√ Trace


√ Trace
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PositionInterpolator tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#PositionInterpolator 
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PositionInterpolator2D node


Generates a 2-tuple (two-valued floating point) 
SFVec2f for value_changed  output


key         array contains SFFloat fraction values
keyValue array contains SFVec2f output values


• As always: same number of key, keyValue entries


PositionInterpolator2D computes weighted 
average between corresponding (x, y) pairs in 
the keyValue array


Note that PositionInterpolator2D provides single 2D values, while 
CoordinateInterpolator2D node produces arrays of 2D vectors.
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PositionInterpolator2D node X3D-Edit


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/PositionInterpolator2dExample.x3d 
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PositionInterpolator2D screen captures


Selecting the texture with the mouse pointer 
starts the TextureTransform scale animation,
deselecting the texture stops the animation


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/PositionInterpolator2dExample.x3d
 


fun:  replace destination toField set_scale with set_translation in the ROUTE
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PositionInterpolator2D tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#PositionInterpolator2D 
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NormalInterpolator node


Generates a 3-tuple (three-valued floating point) 
SFVec3f for value_changed  output


key         array contains SFFloat values
keyValue array contains SFVec3f values


• As always: same number of key, keyValue entries
• SFVec3f outputs: unit-normal vectors, magnitude=1


NormalInterpolator animates along shortest path 
between the pair of normal vectors currently 
being referenced in keyValue array


Normal vectors used for special shading effects
• see Chapter13 - Geometry Triangles Quadrilaterals


Why is NormalInterpolator different than PositionInterpolator?


• Normal vectors are 3-tuple values that begin at the local origin


• Normal vectors have unit length (or can be normalized to unit length)


• Interpolation between normals thus travels along surface of unit sphere


• Position values are points in space


• Position values may also  be used as 3D dimensions, e.g. Transform scale


• PositionInterpolator performs linear averaging between position values
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NormalInterpolator node X3D-Edit


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/NormalInterpolator.x3d 


For alternate examples, see 


VRML 2.0 Sourcebook, Chapter 19 - Normals Shading
http://www.web3d.org/x3d/content/examples/Vrml2.0Sourcebook/Chapter19-NormalsShading   
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NormalInterpolator editor
Rows correspond to each key
Correct results have same number of MFVec3f 


values in each row
Normal-to-normal interpolation occurs on each 


column, allowing easier comparison
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NormalInterpolator tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#NormalInterpolator 
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CoordinateInterpolator2D node


Generates 2-tuple (two-valued floating point) 
array, MFVec2f for value_changed  output


key         array contains SFFloat values
keyValue array contains MFVec2f values


• As always: same number of key, keyValue entries
• Counting is very important for arrays of arrays!


CoordinateInterpolator2D computes weighted 
average between corresponding x and y pairs 
for each subarray in the keyValue array


Note that CoordinateInterpolator2D node produces arrays of 2D vectors, while 
PositionInterpolator2D provides single 2D values.
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CoordinateInterpolator2D node X3D-Edit


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/CoordinateInterpolator2dExample.x3d 
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CoordinateInterpolator2D tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#CoordinateInterpolator2D 
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CoordinateInterpolator node


Generates n-tuple (multiple-valued floating point) 
array, MFFloat for value_changed  output


key         array contains n SFFloat values
keyValue array contains n MFFloat values


• As always: same number of key, keyValue entries
• Counting is very important for arrays of arrays!


CoordinateInterpolator computes weighted 
average between corresponding element pairs 
for each subarray in the keyValue array







Chapter 7 - Event Animation and Interpolation 81


81


Morphing images in 2D


Morphing 2D is the smooth transformation of one 
image into another using digital in-betweening
• Not a feature built into X3D


Typically this is done by identifying control points 
and gradually changing individual pixel colors 
from one 2D image into another
• Initial and final 2D images are already defined
• Corresponding control points are carefully chosen
• Special algorithms are applied
• Now a common photographic editing technique
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Morphing models in X3D


Morphing 3D is the smooth transformation of one 
model into another using digital in-betweening
• Supported in X3D by CoordinateInterpolator node


Typically this is done by identifying control points 
and gradually changing coordinates from one 
set of values to another
• Linear interpolation value-by-value for each point
• Also usable for colors, normals, texture coordinates


We will use this technique to morph between 3D 
coordinate sets using CoordinateInterpolator


SIGGRAPH 1992. Image Morphing History. Morphing is the process of turning one 
image into another through a seamless transition. The following slideset by Thaddeus 
Beier and Shawn Neeley includes case study examination of Michael Jackson's “Black 
or White” which first applied this technique to music video,


http://www.cs.unc.edu/~lazebnik/research/fall08/qi_mo.ppt 
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Creating a morphable model


1.  Create baseline model geometry
• typically an IndexedFaceSet node


2.  Create alternate poses in key positions
• Ensure that same geometric layout is maintained
• These are referred to as “key frames”
• Can observe proper sequencing via a Switch node


3.  Use each set of point position values as part 
of a CoordinateInterpolator keyValue array


• Corresponding key array holds fraction durations, 
similar to any other interpolator node
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CoordinateInterpolator node X3D-Edit


Case-study example:  morphing a dolphin model
• Chris Lang, author
• Monterey High School class of 2008
• Models online at


https://savage.nps.edu/Savage/Biologics/Dolphin 
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Creating a morphable dolphin   1


 1.  Create baseline model geometry
• typically an IndexedFaceSet node


Chris Lang first built a dolphin model using Maya
• advanced 3D modeling tool, commercial product
• http://autodesk.com > Products > Maya


Such models tend to be complex, perhaps saved 
in proprietary or perhaps-confusing formats


• But can nevertheless be saved as X3D or VRML, 
making this approach reasonably repeatable


• Can also use Aaron Bergstrom's Rawkee tool


Rawkee is for Maya version 7.


• Maya is a commercial authoring tool by Autodesk


• http://autodesk.com    http://en.wikipedia.org/wiki/Maya_software 


• Project Rawkee: Open-Source X3D Plugin for Maya  by the Archaeology 
Technologies Laboratory (ATL)  of North Dakota State University (NDSU). 


• http://rawkee.sourceforge.net 


Currently we simply save Maya models as VRML or X3D.
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Creating a morphable dolphin   2


2.   Create alternate poses in key positions
• Ensure that same geometric layout is maintained
• These are referred to as “key frames”
• Can observe proper sequencing via a Switch node


The original model was then modified to match 
other poses, making sure each time that no 
new coordinate points were added or deleted


• Each individually saved as X3D or VRML scenes
• Switch cycler allows direct comparison of each
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DolphinSwitcher.x3d


https://savage.nps.edu/Savage/Biologics/Dolphin/DolphinSwitcher.x3d 
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DolphinPose02.x3d   DolphinPose01.x3d   DolphinPose03.x3d


https://savage.nps.edu/Savage/Biologics/Dolphin/DolphinPose02.x3d 


https://savage.nps.edu/Savage/Biologics/Dolphin/DolphinPose01.x3d 


https://savage.nps.edu/Savage/Biologics/Dolphin/DolphinPose03.x3d 


X3jD viewer wireframe mode is toggled with key Alt-w 
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Creating a morphable dolphin   3


3. Use each set of point position values as part of 
a CoordinateInterpolator keyValue array
Corresponding key array holds fraction durations, 


similar to any other interpolator node


Define pose sequence for CoordinateInterpolator
• 02 CurvedUpwardPose
• 01 NeutralPose
• 03 CurvedDownwardPose
• 01 NeutralPose
• 02 CurvedUpwardPose completes loop, then repeat
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Creating a morphable dolphin   4


CoordinateInterpolator key array lists all five at 
equal time-fraction intervals:
• key='0 0.25 0.5 0.75 1' 


Now need to build keyValue array
• Brute-force approach is then to copy set of array 


values from each <Coordinate point='...'/> pose


But note that each point sequence is quite long
• 508 points, meaning 1524 x-y-z values for each!!
• 5 arrays hold 7620 points total, 40% duplication
• Prefer 3 arrays, 4572 points, no array duplication
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CoordinateInterpolator editor
Rows correspond to each key
Correct results have same number of MFVec3f 


values in each row
Point-by-point interpolation occurs on each 


column, allowing easier comparison
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Modifying TimeSensor outputs   1


Two ways to achieve the same pose sequence
•   Five poses: forward 02, 01, 03, 01, 02, repeat
• Three poses: forward 02, 01, 03, backwards, repeat


Build the second approach by modifying the 
TimeSensor fraction_changed output via a 
ScalarInterpolator 
• TimeSensor output ramps from 0..1 linearly
• Five-pose CoordinateInterpolator uses 0..1 directly
• ScalarInterpolator output ramps 0 to 1 then back to 0
• Three-pose CoordinateInterpolator uses 0..1..0 instead
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Modifying TimeSensor outputs   2


Can modify TimeSensor output by ROUTE 
connections through a ScalarInterpolator
• Change timing characteristic from 0..1 to 0..1..0


Resulting sequence of five poses: 
• forward 02, 01, 03, backwards 03, 01, 02, repeat


Try it yourself:  you might even reduce the CoordinateInterpolator further by removing 
the middle neutral pose.  Is the resulting animation still satisfactory, or is it too jerky?  
You decide. (Thanks to Terence Tan for this suggestion.)
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DolphinMorpher.x3d


https://savage.nps.edu/Savage/Biologics/Dolphin/DolphinMorpher.x3d 
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CoordinateInterpolator tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#CoordinateInterpolator 







Chapter 7 - Event Animation and Interpolation 96


96


Chapter Summary


back to Table of Contents
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Chapter Summary:  Event Animation


Behaviors, events, ROUTE connections, animation
Animation as scene-graph modification
Event-animation design pattern:  10-step process
Interpolation nodes


● TimeSensor and event timing
● ScalarInterpolator and ColorInterpolator
● OrientationInterpolator, PositionInterpolator, 


PositionInterpolator2D and NormalInterpolator
● CoordinateInterpolator, CoordinateInterpolator2D
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Suggested exercises


Illustrate and annotate ROUTE connections in an 
animation scene graph (documenting 10 steps)
• Print out one of these scenes in landscape mode, 


either using the X3dToXhtml.xslt stylesheet version 
or Netbeans 'Save as HTML' option.


• Then draw all ROUTE connections, label beginning 
and end of each by name, type and accessType


Draw animation chain diagrams to document 
behaviors in your own example scenes
• Add use-case summaries about user intent


Someday we hope to automate the production of such diagrams.


X3dToXhtml.xslt is available via X3D-Edit menu File, Export from X3D, 
Export as Annotated XHTML...
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CGEMS, SIGGRAPH, Eurographics


The Computer Graphics Educational Materials 
Source(CGEMS) site is designed for educators
• to provide a source of refereed high-quality content
• as a service to the Computer Graphics community
• freely available, directly prepared for classroom use
• http://cgems.inesc.pt 


X3D for Web Authors recognized by CGEMS!  ☺
• Book materials:  X3D-Edit tool, examples, slidesets
• Received jury award for Best Submission 2008


CGEMS supported by SIGGRAPH, Eurographics


From the CGEMS home page:


• http://cgems.inesc.pt 


Welcome to CGEMS - Computer Graphics Educational Materials Source. The 
CGEMS site is designed for educators to provide a source of refereed high-
quality content as a service to the Computer Graphics community as a whole. 
Materials herein are freely available and directly prepared for your classroom.


List of all published modules:


• http://cgems.inesc.pt/authors/ListModules.aspx 


CGEMS Editorial Policy:


• http://cgems.inesc.pt/EditorialPolicy.htm 
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Creative Commons open-source license
http://creativecommons.org/licenses/by-nc-sa/3.0 


Attribution-Noncommercial-Share Alike 3.0 Unported


You are free:


    * to Share — to copy, distribute and transmit the work


    * to Remix — to adapt the work


Under the following conditions:


    * Attribution. You must attribute the work in the manner specified by the author or 
licensor (but not in any way that suggests that they endorse you or your use of the 
work).


      Attribute this work:  What does "Attribute this work" mean?


      The page you came from contained embedded licensing metadata, including how 
the creator wishes to be attributed for re-use. You can use the HTML here to cite the 
work. Doing so will also include metadata on your page so that others can find the 
original work as well.   


    * Noncommercial. You may not use this work for commercial purposes.


    * Share Alike. If you alter, transform, or build upon this work, you may distribute the 
resulting work only under the same or similar license to this one.


    * For any reuse or distribution, you must make clear to others the license terms of 
this work. The best way to do this is with a link to this web page.


    * Any of the above conditions can be waived if you get permission from the 
copyright holder.


    * Nothing in this license impairs or restricts the author's moral rights.
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Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.


License available at


    http://www.web3d.org/x3d/content/examples/license.txt 


    http://www.web3d.org/x3d/content/examples/license.html 


Good references on open source:


Andrew M. St. Laurent, Understanding Open Source and Free 
Software Licensing, O'Reilly Publishing, Sebastopol California, 
August 2004.  http://oreilly.com/catalog/9780596005818/index.html 


Herz, J. C., Mark Lucas, John Scott, Open Technology 
Development: Roadmap Plan,  Deputy Under Secretary of Defense 
for  Advanced Systems and Concepts, Washington DC, April 2006.  
http://handle.dtic.mil/100.2/ADA450769 
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X3D Graphics for Web Authors


Chapter 8


User Interactivity


Nobody knows the kind of trouble we're in.
Nobody seems to think it all might happen again.


Gram Parsons, “One Hundred Years from Now”
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http://en.wikipedia.org/wiki/Sweetheart_of_the_Rodeo
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Chapter Overview
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Overview: User Interactivity 


User interactivity is initiated via sensor nodes, 
which capture user inputs and are hooked up 
to provide appropriate responses
• TouchSensor senses pointing device (mouse, etc.)
• PlaneSensor is a drag sensor that converts x-y 


pointer motion to move objects in a plane
• CylinderSensor and SphereSensor are drag sensors 


that convert x-y pointer motion to rotate objects
• KeySensor and StringSensor capture keyboard input


Interactivity sensors initiate animation chains
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Related nodes


Chapter 4, Viewing and Navigation nodes
• Anchor:  pointing device


• Selects another Viewpoint or loads another scene
• Show description when pointing device is over geometry


• Billboard rotates child geometry to face user
• Collision reports if viewer collides with geometry


Chapter 12, Environment Sensor and Sound
• LoadSensor reports when media asset is loaded
• ProximitySensor reports when user is in vicinity
• VisibilitySensor indicates when user's current 


camera view can see sensed geometry
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Concepts


back to Table of Contents
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Importance of user interaction


Animated scenes are more interesting than static 
unchanging geometry


X3D interaction consists of sensing user actions 
and then prompting appropriate responses


Scenes that include behaviors which respond to 
user direction and control are more lively


Freedom of navigation and interaction contribute 
to user's sense of presence and immersion


Thus animation behaviors tend to be reactive 
and declarative, responding to the user
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Sensors produce events


Sensors detect various kinds of user interaction 
and produce events to ROUTE within a scene


● Each sensor detects a certain kind of interaction, 
then produces one or more events


Authors decide how the events describing user 
interaction are interpreted and handled


● This approach allows great flexibility for authors







9


Using sensors in a scene


Three common design patterns (→ = ROUTE)


• Trigger (sensor) → Clock → Interpolator → 
Target node


• Sensor → Target node


• Sensor → Script (adaptor) → Target node
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Pointing devices


Pointing device is primary tool for user 
interaction with geometry in a scene
• Mouse, Touchpad, touchscreen, or tracking stylus
• Arrow, Enter, other keys are allowed substitutes
• Trackball, data glove, game controller
• Tracking wand or other device in immersive 3D 


environments (such as a cave)
• Eye trackers and other advanced devices possible


X3D sensors designed for use with any generic 
pointing device, thus making scenes portable
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Sensed geometry intersection, selection


Pointing devices communicate user's intended 
direction, movement, and selection (if any)
• Browsers and viewers usually superimpose 2D icon 


to indicate user's intended pointing direction
• 2D overlay icon may change to indicate selection


Sensors react to corresponding sibling and child 
geometry in the scene graph
• Pointing at other geometry means sensor activation 


no longer possible
• Usually one sensor must be deactivated before 


another can become active
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Common field:  enabled


enabled is an inputOutput boolean field that 
turns a sensor node on or off


● Thus allowing author to permit or disable flow of 
user-driven events which drive other responses


● Set enabled='false' to disrupt an event chain


Regardless of whether enabled='true' a sensor 
still needs a ROUTE connection from its 
output, or else no interaction response occurs
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Common field:  isOver


isOver is an outputOnly boolean field that 
reports when pointing at sensed geometry


● isOver true  value sent when pointer is over shapes
● isOver false value sent when pointer icon is no 


longer over shapes
● If selection occurred, isOver false doesn't occur until 


after selection is released


Routing isOver values can enable animation
● Rapid sequencing on/off might remain a difficulty
● Take care that animation doesn't move viewpoint or 


geometry out from under the pointing device
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Common field:  isActive


isActive is an outputOnly boolean field that 
reports when sensor has received user input


● isActive true value sent when selection begins
● isActive false value sent when selection released
• Note that isActive true already occurs as a 


prerequisite when a sensor is initially enabled


Routing isActive values can enable, disable 
TimeSensor and other animation nodes


● Rapid sequencing on/off can be a difficulty, however
● BooleanFilter, BooleanToggle, BooleanTrigger also 


useful: Chapter 9 Event Utilities and Scripting
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Common field:  description


Each sensor's description field alerts users to the 
presence and intended purpose of each sensor
• Thus including a description is quite important, 


otherwise user is left to guess about responses
• Nevertheless many authors forget to include 


description, which inhibits interactivity  


X3D Specification gives browsers flexibility about 
how description strings are displayed
• Overlay text, window-border text, perhaps audio
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Dragging


Dragging means to select (activate) a sensed 
object, then to move the pointing device 
while the sensor is still activated


This user action causes continuous generation of 
output events while dragging motion occurs


• Click + drag + release = Select + hold + release


Several common fields
● enabled, description, isActive, isOver, touchTime


Three X3DDragSensorNode type sensors are
● CylinderSensor, PlaneSensor, SphereSensor
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3D (6DOF) control using 2D devices


Selected objects are 3D, located in 3D space
• Which provides 6 degrees of freedom (DOF) for 


3D object motion, e.g. (x, y, z, roll, pitch, yaw)


However most pointing devices only 2D control, 
since only movements are left-right, up-down
• Mouse, touchpad or touch screen, keyboard, etc.


Must map 2D output device to 3D/6DOF motions
• Each drag sensor thus defines how 2D motion is 


interpreted:  surface of cylinder, plane, or sphere
• Hopefully authored in a manner intuitive to user
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X3D Nodes and Examples


back to Table of Contents
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TouchSensor node


TouchSensor affects adjacent geometry, provides 
basic pointing-device contact interaction
• Sends isOver   true event when first pointed at
• Sends isActive true event when selected
• Sends isActive false event when deselected
• Sends isOver false event when no longer pointed at


Selection is deliberate action by user, for example
• Mouse, touchpad, touchscreen:  left-click button
• Keyboard:  <Enter> key
• 3D wand:  selection button
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Sensed geometry grouping    1


All geometry that is a peer (or children of peers) 
of the TouchSensor nodes can be sensed


Use a grouping node (Group, Transform, etc.) to 
isolate sensed geometry of interest
• Don't want to make entire scene selectable, 


otherwise interaction isn't very sophisticated


Can attach different sensors to self-explanatory 
geometry for different tasks.  Examples:
• Light switch isOver gives name, click to change
• Billboarded Text or buttons for multiple controls
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Sensed geometry grouping    2


Separate sensed geometry from other shapes by 
using grouping nodes


Next slide shows example excerpt 
• Chapter04-ViewingNavigation/BindOperations.x3d


Scene structure for this example
• Viewpoints consuming, producing events
• Display geometry, no sensor peer
• Selectable geometry, TouchSensor peer
• Regular animation design pattern:  TimeSensor, 


Interpolator, target Script node, ROUTE connections
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Chapter 4, BindOperations.x3d


Sensed group inside Transform node


Separate Group node
View #2
View #3
View #4


set_bind



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.x3d
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Multiple TouchSensor nodes


Cannot sense just one part of grouped geometry
• Unless split out as separate groups of geometry, 


then Transform-ed to look like single shape to user


Can use multiple TouchSensor nodes, ROUTEs 
and event chains to accomplish multiple tasks


Can DEF, USE copies of single TouchSensor node, 
allowing multiple shapes to trigger same action


If multiple TouchSensor nodes at same level or 
above a given piece of geometry, nearest wins
• If tied at same distance, both activated at once



http://instantreality.de/documentation/nodetype

http://instantreality.de/documentation/nodetype/MultiTouchNavigator
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output event touchTime


touchTime sends an SFTime output event 
whenever sensed geometry is deselected


● Sent simultaneously with isActive false event


Three prerequisites must be met for touchTime:
1.Pointing device begins pointing at sensed geometry  


 (generating isOver true event)
2.Pointing device is initially activated by user selection 


 (generating isActive true event)
3.Pointing device is subsequently deactivated while   


still pointing at the sensed geometry 
(generating isActive false event)
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output events hitPoint_changed, 
hitNormal_changed, hitTexCoord_changed 
hitPoint_changed 


• sends output SFVec3f event providing 3D location 
coordinates of selection point, referenced to local 
coordinate system


hitNormal_changed
• sends output SFVec3f event providing normal 


vector of underlying geometry at selection point


hitTexCoord_changed
• sends output SFVec2f event providing 2D (u, v) 


coordinates of underlying texture at selection point







26


TouchSensor node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/TouchSensorPumpHouse.x3d
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Example:  opening doors


Interaction in 3D scenes doesn't always have to 
be literal.  It is easier to click on a door to 
open it, rather than turning a door knob.


Next example compares TouchSensor selections
•   Left door opens on initial selection   (click)
• Right door opens on later deselection (unclick)


Key difference:  isActive is first true, then false
• To fix:  routing events through a BooleanFilter and 


TimeTrigger can initiate TimeSensor appropriately
• These are Event Utility nodes, covered in Chapter 9
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Two-door example X3D-Edit


set_rotation


set_rotation
DoorRight


value_changed


value_changed



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/Doors.x3d
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TouchSensor tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#TouchSensor
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PlaneSensor node


PlaneSensor converts x-y dragging motion by the 
pointing device into lateral translation in plane
• 2-tuple motion converted to 3-tuple SFVec3f
• Motion is parallel to local z=0 plane (screen plane)


Activated by peer geometry in scene graph
• Sensor itself is not rendered, unless background 


geometry or sensed shape itself has a planar side


Translation output values can follow a ROUTE 
connection to parent Transform translation
• Or connect to another SFVec3f field elsewhere
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PlaneSensor fields, events
• Sends isActive true event when selected
• Sends isActive false event when deselected
• minPosition, maxPosition constrain X-Y translation 


to allowed planar region, defined as SFVec2f values
• Example:  minPosition='-2 -2' maxPosition='2 2' 


• offset holds latest (or initial) SFVec3f position value
• autoOffset='true' remembers prior translation prior 


to resuming a new drag selection, otherwise 
autoOffset='false' jumps, restarts at initial position


• translation_changed and trackPoint_changed are 
the basic output events for sensor results
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PlaneSensor node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/PlaneSensorPumpHouse.x3d
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PlaneSensor tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#PlaneSensor
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CylinderSensor node


CylinderSensor converts x-y dragging motion by 
the pointing device into rotation about an axis
• 2-tuple motion converted to 4-tuple SFRotation
• Rotation restricted to local coordinate frame y-axis


Activated by peer geometry in scene graph
• Sensor itself is not rendered, unless sensed shape 


is itself cylindrical


Rotation output values can follow a ROUTE 
connection to parent Transform rotation
• Or connect to another SFRotation field elsewhere







CylinderSensor diskAngle and select point 
determines tracking mode


User selects either end or 
side of drag cylinder
• diskAngle measures 


from axis to touch point
• Thus can adjust sensor 


to match cylindrical 
shape approximation


• Bearing angle is 
measured from axis to 
user's track point



https://savage.nps.edu/Savage/Tools/Animation/ArbitraryAxisCylinderSensorExamples.x3d
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CylinderSensor fields, events
• Sends isActive true event when selected
• Sends isActive false event when deselected
• minAngle, maxAngle constrain the allowed rotation


• default values do need adjustment, always use radians
• Example:  minAngle='-3.14159' maxAngle='-3.14159' 


• offset holds latest (or initial) rotation value
• autoOffset='true' remembers prior rotation prior to 


resuming a new drag selection, otherwise 
autoOffset='false' jumps to restart at initial rotation


• rotation_changed and trackPoint_changed are the 
basic output events for sensor results
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CylinderSensor off-axis rotation design pattern 1


CylinderSensor rotates about the Y axis of local 
coordinate frame
• No internal field provided for offsetting that axis
• Making rotation axis different than peer sensed 


geometry can be tricky


Following scene-graph design pattern shows how 
to rotate CylinderSensor about a different axis
• First rotate to desired axis, CylinderSensor is child
• Nest a second Transform rotation restoring original 


Y-axis, place sensed geometry here as child







CylinderSensor off-axis rotation design pattern 2







39


CylinderSensor node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/CylinderSensorPumpHouse.x3d
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CylinderSensor tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#CylinderSensor
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SphereSensor node


SphereSensor converts x-y dragging motion by 
the pointing device into an arbitration rotation
• 2-tuple motion converted to 4-tuple SFRotation
• Rotation about origin of local coordinate frame


Activated by peer geometry in scene graph
• Sensor itself is not rendered, unless corresponding 


sensed shape itself happens to be spherical


Rotation output values can have ROUTE 
connection to parent Transform rotation field
• Or connected to another SFRotation field elsewhere
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SphereSensor fields, events
• Sends isActive true event when selected
• Sends isActive false event when deselected
• offset holds latest (or initial) rotation value
• autoOffset='true' remembers prior rotation prior to 


resuming a new drag selection, otherwise 
autoOffset='false' jumps to restart at initial rotation


• rotation_changed and trackPoint_changed are the 
basic output events for sensor results


As with all sensors, includes description, enabled
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SphereSensor node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/SphereSensor-Lefty.x3d
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SphereSensor tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#SphereSensor
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KeySensor node


KeySensor is a one-character-at-a-time interface, 
capturing key presses from user's keyboard
• Helpful for selecting from menu choices
• Helpful for creating a special keyboard-driven 


navigation interface
• Only gives key name, not precise shifted character


Control, alt, shift keys sent as separate events
• As are certain special “action keys”


Processing key events requires a Script node
• Covered in Chapter 9, Event Utilities and Scripting
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KeySensor events   1
• Sends isActive true event when selected
• Sends isActive false event when deselected
• keyPress, keyRelease provide SFString value for the 


specific key pressed (or released)
• Usually upper-case or primary key symbol only


• shiftKey, altKey, controlKey are SFBool binary values 
indicating whether keys were pressed or released


KeySensor also has enabled  field
• but not description since display is challenging







KeySensor events   2
• actionKeyPress, actionKeyRelease provide SFInt32 


values when pressed or released
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KeySensor node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/KeySensor-Lefty.x3d
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keySensor.js X3D-Edit







50


KeySensor tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#KeySensor
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StringSensor node, events


StringSensor provides a string-based interface to 
the user's keyboard
• Each character key press is collected until <Enter> 


key is returned, completing finalText string
• Intermediate string results (including deletions) also 


available as user proceeds in enteredText string
• deletionAllowed is boolean field that enables 


<Backspace>, <Delete> keys


StringSensor has isActive events, enabled  field
• but not description since display is challenging
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StringSensor node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/StringSensor.x3d
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converter.js X3D-Edit







54


StringSensor tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#StringSensor
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Example: user-interactivity sensor nodes


UserInteractivitySensorNodes.x3d
• Select (click and hold) TouchSensor Cone to 


alternate Background nodes
• Select and drag PlaneSensor -- Box on the screen
• Select and drag to rotate CylinderSensor -- Cylinder
• Select and drag to spin SphereSensor -- Sphere


Keyboard inputs are also activated
• KeySensor indicates keyPress
• StringSensor shows finalText once <Enter> pressed
• Console shows enteredText (includes deletes if any)



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/UserInteractivitySensorNodes.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/UserInteractivitySensorNodes.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/UserInteractivitySensorNodes.x3d
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SensorNodeExamples.x3d 
snapshot



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/UserInteractivitySensorNodes.x3d





57


SensorNodeExamples.x3d X3D-Edit 1



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/UserInteractivitySensorNodes.x3d
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SensorNodeExamples.x3d X3D-Edit 2



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/UserInteractivitySensorNodes.x3d
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SensorNodeExamples.x3d X3D-Edit 3



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/UserInteractivitySensorNodes.x3d
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Chapter Summary


back to Table of Contents
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Summary: User Interactivity 


User interactivity is initiated via sensor nodes, 
which capture user inputs and are hooked up 
to provide appropriate responses
• TouchSensor senses pointing device (mouse, etc.)
• PlaneSensor is a drag sensor that converts x-y 


pointer motion to move objects in a plane
• CylinderSensor and SphereSensor are drag sensors 


that convert x-y pointer motion to rotate objects
• KeySensor and StringSensor capture keyboard input


Interactivity sensors initiate animation chains
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Suggested exercises


Illustrate and annotate ROUTE connections in an 
animation scene graph (documenting 10 steps)
• Print out one of these scenes in landscape mode, 


either using the X3dToXhtml.xslt stylesheet version 
or Netbeans-provided 'Save as HTML' option.


• Then draw all ROUTE connections, label beginning 
and end of each by name, type and accessType


• Best candidate:  UserInteractivitySensorNodes.x3d


Draw animation chain diagrams to document 
behaviors in your own example scenes
• Add use-case summaries about user intent



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/UserInteractivitySensorNodes.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/UserInteractivitySensorNodes.x3d
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Additional Resources


back to Table of Contents
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ArbitraryAxisCylinderSensor Prototype


ArbitraryAxisCylinderSensor is a prototype that 
simplifies the design pattern of aligning a 
CylinderSensor about an arbitrary axis
• https://savage.nps.edu/Savage/Tools/Animation
• Prototype definition:  


ArbitraryAxisCylinderSensorPrototype.x3d
• ProtoInstance examples:  


ArbitraryAxisCylinderSensorExamples.x3d


Fields match those of CylinderSensor, plus:
• shiftRotationAxis, center, children, plus 


show/scale/color/transparency of 
CylinderSensorShape



https://savage.nps.edu/Savage/Tools/Animation

https://savage.nps.edu/Savage/Tools/Animation//ArbitraryAxisCylinderSensorPrototype.x3d

https://savage.nps.edu/Savage/Tools/Animation/ArbitraryAxisCylinderSensorExamples.x3d

https://savage.nps.edu/Savage/Tools/Animation

https://savage.nps.edu/Savage/Tools/Animation//ArbitraryAxisCylinderSensorPrototype.x3d

https://savage.nps.edu/Savage/Tools/Animation/ArbitraryAxisCylinderSensorExamples.x3d

https://savage.nps.edu/Savage/Tools/Animation/ArbitraryAxisCylinderSensorExamples.x3d
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ArbitraryAxisCylinderSensor



https://savage.nps.edu/Savage/Tools/Animation/ArbitraryAxisCylinderSensorExamples.x3d
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DoubleClickTouchSensor


DoubleClickTouchSensor is a prototype 
alternative to TouchSensor that detects when a 
user has rapidly selected an object twice
• https://savage.nps.edu/Savage/Tools/Animation
• Prototype definition:  


DoubleClickTouchSensorPrototype.x3d
• ProtoInstance examples:  


DoubleClickTouchSensorExample.x3d


Fields match those of TouchSensor, plus:
• maxDelayInterval allowed for distinguishing 


between single and double click, in seconds 



https://savage.nps.edu/Savage/Tools/Animation

https://savage.nps.edu/Savage/Tools/Animation/DoubleClickTouchSensorPrototype.x3d

https://savage.nps.edu/Savage/Tools/Animation/DoubleClickTouchSensorExample.x3d

https://savage.nps.edu/Savage/Tools/Animation

https://savage.nps.edu/Savage/Tools/Animation/DoubleClickTouchSensorPrototype.x3d

https://savage.nps.edu/Savage/Tools/Animation/DoubleClickTouchSensorExample.x3d

https://savage.nps.edu/Savage/Tools/Animation/DoubleClickTouchSensorExample.x3d
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TimeDelaySensor Prototype


TimeDelaySensor is an alternative to TimeSensor 
that includes a time delay before firing
• https://savage.nps.edu/Savage/Tools/Animation
• Prototype definition:  


TimeDelaySensorPrototype.x3d
• ProtoInstance examples:  


TimeDelaySensorExample.x3d


Fields match those of TimeSensor, plus:
• delayInterval, delayCompleteTime



https://savage.nps.edu/Savage/Tools/Animation

https://savage.nps.edu/Savage/Tools/Animation/TimeDelaySensorPrototype.x3d

https://savage.nps.edu/Savage/Tools/Animation/TimeDelaySensorExample.x3d

https://savage.nps.edu/Savage/Tools/Animation

https://savage.nps.edu/Savage/Tools/Animation/TimeDelaySensorPrototype.x3d

https://savage.nps.edu/Savage/Tools/Animation/TimeDelaySensorExample.x3d

https://savage.nps.edu/Savage/Tools/Animation/TimeDelaySensorExample.x3d

https://savage.nps.edu/Savage/Tools/Animation/TimeDelaySensorPrototype.x3d
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TimeSensorEaseInEaseOut Prototype


TimeSensorEaseInEaseOut is an alternative to 
TimeSensor with a slower ramp at beginning 
and end of a cycle, thus smoothing transitions
• https://savage.nps.edu/Savage/Tools/Animation
• Prototype definition: 


TimeSensorEaseInEaseOutPrototype.x3d
• ProtoInstance examples:  


TimeSensorEaseInEaseOutExample.x3d


Fields match those of TimeSensor
• Slight linear slowdown for first and last 10%
• Slight linear speedup in between



https://savage.nps.edu/Savage/Tools/Animation

https://savage.nps.edu/Savage/Tools/Animation/TimeSensorEaseInEaseOutPrototype.x3d

https://savage.nps.edu/Savage/Tools/Animation/TimeSensorEaseInEaseOutExample.x3d

https://savage.nps.edu/Savage/Tools/Animation

https://savage.nps.edu/Savage/Tools/Animation/TimeSensorEaseInEaseOutPrototype.x3d

https://savage.nps.edu/Savage/Tools/Animation/TimeSensorEaseInEaseOutExample.x3d

https://savage.nps.edu/Savage/Tools/Animation/TimeSensorEaseInEaseOutExample.x3d





TimeSensorEaseInEaseOut snapshots



https://savage.nps.edu/Savage/Tools/Animation/TimeSensorEaseInEaseOutExample.x3d
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http://www.web3d.org/x3d/content/examples/license.html

http://oreilly.com/catalog/9780596005818/index.html

http://handle.dtic.mil/100.2/ADA450769
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X3D Graphics for Web Authors


Chapter 8


User Interactivity


Nobody knows the kind of trouble we're in.
Nobody seems to think it all might happen again.


Gram Parsons, “One Hundred Years from Now”


Listen to one of the first (and perhaps still greatest) country rock albums of all time by 
the Byrds:  Sweetheart of the Rodeo, 1968.  The cover is by Monterey California artist 
Jo Mora and was used for the Salinas Rodeo.  “One Hundred Years from Now” is 
among Gram Parson's best songs.  


It's fun to take the long view when thinking about X3D.


One Hundred Years from Now by Gram Parsons


One hundred years from this day
Will the people still feel this way
Still say the things that they're saying right now?
Everyone said I'd hurt you
They said I'd desert you
If I go away, you know I'm gonna get back somehow


Nobody knows what kind of trouble we're in
Nobody seems to think it all might happen again


One hundred years from this time
Would anybody change their mind
And find out one thing or two about life?
But people are always talking
You know they're always talking
Everybody's so wrong that I know it's gonna work out right 
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Chapter Overview
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Overview: User Interactivity 


User interactivity is initiated via sensor nodes, 
which capture user inputs and are hooked up 
to provide appropriate responses
• TouchSensor senses pointing device (mouse, etc.)
• PlaneSensor is a drag sensor that converts x-y 


pointer motion to move objects in a plane
• CylinderSensor and SphereSensor are drag sensors 


that convert x-y pointer motion to rotate objects
• KeySensor and StringSensor capture keyboard input


Interactivity sensors initiate animation chains


Dragging is the movement of a selected object using the pointing device, a capability 
provided by the drag sensors.


Animation chains are covered in Chapter 7, Event Animation and Interpolation.
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Related nodes


Chapter 4, Viewing and Navigation nodes
• Anchor:  pointing device


• Selects another Viewpoint or loads another scene
• Show description when pointing device is over geometry


• Billboard rotates child geometry to face user
• Collision reports if viewer collides with geometry


Chapter 12, Environment Sensor and Sound
• LoadSensor reports when media asset is loaded
• ProximitySensor reports when user is in vicinity
• VisibilitySensor indicates when user's current 


camera view can see sensed geometry


User Interactivity nodes directly follow the event model presented in Chapter 7.
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Concepts


back to Table of Contents
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Importance of user interaction


Animated scenes are more interesting than static 
unchanging geometry


X3D interaction consists of sensing user actions 
and then prompting appropriate responses


Scenes that include behaviors which respond to 
user direction and control are more lively


Freedom of navigation and interaction contribute 
to user's sense of presence and immersion


Thus animation behaviors tend to be reactive 
and declarative, responding to the user


There is a large body of work in 3D user interaction.  See the Additional Resources 
section.
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Sensors produce events


Sensors detect various kinds of user interaction 
and produce events to ROUTE within a scene


● Each sensor detects a certain kind of interaction, 
then produces one or more events


Authors decide how the events describing user 
interaction are interpreted and handled


● This approach allows great flexibility for authors


TODO Add route diagram here...
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Using sensors in a scene


Three common design patterns (→ = ROUTE)


• Trigger (sensor) → Clock → Interpolator → 
Target node


• Sensor → Target node


• Sensor → Script (adaptor) → Target node


TODO add figure
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Pointing devices


Pointing device is primary tool for user 
interaction with geometry in a scene
• Mouse, Touchpad, touchscreen, or tracking stylus
• Arrow, Enter, other keys are allowed substitutes
• Trackball, data glove, game controller
• Tracking wand or other device in immersive 3D 


environments (such as a cave)
• Eye trackers and other advanced devices possible


X3D sensors designed for use with any generic 
pointing device, thus making scenes portable


Very different from most programming approaches...
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Sensed geometry intersection, selection


Pointing devices communicate user's intended 
direction, movement, and selection (if any)
• Browsers and viewers usually superimpose 2D icon 


to indicate user's intended pointing direction
• 2D overlay icon may change to indicate selection


Sensors react to corresponding sibling and child 
geometry in the scene graph
• Pointing at other geometry means sensor activation 


no longer possible
• Usually one sensor must be deactivated before 


another can become active







 


Chapter 8 - User Interactivity 12


12


Common field:  enabled


enabled is an inputOutput boolean field that 
turns a sensor node on or off


● Thus allowing author to permit or disable flow of 
user-driven events which drive other responses


● Set enabled='false' to disrupt an event chain


Regardless of whether enabled='true' a sensor 
still needs a ROUTE connection from its 
output, or else no interaction response occurs


For author:  Get ready...
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Common field:  isOver


isOver is an outputOnly boolean field that 
reports when pointing at sensed geometry


● isOver true  value sent when pointer is over shapes
● isOver false value sent when pointer icon is no 


longer over shapes
● If selection occurred, isOver false doesn't occur until 


after selection is released


Routing isOver values can enable animation
● Rapid sequencing on/off might remain a difficulty
● Take care that animation doesn't move viewpoint or 


geometry out from under the pointing device


For user:  Get set...
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Common field:  isActive


isActive is an outputOnly boolean field that 
reports when sensor has received user input


● isActive true value sent when selection begins
● isActive false value sent when selection released
• Note that isActive true already occurs as a 


prerequisite when a sensor is initially enabled


Routing isActive values can enable, disable 
TimeSensor and other animation nodes


● Rapid sequencing on/off can be a difficulty, however
● BooleanFilter, BooleanToggle, BooleanTrigger also 


useful: Chapter 9 Event Utilities and Scripting


For user:  Go!!
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Common field:  description


Each sensor's description field alerts users to the 
presence and intended purpose of each sensor
• Thus including a description is quite important, 


otherwise user is left to guess about responses
• Nevertheless many authors forget to include 


description, which inhibits interactivity  


X3D Specification gives browsers flexibility about 
how description strings are displayed
• Overlay text, window-border text, perhaps audio
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Dragging


Dragging means to select (activate) a sensed 
object, then to move the pointing device 
while the sensor is still activated


This user action causes continuous generation of 
output events while dragging motion occurs


• Click + drag + release = Select + hold + release


Several common fields
● enabled, description, isActive, isOver, touchTime


Three X3DDragSensorNode type sensors are
● CylinderSensor, PlaneSensor, SphereSensor
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3D (6DOF) control using 2D devices


Selected objects are 3D, located in 3D space
• Which provides 6 degrees of freedom (DOF) for 


3D object motion, e.g. (x, y, z, roll, pitch, yaw)


However most pointing devices only 2D control, 
since only movements are left-right, up-down
• Mouse, touchpad or touch screen, keyboard, etc.


Must map 2D output device to 3D/6DOF motions
• Each drag sensor thus defines how 2D motion is 


interpreted:  surface of cylinder, plane, or sphere
• Hopefully authored in a manner intuitive to user


6DOF = six degrees of freedom, positional and rotational:  x y z roll pitch yaw


Each of the dragging sensor nodes (CylinderSensor, PlaneSensor, SphereSensor) 
describe how they map 2D mouse motion (left-right, up-down) into 3D 6DOF space.
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X3D Nodes and Examples


back to Table of Contents
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TouchSensor node


TouchSensor affects adjacent geometry, provides 
basic pointing-device contact interaction
• Sends isOver   true event when first pointed at
• Sends isActive true event when selected
• Sends isActive false event when deselected
• Sends isOver false event when no longer pointed at


Selection is deliberate action by user, for example
• Mouse, touchpad, touchscreen:  left-click button
• Keyboard:  <Enter> key
• 3D wand:  selection button


A change in pointer position is needed for TouchSensor to operate.


If the geometry or camera view is animated and the geometry moves out from under 
the pointer, no isOver false event is sent.  The pointing-device cursor icon must be 
moved by the user off of the selected geometry in order to send an isOver false event.


So following the initial  isOver='true' then isActive='true' event pair shown on the slide, 
it is possible to have a slightly different order:  isOver='false' then isActive='false' iff the 
user moves off of the selected geometry while still selected.
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Sensed geometry grouping    1


All geometry that is a peer (or children of peers) 
of the TouchSensor nodes can be sensed


Use a grouping node (Group, Transform, etc.) to 
isolate sensed geometry of interest
• Don't want to make entire scene selectable, 


otherwise interaction isn't very sophisticated


Can attach different sensors to self-explanatory 
geometry for different tasks.  Examples:
• Light switch isOver gives name, click to change
• Billboarded Text or buttons for multiple controls


The Group node is an excellent way to isolate the effectiveness of a sensor to only be 
affected by a certain set of nodes.
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Sensed geometry grouping    2


Separate sensed geometry from other shapes by 
using grouping nodes


Next slide shows example excerpt 
• Chapter04-ViewingNavigation/BindOperations.x3d


Scene structure for this example
• Viewpoints consuming, producing events
• Display geometry, no sensor peer
• Selectable geometry, TouchSensor peer
• Regular animation design pattern:  TimeSensor, 


Interpolator, target Script node, ROUTE connections
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Chapter 4, BindOperations.x3d


Sensed group inside Transform node


Separate Group node
View #2
View #3
View #4


set_bind


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.x3d 
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Note that multiple independent TouchSensor nodes are not the same as a 
simultaneous multiple-touch sensor capability.


Currently X3D does not have any multi-touch (multi-hand gesture) nodes defined.  
Nevertheless this remains an active area of research.  


• The InstantReality X3D viewer team has successfully designed and 
implemented multi-touch sensor capabilties.  This is experimental work.


• http://instantreality.de/documentation/nodetype 


• http://instantreality.de/documentation/nodetype/MultiTouchNavigator 
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Multiple TouchSensor nodes


Cannot sense just one part of grouped geometry
• Unless split out as separate groups of geometry, 


then Transform-ed to look like single shape to user


Can use multiple TouchSensor nodes, ROUTEs 
and event chains to accomplish multiple tasks


Can DEF, USE copies of single TouchSensor node, 
allowing multiple shapes to trigger same action


If multiple TouchSensor nodes at same level or 
above a given piece of geometry, nearest wins
• If tied at same distance, both activated at once
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output event touchTime


touchTime sends an SFTime output event 
whenever sensed geometry is deselected


● Sent simultaneously with isActive false event


Three prerequisites must be met for touchTime:
1.Pointing device begins pointing at sensed geometry  


 (generating isOver true event)
2.Pointing device is initially activated by user selection 


 (generating isActive true event)
3.Pointing device is subsequently deactivated while   


still pointing at the sensed geometry 
(generating isActive false event)


Because isActive false and touchTime events are sent simultaneously after meeting 
the same user-interaction preconditions, it is convenient to use


• isActive for destination fields that need boolean inputs (such as a sensor's 
enabled field)


• touchTime for destination fields that need SFTime inputs (such as a 
TimeSensor node's set_startTime field)


It is good design that requires a user to keep the pointer on the selected geometry 
before deselecting and generating a touchTime event.  This allows a user to change 
their mind after initial (isActive true) selection, by moving the pointer off of the sensed 
geometry before releasing the selection.  Example sequence of events:


• User selects some sensed object with pointing device


• isActive true event sent


• User decides that selecting the object is not desirable, and so moves the 
pointer off of the object before deselecting


• isActive false event is still sent, but no corresponding touchTime event is sent


As we shall see, it is possible to create event-animation logic that takes advantage of 
this difference.
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output events hitPoint_changed, 
hitNormal_changed, hitTexCoord_changed 
hitPoint_changed 


• sends output SFVec3f event providing 3D location 
coordinates of selection point, referenced to local 
coordinate system


hitNormal_changed
• sends output SFVec3f event providing normal 


vector of underlying geometry at selection point


hitTexCoord_changed
• sends output SFVec2f event providing 2D (u, v) 


coordinates of underlying texture at selection point


The local coordinate system is determined by the combined translation, rotation and 
scaling effects of the Transform nodes that are parent nodes for the geometry of 
interest.  This is often referred to as the transformation hierarchy.


Normal vectors are similarly pointing in a direction that is relative to the local 
coordinate system.


Texture coordinates are independent of the local coordinate system, only referring to  
(u,v) coordinate values which range from 0 to 1 along each axis of a texture image.  
Texture coordinates are described in Chapter 5, Appearance Material and Textures.
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TouchSensor node X3D-Edit


Figure 8.2, page 230, X3D for Web Authors
 


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/TouchSensorPumpHouse.x3d 
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Example:  opening doors


Interaction in 3D scenes doesn't always have to 
be literal.  It is easier to click on a door to 
open it, rather than turning a door knob.


Next example compares TouchSensor selections
•   Left door opens on initial selection   (click)
• Right door opens on later deselection (unclick)


Key difference:  isActive is first true, then false
• To fix:  routing events through a BooleanFilter and 


TimeTrigger can initiate TimeSensor appropriately
• These are Event Utility nodes, covered in Chapter 9
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Two-door example X3D-Edit


set_rotation


set_rotation
DoorRight


value_changed


value_changed


Figure 8.1, page 229, X3D for Web Authors


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/Doors.x3d 


The following snapshots show animation results after clicking on (selecting) each door.
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TouchSensor tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#TouchSensor 
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PlaneSensor node


PlaneSensor converts x-y dragging motion by the 
pointing device into lateral translation in plane
• 2-tuple motion converted to 3-tuple SFVec3f
• Motion is parallel to local z=0 plane (screen plane)


Activated by peer geometry in scene graph
• Sensor itself is not rendered, unless background 


geometry or sensed shape itself has a planar side


Translation output values can follow a ROUTE 
connection to parent Transform translation
• Or connect to another SFVec3f field elsewhere
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PlaneSensor fields, events
• Sends isActive true event when selected
• Sends isActive false event when deselected
• minPosition, maxPosition constrain X-Y translation 


to allowed planar region, defined as SFVec2f values
• Example:  minPosition='-2 -2' maxPosition='2 2' 


• offset holds latest (or initial) SFVec3f position value
• autoOffset='true' remembers prior translation prior 


to resuming a new drag selection, otherwise 
autoOffset='false' jumps, restarts at initial position


• translation_changed and trackPoint_changed are 
the basic output events for sensor results


Default values minPosition='0 0' maxPosition='-1 -1' are contradictory (minimum 
values are greater than corresponding maximum values), which results in the 
PlaneSensor being unconstrained.


These constraints are helpful for guiding the user to make reasonable adjustments, 
rather than dragging something off into the far distance somewhere.


Pay close attention to user viewpoint and perspective across the full range of possible 
movement, so that dragged geometry remains visible and accessible for further 
adjustment.


Linear movement can be achieved by setting either the min/max X or else min/max Z 
constraints to the same value.  This is done in the next example, 
PlaneSensorPumpHouse.x3d.


As with all sensors, PlaneSensor includes description and enabled fields.
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PlaneSensor node X3D-Edit


Figure 8.3, page 233, X3D for Web Authors


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/PlaneSensorPumpHouse.x3d 
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PlaneSensor tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#PlaneSensor 
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CylinderSensor node


CylinderSensor converts x-y dragging motion by 
the pointing device into rotation about an axis
• 2-tuple motion converted to 4-tuple SFRotation
• Rotation restricted to local coordinate frame y-axis


Activated by peer geometry in scene graph
• Sensor itself is not rendered, unless sensed shape 


is itself cylindrical


Rotation output values can follow a ROUTE 
connection to parent Transform rotation
• Or connect to another SFRotation field elsewhere


PlaneSensor gets from X-Y values to X-Y-Z values by simply holding Z to equal 0.
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CylinderSensor diskAngle and select point 
determines tracking mode


User selects either end or 
side of drag cylinder
• diskAngle measures 


from axis to touch point
• Thus can adjust sensor 


to match cylindrical 
shape approximation


• Bearing angle is 
measured from axis to 
user's track point


Figure 8.4, p. 236, X3D for Web Authors


User selection with pointing device defines the track point.  The vector angle of the 
track point relative to the diskAngle parameter determines whether CylinderSensor 
responds in end-cap tracking mode, or cylinder-wall tracking mode.


Each mode has a slightly different way of responding to user dragging motions, 
making response more intuitive if there is a good match to the geometry.


CylinderSensor can be forced to always operate in end-cap mode by setting 
diskAngle='1.5707' (π/2 radians), which is useful to emulate turning of knobs.


CylinderSensor can be forced to always operate in cylinder-wall sides mode by setting 
diskAngle='0' which is useful to emulate a thumbwheel rotation.


Angle relationships are measured as SFFloat radian values, while node output field 
rotation_changed is SFRotation.


The cylinder shown in the above diagram is typically invisible and describes the 
mathematical model of the sensor response.  If the actual sensed geometry is not 
particularly cylindrical in shape, sometimes superimposing a semitransparent cylinder 
can make the reaction more obvious.  For example prototypes, see


https://savage.nps.edu/Savage/Tools/Animation/ArbitraryAxisCylinderSensorExamples.x3d 
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CylinderSensor fields, events
• Sends isActive true event when selected
• Sends isActive false event when deselected
• minAngle, maxAngle constrain the allowed rotation


• default values do need adjustment, always use radians
• Example:  minAngle='-3.14159' maxAngle='-3.14159' 


• offset holds latest (or initial) rotation value
• autoOffset='true' remembers prior rotation prior to 


resuming a new drag selection, otherwise 
autoOffset='false' jumps to restart at initial rotation


• rotation_changed and trackPoint_changed are the 
basic output events for sensor results


As with all sensors, CylinderSensor includes description and enabled fields.
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CylinderSensor off-axis rotation design pattern 1


CylinderSensor rotates about the Y axis of local 
coordinate frame
• No internal field provided for offsetting that axis
• Making rotation axis different than peer sensed 


geometry can be tricky


Following scene-graph design pattern shows how 
to rotate CylinderSensor about a different axis
• First rotate to desired axis, CylinderSensor is child
• Nest a second Transform rotation restoring original 


Y-axis, place sensed geometry here as child


This pattern works because a Sensor node acts upon all of its peers, and all of its 
peers' children.


Essentially both CylinderSensor and geometry are rotated to the new angle of interest, 
than the geometry is rotated back to its original orientation.
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CylinderSensor off-axis rotation design pattern 2


Figure 8.6, p. 238, X3D for Web Authors


Note that the CylinderSensor is nested within the animated Transform, making the 
rotation changes an interesting feedback loop.
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CylinderSensor node X3D-Edit


Figure 8.5, p. 237, X3D for Web Authors


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/CylinderSensorPumpHouse.x3d 
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CylinderSensor tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#CylinderSensor 







 


Chapter 8 - User Interactivity 41


41


SphereSensor node


SphereSensor converts x-y dragging motion by 
the pointing device into an arbitration rotation
• 2-tuple motion converted to 4-tuple SFRotation
• Rotation about origin of local coordinate frame


Activated by peer geometry in scene graph
• Sensor itself is not rendered, unless corresponding 


sensed shape itself happens to be spherical


Rotation output values can have ROUTE 
connection to parent Transform rotation field
• Or connected to another SFRotation field elsewhere
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SphereSensor fields, events
• Sends isActive true event when selected
• Sends isActive false event when deselected
• offset holds latest (or initial) rotation value
• autoOffset='true' remembers prior rotation prior to 


resuming a new drag selection, otherwise 
autoOffset='false' jumps to restart at initial rotation


• rotation_changed and trackPoint_changed are the 
basic output events for sensor results


As with all sensors, includes description, enabled
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SphereSensor node X3D-Edit


Figure 8.7, p. 241, X3D for Web Authors


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/SphereSensor-Lefty.x3d 
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SphereSensor tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#SphereSensor 
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KeySensor node


KeySensor is a one-character-at-a-time interface, 
capturing key presses from user's keyboard
• Helpful for selecting from menu choices
• Helpful for creating a special keyboard-driven 


navigation interface
• Only gives key name, not precise shifted character


Control, alt, shift keys sent as separate events
• As are certain special “action keys”


Processing key events requires a Script node
• Covered in Chapter 9, Event Utilities and Scripting
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KeySensor events   1
• Sends isActive true event when selected
• Sends isActive false event when deselected
• keyPress, keyRelease provide SFString value for the 


specific key pressed (or released)
• Usually upper-case or primary key symbol only


• shiftKey, altKey, controlKey are SFBool binary values 
indicating whether keys were pressed or released


KeySensor also has enabled  field
• but not description since display is challenging


KeySensor includes description and enabled fields.
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KeySensor events   2
• actionKeyPress, actionKeyRelease provide SFInt32 


values when pressed or released


Table 8.15, page 243, X3D for Web Authors


Be careful not to unintentionally override default navigation behaviors for above keys.
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KeySensor node X3D-Edit


Figure 8.8, page 244, X3D for Web Authors


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/KeySensor-Lefty.x3d 
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keySensor.js X3D-Edit


keySensor.js is invoked by a Script node in KeySensor-Lefty.x3d in order to process 
user key presses and output viewpoint binding events.


Script nodes are covered in Chapter 9, Event Utilities and Scripting.
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KeySensor tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#KeySensor 
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StringSensor node, events


StringSensor provides a string-based interface to 
the user's keyboard
• Each character key press is collected until <Enter> 


key is returned, completing finalText string
• Intermediate string results (including deletions) also 


available as user proceeds in enteredText string
• deletionAllowed is boolean field that enables 


<Backspace>, <Delete> keys


StringSensor has isActive events, enabled  field
• but not description since display is challenging


If displaying entered text, you may want to provide a colored Box background behind it 
in order to improve contrast and readability without clutter from the surrounding scene.
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StringSensor node X3D-Edit


Figure 8.9, page 246, X3D for Web Authors


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/StringSensor.x3d 
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converter.js X3D-Edit


converter.js is invoked by a Script node in StringSensor.x3d in order to use the 
following type-conversion function:


function SFString_MFString (value) {


     MFString_out = new MFString (value);


}


This script is necessary to convert the SFString output of the StringSensor node 
enteredText field into the MFString input needed for the Text node string field.  In other 
words, a single SFString is converted into a MFString array with a single element.


Script nodes are covered in Chapter 9, Event Utilities and Scripting.
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StringSensor tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#StringSensor 
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Example: user-interactivity sensor nodes


UserInteractivitySensorNodes.x3d
• Select (click and hold) TouchSensor Cone to 


alternate Background nodes
• Select and drag PlaneSensor -- Box on the screen
• Select and drag to rotate CylinderSensor -- Cylinder
• Select and drag to spin SphereSensor -- Sphere


Keyboard inputs are also activated
• KeySensor indicates keyPress
• StringSensor shows finalText once <Enter> pressed
• Console shows enteredText (includes deletes if any)


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/UserInteractivitySensorNodes.x3d 
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SensorNodeExamples.x3d 
snapshot


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/UserInteractivitySensorNodes.x3d 


The top screen is the initial view.  Click and hold to select the Cone TouchSensor that 
binds the light-blue Background.  Releasing unbinds that Background, restoring the 
original.


PlaneSensor, CylinderSensor and SphereSensor can each be selected and dragged.  
Their output values (SFVec3f, SFRotation, SFRotation) have ROUTE  connections to 
either translate or rotate the respective parent Transform node.


Default KeySensor output text is a ? question mark.  Note that the key output shows 
only a capital-letter character (or the primary character) for the key being pressed.


Default StringSensor output text is 'Press keys then <Enter>' - be patient since the 
finalText field doesn't send an output string until the <Enter> key is pressed.


The console shows the enteredText, as it is typed key by key, including <Backspace> 
or <Delete> effects (if any).
          enteredText=H                 enteredText=Hello Strin        


          enteredText=He                enteredText=Hello String       


          enteredText=Hel               enteredText=Hello StringS      


          enteredText=Hell              enteredText=Hello StringSe     


          enteredText=Hello             enteredText=Hello StringSen    


          enteredText=Hello             enteredText=Hello StringSens   


          enteredText=Hello S           enteredText=Hello StringSenso  


          enteredText=Hello St          enteredText=Hello StringSensor 


          enteredText=Hello Str         enteredText=Hello StringSensor!


          enteredText=Hello Stri        enteredText=Hello StringSensor!
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SensorNodeExamples.x3d X3D-Edit 1


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/UserInteractivitySensorNodes.x3d 
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SensorNodeExamples.x3d X3D-Edit 2


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/UserInteractivitySensorNodes.x3d 
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SensorNodeExamples.x3d X3D-Edit 3


Note that a Script node is needed to convert the SFString outputs of the KeySensor 
and TouchSensor into MFString inputs for the appropriate Text node string field.


This is one of the few remaining cases in X3D where a Script node is needed for data 
type conversion between a sensor output node and another X3D target node.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/UserInteractivitySensorNodes.x3d 
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Chapter Summary


back to Table of Contents
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Summary: User Interactivity 


User interactivity is initiated via sensor nodes, 
which capture user inputs and are hooked up 
to provide appropriate responses
• TouchSensor senses pointing device (mouse, etc.)
• PlaneSensor is a drag sensor that converts x-y 


pointer motion to move objects in a plane
• CylinderSensor and SphereSensor are drag sensors 


that convert x-y pointer motion to rotate objects
• KeySensor and StringSensor capture keyboard input


Interactivity sensors initiate animation chains


Dragging is the movement of a selected object using the pointing device, a capability 
provided by the drag sensors.


Animation chains are covered in Chapter 7, Event Animation and Interpolation.
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Suggested exercises


Illustrate and annotate ROUTE connections in an 
animation scene graph (documenting 10 steps)
• Print out one of these scenes in landscape mode, 


either using the X3dToXhtml.xslt stylesheet version 
or Netbeans-provided 'Save as HTML' option.


• Then draw all ROUTE connections, label beginning 
and end of each by name, type and accessType


• Best candidate:  UserInteractivitySensorNodes.x3d


Draw animation chain diagrams to document 
behaviors in your own example scenes
• Add use-case summaries about user intent


Someday we hope to automate the production of such diagrams.


X3dToXhtml.xslt is available via X3D-Edit menu X3D, Conversions
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Additional Resources


back to Table of Contents
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ArbitraryAxisCylinderSensor Prototype


ArbitraryAxisCylinderSensor is a prototype that 
simplifies the design pattern of aligning a 
CylinderSensor about an arbitrary axis
• https://savage.nps.edu/Savage/Tools/Animation
• Prototype definition:  


ArbitraryAxisCylinderSensorPrototype.x3d
• ProtoInstance examples:  


ArbitraryAxisCylinderSensorExamples.x3d


Fields match those of CylinderSensor, plus:
• shiftRotationAxis, center, children, plus 


show/scale/color/transparency of 
CylinderSensorShape


Prototypes are an extensibility mechanism to define new X3D nodes using existing X3D 
nodes.  They are covered in Chapter 14.


Warning:  ArbitraryAxisCylinderSensor operates on its children, NOT on its peers. This 
variation is necessary in order to accomplish the desired Transform rotation to a new 
orientation axis.  Example use:


https://savage.nps.edu/Savage/Tools/Animation/ArbitraryAxisCylinderSensorExamples.x3d 


   <ExternProtoDeclare name=”ArbitraryAxisCylinderSensor”>


<!-- copy field definitions here -->


   </ExternProtoDeclare>


   <ProtoInstance name='ArbitraryAxisCylinderSensor' containerField='children'>


<!-- rotate rotate CylinderSensor yAxis to xAxis -->


<fieldValue name='shiftRotationAxis' value='0 0 1 -1.5707963'/>


<fieldValue name='children'>


<Shape>


<Cylinder/>


<Appearance>


<Material diffuseColor='1 0 0'/>


</Appearance>


</Shape>


</fieldValue>


   </ProtoInstance> 
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ArbitraryAxisCylinderSensor


These screen snapshots show the original unmanipulated scene above, and multiple 
user-rotated objects with different axis angles in the scene below.


https://savage.nps.edu/Savage/Tools/Animation/ArbitraryAxisCylinderSensorExamples.x3d 
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DoubleClickTouchSensor


DoubleClickTouchSensor is a prototype 
alternative to TouchSensor that detects when a 
user has rapidly selected an object twice
• https://savage.nps.edu/Savage/Tools/Animation
• Prototype definition:  


DoubleClickTouchSensorPrototype.x3d
• ProtoInstance examples:  


DoubleClickTouchSensorExample.x3d


Fields match those of TouchSensor, plus:
• maxDelayInterval allowed for distinguishing 


between single and double click, in seconds 


Prototypes are an extensibility mechanism to define new X3D nodes using existing 
X3D nodes.  They are covered in Chapter 14.


Example use:


https://savage.nps.edu/Savage/Tools/Animation/DoubleClickTouchSensorExample.x3d


   <ExternProtoDeclare name=”DoubleClickTouchSensor”>


<!-- copy field definitions here -->


   </ExternProtoDeclare>


   <ProtoInstance name='DoubleClickTouchSensor' DEF='TouchSensorActive'>


        <fieldValue name='description' 


     value='double click to initiate time delay and color change'/>


        <fieldValue name='maxDelayInterval' value='0.5/>


   </ProtoInstance> 
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TimeDelaySensor Prototype


TimeDelaySensor is an alternative to TimeSensor 
that includes a time delay before firing
• https://savage.nps.edu/Savage/Tools/Animation
• Prototype definition:  


TimeDelaySensorPrototype.x3d
• ProtoInstance examples:  


TimeDelaySensorExample.x3d


Fields match those of TimeSensor, plus:
• delayInterval, delayCompleteTime


Prototypes are an extensibility mechanism to define new X3D nodes using existing 
X3D nodes.  They are covered in Chapter 14.  


Example use:


https://savage.nps.edu/Savage/Tools/Animation/TimeDelaySensorExample.x3d 


        <ExternProtoDeclare name='TimeDelaySensor'


 url='"TimeDelaySensorPrototype.x3d#TimeDelaySensor"   


"https://savage.nps.edu/Savage/Tools/Animation/TimeDelaySensorPrototype.x3d #TimeDelaySensor" 


"TimeDelaySensorPrototype.wrl#TimeDelaySensor" 


"https://savage.nps.edu/Savage/Tools/Animation/TimeDelaySensorPrototype.wrl#TimeDelaySensor"'>


            <field accessType='inputOutput' name='startTime' type='SFTime'/>


            <field accessType='inputOutput' name='enabled' type='SFBool'/>


            <field accessType='inputOutput' name='delayInterval' type='SFTime'/>


            <field accessType='outputOnly' name='delayCompleteTime' type='SFTime'/>


            <field accessType='initializeOnly' name='traceEnabled' type='SFBool'/>


        </ExternProtoDeclare>


      <ProtoInstance DEF='DelayTimer' name='TimeDelaySensor'>


        <fieldValue name='delayInterval' value='3'/>


        <fieldValue name='traceEnabled' value='true'/>


      </ProtoInstance>
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TimeSensorEaseInEaseOut Prototype


TimeSensorEaseInEaseOut is an alternative to 
TimeSensor with a slower ramp at beginning 
and end of a cycle, thus smoothing transitions
• https://savage.nps.edu/Savage/Tools/Animation
• Prototype definition: 


TimeSensorEaseInEaseOutPrototype.x3d
• ProtoInstance examples:  


TimeSensorEaseInEaseOutExample.x3d


Fields match those of TimeSensor
• Slight linear slowdown for first and last 10%
• Slight linear speedup in between


Prototypes are an extensibility mechanism to define new X3D nodes using existing 
X3D nodes.  They are covered in Chapter 14.  


Example use:


https://savage.nps.edu/Savage/Tools/Animation/TimeSensorEaseInEaseOutExample.x3d 


        <ExternProtoDeclare name='TimeSensorEaseInEaseOut'>


<!-- need to copy url and field definitions here -->


        </ExternProtoDeclare>


        <ProtoInstance name='TimeSensorEaseInEaseOut' DEF='EasyClock'>


                <fieldValue name='cycleInterval' value='3'/>


        </ProtoInstance> 
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TimeSensorEaseInEaseOut snapshots


Snapshots showing progression of a TimeSensorEaseInEaseOut animation.  


Each box starts and stops at the same locations and also at the same times.  The 
white TimeSensor box travels at a constant speed throughout.  


The TimeSensorEaseInEaseOut orange box starts more slowly at the start, speeds up 
to pass the white box, then slows to finish identically.  This can be a more graceful way 
to perform some animations.


https://savage.nps.edu/Savage/Tools/Animation/TimeSensorEaseInEaseOutExample.x3d 
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ACM SIGGRAPH
• Special Interest Group on Graphics is the leading 


professional society for computer graphics and 
interactive techniques


• http://www.siggraph.org 


ACM SIGCHI
• Special Interest Group on Computer-Human 


Interaction, brings together people working on the 
design, evaluation, implementation, and study of 
interactive computing systems for human use


• http://www.sigchi.org 
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IEEE Symposium on 3D User Interfaces (3DUI)
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Web3D Symposium
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ACM SIGGRAPH and Eurographics
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CGEMS, SIGGRAPH, Eurographics


The Computer Graphics Educational Materials 
Source(CGEMS) site is designed for educators
• to provide a source of refereed high-quality content
• as a service to the Computer Graphics community
• freely available, directly prepared for classroom use
• http://cgems.inesc.pt 


X3D for Web Authors recognized by CGEMS!  ☺
• Book materials:  X3D-Edit tool, examples, slidesets
• Received jury award for Best Submission 2008


CGEMS supported by SIGGRAPH, Eurographics


From the CGEMS home page:


• http://cgems.inesc.pt 


Welcome to CGEMS - Computer Graphics Educational Materials Source. The 
CGEMS site is designed for educators to provide a source of refereed high-
quality content as a service to the Computer Graphics community as a whole. 
Materials herein are freely available and directly prepared for your classroom.


List of all published modules:


• http://cgems.inesc.pt/authors/ListModules.aspx 


CGEMS Editorial Policy:


• http://cgems.inesc.pt/EditorialPolicy.htm 
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Creative Commons open-source license
http://creativecommons.org/licenses/by-nc-sa/3.0 


Attribution-Noncommercial-Share Alike 3.0 Unported


You are free:


    * to Share — to copy, distribute and transmit the work


    * to Remix — to adapt the work


Under the following conditions:


    * Attribution. You must attribute the work in the manner specified by the author or 
licensor (but not in any way that suggests that they endorse you or your use of the 
work).


      Attribute this work:  What does "Attribute this work" mean?


      The page you came from contained embedded licensing metadata, including how 
the creator wishes to be attributed for re-use. You can use the HTML here to cite the 
work. Doing so will also include metadata on your page so that others can find the 
original work as well.   


    * Noncommercial. You may not use this work for commercial purposes.


    * Share Alike. If you alter, transform, or build upon this work, you may distribute the 
resulting work only under the same or similar license to this one.


    * For any reuse or distribution, you must make clear to others the license terms of 
this work. The best way to do this is with a link to this web page.


    * Any of the above conditions can be waived if you get permission from the 
copyright holder.


    * Nothing in this license impairs or restricts the author's moral rights.
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Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.


License available at


    http://www.web3d.org/x3d/content/examples/license.txt 


    http://www.web3d.org/x3d/content/examples/license.html 


Good references on open source:


Andrew M. St. Laurent, Understanding Open Source and Free 
Software Licensing, O'Reilly Publishing, Sebastopol California, 
August 2004.  http://oreilly.com/catalog/9780596005818/index.html 


Herz, J. C., Mark Lucas, John Scott, Open Technology 
Development: Roadmap Plan,  Deputy Under Secretary of Defense 
for  Advanced Systems and Concepts, Washington DC, April 2006.  
http://handle.dtic.mil/100.2/ADA450769 
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X3D Graphics for Web Authors


Chapter 9


Event Utilities and Scripting


Action is eloquence.


William Shakespeare, Coriolanus, Act III Scene II



http://shakespeare.mit.edu/coriolanus/coriolanus.3.2.html





2


Contents


Chapter Overview and Concepts


X3D Nodes and Examples


Additional Resources


Chapter Summary and Suggested Exercises


References



file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23SuggestedExercises

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23SuggestedExercises





3


Chapter Overview
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Overview: Event Utilities and Scripting 


Event utility nodes simplify data-type conversion, 
creation of some ROUTE connections is easier


Sequencer nodes similar to Interpolator functions
• Interpolators: continuous (floating point) outputs
• Sequencers: discrete (boolean, integer) outputs


Numerous event-utility nodes for thoroughness
• BooleanFilter, BooleanSequencer, BooleanToggle, 


BooleanTrigger
• IntegerSequencer, IntegerTrigger, TimeTrigger 


Script node encapsulates ECMAScript, Java code
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Concepts


back to Table of Contents







Event utilities motivation    1


Event ROUTE connections are fundamental to 
X3D animation


Every node in the scene graph can be an 
animation candidate
• Many nodes have output fields to produce values
• Most nodes have input fields that can be changed 


by run-time events
• Can connect each output-to-input pair via a ROUTE


Certain common animation challenges led to 
development of event-utility node extensions 
to original X3D/VRML scene graph
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Event utilities motivation    2


Modification of field values worked well in X3D 
v3.0, but some animation chains were difficult 
to create unless Script nodes were used
• Boolean logic combinations
• Converting time events to boolean, and vice versa
• Producing an animation sequence of integer values


Type conversion and logical operations were 
among most common needs for Script nodes


Adding event utility nodes provides much better 
coverage for needed event-chain connections
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Functional summary, comparison
• BooleanFilter and BooleanToggle simplify the 


negation, combination of boolean true/false logic
• BooleanSequencer and IntegerSequencer are 


similar to interpolator nodes, but produce single 
discrete values one at a time, rather than 
continuous stream of changing floating-point values


• BooleanTrigger, IntegerTrigger, TimeTrigger each 
produce a single typed-value response after 
receiving a triggering input


• Script node can encapsulate arbitrary functionality, 
using either ECMAScript (JavaScript) or Java, with 
resulting capabilities similar to HTML scripting







Declarative programming


Language is "declarative" if it describes solutions 
based on problem aspects, rather than 
directing step-by-step algorithm how to solve it
• Example:  HTML for web pages
• HTML file declares what should appear on a page 


(formatted text, images, links, etc.) but does not 
specify how  a browser accomplishes that rendering


Some programming languages are declarative
• Prolog (Programming in Logic) for logical inference
• Expert systems containing rules, relationships
• Extensible Stylesheet Language for Transformations 


(XSLT) processes XML inputs



http://en.wikipedia.org/wiki/Prolog

http://en.wikipedia.org/wiki/Expert_systems

http://www.w3.org/Style/XSL

http://en.wikipedia.org/wiki/Prolog

http://en.wikipedia.org/wiki/Expert_systems

http://www.w3.org/Style/XSL

http://en.wikipedia.org/wiki/Declarative_programming

http://en.wikipedia.org/wiki/Imperative_programming
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Imperative programming


Imperative programming languages define an 
ordered sequence of steps to be followed
• Basic, C, C++, Fortran, Java, many other languages


Imperative tasks typically follow an algorithmic 
program or list of procedures that
• Accept input values
• Compute state-variable results and save values
• Produce an appropriate output 


Algorithms start from a given state, iterate 
through task lists, and eventually terminate



http://en.wikipedia.org/wiki/Imperative_programming

http://en.wikipedia.org/wiki/Algorithm
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Declarative compared to imperative


Declarative programs usually constructed as a 
top-down decomposition approach
• For each part of problem, solution is defined
• Control implicitly driven by input, perhaps recursive


Imperative programs usually constructed as a 
bottom-up directive approach
• Much more like “do this, then do that, repeat, etc.”


Declarative approach is less common than 
imperative approach, but is quite powerful
• Often preferred for many types of problems



http://en.wikipedia.org/wiki/Declarative_programming

http://en.wikipedia.org/wiki/Imperative_programming





Example:  dominoes ready to fall



http://en.wikipedia.org/wiki/Image:Toppledominos.jpg





X3D scene graph is declarative


X3D design is declarative, because  
• presence of various sensor and interpolator nodes, 
• plus the ROUTE connections within scene graph,
• defines how scene behaves, reacting to event inputs


Can be thought of as a cause-and-effect chain
• i.e. row of dominoes ready to tip, or
• perhaps some kind of Rube Goldberg machine


Declarative thus indicates that action/reaction 
relationships are predeclared
• Operates after loading and clock, interaction begins
• Input stimulus needed before output is produced



http://en.wikipedia.org/wiki/Rube_goldberg





Example:  Rube Goldberg machine



http://en.wikipedia.org/wiki/Rube_goldberg

http://www.rubegoldberg.com/

http://en.wikipedia.org/wiki/Rube_Goldberg_Machine_Contest

http://www.anl.gov/Careers/Education/rube/rubeinfo.html

http://www.kingfeatures.com/





Script node motivation: imperative


Script node encapsulates imperative programs, 
wrapping them in an event-driven interface 
suitable for connection to the declarative 
approach of the X3D scene graph
• Thus an impedance match between imperative and 


declarative programming paradigms


Embedding (often small) chunks of imperative 
script code within a declarative event-passing 
X3D animation chain is powerful
• Algorithms of arbitrary complexity can be built
• Well-defined rules align these 2 different paradigms
• Similar motivations for HTML use of JavaScript
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Common functionality


Event utility nodes and Script nodes can appear 
in the scene graph anywhere that other 
children nodes can appear
• Reminder:  not within Shape, for example


Must have a DEF name in order to ROUTE input 
and output values
• Not much point to these nodes if not connected...


Like interpolator nodes, their position in scene 
graph has no effect on their functionality
• Must precede any ROUTE that references them
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Sequencer nodes


BooleanSequencer and IntegerSequencer are 
both of X3DSequencerNode type


Similar to interpolator nodes, which define 
functions producing continuous stream of 
steadily changing floating-point values


Sequencer outputs produce single discrete values 
one at a time, as needed


Example:  count -1..10 to change a Switch node
• No need to repeatedly send '1' values, or '2' values, 


etc. in between times when actual change occurs







Example:  boolean, integer sequencers


Following example illustrates coordinated use of 
BooleanSequencer, IntegerSequencer nodes
• Note common TimeSensor node (named Clock)



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanSequencerIntegerSequencer.x3d





BooleanSequencer illustrated



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanSequencerIntegerSequencer.x3d





IntegerSequencer illustrated



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanSequencerIntegerSequencer.x3d





BooleanSequencer, 
IntegerSequencer synchronized



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanSequencerIntegerSequencer.x3d





BooleanSequencer turns SpotLight on, off


IntegerSequencer switches choice of Text


Single TimeSensor clock drives two synchronized 
BooleanSequencer, IntegerSequencer output streams



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanSequencerIntegerSequencer.x3d
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BooleanSequencerIntegerSequencer.x3d


whichChoice


Scene text revised
 March 2009


Single TimeSensor clock drives two synchronized 
BooleanSequencer, IntegerSequencer output streams



http://x3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanSequencerIntegerSequencer.x3d
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Fan in, fan out


Multiple-event fan out
• More than one ROUTE may connect a single 


output field to other nodes
Multiple-event fan in
• More than one ROUTE may also expose a 


single input field to the output of more than 
one event-producing node


• Can be error prone and non-deterministic if 
events are allowed to occur simultaneously
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X3D Nodes and Examples


back to Table of Contents
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BooleanFilter node


BooleanFilter allows selective filtering of true/false 
event pairs, typically sent by sensors


Example:  choose among TouchSensor events
• sends isActive, isOver  true when selected, then
• sends isActive, isOver  false when deselected


Field definitions
• set_boolean is input value to be filtered
• inputTrue, inputFalse each output true if condition met
• inputNegate sends value opposite to set_boolean
• No initializable fields to edit
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BooleanFilter node X3D-Edit


isActive


set_boolean


inputTrue


enabled


value_changed
    set_rotation


fraction_changed
    set_fraction


Filtering out the isActive false events enables this 
TimeSensor clock to continue looping, once started



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanFilterPumpHouse.x3d
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BooleanFilter tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#BooleanFilter
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BooleanSequencer node


BooleanSequencer contains a keyValue array of 
boolean values that can be triggered by input 
set_fraction values for corresponding key array


As with interpolator nodes, output field is named 
value_changed


Useful fields: node triggering via boolean events
• SFBool inputOnly next:       send next keyValue 
• SFBool inputOnly previous:  send prior keyValue
• Provides a helpful alternative to using the more 


typical TimeSensor fraction_changed
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BooleanSequencer node X3D-Edit


TouchSensor.
   isActive


TimeSensor drives BooleanSequencer outputs 
to provide steady stream of true/false values



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/IntegerSequencerPumpHouse.x3d
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BooleanSequencer tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#BooleanSequencer
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BooleanToggle node


BooleanToggle remembers, can negate booleans
• Maintains inputOutput state variable named toggle
• Negates toggle value if input set_boolean is true
• No change occurs if input event set_boolean is false


Honoring input set_boolean true (and ignoring 
set_boolean false) is especially helpful when 
connected to isActive/isOver sensor outputs
• Example: only an isActive true event causes change
• Toggling occurs only on selection, rather than both 


selection+deselection, so user can remove pointer
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Some typical event-animation chains


Typically task:  author wants to toggle a value, 
then enable or disable an animation chain, 
based on user selecting an object in the scene
• TouchSensor.isActive  → BooleanToggle.set_boolean
• BooleanToggle.toggle → TimeSensor.enabled


BooleanToggle can instead swap on deselection 
by adding an intermediate BooleanFilter node:
• TouchSensor.isActive     → BooleanFilter.set_boolean
• BooleanFilter.inputFalse → BooleanToggle.set_boolean
• BooleanToggle.toggle    → TimeSensor.enabled
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BooleanToggle node X3D-Edit


BooleanToggle only flips state true/false once 
per each selection by TouchSensor “TouchButton” 



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanToggle.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanTogglePumpHouse.x3d
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BooleanToggle tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#BooleanToggle
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BooleanTrigger node


BooleanTrigger converts input SFTime events 
into output SFBool triggerTrue  output events
• Convenient type conversion, result is always true


May be especially helpful for connecting certain 
intermittent timing events:
• TimeSensor cycleTime or TouchSensor touchTime


Typical targets for output:
• enabled field for a sensor node


If a false event output is needed instead, ROUTE 
a connection via BooleanFilter inputNegate 
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BooleanTrigger node X3D-Edit


TouchSensor.
   touchTime BooleanTrigger “TriggerStart” converts 


touchTime to boolean, enabling TimeSensor



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanTriggerPumpHouse.x3d
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BooleanTrigger tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#BooleanTrigger





IntegerSequencer node


IntegerSequencer outputs a series of SFInt32 
integer values, based on a floating-point 
fractional input and key, keyValue pairs


● Continuous input similar to interpolator nodes
● Discrete output similar to BooleanSequencer


As with interpolator nodes, output field is named 
value_changed


Useful fields: node triggering via boolean events
• SFBool inputOnly next:       send next keyValue 
• SFBool inputOnly previous:  send prior keyValue
• Provides a helpful alternative to using the more 


typical TimeSensor fraction_changed
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IntegerSequencer node X3D-Edit


TouchSensor.isActive


next


value_changed


whichChoice


TouchSensor drives IntegerSequencer outputs 
to provide clickable stream of integer values



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/IntegerSequencerPumpHouse.x3d





41


IntegerSequencer example 2
va


lu
e_


ch
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TimeSensor drives IntegerSequencer outputs 
to provide steady stream of integer values



http://x3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/IntegerSequencerRoadSignSwitcher.x3d

http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#Images

http://www.gimp.org/

http://images.google.com/images?q=danger%20zombies%20ahead
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IntegerSequencer tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#IntegerSequencer
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IntegerTrigger node


IntegerTrigger converts input SFBool set_boolean 
events into output SFInt32 triggerValue events
• Convenient type conversion


Only one integer output value possible
• Saved in field integerKey
• If more than one integerKey is needed, then create 


a new IntegerTrigger node for each condition


Typical target for output:
• specific Switch whichChoice  child geometry
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IntegerTrigger node X3D-Edit


trigger
Value


w
h


ic
hC


ho
ic


e


Switch node selects correct message:


isActive


set_boolean


Each of 3 TouchSensors activates matching IntegerTrigger 
 to provide integer value for corresponding child of Switch



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/IntegerTrigger.x3d
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IntegerTrigger tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#IntegerTrigger
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TimeTrigger node


TimeTrigger converts input SFBool set_boolean 
events into output SFTime triggerTime events
• Convenient type conversion
• Input value can be either true  or false


• So if you don't want false values to produce a time event, 
include BooleanFilter beforehand to filter out false values


• Same principle:  hook up correct combinations as needed


• Output value matches current clock time


Typical targets for output:
• Starting, stopping, pausing, or resuming either a 


TimeSensor, MovieTexture or AudioClip node
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TimeTrigger node X3D-Edit


isActive (unfiltered)isActive


TimeTrigger converts boolean input event into SFTime output event



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/TimeTriggerTest.x3d
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TimeTrigger tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#TimeTrigger
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Script node


Script encapsulates programmatic source code
• Execution is triggered via arrival of input event


• Each input field (i.e. method) receives a value, 
• performs algorithmic calculations, then 
• can return response event(s) via output fields


This approach preserves X3D event model for 
animation, allowing Script code within the 
scene graph to perform complex computations
• In response to ROUTEd scene-graph event inputs
• Similarly can return typed X3D values for use in 


scene graph via ROUTE connections


← Declarative


← Declarative


← Imperative







Event model relationships
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Simple X3D execution model


• Display image from double buffer
• Advance and freeze the simulation clock
• Generate and process all events
• Then stop, don't loop indefinitely!


• Draw new image in back buffer
• Swap buffer, replace with new image







X3D execution model
0.Prior image frame is already displayed on screen
1.Update camera based on currently bound Viewpoint
2.Evaluate inputs from sensors and event producers, 


then place events in queue for delivery
3.ROUTE events to defined destinations, updating 


scene-graph fields as appropriate
4.If any events generated as a result of steps 2 & 3, 


repeat until all events delivered in event cascade
5.Pixels in next screen update are rendered to image
6.Double-buffer display swaps new, old frame images
7. Browser's simulation clock is updated to match 


system's real-time clock (advancing 'one tick')
8.Single loop done, repeat from step 1 indefinitely
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Event model and event cascade


Script operation must commence and complete 
in between scene-graph rendering cycles
• Input events can provoke output events
• Output events may in turn provoke release of other 


events, known as event cascade
• Scene graph values updated as direct result


Event loops not allowed
• Repeated values arriving at input fields are ignored
• Infinite loops thus prevented


Next frame drawn when event cascade complete
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 field declarations


Each Script can contain <field> definitions
• Which are the interface for the Script
• Zero or more <field> definitions allowed


<field> definitions must be exactly correct
• Define name, type, accessType, and initial value
• SFNode, MFNode initializations are contained
• accessType initializeOnly, inputOnly must have an 


initial value
• inputOnly, outputOnly have no initial value
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X3D field types, default initialization values  1
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X3D field types, default initialization values  2
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field naming conventions by accessType


• Script inputOnly fields become method names, 
with  event value passed as first parameter


• Event timestamp optionally passed as second parameter


• Script outputOnly fields are set via assignment 
statements (i.e. on left-hand side of equal sign)


• Script initializeOnly fields can be used internally, 
and also reset to different values to save state


• But cannot receive values via external ROUTE connection


• Script inputOutput fields are for function receiving 
events, or saving state, or sending output values


• But naming can be confusing, and so inputOutput fields 
are usually best avoided (TODO add link once open)



http://en.wikipedia.org/wiki/Interface_definition_language

http://www.omg.org/gettingstarted/omg_idl.htm

http://www.omg.org/gettingstarted/omg_idl.htm





Script node 
life cycle







ECMAScript (JavaScript)


ECMAScript is primary language for X3D scripting
• Required for X3D players that support scripting
• Originally (and often) called JavaScript
• Renamed ECMAScript when standardized via 


European Computer Manufacturers Association 
http://www.ecma-international.org 


• Scene Access Interface (SAI) defines standard 
interfaces for interaction with scene graph


Can be embedded within X3D scene, or kept 
separately in an external .js file
• X3D-Edit provides code colorization and syntax 


support when editing separate .js file



http://www.ecma-international.org/

http://www.ecma-international.org/

http://en.wikipedia.org/wiki/ECMAScript

http://en.wikipedia.org/wiki/JavaScript

http://en.wikipedia.org/wiki/JavaScript_syntax

http://www.ecma-international.org/publications/standards/Ecma-262.htm

http://www.ecma-international.org/publications/files/ECMA-ST/Ecma-262.pdf

http://www.web3d.org/specifications/Ecma-262.pdf
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Java


Java classes can be used for X3D scripting
• Optional for X3D players that support scripting
• Scene Access Interface (SAI) defines standard 


interfaces for interaction with scene graph


Has some advantages over ECMAScript
• Network and database connectivity
• Large set of class libraries & functionality available


Java script code not covered in this book chapter
• Xj3D has tutorials on use of Java with X3D online at 


http://www.xj3d.org/tutorials  



http://www.xj3d.org/tutorials

http://www.xj3d.org/tutorials

http://java.sun.com/

http://java.com/

http://java.com/en/about

http://java.sun.com/new2java

http://en.wikipedia.org/wiki/Java_(programming_language)

http://www.web3d.org/x3d/content/examples/newX3dScript.java
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Java generation example


Java can also be used for creation of X3D scenes
• Output from standalone programs
• Output from existing programs


Example program:  CircleLines.java
• Invoked via command line
• User specifies number of points in circle (default 24)


Usage:   java CircleLines [numberOfSegments] [ > CircleLinesFileName.x3d ]


Example: java CircleLines 60 > CircleLines60.x3d


Example scene results:  
CircleLinesExample.x3d 
CircleLinesExample60.x3d



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/CircleLines.java

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/CircleLinesExample.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/CircleLinesExample60.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/CircleLines.java

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/CircleLinesExample.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/CircleLinesExample60.x3d

http://java.sun.com/

http://java.com/

http://java.com/en/about

http://java.sun.com/new2java

http://en.wikipedia.org/wiki/Java_(programming_language)

http://www.web3d.org/x3d/content/examples/newX3dScript.java





url field and CDATA block


Local and online url addresses for script code 
contained as elements of url string array
• Essentially same approach as other url fields
• Each address intended to point to a copy of same 


functionally equivalent scripting code


One url value can also contain ecmascript: code
• This approach is used in ClassicVRML encoding


Preferred X3D approach for XML encoding is to 
encapsulate in CDATA block, which prevents 
unintended XML parsing of character data


CDATA character data => “hey XML leave it alone!!”
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CDATA block syntax
Text characters within character data (CDATA) blocks are 


preserved verbatim and do not undergo XML parsing.


<Script>


    <field name="a" type="SFBool"  accessType="initializeOnly" value="true"/>


    <field name="b" type="SFInt32" accessType="inputOutput"    value="1"/>


    <field name="c" type="SFFloat" accessType="inputOnly"/>


    <field name="c" type="SFColor" accessType="outputOnly"/>


<![CDATA[


ecmascript:


// see newECMAscript.js for example javascript code for your Script 


]]>


  </Script>
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newECMAscript.js  part 1



http://www.web3d.org/x3d/content/examples/newECMAscript.js
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newECMAscript.js  part 2


... continued from previous slide:


Worth noting:  these methods are rarely used



http://www.web3d.org/x3d/content/examples/newECMAscript.js





<Script> and <field> editors
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Example:  ScriptSimpleStateEvents.x3d


Pushbutton switch changes lamp color
• TouchSensor detects button select, acts as trigger
• TimeSensor animates pushbutton cylinder
• Script invoked, checks current state to decide logic


• If button now down, color lamp yellow and reset path
• If button now up, color lamp grey and reset path


Script code for this example kept in external file
• Still has access to all defined fields from within code
• Don't include ecmascript: header in external file


X3D event model still governs animation flow



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptSimpleStateEvents.x3d
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Script node X3D-Edit   1


new button path
setup for next time


Timer 
isActive


 touch
to


start


Button position
animated



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptSimpleStateEvents.x3d





Script node X3D-Edit  2Timer 
isActive


Script located in external ScriptSimpleStateEvents.js file
• buttonTimerActive function name matches 


inputOnly event; value contains passed event
• outputOnly events set by assignment statements


   ButtonMover   PositionInterpolator
keyValue array  gets reversed


LightBulbMaterial color gets swapped


Script computes and sends new light color, new button path...



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptSimpleStateEvents.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptSimpleStateEvents.js

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptSimpleStateEvents.js
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ScriptSimpleStateEvents.js


Upon completion of each animation, 
this Script  computes and sends 
new light color, new button path


in preparation for next user operation



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptSimpleStateEvents.js
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Example:  ScriptEvents.x3d


Clicking pump house starts cone animation
• TouchSensor detects pump select, acts as trigger
• TimeSensor drives Script response
• Script invoked, computes rotation and translations


Script code for this example kept within .x3d file
• Still has access to all defined fields from within code
• Must include ecmascript: header when internal
• CDATA block ensures that original text is preserved


X3D event model still governs animation flow



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptEvents.x3d
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ScriptEvents.x3d X3D-Edit 1



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptEvents.x3d
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ScriptEvents.x3d X3D-Edit 2


TouchSensor 
isActive


See Script details
on next slide...



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptEvents.x3d





Script node, edited
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Example:  ScriptComplexStateEvents.x3d


Pushbutton switch changes 3-way lamp color
• TouchSensor detects button select, acts as trigger
• TimeSensor animates pushbutton cylinder
• Script invoked, checks current state to decide logic


• Adds one to count each time, modifies color
• Resets and turns off lamp once maximum reached


Script code kept in external file
• Still has access to all defined fields from within code
• Don't include ecmascript: header when external


X3D event model still governs animation flow



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptComplexStateEvents.x3d

http://www.web3d.org/x3d/content/examples/Basic/course/CreateX3DFromStringRandomSpheres.x3d
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ScriptComplexStateEvents.x3d 
X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptComplexStateEvents.x3d
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ScriptComplexStateEvents.js X3D-
Edit


state variable buttonPushCount 
cycles from 0 to 3, then repeats 


if (buttonMotionDone event value== true) 
then reset next motion to go up 


else (buttonMotionDone event value== false)


reset next motion to go down


reset light color



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptComplexStateEvents.js
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directOutput field


Advanced technique:  SFNode, MFNode fields 
can give a Script node direct access to modify 
other nodes in the scene graph
• Usually via accessType initializeOnly


directOutput field is boolean to alert browser that 
such direct node referencing may produce 
animations without passing ROUTE events
• directOutput='true' indicates to browser that node 


references must be evaluated each time Script is 
invoked, since otherwise changes are likely ignored


• Otherwise directOutput='false' is default
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mustEvaluate field


Another advanced optimization technique relates 
to timing of events:  browsers may defer 
delivery of input events until output it is clear 
that output events are needed
• Hopefully speeding up browser performance


Resetting default value to mustEvaluate='true' 
indicates to browser that all events must be 
delivered immediately without delays


● Helpful for Script nodes that access the network, or 
else perform ongoing time-sensitive computations
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initialize() and shutdown() methods


The initialize() method is invoked before scene 
graph rendering begins


● Good place for computing initial values, if needed
● Also helpful for Browser.println() tracing of setup


The shutdown() method is invoked after scene 
rendering stops, before browser exits


● Helpful location to output final results to console
● Might shutdown network connections, file reading, 


etc.
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TestScriptInitialize.x3d



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/TestScriptInitialize.x3d
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Comparison of event and field control


ScriptNodeEventOutControl-EcmaScript.x3d
http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/ScriptNodeEventOutControl-EcmaScript.x3d


http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/ScriptNodeEventOutControl-EcmaScriptSnapshots.html  


• Shows event control from initialize() to user interaction 
to shutdown()


ScriptNodeEventOutControl-EcmaScript.x3d
http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/ScriptNodeFieldControl-EcmaScript.x3d 


http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/ScriptNodeFieldControl-EcmaScriptSnapshots.html 


• Shows field control using passed node references, from 
initialize() to user interaction to shutdown()


Available via Basic Examples archive
• http://www.web3d.org/x3d/content/examples/Basic 



http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/ScriptNodeEventOutControl-EcmaScript.x3d

http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/ScriptNodeEventOutControl-EcmaScriptSnapshots.html

http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/ScriptNodeFieldControl-EcmaScript.x3d

http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/ScriptNodeFieldControl-EcmaScriptSnapshots.html

http://www.web3d.org/x3d/content/examples/Basic

http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/ScriptNodeEventOutControl-EcmaScript.x3d

http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/ScriptNodeEventOutControl-EcmaScriptSnapshots.html

http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/ScriptNodeFieldControl-EcmaScript.x3d

http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/ScriptNodeFieldControl-EcmaScriptSnapshots.html

http://www.web3d.org/x3d/content/examples/Basic
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Screen snapshots of script operation


Visual operation is the same for each example
• Initial red text is the default scene setup
• Subsequent yellow text is immediately loaded 


during startup as a result of initialize() method
• Third set of green text is created by Script output, 


in response to user clicking yellow text



http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/ScriptNodeEventOutControl-EcmaScript.x3d





ROUTE control illustrated



http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/VrmlJavaPaper.pdf





Field control illustrated



http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/VrmlJavaPaper.pdf
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prepareEvents() and eventsProcessed() methods


prepareEvents() method is invoked at the 
beginning of each event loop, before other 
ROUTE processing occurs


● Helpful for advance scripting techniques


eventsProcessed() method can combine handling 
and response when multiple events arrive


● Useful for avoiding confusion about which event 
might arrive first or second, ensures all values 
received and ready for computation


● Only occurs once during each event loop
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Browser functions   1







Browser functions   2
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Script tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#Script
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field tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#field
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Additional Resources


back to Table of Contents
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Additional Resources


AjaX3D is a proposal for use of Asynchronous 
Javascript for X3D
• Experimental, not part of X3D specification
• http://www.ajax3d.org 


Greg Seidman, Hotpot paper and code
• http://zing.ncsl.nist.gov/~gseidman/vrml/repos 
• VRML: Past, Present, and Future


http://zing.ncsl.nist.gov/~gseidman/class/vrml.html 



http://www.ajax3d.org/

http://zing.ncsl.nist.gov/~gseidman/vrml/repos

http://zing.ncsl.nist.gov/~gseidman/class/vrml.html

http://www.ajax3d.org/

http://zing.ncsl.nist.gov/~gseidman/vrml/repos

http://zing.ncsl.nist.gov/~gseidman/class/vrml.html
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Chapter Summary


back to Table of Contents
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Summary: Event Utilities and Scripting 


Event utility nodes simplify data-type conversion, 
creation of some ROUTE connections is easier


Sequencer nodes similar to Interpolator functions
• Interpolators: continuous (floating point) outputs
• Sequencers: discrete (boolean, integer) outputs


Numerous event-utility nodes for good flexibility
• BooleanFilter, BooleanSequencer, BooleanToggle, 


BooleanTrigger
• IntegerSequencer, IntegerTrigger, TimeTrigger 


Script node encapsulates ECMAScript, Java code
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Suggested exercises


Draw, build event chains with Event Utility nodes
• Combination of boolean and time converters, 


especially in combination with TimeSensor
• IntegerSequencer, IntegerTrigger with Switch node
• Hey, how about a “Rube Goldberg” animation?!  ☺ 


Build Script node to convert between data types
• Example:  StringSensor input for rotation angle, 


converted to SFRotation about y-axis
• Utilize initialize(), Browser.print() and 
Browser.println() functions to provide trace 
statements for debugging



http://en.wikipedia.org/wiki/Rube_goldberg

http://en.wikipedia.org/wiki/Rube_Goldberg_Machine_Contest
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X3D Graphics for Web Authors


Chapter 9


Event Utilities and Scripting


Action is eloquence.


William Shakespeare, Coriolanus, Act III Scene II


http://shakespeare.mit.edu/coriolanus/coriolanus.3.2.html 


MENENIUS
    Noble lady!
    Come, go with us; speak fair: you may salve so,
    Not what is dangerous present, but the loss
    Of what is past.
VOLUMNIA
    I prithee now, my son,
    Go to them, with this bonnet in thy hand;
    And thus far having stretch'd it--here be with them--
    Thy knee bussing the stones--for in such business
    Action is eloquence, and the eyes of the ignorant
    More learned than the ears--waving thy head,
    Which often, thus, correcting thy stout heart,
    Now humble as the ripest mulberry
    That will not hold the handling: or say to them,
    Thou art their soldier, and being bred in broils
    Hast not the soft way which, thou dost confess,
    Were fit for thee to use as they to claim,
    In asking their good loves, but thou wilt frame
    Thyself, forsooth, hereafter theirs, so far
    As thou hast power and person.
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Overview: Event Utilities and Scripting 


Event utility nodes simplify data-type conversion, 
creation of some ROUTE connections is easier


Sequencer nodes similar to Interpolator functions
• Interpolators: continuous (floating point) outputs
• Sequencers: discrete (boolean, integer) outputs


Numerous event-utility nodes for thoroughness
• BooleanFilter, BooleanSequencer, BooleanToggle, 


BooleanTrigger
• IntegerSequencer, IntegerTrigger, TimeTrigger 


Script node encapsulates ECMAScript, Java code


Interpolator nodes are described in Chapter 7, Event Animation and Interpolation.  It is 
especially important to understand the 10-step process for designing and building an 
animation chain.


Sensor nodes (described in Chapter 8) are also used to produce events that we can 
ROUTE to other nodes in the scene graph.


The event utilities make it possible (and even easy) to create longer, more 
sophisticated event chains and behaviors.
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Concepts


back to Table of Contents







 


Chapter 9 - Event Utilities Scripting 6


Event utilities motivation    1


Event ROUTE connections are fundamental to 
X3D animation


Every node in the scene graph can be an 
animation candidate
• Many nodes have output fields to produce values
• Most nodes have input fields that can be changed 


by run-time events
• Can connect each output-to-input pair via a ROUTE


Certain common animation challenges led to 
development of event-utility node extensions 
to original X3D/VRML scene graph


The event utilities described in this chapter were devised to support common 
animation tasks.  Before the sequencer, trigger and filter nodes were developed, 
author-written Script nodes were required for even the simplest type-conversion tasks.


Event-utilities node design and development was performed within the X3D working 
group.  Node design work was accomplished primarily by Nick Polys, Don Brutzman 
and Joe Williams.


The first implementations of these nodes used Prototype definitions and Script 
conversions.  This approach made the event-utility nodes widely testable and usable 
even before they were implemented in X3D browsers and approved in the 
specification.


Thus the development of these nodes is a good example of the extensibility of the 
X3D language.  Building prototypes as sample implementations is an excellent way to 
experiment with and optimize new capabilities.







 


Chapter 9 - Event Utilities Scripting 7


7


Event utilities motivation    2


Modification of field values worked well in X3D 
v3.0, but some animation chains were difficult 
to create unless Script nodes were used
• Boolean logic combinations
• Converting time events to boolean, and vice versa
• Producing an animation sequence of integer values


Type conversion and logical operations were 
among most common needs for Script nodes


Adding event utility nodes provides much better 
coverage for needed event-chain connections


By “logical operations” we mean boolean logic:  true false and or exclusive-or not etc.


Avoiding the need for Script nodes any time that a data-type conversion is needed can 
be considered a further motivation.  Rationale:


• Script node is not included within Interactive Profile for lightweight browsers


• Script nodes take somewhat longer for new authors to learn because syntax of Script 
node and code is different than other native X3D nodes


• Simple is good


A good rule of thumb for authors:  if you want to create animations that depend on 
boolean (true/false) logic or time triggers, then the Event Utility node provide the 
support that you need.


Advanced topic:  there are still a few data types remaining in X3D that might benefit 
from having a dedicated utility node


• SFImage sequencer
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Functional summary, comparison
• BooleanFilter and BooleanToggle simplify the 


negation, combination of boolean true/false logic
• BooleanSequencer and IntegerSequencer are 


similar to interpolator nodes, but produce single 
discrete values one at a time, rather than 
continuous stream of changing floating-point values


• BooleanTrigger, IntegerTrigger, TimeTrigger each 
produce a single typed-value response after 
receiving a triggering input


• Script node can encapsulate arbitrary functionality, 
using either ECMAScript (JavaScript) or Java, with 
resulting capabilities similar to HTML scripting
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Declarative programming


Language is "declarative" if it describes solutions 
based on problem aspects, rather than 
directing step-by-step algorithm how to solve it
• Example:  HTML for web pages
• HTML file declares what should appear on a page 


(formatted text, images, links, etc.) but does not 
specify how  a browser accomplishes that rendering


Some programming languages are declarative
• Prolog (Programming in Logic) for logical inference
• Expert systems containing rules, relationships
• Extensible Stylesheet Language for Transformations 


(XSLT) processes XML inputs


Contrast declarative approaches with imperative, procedural programming.


Helpful references:


• http://en.wikipedia.org/wiki/Declarative_programming 


• http://en.wikipedia.org/wiki/Imperative_programming 


In general, declarative structures tend to be driven by data while procedural processes 
are controlled by imperative “do this, do that” command sequences.
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Imperative programming


Imperative programming languages define an 
ordered sequence of steps to be followed
• Basic, C, C++, Fortran, Java, many other languages


Imperative tasks typically follow an algorithmic 
program or list of procedures that
• Accept input values
• Compute state-variable results and save values
• Produce an appropriate output 


Algorithms start from a given state, iterate 
through task lists, and eventually terminate


Helpful references:


• http://en.wikipedia.org/wiki/Imperative_programming 


• http://en.wikipedia.org/wiki/Algorithm 
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Declarative compared to imperative


Declarative programs usually constructed as a 
top-down decomposition approach
• For each part of problem, solution is defined
• Control implicitly driven by input, perhaps recursive


Imperative programs usually constructed as a 
bottom-up directive approach
• Much more like “do this, then do that, repeat, etc.”


Declarative approach is less common than 
imperative approach, but is quite powerful
• Often preferred for many types of problems


Helpful references:


• http://en.wikipedia.org/wiki/Declarative_programming 


• http://en.wikipedia.org/wiki/Imperative_programming 


Thought question:  is HTML declarative or imperative?
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Example:  dominoes ready to fall


Each domino is waiting for an input stimulus, which in turn causes it to fall.  There is 
no single controller in charge of all the dominoes, directing each in sequence.  Rather 
the individual, aggregate behavior of the all of the dominoes combination becomes 
interesting when they are arranged in a fashion that lets one domino affect another.


Note that even in complex arrangements like the one shown in this image, the 
declarative logic for each individual domino is independent and simple:  


• if sufficiently tapped, a domino tips over.


Thought question:  what is the difference between the above arrangement of 
dominoes and another identical set of dominoes scattered on the same tabletop?


One answer is “information,” i.e. not just the locations of each domino but also the 
pattern of behavior that emerges when one end of the domino chain is tapped.


Really big thought question:  what if the fundamental building blocks of the universe 
are not just matter and energy, but matter and energy and information?


Permission to use this image is gratefully acknowledged:


http://en.wikipedia.org/wiki/Image:Toppledominos.jpg 
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X3D scene graph is declarative


X3D design is declarative, because  
• presence of various sensor and interpolator nodes, 
• plus the ROUTE connections within scene graph,
• defines how scene behaves, reacting to event inputs


Can be thought of as a cause-and-effect chain
• i.e. row of dominoes ready to tip, or
• perhaps some kind of Rube Goldberg machine


Declarative thus indicates that action/reaction 
relationships are predeclared
• Operates after loading and clock, interaction begins
• Input stimulus needed before output is produced


Often the necessary input stimulus is provided by one of the following trigger events:


• User interaction (through pointer selection)


• User view proximity or visibility (discussed in Chapter 12, Environment Sensors)


• Passage of computer-clock time (via TimeSensor)


• Initial loading complete (LoadSensor, or Script initialize() method)


Rube Goldberg:  http://en.wikipedia.org/wiki/Rube_goldberg 
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Example:  Rube Goldberg machine


http://en.wikipedia.org/wiki/Rube_goldberg 


http://www.rubegoldberg.com 


Rube Goldberg Machine Contest


http://en.wikipedia.org/wiki/Rube_Goldberg_Machine_Contest 


http://www.anl.gov/Careers/Education/rube/rubeinfo.html 


Permission to reproduce this image requested from King Features Syndicate.  


http://www.kingfeatures.com  Duplication here should be OK under fair use.


Rube Goldberg:  A Retrospective.  Introduction and commentary by Philip Garner.  
Delilah Books, distributed by Putnam Publishing Group, New York 1983.
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Script node motivation: imperative


Script node encapsulates imperative programs, 
wrapping them in an event-driven interface 
suitable for connection to the declarative 
approach of the X3D scene graph
• Thus an impedance match between imperative and 


declarative programming paradigms


Embedding (often small) chunks of imperative 
script code within a declarative event-passing 
X3D animation chain is powerful
• Algorithms of arbitrary complexity can be built
• Well-defined rules align these 2 different paradigms
• Similar motivations for HTML use of JavaScript


Depending on the capabilities of the embedded scripting language, Script nodes can 
also expose special functionality like network communications, database access, 
scientific libraries, web services, etc.
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Common functionality


Event utility nodes and Script nodes can appear 
in the scene graph anywhere that other 
children nodes can appear
• Reminder:  not within Shape, for example


Must have a DEF name in order to ROUTE input 
and output values
• Not much point to these nodes if not connected...


Like interpolator nodes, their position in scene 
graph has no effect on their functionality
• Must precede any ROUTE that references them


Event utility and Script nodes are usually positioned amidst the other nodes in the 
animation chain using them.  Proximity of these nodes and their corresponding 
ROUTE connections makes author debugging easier.


Some tools place all ROUTE connections at the end of a scene to avoid ordering 
problems, but this usually makes scene checking and diagnosing much harder.
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Sequencer nodes


BooleanSequencer and IntegerSequencer are 
both of X3DSequencerNode type


Similar to interpolator nodes, which define 
functions producing continuous stream of 
steadily changing floating-point values


Sequencer outputs produce single discrete values 
one at a time, as needed


Example:  count -1..10 to change a Switch node
• No need to repeatedly send '1' values, or '2' values, 


etc. in between times when actual change occurs


For example:  if a '3' value is been sent to a Switch node, then the child with index 3 is 
already selected.  Resending multiple '3' values does not accomplish anything new.  
Thus each value in a sequence is only sent once by a sequencer node.


“Say something once... why say it again?”


• David Byrne, Chris Frantz and Tina Weymouth, Talking Heads, “Psycho 
Killer”, 1977







 


Chapter 9 - Event Utilities Scripting 18


Example:  boolean, integer sequencers


Following example illustrates coordinated use of 
BooleanSequencer, IntegerSequencer nodes
• Note common TimeSensor node (named Clock)


Figure 9.1, page 253, X3D for Web Authors


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanSequencerIntegerSequencer.x3d
 







 


Chapter 9 - Event Utilities Scripting 19


BooleanSequencer illustrated


Figure 9.1, page 253, X3D for Web Authors


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanSequencerIntegerSequencer.x3d
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IntegerSequencer illustrated


Figure 9.1, page 253, X3D for Web Authors


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanSequencerIntegerSequencer.x3d
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BooleanSequencer, 
IntegerSequencer synchronized


Figure 9.1, page 253, X3D for Web Authors


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanSequencerIntegerSequencer.x3d
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BooleanSequencer turns SpotLight on, off


IntegerSequencer switches choice of Text


Single TimeSensor clock drives two synchronized 
BooleanSequencer, IntegerSequencer output streams


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanSequencerIntegerSequencer.x3d 
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BooleanSequencerIntegerSequencer.x3d


whichChoice


Scene text revised
 March 2009


Single TimeSensor clock drives two synchronized 
BooleanSequencer, IntegerSequencer output streams


http://x3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanSequencerIntegerSequencer.x3d


The labels in the Text node for this example were changed slightly to better explain 
what actually happens during each step.  The functionality of the scene is unchanged.
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Fan in, fan out


Multiple-event fan out
• More than one ROUTE may connect a single 


output field to other nodes
Multiple-event fan in
• More than one ROUTE may also expose a 


single input field to the output of more than 
one event-producing node


• Can be error prone and non-deterministic if 
events are allowed to occur simultaneously


Flexible routing of multiple events to multiple nodes is often just great, leading to 
sophisticated (i.e. “cool”) behavior animations.


Note that multiple fan in of events simultaneously to a single target field is error prone. 
Animation results may be nondeterministic, because one of the input events will 
override another if they both occur during the same timestamp. Such overloading is 
usually noticed as flip-flopping or unpredictable rendering in the scene.


Helpful convenience:  the X3dToXhtml pretty-print stylesheet shows ROUTE 
connections as comments.  So you can use those to identify multiple-ROUTE fan in 
and fan out.


TODO:  example link
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X3D Nodes and Examples


back to Table of Contents
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BooleanFilter node


BooleanFilter allows selective filtering of true/false 
event pairs, typically sent by sensors


Example:  choose among TouchSensor events
• sends isActive, isOver  true when selected, then
• sends isActive, isOver  false when deselected


Field definitions
• set_boolean is input value to be filtered
• inputTrue, inputFalse each output true if condition met
• inputNegate sends value opposite to set_boolean
• No initializable fields to edit


Because there are no initializable BooleanFilter fields (with accessType='initializeOnly' 
or accessType='inputOutput') the editor for this node is minimal.  All of the functionality 
for this node is exposed via careful use of ROUTE statements.


Boolean functions such as AND, OR, XOR, NAND etc. are not provided as native 
capabilities in X3D.  However, such functions can be written using a Script node.
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BooleanFilter node X3D-Edit


isActive


set_boolean


inputTrue


enabled


value_changed
    set_rotation


fraction_changed
    set_fraction


Filtering out the isActive false events enables this 
TimeSensor clock to continue looping, once started


Figure 9.2, page 255, X3D for Web Authors


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanFilterPumpHouse.x3d 


This example shows a a “turn on” switch capability with no corresponding “turn off.”
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BooleanFilter tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#BooleanFilter 
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BooleanSequencer node


BooleanSequencer contains a keyValue array of 
boolean values that can be triggered by input 
set_fraction values for corresponding key array


As with interpolator nodes, output field is named 
value_changed


Useful fields: node triggering via boolean events
• SFBool inputOnly next:       send next keyValue 
• SFBool inputOnly previous:  send prior keyValue
• Provides a helpful alternative to using the more 


typical TimeSensor fraction_changed


Setting up a BooleanSequencer node is similar to setting up an interpolator node.  
First define the functional characteristics by defining the paired key and keyValue 
arrays.  Then expose the functionality for this node by connecting it with ROUTE 
statements, with input from a TimeSensor and output going to the target node of 
interest.
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BooleanSequencer node X3D-Edit


TouchSensor.
   isActive


TimeSensor drives BooleanSequencer outputs 
to provide steady stream of true/false values


Figure 9.3, page 257, X3D for Web Authors


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/IntegerSequencerPumpHouse.x3d


 Note that pump operation appears to stop, then jump, to a new position.  This is because the 
TimeSensor fraction_changed output continues to advance (seconds since 1 January 1970) 
while the TimeSensor is disabled.  Thus, once re-enabled, the fraction output value “jumps.”
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BooleanSequencer tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#BooleanSequencer 
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BooleanToggle node


BooleanToggle remembers, can negate booleans
• Maintains inputOutput state variable named toggle
• Negates toggle value if input set_boolean is true
• No change occurs if input event set_boolean is false


Honoring input set_boolean true (and ignoring 
set_boolean false) is especially helpful when 
connected to isActive/isOver sensor outputs
• Example: only an isActive true event causes change
• Toggling occurs only on selection, rather than both 


selection+deselection, so user can remove pointer


It can be frustrating for users if they click to select and change something, then have it 
change right back when they let go of (deselect) the geometry.  In that arrangement, 
they can only maintain a change by keeping the pointer locked into selecting the 
object.  So that pattern is a complete nonstarter when any other user interaction is 
needed.







 


Chapter 9 - Event Utilities Scripting 33


33


Some typical event-animation chains


Typically task:  author wants to toggle a value, 
then enable or disable an animation chain, 
based on user selecting an object in the scene
• TouchSensor.isActive  → BooleanToggle.set_boolean
• BooleanToggle.toggle → TimeSensor.enabled


BooleanToggle can instead swap on deselection 
by adding an intermediate BooleanFilter node:
• TouchSensor.isActive     → BooleanFilter.set_boolean
• BooleanFilter.inputFalse → BooleanToggle.set_boolean
• BooleanToggle.toggle    → TimeSensor.enabled


If using a mouse:


• Selection means that user has performed initial down-click


• Deselection means that user has performed subsequent up-click


Arrow symbol → means ROUTE
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BooleanToggle node X3D-Edit


BooleanToggle only flips state true/false once 
per each selection by TouchSensor “TouchButton” 


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanToggle.x3d


Similar example:


Figure 9.4, page 259, X3D for Web Authors


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanTogglePumpHouse.x3d 
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BooleanToggle tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#BooleanToggle
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BooleanTrigger node


BooleanTrigger converts input SFTime events 
into output SFBool triggerTrue  output events
• Convenient type conversion, result is always true


May be especially helpful for connecting certain 
intermittent timing events:
• TimeSensor cycleTime or TouchSensor touchTime


Typical targets for output:
• enabled field for a sensor node


If a false event output is needed instead, ROUTE 
a connection via BooleanFilter inputNegate 


If you want a false event  instead of a true event, then ROUTE the output to a 
BooleanFilter set_input field, then ROUTE the output event from the BooleanFilter 
outputNegate field. In other words, just insert the Boolean node needed into your 
ROUTE chain that makes your desired logic work.


Because there are no initializable BooleanTrigger fields (accessType='initializeOnly' or 
accessType='inputOutput') the editor for this node is minimal.  All of the functionality 
for this node is exposed via careful connection of ROUTE statements.


From X3D specification 30.4.4 BooleanTrigger:


BooleanTrigger is a trigger node that generates Boolean events upon 
receiving time events.  The triggerTrue event is generated when the 
BooleanTrigger receives a set_triggerTime event. The value of 
triggerTrue shall always be TRUE.


Node comparison:


• BooleanTrigger (time → boolean)


• IntegerTrigger   (boolean → integer)


• TimeTrigger      (boolean → time)
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BooleanTrigger node X3D-Edit


TouchSensor.
   touchTime BooleanTrigger “TriggerStart” converts 


touchTime to boolean, enabling TimeSensor


Figure 9.5, page 260, X3D for Web Authors


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanTriggerPumpHouse.x3d 
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BooleanTrigger tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#BooleanTrigger 
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IntegerSequencer node


IntegerSequencer outputs a series of SFInt32 
integer values, based on a floating-point 
fractional input and key, keyValue pairs


● Continuous input similar to interpolator nodes
● Discrete output similar to BooleanSequencer


As with interpolator nodes, output field is named 
value_changed


Useful fields: node triggering via boolean events
• SFBool inputOnly next:       send next keyValue 
• SFBool inputOnly previous:  send prior keyValue
• Provides a helpful alternative to using the more 


typical TimeSensor fraction_changed


Be sure to note both the similarities and differences between the ScalarInterpolator 
and IntegerSequencer nodes.
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IntegerSequencer node X3D-Edit


TouchSensor.isActive


next


value_changed


whichChoice


TouchSensor drives IntegerSequencer outputs 
to provide clickable stream of integer values


Figure 9.7, page 263, X3D for Web Authors


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/IntegerSequencerPumpHouse.x3d 
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IntegerSequencer example 2
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TimeSensor drives IntegerSequencer outputs 
to provide steady stream of integer values


http://x3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationInterpolation/IntegerSequencerRoadSignSwitcher.x3d


These images were taken with a simple digital camera January 2009 on Pacific Street in 
Monterey California.  Rudimentary cropping and rotation was performed using GIMP image-
processing software.  Note that initial and final images are identical to permit smooth looping.


X3D Scene Authoring Hints – Images


• http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#Images


• An excellent open-source image-editing program is the GNU Image Manipulation 
Program (GIMP).  Runs on multiple operating systems.  http://www.gimp.org 


Be careful out there.  Some further images, for fun (or the coming zombie apocalypse):


• http://images.google.com/images?q=danger%20zombies%20ahead 
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IntegerSequencer tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#IntegerSequencer 
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IntegerTrigger node


IntegerTrigger converts input SFBool set_boolean 
events into output SFInt32 triggerValue events
• Convenient type conversion


Only one integer output value possible
• Saved in field integerKey
• If more than one integerKey is needed, then create 


a new IntegerTrigger node for each condition


Typical target for output:
• specific Switch whichChoice  child geometry


Because IntegerTrigger only holds a single integerKey value, usually the author needs 
to define and connect multiple IntegerTrigger nodes to support multiple selections.  
This is OK because independent routing logic is needed for each selection anyway.


From X3D specification 30.4.6 IntegerTrigger:


IntegerTrigger handles single field Boolean events to set an integer 
value for the output event. This is useful for connecting environmental 
events to the Switch node's whichChoice field.


Upon receiving a set_boolean event, the IntegerTrigger node will generate a 
triggerValue event with the current value of integerKey.


Node comparison:


• BooleanTrigger (time → boolean)


• IntegerTrigger   (boolean → integer)


• TimeTrigger      (boolean → time)
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IntegerTrigger node X3D-Edit


trigger
Value


w
hi


ch
C


ho
ic


e


Switch node selects correct message:


isActive


set_boolean


Each of 3 TouchSensors activates matching IntegerTrigger 
 to provide integer value for corresponding child of Switch


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/IntegerTrigger.x3d 
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IntegerTrigger tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#IntegerTrigger 
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TimeTrigger node


TimeTrigger converts input SFBool set_boolean 
events into output SFTime triggerTime events
• Convenient type conversion
• Input value can be either true  or false


• So if you don't want false values to produce a time event, 
include BooleanFilter beforehand to filter out false values


• Same principle:  hook up correct combinations as needed


• Output value matches current clock time


Typical targets for output:
• Starting, stopping, pausing, or resuming either a 


TimeSensor, MovieTexture or AudioClip node


From X3D specification 30.4.7 TimeTrigger:


TimeTrigger is a trigger node that generates time events upon receiving 
Boolean events. The triggerTime event is generated when the 
TimeTrigger receives a set_boolean event. The value of triggerTime shall 
be the time at which set_boolean is received. The value of set_boolean 
shall be ignored.


Node comparison:


• BooleanTrigger (time → boolean)


• IntegerTrigger   (boolean → integer)


• TimeTrigger      (boolean → time)







 


Chapter 9 - Event Utilities Scripting 47


47


TimeTrigger node X3D-Edit


isActive (unfiltered)isActive


TimeTrigger converts boolean input event into SFTime output event


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/TimeTriggerTest.x3d 
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TimeTrigger tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#TimeTrigger 
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Script node


Script encapsulates programmatic source code
• Execution is triggered via arrival of input event


• Each input field (i.e. method) receives a value, 
• performs algorithmic calculations, then 
• can return response event(s) via output fields


This approach preserves X3D event model for 
animation, allowing Script code within the 
scene graph to perform complex computations
• In response to ROUTEd scene-graph event inputs
• Similarly can return typed X3D values for use in 


scene graph via ROUTE connections


← Declarative


← Declarative


← Imperative


The Script node is the second half of this chapter.  Script is not an event utility node.


The description in this slide shows that the purpose of the Script node is to look like 
other nodes in the X3D scene graph, acting and reacting in a typical manner by 
sending and receiving events.  Being hooked up via ROUTE connections to send and 
receive events is clearly declarative.  Internally the script code itself encapsulates 
step-by-step imperative algorithms.


Each input-field definition in the Script approach has a corresponding method to do 
the necessary computational work.  Thus each can be thought of as a simple function, 
providing cause-and-effect response to any inputs received.


Functional (black box) model:


                                                                                         →


Input value →                                                                   → output zero or more results


                                                                                         → 


compute multiple-line function f(value) 
where output events are listed on left-
hand side of assignment statements
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Event model relationships


Figure 9.11, page 272, X3D for Web Authors.


Note that this diagram is a general description of architectural  components and 
relationships within an X3D browser.  The details of actual browser software may vary 
quite a lot, since they are allowed to decide how to actually implement the combined 
functionality of X3D.


Thus authors don't need to worry too much about the fine points of this diagram.  It 
simply describes how things are likely to work “under the hood” of the browser engine.
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Simple X3D execution model


• Display image from double buffer
• Advance and freeze the simulation clock
• Generate and process all events
• Then stop, don't loop indefinitely!


• Draw new image in back buffer
• Swap buffer, replace with new image
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X3D execution model
0.Prior image frame is already displayed on screen
1.Update camera based on currently bound Viewpoint
2.Evaluate inputs from sensors and event producers, 


then place events in queue for delivery
3.ROUTE events to defined destinations, updating 


scene-graph fields as appropriate
4.If any events generated as a result of steps 2 & 3, 


repeat until all events delivered in event cascade
5.Pixels in next screen update are rendered to image
6.Double-buffer display swaps new, old frame images
7. Browser's simulation clock is updated to match 


system's real-time clock (advancing 'one tick')
8.Single loop done, repeat from step 1 indefinitely


The X3D execution model describes the sequence of steps needed update the view of 
an X3D scene:  react to user inputs and ROUTE values, compute any updated values, 
and render a new image for screen display.


Rephrase: “how do X3D players draw screen updates for your scene?”  This is how.


Question:  why don't we draw straight to the screen, instead of an off-screen image?


Answer:  because the user might see ghostly partial/incorrect images while the new 
frame is being drawn.
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Event model and event cascade


Script operation must commence and complete 
in between scene-graph rendering cycles
• Input events can provoke output events
• Output events may in turn provoke release of other 


events, known as event cascade
• Scene graph values updated as direct result


Event loops not allowed
• Repeated values arriving at input fields are ignored
• Infinite loops thus prevented


Next frame drawn when event cascade complete


This functional sequence of steps is common to many different 3D-graphics rendering 
programs and interface libraries.
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 field declarations


Each Script can contain <field> definitions
• Which are the interface for the Script
• Zero or more <field> definitions allowed


<field> definitions must be exactly correct
• Define name, type, accessType, and initial value
• SFNode, MFNode initializations are contained
• accessType initializeOnly, inputOnly must have an 


initial value
• inputOnly, outputOnly have no initial value


Corresponding ClassicVRML construct:  [ square brackets around field definitions ]   
as shown in Table 14.2, pp. 386-387.


Since authors define inputs, outputs and functional characteristics of Script nodes, 
they can be considered another extensibility mechanism for the X3D language.


A lot of careful thought and practice has gone into this design.  Here is a diagram 
produced at the Web3D 2009 Symposium in Darmstadt Germany on method naming.
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X3D field types, default initialization values  1


Table 14.3, page 388, X3D Field Types and Default Values


Since all field values in X3D nodes are strongly typed, the fields you define in a Script 
node must also be typed.


There is no mechanism to define new data types in X3D.  This makes sense – even if 
you were able to create a new type, none of the existing nodes would be able to use it. 
Nevertheless, since arrays can be constructed for strings, booleans, integers and 
floating-point types, authors can typically figure out what they really need for any job at 
hand.


Rephrased using “hardware-store” logic:  


•  if you don't find the X3D type you want, you probably don't need it!
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X3D field types, default initialization values  2


Table 14.3, page 388, X3D Field Types and Default Values
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field naming conventions by accessType


• Script inputOnly fields become method names, 
with  event value passed as first parameter


• Event timestamp optionally passed as second parameter


• Script outputOnly fields are set via assignment 
statements (i.e. on left-hand side of equal sign)


• Script initializeOnly fields can be used internally, 
and also reset to different values to save state


• But cannot receive values via external ROUTE connection


• Script inputOutput fields are for function receiving 
events, or saving state, or sending output values


• But naming can be confusing, and so inputOutput fields 
are usually best avoided (TODO add link once open)


Similar construct: [in, out] parameter notation in CORBA's Interface Definition 
Language (IDL).  Related (but not identical) references:


• Wikipedia: Interface description language 


• http://en.wikipedia.org/wiki/Interface_definition_language 


• OMG Tutorial on OMG IDL


• http://www.omg.org/gettingstarted/omg_idl.htm 


• OMG Specification of OMG IDL


• http://www.omg.org/gettingstarted/omg_idl.htm 


02-06-39 (CORBA 3.0 - OMG IDL Syntax and Semantics chapter)


3.13.2 Parameter Declarations
A parameter declaration must have a directional attribute that informs the communication service in both the 
client and the server of the direction in which the parameter is to be passed. The directional attributes are:


• in - the parameter is passed from client to server.


• out - the parameter is passed from server to client.


• inout - the parameter is passed in both directions.
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Script node 
life cycle


Figure 9.12, page 274, X3D for Web Authors.


The Script node life cycle describes the steps that occur from Script loading and 
initialization through run-time operation and eventual shutdown.
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ECMAScript (JavaScript)


ECMAScript is primary language for X3D scripting
• Required for X3D players that support scripting
• Originally (and often) called JavaScript
• Renamed ECMAScript when standardized via 


European Computer Manufacturers Association 
http://www.ecma-international.org 


• Scene Access Interface (SAI) defines standard 
interfaces for interaction with scene graph


Can be embedded within X3D scene, or kept 
separately in an external .js file
• X3D-Edit provides code colorization and syntax 


support when editing separate .js file


Although the term ECMAScript may seem a bit awkward at first, it is precisely correct.  
Essentially it is the same as Javascript.  Note however that there are a variety of 
almost-but-not-quite-identical language definitions that call themselves JavaScript.


When verbally describing Script operations, it is further hard to tell what someone is 
saying when they discuss “my Java Script (node)” or “my JavaScript (code).”  Since 
Java (and Java scripts) preceded JavaScript by several years, we might speculate that 
there is an especially confusing place in Hades for the folks who originally approved 
the name “JavaScript.”


HTML authors also write scripts in Javascript.


Helpful references:


• http://en.wikipedia.org/wiki/ECMAScript 


• http://en.wikipedia.org/wiki/JavaScript 


• http://en.wikipedia.org/wiki/JavaScript_syntax 


ECMAScript ECMA-262 Specification


• http://www.ecma-international.org/publications/standards/Ecma-262.htm 


• http://www.ecma-international.org/publications/files/ECMA-ST/Ecma-262.pdf 


• http://www.web3d.org/specifications/Ecma-262.pdf 
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Java


Java classes can be used for X3D scripting
• Optional for X3D players that support scripting
• Scene Access Interface (SAI) defines standard 


interfaces for interaction with scene graph


Has some advantages over ECMAScript
• Network and database connectivity
• Large set of class libraries & functionality available


Java script code not covered in this book chapter
• Xj3D has tutorials on use of Java with X3D online at 


http://www.xj3d.org/tutorials  


Helpful references:


• http://java.sun.com Java developer page


• http://java.com        Java in action, Java downloads


• http://java.com/en/about Learn about Java


• http://java.sun.com/new2java New to Java Programming


• http://en.wikipedia.org/wiki/Java_(programming_language) 


X3D-Edit itself is developed using Netbeans, which is 
written in Java and provides rich support for Java.


We plan to add support for X3D scripting using Java to X3D-Edit.  A start in that direction 
is provided by the Add New Java Sample Script Code button on the toolbar, which is also 
available under the File > New X3D menu.


• http://www.web3d.org/x3d/content/examples/newX3dScript.java 


We hope to cover X3D scripting using Java in a future book.
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Java generation example


Java can also be used for creation of X3D scenes
• Output from standalone programs
• Output from existing programs


Example program:  CircleLines.java
• Invoked via command line
• User specifies number of points in circle (default 24)


Usage:   java CircleLines [numberOfSegments] [ > CircleLinesFileName.x3d ]


Example: java CircleLines 60 > CircleLines60.x3d


Example scene results:  
CircleLinesExample.x3d 
CircleLinesExample60.x3d


Helpful references:


• http://java.sun.com Java developer page


• http://java.com        Java in action, Java downloads


• http://java.com/en/about Learn about Java


• http://java.sun.com/new2java New to Java Programming


• http://en.wikipedia.org/wiki/Java_(programming_language) 


X3D-Edit itself is developed using Netbeans, which is 
written in Java and provides rich support for Java.


We plan to add support for X3D scripting using Java to X3D-Edit.  A start in that direction 
is provided by the Add New Java Sample Script Code button on the toolbar, which is also 
available under the File > New X3D menu.


• http://www.web3d.org/x3d/content/examples/newX3dScript.java 


We hope to cover X3D scripting using Java in a future book.
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url field and CDATA block


Local and online url addresses for script code 
contained as elements of url string array
• Essentially same approach as other url fields
• Each address intended to point to a copy of same 


functionally equivalent scripting code


One url value can also contain ecmascript: code
• This approach is used in ClassicVRML encoding


Preferred X3D approach for XML encoding is to 
encapsulate in CDATA block, which prevents 
unintended XML parsing of character data


CDATA character data => “hey XML leave it alone!!”


CDATA “character data” blocks protect contained text from being interpreted as XML 
by the XML parser.  It is possible to avoid them by escaping some characters as 
character entities (for example, converting less-than sign < to &lt;) but this approach 
degrades readability and makes the code less portable.
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CDATA block syntax
Text characters within character data (CDATA) blocks are 


preserved verbatim and do not undergo XML parsing.


<Script>


    <field name="a" type="SFBool"  accessType="initializeOnly" value="true"/>


    <field name="b" type="SFInt32" accessType="inputOutput"    value="1"/>


    <field name="c" type="SFFloat" accessType="inputOnly"/>


    <field name="c" type="SFColor" accessType="outputOnly"/>


<![CDATA[


ecmascript:


// see newECMAscript.js for example javascript code for your Script 


]]>


  </Script>


The contained CDATA syntax must be followed exactly.  X3D-Edit facilitates this task.


CDATA blocks only appear within Script nodes, following any <field/> definitions.  
Do not use them anywhere else within an X3D scene.


CDATA blocks are not needed if ECMAScript source is in a separate external .js file.


Note once again that only field definitions with accessType=”initializeOnly” or 
accessType=”inputOutput” receive an initialization value.
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newECMAscript.js  part 1


newECMAscript.js is a template for creating new scripts.  You must rename and edit it.


http://www.web3d.org/x3d/content/examples/newECMAscript.js 


X3D-Edit provides a new ECMAscript.js file by selecting the menu File > New X3D > 
NewECMAscript sample Script code.  Alternatively create one using the JS button:
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newECMAscript.js  part 2


... continued from previous slide:


Worth noting:  these methods are rarely used


newECMAscript.js is a template for creating new scripts.  You must rename and edit it.


http://www.web3d.org/x3d/content/examples/newECMAscript.js 
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<Script> and <field> editors


These are the X3D-Edit panes for editing <Script> and <field> definitions.  Note that 
an entry box for a simple-type field initialization value is only offered when appropriate.
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Example:  ScriptSimpleStateEvents.x3d


Pushbutton switch changes lamp color
• TouchSensor detects button select, acts as trigger
• TimeSensor animates pushbutton cylinder
• Script invoked, checks current state to decide logic


• If button now down, color lamp yellow and reset path
• If button now up, color lamp grey and reset path


Script code for this example kept in external file
• Still has access to all defined fields from within code
• Don't include ecmascript: header in external file


X3D event model still governs animation flow


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptSimpleStateEvents.x3d 







 


Chapter 9 - Event Utilities Scripting 68


68


Script node X3D-Edit   1


new button path
setup for next time


Timer 
isActive


 touch
to


start


Button position
animated


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptSimpleStateEvents.x3d 
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Script node X3D-Edit  2
Timer 
isActive


Script located in external ScriptSimpleStateEvents.js file
• buttonTimerActive function name matches 


inputOnly event; value contains passed event
• outputOnly events set by assignment statements


   ButtonMover   PositionInterpolator
keyValue array  gets reversed


LightBulbMaterial color gets swapped


Script computes and sends new light color, new button path...


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptSimpleStateEvents.x3d 


Note that both local and online addresses are provided in the Script url field in order to 
improve reliability that the ECMAScript code is found.


  <Script DEF='ControlScript' url='"ScriptSimpleStateEvents.js" 


"http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptSimpleStateEvents.js"'>
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ScriptSimpleStateEvents.js


Upon completion of each animation, 
this Script  computes and sends 
new light color, new button path


in preparation for next user operation


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptSimpleStateEvents.js 
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Example:  ScriptEvents.x3d


Clicking pump house starts cone animation
• TouchSensor detects pump select, acts as trigger
• TimeSensor drives Script response
• Script invoked, computes rotation and translations


Script code for this example kept within .x3d file
• Still has access to all defined fields from within code
• Must include ecmascript: header when internal
• CDATA block ensures that original text is preserved


X3D event model still governs animation flow


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptEvents.x3d 
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ScriptEvents.x3d X3D-Edit 1


Figures 9.9 and 9.10, pages 267-268, X3D for Web Authors.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptEvents.x3d 
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ScriptEvents.x3d X3D-Edit 2


TouchSensor 
isActive


See Script details
on next slide...


Figures 9.9 and 9.10, pages 267-268, X3D for Web Authors.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptEvents.x3d 
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Script node, edited


Note that the ROUTE editor also supports finding the appropriate input and output 
fields that you create for the Script.  Examples from this scene:
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Example:  ScriptComplexStateEvents.x3d


Pushbutton switch changes 3-way lamp color
• TouchSensor detects button select, acts as trigger
• TimeSensor animates pushbutton cylinder
• Script invoked, checks current state to decide logic


• Adds one to count each time, modifies color
• Resets and turns off lamp once maximum reached


Script code kept in external file
• Still has access to all defined fields from within code
• Don't include ecmascript: header when external


X3D event model still governs animation flow


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptComplexStateEvents.x3d 


Interesting observation:  probabilistic variables can be modeled by using a random 
number generation function and embedding a probability distribution function (pdf).


Here is a good example showing the use of random numbers from Basic X3D archive:


CreateX3DFromStringRandomSpheres.x3d
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ScriptComplexStateEvents.x3d 
X3D-Edit


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptComplexStateEvents.x3d 
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ScriptComplexStateEvents.js X3D-
Edit


state variable buttonPushCount 
cycles from 0 to 3, then repeats 


if (buttonMotionDone event value== true) 
then reset next motion to go up 


else (buttonMotionDone event value== false)


reset next motion to go down


reset light color


Figures 9.13, page 277, X3D for Web Authors.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptComplexStateEvents.js 
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directOutput field


Advanced technique:  SFNode, MFNode fields 
can give a Script node direct access to modify 
other nodes in the scene graph
• Usually via accessType initializeOnly


directOutput field is boolean to alert browser that 
such direct node referencing may produce 
animations without passing ROUTE events
• directOutput='true' indicates to browser that node 


references must be evaluated each time Script is 
invoked, since otherwise changes are likely ignored


• Otherwise directOutput='false' is default


If a Script node includes an SFNode or MFNode field with accessType='initializeOnly' 
then it probably also needs to have directOutput='true' as well.


Thus directOutput provides an author hint to help with browser optimization.
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mustEvaluate field


Another advanced optimization technique relates 
to timing of events:  browsers may defer 
delivery of input events until output it is clear 
that output events are needed
• Hopefully speeding up browser performance


Resetting default value to mustEvaluate='true' 
indicates to browser that all events must be 
delivered immediately without delays


● Helpful for Script nodes that access the network, or 
else perform ongoing time-sensitive computations


The mustEvaluate field supports advanced techniques and is seldom overridden.
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initialize() and shutdown() methods


The initialize() method is invoked before scene 
graph rendering begins


● Good place for computing initial values, if needed
● Also helpful for Browser.println() tracing of setup


The shutdown() method is invoked after scene 
rendering stops, before browser exits


● Helpful location to output final results to console
● Might shutdown network connections, file reading, 


etc.


Note that initialize() method is frequently used, but shutdown() method is rarely used.
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TestScriptInitialize.x3d


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/TestScriptInitialize.x3d


This scene tests proper operation of the intialize() method.  The top snapshot is 
the default view of the scene, which will be displayed if scripting isn't working properly.  
The second snapshot is the expected result once the Script has initialized.


Note that output statements are also printed on the browser console:
   [TestScriptInitialization.x3d initialize() commmenced...]


   [...TestScriptInitialization.x3d initialize() complete]







 


Chapter 9 - Event Utilities Scripting 82


82


Comparison of event and field control


ScriptNodeEventOutControl-EcmaScript.x3d
http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/ScriptNodeEventOutControl-EcmaScript.x3d


http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/ScriptNodeEventOutControl-EcmaScriptSnapshots.html  


• Shows event control from initialize() to user interaction 
to shutdown()


ScriptNodeEventOutControl-EcmaScript.x3d
http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/ScriptNodeFieldControl-EcmaScript.x3d 


http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/ScriptNodeFieldControl-EcmaScriptSnapshots.html 


• Shows field control using passed node references, from 
initialize() to user interaction to shutdown()


Available via Basic Examples archive
• http://www.web3d.org/x3d/content/examples/Basic 
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Screen snapshots of script operation


Visual operation is the same for each example
• Initial red text is the default scene setup
• Subsequent yellow text is immediately loaded 


during startup as a result of initialize() method
• Third set of green text is created by Script output, 


in response to user clicking yellow text


http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/ScriptNodeEventOutControl-EcmaScript.x3d 
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ROUTE control illustrated


Illustration figures 4 and 5 excerpted from


• Brutzman, Don, “The Virtual Reality Modeling Language and Java,”  


  Communications of the ACM, vol. 41 no. 6, June 1998, pp. 57-64.


• http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/VrmlJavaPaper.pdf 


These figures illustrate direct event-based ROUTE control and indirect field-based 
control, respectively.  The examples have been updated from VRML to X3D and retain 
the same functional structure.


Two sets of examples (using ECMAScript and Java) are provided for each approach.


TODO:  proper testing of the revised Java examples using the X3D Scene Access 
Interface (SAI) interfaces.
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Field control illustrated


Illustration figures 4 and 5 excerpted from


• Brutzman, Don, “The Virtual Reality Modeling Language and Java,”  


  Communications of the ACM, vol. 41 no. 6, June 1998, pp. 57-64.


• http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/VrmlJavaPaper.pdf 


These figures illustrate direct event-based ROUTE control and indirect field-based 
control, respectively.  The examples have been updated from VRML to X3D and retain 
the same functional structure.


Two sets of examples (using ECMAScript and Java) are provided for each approach.


TODO:  proper testing of the revised Java examples using the X3D Scene Access 
Interface (SAI) interfaces.
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prepareEvents() and eventsProcessed() methods


prepareEvents() method is invoked at the 
beginning of each event loop, before other 
ROUTE processing occurs


● Helpful for advance scripting techniques


eventsProcessed() method can combine handling 
and response when multiple events arrive


● Useful for avoiding confusion about which event 
might arrive first or second, ensures all values 
received and ready for computation


● Only occurs once during each event loop


Note that these methods support advanced techniques and are seldom used.
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Browser functions   1


Figure 9.21, page 271, X3D for Web Authors.


These functions are provided as part of the Browser class in the EcmaScript bindings 
for X3D.  Authors can use them inside their ecmascript methods.
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Browser functions   2


Figure 9.21, page 271, X3D for Web Authors.


These functions are provided as part of the Browser class in the EcmaScript bindings 
for X3D.  Authors can use them inside their ecmascript methods.
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Script tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#Script 
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field tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#field
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Additional Resources


back to Table of Contents
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Additional Resources


AjaX3D is a proposal for use of Asynchronous 
Javascript for X3D
• Experimental, not part of X3D specification
• http://www.ajax3d.org 


Greg Seidman, Hotpot paper and code
• http://zing.ncsl.nist.gov/~gseidman/vrml/repos 
• VRML: Past, Present, and Future


http://zing.ncsl.nist.gov/~gseidman/class/vrml.html 
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Chapter Summary


back to Table of Contents
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Summary: Event Utilities and Scripting 


Event utility nodes simplify data-type conversion, 
creation of some ROUTE connections is easier


Sequencer nodes similar to Interpolator functions
• Interpolators: continuous (floating point) outputs
• Sequencers: discrete (boolean, integer) outputs


Numerous event-utility nodes for good flexibility
• BooleanFilter, BooleanSequencer, BooleanToggle, 


BooleanTrigger
• IntegerSequencer, IntegerTrigger, TimeTrigger 


Script node encapsulates ECMAScript, Java code


Interpolator nodes are described in Chapter 7, Event Animation and Interpolation.  It is 
especially important to understand the 10-step process for designing and building an 
animation chain.


Sensor nodes (described in Chapter 8) are also used to produce events that we can 
ROUTE to other nodes in the scene graph.


The event utilities make it possible (and even easy) to create longer, more 
sophisticated event chains and behaviors.
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Suggested exercises


Draw, build event chains with Event Utility nodes
• Combination of boolean and time converters, 


especially in combination with TimeSensor
• IntegerSequencer, IntegerTrigger with Switch node
• Hey, how about a “Rube Goldberg” animation?!  ☺ 


Build Script node to convert between data types
• Example:  StringSensor input for rotation angle, 


converted to SFRotation about y-axis
• Utilize initialize(), Browser.print() and 
Browser.println() functions to provide trace 
statements for debugging


http://en.wikipedia.org/wiki/Rube_goldberg 


Rube Goldberg Machine Contest


http://en.wikipedia.org/wiki/Rube_Goldberg_Machine_Contest 


“The 2008 national contest had the task of building a hamburger with a meat patty, 
two vegetables and two condiments in 20 or more steps.”
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• Also available as help pages within X3D-Edit 
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• Chapter 30 - Scripts 


ECMAScript ECMA-262 Specification
• http://www.ecma-international.org/publications/standards/Ecma-262.htm 


• http://www.ecma-international.org/publications/files/ECMA-ST/Ecma-262.pdf 
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• by Bernie Roehl, Justin Couch, Cindy Reed-
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This book is a tremendous resource with numerous examples that deserve to be 
upgraded from experimental VRML97 code into X3D.
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CGEMS, SIGGRAPH, Eurographics


The Computer Graphics Educational Materials 
Source(CGEMS) site is designed for educators
• to provide a source of refereed high-quality content
• as a service to the Computer Graphics community
• freely available, directly prepared for classroom use
• http://cgems.inesc.pt 


X3D for Web Authors recognized by CGEMS!  ☺
• Book materials:  X3D-Edit tool, examples, slidesets
• Received jury award for Best Submission 2008


CGEMS supported by SIGGRAPH, Eurographics


From the CGEMS home page:


• http://cgems.inesc.pt 


Welcome to CGEMS - Computer Graphics Educational Materials Source. The 
CGEMS site is designed for educators to provide a source of refereed high-
quality content as a service to the Computer Graphics community as a whole. 
Materials herein are freely available and directly prepared for your classroom.


List of all published modules:


• http://cgems.inesc.pt/authors/ListModules.aspx 


CGEMS Editorial Policy:


• http://cgems.inesc.pt/EditorialPolicy.htm 
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Creative Commons open-source license
http://creativecommons.org/licenses/by-nc-sa/3.0 


Attribution-Noncommercial-Share Alike 3.0 Unported


You are free:


    * to Share — to copy, distribute and transmit the work


    * to Remix — to adapt the work


Under the following conditions:


    * Attribution. You must attribute the work in the manner specified by the author or 
licensor (but not in any way that suggests that they endorse you or your use of the 
work).


      Attribute this work:  What does "Attribute this work" mean?


      The page you came from contained embedded licensing metadata, including how 
the creator wishes to be attributed for re-use. You can use the HTML here to cite the 
work. Doing so will also include metadata on your page so that others can find the 
original work as well.   


    * Noncommercial. You may not use this work for commercial purposes.


    * Share Alike. If you alter, transform, or build upon this work, you may distribute the 
resulting work only under the same or similar license to this one.


    * For any reuse or distribution, you must make clear to others the license terms of 
this work. The best way to do this is with a link to this web page.


    * Any of the above conditions can be waived if you get permission from the 
copyright holder.


    * Nothing in this license impairs or restricts the author's moral rights.
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Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.


License available at


    http://www.web3d.org/x3d/content/examples/license.txt 


    http://www.web3d.org/x3d/content/examples/license.html 


Good references on open source:


Andrew M. St. Laurent, Understanding Open Source and Free 
Software Licensing, Oreilly Publishing, Sebastopol California, 
August 2004.  http://oreilly.com/catalog/9780596005818/index.html 


Herz, J. C., Mark Lucas, John Scott, Open Technology 
Development: Roadmap Plan,  Deputy Under Secretary of Defense 
for  Advanced Systems and Concepts, Washington DC, April 2006.  
http://handle.dtic.mil/100.2/ADA450769 
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Chapter10-Geometry2D.pdf


1


X3D Graphics for Web Authors


Chapter 10


Geometry Nodes part III:  
Geometry2D


Theorem. For a triangle with a right-angle between 
sides a and b, with hypotenuse c, then a2 + b2 = c2


Pythagoras



http://en.wikipedia.org/wiki/Pythagorean_theorem
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Chapter Overview
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Many different geometry nodes


An excellent aspect of X3D is that there are 
many different ways to create geometry


• Chapter  2, Geometry Primitives
• Chapter  6, Points, Lines and Polygons
• Chapter 10, Geometry2D Nodes
• Chapter 13, Triangles and Quadrilaterals


These are all handled consistently inside a Shape 
node with corresponding Appearance
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Overview:  Geometry2D Nodes  


These are simple utility (convenience) nodes
Geometry2D nodes


● Arc2D lines
● ArcClose2D polygonal shape
● Circle2D lines
● Disk2D polygonal shape
● Polyline2D lines
● Polypoint2D points
● Rectangle2D polygonal shape
● TriangleSet2D polygonal shapes



http://en.wikipedia.org/wiki/Syntactic_sugar

http://en.wikipedia.org/wiki/Code_bloat
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Concepts


back to Table of Contents
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Geometry2D:  convenience nodes


Nodes provide simple forms for basic arcs, line 
segments, points, lines and rectangles


Each of these geometric shapes might be 
generated a different way
• using IndexedFaceSet, triangles or another 3D node


Thus the Geometry2D constructs might be 
considered “convenience” or “utility” nodes, 
making it easier to build useful 2D shapes
• Not intended for full-fledged interface design
• Can make interesting widgets nevertheless
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Precaution:  flat 2D nodes are easily missed 


Default:  2D nodes defined in vertical X-Y plane
Because rendered 3D polygons have no width, 


each of the 2D nodes becomes invisible if 
viewed from the side
• Same behavior as other flat 3D geometry
• Moving out of the plane makes them visible again


Take care to keep flat 2D nodes visible to user
• Dedicated Viewpoint, or parent Billboard node
• Useful in screen-aligned Heads-up Display (HUD)


Points and lines remain visible from any angle
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Geometry2D nodes are new to X3D


Geometry2D nodes are not automatically 
provided as part of the Immersive profile
• Initially defined as part of X3D specification


Prerequisite:  X3D authors must list Geometry2D 
component in scene header in order to ensure 
proper browser support


Not directly supported in VRML97 specification
• Though replacement VRML prototypes are provided 


by X3dToVrml97.xslt stylesheet conversion
• So backwards compatibility is feasible with VRML



http://www.web3d.org/x3d/stylesheets/X3dToVrml97.xslt

http://www.web3d.org/x3d/stylesheets/X3dToVrml97.xslt
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Component support must be declared
Must define this component in X3D scene header


XML (.x3d) syntax
<X3D version='3.0' profile='Immersive'>


  <head>


    <component name='Geometry2D' level='2'/>


       <!-- meta tags go here -->


  </head>


  <Scene/>


</X3D>


Classic VRML (.x3dv), VRML97 (.wrl) syntax
#X3D V3.0 utf8


PROFILE Immersive


COMPONENT Geometry2D:2







11


Common geometry fields:  few


Because the 2D nodes are quite simple, most 
common geometry fields aren’t necessary
• ccw, convex, colorPerVertex, creaseAngle, etc.


But single-sided flat polygons more easily “lost” 
than double-sided polygons
• Set solid='false' for 2-sided polygon geometry


Application of of Appearance, Material, texturing, 
LineProperties, FillProperties remains the same


 Most fields are accessType='initializeOnly' so 
run-time animation of fields not possible
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X3D Nodes and Examples


back to Table of Contents







Arc2D node


Arc2D is a line-based node defining a circular arc
• center at local origin (0,0)
• startAngle, endAngle fields measured in radians, 


counterclockwise direction positive (right-hand rule)
• Angle measurement starts at positive x-axis, then 


sweeps toward positive y-axis
• Allowed range [-2pi, +2pi]


<Arc2D 
 startAngle= '1.0'
   endAngle='-0.8' />
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Arc2D node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter10-Geometry2D/Arc2D.x3d
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Arc2D tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#Arc2D
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ArcClose2D node


Similar to Arc2D node
ArcClose2D is polygonal, defines enclosed area


• Not just a curved line
• closureType field can be CHORD or PIE
• radius must be greater than 0
• If endAngle – startAngle > 2pi, full circle is drawn
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ArcClose2D node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter10-Geometry2D/ArcClose2D.x3d
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ArcClose2D tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#ArcClose2D
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Circle2D node


Circle2D is line-based, specifying a planar circle 
with center (0,0) and a positive-valued radius


Figure 10.5, corrected:  example Circle2D node


X


Y
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Circle2D node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter10-Geometry2D/Circle2D.x3d
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Circle2D tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#Circle2D
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Disk2D node


Disk2D is a polygonal node that defines circular 
geometry with a circular hole in the center
• Similar to a circular disk washer (for a bolt and nut)
• 0 ≤ innerRadius ≤ outerRadius


Hint:  endcap of Cylinder node can substitute for 
Disk2D node with innerRadius='0'


X


Y
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Disk2D node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter10-Geometry2D/Disk2D.x3d
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Disk2D tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#Disk2D
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Polyline2D node


Polyline2D defines a connected set of 2D vertices 
as contiguous, connected set of line segments


Disconnected lines must be constructed using 
separate Polyline2D nodes


Point values are contained in lineSegments field
• Example:  six point values, 0th and 5th are identical
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Polyline2D node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter10-Geometry2D/Polyline2D.x3d
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Polyline2D tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#Polyline2D
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Polypoint2D node


Polypoint2D defines a set of 2D points
• point field holds an array of X-Y coordinate pairs


Rendering and limitations match those for 
PointSet node
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Polypoint2D node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter10-Geometry2D/Polypoint2D.x3d
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Polypoint2D tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#Polypoint2D
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Rectangle2D node


Rectangle2D defines a rectangular quadrangle
• again centered at (0,0) in local coordinate system
• aligned with the local x-y coordinate axes


size is SFVec2f field defining x and y dimensions
• each greater than zero


X


Y
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Rectangle2D node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter10-Geometry2D/Rectangle2D.x3d
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Rectangle2D tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#Rectangle2D
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TriangleSet2D node


TriangleSet2D defines a set of triangles, each 
created by three 2D vertex points


Points are listed individually in the vertices field
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TriangleSet2D node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter10-Geometry2D/TriangleSet2D.x3d
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TriangleSet2D tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#TriangleSet2D
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Example combinations of 3D nodes


Sample scene Summary2D.x3d shows a variety 
of Geometry2D nodes
• Different values of solid='true' and solid='false' 


provides different geometry for front, back views



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter10-Geometry2D/Summary2D.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter10-Geometry2D/Summary2D.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter10-Geometry2D/Summary2D.x3d
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Additional Resources


back to Table of Contents
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X3D prototype implementations


Geometry2dComponentPrototypes.x3d
Geometry2dComponentExamples.x3d


• X3D Geometry2D component nodes, implemented 
as prototypes, for browsers lacking such support 
and for backwards compatibility with VRML97


• http://www.web3d.org/x3d/content/examples/Basic/development/ 


• Maps 2D node parameters to 3D node 
implementations (IndexedFaceSet etc.)


X3dToVrml97.xslt stylesheet automatically inserts 
external prototype declarations for each of the 
Geometry2D nodes, as appropriate



http://www.web3d.org/x3d/content/examples/Basic/development/Geometry2dComponentPrototypes.x3d

http://www.web3d.org/x3d/content/examples/Basic/development/Geometry2dComponentExamples.x3d

http://www.web3d.org/x3d/content/examples/Basic/development/

http://www.web3d.org/x3d/stylesheets/X3dToVrml97.xslt

http://www.web3d.org/x3d/content/examples/Basic/development/Geometry2dComponentPrototypes.x3d

http://www.web3d.org/x3d/content/examples/Basic/development/Geometry2dComponentExamples.x3d

http://www.web3d.org/x3d/content/examples/Basic/development/

http://www.web3d.org/x3d/stylesheets/X3dToVrml97.xslt
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Scalable Vector Graphics (SVG)   1


SVG is language for describing two-dimensional 
graphics and graphical applications in XML
• http://www.w3.org/Graphics/SVG 
• SVG 1.1 is a W3C Recommendation and forms the 


core of the current SVG developments
• SVG Tiny 1.2 is the specification currently being 


developed as the core of the SVG 1.2 language
• SVG Mobile Profiles (Basic and Tiny) are designed 


for small devices and mobile phones
• SVG Print guidelines help produce final-form 


documents for archiving and printing



http://www.w3.org/Graphics/SVG

http://www.w3.org/Graphics/SVG
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Scalable Vector Graphics (SVG)  2 


Many good books are available about SVG
SVG specification and various tutorials are online


• http://www.w3.org/Graphics/SVG 


Although direct mappings between SVG and X3D 
are not available, this is an excellent area for 
further work
• XML stylesheets (.xslt) might convert SVG nodes 


into X3D nodes, and vice versa
• Perhaps some browsers will implement SVG as an 


allowed ImageTexture and MovieTexture format



http://www.w3.org/Graphics/SVG

http://www.w3.org/Graphics/SVG
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Chapter Summary
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Chapter Summary


Common concepts: simple 2D convenience nodes
Geometry2D Nodes


● Arc2D excerpt from a circle's circumference
● ArcClose2D pie or chord subsection of circle shape
● Circle2D line for a complete circle circumference
● Disk2D circular shape with optional center hole
● Polyline2D sequence of line segments
● Polypoint2D one or more points
● Rectangle2D height, width of single polygonal shape
● TriangleSet2D multiple polygonal triangles
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Related nodes


Substitutions are available for each Geometry2D 
node, using the corresponding 3D nodes


Interpolators are not provided for Geometry2D 
nodes since most fields cannot be animated
• accessType='initializeOnly'


Arc2D IndexedLineSet LineSet
ArcClosed2D IndexedFaceSet Triangle nodes
Circle2D IndexedLineSet LineSet
Disk2D IndexedFaceSet Triangle nodes
Polyline2D IndexedLineSet LineSet
Polypoint2D PointSet
Rectangle2D QuadSet IndexedFaceSet
TriangleSet2D IndexedFaceSet Triangle nodes
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Suggested exercises


Build Olympic rings that face the user
• http://commons.wikimedia.org/wiki/Image:Olympic_Rings.svg 


• Using Polyline2D
• Using Arc2D or Circle2D


Build 5- or 6-sided star similar to Figure 10.9
• Using Polyline2D
• Using TriangleSet2D


Build a simple clickable user interface to control 
animation in a scene:  pause, play, stop



http://commons.wikimedia.org/wiki/Image:Olympic_Rings.svg

http://commons.wikimedia.org/wiki/Image:Olympic_Rings.svg
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X3D Graphics for Web Authors


Chapter 10


Geometry Nodes part III:  
Geometry2D


Theorem. For a triangle with a right-angle between 
sides a and b, with hypotenuse c, then a2 + b2 = c2


Pythagoras


The Pythagorean Theorem is widely known.  


Reference:  Wikipedia http://en.wikipedia.org/wiki/Pythagorean_theorem 
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Chapter Overview
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Many different geometry nodes


An excellent aspect of X3D is that there are 
many different ways to create geometry


• Chapter  2, Geometry Primitives
• Chapter  6, Points, Lines and Polygons
• Chapter 10, Geometry2D Nodes
• Chapter 13, Triangles and Quadrilaterals


These are all handled consistently inside a Shape 
node with corresponding Appearance


The 2D geometry nodes are tessellated (turned into triangles) by X3D browsers.


The 2D nodes are provided for X3D authoring convenience.  They can also be  
identically represented using IndexedFaceSet or any of the Triangle nodes, if the 
vertex definitions and connectivity ordering are properly re-expressed.  In each 
conversion, the z coordinates will be set to 0.


Also of interest is the X3D Non-Uniform Rational B-Spline (NURBS) component.
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Overview:  Geometry2D Nodes  


These are simple utility (convenience) nodes
Geometry2D nodes


● Arc2D lines
● ArcClose2D polygonal shape
● Circle2D lines
● Disk2D polygonal shape
● Polyline2D lines
● Polypoint2D points
● Rectangle2D polygonal shape
● TriangleSet2D polygonal shapes


When you have more than one way for a language to express something, meaning 
more than one way for the syntax to express the semantics of something, then we 
sometimes call that extra (maybe simpler) way of saying something as


“syntactic sugar”


http://en.wikipedia.org/wiki/Syntactic_sugar 


It is interesting to note that for many years authors using VRML97 (i.e. X3D version 
2.0)  were able to create 2D shapes and lines just fine (thank you) without these 
Geoemetry2D convenience nodes. However the utility value of the nodes was helpful 
enough that the X3D working group decided to add them to X3D version 3.0.  Since 
there is often pushback against the opposite motivation of keeping a language terse 
and expressive, i.e. avoiding


“language bloat” (similar to “code bloat”)


then it is interesting that these Geoemetry2D nodes eventually were accepted.  
Probably the most compelling argument that decided this language choice was that 
addition of flat 2D nodes to an author's palette can make it easier to construct 2D user 
interfaces.
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Concepts


back to Table of Contents
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Geometry2D:  convenience nodes


Nodes provide simple forms for basic arcs, line 
segments, points, lines and rectangles


Each of these geometric shapes might be 
generated a different way
• using IndexedFaceSet, triangles or another 3D node


Thus the Geometry2D constructs might be 
considered “convenience” or “utility” nodes, 
making it easier to build useful 2D shapes
• Not intended for full-fledged interface design
• Can make interesting widgets nevertheless


Convenience is good, especially since it can reduce errors.
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Precaution:  flat 2D nodes are easily missed 


Default:  2D nodes defined in vertical X-Y plane
Because rendered 3D polygons have no width, 


each of the 2D nodes becomes invisible if 
viewed from the side
• Same behavior as other flat 3D geometry
• Moving out of the plane makes them visible again


Take care to keep flat 2D nodes visible to user
• Dedicated Viewpoint, or parent Billboard node
• Useful in screen-aligned Heads-up Display (HUD)


Points and lines remain visible from any angle


p. 280, Section 2.1, insert new third paragraph:


Because Geometry2D nodes are defined by default in the vertical X-Y plane, his 
means that no Z values need to be defined.  Node definitions are thus somewhat 
terser than their counterpart 3D nodes.


So these nodes are a shorthand, easier than building IFS or ILS nodes with all the z 
values equal to zero.


We are not suddenly working in Flatland.  These 2D nodes are drawn in regular 3D 
space.


X3D does not (yet) provide a simple built-in HUD mechanism.  An example HUD 
implementation is considered in Chapter 12, Environment Sensor and Sound Nodes.
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Geometry2D nodes are new to X3D


Geometry2D nodes are not automatically 
provided as part of the Immersive profile
• Initially defined as part of X3D specification


Prerequisite:  X3D authors must list Geometry2D 
component in scene header in order to ensure 
proper browser support


Not directly supported in VRML97 specification
• Though replacement VRML prototypes are provided 


by X3dToVrml97.xslt stylesheet conversion
• So backwards compatibility is feasible with VRML
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Component support must be declared
Must define this component in X3D scene header


XML (.x3d) syntax
<X3D version='3.0' profile='Immersive'>


  <head>


    <component name='Geometry2D' level='2'/>


       <!-- meta tags go here -->


  </head>


  <Scene/>


</X3D>


Classic VRML (.x3dv), VRML97 (.wrl) syntax
#X3D V3.0 utf8


PROFILE Immersive


COMPONENT Geometry2D:2


Profiles and components are described in detail in Chapter 1, Technical Overview.  
This is one of the primary extensibility mechanisms in X3D, allowing the specification 
to evolve carefully over time.
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Common geometry fields:  few


Because the 2D nodes are quite simple, most 
common geometry fields aren’t necessary
• ccw, convex, colorPerVertex, creaseAngle, etc.


But single-sided flat polygons more easily “lost” 
than double-sided polygons
• Set solid='false' for 2-sided polygon geometry


Application of of Appearance, Material, texturing, 
LineProperties, FillProperties remains the same


 Most fields are accessType='initializeOnly' so 
run-time animation of fields not possible


p. 280, Section 2.2, append paragraph:


Most fields in Geometry2D nodes have accessType='initializeOnly',meaning that they 
cannot be modified directly after creation.  Some animation effects can be easily 
applied to Geometry2D nodes by modifying the translation, rotation or scale fields in a 
parent Transform node.


Warning:  remember that line and point nodes depend on Material emissiveColor, not 
diffuseColor.


LineProperties and FillProperties are covered in Chapter 5, Appearance, Material, and 
Textures.
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X3D Nodes and Examples


back to Table of Contents
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Arc2D node


Arc2D is a line-based node defining a circular arc
• center at local origin (0,0)
• startAngle, endAngle fields measured in radians, 


counterclockwise direction positive (right-hand rule)
• Angle measurement starts at positive x-axis, then 


sweeps toward positive y-axis
• Allowed range [-2pi, +2pi]


<Arc2D 
 startAngle= '1.0'
   endAngle='-0.8' />


Figure 10.1. Example Arc2D node. The startAngle and endAngle fields are measured 
counterclockwise from the positive x-axis to the positive y-axis.
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Arc2D node X3D-Edit


Figure 10.2. Arc2D example display. The lines have been thickened to make them 
more visible.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter10-Geometry2D/Arc2D.x3d 


Warning:  only Material emissiveColor can be used to light lines


TODO:  Xj3D browser fixed for Geometry2D nodes
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Arc2D tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#Arc2D 
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ArcClose2D node


Similar to Arc2D node
ArcClose2D is polygonal, defines enclosed area


• Not just a curved line
• closureType field can be CHORD or PIE
• radius must be greater than 0
• If endAngle – startAngle > 2pi, full circle is drawn


Figure 10.3. Example ArcClose2D nodes, first with closureType=''CHORD'' and then 
with closureType=''PIE''.
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ArcClose2D node X3D-Edit


Figure 10.4. An ArcClose2D example display. The blue shape is closed with 
closureType=''CHORD'', and the pink shape uses closureType=''PIE''.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter10-Geometry2D/ArcClose2D.x3d 
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ArcClose2D tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#ArcClose2D 
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Circle2D node


Circle2D is line-based, specifying a planar circle 
with center (0,0) and a positive-valued radius


Figure 10.5, corrected:  example Circle2D node


X


Y


Figure 10.5. An example Circle2D node.
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Circle2D node X3D-Edit


Figure 10.6. A Circle2D example display. The lines have been thickened to make them 
more visible.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter10-Geometry2D/Circle2D.x3d 


Warning:  only Material emissiveColor can be used to light lines
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Circle2D tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#Circle2D 
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Disk2D node


Disk2D is a polygonal node that defines circular 
geometry with a circular hole in the center
• Similar to a circular disk washer (for a bolt and nut)
• 0 ≤ innerRadius ≤ outerRadius


Hint:  endcap of Cylinder node can substitute for 
Disk2D node with innerRadius='0'


X


Y


Figure 10.7. An example of a Disk2D node.
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Disk2D node X3D-Edit


Figure 10.8. A Disk2D example display. The blue disk has a nonzero innerRadius.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter10-Geometry2D/Disk2D.x3d 
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Disk2D tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#Disk2D 
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Polyline2D node


Polyline2D defines a connected set of 2D vertices 
as contiguous, connected set of line segments


Disconnected lines must be constructed using 
separate Polyline2D nodes


Point values are contained in lineSegments field
• Example:  six point values, 0th and 5th are identical


Figure 10.9. An example Polyline2D node; a set of six 2D coordinates defining five 
contiguous line segments.


Warning:  only Material emissiveColor can be used to light line segments
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Polyline2D node X3D-Edit


Figure 10.10. A Polyline2D example. The lines have been thickened to make them 
more visible.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter10-Geometry2D/Polyline2D.x3d 
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Polyline2D tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#Polyline2D 
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Polypoint2D node


Polypoint2D defines a set of 2D points
• point field holds an array of X-Y coordinate pairs


Rendering and limitations match those for 
PointSet node


Figure 10.11. An example Polypoint2D node containing 22 2D point values. Point size 
is exaggerated for visibility, because each point is actually drawn as a single pixel.


Warning:  only Material emissiveColor can be used to light points
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Polypoint2D node X3D-Edit


Points are often hard to see, especially when projected since projectors typically do 
not have the same resolution quality or color fidelity as computer monitors.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter10-Geometry2D/Polypoint2D.x3d 
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Polypoint2D tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#Polypoint2D 
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Rectangle2D node


Rectangle2D defines a rectangular quadrangle
• again centered at (0,0) in local coordinate system
• aligned with the local x-y coordinate axes


size is SFVec2f field defining x and y dimensions
• each greater than zero


X


Y


Figure 10.13. An example Rectangle2D node showing 2D size components in x and y 
directions respectively. Local origin is at the center.
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Rectangle2D node X3D-Edit


Figure 10.14. A Rectangle2D example display.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter10-Geometry2D/Rectangle2D.x3d 
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Rectangle2D tooltips


 http://www.web3d.org/x3d/content/X3dTooltips.html#Rectangle2D 
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TriangleSet2D node


TriangleSet2D defines a set of triangles, each 
created by three 2D vertex points


Points are listed individually in the vertices field


Figure 10.15. An example TriangleSet2D node, containing a set of fifteen 2D vertices 
that create five 2D triangles. Coincident coordinates are listed multiple times.
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TriangleSet2D node X3D-Edit


Figure 10.16. A TriangleSet2D example display. A single TriangleSet2D can generate 
multiple triangles.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter10-Geometry2D/TriangleSet2D.x3d 







 


Chapter 10 - Geometry2D Nodes 36


36


TriangleSet2D tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#TriangleSet2D 
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Example combinations of 3D nodes


Sample scene Summary2D.x3d shows a variety 
of Geometry2D nodes
• Different values of solid='true' and solid='false' 


provides different geometry for front, back views


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter10-Geometry2D/Summary2D.x3d


Figure 10.17. The front view of the collection of Geometry2D nodes.


Figure 10.18. The underside view of the same collection of Geometry2D nodes, which 
is different because some geometry has solid=''true'' which results in backface culling 
when rendered.
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Additional Resources


back to Table of Contents
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X3D prototype implementations


Geometry2dComponentPrototypes.x3d
Geometry2dComponentExamples.x3d


• X3D Geometry2D component nodes, implemented 
as prototypes, for browsers lacking such support 
and for backwards compatibility with VRML97


• http://www.web3d.org/x3d/content/examples/Basic/development/ 


• Maps 2D node parameters to 3D node 
implementations (IndexedFaceSet etc.)


X3dToVrml97.xslt stylesheet automatically inserts 
external prototype declarations for each of the 
Geometry2D nodes, as appropriate
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Scalable Vector Graphics (SVG)   1


SVG is language for describing two-dimensional 
graphics and graphical applications in XML
• http://www.w3.org/Graphics/SVG 
• SVG 1.1 is a W3C Recommendation and forms the 


core of the current SVG developments
• SVG Tiny 1.2 is the specification currently being 


developed as the core of the SVG 1.2 language
• SVG Mobile Profiles (Basic and Tiny) are designed 


for small devices and mobile phones
• SVG Print guidelines help produce final-form 


documents for archiving and printing


More information about SVG is available in the notes for Chapter 5, Appearance 
Materials and Textures.
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Scalable Vector Graphics (SVG)  2 


Many good books are available about SVG
SVG specification and various tutorials are online


• http://www.w3.org/Graphics/SVG 


Although direct mappings between SVG and X3D 
are not available, this is an excellent area for 
further work
• XML stylesheets (.xslt) might convert SVG nodes 


into X3D nodes, and vice versa
• Perhaps some browsers will implement SVG as an 


allowed ImageTexture and MovieTexture format


More information about SVG is available in the notes for Chapter 5, Appearance 
Materials and Textures.
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Chapter Summary


back to Table of Contents
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Chapter Summary


Common concepts: simple 2D convenience nodes
Geometry2D Nodes


● Arc2D excerpt from a circle's circumference
● ArcClose2D pie or chord subsection of circle shape
● Circle2D line for a complete circle circumference
● Disk2D circular shape with optional center hole
● Polyline2D sequence of line segments
● Polypoint2D one or more points
● Rectangle2D height, width of single polygonal shape
● TriangleSet2D multiple polygonal triangles
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Related nodes


Substitutions are available for each Geometry2D 
node, using the corresponding 3D nodes


Interpolators are not provided for Geometry2D 
nodes since most fields cannot be animated
• accessType='initializeOnly'


Arc2D IndexedLineSet LineSet
ArcClosed2D IndexedFaceSet Triangle nodes
Circle2D IndexedLineSet LineSet
Disk2D IndexedFaceSet Triangle nodes
Polyline2D IndexedLineSet LineSet
Polypoint2D PointSet
Rectangle2D QuadSet IndexedFaceSet
TriangleSet2D IndexedFaceSet Triangle nodes
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Suggested exercises


Build Olympic rings that face the user
• http://commons.wikimedia.org/wiki/Image:Olympic_Rings.svg 


• Using Polyline2D
• Using Arc2D or Circle2D


Build 5- or 6-sided star similar to Figure 10.9
• Using Polyline2D
• Using TriangleSet2D


Build a simple clickable user interface to control 
animation in a scene:  pause, play, stop
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The Computer Graphics Educational Materials 
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• to provide a source of refereed high-quality content
• as a service to the Computer Graphics community
• freely available, directly prepared for classroom use
• http://cgems.inesc.pt 
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From the CGEMS home page:


• http://cgems.inesc.pt 


Welcome to CGEMS - Computer Graphics Educational Materials Source. The 
CGEMS site is designed for educators to provide a source of refereed high-
quality content as a service to the Computer Graphics community as a whole. 
Materials herein are freely available and directly prepared for your classroom.


List of all published modules:


• http://cgems.inesc.pt/authors/ListModules.aspx 


CGEMS Editorial Policy:


• http://cgems.inesc.pt/EditorialPolicy.htm 
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Creative Commons open-source license
http://creativecommons.org/licenses/by-nc-sa/3.0 


Attribution-Noncommercial-Share Alike 3.0 Unported


You are free:


    * to Share — to copy, distribute and transmit the work


    * to Remix — to adapt the work


Under the following conditions:


    * Attribution. You must attribute the work in the manner specified by the author or 
licensor (but not in any way that suggests that they endorse you or your use of the 
work).


      Attribute this work:  What does "Attribute this work" mean?


      The page you came from contained embedded licensing metadata, including how 
the creator wishes to be attributed for re-use. You can use the HTML here to cite the 
work. Doing so will also include metadata on your page so that others can find the 
original work as well.   


    * Noncommercial. You may not use this work for commercial purposes.


    * Share Alike. If you alter, transform, or build upon this work, you may distribute the 
resulting work only under the same or similar license to this one.


    * For any reuse or distribution, you must make clear to others the license terms of 
this work. The best way to do this is with a link to this web page.


    * Any of the above conditions can be waived if you get permission from the 
copyright holder.


    * Nothing in this license impairs or restricts the author's moral rights.
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Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.


License available at


    http://www.web3d.org/x3d/content/examples/license.txt 


    http://www.web3d.org/x3d/content/examples/license.html 


Good references on open source:


Andrew M. St. Laurent, Understanding Open Source and Free 
Software Licensing, O'Reilly Publishing, Sebastopol California, 
August 2004.  http://oreilly.com/catalog/9780596005818/index.html 


Herz, J. C., Mark Lucas, John Scott, Open Technology 
Development: Roadmap Plan,  Deputy Under Secretary of Defense 
for  Advanced Systems and Concepts, Washington DC, April 2006.  
http://handle.dtic.mil/100.2/ADA450769 
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X3D Graphics for Web Authors


Chapter 11


Lighting and Environment Nodes


Daylight encourages good behavior.
Don Brutzman



http://en.wikipedia.org/wiki/Let_there_be_light

http://www.graficaobscura.com/
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Chapter Overview
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Overview:  Lighting and Environment


Lighting concepts
• Illuminating scene geometry with virtual lights


Lighting nodes
• DirectionalLight
• NavigationInfo headlight
• PointLight, Spotlight


Environment concepts
• X3DBackgroundNode type and common fields


Environmental effects nodes
• Background, TextureBackground, Fog



file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23Spotlight

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23Spotlight
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Lighting Concepts


back to Table of Contents
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Illuminating objects in 3D scenes   1


So far we have studied the creation of 3D shapes 
and then positioning the camera to view them


Third major component is needed for 3D scenes: 
virtual lights that emulate sources in real world


Such lighting occurs computationally – angles of 
incidence and reflection between lights and 
viewer are computed for each geometric shape
• Additional lighting factors are also considered


Pixel brightness reaching viewer thus depends on 
light sources, shape appearance, view angle







Illuminating objects in 3D scenes   2







Performance is paramount


Frame rate (measured in fps, frames per second) 
must be high for users to believe a 3D scene is 
interactive and responsive to their touch
• Human perception of smooth motion is 7-8 fps
• Keep frame rate above 10-15 fps in your scenes


Adding multiple lights in a scene can improve 
realism, if done properly
• Contributions of each can be added, pixel by pixel


However lights add significant computational 
cost, doubling/tripling/etc. rendering overhead 
• Thus light management requires careful control
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Approximations necessary for 
interactive real-time performance


The mathematics of optics are quite complex
• Compare sizes of graphics and optics textbooks!


Ultra-high-fidelity computation of lighting effects 
is possible, and subject of ongoing research


Nevertheless the computational complexity of 
such effects are prohibitive for most computers


Thus a number of careful approximations made 
in lighting equations and material functions, 
allowing reasonable rendering to occur while 
supporting interactive real-time performance
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Other render techniques possible


A variety of higher-fidelity systems are available 
that use different techniques
• Ray tracing, volumetric rendering, light fields, etc.


Nevertheless most interactive 3D graphics 
systems use identical (or at least similar) 
lighting equations and rendering techniques


Following precomputation, advanced techniques 
can often export results for 3D rendering


Thus X3D is a good match for each approach 
when interactive export to Web is needed



http://www.web3d.org/x3d/content/examples/help.html#Conversions
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Achieving a balance


Authoring the right mix of lighting, appearance 
and viewing is both technical and artistic
• This is why both types of activity are prevalent in 


the graphics community


Making a scene “look good” sometimes requires 
technical shortcuts or workarounds that do not 
exactly match the original real-world effects


Carefully applying these techniques to achieve an 
attractive, functional scene is the primary 
challenge facing all 3D graphics authors
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Common lighting fields   1
• ambientIntensity determines brightness of assumed 


reflected background ambient lighting, which 
occurs in most indoor and outdoor locations.  This 
field also helps ensure that objects remain visible.


• intensity indicates the direct brightness of a light 
shining from the source location, and can be used 
to adjust relative strengths of multiple lights


• color specifies the red-green-blue (RGB) spectral 
components of the light source; adding to (or 
subtracting from) all three components affects the 
output by whitening (or darkening) the light source
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Common color values
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Common lighting fields   2
• global indicates whether the scope of a light affects 


the entire 3D scene, or simply the local geometry 
shared within a common parent grouping node.  
This can be expensive in large scenes, do not set 
global='true' unless the effect is intentional


• on is the boolean field which turns a light on/off, 
allowing simple animation effects
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Lighting limitations   1


Light shines through geometry and illuminates 
objects that block each other
• Necessary limitation to support real-time rendering
• Can be surprising but usually not noticeable


No shadows
• Might be supported in a future X3D specification


Placing a light inside an object is problematic
• Only illuminates back faces, resulting in no light to 


externally visible faces
• Avoid, unless intentionally showing light location



http://www.instantreality.org/tutorial/dynamic-shadows

http://www.bitmanagement.com/demos/dynamic_shadow.en.html

http://www.octaga.com/
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Lighting limitations   2


Maximum number of active lights:  8
• Can use more if turned off/on appropriately
• Matches limits of OpenGL, DirectX, GPU hardware
• Actually this is a high number for most applications
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Lighting Nodes and Examples


back to Table of Contents







DirectionalLight node


DirectionalLight provides uniform-intensity light 
as set of parallel rays sharing a single direction
• Each surface facing the light gets some illumination
• Backface polygons, surfaces parallel to light rays 


remain unlit by direct intensity 
• All surfaces lit by ambientIntensity, facing or not


Angle of incidence/reflection and appearance 
properties of lit shapes are primary factors on 
reflected color, brightness of lit objects


Emulates distant light source, such as the sun
• Intensity does not diminish with distance
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DirectionalLight geometry







DirectionalLight fields
• ambientIntensity, color, global, intensity, on – same
• direction is x-y-z vector indicating direction of rays 


in local coordinate system, which in turn depends 
on rotations in parent Transform node hierarchy


Hints
• Misdirected DirectionalLight nodes hard to debug, 


since light nodes themselves are not visible
• Substitute a PointLight node to get indication of 


where the light actually is located
• Can rotate DirectionalLight via parent Transform, 


also semitransparent Cone for direction, range
• Position irrelevant since constant intensity, direction
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No shadows, constant intensity



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironment/DirectionalLight.x3d
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DirectionalLight node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironment/DirectionalLight.x3d





23


DirectionalLight tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#DirectionalLight
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NavigationInfo headlight


The NavigationInfo node's headlight field enables 
a special DirectionalLight that follows user's 
current view location, pointing straight ahead
• Enables a light source that is always pointing in 


direction of user's view, ensuring objects are lit
• headlight='true' by default, color is always white


headlight matches the following characteristics, 
pointed out from center of current active view:
<DirectionalLight color='1 1 1' 
intensity='1' ambientIntensity='1' 
direction='0 0 -1'/>
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NavigationInfo headlight, X3D-Edit
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PointLight node


PointLight emulates single light source 
that radiates equally in all directions
• Analogy:  single small light


PointLight intensity varies with distance to object
• Longer travel means less light arrives from source


Rotation is irrelevant since light is omnidirectional
Shared traits with other lights:


• No shadows, light not blocked by other geometry
• No visible representation in space of light itself







27


PointLight fields
• ambientIntensity, color, global, intensity, on – same
• attenuation array holds constant, linear, quadratic 


coefficients for distance-attenuation factor
factor = 1 / max (atten[0] + atten[1]▪r + atten[2]▪r2, 1)


   Note that non-constant (linear and quadratic) 
coefficients are computationally expensive per pixel


• location is SFVec3f position indicating origin of rays 
relative to local coordinate system, which in turn 
depends on translations and rotations in parent 
Transform node hierarchy


• radius gives maximum effective range of light rays 
from source location, must be nonnegative
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PointLight considerations


Because light intensity falls off with distance, 
brightness can vary across a single object
• Computed on a polygon-per-polygon basis for 


computational efficiency


This effect is not visible if a large polygon is used
• Since entire polygon receives consistent shading


Thus special tools for detailed tesselation of 
simple shapes might be needed to achieve 
special lighting effects
• Careful choice of viewing angle usually sufficient
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PointLight node X3D-Edit


√



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironment/PointLight.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironment/PointLightVisualization.png
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PointLight tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#PointLight
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SpotLight node


SpotLight illuminates shapes within conical beam
• Intensity decreases with distance from source


Spotlight can be considered similar to PointLight 
with exception that computed light is 
constrained to be within conical beams, 
defined by solid angles 
• Center portion of cone (indicated by beamWidth) 


receives full intensity
• Outer portion of light cone has linear drop off of 


reduced intensity (indicated by cutOffAngle)
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SpotLight fields  1
• ambientIntensity, color, global, intensity, on – same
• attenuation array holds constant, linear, quadratic 


coefficients for distance-attenuation factor
factor = 1 / max (atten[0] + atten[1]▪r + atten[2]▪r2, 1)


   Note that non-constant (linear and quadratic) 
coefficients are computationally expensive per pixel


• location is SFVec3f position indicating origin of rays 
relative to local coordinate system, which in turn 
depends on translations and rotations in parent 
Transform node hierarchy


• radius gives maximum effective range of light rays 
from source location, must be nonnegative
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SpotLight fields  2
• beamWidth specifies the half angle (in radians) 


about the SpotLight direction that corresponds to 
maximum uniform intensity


• cutOffAngle specifies the half angle (in radians) 
about the SpotLight direction that corresponds to 
outer bound of SpotLight node's effect.  Outside of 
this solid angle, no light is provided.


• Constraint:  0 ≤ beamWidth ≤ cutOffAngle ≤ pi/2
• direction is x-y-z vector indicating direction of rays 


in local coordinate system, which in turn depends 
on rotations in parent Transform node hierarchy







SpotLight fields diagram



http://x3dgraphics.com/errata.php
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SpotLight node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironment/SpotLight.x3d





SpotLight visualization


X3D-Edit has an authoring assist to 
show outlines for SpotLight fields


• cutOffAngle shown by wireframe 
• beamWidth shown by transparent Cone
• Example:  SpotLightVisualization.x3d √



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironmentalEffects/SpotLightVisualization.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironmentalEffects/SpotLightVisualization.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironmentalEffects/SpotLightVisualization.x3d%20

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironmentalEffects/SpotLightVisualization.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironment/PointLightVisualization.png
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SpotLight node animation X3D-
Edit


Wire frame


White light


Yellow light



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironment/SpotLightColor.x3d
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AdditiveSubtractiveLight.x3d



http://www.web3d.org/x3d/content/examples/Basic/development/_pages/page01.html

http://www.web3d.org/x3d/content/examples/Basic/development/AdditiveSubtractiveLight.x3d
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SpotLight tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#SpotLight
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Environment Concepts


back to Table of Contents
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Environmental effects


Three nodes provide environmental effects that 
can increase overall realism of an X3D scene
• Background defines either color arrays or images 


for defining the scene horizon, including vertical 
variations that emulate both sky and earth/sea


• TextureBackground similarly defines background 
but uses ImageTexture nodes instead of image urls


• Fog emulates actual fog by washing out pixels 
according to distance from camera, usually to 
match color (or blackness) of the background


Helpful techniques to improve scene realism
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X3DBackgroundNode type   1


The X3DBackgroundNode type defines common 
functionality and fields for background nodes
• Background and TextureBackground


Each node is bindable, on same binding stack
• Thus only one Background or TextureBackground 


node can be active at a single time
• Similar to Viewpoint, NavigationInfo, Fog


Binding nodes explained in detail for Viewpoint
• Chapter 4, Viewing and Navigation
• Same techniques apply for all four binding stacks
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X3DBackgroundNode type   2


Conceptually the background nodes apply colors 
or images to the horizon
• Color arrays are mapped to a distant sphere
• Images are mapped to a distant box


The user viewpoint is not able to approach these 
background colors and images, since they are 
always kept at the horizon
• Other objects in the scene always appear in front, 


and cannot be placed behind the background


Affected by parent rotations, not translations







X3DBackgroundNode fields   1
   Side and top views show geometric relationships for 


sky+ground, top+bottom, left+right, front+back
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X3DBackgroundNode fields   2
• groundAngle and skyAngle arrays list angles 


corresponding to color values for ground and sky
• groundAngle in radians monotonically increases 


from 0.0 (nadir, or straight down) to pi/2 (horizon), 
going upward


• skyAngle in radians monotonically increases from 
0.0 (zenith, or straight up) to pi/2 (horizon) and on 
to pi (nadir, or straight down) , going downward


• groundColor and skyColor arrays provide 
corresponding color values for each angle, 
intermediate RGB colors are smoothly interpolated







46


X3DBackgroundNode fields   3


Constraints on angles and colors:
• First color in array is zenith/nadir, no angle needed


     skyAngle.length + 1 =       skyColor.length
groundAngle.length + 1 = groundColor.length


• Each angle value must monotonically increase 
(thus repetition is allowed for constant color bands)


• When duplicate angular coverage is provided, 
groundColor values obscure skyColor values 
(but only as far as the horizon, by definition)


• If no groundColor values are provided, then final 
skyColor value is clamped and continues to nadir


• Thus sole skyColor value defines entire background
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Environment Nodes and Examples


back to Table of Contents
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Background node:  color arrays


Background can provide simple colors or images 
for ground and sky, which appear behind any 
other geometric shapes in the scene


Background implements X3DBackgroundNode 
and X3DBindableNode types


Background colors form horizontal circular bands 
at the user's horizon which gradually change 
from one color value to the next along the 
vertical direction
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Background node: image files via url


Images (if used) form a box around user
● Once again, positioned at distance of horizon
● Top+bottom, left+right, front+back


Not all images required, but usually at least 
4 side images included for visual coverage


Various url fields are each arrays
● Allowing both local, remote addresses for each file


Transparent pixels are allowed in image textures
● If present, background colors appear through them
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Background fields


topUrl, bottomUrl, leftUrl, rightUrl, frontUrl, backUrl
• Separate url arrays for each image, for reliability


X3DBindableNode fields
• set_bind  is inputOnly event to bind or unbind node
• isBound   is outputOnly event indicating whether 


the node is bound or unbound
• bindTime is outputOnly event providing the time 


that the node is bound
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UniversalMediaPanorama backgrounds


The UniversalMedia project includes a number of 
high-quality image backgrounds


http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaPanoramas 


Excerpt showing large number of url addresses:
<Background 


backUrl=' 
"urn:web3d:media:textures/panoramas/desert_1_back.jpg" 


"desert_1_back.jpg"


"file:///c:/www.web3d.org/x3d/content/examples/UniversalMediaPanoramas/desert_1_back.jpg" 


"http://www.web3d.org/WorkingGroups/media/textures/panoramas/desert_1_back.jpg"


"http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaPanoramas/desert_1_back.jpg"


"http://www.web3dmedia.com/UniversalMedia/textures/panoramas/desert_1_back.jpg"


"http://www.officetowers.com/UniversalMedia/textures/panoramas/desert_1_back.jpg"


"http://geometrek.com/UniversalMedia/textures/panoramas/desert_1_back.jpg"


"http://www.sc.ehu.es/ccwgamoa/UniversalMedia/textures/panoramas/desert_1_back.jpg" ' 
 /> <!-- etc. for other fields -->



http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaPanoramas

http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaPanoramas
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Background node X3D-Edit  scene



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironment/Background-KelpForestMain.x3d
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Background node X3D-Edit


➢ skyColor values go down from 
zenith to nadir


➢ groundColor values go up from 
nadir to horizon
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Background tooltips 1



http://www.web3d.org/x3d/content/X3dTooltips.html#Background
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Background tooltips 2



http://www.web3d.org/x3d/content/X3dTooltips.html#Background





TextureBackground node


TextureBackground nearly same as Background
• Includes ground and sky color, angle arrays
• Coexists on same bindable node stack


Instead of using six url  arrays, instead use six 
ImageTexture nodes for background images
• Thus allows reuse of ImageTexture nodes if needed


Requires <component name='EnvironmentalEffects' level='3'/>


Also allows overall transparency value, so that 
anything on user's desktop or behind browser 
can be seen behind objects in the scene
• Might be a useful specialty display technique



http://x3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironment/TextureBackground-KelpForestMain.x3d





TextureBackground syntax comparison


Note differences 
in use of 
containerField 
for XML syntax, 
versus use of 
field name for 
ClassicVRML 
syntax







TextureBackground node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironment/TextureBackground-KelpForestMain.x3d
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TextureBackground tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#TextureBackground
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Fog node


Fog is an important environmental effect
• Use it sparingly for best effect
• Another X3DBindableNode


White or grey fog can emulate fog in real world
Black fog can emulate night-time effects
Fog works by gradually recoloring scene pixels to 


match fog color, depending on range to viewer
Thus fog color must match Background color to 


work properly, otherwise silhouettes created
• Experimentation is helpful to get things right
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Fog fields
• color field is single RGB value for replacement color
• fogType has two defined enumeration values for 


rate of dropoff in visibility as viewer range increases
• LINEAR indicates linear dropoff
• EXPONENTIAL indicates exponential dropoff, which 


increases the fog effect and is more computationally 
expensive


• visibilityRange indicates distance from view camera 
where objects become completely obscured


• Avoid scaling in parent transformation hierarchy, otherwise 
this value will no longer be in meters
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Fog node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironment/Fog-KelpForestMain.x3d
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Fog tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#Fog
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Chapter Summary


back to Table of Contents
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Chapter Summary


Lighting concepts
• Illuminating scene geometry with virtual lights


Lighting nodes
• DirectionalLight
• NavigationInfo headlight
• PointLight, Spotlight


Environment concepts
• X3DBackgroundNode type and common fields


Environmental effects nodes
• Background, TextureBackground, Fog



file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23Spotlight

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23Spotlight
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Suggested exercises


Use a TouchSensor to turn a light on/off
• Include BooleanToggle so that state is persistent


Also indicate the physical location of a light 
source by using a Cone or Sphere 
• Be sure to set emissiveColor and transparency


Demonstrate use of Background colors
Demonstrate use of (Texture)Background images
Demonstrate use of Fog for day or night effects
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http://creativecommons.org/licenses/by-nc-sa/3.0 
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Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.



http://www.web3d.org/x3d/content/examples/license.html

http://www.web3d.org/x3d/content/examples/license.html

http://www.web3d.org/x3d/content/examples/license.txt

http://www.web3d.org/x3d/content/examples/license.html

http://oreilly.com/catalog/9780596005818/index.html

http://handle.dtic.mil/100.2/ADA450769
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X3D Graphics for Web Authors


Chapter 11


Lighting and Environment Nodes


Daylight encourages good behavior.
Don Brutzman


Alternate quote:  


Fiat lux, let there be light!


Book of Genesis, Old Testament, Bible


http://en.wikipedia.org/wiki/Let_there_be_light


Of further interest:


Graphica Obscura by Paul Haeberle


http://www.graficaobscura.com 
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Chapter Overview







 


Chapter 11 - Lighting and Environment 4


4


Overview:  Lighting and Environment


Lighting concepts
• Illuminating scene geometry with virtual lights


Lighting nodes
• DirectionalLight
• NavigationInfo headlight
• PointLight, Spotlight


Environment concepts
• X3DBackgroundNode type and common fields


Environmental effects nodes
• Background, TextureBackground, Fog
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Lighting Concepts


back to Table of Contents
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Illuminating objects in 3D scenes   1


So far we have studied the creation of 3D shapes 
and then positioning the camera to view them


Third major component is needed for 3D scenes: 
virtual lights that emulate sources in real world


Such lighting occurs computationally – angles of 
incidence and reflection between lights and 
viewer are computed for each geometric shape
• Additional lighting factors are also considered


Pixel brightness reaching viewer thus depends on 
light sources, shape appearance, view angle
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Illuminating objects in 3D scenes   2


Page 301, Figure 11.1. X3D lighting and rendering is made up of a light source, rays, 
geometric object surfaces, reflection, and the screen rendering that displays a user’s 
point of view (POV).







 


Chapter 11 - Lighting and Environment 8


Performance is paramount


Frame rate (measured in fps, frames per second) 
must be high for users to believe a 3D scene is 
interactive and responsive to their touch
• Human perception of smooth motion is 7-8 fps
• Keep frame rate above 10-15 fps in your scenes


Adding multiple lights in a scene can improve 
realism, if done properly
• Contributions of each can be added, pixel by pixel


However lights add significant computational 
cost, doubling/tripling/etc. rendering overhead 
• Thus light management requires careful control


Each added light with global scope adds the same amount of computational 
complexity as the first light, thus making the addition of lights one of the easiest ways 
to change an interactive scene into something slow and unresponsive.


Keeping PointLight and SpotLight definitions scoped to only affect local peer and child 
nodes (default global='false') is a good way to easily manage multiple lights.  This 
approach ensures that local lights (such as individual lights for individual rooms) don't 
accumulate unnecessarily.
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Approximations necessary for 
interactive real-time performance


The mathematics of optics are quite complex
• Compare sizes of graphics and optics textbooks!


Ultra-high-fidelity computation of lighting effects 
is possible, and subject of ongoing research


Nevertheless the computational complexity of 
such effects are prohibitive for most computers


Thus a number of careful approximations made 
in lighting equations and material functions, 
allowing reasonable rendering to occur while 
supporting interactive real-time performance


The full lighting equations are included in the X3D Abstract Specification.  However 
these are rarely (if ever) needed by authors, so we don't study them here.
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Other render techniques possible


A variety of higher-fidelity systems are available 
that use different techniques
• Ray tracing, volumetric rendering, light fields, etc.


Nevertheless most interactive 3D graphics 
systems use identical (or at least similar) 
lighting equations and rendering techniques


Following precomputation, advanced techniques 
can often export results for 3D rendering


Thus X3D is a good match for each approach 
when interactive export to Web is needed


Individual modeling tools can be checked for export capabilities.


X3D conversion and translation tools are another good option for adapting the results 
of other rendering techniques.  A list of such tools is maintained on the X3D Help page 
at http://www.web3d.org/x3d/content/examples/help.html#Conversions 
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Achieving a balance


Authoring the right mix of lighting, appearance 
and viewing is both technical and artistic
• This is why both types of activity are prevalent in 


the graphics community


Making a scene “look good” sometimes requires 
technical shortcuts or workarounds that do not 
exactly match the original real-world effects


Carefully applying these techniques to achieve an 
attractive, functional scene is the primary 
challenge facing all 3D graphics authors


Often a scene which might be sluggish can be optimized and frame rate improved.  


Over time such scenes are likely to run even better as graphics hardware and 
software continues to improve rapidly.
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Common lighting fields   1
• ambientIntensity determines brightness of assumed 


reflected background ambient lighting, which 
occurs in most indoor and outdoor locations.  This 
field also helps ensure that objects remain visible.


• intensity indicates the direct brightness of a light 
shining from the source location, and can be used 
to adjust relative strengths of multiple lights


• color specifies the red-green-blue (RGB) spectral 
components of the light source; adding to (or 
subtracting from) all three components affects the 
output by whitening (or darkening) the light source
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Common color values


Page 305, Table 11.2. Common Colors and Corresponding RGB and HTML Values


It is worth noting that lights are typically white, thus letting colors depend on the 
appearance of each shape.
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Common lighting fields   2
• global indicates whether the scope of a light affects 


the entire 3D scene, or simply the local geometry 
shared within a common parent grouping node.  
This can be expensive in large scenes, do not set 
global='true' unless the effect is intentional


• on is the boolean field which turns a light on/off, 
allowing simple animation effects
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Lighting limitations   1


Light shines through geometry and illuminates 
objects that block each other
• Necessary limitation to support real-time rendering
• Can be surprising but usually not noticeable


No shadows
• Might be supported in a future X3D specification


Placing a light inside an object is problematic
• Only illuminates back faces, resulting in no light to 


externally visible faces
• Avoid, unless intentionally showing light location


Shadows proposal


• Yvonne Jung, Tobias Franke, Patrick D¨ahne, and Johannes Behr, “Enhancing 
X3D for advanced MR appliances,” Twelfth ACM SIGGRAPH International 
Symposium on Web3D Graphics, Peruggia Italy, 15-18 April 2007, pp. 27-36 
and 207.


• InstantReality:  http://www.instantreality.org/tutorial/dynamic-shadows 


• BS Contact:  http://www.bitmanagement.com/demos/dynamic_shadow.en.html 


• Octaga:  http://www.octaga.com then search for 'shadows'
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Lighting limitations   2


Maximum number of active lights:  8
• Can use more if turned off/on appropriately
• Matches limits of OpenGL, DirectX, GPU hardware
• Actually this is a high number for most applications
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Lighting Nodes and Examples


back to Table of Contents
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DirectionalLight node


DirectionalLight provides uniform-intensity light 
as set of parallel rays sharing a single direction
• Each surface facing the light gets some illumination
• Backface polygons, surfaces parallel to light rays 


remain unlit by direct intensity 
• All surfaces lit by ambientIntensity, facing or not


Angle of incidence/reflection and appearance 
properties of lit shapes are primary factors on 
reflected color, brightness of lit objects


Emulates distant light source, such as the sun
• Intensity does not diminish with distance
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DirectionalLight geometry


Page 310, Figure 11.3. DirectionalLight provides a virtual light source where all rays 
are parallel.
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DirectionalLight fields
• ambientIntensity, color, global, intensity, on – same
• direction is x-y-z vector indicating direction of rays 


in local coordinate system, which in turn depends 
on rotations in parent Transform node hierarchy


Hints
• Misdirected DirectionalLight nodes hard to debug, 


since light nodes themselves are not visible
• Substitute a PointLight node to get indication of 


where the light actually is located
• Can rotate DirectionalLight via parent Transform, 


also semitransparent Cone for direction, range
• Position irrelevant since constant intensity, direction


Could animate DirectionalLight directly by using a PositionInterpolator (SFVec3f).


Interesting pattern for SFRotation animation of DirectionalLight:  rotate parent 
Transform as follows.


    <TimeSensor DEF='Clock'/>


    <OrientationInterpolator DEF="Spinner" key='0 1' keyValue='0 1 0 0, 0 1 0 1.57'/>


    <Transform DEF='LightTransform'>


      <DirectionalLight DEF='LightSource' />


    </Transform>


    <ROUTE fromField='fraction_changed' fromNode='Clock' toField='set_fraction' 
toNode='Spinner'/>


    <ROUTE fromField='value_changed' fromNode='Spinner' toField='rotation' 
toNode='LightTransform'/>
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No shadows, constant intensity


Page 310, Figure 11.4. DirectionalLight nodes do not interact with objects to cast 
shadows, and distance does not decrease their intensity.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironment/DirectionalLight.x3d 
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DirectionalLight node X3D-Edit


Page 310, Figure 11.4. DirectionalLight nodes do not interact with objects to cast 
shadows, and distance does not decrease their intensity.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironment/DirectionalLight.x3d 
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DirectionalLight tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#DirectionalLight 







 


Chapter 11 - Lighting and Environment 24


24


NavigationInfo headlight


The NavigationInfo node's headlight field enables 
a special DirectionalLight that follows user's 
current view location, pointing straight ahead
• Enables a light source that is always pointing in 


direction of user's view, ensuring objects are lit
• headlight='true' by default, color is always white


headlight matches the following characteristics, 
pointed out from center of current active view:
<DirectionalLight color='1 1 1' 
intensity='1' ambientIntensity='1' 
direction='0 0 -1'/>


Further details in Chapter 4, Viewing and Navigation
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NavigationInfo headlight, X3D-Edit


Further details in Chapter 4, Viewing and Navigation
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PointLight node


PointLight emulates single light source 
that radiates equally in all directions
• Analogy:  single small light


PointLight intensity varies with distance to object
• Longer travel means less light arrives from source


Rotation is irrelevant since light is omnidirectional
Shared traits with other lights:


• No shadows, light not blocked by other geometry
• No visible representation in space of light itself


Page 312, Figure 11.5. PointLight provides a virtual light source such that rays 
emanate radially in all directions from a single location.
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PointLight fields
• ambientIntensity, color, global, intensity, on – same
• attenuation array holds constant, linear, quadratic 


coefficients for distance-attenuation factor
factor = 1 / max (atten[0] + atten[1]▪r + atten[2]▪r2, 1)


   Note that non-constant (linear and quadratic) 
coefficients are computationally expensive per pixel


• location is SFVec3f position indicating origin of rays 
relative to local coordinate system, which in turn 
depends on translations and rotations in parent 
Transform node hierarchy


• radius gives maximum effective range of light rays 
from source location, must be nonnegative
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PointLight considerations


Because light intensity falls off with distance, 
brightness can vary across a single object
• Computed on a polygon-per-polygon basis for 


computational efficiency


This effect is not visible if a large polygon is used
• Since entire polygon receives consistent shading


Thus special tools for detailed tesselation of 
simple shapes might be needed to achieve 
special lighting effects
• Careful choice of viewing angle usually sufficient
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PointLight node X3D-Edit


√


Page 313, (improved snapshot)


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironment/PointLight.x3d


Visualizing PointLight: when the “show outline” checkbox is selected, a Sphere with 
the correct location and radius is inserted in the scene with the same emissiveColor  
as the PointLight.  This authoring assist can help visualize the coverage of lights.
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PointLight tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#PointLight 
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SpotLight node


SpotLight illuminates shapes within conical beam
• Intensity decreases with distance from source


Spotlight can be considered similar to PointLight 
with exception that computed light is 
constrained to be within conical beams, 
defined by solid angles 
• Center portion of cone (indicated by beamWidth) 


receives full intensity
• Outer portion of light cone has linear drop off of 


reduced intensity (indicated by cutOffAngle)
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SpotLight fields  1
• ambientIntensity, color, global, intensity, on – same
• attenuation array holds constant, linear, quadratic 


coefficients for distance-attenuation factor
factor = 1 / max (atten[0] + atten[1]▪r + atten[2]▪r2, 1)


   Note that non-constant (linear and quadratic) 
coefficients are computationally expensive per pixel


• location is SFVec3f position indicating origin of rays 
relative to local coordinate system, which in turn 
depends on translations and rotations in parent 
Transform node hierarchy


• radius gives maximum effective range of light rays 
from source location, must be nonnegative


These Spotlight fields are identical to the PointLight fields.  SpotLight contains a 
superset of the PointLight fields.
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SpotLight fields  2
• beamWidth specifies the half angle (in radians) 


about the SpotLight direction that corresponds to 
maximum uniform intensity


• cutOffAngle specifies the half angle (in radians) 
about the SpotLight direction that corresponds to 
outer bound of SpotLight node's effect.  Outside of 
this solid angle, no light is provided.


• Constraint:  0 ≤ beamWidth ≤ cutOffAngle ≤ pi/2
• direction is x-y-z vector indicating direction of rays 


in local coordinate system, which in turn depends 
on rotations in parent Transform node hierarchy


SpotLight direction field is the same as PointLight direction field.


If the inner beamWidth angle is mistakenly set greater than the outer cutOffAngle, 
then cutOffAngle still determines the maximum width of the SpotLight cone and 
internal intensity is uniform throughout.


The X3D-Edit SpotLight editor will offer to swap values if inner beamWidth angle is 
mistakenly set greater than the outer cutOffAngle.
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SpotLight fields diagram


Page 316, Figure 11.7. SpotLight provides a virtual light source such that rays 
emanate radially with a conical outline from a single location.


Note earlier error on original figure in the published book which incorrectly swapped 
beamWidth and cutOffAngle.


Book errata are maintained at http://x3dgraphics.com/errata.php 
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SpotLight node X3D-Edit


Page 317, Figure 11.8. Central beam intensity and fall-off are visible in this SpotLight 
example.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironment/SpotLight.x3d 
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SpotLight visualization


X3D-Edit has an authoring assist to 
show outlines for SpotLight fields


• cutOffAngle shown by wireframe 
• beamWidth shown by transparent Cone
• Example:  SpotLightVisualization.x3d √


A common difficulty when authoring SpotLight nodes is to not be able to find their effect.  The 
SpotLight may be pointed in a different direction than expected, or perhaps located in an 
unexpected position.  Such surprises may be due to parent Transform nodes.


One simple technique to test where a SpotLight is located is to change it to a PointLight (for 
omnidirectional effect) and perhaps adding a sphere at the expected location.  This approach 
can be somewhat tedious, however.


X3D-Edit includes a selectable checkbox for adding geometry to a scene that matches 
SpotLight dimensions and directions.  A special example scene (SpotLightVisualization.x3d) is 
also provided to illustrate this author-assist feature.  Edit the first SpotLight in the scene and 
select 'show outline' to see the pair of cones appear on the right-hand side.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironmentalEffects/SpotLightVisualization.x3d 


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironment/PointLightVisualization.png 
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SpotLight node animation X3D-
Edit


Wire frame


White light


Yellow light


SpotLightColor.x3d provides an example of SpotLight showing effect of varying light 
colors on appearance, the color of objects can appear quite different.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironment/SpotLightColor.x3d 


Zooming out to see the complete scene shows the background grid behind the 
cylinder and cone.  Note that the scene background color is unaffected by lighting.


White light Yellow light
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AdditiveSubtractiveLight.x3d


Interesting example from the X3D Basic archives.  Original author Miriam English.


http://www.web3d.org/x3d/content/examples/Basic/development/_pages/page01.html 
http://www.web3d.org/x3d/content/examples/Basic/development/AdditiveSubtractiveLight.x3d 


Additive Subtractive Light example description.  This example tests various color combination 
capabilities, and also demonstrating that filtering (negative colors) are not supported in the 
X3D/VRML color model. Discussion follows. There are 2 ways to combine colors: 


• Additive (e.g. a TV screen, overlapping spotlights, or pointillist art), for example 


  [red + green = yellow] [1 0 0 + 0 1 0 = 1 1 0]. 


• Subtractive (e.g. mixing paints or stacking filters), for example 


  [white background + yellow filter + cyan filter = green] [1 1 1 + 0 0 -1 + -1 0 0 = 0 1 0].
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SpotLight tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#SpotLight 
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Environment Concepts


back to Table of Contents
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Environmental effects


Three nodes provide environmental effects that 
can increase overall realism of an X3D scene
• Background defines either color arrays or images 


for defining the scene horizon, including vertical 
variations that emulate both sky and earth/sea


• TextureBackground similarly defines background 
but uses ImageTexture nodes instead of image urls


• Fog emulates actual fog by washing out pixels 
according to distance from camera, usually to 
match color (or blackness) of the background


Helpful techniques to improve scene realism
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X3DBackgroundNode type   1


The X3DBackgroundNode type defines common 
functionality and fields for background nodes
• Background and TextureBackground


Each node is bindable, on same binding stack
• Thus only one Background or TextureBackground 


node can be active at a single time
• Similar to Viewpoint, NavigationInfo, Fog


Binding nodes explained in detail for Viewpoint
• Chapter 4, Viewing and Navigation
• Same techniques apply for all four binding stacks


Typically browsers only provide selection controls for the Viewpoint stack and do not 
provide selection controls for the Background, Fog or NavigationInfo stacks.  Thus 
control and selection of these nodes is only handled by animation chains created by 
the author.
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X3DBackgroundNode type   2


Conceptually the background nodes apply colors 
or images to the horizon
• Color arrays are mapped to a distant sphere
• Images are mapped to a distant box


The user viewpoint is not able to approach these 
background colors and images, since they are 
always kept at the horizon
• Other objects in the scene always appear in front, 


and cannot be placed behind the background


Affected by parent rotations, not translations
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X3DBackgroundNode fields   1
   Side and top views show geometric relationships for 


sky+ground, top+bottom, left+right, front+back


Page 307, Figure 11.2. Placement of background colors and images relative to the 
user’s viewpoint.


Adapted with permission from X3D Abstract Specification, Figure 24.1.
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X3DBackgroundNode fields   2
• groundAngle and skyAngle arrays list angles 


corresponding to color values for ground and sky
• groundAngle in radians monotonically increases 


from 0.0 (nadir, or straight down) to pi/2 (horizon), 
going upward


• skyAngle in radians monotonically increases from 
0.0 (zenith, or straight up) to pi/2 (horizon) and on 
to pi (nadir, or straight down) , going downward


• groundColor and skyColor arrays provide 
corresponding color values for each angle, 
intermediate RGB colors are smoothly interpolated
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X3DBackgroundNode fields   3


Constraints on angles and colors:
• First color in array is zenith/nadir, no angle needed


     skyAngle.length + 1 =       skyColor.length
groundAngle.length + 1 = groundColor.length


• Each angle value must monotonically increase 
(thus repetition is allowed for constant color bands)


• When duplicate angular coverage is provided, 
groundColor values obscure skyColor values 
(but only as far as the horizon, by definition)


• If no groundColor values are provided, then final 
skyColor value is clamped and continues to nadir


• Thus sole skyColor value defines entire background


“Monotonically increase” is a mathematical term that indicates each value in the array 
must be greater than, or equal to, the value which precedes it.


If provided, the groundColor array obscures the skyColor array values.  If no 
groundColor array is provided, then skyColor provides complete vertical coverage.
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Environment Nodes and Examples


back to Table of Contents
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Background node:  color arrays


Background can provide simple colors or images 
for ground and sky, which appear behind any 
other geometric shapes in the scene


Background implements X3DBackgroundNode 
and X3DBindableNode types


Background colors form horizontal circular bands 
at the user's horizon which gradually change 
from one color value to the next along the 
vertical direction







 


Chapter 11 - Lighting and Environment 49


49


Background node: image files via url


Images (if used) form a box around user
● Once again, positioned at distance of horizon
● Top+bottom, left+right, front+back


Not all images required, but usually at least 
4 side images included for visual coverage


Various url fields are each arrays
● Allowing both local, remote addresses for each file


Transparent pixels are allowed in image textures
● If present, background colors appear through them


Image files are covered in detail in Chapter 5, Appearance Material and Textures.
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Background fields


topUrl, bottomUrl, leftUrl, rightUrl, frontUrl, backUrl
• Separate url arrays for each image, for reliability


X3DBindableNode fields
• set_bind  is inputOnly event to bind or unbind node
• isBound   is outputOnly event indicating whether 


the node is bound or unbound
• bindTime is outputOnly event providing the time 


that the node is bound
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UniversalMediaPanorama backgrounds


The UniversalMedia project includes a number of 
high-quality image backgrounds


http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaPanoramas 


Excerpt showing large number of url addresses:
<Background 


backUrl=' 
"urn:web3d:media:textures/panoramas/desert_1_back.jpg" 


"desert_1_back.jpg"


"file:///c:/www.web3d.org/x3d/content/examples/UniversalMediaPanoramas/desert_1_back.jpg" 


"http://www.web3d.org/WorkingGroups/media/textures/panoramas/desert_1_back.jpg"


"http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaPanoramas/desert_1_back.jpg"


"http://www.web3dmedia.com/UniversalMedia/textures/panoramas/desert_1_back.jpg"


"http://www.officetowers.com/UniversalMedia/textures/panoramas/desert_1_back.jpg"


"http://geometrek.com/UniversalMedia/textures/panoramas/desert_1_back.jpg"


"http://www.sc.ehu.es/ccwgamoa/UniversalMedia/textures/panoramas/desert_1_back.jpg" ' 
 /> <!-- etc. for other fields -->
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Background node X3D-Edit  scene


Figure 11.9. This Background example provides a backdrop panorama of an ocean 
environment.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironment/Background-KelpForestMain.x3d 
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Background node X3D-Edit


➢ skyColor values go down from 
zenith to nadir


➢ groundColor values go up from 
nadir to horizon
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Background tooltips 1


http://www.web3d.org/x3d/content/X3dTooltips.html#Background 
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Background tooltips 2


http://www.web3d.org/x3d/content/X3dTooltips.html#Background 
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TextureBackground node


TextureBackground nearly same as Background
• Includes ground and sky color, angle arrays
• Coexists on same bindable node stack


Instead of using six url  arrays, instead use six 
ImageTexture nodes for background images
• Thus allows reuse of ImageTexture nodes if needed


Requires <component name='EnvironmentalEffects' level='3'/>


Also allows overall transparency value, so that 
anything on user's desktop or behind browser 
can be seen behind objects in the scene
• Might be a useful specialty display technique


Reuse of ImageTexture nodes is accomplished by utilizing DEF/USE nodes.


TextureBackground was introduced in X3D version 3.0.  Nevertheless, usage under 
Immersive profile requires addition of


<component name='EnvironmentalEffects' level='3'/>


http://x3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironment/TextureBackground-KelpForestMain.x3d 
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TextureBackground syntax comparison


Note differences 
in use of 
containerField 
for XML syntax, 
versus use of 
field name for 
ClassicVRML 
syntax


Page 323, Table 11.13. Node Syntax for TextureBackground







 


Chapter 11 - Lighting and Environment 58


TextureBackground node X3D-Edit


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironment/TextureBackground-KelpForestMain.x3d 
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TextureBackground tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#TextureBackground 
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Fog node


Fog is an important environmental effect
• Use it sparingly for best effect
• Another X3DBindableNode


White or grey fog can emulate fog in real world
Black fog can emulate night-time effects
Fog works by gradually recoloring scene pixels to 


match fog color, depending on range to viewer
Thus fog color must match Background color to 


work properly, otherwise silhouettes created
• Experimentation is helpful to get things right


Constraint:  Fog nodes within Inline scenes are not automatically bound when loaded, 
even if they are the only Fog nodes available in the scene.
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Fog fields
• color field is single RGB value for replacement color
• fogType has two defined enumeration values for 


rate of dropoff in visibility as viewer range increases
• LINEAR indicates linear dropoff
• EXPONENTIAL indicates exponential dropoff, which 


increases the fog effect and is more computationally 
expensive


• visibilityRange indicates distance from view camera 
where objects become completely obscured


• Avoid scaling in parent transformation hierarchy, otherwise 
this value will no longer be in meters
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Fog node X3D-Edit


Figure 11.10. A Fog node blends geometry colors and textures to the fog color.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter11-LightingEnvironment/Fog-KelpForestMain.x3d 
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Fog tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#Fog 
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Chapter Summary


back to Table of Contents
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Chapter Summary


Lighting concepts
• Illuminating scene geometry with virtual lights


Lighting nodes
• DirectionalLight
• NavigationInfo headlight
• PointLight, Spotlight


Environment concepts
• X3DBackgroundNode type and common fields


Environmental effects nodes
• Background, TextureBackground, Fog
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Suggested exercises


Use a TouchSensor to turn a light on/off
• Include BooleanToggle so that state is persistent


Also indicate the physical location of a light 
source by using a Cone or Sphere 
• Be sure to set emissiveColor and transparency


Demonstrate use of Background colors
Demonstrate use of (Texture)Background images
Demonstrate use of Fog for day or night effects
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References


back to Table of Contents
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CGEMS, SIGGRAPH, Eurographics


The Computer Graphics Educational Materials 
Source(CGEMS) site is designed for educators
• to provide a source of refereed high-quality content
• as a service to the Computer Graphics community
• freely available, directly prepared for classroom use
• http://cgems.inesc.pt 


X3D for Web Authors recognized by CGEMS!  ☺
• Book materials:  X3D-Edit tool, examples, slidesets
• Received jury award for Best Submission 2008


CGEMS supported by SIGGRAPH, Eurographics


From the CGEMS home page:


• http://cgems.inesc.pt 


Welcome to CGEMS - Computer Graphics Educational Materials Source. The 
CGEMS site is designed for educators to provide a source of refereed high-
quality content as a service to the Computer Graphics community as a whole. 
Materials herein are freely available and directly prepared for your classroom.


List of all published modules:


• http://cgems.inesc.pt/authors/ListModules.aspx 


CGEMS Editorial Policy:


• http://cgems.inesc.pt/EditorialPolicy.htm 
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Creative Commons open-source license
http://creativecommons.org/licenses/by-nc-sa/3.0 


Attribution-Noncommercial-Share Alike 3.0 Unported


You are free:


    * to Share — to copy, distribute and transmit the work


    * to Remix — to adapt the work


Under the following conditions:


    * Attribution. You must attribute the work in the manner specified by the author or 
licensor (but not in any way that suggests that they endorse you or your use of the 
work).


      Attribute this work:  What does "Attribute this work" mean?


      The page you came from contained embedded licensing metadata, including how 
the creator wishes to be attributed for re-use. You can use the HTML here to cite the 
work. Doing so will also include metadata on your page so that others can find the 
original work as well.   


    * Noncommercial. You may not use this work for commercial purposes.


    * Share Alike. If you alter, transform, or build upon this work, you may distribute the 
resulting work only under the same or similar license to this one.


    * For any reuse or distribution, you must make clear to others the license terms of 
this work. The best way to do this is with a link to this web page.


    * Any of the above conditions can be waived if you get permission from the 
copyright holder.


    * Nothing in this license impairs or restricts the author's moral rights.
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Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.


License available at


    http://www.web3d.org/x3d/content/examples/license.txt 


    http://www.web3d.org/x3d/content/examples/license.html 


Good references on open source:


Andrew M. St. Laurent, Understanding Open Source and Free 
Software Licensing, Oreilly Publishing, Sebastopol California, 
August 2004.  http://oreilly.com/catalog/9780596005818/index.html 


Herz, J. C., Mark Lucas, John Scott, Open Technology 
Development: Roadmap Plan,  Deputy Under Secretary of Defense 
for  Advanced Systems and Concepts, Washington DC, April 2006.  
http://handle.dtic.mil/100.2/ADA450769 
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X3D Graphics for Web Authors
Chapter 12


Environment Sensor and 
Sound Nodes


Hereafter, when they come to model heav'n


And calculate the stars, how they will wield


The mighty frame, how build, unbuild, contrive


To save appearances, how gird the sphere


with centric and eccentric scribbled o'er,


Cycle and epicycle, orb in orb.


John Milton, Paradise Lost, 1667
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Chapter Overview
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Overview: Environment Sensor 
and Sound Nodes


Common fields
● center, size, enabled, isActive, enterTime, exitTime


Nodes
● LoadSensor detects availability of other content
● ProximitySensor detects user location, orientation
● VisibilitySensor detects visibility of region to user
● Sound controls spatialization of audio outputs
● AudioClip controls retrieval and playback of audio 


files and streams
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Concepts


back to Table of Contents
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Common field:  enabled


enabled is an inputOutput boolean field that 
turns a sensor node on or off


● Thus allowing author to permit or disable flow of 
user-driven events which drive other responses


● Set enabled='false' to disrupt an event chain


Regardless of whether enabled='true' a sensor 
still needs a ROUTE connection from its 
output, or else no interaction response occurs


review







Common field:  isActive


isActive is an outputOnly boolean field that 
reports when sensor has received user input


● isActive true value sent when proximity or visibility 
conditions are met


● isActive false value sent when proximity or visibility 
conditions are no longer met


Routing isActive values can enable, disable 
TimeSensor and other animation nodes


● Rapid sequencing on/off can be a difficulty, however
● BooleanFilter, BooleanToggle, BooleanTrigger help, 


described in Chapter 9 Event Utilities and Scripting
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Common fields:  center, size


center and size are SFVec3f fields indicating the 
location and extent of the box that 
corresponds to the sensed volume of the node


These values are relative to transformation 
hierarchy created by parent Transform nodes
• center can be scaled, translated, rotated
• size can be scaled, rotated


This is helpful for DEF/USE in multiple locations
• Warning:  no box overlap, or results unpredictable
• size='0 0 0' equivalent to enabled='false'  
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Common fields:  enterTime, exitTime


enterTime and exitTime are SFTime output 
values sent whenever the sensor proximity or 
visibility condition is met
• These timestamp values are helpful triggers for 


other animation chains


Corresponding isActive event sent
• true or false, corresponds to enterTime or exitTime
• accompanying timestamp values also matches
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Example behavior event chain
• User clicks button to start a timer clock
• Clock outputs new event at start of each frame,
• ... which stimulates linear-interpolation function 


which produces another output value
• ... which updates some target value in scene graph
• Repeat event traversal after each frame redraw


review
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X3D Nodes and Examples


back to Table of Contents
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LoadSensor node


LoadSensor keeps track of progress & completion 
when downloading external file resources
• AudioClip, ImageTexture, Inline, MovieTexture, etc.
• Can't track Anchor (viewpoint shift or external link)
• These child nodes have containerField='watchList'


Fields include enabled, watchList nodes, timeOut, 
progress, isActive, isLoaded, loadTime
• enabled identical to usage in other sensor nodes


Helpful as trigger node in event-animation chain
• Can delay animations until all resources available







LoadSensor fields:  watchList, timeOut


watchList is an MFNode array that lists the nodes 
of interest to be monitored by LoadSensor


● Usually USE copies of DEF nodes appearing 
elsewhere in scene


● Each watched node must have url  field list
● All nodes listed in the watchList array must 
succeed for LoadSensor to succeed


timeOut defines maximum seconds to wait
● default 0 means indefinite, no time limit
● External network source might nevertheless 
time out if excessive time required
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LoadSensor fields: progress, isLoaded, loadTime


progress is an SFFloat output with value [0..1]
• Only reaches value of 1 when complete
• Browsers decide how often to issue output values
• Browsers also decide on precise meaning: file 


percentage, download time, bytes downloaded, etc.


isActive reports true/false when actively loading
isLoaded sends a true event when complete OK, 


otherwise sends false when isActive goes false
loadTime also sent, having the same timestamp, 


when the isLoaded='true' event is sent
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LoadSensor hints


Good design practices: 
• Include LoadSensor as trigger in animation chain if 


target animation makes no sense without resources
• Plan on having a default behavior or warning, just 


in case the resources don't load


Use multiple LoadSensor nodes for multiple  
resources, if precise progress results needed
• Can't detect which address in url array succeeds
• Can combine with Script to sequence addresses
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LoadSensor warnings


All child nodes within LoadSensor must have 
containerField='watchList'
• Or else a run-time error results


LoadSensor not usable for ExternProtoDeclare, 
because ExternProtoDeclare not a node, per se
• How:  embed a Script inside the ProtoDeclare, then 


have ProtoInstance initialize() method send an 
output event once initialization is complete


• Can also embed LoadSensor inside ProtoDeclare, 
then expose relevant fields using IS/connect
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LoadSensor node X3D-Edit


output to console
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LoadSensor tooltips







ProximitySensor node


ProximitySensor tracks user position, orientation 
within box defined by author as active volume
• Tracking box is not visibly rendered
• Tracking box is affected by parent transformations


Can track (and react to) user navigation in scene
• Able to send multiple events:  position_changed, 


orientation_changed, centerOfRotation_changed 


Fields also include center, size, enabled, isActive, 
enterTime, exitTime


Helpful as trigger node in event-animation chain
• Can delay animations until user is close to action
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Output events


position_changed reports location relative to 
ProximitySensor center
• Best is to keep center at origin, with very large size


orientation_changed  events sent when user's 
view rotates within the monitored volume
• Also occurs if proximity box rotates independently


centerOfRotation_changed  monitors output of 
NavigationInfo if LOOKAT point changes
• Viewer must be in LOOKAT mode for this to occur
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Example usage:  animation trigger


ProximitySensor can start an animation, running 
only when results are close enough to be seen
• Similarly turn animation off when no longer nearby
• Reduces computational cost, enabling larger scenes
• Thus helps eliminate off-screen animation, where 


unseen event chains might spin needlessly


Proximity
Sensor
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Example ProximitySensor sensing volumes


a. single instance


b. multiple independent  
nonoverlapping instances


c. single DEF ProximitySensor 
with multiple transformed 
nonoverlapping USE 
instances



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter12-EnvironmentSensorSound/ProximitySensorSingle.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter12-EnvironmentSensorSound/ProximitySensorMultiple.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter12-EnvironmentSensorSound/ProximitySensorNoOverlap.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter12-EnvironmentSensorSound
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ProximitySensor node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter12-EnvironmentSensorSound/ProximitySensor.x3d





ProximitySensor visualization


• Visualization option provided by X3D-Edit
• Displays transparent wireframe box outlining 


ProximitySensor size boundaries
• Also displays coordinate axes at center location
• <ProximitySensor DEF='HereIAm' size='100 100 100'/>



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter12-EnvironmentSensorSound/ProximitySensor.x3d
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ProximitySensor tooltips
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VisibilitySensor node


VisibilitySensor detects whether a given volume 
of space is visible from current user view
• Depends on user's current direction and position
• Not dependent on proximity distance or range rate
• Intermediate occluding geometry has no effect


Fields include center, size, enabled, isActive, 
enterTime, exitTime


Helpful as trigger node in event-animation chain
• Can delay animations until user is able and ready to 


view them
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Example usage:  animation trigger


VisibilitySensor can control animation, only 
running when results are visible
• Similarly turn animation off when no longer visible
• Reduces computational cost, enabling larger scenes


Visibility
Sensor
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Example usage:  switch out geometry


VisibilitySensor can remove scene subgraphs, 
only showing them when results are visible
• Similarly removing them when no longer visible
• Reduces computational cost, enabling larger scenes







29


VisibilitySensor node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter12-EnvironmentSensorSound/VisibilitySensor-KelpForestMain.x3d
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VisibilitySensor tooltips







31


Sound node


Sound node specifies source, location, intensity, 
direction, and spatial characteristics of each 
sound source in the scene


Source audio for the sound to be played is 
provided by a child AudioClip node
• Or alternatively by child MovieTexture soundtrack


Multiple stationary and moving sounds can be 
rendered together with geometry, improving 
realism and liveness within animated scenes
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Sound fields:  location, direction, intensity, priority


location is center position of sound origin 
• Relative to local coordinate system


direction is unit-vector direction of sound axis
• Three-tuple vector, not a four-tuple SFRotation
• Relative to local coordinate system


intensity is factor [0..1] adjusts loudness of 
emitted sound
• Multiplied against original volume level of source 


priority [0..1] is a browser hint, if ever needed, 
to choose which of several sounds to play
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Sound fields: min/max Front/Back


minFront is minimum-attenuation (full volume) 
ellipsoid distance, along direction axis 


maxFront is maximum-attenuation (zero volume) 
ellipsoid distance, along direction axis
• Must ensure minFront <= maxFront


minBack is minimum-attenuation (full volume) 
ellipsoid distance, opposite direction axis  


maxBack is maximum-attenuation (zero volume) 
ellipsoid distance, opposite direction axis  
• Must ensure minBack <= maxBack







Sound ellipses for front, back boundaries
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Sound field:  spatialize


spatialize is a boolean determining whether to 
spatialize sound playback relative to viewer 
• Only acts between minimum, maximum ellipsoids
• Stereo effect


Pan-factor computations determine spatialization 
effect on each channel







Stereo left-right pan factors
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Computing ellipsoid dimensions


location is focus point of the sound ellipsoid


maxFront, maxBack define dimensions of outer 
ellipsoid along and opposite the direction axis


Note however that ellipsoid width is not defined 
by these parameters, because that value is 
dependent on the other definitions
• The next diagram, equations show how to calculate







Ellipse major, minor axes







Calculating the width of sound ellipsoid
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Sound node X3D-Edit  1



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter12-EnvironmentSensorSound/SoundAudioClip.x3d
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Sound node X3D-Edit  3
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Sound node hints


Since ellipses shrink quickly, raise up the Sound 
node's location to match Viewpoint eye level
• When navigating in WALK mode, a typical 


avatarSize height is 1.6m 
• Example:   <Sound location='0 1.6 0'/>


Large volumes are good if you want to ensure 
the user hears what is intended


X3D-Edit includes a visualization author assist to 
transparently renders minimum (full volume) 
and maximum (zero audio volume) ellipsoids
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Sound node visualization


<Sound location='-3 1.6 -3' direction='1 0 1' minBack='5' maxBack='6' minFront='1' maxFront='10'/>


√


X3D-Edit author-assist feature for Sound node 
automatically adds ellipsoid visualization to a scene
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Sound node X3D-Edit  2


Visualization prototype from 
Savage X3D model archives 


superimposes an X-Z grid 
for easy 3D measurement.
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Sound tooltips
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AudioClip node


AudioClip retrieves to an audio file for playing by 
the parent Sound node
• Sound can also use MovieTexture soundtrack as 


alternate to AudioClip


AudioClip also provides controls for playback
• startTime  or stopTime, pauseTime  or resumeTime, 


isActive, isPaused, elapsedTime, loop, duration
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AudioClip fields   1


description is short text summary of sound clip
loop is boolean whether to play once or repeat
pitch is multiplication factor for playback speed


• Default pitch='1', slowdown pitch is smaller than 1, 
speedup greater than 1, must be greater than zero


url  holds one or more equivalent addresses for 
audio file (or stream) to be retrieved


duration_changed event is sent whenever file is 
loaded, reporting time needed for full play 
• Not affected by pitch speedup/slowdown factor
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AudioClip fields   2


startTime 
stopTime 


pauseTime 
resumeTime 
elapsedTime 


isActive 
isPaused


   These fields are defined the 
same (and operate the same) 
as the corresponding fields 
defined for TimeSensor node 
in Chapter 7.


   Computing current sound time 
within a source clip:
t sound=now−startTime modulo duration÷ pitch 
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AudioClip fields 3: url


Sound source for retrieval defined by url  field
• Ordered list: one or more addresses
• May be local file, remote file, or streaming source
• Can be monitored by LoadSensor node, e.g.


Browser support for .wav format is required
• MIDI and MP3 support are recommended
• other audio formats are optional
• Can check documentation for browsers of interest
• So far, no streaming protocol required in X3D



http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/Part01/components/sound.html#AudioClip

ftp://ftp.cwi.nl/pub/audio/RIFF-format

http://www.midi.org/
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AudioClip node X3D-Edit
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AudioClip tooltips 1
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AudioClip tooltips 2
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Chapter Summary


back to Table of Contents
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Chapter Summary


Environment Sensors and Sound Nodes
● LoadSensor detects availability of other content
● ProximitySensor detects user location, orientation
● VisibilitySensor detects visibility of region to user
● Sound controls spatialization of audio outputs
● AudioClip controls retrieval and playback of audio 


files and streams


These sensors can improve animation timeliness 
Sound can improve apparent realism of scenes
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Suggested exercises


Modify one of your previous animated scenes 
(that include Inline or ImageTexture), add a 
LoadSensor to trigger further animation.


Show example use of ProximitySensor and 
VisibilitySensor nodes as animation triggers.


Add multiple sounds to a scene, locate each with 
an object, and show sound spatialization while 
navigating through the scene.


Model a musical instrument so that clicking on 
the instrument produces tones or music.



http://www.web3d.org/x3d/content/examples/Vrml2.0Sourcebook/Chapter27-SensingVisibilityProximityCollision

http://www.web3d.org/x3d/content/examples/Vrml2.0Sourcebook/Chapter24-Sound

http://www.web3d.org/x3d/content/examples/Basic/StudentProjects/KeyboardEightyEightKeys.x3d
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Resources and References


back to Table of Contents
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Resources  1


Audacity 
• Free, open source software for recording and 


editing sounds. Mac OS X, Windows, GNU/Linux.
• http://audacity.sourceforge.net  


MidiEditor
• http://midieditor.sourceforge.net 


Midi editor for Netbeans
• http://blogs.oracle.com/geertjan/entry/midi_editor_for_netbeans_ide 


Midi Manufacturers Association
• http://www.midi.org  (includes a midi tutorial)



http://audacity.sourceforge.net/

http://midieditor.sourceforge.net/

http://blogs.oracle.com/geertjan/entry/midi_editor_for_netbeans_ide

http://www.midi.org/

http://www.midi.org/aboutmidi/intromidi.pdf

http://audacity.sourceforge.net/

http://midieditor.sourceforge.net/

http://blogs.oracle.com/geertjan/entry/midi_editor_for_netbeans_ide

http://www.midi.org/

http://www.midi.org/aboutmidi/intromidi.pdf
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Resources  2


Wikipedia
• http://en.wikipedia.org/wiki/Musical_Instrument_Digital_Interface
• http://en.wikipedia.org/wiki/List_of_MIDI_editors_and_sequencers 


Freebyte midi file links
• http://www.freebyte.com/music/#midifiles 


Midipedia
• http://en.midipedia.net 



http://en.wikipedia.org/wiki/Musical_Instrument_Digital_Interface

http://en.wikipedia.org/wiki/List_of_MIDI_editors_and_sequencers

http://www.freebyte.com/music/#midifiles

http://en.midipedia.net/

http://en.wikipedia.org/wiki/Musical_Instrument_Digital_Interface

http://en.wikipedia.org/wiki/List_of_MIDI_editors_and_sequencers

http://www.freebyte.com/music/#midifiles

http://en.midipedia.net/
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(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
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X3D Graphics for Web Authors
Chapter 12


Environment Sensor and 
Sound Nodes


Hereafter, when they come to model heav'n


And calculate the stars, how they will wield


The mighty frame, how build, unbuild, contrive


To save appearances, how gird the sphere


with centric and eccentric scribbled o'er,


Cycle and epicycle, orb in orb.


John Milton, Paradise Lost, 1667
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Chapter Overview
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Overview: Environment Sensor 
and Sound Nodes


Common fields
● center, size, enabled, isActive, enterTime, exitTime


Nodes
● LoadSensor detects availability of other content
● ProximitySensor detects user location, orientation
● VisibilitySensor detects visibility of region to user
● Sound controls spatialization of audio outputs
● AudioClip controls retrieval and playback of audio 


files and streams
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Concepts


back to Table of Contents
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Common field:  enabled


enabled is an inputOutput boolean field that 
turns a sensor node on or off


● Thus allowing author to permit or disable flow of 
user-driven events which drive other responses


● Set enabled='false' to disrupt an event chain


Regardless of whether enabled='true' a sensor 
still needs a ROUTE connection from its 
output, or else no interaction response occurs


review
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Common field:  isActive


isActive is an outputOnly boolean field that 
reports when sensor has received user input


● isActive true value sent when proximity or visibility 
conditions are met


● isActive false value sent when proximity or visibility 
conditions are no longer met


Routing isActive values can enable, disable 
TimeSensor and other animation nodes


● Rapid sequencing on/off can be a difficulty, however
● BooleanFilter, BooleanToggle, BooleanTrigger help, 


described in Chapter 9 Event Utilities and Scripting
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Common fields:  center, size


center and size are SFVec3f fields indicating the 
location and extent of the box that 
corresponds to the sensed volume of the node


These values are relative to transformation 
hierarchy created by parent Transform nodes
• center can be scaled, translated, rotated
• size can be scaled, rotated


This is helpful for DEF/USE in multiple locations
• Warning:  no box overlap, or results unpredictable
• size='0 0 0' equivalent to enabled='false'  
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Common fields:  enterTime, exitTime


enterTime and exitTime are SFTime output 
values sent whenever the sensor proximity or 
visibility condition is met
• These timestamp values are helpful triggers for 


other animation chains


Corresponding isActive event sent
• true or false, corresponds to enterTime or exitTime
• accompanying timestamp values also matches


The term “accompanying timestamp value” refers to the fact that every event sent 
includes an embedded time of the the event.  These can be captured using a Script 
node, where the input-event function can have method parameters for both the event 
value and event timestamp.  See Chapter 9 sections on Script nodes for details.
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Example behavior event chain
• User clicks button to start a timer clock
• Clock outputs new event at start of each frame,
• ... which stimulates linear-interpolation function 


which produces another output value
• ... which updates some target value in scene graph
• Repeat event traversal after each frame redraw


review
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X3D Nodes and Examples


back to Table of Contents
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LoadSensor node


LoadSensor keeps track of progress & completion 
when downloading external file resources
• AudioClip, ImageTexture, Inline, MovieTexture, etc.
• Can't track Anchor (viewpoint shift or external link)
• These child nodes have containerField='watchList'


Fields include enabled, watchList nodes, timeOut, 
progress, isActive, isLoaded, loadTime
• enabled identical to usage in other sensor nodes


Helpful as trigger node in event-animation chain
• Can delay animations until all resources available


Full list of nodes with X3DUrlObject that can be tracked by LoadSensor:


•   AudioClip ImageTexture Inline MovieTexture (all versions of X3D) 


plus 


•  ImageCubeMapTexture ImageTexture3D PackagedShader ShaderPart and


  ShaderProgram (v3.1 and later)
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LoadSensor fields:  watchList, timeOut


watchList is an MFNode array that lists the nodes 
of interest to be monitored by LoadSensor


● Usually USE copies of DEF nodes appearing 
elsewhere in scene


● Each watched node must have url  field list
● All nodes listed in the watchList array must 
succeed for LoadSensor to succeed


timeOut defines maximum seconds to wait
● default 0 means indefinite, no time limit
● External network source might nevertheless 
time out if excessive time required


If you want individual control of when nodes load, use multiple LoadSensor nodes.


If you want group control of when several nodes load, use a single LoadSensor node.


watchList nodes can be original DEF declarations, but are not rendered.  Thus they 
likely will need a USE copy elsewhere in the scene to accomplish anything.


Each address in url list is retrieved sequentially until a successful retrieval occurs.


Note that nodes which are independently defined in the scene are independently 
downloaded.  Thus if two separate ImageTexture nodes refer to a given image, it will 
be downloaded twice.


It is thus important to DEF/USE copies of nodes that refer to big files, or else 
download time is twice as long (and memory usage on the user's machine is twice as 
great).  This behavior is required since resources might change over time.
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LoadSensor fields: progress, isLoaded, loadTime


progress is an SFFloat output with value [0..1]
• Only reaches value of 1 when complete
• Browsers decide how often to issue output values
• Browsers also decide on precise meaning: file 


percentage, download time, bytes downloaded, etc.


isActive reports true/false when actively loading
isLoaded sends a true event when complete OK, 


otherwise sends false when isActive goes false
loadTime also sent, having the same timestamp, 


when the isLoaded='true' event is sent


Refer to a given browser's release notes to learn how it handles progress 
measurement.
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LoadSensor hints


Good design practices: 
• Include LoadSensor as trigger in animation chain if 


target animation makes no sense without resources
• Plan on having a default behavior or warning, just 


in case the resources don't load


Use multiple LoadSensor nodes for multiple  
resources, if precise progress results needed
• Can't detect which address in url array succeeds
• Can combine with Script to sequence addresses
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LoadSensor warnings


All child nodes within LoadSensor must have 
containerField='watchList'
• Or else a run-time error results


LoadSensor not usable for ExternProtoDeclare, 
because ExternProtoDeclare not a node, per se
• How:  embed a Script inside the ProtoDeclare, then 


have ProtoInstance initialize() method send an 
output event once initialization is complete


• Can also embed LoadSensor inside ProtoDeclare, 
then expose relevant fields using IS/connect


LoadSensor functionality can also be included in prototype design by embedding a 
LoadSensor node, providing it with watchList children that includes the local 
X3DUrlObject nodes of interest, and then exposing the appropriate LoadSensor fields 
as ProtoDeclare fields using IS/connect links.  Prototypes are described further in 
Chapter 14, Creating Prototype Nodes.


TODO:  Script and prototype examples, plus X3D-Edit interface support
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LoadSensor node X3D-Edit


output to console


Note that the contained child nodes within LoadSensor (each of which has a URL) 
must have containerField='watchList' set, rather than the default value of 'children'.
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LoadSensor tooltips
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ProximitySensor node


ProximitySensor tracks user position, orientation 
within box defined by author as active volume
• Tracking box is not visibly rendered
• Tracking box is affected by parent transformations


Can track (and react to) user navigation in scene
• Able to send multiple events:  position_changed, 


orientation_changed, centerOfRotation_changed 


Fields also include center, size, enabled, isActive, 
enterTime, exitTime


Helpful as trigger node in event-animation chain
• Can delay animations until user is close to action







 


Chapter 12 - Environment Sensors and Sound 20


20


Output events


position_changed reports location relative to 
ProximitySensor center
• Best is to keep center at origin, with very large size


orientation_changed  events sent when user's 
view rotates within the monitored volume
• Also occurs if proximity box rotates independently


centerOfRotation_changed  monitors output of 
NavigationInfo if LOOKAT point changes
• Viewer must be in LOOKAT mode for this to occur
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Example usage:  animation trigger


ProximitySensor can start an animation, running 
only when results are close enough to be seen
• Similarly turn animation off when no longer nearby
• Reduces computational cost, enabling larger scenes
• Thus helps eliminate off-screen animation, where 


unseen event chains might spin needlessly


Proximity
Sensor


In this case the trigger node is a VisibilitySensor.


•  can ROUTE isActive to TimeSensor.enabled, or else


•  can ROUTE enterTime to TimeSensor.startTime and also ROUTE exitTime to 
TimeSensor.stopTime







 


Chapter 12 - Environment Sensors and Sound 22


22


Example ProximitySensor sensing volumes


a. single instance


b. multiple independent  
nonoverlapping instances


c. single DEF ProximitySensor 
with multiple transformed 
nonoverlapping USE 
instances


X3D for Web Authors, Figure 12.1, page 337.


Three example scenes:


(a)  ProximitySensorSingle.x3d


(b)  ProximitySensorMultiple.x3d


(c)  ProximitySensorNoOverlap.x3d


Available in chapter directory 


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter12-EnvironmentSensorSound 
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ProximitySensor node X3D-Edit


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter12-EnvironmentSensorSound/ProximitySensor.x3d


Figure 12.2, p. 338, ProximitySensor reporting position and orientation in a Heads-Up Display (HUD), stabilizing 
the HUD screen location. 
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ProximitySensor visualization


• Visualization option provided by X3D-Edit
• Displays transparent wireframe box outlining 


ProximitySensor size boundaries
• Also displays coordinate axes at center location
• <ProximitySensor DEF='HereIAm' size='100 100 100'/>


ProximitySensor visualization box inserted into example scene
http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter12-EnvironmentSensorSound/ProximitySensor.x3d
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ProximitySensor tooltips
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VisibilitySensor node


VisibilitySensor detects whether a given volume 
of space is visible from current user view
• Depends on user's current direction and position
• Not dependent on proximity distance or range rate
• Intermediate occluding geometry has no effect


Fields include center, size, enabled, isActive, 
enterTime, exitTime


Helpful as trigger node in event-animation chain
• Can delay animations until user is able and ready to 


view them


Intermediate occluding geometry means any blocking shapes that are between the 
user's camera and the VisibilitySensor node center.  Thus any geometry in the scene 
(whether moving or stable) has no effect on VisibilitySensor activation.







 


Chapter 12 - Environment Sensors and Sound 27


27


Example usage:  animation trigger


VisibilitySensor can control animation, only 
running when results are visible
• Similarly turn animation off when no longer visible
• Reduces computational cost, enabling larger scenes


Visibility
Sensor


In this case the trigger node is a VisibilitySensor.


•  can ROUTE isActive to TimeSensor.enabled, or else


•  can ROUTE enterTime to TimeSensor.startTime and also ROUTE exitTime to 
TimeSensor.stopTime
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Example usage:  switch out geometry


VisibilitySensor can remove scene subgraphs, 
only showing them when results are visible
• Similarly removing them when no longer visible
• Reduces computational cost, enabling larger scenes


Red arrows in the above diagram are ROUTE connections
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VisibilitySensor node X3D-Edit


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter12-EnvironmentSensorSound/VisibilitySensor-KelpForestMain.x3d 
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VisibilitySensor tooltips
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Sound node


Sound node specifies source, location, intensity, 
direction, and spatial characteristics of each 
sound source in the scene


Source audio for the sound to be played is 
provided by a child AudioClip node
• Or alternatively by child MovieTexture soundtrack


Multiple stationary and moving sounds can be 
rendered together with geometry, improving 
realism and liveness within animated scenes


The Sound and AudioClip nodes make an integral pair and work closely together.


AudioClip is a separate node in order to decouple file and stream loading from the 
spatial characteristics of sound in the scene.
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Sound fields:  location, direction, intensity, priority


location is center position of sound origin 
• Relative to local coordinate system


direction is unit-vector direction of sound axis
• Three-tuple vector, not a four-tuple SFRotation
• Relative to local coordinate system


intensity is factor [0..1] adjusts loudness of 
emitted sound
• Multiplied against original volume level of source 


priority [0..1] is a browser hint, if ever needed, 
to choose which of several sounds to play
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Sound fields: min/max Front/Back


minFront is minimum-attenuation (full volume) 
ellipsoid distance, along direction axis 


maxFront is maximum-attenuation (zero volume) 
ellipsoid distance, along direction axis
• Must ensure minFront <= maxFront


minBack is minimum-attenuation (full volume) 
ellipsoid distance, opposite direction axis  


maxBack is maximum-attenuation (zero volume) 
ellipsoid distance, opposite direction axis  
• Must ensure minBack <= maxBack


These field names can be confusing.  


Hints:  


• Minimum refers to inner ellipsoid (full audio volume)


• Maximum refers to outer ellipsoid (zero audio volume)


• Front means along the direction vector


• Back means opposite to the direction vector
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Sound ellipses for front, back boundaries


p. 343, Figure 12.4. Sound ellipsoids correspond to linear spatialization boundaries for attenuation of Sound node intensity.
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Sound field:  spatialize


spatialize is a boolean determining whether to 
spatialize sound playback relative to viewer 
• Only acts between minimum, maximum ellipsoids
• Stereo effect


Pan-factor computations determine spatialization 
effect on each channel
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Stereo left-right pan factors


p. 342, Figure 12.3. Stereo-panning algorithm for attenuation of sound intensity is 
based on the azimuth angle relative to the user’s current view direction.
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Computing ellipsoid dimensions


location is focus point of the sound ellipsoid


maxFront, maxBack define dimensions of outer 
ellipsoid along and opposite the direction axis


Note however that ellipsoid width is not defined 
by these parameters, because that value is 
dependent on the other definitions
• The next diagram, equations show how to calculate
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Ellipse major, minor axes


p. 344, Figure 12.5. Derivation and example values for an ellipse semi-minor axis, 
given focus location and front/back distances.  The upper plot shows intensity values 
corresponding to boundaries in the lower diagram.
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Calculating the width of sound ellipsoid


p. 345, Figure 12.6. Derivation of ellipsoid minHalfWidth and maxHalfWidth.
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Sound node X3D-Edit  1


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter12-EnvironmentSensorSound/SoundAudioClip.x3d 


This is an improved example for Figure 12.7 (shown below).
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Sound node X3D-Edit  3


Three views of this example.  Navigate within the scene to hear variations from 
minimum attenuation (full volume) within the red sphere, then reducing down to 
maximum attenuation (zero volume) once at our outside the yellow spheroid.


Note that the non-uniformly scaled sphere is an approximation for the sound ellipse.  
Also note that Sound nodes do not have a visible manifestation for their geometry.


This visualization example was constructed manually.  The following visualization 
example was constructed automatically using the author-assist feature for Sound that 
is provided by X3D-Edit.
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Sound node hints


Since ellipses shrink quickly, raise up the Sound 
node's location to match Viewpoint eye level
• When navigating in WALK mode, a typical 


avatarSize height is 1.6m 
• Example:   <Sound location='0 1.6 0'/>


Large volumes are good if you want to ensure 
the user hears what is intended


X3D-Edit includes a visualization author assist to 
transparently renders minimum (full volume) 
and maximum (zero audio volume) ellipsoids
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Sound node visualization


<Sound location='-3 1.6 -3' direction='1 0 1' minBack='5' maxBack='6' minFront='1' maxFront='10'/>


√


√


X3D-Edit author-assist feature for Sound node 
automatically adds ellipsoid visualization to a scene


Notice the following visualization properties for the Sound ellipsoid:


• Proper location and direction 


• The inner minimum (full volume) ellipsoid tends to the left of the local origin 
along the back direction, while 


• The outer maximum (zero audio volume) ellipsoid tends to the right of the 
local origin along the front direction







 


Chapter 12 - Environment Sensors and Sound 44


44


Sound node X3D-Edit  2


Visualization prototype from 
Savage X3D model archives 


superimposes an X-Z grid 
for easy 3D measurement.


Various coordinate axes grids are easily available via the X3D-Edit palettes for the 
Basic and Savage X3D Archive models.
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Sound tooltips
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AudioClip node


AudioClip retrieves to an audio file for playing by 
the parent Sound node
• Sound can also use MovieTexture soundtrack as 


alternate to AudioClip


AudioClip also provides controls for playback
• startTime  or stopTime, pauseTime  or resumeTime, 


isActive, isPaused, elapsedTime, loop, duration
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AudioClip fields   1


description is short text summary of sound clip
loop is boolean whether to play once or repeat
pitch is multiplication factor for playback speed


• Default pitch='1', slowdown pitch is smaller than 1, 
speedup greater than 1, must be greater than zero


url  holds one or more equivalent addresses for 
audio file (or stream) to be retrieved


duration_changed event is sent whenever file is 
loaded, reporting time needed for full play 
• Not affected by pitch speedup/slowdown factor


duration_changed='-1' means that audio data is not yet loaded or not available
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AudioClip fields   2


startTime 
stopTime 


pauseTime 
resumeTime 
elapsedTime 


isActive 
isPaused


   These fields are defined the 
same (and operate the same) 
as the corresponding fields 
defined for TimeSensor node 
in Chapter 7.


   Computing current sound time 
within a source clip:
t sound=now−startTimemodulo duration÷ pitch







 


Chapter 12 - Environment Sensors and Sound 49


49


AudioClip fields 3: url


Sound source for retrieval defined by url  field
• Ordered list: one or more addresses
• May be local file, remote file, or streaming source
• Can be monitored by LoadSensor node, e.g.


Browser support for .wav format is required
• MIDI and MP3 support are recommended
• other audio formats are optional
• Can check documentation for browsers of interest
• So far, no streaming protocol required in X3D


X3D Specification reference:


• X3D Abstract Specification, Sound component, section 16.4.1 AudioClip
http://www.web3d.org/x3d/specifications/ISO-IEC-FDIS-19775-1.2-X3D-AbstractSpecification/Part01/components/sound.html#AudioClip
 


WAV format reference:


• Waveform Audio File Format, Multimedia Programming Interface and Data 
Specification v1.0, Issued by IBM & Microsoft, 1991. 
ftp://ftp.cwi.nl/pub/audio/RIFF-format 


• TODO:  this does not seem authoritative, need to revise reference


MIDI Specification reference:


• Complete MIDI 1.0 Detailed Specification v96.1 (second edition), MIDI 
Manufacturers Association, P.O. Box 3173, La Habra, CA 90632-3173 USA, 2001.  
http://www.midi.org 


MP3 Specification reference:


• ISO/IEC 11172-1:1993, Information technology - Coding of moving pictures and 
associated audio for digital storage media at up to about 1,5 Mbit/seconds - Part 1: 
Systems.


•TODO:  need online reference
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AudioClip node X3D-Edit
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AudioClip tooltips 1
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AudioClip tooltips 2
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Chapter Summary


back to Table of Contents
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Chapter Summary


Environment Sensors and Sound Nodes
● LoadSensor detects availability of other content
● ProximitySensor detects user location, orientation
● VisibilitySensor detects visibility of region to user
● Sound controls spatialization of audio outputs
● AudioClip controls retrieval and playback of audio 


files and streams


These sensors can improve animation timeliness 
Sound can improve apparent realism of scenes
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Suggested exercises


Modify one of your previous animated scenes 
(that include Inline or ImageTexture), add a 
LoadSensor to trigger further animation.


Show example use of ProximitySensor and 
VisibilitySensor nodes as animation triggers.


Add multiple sounds to a scene, locate each with 
an object, and show sound spatialization while 
navigating through the scene.


Model a musical instrument so that clicking on 
the instrument produces tones or music.


Example ProximitySensor and Visibility scenes can be found in the VRML 2.0 Sourcebook:
http://www.web3d.org/x3d/content/examples/Vrml2.0Sourcebook/Chapter27-SensingVisibilityProximityCollision


   Figure 27.1 Visibility Sensor Dungeon Sliding Doors


   Figure 27.2 Proximity Sensor Dungeon Sliding Doors


Further example Sound and AudioClip scenes are also found in the VRML 2.0 Sourcebook:


http://www.web3d.org/x3d/content/examples/Vrml2.0Sourcebook/Chapter24-Sound 


  Figure 24.2 Ambient Sound Emitter Markers


  Figure 24.3 Touch Sensor Triggered Sound


  Figure 24.4 Four Key Keyboard


  Figure 24.5 Two Ambient Circling Sounds


  Figure 24.6 Directed Ambient Sound


  Figure 24.7 Virtual TV


Here is an interesting student example:


http://www.web3d.org/x3d/content/examples/Basic/StudentProjects/KeyboardEightyEightKeys.x3d
  Eight-eight key keyboard, extrapolated from VRML Sourcebook Figure 24-4, including
  animation of key movements coordinated with sounding of key when touched.
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Resources and References


back to Table of Contents
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Resources  1


Audacity 
• Free, open source software for recording and 


editing sounds. Mac OS X, Windows, GNU/Linux.
• http://audacity.sourceforge.net  


MidiEditor
• http://midieditor.sourceforge.net 


Midi editor for Netbeans
• http://blogs.oracle.com/geertjan/entry/midi_editor_for_netbeans_ide 


Midi Manufacturers Association
• http://www.midi.org  (includes a midi tutorial)
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Resources  2


Wikipedia
• http://en.wikipedia.org/wiki/Musical_Instrument_Digital_Interface
• http://en.wikipedia.org/wiki/List_of_MIDI_editors_and_sequencers 


Freebyte midi file links
• http://www.freebyte.com/music/#midifiles 


Midipedia
• http://en.midipedia.net 
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CGEMS, SIGGRAPH, Eurographics


The Computer Graphics Educational Materials 
Source(CGEMS) site is designed for educators
• to provide a source of refereed high-quality content
• as a service to the Computer Graphics community
• freely available, directly prepared for classroom use
• http://cgems.inesc.pt 


X3D for Web Authors recognized by CGEMS!  ☺
• Book materials:  X3D-Edit tool, examples, slidesets
• Received jury award for Best Submission 2008


CGEMS supported by SIGGRAPH, Eurographics


From the CGEMS home page:


• http://cgems.inesc.pt 


Welcome to CGEMS - Computer Graphics Educational Materials Source. The 
CGEMS site is designed for educators to provide a source of refereed high-
quality content as a service to the Computer Graphics community as a whole. 
Materials herein are freely available and directly prepared for your classroom.


List of all published modules:


• http://cgems.inesc.pt/authors/ListModules.aspx 


CGEMS Editorial Policy:


• http://cgems.inesc.pt/EditorialPolicy.htm 
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Creative Commons open-source license
http://creativecommons.org/licenses/by-nc-sa/3.0 


Attribution-Noncommercial-Share Alike 3.0 Unported


You are free:


    * to Share — to copy, distribute and transmit the work


    * to Remix — to adapt the work


Under the following conditions:


    * Attribution. You must attribute the work in the manner specified by the author or 
licensor (but not in any way that suggests that they endorse you or your use of the 
work).


      Attribute this work:  What does "Attribute this work" mean?


      The page you came from contained embedded licensing metadata, including how 
the creator wishes to be attributed for re-use. You can use the HTML here to cite the 
work. Doing so will also include metadata on your page so that others can find the 
original work as well.   


    * Noncommercial. You may not use this work for commercial purposes.


    * Share Alike. If you alter, transform, or build upon this work, you may distribute the 
resulting work only under the same or similar license to this one.


    * For any reuse or distribution, you must make clear to others the license terms of 
this work. The best way to do this is with a link to this web page.


    * Any of the above conditions can be waived if you get permission from the 
copyright holder.


    * Nothing in this license impairs or restricts the author's moral rights.
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Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.


License available at


    http://www.web3d.org/x3d/content/examples/license.txt 


    http://www.web3d.org/x3d/content/examples/license.html 


Good references on open source:


Andrew M. St. Laurent, Understanding Open Source and Free 
Software Licensing, O'Reilly Publishing, Sebastopol California, 
August 2004.  http://oreilly.com/catalog/9780596005818/index.html 


Herz, J. C., Mark Lucas, John Scott, Open Technology 
Development: Roadmap Plan,  Deputy Under Secretary of Defense 
for  Advanced Systems and Concepts, Washington DC, April 2006.  
http://handle.dtic.mil/100.2/ADA450769 
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X3D Graphics for Web Authors


Chapter 13


Geometry Nodes, Part 4: 
Triangles and Quadrilaterals


There is no “royal road” to geometry.
Euclid, to King Ptolemy I     



http://en.wikipedia.org/wiki/Euclid%27s_Elements
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Chapter Overview
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Overview:  Triangles and Quadrilaterals


Common fields
• solid, ccw, colorPerVertex, normalPerVertex


Normal vectors, Normal node
Ordered polygonal nodes


• TriangleSet, TriangleFanSet, TriangleStripSet, and 
QuadSet


Indexed polygonal nodes
• IndexedTriangleSet, IndexedTriangleFanSet, 


IndexedTriangleStripSet, and IndexedQuadSet


Pay close attention to detail with these nodes!


Review from
Chapters 2,6
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Concepts


back to Table of Contents
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Many different geometry nodes


An excellent aspect of X3D is that there are 
many different ways to create geometry


• Chapter  2, Geometry Primitives
• Chapter  6, Points, Lines and Polygons
• Chapter 10, Geometry2D Nodes
• Chapter 13, Triangles and Quadrilaterals


These are all handled consistently inside a Shape 
node with corresponding Appearance
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Motivation


Triangle and Quadrilateral nodes do not need to 
be tessellated (turned into triangles) by X3D 
viewers because they are already in that form


Polygons are defined in ways that can be directly 
passed to the underlying graphics hardware


Triangle nodes are perhaps the most low-level or 
fundamental nodes since they can identically 
represent any other polygonal node in X3D, 
if vertex definitions and connectivity ordering 
are properly expressed
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Triangles


Triangles are the primary low-level geometry 
construct used by graphics software, hardware
• More complex shapes are reduced to triangles by 


the rendering software
• A triangle is always planar, allowing the material 


appearance to fill it


Sometimes quadrilaterals are used, but problem 
is that values might be non-coplanar due to 
roundoff (or authoring) error
• Which means that filling in material is ill defined, 


and not properly or repeatably renderable


Review from
Chapter 6







Single-sided polygons


Graphics engines always prefer simplicity in order 
to achieve maximum run-time performance
• Top 3 considerations for graphics hardware:  


performance, performance, performance!


Single-sided polygons take about half the time to 
draw than double-sided polygons
• So if authors can arrange geometry so that only 


one side is ever visible to user, can go single-sided
• Technical term:  backface culling
• Efficiency is rationale for many X3D default values
• Example:  default setting is solid='true' 
• Debugging hint: set solid='false' to show both sides


Review from
Chapter 6
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Common field:  solid


In 3D graphics, all triangles have 2 sides
• Graphics term:  backface culling only draws front sides


The solid  field defines whether a geometry node 
has an inside or not, with a default value of true
• solid='true' means do not render (draw) the inside
• solid='false' means render both inside and outside


This approach reduces the number of polygons 
needing to be drawn, thus improving performance


Confusing if user gets lost inside invisible geometry
• Hint:  set solid='false' to draw both sides


Review from
Chapter 2







Common field:  solid


To see an example of 'solid' geometry, rotate the 
GeometryPrimitives.x3d scene by 180 degrees


• Once rotated, the first four shapes remain visible, but 
the Text node disappears


• This is because solid='true' by default, so the reverse 
side of text is not drawn by default


Review from
Chapter 2



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/GeometryPrimitiveNodes.x3d
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Normal vectors


The normal vector is perpendicular to the face, 
pointing away from the centroid of polygon


Direction of normal vector defined by order of 
points defining the polygon and right-hand rule
• Align curvature of fingers to match polygon vertex 


points in order:  indices 0, 1, 2 ...
• Thumb points in direction of (positive) normal, 


which is the front-facing side
• Negative normal thus points in direction of backface


Review from
Chapter 6







Right-hand rule for polygon normals


Review from
Chapter 6
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Common field:  ccw


ccw (counter clockwise) indicates whether 
default normal direction of polygons is 
counterclockwise (default) or clockwise
• ccw='true' is right-hand rule
• ccw='false' is opposite


Hint:  can correct some opposite-rendering 
geometry by reversing ccw value, rather 
than reordering all coordinates or indices
• Big time saver for some imports


Review from
Chapter 6







Common field:  colorPerVertex


colorPerVertex indicates whether contained 
color values are applied to each vertex 
point (default), or to each polygonal face


• colorPerVertex='true' requires that 
# colors must equal # points


• colorPerVertex='false' requires that 
# colors must equal # polygons


IndexedFaceSet colorPerVertex true, false IndexedLineSet colorPerVertex true, false


Review from
Chapter 6



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ColorPerVertexExamples.x3d
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ColorPerVertex example
Review from


Chapter 6



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ColorPerVertexExamples.x3d
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Common field:  normalPerVertex


normalPerVertex indicates whether 
contained normal values are applied to 
each vertex point (default), or to each 
polygonal face


• normalPerVertex='true' requires that 
# normals must equal # points


• normalPerVertex='false' requires that 
# normals must equal # polygons


Review from
Chapter 6
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Nonplanar quadrilaterals


Nonplanar quadrilaterals are 
ambiguously defined


● Can be triangulated in more 
than one way


● Can produce unpredictable 
results, rather than a 
consistent model for users


Nonplanar vertices in a single quadrilateral 
are thus undesirable and need to be avoided



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/NonplanarPolygons.x3d





Common characteristics for these nodes


Triangle and quad (quadrilateral) nodes
• Vertex values are defined in child Coordinate or 


CoordinateDouble node
• Colors are defined in child Color or ColorRGBA node
• May also have child Normal and TextureCoordinate 


(or TextureCoordinateGenerator) nodes


Common attributes
• ccw, solid, colorPerVertex, normalPerVertex
• Indexed nodes include index  integer array
• Animation possible using set_index  field
• Caution: some nodes use -1 sentinel index  value but 


many don't, so always check indexing rules closely







Distinct characteristics for each node


Color values follow the same indexing scheme as 
corresponding Coordinate point values
• TriangleSet, QuadSet:  ordered sequence of values
• TriangleFanSet:  fanCount
• TriangleStripSet:  stripCount
• IndexedTriangleSet, IndexedQuadSet, 


IndexedTriangleFanSet, IndexedTriangleStripSet:  
all use common index array


Identical indexing correspondences are used for 
applying contained Normal, TextureCoordinate 
and TextureCoordinateGenerator node values
• No colorIndex, normalIndex, or texCoordIndex fields
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X3D Nodes and Examples


back to Table of Contents
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Normal node


Normals are perpendicular vectors that are used 
in X3D lighting equations to shade geometry


Normals are typically computed automatically
• Since they can be unambiguously calculated from 


polygon coordinates
• Reduces file size and bandwidth requirements


Authors (or at least authoring tools) can 
precompute normal values and include them
• Possible reduction in load time
• Can enable application of special effects
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Effects of normal vectors


Recall that polygon lighting is computed by:
• projecting light rays from each light source, then
• reflecting them off intermediate polygons, until
• colored, modified light reaches user view


Incident and reflected light angles over the surface 
plane are also equal about the perpendicular
• Hence normal vector determines angle of reflection
• Direct straight-line reflections have greatest intensity
• Varying the direction of normal vectors can change 


the perceived brightness of each reflection, thus 
providing a special effect







Normal vectors and lighting computations


Varying normal vector varies reflection intensity 
since brightest reflection is from smallest angle







26


Unit normalization of normal vectors


Normalization is the process of changing the 
magnitude of a vector to have unit length
• Not same “normal” as perpendicular normal vector


Normal vector values should be unit normalized
• Allowing faster processing by graphics hardware
• Zero-magnitude vectors are degenerate, erroneous


Procedure:  
• divide each vector component by magnitude


Magnitude r= x2
 y2


z 2
 x '=x /r ; y '= y /r ; z '= z /r ;


Normalized vector N '=x ' , y ' , z ' 







27


Normal-node hints and warnings


Adding normal values can reduce load time 
through reduced computation, but
• Computation is already quite fast
• File loading may take longer due to larger file size
• Network delay may be longer due to larger file size


Precomputing and animating normals may aid 
animations if 
• Special rendering effects are desired
• Recomputation of normals becomes necessary 


due to changes in complex mesh geometry







Example modification of normals


Example scene Normal.x3d



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/Normal.x3d
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Normal node X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/Normal.x3d
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Normal tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#Normal
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TriangleSet node


Most basic node, representing a set of triangles
• Vertex values are defined in child Coordinate or 


CoordinateDouble node
• Colors are defined in child Color or ColorRGBA node
• See Common Characteristics


No counting or indexing, no -1 sentinel values
• Each a-b-c sequence of point triplets in Coordinate 


node defines vertices of an independent triangle
• Coincident vertex values must be repeated, and so 


efficiency is reduced for large Coordinate nodes
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TriangleSet node X3D-Edit


Note no indexing, no -1 sentinel values



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/TriangleSet.x3d
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Morphing TriangleSet node X3D-Edit


CoordinateInterpolator morphs Coordinate values



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/MorphingTriangleSet.x3d





MorphingTriangleSet example



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/MorphingTriangleSet.x3d





35


TriangleSet tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#TriangleSet





TriangleFanSet node


Efficient way to generate a group of triangles 
that share a single common vertex
• Fan as in “hand-held fan”
• Each triangle created from latest point, 


preceding point, and initial center point


Indexing via fanCount array, no -1 sentinel values
• Each individual fan has (fanCount[i]-2) triangles
• Each a,b,c,...,n set of Coordinate point 


values define independent triangular fan
• Efficient for small pieces of geometry
• Coincident vertex values must be repeated, and so 


efficiency is reduced for large Coordinate nodes



http://en.wikipedia.org/wiki/Image:Non_electric_fan_aka_solfjader.jpg

http://en.wikipedia.org/wiki/Triangle_fan
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TriangleFanSet node X3D-Edit


fanCount array values define length of each individual fan
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http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/TriangleFanSet.x3d
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TriangleFanSet tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#TriangleFanSet





TriangleStripSet node


Efficient way to generate geometry 
as a long strip of triangles
• Diagram of four triangles 1, 2, 3, 4, 


with vertices A, B, C, D, E, and F
• After first triangle, each subsequent triangle 


is defined by addition of a single point


Indexing via stripCount  array, no -1 sentinel values
• Each individual strip has (stripCount[i]-2) triangles
• Each a,b,c,...,n sequence of Coordinate point values 


defines an independent triangular strip
• Coincident vertex values must be repeated, and so 


efficiency may be reduced for large Coordinate nodes


TODO
animate



http://en.wikipedia.org/wiki/Triangle_strip
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TriangleStripSet node X3D-Edit


stripCount array values define length of each strip
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http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/TriangleStripSet.x3d





41


TriangleStripSet tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#TriangleStripSet
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QuadSet node


Defines a set of quadrilaterals (rectangles)
• Coordinate point value sequences need to be planar


No counting or indexing, no -1 sentinel values
• Each a-b-c-d set of point triplets in Coordinate node 


defines corners of an independent quad
• Coincident vertex values must be repeated, and so 


efficiency is reduced for large Coordinate nodes


Hint:  must set CADGeometry component level 1
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QuadSet node X3D-Edit


0 1


2 63 7


54


No indexing, no -1 sentinel values



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/QuadSet.x3d
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QuadSet tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#QuadSet
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IndexedTriangleSet node


Indexed version of TriangleSet node
• Triangles, triangles and nothing but more triangles!


Sequential triplets of index array values define 
triangles, so no -1 sentinel values are inserted
• Each sequential triplet from index array selects 


3 Coordinate point values as independent triangle
• Thus no sentinel needed to distinguish triangles
• Efficient:  each x-y-z point only needs to be defined 


once, since indexing can reuse it at any time
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IndexedTriangleSet node X3D-Edit


index defines sequential triangles, no -1 sentinel values



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/IndexedTriangleSet.x3d
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IndexedTriangleSet tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#IndexedTriangleSet
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IndexedTriangleFanSet node


Indexed version of TriangleFanSet node
• Just fans and more fans


index array values define each individual fan, 
separated by -1 sentinel values
• First value in each index subsequence is fan center
• Efficient:  each x-y-z point only needs to be defined 


once, since indexing can reuse it at any time



http://en.wikipedia.org/wiki/Image:Non_electric_fan_aka_solfjader.jpg

http://en.wikipedia.org/wiki/Triangle_fan
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IndexedTriangleFanSet node X3D-Edit


index selects fan coordinates, separated by -1 sentinel value


26


20
25


21


24
22


23


28
3127


32


3018


26


20
25


21


24
22


23


28
3127


32


3018



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/IndexedTriangleFanSet.x3d
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IndexedTriangleFanSet tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#IndexedTriangleFanSet
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IndexedTriangleStripSet node


Indexed version of TriangleStripSet node
• Just a series of strip sets


index array values define each individual strip, 
separated by -1 sentinel values
• First three points referenced by index subsequence 


define initial triangle for strip
• Each subsequent index value adds another point, 


which in turn defines another triangle
• Efficient:  each x-y-z point only needs to be defined 


once, since indexing can reuse it at any time



http://en.wikipedia.org/wiki/Triangle_strip
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IndexedTriangleStripSet node 
X3D-Edit


index selects strip coordinates, separated by -1 sentinel value
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http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/IndexedTriangleStripSet.x3d
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IndexedTriangleStripSet tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#IndexedTriangleStripSet
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IndexedQuadSet node


Defines a set of quadrilaterals (rectangles)
• Coordinate point value sequences need to be planar


Sequential 4-tuples of index array values define 
quads, so no -1 sentinel values are inserted
• Each a-b-c-d set of point quadruplets in Coordinate 


node defines corners of an independent quad
• Efficient:  each x-y-z point only needs to be defined 


once, since indexing can reuse it at any time


Hint:  must set CADGeometry component level 1
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IndexedQuadSet node X3D-Edit


0 1


2 63 7
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index defines sequential quadrilaterals, no -1 sentinel values



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/IndexedQuadSet.x3d
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IndexedQuadSet tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#IndexedQuadSet
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Additional Resources


back to Table of Contents







Xj3D CAD Filter Converter







Xj3D converterHelp.txt
 Running Xj3D Format Converter converter.bat


 CDFFilter - usage:  filter [filters] input output [-loglevel type]


    [-exportVersion n] [-compressionMethod n ] [-quantization n ] [-upgrade] [filter_args]


  -loglevel type [ALL|WARNINGS|ERRORS|FATAL|NONE]


                 The minimum level that logs should be written at


  -exportVersion n.n


                 The exported version of the X3D specification to generate


                 No error checking is performed for invalid version numbers


                 Assumes 3.1 if not supplied


 -compressionMethod [FASTEST|SMALLEST|LOSSY|STRINGS]


                 Define what sort of compression algorithms should be used


                 when X3D Binary format is used for the output. Ignored in


                 all other cases


 -quantization n


                 Positive floating point value that states how much quantization


                 of values is allowed. Default is 0.001


 -upgrade


                 When declared, any VRML style PROTO content that can be


                 upgraded to X3D native nodes, will be


Available filters:


   MinProfile


   CombineShapes


   Triangulation


   TriangleCountInfo


   GenNormals


   ShortenDEF


   IFSToTS


   ReIndex


   Debug


   DEFUSEImageTexture


   AbsScale


   Index


   Identity


   ModifyViewpoint


   Center


   FlattenTransform


   IFSToITS
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Chisel


Chisel VRML Optimisation Tool
• Features:  Validate, Format, Clean, 


Condense, Reduce, Reorganize, Mutate
• Autoinstaller      http://www2.hrp.no/vr/tools/chisel/install.htm 


• Documentation  http://www2.hrp.no/vr/tools/chisel/doc


Open source Java
• Supported by Halden Virtual Reality Centre, Norway
• Originally built by Trapezium, maintained by NIST


Usage:  export to VRML, modify, import back to X3D
Wish list:  .x3d handling, X3D-Edit integration



http://www2.hrp.no/vr/tools/chisel/install.htm

http://www2.hrp.no/vr/tools/chisel/doc

http://www2.hrp.no/vr/tools/chisel/install.htm

http://www2.hrp.no/vr/tools/chisel/doc

http://www.web3d.org/x3d/content/examples/X3dResources.html#Conversions
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Chisel screen snapshot
Chisel Features
fine-tune 


control of 
changes


statistics 
for size, 
polygons


geometric 
compression


gzip 
compression


Note VRML syntax
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OpenGL Programming API


OpenGL home has a vast set of specifications 
and programming resources for the underlying 
graphics rendering software
• X3D players typically use OpenGl or DirectX to drive 


 the underlying graphics hardware
• With effort, programming tools and algorithms can 


sometimes be adapted to work with X3D constructs
• http://www.opengl.org 


OpenGl Programming Guide
• http://www.glprogramming.com/red 



http://www.opengl.org/

http://www.glprogramming.com/red

http://www.opengl.org/

http://www.glprogramming.com/red

https://jogl.dev.java.net/
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Chapter Summary


back to Table of Contents
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Summary:  Triangles and Quadrilaterals


Common fields
• solid, ccw, colorPerVertex, normalPerVertex


Normal vectors, Normal node
Ordered polygonal nodes


• TriangleSet, TriangleFanSet, TriangleStripSet, and 
QuadSet


Indexed polygonal nodes
• IndexedTriangleSet, IndexedTriangleFanSet, 


IndexedTriangleStripSet, and IndexedQuadSet


Pay close attention to detail with these nodes!


Review from
Chapters 2,6







Suggested exercises


Build a Box or a Platonic Solid out of triangles
Write small program to compute polygon values


• Text output of program:  viewable .x3d scene file


Apply an image or movie to a billboarded Quad
• Example: Chapter 5, MovieTextureAuthoringOptions.x3d


Convert a simple IndexedFaceSet node into each 
of TriangleSet nodes to compare differences
• Using pencil + graph paper will help


Test Xj3D CAD Filter Converter using X3D-Edit
• IndexedFaceSet to TriangleSet or IndexedTriangleSet



http://en.wikipedia.org/wiki/Platonic_solids

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/MovieTextureAuthoringOptions.x3d

http://en.wikipedia.org/wiki/Platonic_solids

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/MovieTextureAuthoringOptions.x3d
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from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
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X3D Graphics for Web Authors


Chapter 13


Geometry Nodes, Part 4: 
Triangles and Quadrilaterals


There is no “royal road” to geometry.
Euclid, to King Ptolemy I     


Reference:  Euclid's Elements, http://en.wikipedia.org/wiki/Euclid%27s_Elements 


Attention to detail is essential for understanding these geometry nodes.
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Chapter Overview
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Overview:  Triangles and Quadrilaterals


Common fields
• solid, ccw, colorPerVertex, normalPerVertex


Normal vectors, Normal node
Ordered polygonal nodes


• TriangleSet, TriangleFanSet, TriangleStripSet, and 
QuadSet


Indexed polygonal nodes
• IndexedTriangleSet, IndexedTriangleFanSet, 


IndexedTriangleStripSet, and IndexedQuadSet


Pay close attention to detail with these nodes!


Review from
Chapters 2,6
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Concepts


back to Table of Contents


Many concepts are common to Chapter 6, Geometry part 2:  Points Lines & Polygons. 
Some points are also covered in Chapter 2 Geometry Primitives.
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Many different geometry nodes


An excellent aspect of X3D is that there are 
many different ways to create geometry


• Chapter  2, Geometry Primitives
• Chapter  6, Points, Lines and Polygons
• Chapter 10, Geometry2D Nodes
• Chapter 13, Triangles and Quadrilaterals


These are all handled consistently inside a Shape 
node with corresponding Appearance


X3D consistency is pretty powerful.  All the other ideas and implementation details for  
geometry nodes shown in prior chapters remain consistent for the triangle and 
quadrilateral nodes presented in this chapter.


Also of interest is the X3D Non-Uniform Rational B-Spline (NURBS) component.
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Motivation


Triangle and Quadrilateral nodes do not need to 
be tessellated (turned into triangles) by X3D 
viewers because they are already in that form


Polygons are defined in ways that can be directly 
passed to the underlying graphics hardware


Triangle nodes are perhaps the most low-level or 
fundamental nodes since they can identically 
represent any other polygonal node in X3D, 
if vertex definitions and connectivity ordering 
are properly expressed


Indeed the typical necessary task performed by X3D viewers for the other “simpler, 
higher-level” geometry nodes is to convert them into one of the triangular 
representations.  Once that tesselation is performed, the underlying graphics 
rendering API and hardware can efficiently render them.


Although the triangle and quadrilateral  nodes in this chapter are often called 
“low level,” the term indicates that they define data in a form that matches the graphics 
hardware underlying the graphics software.  However, for authors, properly and 
precisely defining correct polygon data for these nodes can be quite tedious and error 
prone.  Thus the “higher level” nodes defined in the other geometry chapters are 
actually easier to work for most modeling tasks.


An interesting feature for some X3D tools might be to reduce all higher level geometry 
nodes into triangle nodes.  Likely this will increase file size, but it ensures that the 
tessellation is performed exactly as the author expects.  Such a step is also a good 
way to obfuscate (hide) the parameters of a carefully constructed shape, protecting an 
author's intellectual property and thus making downstream modification more difficult.  
If geometry compression is also applied, make sure that quality has not degraded.


Of some historical interest is that the original design of these X3D nodes was checked 
closely by X3D browser builders, ensuring that they are a good match for both the 
OpenGL and DirectX rendering application programming interfaces (APIs).  In this 
way, if an author wants, highly efficient X3D geometry can be defined that directly 
maps to the underlying hardware without requiring browser tessellation.
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Triangles


Triangles are the primary low-level geometry 
construct used by graphics software, hardware
• More complex shapes are reduced to triangles by 


the rendering software
• A triangle is always planar, allowing the material 


appearance to fill it


Sometimes quadrilaterals are used, but problem 
is that values might be non-coplanar due to 
roundoff (or authoring) error
• Which means that filling in material is ill defined, 


and not properly or repeatably renderable


Review from
Chapter 6


Graphics hardware is highly optimized to favor triangles, performing something very 
simple, many times, extremely quickly.


Authors can guarantee that quadrilaterals remain planar by defining them within 
horizontal or vertical planes.  In other words, one of the x, y or z coordinates are equal 
for all four vertices (for example, all four coordinate values have z=0, only varying with 
respect to their x and y coordinates).  In that way, if there is any roundoff due finite 
floating-point precision, the truncated values for each point in the quadrilateral will be 
equal.
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Single-sided polygons


Graphics engines always prefer simplicity in order 
to achieve maximum run-time performance
• Top 3 considerations for graphics hardware:  


performance, performance, performance!


Single-sided polygons take about half the time to 
draw than double-sided polygons
• So if authors can arrange geometry so that only 


one side is ever visible to user, can go single-sided
• Technical term:  backface culling
• Efficiency is rationale for many X3D default values
• Example:  default setting is solid='true' 
• Debugging hint: set solid='false' to show both sides


Review from
Chapter 6


Important technique:  set solid='false' to show both sides of all polygons, helping to 
expose inside-out or missing triangles.  The performance handicap is typically slight, 
especially compared to the alternative:  the user is missing unseen model parts!
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Common field:  solid


In 3D graphics, all triangles have 2 sides
• Graphics term:  backface culling only draws front sides


The solid  field defines whether a geometry node 
has an inside or not, with a default value of true
• solid='true' means do not render (draw) the inside
• solid='false' means render both inside and outside


This approach reduces the number of polygons 
needing to be drawn, thus improving performance


Confusing if user gets lost inside invisible geometry
• Hint:  set solid='false' to draw both sides


Review from
Chapter 2
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Common field:  solid


To see an example of 'solid' geometry, rotate the 
GeometryPrimitives.x3d scene by 180 degrees


• Once rotated, the first four shapes remain visible, but 
the Text node disappears


• This is because solid='true' by default, so the reverse 
side of text is not drawn by default


Review from
Chapter 2


Here we are still using the example


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/GeometryPrimitiveNodes.x3d


The original scene (on the left) is rotated about 150 degrees to the right.  To do this, click on 
the left center of the screen and drag the mouse (pointer) to the right.


You need to have browser navigation in EXAMINE mode for this view rotation to work.  In 
Xj3D, which is used in X3D-Edit, the EXAMINE mode icon is the stylized eye (fifth button on 
the lower left as shown here).
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Normal vectors


The normal vector is perpendicular to the face, 
pointing away from the centroid of polygon


Direction of normal vector defined by order of 
points defining the polygon and right-hand rule
• Align curvature of fingers to match polygon vertex 


points in order:  indices 0, 1, 2 ...
• Thumb points in direction of (positive) normal, 


which is the front-facing side
• Negative normal thus points in direction of backface


Review from
Chapter 6


Normal vectors are only pertinent to polygons, not polyline segments or point sets. 
The Normal node is covered in Chapter 13, Triangles and Quadrilaterals (this 
chapter).


The NormalInterpolator node is covered in Chapter 7, Event Animation.
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Right-hand rule for polygon normals


Review from
Chapter 6


This rule also applies to quadrilaterals and polygons that have more vertices.


Vertices that are not coplanar are degenerate, and can lead to erroneous normal 
computation and unpredictable rendering results.


Normal vectors are only pertinent to polygons, not polyline segments or point sets. 
The Normal node is covered in Chapter 13, Triangles and Quadrilaterals.


Note that order of vertices must match the curl of the right hand.  If not, you are 
looking at the triangle backface and pointing in the opposite direction, rather than the 
(positive) normal direction.
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Common field:  ccw


ccw (counter clockwise) indicates whether 
default normal direction of polygons is 
counterclockwise (default) or clockwise
• ccw='true' is right-hand rule
• ccw='false' is opposite


Hint:  can correct some opposite-rendering 
geometry by reversing ccw value, rather 
than reordering all coordinates or indices
• Big time saver for some imports


Review from
Chapter 6


Look at a circular clock face, and apply the right-hand rule at the center with the 
thumb pointing out from the wall.  The curvature of the fingers is counterclockwise.


Note that the counterclockwise field ccw has type SFBool (boolean).
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Common field:  colorPerVertex


colorPerVertex indicates whether contained 
color values are applied to each vertex 
point (default), or to each polygonal face


• colorPerVertex='true' requires that 
# colors must equal # points


• colorPerVertex='false' requires that 
# colors must equal # polygons


IndexedFaceSet colorPerVertex true, false IndexedLineSet colorPerVertex true, false


Review from
Chapter 6


In this context, read # as 'number of'


colorPerVertex  type is SFBool (boolean).


Given either value for colorPerVertex: counting the number of colors, along with the 
number of points or polygons, then  making sure that those numbers are consistent, 
is an important correctness check.


X3D for Web Authors, Figure 6.1, p. 160


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ColorPerVertexExamples.x3d 
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ColorPerVertex example
Review from


Chapter 6


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter06-GeometryPointsLinesPolygons/ColorPerVertexExamples.x3d 


In addition to illustrating colorPerVertex effects, this example shows how Coordinate 
and Color nodes can be shared by both IndexedFaceSet and IndexedLineSet.


Also note how each set of coordIndex and colorIndex fields form a closed loop, both 
starting and ending with index 0 (prior to the end-of-polygon/end-of-polyline sentinel 
value -1).


ColorRGBA can be used instead of Color if alpha channel (alpha = 1  - transparency) 
is also needed for polygons or vertices.
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Common field:  normalPerVertex


normalPerVertex indicates whether 
contained normal values are applied to 
each vertex point (default), or to each 
polygonal face


• normalPerVertex='true' requires that 
# normals must equal # points


• normalPerVertex='false' requires that 
# normals must equal # polygons


Review from
Chapter 6


In this context, read # as 'number of'


Note that the normalPerVertex  type is SFBool (boolean).


Given either value for normalPerVertex: counting the number of normals, along with 
the number of points or polygons, then  making sure that those numbers are 
consistent, is an important correctness check.


Normal vectors are only pertinent to polygons, not polyline segments or point sets.
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Nonplanar quadrilaterals


Nonplanar quadrilaterals are 
ambiguously defined


● Can be triangulated in more 
than one way


● Can produce unpredictable 
results, rather than a 
consistent model for users


Nonplanar vertices in a single quadrilateral 
are thus undesirable and need to be avoided


X3D for Web Authors, Figure 13.1, p. 360. 
http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/NonplanarPolygons.x3d


Defining nonplanar vertices together in a single polygon is undesirable because the 
triangulation possibilities are inherently ambiguous and unresolvable. Depending on 
which tessellation split is performed across the diagonal of the quadrilateral polygon, 
two quite-different pairs of triangles can be produced from a single set of four 
nonplanar points. 
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Common characteristics for these nodes


Triangle and quad (quadrilateral) nodes
• Vertex values are defined in child Coordinate or 


CoordinateDouble node
• Colors are defined in child Color or ColorRGBA node
• May also have child Normal and TextureCoordinate 


(or TextureCoordinateGenerator) nodes


Common attributes
• ccw, solid, colorPerVertex, normalPerVertex
• Indexed nodes include index  integer array
• Animation possible using set_index  field
• Caution: some nodes use -1 sentinel index  value but 


many don't, so always check indexing rules closely
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Distinct characteristics for each node


Color values follow the same indexing scheme as 
corresponding Coordinate point values
• TriangleSet, QuadSet:  ordered sequence of values
• TriangleFanSet:  fanCount
• TriangleStripSet:  stripCount
• IndexedTriangleSet, IndexedQuadSet, 


IndexedTriangleFanSet, IndexedTriangleStripSet:  
all use common index array


Identical indexing correspondences are used for 
applying contained Normal, TextureCoordinate 
and TextureCoordinateGenerator node values
• No colorIndex, normalIndex, or texCoordIndex fields


Using values from the Color, Normal and TextureCoordinate nodes in the same order 
as the values from the Coordinate node helps hardware implementations operate 
quickly.  Ordering values in a scene can thus be considered a form on preprocessing.  
Such preparation is usually handled by the X3D viewer anyway.
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X3D Nodes and Examples


back to Table of Contents
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Normal node


Normals are perpendicular vectors that are used 
in X3D lighting equations to shade geometry


Normals are typically computed automatically
• Since they can be unambiguously calculated from 


polygon coordinates
• Reduces file size and bandwidth requirements


Authors (or at least authoring tools) can 
precompute normal values and include them
• Possible reduction in load time
• Can enable application of special effects


Such precomputation of normal values is unusual and typically reserved for special 
effects.  It is much easier to let the X3D player compute normal values.
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Effects of normal vectors


Recall that polygon lighting is computed by:
• projecting light rays from each light source, then
• reflecting them off intermediate polygons, until
• colored, modified light reaches user view


Incident and reflected light angles over the surface 
plane are also equal about the perpendicular
• Hence normal vector determines angle of reflection
• Direct straight-line reflections have greatest intensity
• Varying the direction of normal vectors can change 


the perceived brightness of each reflection, thus 
providing a special effect
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Normal vectors and lighting computations


Varying normal vector varies reflection intensity 
since brightest reflection is from smallest angle


X3D for Web Authors, Figure 13.2, p. 362.  Varying a normal vector toward (or away 
from) a light source increases (or reduces) the computed intensity of a viewed pixel.







 


Chapter 13 - Geometry Triangles Quadrilaterals 26


26


Unit normalization of normal vectors


Normalization is the process of changing the 
magnitude of a vector to have unit length
• Not same “normal” as perpendicular normal vector


Normal vector values should be unit normalized
• Allowing faster processing by graphics hardware
• Zero-magnitude vectors are degenerate, erroneous


Procedure:  
• divide each vector component by magnitude


Magnitude r= x2 y2z 2 x '=x /r ; y '= y /r ; z '= z /r ;


Normalized vector N '=x ' , y ' , z ' 


Two different terms are used together here:


• Normal vectors are perpendicular to a planar surface


• Unit normalization ensures that a vector has unit magnitude (length = 1)
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Normal-node hints and warnings


Adding normal values can reduce load time 
through reduced computation, but
• Computation is already quite fast
• File loading may take longer due to larger file size
• Network delay may be longer due to larger file size


Precomputing and animating normals may aid 
animations if 
• Special rendering effects are desired
• Recomputation of normals becomes necessary 


due to changes in complex mesh geometry
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Example modification of normals


Example scene Normal.x3d


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/Normal.x3d 


X3D for Web Authors, Figure 13.3, p. 363.  Modification of normals in the example 
scene demonstrates special effects that vary shading.


Note that there is no animation in this example, but it is a special effect nevertheless.
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Normal node X3D-Edit


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/Normal.x3d 
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Normal tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#Normal 
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TriangleSet node


Most basic node, representing a set of triangles
• Vertex values are defined in child Coordinate or 


CoordinateDouble node
• Colors are defined in child Color or ColorRGBA node
• See Common Characteristics


No counting or indexing, no -1 sentinel values
• Each a-b-c sequence of point triplets in Coordinate 


node defines vertices of an independent triangle
• Coincident vertex values must be repeated, and so 


efficiency is reduced for large Coordinate nodes
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TriangleSet node X3D-Edit


Note no indexing, no -1 sentinel values


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/TriangleSet.x3d 


X3D for Web Authors, Figure 13.4, p. 365. TriangleSet consisting of three triangles 
and nine separate vertices.
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Morphing TriangleSet node X3D-Edit


CoordinateInterpolator morphs Coordinate values


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/MorphingTriangleSet.x3d 


X3D for Web Authors, Figure 13.5, p. 365. Morphing a pyramid into a cube by 
animating a TriangleSet. This sequence of images shows (clockwise from top left) an 
initial pyramid, intermediate pyramid to cube, cube, and intermediate cube to pyramid.
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MorphingTriangleSet example


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/MorphingTriangleSet.x3d 


Alternate viewpoint screen snapshots (two box, two pyramid) for same example.


Also shown:  CoordinateInterpolator editor holding arrays of replacement coordinates.


X3D for Web Authors, Figure 13.5, p. 365. Morphing a pyramid into a cube by 
animating a TriangleSet. This sequence of images shows (clockwise from top left) an 
initial pyramid, intermediate pyramid to cube, cube, and intermediate cube to pyramid.
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TriangleSet tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#TriangleSet 
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TriangleFanSet node


Efficient way to generate a group of triangles 
that share a single common vertex
• Fan as in “hand-held fan”
• Each triangle created from latest point, 


preceding point, and initial center point


Indexing via fanCount array, no -1 sentinel values
• Each individual fan has (fanCount[i]-2) triangles
• Each a,b,c,...,n set of Coordinate point 


values define independent triangular fan
• Efficient for small pieces of geometry
• Coincident vertex values must be repeated, and so 


efficiency is reduced for large Coordinate nodes


This structure is reasonable efficient because, after the first three points are defined, 
only one point is needed for each additional triangle.  However, for large geometry, 
only so many triangles can be added to a single fan before another fan is needed.


Any convex polygon may be triangulated (tessellated) into a single fan by selecting 
any vertex as the fan center.  Challenge:  can you prove (or disprove) this statement?


The length of the fanCount array defines how many fans are generated.


The sum of the fanCount array elements must not exceed the number of Coordinate 
points contained.


Perhaps curiously, the value of colorPerVertex is always ignored and treated as false.


It is possible to create a fan that is self-intersecting.  (Not very pretty though.)


Hand-held fan image published with permission from 
http://en.wikipedia.org/wiki/Image:Non_electric_fan_aka_solfjader.jpg 


Triangle fan image published with permission from 
http://en.wikipedia.org/wiki/Triangle_fan 
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TriangleFanSet node X3D-Edit


fanCount array values define length of each individual fan
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http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/TriangleFanSet.x3d 


X3D for Web Authors, Figure 13.6, p. 367. TriangleFanSet example showing two fan 
sets. Each set is colored by vertex.


Note that vertex 2 of the second fan set is not labeled, since it is obscured by triangle 
0-7-8 in the first fan set.
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TriangleFanSet tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#TriangleFanSet 


TODO:  add fanCount warnings to tooltip
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TriangleStripSet node


Efficient way to generate geometry 
as a long strip of triangles
• Diagram of four triangles 1, 2, 3, 4, 


with vertices A, B, C, D, E, and F
• After first triangle, each subsequent triangle 


is defined by addition of a single point


Indexing via stripCount  array, no -1 sentinel values
• Each individual strip has (stripCount[i]-2) triangles
• Each a,b,c,...,n sequence of Coordinate point values 


defines an independent triangular strip
• Coincident vertex values must be repeated, and so 


efficiency may be reduced for large Coordinate nodes


TODO
animate


Large complex geometry may be split into several strip sets, which nevertheless 
repeat common vertices and thus increase file size.


The value of colorPerVertex is always ignored and treated as false.


It is possible to create a strip that is self-intersecting. 


Example strip set:  look at Cylinder sides in wireframe mode.


Triangle strip image published with permission from 
http://en.wikipedia.org/wiki/Triangle_strip 


outside inside
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TriangleStripSet node X3D-Edit


stripCount array values define length of each strip
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http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/TriangleStripSet.x3d 


X3D for Web Authors, Figure 13.7, p. 369. TriangleStripSet example using the same 
nine vertices used for TriangleSet example.
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TriangleStripSet tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#TriangleStripSet 
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QuadSet node


Defines a set of quadrilaterals (rectangles)
• Coordinate point value sequences need to be planar


No counting or indexing, no -1 sentinel values
• Each a-b-c-d set of point triplets in Coordinate node 


defines corners of an independent quad
• Coincident vertex values must be repeated, and so 


efficiency is reduced for large Coordinate nodes


Hint:  must set CADGeometry component level 1


The value of colorPerVertex is always ignored and treated as false.


QuadSet does not include the convex field.  Software renderers (or perhaps more 
accurately, the underlying graphics hardware cards) are expected to be able to handle 
concave quadrilaterals satisfactorily, since concavity of a 4-sided polygon is easier to 
compute than a concave n-sided polygon.


Any quadrilateral can be split into a pair of triangles.  Two different splits are possible, 
matching the two internal diagonals.  This is illustrated on the Nonplanar quadrilaterals 
slide.


The QuadSet node is somewhat similar to the Rectangle2D node, defined in Chapter 
10 Geometry2D.  The primary difference is that QuadSet can be out of the X-Y plane 
and is defined using 3D coordinates.
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QuadSet node X3D-Edit


0 1


2 63 7


54


No indexing, no -1 sentinel values


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/QuadSet.x3d 
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QuadSet tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#QuadSet 
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IndexedTriangleSet node


Indexed version of TriangleSet node
• Triangles, triangles and nothing but more triangles!


Sequential triplets of index array values define 
triangles, so no -1 sentinel values are inserted
• Each sequential triplet from index array selects 


3 Coordinate point values as independent triangle
• Thus no sentinel needed to distinguish triangles
• Efficient:  each x-y-z point only needs to be defined 


once, since indexing can reuse it at any time


The value of the colorPerVertex field is ignored and always treated as true.
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IndexedTriangleSet node X3D-Edit


index defines sequential triangles, no -1 sentinel values


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/IndexedTriangleSet.x3d 


X3D for Web Authors, Figure 13.8, p. 373. IndexedTriangleSet example using the 
same nine vertices previously defined.
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IndexedTriangleSet tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#IndexedTriangleSet 
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IndexedTriangleFanSet node


Indexed version of TriangleFanSet node
• Just fans and more fans


index array values define each individual fan, 
separated by -1 sentinel values
• First value in each index subsequence is fan center
• Efficient:  each x-y-z point only needs to be defined 


once, since indexing can reuse it at any time


The value of the colorPerVertex field is ignored and always treated as true.


Any convex polygon may be triangulated (i.e. tesselated) into a single fan by selecting 
one vertex as the fan center.


Example fan:  look at how one browser tessellates a Cylinder end cap, displayed 
below in wireframe mode.


Hand-held fan image published with permission from 
http://en.wikipedia.org/wiki/Image:Non_electric_fan_aka_solfjader.jpg 


Triangle fan image published with permission from 
http://en.wikipedia.org/wiki/Triangle_fan 
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IndexedTriangleFanSet node X3D-Edit


index selects fan coordinates, separated by -1 sentinel value
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http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/IndexedTriangleFanSet.x3d 


X3D for Web Authors, Figure 13.9, p. 375. IndexedTriangleFanSet example showing 
two fan sets, effectively producing the same fan sets as the TriangleFanSet example.


Note in the polygon images above that vertex 19 (cyan) is not labeled since it is quite 
close to vertex 27.
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IndexedTriangleFanSet tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#IndexedTriangleFanSet 
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IndexedTriangleStripSet node


Indexed version of TriangleStripSet node
• Just a series of strip sets


index array values define each individual strip, 
separated by -1 sentinel values
• First three points referenced by index subsequence 


define initial triangle for strip
• Each subsequent index value adds another point, 


which in turn defines another triangle
• Efficient:  each x-y-z point only needs to be defined 


once, since indexing can reuse it at any time


Large complex geometry may be split into several strip sets.  Since Coordinate nodes 
can be repeatedly referenced via DEF/USE, common vertices shared by multiple 
strips do not need to be repeated.  Instead, a single comprehensive Coordinate node 
can contain all of the necessary vertices for a complex piece of geometry, without 
duplications.  Each IndexedTriangleStripSet re-USE-ing the comprehensive 
Coordinate node then provides the corresponding indexing for each individual strip.


Similarly, consistent coloring and normal values can be provided by Color, Normal and 
TextureCoordinate nodes that match the comprehensive Coordinate node.  This 
approach can thus reduce file size by eliminating duplicate values.  Some filesize-
reduction tools (such as Chisel) provide such capabilities.


TODO:  does the new Xj3D CadFilter capability support such simplification?


The value of the colorPerVertex field is ignored and always treated as true.


Triangle strip image published with permission from 
http://en.wikipedia.org/wiki/Triangle_strip 
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IndexedTriangleStripSet node 
X3D-Edit


index selects strip coordinates, separated by -1 sentinel value
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http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/IndexedTriangleStripSet.x3d 


X3D for Web Authors, Figure 13.10, p. 377. IndexedTriangleStripSet example, 
producing two strips using the same nine vertices as in many of the other examples. 
These strips match the previous TriangleStripSet example.
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IndexedTriangleStripSet tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#IndexedTriangleStripSet 







 


Chapter 13 - Geometry Triangles Quadrilaterals 54


54


IndexedQuadSet node


Defines a set of quadrilaterals (rectangles)
• Coordinate point value sequences need to be planar


Sequential 4-tuples of index array values define 
quads, so no -1 sentinel values are inserted
• Each a-b-c-d set of point quadruplets in Coordinate 


node defines corners of an independent quad
• Efficient:  each x-y-z point only needs to be defined 


once, since indexing can reuse it at any time


Hint:  must set CADGeometry component level 1


The value of colorPerVertex is always ignored and treated as false.


IndexedQuadSet does not include the convex field.  Software renderers (or perhaps 
more accurately, the underlying graphics hardware cards) are expected to be able to 
handle concave quadrilaterals satisfactorily, since concavity of a 4-sided polygon is 
easier to compute than a concave n-sided polygon.


Any quadrilateral can be split into a pair of triangles.  Two different splits are possible, 
matching the two internal diagonals.  This is illustrated on the Nonplanar quadrilaterals 
slide.


The IndexedQuadSet is somewhat  similar to the Rectangle2D node, defined in 
Chapter 10 Geometry2D.  The primary difference is that IndexedQuadSet can be out 
of the X-Y plane and is defined using 3D coordinates.
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IndexedQuadSet node X3D-Edit


0 1


2 63 7
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index defines sequential quadrilaterals, no -1 sentinel values


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter13-GeometryTrianglesQuadrilaterals/IndexedQuadSet.x3d 
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IndexedQuadSet tooltips


http://www.web3d.org/x3d/content/X3dTooltips.html#IndexedQuadSet 
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Additional Resources


back to Table of Contents
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Xj3D CAD Filter Converter


Available in X3D-Edit:


• X3D > Tools > Conversion submenu


• This interface is selected within .x3d file editor pane via right-click context submenu
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Xj3D converterHelp.txt
 Running Xj3D Format Converter converter.bat


 CDFFilter - usage:  filter [filters] input output [-loglevel type]


    [-exportVersion n] [-compressionMethod n ] [-quantization n ] [-upgrade] [filter_args]


  -loglevel type [ALL|WARNINGS|ERRORS|FATAL|NONE]


                 The minimum level that logs should be written at


  -exportVersion n.n


                 The exported version of the X3D specification to generate


                 No error checking is performed for invalid version numbers


                 Assumes 3.1 if not supplied


 -compressionMethod [FASTEST|SMALLEST|LOSSY|STRINGS]


                 Define what sort of compression algorithms should be used


                 when X3D Binary format is used for the output. Ignored in


                 all other cases


 -quantization n


                 Positive floating point value that states how much quantization


                 of values is allowed. Default is 0.001


 -upgrade


                 When declared, any VRML style PROTO content that can be


                 upgraded to X3D native nodes, will be


Available filters:


   MinProfile


   CombineShapes


   Triangulation


   TriangleCountInfo


   GenNormals


   ShortenDEF


   IFSToTS


   ReIndex


   Debug


   DEFUSEImageTexture


   AbsScale


   Index


   Identity


   ModifyViewpoint


   Center


   FlattenTransform


   IFSToITS


CAD Filter Converter is also available via command line for locally installed Xj3D.


On Windows systems Xj3d is typically installed at C:\Program Files\Xj3D
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Chisel


Chisel VRML Optimisation Tool
• Features:  Validate, Format, Clean, 


Condense, Reduce, Reorganize, Mutate
• Autoinstaller      http://www2.hrp.no/vr/tools/chisel/install.htm 


• Documentation  http://www2.hrp.no/vr/tools/chisel/doc


Open source Java
• Supported by Halden Virtual Reality Centre, Norway
• Originally built by Trapezium, maintained by NIST


Usage:  export to VRML, modify, import back to X3D
Wish list:  .x3d handling, X3D-Edit integration


Other conversion tools (including polygon decimators, which combine nearly 
coincident/coplanar triangles) are listed on X3D Resources page under Conversions 
and Translation Tools.


http://www.web3d.org/x3d/content/examples/X3dResources.html#Conversions 
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Chisel screen snapshot
Chisel Features
fine-tune 


control of 
changes


statistics 
for size, 
polygons


geometric 
compression


gzip 
compression


Note VRML syntax
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OpenGL Programming API


OpenGL home has a vast set of specifications 
and programming resources for the underlying 
graphics rendering software
• X3D players typically use OpenGl or DirectX to drive 


 the underlying graphics hardware
• With effort, programming tools and algorithms can 


sometimes be adapted to work with X3D constructs
• http://www.opengl.org 


OpenGl Programming Guide
• http://www.glprogramming.com/red 


OpenGl programming is much different than X3D scene graph authoring.  Most of the  
resources on these sites are probably only appropriate for experienced programmers.


Java programmers might want to look at JOGL, the Java OpenGL applications 
programming interface (API).  https://jogl.dev.java.net 


Note that none of the OpenGL API codebases are directly suitable for use in the Script 
node as part of an X3D scene.  However the algorithms can often be rewritten for the 
X3D Scene Access Interface (SAI), described in Chapter 9 Scripting.
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Chapter Summary


back to Table of Contents
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Summary:  Triangles and Quadrilaterals


Common fields
• solid, ccw, colorPerVertex, normalPerVertex


Normal vectors, Normal node
Ordered polygonal nodes


• TriangleSet, TriangleFanSet, TriangleStripSet, and 
QuadSet


Indexed polygonal nodes
• IndexedTriangleSet, IndexedTriangleFanSet, 


IndexedTriangleStripSet, and IndexedQuadSet


Pay close attention to detail with these nodes!


Review from
Chapters 2,6
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Suggested exercises


Build a Box or a Platonic Solid out of triangles
Write small program to compute polygon values


• Text output of program:  viewable .x3d scene file


Apply an image or movie to a billboarded Quad
• Example: Chapter 5, MovieTextureAuthoringOptions.x3d


Convert a simple IndexedFaceSet node into each 
of TriangleSet nodes to compare differences
• Using pencil + graph paper will help


Test Xj3D CAD Filter Converter using X3D-Edit
• IndexedFaceSet to TriangleSet or IndexedTriangleSet
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References
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• http://www.web3d.org/x3d/specifications 
• Also available as help pages within X3D-Edit 







 


Chapter 13 - Geometry Triangles Quadrilaterals 69


69


References   3
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• Chapter 13 - Points Lines Faces covers common 
fields and related IndexedFaceSet examples


Note:  X3D triangle and quadrilateral nodes in 
this chapter were not yet defined in VRML97
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http://www.merriam-webster.com/dictionary/algorithm 


Term:                  al·go·rithm


Pronunciation:    \ˈal-gə-ˌri-thəm\ 


Function:            noun 


Etymology:         alteration of Middle English algorisme, from Old French & Medieval 
Latin; Old French, from Medieval Latin algorismus, from Arabic al-khuwārizmi, from al-
Khwārizmī fl a.d. 825 Islamic mathematician


Date:                   1926


Definition:           a procedure for solving a mathematical problem (as of finding the 
greatest common divisor) in a finite number of steps that frequently involves repetition 
of an operation; broadly : a step-by-step procedure for solving a problem or 
accomplishing some end especially by a computer


Important requirement:  a proper algorithm includes a termination condition.
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Virtual Polyhedra


• The Encyclopedia of Polyhedra by George W. Hart


• Interesting site, but models are VRML 1.0 which requires special conversion


• http://www.georgehart.com/virtual-polyhedra/vp.html 


Interactive polyhedra by Evgeny Demidov
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CGEMS, SIGGRAPH, Eurographics


The Computer Graphics Educational Materials 
Source(CGEMS) site is designed for educators
• to provide a source of refereed high-quality content
• as a service to the Computer Graphics community
• freely available, directly prepared for classroom use
• http://cgems.inesc.pt 


X3D for Web Authors recognized by CGEMS!  ☺
• Book materials:  X3D-Edit tool, examples, slidesets
• Received jury award for Best Submission 2008


CGEMS supported by SIGGRAPH, Eurographics


From the CGEMS home page:


• http://cgems.inesc.pt 


Welcome to CGEMS - Computer Graphics Educational Materials Source. The 
CGEMS site is designed for educators to provide a source of refereed high-
quality content as a service to the Computer Graphics community as a whole. 
Materials herein are freely available and directly prepared for your classroom.


List of all published modules:


• http://cgems.inesc.pt/authors/ListModules.aspx 


CGEMS Editorial Policy:


• http://cgems.inesc.pt/EditorialPolicy.htm 
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Creative Commons open-source license
http://creativecommons.org/licenses/by-nc-sa/3.0 


Attribution-Noncommercial-Share Alike 3.0 Unported


You are free:


    * to Share — to copy, distribute and transmit the work


    * to Remix — to adapt the work


Under the following conditions:


    * Attribution. You must attribute the work in the manner specified by the author or 
licensor (but not in any way that suggests that they endorse you or your use of the 
work).


      Attribute this work:  What does "Attribute this work" mean?


      The page you came from contained embedded licensing metadata, including how 
the creator wishes to be attributed for re-use. You can use the HTML here to cite the 
work. Doing so will also include metadata on your page so that others can find the 
original work as well.   


    * Noncommercial. You may not use this work for commercial purposes.


    * Share Alike. If you alter, transform, or build upon this work, you may distribute the 
resulting work only under the same or similar license to this one.


    * For any reuse or distribution, you must make clear to others the license terms of 
this work. The best way to do this is with a link to this web page.


    * Any of the above conditions can be waived if you get permission from the 
copyright holder.


    * Nothing in this license impairs or restricts the author's moral rights.
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Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.


License available at


    http://www.web3d.org/x3d/content/examples/license.txt 


    http://www.web3d.org/x3d/content/examples/license.html 


Good references on open source:


Andrew M. St. Laurent, Understanding Open Source and Free 
Software Licensing, O'Reilly Publishing, Sebastopol California, 
August 2004.  http://oreilly.com/catalog/9780596005818/index.html 


Herz, J. C., Mark Lucas, John Scott, Open Technology 
Development: Roadmap Plan,  Deputy Under Secretary of Defense 
for  Advanced Systems and Concepts, Washington DC, April 2006.  
http://handle.dtic.mil/100.2/ADA450769 
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X3D Graphics for Web Authors


Chapter 14


 Creating Prototype Nodes


There are more things in heaven and earth, Horatio,
than are dreamt of in your philosophy.


William Shakespeare, Hamlet Act I Scene V
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Chapter Overview







Overview:  Prototypes  


Concepts
• Motivation and Functional Summary


Functional Descriptions and Examples
• ProtoDeclare, ProtoInterface, ProtoBody and 


field declarations
• IS / connect linking of field interfaces to internals
• ExternProtoDeclare and field signatures
• ProtoInstance, containerField, fieldValue initializations
• Advanced examples: design and re-use
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Concepts


back to Table of Contents







Prototype motivation: extensibility


The X in X3D stands for Extensible:  we have 
engineered the X3D standard for future growth
• Supporting innovation by individual authors, rather 


than waiting for future versions of the specification


Other extensibility mechanisms available:
• Inline node allows one scene to pull in other 


scenes, but without modification or customization
• Script node allows creation of arbitrary functionality 


that receives (and responds to) routed events


Prototypes create new full-fledged X3D nodes
• With field definitions, render capability, etc.







Comparison with Inline node


Inline is easier to create and use
• Simply loads and inserts another X3D scene


Inline nodes are less flexible
• Cannot be customized when imported since there is 


no override mechanism for internal field values
• Events can be passed into, out of Inline scene at 


run time by using predefined IMPORT, EXPORT 
statements, for exposed internal nodes inside Inline


Prototypes are preferred if initialization values 
are needed, routing also works unambiguously







Prototype functional summary


A Prototype creates a new full-fledged X3D node
• With field definitions, render capability, etc.


X3D prototypes provide a way for X3D authors to 
create new node definitions
• ProtoInstance allows repeated reuse of a new node
• Fields can be exposed an parameterized, allowing 


customization (unlike Inline which is fixed content)


Prototypes can be used within the scene where 
they are defined, or used externally
• ExternProtoDeclare gives reference to declaration







Declaration versus instances


Prototype declarations can be thought of as 
defining a cookie-cutter for a new node
• ProtoDeclare constructs the definition
• Definition does not yet create an actual new node


Prototype instances are the actual copies of the 
new node which gets displayed
• Just as cookie cutter is used to create new cookies


ProtoDeclare 
is a


template


ProtoInstance 
copies actually


exist and render



http://www.coxandcox.co.uk/index.php?main_page=product_info&cPath=9&products_id=51

http://en.wikipedia.org/wiki/Cookie_cutter





Summary of xml element structure


ProtoDeclare
• ProtoInterface


• field


• ProtoBody
• Initial node
• Additional nodes
• IS/connect links


ExternProtoDeclare
• field


ProtoInstance
• fieldValue


Defines prototype
• Hold field definitions


• Defines each field interface


• Hold nodes, scene subgraph
• First node defines type, use
• Initial siblings not rendered
• Link interfaces to internal fields


Retrieve external declaration
• List of fields without values


Actual copy of prototype node
• Override default interface 


values







Potential power


Prototypes are a powerful technique for 
extending the capabilities of X3D


Few computing languages provide authors with 
the capability to extend the core vocabulary of 
the language itself


In one sense, an scene author defining a 
prototype for a new node in a scene can be 
thought to have similar power as the X3D 
specification team which defines new nodes for 
everyone to use in X3D







Strong typing of nodes


Each prototype declaration must contain at least 
one node in the prototype body
• First node is primary, defining type for prototype
• ProtoInstances can only appear where that primary 


node might be allowed to appear
• If primary node contains children, together they 


must define a valid scene subgraph


Subsequent sibling nodes can follow first node
• But are not rendered, nor do they affect node type


Thus prototype instances remain strongly typed
• Any errors are discoverable before run time







Syntax alert:  contrast .x3d .x3dv


Syntax for prototype definition and usage is 
significantly different when comparing the  
XML (.x3d) and ClassicVRML (.x3dv) encodings


Functional correspondence remains identical
• Declaration, field definitions, instance creation, etc.


Book compares both forms of syntax in detail







Functional Descriptions 
and Examples
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ProtoDeclare


A prototype declaration includes two constructs: 
prototype interface and prototype body


<ProtoDeclare name='MyNewBlueMaterial'>


    <ProtoInterface>
       <field name='concentration' accessType='inputOutput' type='SFInt32'
                Value='0.75' appinfo='how blue is my new Material, range 0..1'/>
    </ProtoInterface>


    <ProtoBody>
       <!-- First node in body determines node type of prototype-->
       <Material/>
       <!-- Subsequent nodes do not render, but must be valid X3D subgraph -->
       <Script DEF='CalculateNewBlueValueFromConcentration'/>
    </ProtoBody>


</ProtoDeclare>







Naming considerations    1


Good naming is important for prototypes, fields
• Helps authors understand their intent and then 


utilize them correctly
• Naming-convention guidelines found in 


X3D Scene Authoring Hints


Only one declaration is allowed for each 
individual prototype node
• Cannot have conflicting same-name definitions from 


ProtoDeclare and/or ExternProtoDeclare
• Name collisions (i.e. “overloading”) not allowed



http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#NamingConventions

http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#NamingConventions

http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#NamingConventions





Naming considerations    2


Good test of a prototype name (or field name) is 
to use it in a sentence, to see if it makes sense
• “a MaterialModulator node mimics a Material node 


and modulate fields as an animation effect”
• Awkward names are revealed by awkward sentences
• Descriptions are helpful when added as appinfo


Good names provide clarity when thinking about,  
modifying, and debugging a scene


Best name is when no one asks what it means!
• Alternatively, questions imply need to improve



http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#NamingConventions





Naming conventions, excerpted
CamelCaseNaming: capitalize each word, never use 


abbreviations, strive for clarity, be brief but complete
startWithLowerCaseLetter when defining field names (i.e. 


attributes) for Prototypes, Scripts
Ensure consistent capitalization throughout
Use the underscore character ("_") to indicate subscripts 


on mathematical variables. Otherwise avoid use of 
underscores since they look like whitespace when part 
of a URL address


Avoid use of hyphens ("-") since these are erroneously 
turned into subtraction operators when converted into 
class or variable names 



http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#NamingConventions

http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#NamingConventions

http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#NamingConventions





ProtoInterface and field declarations


<ProtoInterface> is section of <ProtoDeclare> that 
holds <field> definitions
• Which are the interface for the prototype
• Zero or more <field> definitions allowed
• <ProtoInterface> omitted if no <field> definitions


Same as <field> definitions for Script node
• Defines name, type, accessType, and initial value
• SFNode, MFNode initializations are contained elements
• initializeOnly, inputOutput fields must have initial value
• inputOnly, outputOnly fields have no initial value







X3D field types, default initialization values  1







X3D field types, default initialization values  2







ProtoBody


First node in  ProtoBody is required and critical, 
defining the node type
• This node is how a ProtoInstance will appear to 


scene graph


Additional nodes are allowed, but not rendered
• This is how prototypes provide extensibility while 


maintaining strong node typing
• X3D-Edit will provide warning about this, unless 


author inserts a comment beforehand


No object-oriented “inheritance” but... 
• first node in body can be a nested ProtoInstance



http://en.wikipedia.org/wiki/Caveat_emptor





Simple example:  UniversalMedia excerpt 1


The Universal Media Materials archive provides a 
number of example materials
• Available as prototypes, or cut + paste
• Built in, selectable within X3D-Edit Material editor
• No ProtoInterface/fields needed, just ProtoBody


<ProtoDeclare name='ArtDeco00'>
    <ProtoBody>
        <Material ambientIntensity='0.25' 


diffuseColor='0.282435 0.085159 0.134462' 
emissiveColor='0.0 0.0 0.0' shininess='0.127273'
specularColor='0.276305 0.11431 0.139857' transparency='0.0'/>


    </ProtoBody>
</ProtoDeclare>







Simple example:  UniversalMedia excerpt 2


Alternatively, ExternProto retrieval:


<Shape>
      <Appearance>
              <ProtoInstance containerField='material' name='ArtDeco00'/>
      </Appearance>
      <Sphere DEF='Ball' radius='0.5'/>
</Shape>


    <ExternProtoDeclare name='ArtDeco00'
url='"ArtDecoPrototypesExcerpt.x3d#ArtDeco00"


"http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-
Prototypes/ArtDecoPrototypesExcerpt.x3d#ArtDeco00" 
"http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials/
ArtDecoPrototypes.x3d#ArtDeco00"'/>


Invocation is identical in either case:


containerField tells parent node the
node type of the contained ProtoInstance.







ProtoDeclare, ProtoInstance X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ArtDecoPrototypesExcerpt.x3d





ProtoDeclare editor X3D-Edit


Selecting ProtoDeclare, ProtoInterface or 
ProtoBody launches the ProtoDeclare interface:







Four prototype tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#ProtoBody

http://www.web3d.org/x3d/content/X3dTooltips.html#ProtoDeclare

http://www.web3d.org/x3d/content/X3dTooltips.html#ProtoInstance

http://www.web3d.org/x3d/content/X3dTooltips.html#ProtoInterface





field tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#field





<IS> and <connect>


<IS><connect> definitions link field interfaces 
to internal nodes within the prototype body


These as direct links between outward-facing 
prototype interface fields and internal fields
• Any initialization or routed input value for the 


ProtoInterface field definition goes directly into 
matching internal IS/connect fields


• Any change to a connected internal field is routed 
out of the prototype, if accessType='outputOnly' or 
accessType='inputOutput'


Multiple connections are allowed for each node 
and for field, both for inputs and for outputs







<connect>


IS / connect constructs link field interfaces to 
internal nodes within the prototype declaration
• Each named field IS connected to a prototype field
• Only legal to use within ProtoBody declarations


Each <connect> definition provides connection 
between a given field within local parent node 
and a corresponding <field> definition in the 
ProtoInterface
• Each name must match field, interface exactly
• Identical (eponymous) names often best for clarity
• Must also match type and accessType exactly







<IS> and <connect> example


Prototype interface fields linked to internal fields
    <ProtoDeclare appinfo='mimic a Material node and modulate fields as an animation effect'
        name='MaterialModulator'>
      <ProtoInterface>
        <field accessType='inputOutput' name='enabled'             type='SFBool'   value='true'/>
        <field accessType='inputOutput' name='diffuseColor'       type='SFColor' value='0.8 0.8 0.8'/>
        <field accessType='inputOutput' name='emissiveColor'    type='SFColor' value='0 0 0'/>
        <field accessType='inputOutput' name='specularColor'    type='SFColor' value='0 0 0'/>
        <field accessType='inputOutput' name='transparency'      type='SFFloat' value='0.0'/>
        <field accessType='inputOutput' name='shininess'            type='SFFloat' value='0.2'/>
        <field accessType='inputOutput' name='ambientIntensity' type='SFFloat' value='0.2'/>
      </ProtoInterface>
      <ProtoBody>
        <Material DEF='MaterialNode'>
          <IS>
            <connect nodeField='diffuseColor'       protoField='diffuseColor'/>
            <connect nodeField='emissiveColor'   protoField='emissiveColor'/>
            <connect nodeField='specularColor'    protoField='specularColor'/>
            <connect nodeField='transparency'      protoField='transparency'/>
            <connect nodeField='shininess'            protoField='shininess'/>
            <connect nodeField='ambientIntensity' protoField='ambientIntensity'/>
          </IS>
        </Material>  <!-- etc. -->



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/MaterialModulator.x3d





IS / connect in X3D-Edit


<IS> editor is simple


<connect> editor prompts 
author to connect proper 
type and accessType 
between parent-node 
and prototype fields







IS / connect tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#IS

http://www.web3d.org/x3d/content/X3dTooltips.html#connect





Connecting an embedded Script  1


A common design goal: create a Prototype that is 
modified version of specific node


Example:
• Prototype name='NewMaterial'
• ProtoInterface holds definitions for all original fields 


plus possibly some additional fields
• ProtoBody initial node is essential:  e.g. Material, 


fully linked by IS/connect definitions for each field
• Next (nonrendered) node is modifying Script, also 


holding IS/connect field definitions plus connection 
to Material (via ROUTE or DEF/USE in a field)







Connecting an embedded Script  2


X3D-Edit can insert Script if fields are defined
• May eventually add support for full design pattern


      <ProtoBody>
        ...
        <Script DEF='MaterialModulatorScript'>
          <field accessType='inputOutput' name='enabled' type='SFBool'/>
          <field accessType='inputOutput' name='diffuseColor' type='SFColor'/>
          <field accessType='inputOutput' name='emissiveColor' type='SFColor'/>
          <field accessType='inputOutput' name='specularColor' type='SFColor'/>
          <field accessType='inputOutput' name='transparency' type='SFFloat'/>
          <field accessType='inputOutput' name='shininess' type='SFFloat'/>
          <field accessType='inputOutput' name='ambientIntensity' type='SFFloat'/>
          <IS>
            <connect nodeField='enabled' protoField='enabled'/>
            <connect nodeField='diffuseColor' protoField='diffuseColor'/>
            <connect nodeField='emissiveColor' protoField='emissiveColor'/>
            <connect nodeField='specularColor' protoField='specularColor'/>
            <connect nodeField='transparency' protoField='transparency'/>
            <connect nodeField='shininess' protoField='shininess'/>
            <connect nodeField='ambientIntensity' protoField='ambientIntensity'/>
          </IS>
        </Script>
      </ProtoBody>


 autogenerated X3D







ExternProtoDeclare


ExternProtoDeclare references an individual 
ProtoDeclare definition in an external scene
• Allows single “master” definition of a prototype, 


avoids versionitis from cut/paste redistributions
• Multiple prototype nodes require multiple 


ExternProtoDeclare statements


Includes <field> definitions matching interface 
signature of the original prototype
• Minus initial values, so that conflicts are avoided
• Allows X3D browser to “understand” new nodes 


and create proper scene graph when loading







ExternProtoDeclare X3D-Edit



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ArtDecoExamplesExcerpt.x3d





ExternProtoDeclare editor X3D-Edit


ExternProtoDeclare editor for multiple url values
• Note #ProtoName appended to each filename
• Can edit, locally load, or launch each address
• Can sort url list (relative, .x3d before online, .wrl)



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ArtDecoExamplesExcerpt.x3d





appinfo, documentation attributes


The appinfo and documentation attributes 
accompany ProtoDeclare, ExternProtoDeclare 
and field definitions
• appinfo holds a simple summary or tooltip
• documentation holds a url to further information


These match identical constructs in XML Schema
• Allowing tools to further support authoring, editing
• Allowing authors to properly document new nodes


These are important to use, and help long-term 
extensibility of your work and X3D itself







ProtoInstance


Finally you can make copies of your new node:  
create Prototype instances using ProtoInstance
• Must be preceded by either ProtoDeclare or 


ExternProtoDeclare with same name
• Otherwise a run-time error results for end user


Nevertheless simple to invoke and instantiate:  
<ProtoInstance name='ArtDeco00'/>


Can override default initialization values for fields 
• This is how a prototype is customized upon creation
• <fieldValue name='someField' value='someValue'/>
• Can also initialize child nodes, if any







ProtoInstance X3D-Edit 1 
ArtDecoExamplesExcerpt.x3d


ArtDecoExamplesExcerpt.x3d



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ArtDecoExamplesExcerpt.x3d





containerField considerations


containerField  is how the field name for a node 
is provided, relative to the node's parent
• Usually not needed since default matches most 


common case:  containerField ='children'
• ClassicVRML syntax is different, more verbose
• As ever, functionality is identical


    <!-- Rendered geometry follows prototype declaration -->
    <Shape>
      <Sphere/>
      <Appearance>
        <ProtoInstance containerField='material'
                               name='MaterialModulator'>
          <fieldValue name='enabled'       value='true'/>
          <fieldValue name='diffuseColor' value='0.5 0.1 0.1'/>
        </ProtoInstance>
      </Appearance>
    </Shape>


# Rendered geometry follows prototype declaration
Shape {
  geometry Sphere {
  }
  appearance Appearance {
    material  MaterialModulator {
      enabled  TRUE
      diffuseColor  0.5 0.1 0.1
    }
  }
}







fieldValue initializations   1


fieldValue name must match; initialization values 
must match the type specified in declaration
• Otherwise a run-time error results for end user
• Take special care to check correctness, avoid errors


To initialize simple types:  use value parameter


<ProtoInstance name='MaterialModulator' 
      containerField='material'>
      <fieldValue name='enabled'       value='true'/>
      <fieldValue name='diffuseColor' value='0.5 0.1 0.1'/>
</ProtoInstance>







fieldValue initializations   2


To initialize SFNode or MFNode types, use 
contained nodes within the fieldValue element:


As might be expected, fieldValue initializations 
are only allowed for fields with accessType of 
initializeOnly or inputOutput                


<ProtoInstance name='SomethingNew'>
    <fieldValue name='newSFNodeField'>
         <!-- initialization node goes here -->
    </fieldValue>
</ProtoInstance>







ProtoInstance X3D-Edit 2 
MaterialModulator.x3d


MaterialModulator.x3d    part 1



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/MaterialModulator.x3d





ProtoInstance, fieldValue X3D-Edit 
MaterialModulator.x3d


MaterialModulator.x3d    part 2



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/MaterialModulator.x3d





ProtoInstance tooltips



http://www.web3d.org/x3d/content/X3dTooltips.html#ProtoInstance

http://www.web3d.org/x3d/content/X3dTooltips.html#fieldValue





Advanced Examples


back to Table of Contents







Detailed example:  ViewFrustrum


ViewFrustum is a helpful visualization prototype
• Prototypes simplify creation of new X3D nodes


Shows near and far clipping planes                  
that truncate the viewable area
• Depends on Viewpoint and 


NavigationInfo parameters



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewFrustrumExample.x3d





ViewFrustrum prototype, example
Good practice:  make two 


separate files to simplify 
ExternProtoDeclare reuse



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewFrustrumPrototype.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewFrustrumExample.x3d





Prototype features of interest


Highlighted ProtoDeclare, ExternProtoDeclare, 
ProtoInstance and Script show:
• Using initialize() method to setup geometry nodes
• Usage of IS/connect for direct node inspection
• Usage of event-passing via ROUTE when changing 


Extrusion, which doesn't support direct modification
• Matching type and accessType, toString() function
• External script code, accessing node fields
• Duplicate url addresses, local and remote
• Browser.println statements, silencable by trace field
• Internal var declarations, Javascript Math library







ViewFrustrum ProtoDeclare  1
field definitions


Coordinate points 
for outline,
need initialization


Extrusion for frustum 
polygons, 
need initialization


Small Sphere shows 
Viewpoint position



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewFrustrumPrototype.x3d





ViewFrustrum ProtoDeclare  2


IS/connect links 
match field definitions


Output fields for 
ROUTE links


Match 
ProtoInterface 
field definitions


ROUTE 
links


User selects Text message 
to launch example scene



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewFrustrumPrototype.x3d





ViewFrustrum script X3D-Edit


Examine 
Viewpoint 


Examine 
NavigationInfo


Compute 
Extrusion
frustum


Compute 
Coordinate 
points for
outline



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewFrustrumScript.js





ExternProtoDeclare, ProtoInstance 
examples


field definitions, 
no initializations


fieldValue initializations 
override default values



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewFrustrumExample.x3d





Additional Prototype Examples


Numerous prototypes and examples are available 
in the Savage archive, especially
• https://savage.nps.edu/Savage/Tools/Animation 


Arbitrary Axis Cylinder Sensor, Color Sequencer, 
Double Click Touch Sensor, Flying Text, Hidden 
Viewpoint, Material Choice, Material Toggle, Push 
Button, Relative Proximity Sensor, Slider Float, 
Slider Integer, Time Delay Sensor, Viewpoint 
Sequencer, Waypoint Interpolator


• https://savage.nps.edu/Savage/Tools/Authoring 
Animated Viewpoint Recorder, Single Type 
Conversion, View Position Orientation



https://savage.nps.edu/Savage/Tools/Animation

https://savage.nps.edu/Savage/Tools/Authoring

https://savage.nps.edu/Savage/Tools/Animation

https://savage.nps.edu/Savage/Tools/Authoring

https://savage.nps.edu/svn/nps/Savage





Chapter Summary
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Chapter Summary


Concepts
• Motivation and Functional Summary


Functional Descriptions and Examples
• ProtoDeclare, ProtoInterface, ProtoBody and 


field declarations
• IS / connect linking of field interfaces to internals
• ExternProtoDeclare and field signatures
• ProtoInstance, containerField, fieldValue initializations
• Advanced examples: design and re-use



file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23field%20declarations

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23field%20signatures

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23field%20declarations

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23field%20signatures





Suggested exercises


Add a given external prototype declaration and 
instance to improve an already-existing scene


Write three prototypes of increasing complexity:
• No ProtoInterface, no field definitions
• One or more field definitions, no Script
• Multiple field definitions, multiple IS/connect, Script


Design a multiple fan-in fan-out prototype by 
emulating an existing X3D node while adding 
new functionality
• Example:  MaterialModulate
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X3D Graphics for Web Authors


Chapter 14


 Creating Prototype Nodes


There are more things in heaven and earth, Horatio,
than are dreamt of in your philosophy.


William Shakespeare, Hamlet Act I Scene V


     Here is the story of my high-school senior English project about building a 
concordance of Shakespeare's Hamlet.  Building a concordance was a relatively new 
concepts in 1974:  first creating a full index of words in a document, then counting the 
occurrence of each word, and afterwards using that information to analyze the writing 
style of the author.  At that time, this technique was being applied to try to determine 
whether the same author had written all of the plays attributed to Shakespeare.  


     In this case, my program was written in Fortran and run on an IBM 1130.  It took 
several weeks to type in the entire play onto punch cards (with help from a pretty 
classmate).  Typing mistakes usually meant retyping the entire card; this was before 
time sharing and personal accounts with disk space. Because the dataset was 
considered quite large, we were only able to test the concordance-creation program in 
small batches.  Columbia High School's data processing department provided an 
empty hard disk (which was about as big as a garbage-can lid) to store the sorting 
data, then let us use the computer over the weekend... We started the job late Friday 
afternoon, reading in several thousand cards (i.e. lines of prose, one line per 80-
character card) to disk and then starting the counting, sorting and cross-referencing 
routines.  Output went to the line printer.  


     The job ran all weekend...  At 7 am Monday morning I arrived early, excited and full 
of anticipation.  Sure enough the lab was hot and the computer console was running 
steadily, with all of the memory-bit lights flashing on and off.  There on the chain-drive 
line printer was page after page of concordance entries, word by word, listing word 
frequency and line references.  That was the good news.  However, checking the 
pages revealed that the program output had only produced words starting with letter 
“A” up to words somewhere in the middle of letter “C”...  Gee whiz, there sure was a 
lot of alphabet left!  We shut down the program and reopened the lab.  Later that day 
in Shakespeare class, the teacher clapped and laughed, as did we all.  This was an 
interesting lesson in the limits of brute-force programming, memory and computation.
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Chapter Overview
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Overview:  Prototypes  


Concepts
• Motivation and Functional Summary


Functional Descriptions and Examples
• ProtoDeclare, ProtoInterface, ProtoBody and 


field declarations
• IS / connect linking of field interfaces to internals
• ExternProtoDeclare and field signatures
• ProtoInstance, containerField, fieldValue initializations
• Advanced examples: design and re-use
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Concepts


back to Table of Contents
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Prototype motivation: extensibility


The X in X3D stands for Extensible:  we have 
engineered the X3D standard for future growth
• Supporting innovation by individual authors, rather 


than waiting for future versions of the specification


Other extensibility mechanisms available:
• Inline node allows one scene to pull in other 


scenes, but without modification or customization
• Script node allows creation of arbitrary functionality 


that receives (and responds to) routed events


Prototypes create new full-fledged X3D nodes
• With field definitions, render capability, etc.


Editorial note.  Regarding capitalization of the word “Extensible,”  the Web3D 
Consortium follows the example of the Extensible Markup Language (XML) rather 
than some less-grammatical capitalization like eXtensible.
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Comparison with Inline node


Inline is easier to create and use
• Simply loads and inserts another X3D scene


Inline nodes are less flexible
• Cannot be customized when imported since there is 


no override mechanism for internal field values
• Events can be passed into, out of Inline scene at 


run time by using predefined IMPORT, EXPORT 
statements, for exposed internal nodes inside Inline


Prototypes are preferred if initialization values 
are needed, routing also works unambiguously


Inline nodes are easier to use, prototypes are a little harder to create but more 
powerful.  Your mileage may vary (YMMV).


Often a good development technique is to test out an approach by simply creating, 
copying and pasting a scene subgraph a few times until the desired structure and field 
definitions are clear.  Then encapsulating the functionality in a single ProtoDeclare can 
be simpler.  Upon creating the prototype declaration, the example subgraphs are 
replaced by ProtoInstance nodes with appropriate fieldValue override values..
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Prototype functional summary


A Prototype creates a new full-fledged X3D node
• With field definitions, render capability, etc.


X3D prototypes provide a way for X3D authors to 
create new node definitions
• ProtoInstance allows repeated reuse of a new node
• Fields can be exposed an parameterized, allowing 


customization (unlike Inline which is fixed content)


Prototypes can be used within the scene where 
they are defined, or used externally
• ExternProtoDeclare gives reference to declaration
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Declaration versus instances


Prototype declarations can be thought of as 
defining a cookie-cutter for a new node
• ProtoDeclare constructs the definition
• Definition does not yet create an actual new node


Prototype instances are the actual copies of the 
new node which gets displayed
• Just as cookie cutter is used to create new cookies


ProtoDeclare 
is a


template


ProtoInstance 
copies actually


exist and render


Image: Jigsaw Cookie Cutter,  Cox and Cox


“Little ones will love helping out in the kitchen with this metal jigsaw piece cutter. 
Especially as they're allowed to play with their food! It provides endless fun for kids 
and is popular with adults, too. Imagine the effect of pieces running down the centre 
of a party table, or individual jigsaw piece biscuits being decorated with different 
children's names.”
http://www.coxandcox.co.uk/index.php?main_page=product_info&cPath=9&products_id=51 


From Wikipedia, the free encyclopedia:
“A cookie cutter is a tool to cut out cookie dough in a particular shape. They are 
often used for seasonal occasions when well-known decorative shapes are desired, 
or for large batches of cookies where simplicity and uniformity are required.”


In object-oriented parlance:


• ProtoDeclare corresponds to a class definition


• ProtoInstance corresponds to an object instance
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Summary of xml element structure


ProtoDeclare
• ProtoInterface


• field


• ProtoBody
• Initial node
• Additional nodes
• IS/connect links


ExternProtoDeclare
• field


ProtoInstance
• fieldValue


Defines prototype
• Hold field definitions


• Defines each field interface


• Hold nodes, scene subgraph
• First node defines type, use
• Initial siblings not rendered
• Link interfaces to internal fields


Retrieve external declaration
• List of fields without values


Actual copy of prototype node
• Override default interface 


values
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Potential power


Prototypes are a powerful technique for 
extending the capabilities of X3D


Few computing languages provide authors with 
the capability to extend the core vocabulary of 
the language itself


In one sense, an scene author defining a 
prototype for a new node in a scene can be 
thought to have similar power as the X3D 
specification team which defines new nodes for 
everyone to use in X3D
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Strong typing of nodes


Each prototype declaration must contain at least 
one node in the prototype body
• First node is primary, defining type for prototype
• ProtoInstances can only appear where that primary 


node might be allowed to appear
• If primary node contains children, together they 


must define a valid scene subgraph


Subsequent sibling nodes can follow first node
• But are not rendered, nor do they affect node type


Thus prototype instances remain strongly typed
• Any errors are discoverable before run time


This strong typing is important because it ensures that any addition of prototypes into 
a valid X3D scene remains a valid X3D scene.


This also prevents contradictory errors, such as a Prototype representing a modified 
Material node appearing someplace other than within a Shape node.
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Syntax alert:  contrast .x3d .x3dv


Syntax for prototype definition and usage is 
significantly different when comparing the  
XML (.x3d) and ClassicVRML (.x3dv) encodings


Functional correspondence remains identical
• Declaration, field definitions, instance creation, etc.


Book compares both forms of syntax in detail


Because the X3D syntax is more explicit and detailed, it is usually easier to follow.


ClassicVRML and VRML97 syntax are identical for prototypes.
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Functional Descriptions 
and Examples


back to Table of Contents
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ProtoDeclare


A prototype declaration includes two constructs: 
prototype interface and prototype body


<ProtoDeclare name='MyNewBlueMaterial'>


    <ProtoInterface>
       <field name='concentration' accessType='inputOutput' type='SFInt32'
                Value='0.75' appinfo='how blue is my new Material, range 0..1'/>
    </ProtoInterface>


    <ProtoBody>
       <!-- First node in body determines node type of prototype-->
       <Material/>
       <!-- Subsequent nodes do not render, but must be valid X3D subgraph -->
       <Script DEF='CalculateNewBlueValueFromConcentration'/>
    </ProtoBody>


</ProtoDeclare>


Corresponding ClassicVRML construct:  PROTO, followed by name,  as shown in 
Table 14.2, pp. 386-387.
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Naming considerations    1


Good naming is important for prototypes, fields
• Helps authors understand their intent and then 


utilize them correctly
• Naming-convention guidelines found in 


X3D Scene Authoring Hints


Only one declaration is allowed for each 
individual prototype node
• Cannot have conflicting same-name definitions from 


ProtoDeclare and/or ExternProtoDeclare
• Name collisions (i.e. “overloading”) not allowed


Scene Authoring Hints are provided in X3D-Edit Help system and are online at 
http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#NamingConventions 
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Naming considerations    2


Good test of a prototype name (or field name) is 
to use it in a sentence, to see if it makes sense
• “a MaterialModulator node mimics a Material node 


and modulate fields as an animation effect”
• Awkward names are revealed by awkward sentences
• Descriptions are helpful when added as appinfo


Good names provide clarity when thinking about,  
modifying, and debugging a scene


Best name is when no one asks what it means!
• Alternatively, questions imply need to improve


Scene Authoring Hints are provided in X3D-Edit Help system and are online at 
http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#NamingConventions 


appinfo is a descriptive attribute that authors can define for field and prototype declarations.  It is 
defined similarly to XML Schema appinfo.


Acknowledgement:  Jeff Weekleycame up with our (ironic) metric about how to tell if a name works.  
Thanks Jeff!
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Naming conventions, excerpted
CamelCaseNaming: capitalize each word, never use 


abbreviations, strive for clarity, be brief but complete
startWithLowerCaseLetter when defining field names (i.e. 


attributes) for Prototypes, Scripts
Ensure consistent capitalization throughout
Use the underscore character ("_") to indicate subscripts 


on mathematical variables. Otherwise avoid use of 
underscores since they look like whitespace when part 
of a URL address


Avoid use of hyphens ("-") since these are erroneously 
turned into subtraction operators when converted into 
class or variable names 


Scene Authoring Hints are provided in X3D-Edit Help system and are online at 
http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#NamingConventions 
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ProtoInterface and field declarations


<ProtoInterface> is section of <ProtoDeclare> that 
holds <field> definitions
• Which are the interface for the prototype
• Zero or more <field> definitions allowed
• <ProtoInterface> omitted if no <field> definitions


Same as <field> definitions for Script node
• Defines name, type, accessType, and initial value
• SFNode, MFNode initializations are contained elements
• initializeOnly, inputOutput fields must have initial value
• inputOnly, outputOnly fields have no initial value


Corresponding ClassicVRML construct:  [ square brackets around field definitions ]   
as shown in Table 14.2, pp. 386-387.
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X3D field types, default initialization values  1


Table 14.3, page 388, X3D Field Types and Default Values
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X3D field types, default initialization values  2


Table 14.3, page 388, X3D Field Types and Default Values
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ProtoBody


First node in  ProtoBody is required and critical, 
defining the node type
• This node is how a ProtoInstance will appear to 


scene graph


Additional nodes are allowed, but not rendered
• This is how prototypes provide extensibility while 


maintaining strong node typing
• X3D-Edit will provide warning about this, unless 


author inserts a comment beforehand


No object-oriented “inheritance” but... 
• first node in body can be a nested ProtoInstance


Corresponding ClassicVRML construct: { squiggly brackets around node declarations } 
as shown in Table 14.2, pp. 386-387.


Nested prototypes are interesting but a little bit risky... they are well defined and 
unambiguous according to the specification, but in practice, X3D players have had 
trouble implementing them correctly and consistently.  So caveat emptor, “your 
mileage may vary” if you use this construct.
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Simple example:  UniversalMedia excerpt 1


The Universal Media Materials archive provides a 
number of example materials
• Available as prototypes, or cut + paste
• Built in, selectable within X3D-Edit Material editor
• No ProtoInterface/fields needed, just ProtoBody


<ProtoDeclare name='ArtDeco00'>
    <ProtoBody>
        <Material ambientIntensity='0.25' 


diffuseColor='0.282435 0.085159 0.134462' 
emissiveColor='0.0 0.0 0.0' shininess='0.127273'
specularColor='0.276305 0.11431 0.139857' transparency='0.0'/>


    </ProtoBody>
</ProtoDeclare>
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Simple example:  UniversalMedia excerpt 2


Alternatively, ExternProto retrieval:


<Shape>
      <Appearance>
              <ProtoInstance containerField='material' name='ArtDeco00'/>
      </Appearance>
      <Sphere DEF='Ball' radius='0.5'/>
</Shape>


    <ExternProtoDeclare name='ArtDeco00'
url='"ArtDecoPrototypesExcerpt.x3d#ArtDeco00"


"http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-
Prototypes/ArtDecoPrototypesExcerpt.x3d#ArtDeco00" 
"http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials/
ArtDecoPrototypes.x3d#ArtDeco00"'/>


Invocation is identical in either case:


containerField tells parent node the
node type of the contained ProtoInstance.


Note that containerField='material' is essential here to let the Shape know the node 
type of ArtDeco00.  Otherwise the default containerField='children' is used by the 
browser, which is illegal inside a Shape node and would fail at run time.
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ProtoDeclare, ProtoInstance X3D-Edit


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ArtDecoPrototypesExcerpt.x3d 







 


Chapter 14 - Creating Prototype Nodes 26


ProtoDeclare editor X3D-Edit


Selecting ProtoDeclare, ProtoInterface or 
ProtoBody launches the ProtoDeclare interface:


This example is very simple:  there is no ProtoInterface and no field definitions.


ProtoInterface and ProtoBody are container elements only, with no attributes or 
independent functionality.  Therefore there are no editor panes for these elements.


The ProtoInterface panel is minimalist, simply describing rules for use.
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Four prototype tooltips


X3D Tooltips for ProtoBody, ProtoDeclare, ProtoInstance, ProtoInterface


http://www.web3d.org/x3d/content/X3dTooltips.html#ProtoBody


http://www.web3d.org/x3d/content/X3dTooltips.html#ProtoDeclare


http://www.web3d.org/x3d/content/X3dTooltips.html#ProtoInstance


http://www.web3d.org/x3d/content/X3dTooltips.html#ProtoInterface
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field tooltips


X3D tooltips for field


http://www.web3d.org/x3d/content/X3dTooltips.html#field
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<IS> and <connect>


<IS><connect> definitions link field interfaces 
to internal nodes within the prototype body


These as direct links between outward-facing 
prototype interface fields and internal fields
• Any initialization or routed input value for the 


ProtoInterface field definition goes directly into 
matching internal IS/connect fields


• Any change to a connected internal field is routed 
out of the prototype, if accessType='outputOnly' or 
accessType='inputOutput'


Multiple connections are allowed for each node 
and for field, both for inputs and for outputs


Corresponding ClassicVRML construct:  after field definition in prototype body, the 
keyword IS is appended, followed by name of corresponding field in proto interface,  
as shown in Table 14.4, pp. 389-391.
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<connect>


IS / connect constructs link field interfaces to 
internal nodes within the prototype declaration
• Each named field IS connected to a prototype field
• Only legal to use within ProtoBody declarations


Each <connect> definition provides connection 
between a given field within local parent node 
and a corresponding <field> definition in the 
ProtoInterface
• Each name must match field, interface exactly
• Identical (eponymous) names often best for clarity
• Must also match type and accessType exactly


Corresponding ClassicVRML construct:  after field definition in prototype body, the 
keyword IS is appended, followed by name of corresponding field in proto interface
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<IS> and <connect> example


Prototype interface fields linked to internal fields
    <ProtoDeclare appinfo='mimic a Material node and modulate fields as an animation effect'
        name='MaterialModulator'>
      <ProtoInterface>
        <field accessType='inputOutput' name='enabled'             type='SFBool'   value='true'/>
        <field accessType='inputOutput' name='diffuseColor'       type='SFColor' value='0.8 0.8 0.8'/>
        <field accessType='inputOutput' name='emissiveColor'    type='SFColor' value='0 0 0'/>
        <field accessType='inputOutput' name='specularColor'    type='SFColor' value='0 0 0'/>
        <field accessType='inputOutput' name='transparency'      type='SFFloat' value='0.0'/>
        <field accessType='inputOutput' name='shininess'            type='SFFloat' value='0.2'/>
        <field accessType='inputOutput' name='ambientIntensity' type='SFFloat' value='0.2'/>
      </ProtoInterface>
      <ProtoBody>
        <Material DEF='MaterialNode'>
          <IS>
            <connect nodeField='diffuseColor'       protoField='diffuseColor'/>
            <connect nodeField='emissiveColor'   protoField='emissiveColor'/>
            <connect nodeField='specularColor'    protoField='specularColor'/>
            <connect nodeField='transparency'      protoField='transparency'/>
            <connect nodeField='shininess'            protoField='shininess'/>
            <connect nodeField='ambientIntensity' protoField='ambientIntensity'/>
          </IS>
        </Material>  <!-- etc. -->


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/MaterialModulator.x3d


Note that you can <connect> multiple fields in a node to multiple protoFields, all at one time.  Now we 
see why the <IS> element is used:  to keep multiple <connect> definitions together.


Question:  hey, where is the enabled field hook up?   Hmm, can't be hooked up to the Material since that 
node doesn't an enabled field of it's own.  Must be connected somewhere else...
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IS / connect in X3D-Edit


<IS> editor is simple


<connect> editor prompts 
author to connect proper 
type and accessType 
between parent-node 
and prototype fields
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IS / connect tooltips


X3D Tooltips for IS, connect


http://www.web3d.org/x3d/content/X3dTooltips.html#IS 


http://www.web3d.org/x3d/content/X3dTooltips.html#connect
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Connecting an embedded Script  1


A common design goal: create a Prototype that is 
modified version of specific node


Example:
• Prototype name='NewMaterial'
• ProtoInterface holds definitions for all original fields 


plus possibly some additional fields
• ProtoBody initial node is essential:  e.g. Material, 


fully linked by IS/connect definitions for each field
• Next (nonrendered) node is modifying Script, also 


holding IS/connect field definitions plus connection 
to Material (via ROUTE or DEF/USE in a field)


X3D-Edit feature:  the ProtoDeclare editor offers an option to create a fully connected 
internal Script node by appropriately copying the prototype interface fields and then 
producing a Script containing corresponding  field declarations and IS/connect 
definitions.  When no appinfo is already provided, default values can be inserted.
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Connecting an embedded Script  2


X3D-Edit can insert Script if fields are defined
• May eventually add support for full design pattern


      <ProtoBody>
        ...
        <Script DEF='MaterialModulatorScript'>
          <field accessType='inputOutput' name='enabled' type='SFBool'/>
          <field accessType='inputOutput' name='diffuseColor' type='SFColor'/>
          <field accessType='inputOutput' name='emissiveColor' type='SFColor'/>
          <field accessType='inputOutput' name='specularColor' type='SFColor'/>
          <field accessType='inputOutput' name='transparency' type='SFFloat'/>
          <field accessType='inputOutput' name='shininess' type='SFFloat'/>
          <field accessType='inputOutput' name='ambientIntensity' type='SFFloat'/>
          <IS>
            <connect nodeField='enabled' protoField='enabled'/>
            <connect nodeField='diffuseColor' protoField='diffuseColor'/>
            <connect nodeField='emissiveColor' protoField='emissiveColor'/>
            <connect nodeField='specularColor' protoField='specularColor'/>
            <connect nodeField='transparency' protoField='transparency'/>
            <connect nodeField='shininess' protoField='shininess'/>
            <connect nodeField='ambientIntensity' protoField='ambientIntensity'/>
          </IS>
        </Script>
      </ProtoBody>


 autogenerated X3D
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ExternProtoDeclare


ExternProtoDeclare references an individual 
ProtoDeclare definition in an external scene
• Allows single “master” definition of a prototype, 


avoids versionitis from cut/paste redistributions
• Multiple prototype nodes require multiple 


ExternProtoDeclare statements


Includes <field> definitions matching interface 
signature of the original prototype
• Minus initial values, so that conflicts are avoided
• Allows X3D browser to “understand” new nodes 


and create proper scene graph when loading


Corresponding ClassicVRML construct:  EXTERNPROTO, followed by name,  as 
shown in Table 14.6, pp. 395-396.


Some or all ExternProtoDeclare field definitions can be omitted if they are not 
initialized and not used by any of the corresponding ProtoInstance nodes.
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ExternProtoDeclare X3D-Edit


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ArtDecoExamplesExcerpt.x3d 
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ExternProtoDeclare editor X3D-Edit


ExternProtoDeclare editor for multiple url values
• Note #ProtoName appended to each filename
• Can edit, locally load, or launch each address
• Can sort url list (relative, .x3d before online, .wrl)


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ArtDecoExamplesExcerpt.x3d 


Note that the appinfo field is typically a short description, suitable as a tool tip.


Note that the documentation field is typically a single url value linking to a help page.


A check button lets you confirm whether the ExternProtoDeclare definitions match the 
parent ProtoDeclare in a separate file.  If there is a mismatch, the incorrect data fields 
are highlighted in read.  The second button will then replace and fix any mismatches.


Loading the scene holding the referenced ProtoDeclare is sometimes convenient.


 


Author-assist editing feature allows you to append a corresponding new ProtoInstance 
that implements this ExternProtoDeclare.


TODO:  add … launch button for documentation url
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appinfo, documentation attributes


The appinfo and documentation attributes 
accompany ProtoDeclare, ExternProtoDeclare 
and field definitions
• appinfo holds a simple summary or tooltip
• documentation holds a url to further information


These match identical constructs in XML Schema
• Allowing tools to further support authoring, editing
• Allowing authors to properly document new nodes


These are important to use, and help long-term 
extensibility of your work and X3D itself


TODO under consideration:  define X3D specification syntax for adding appinfo and 
documentation definitions to the ClassicVRML encoding.
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ProtoInstance


Finally you can make copies of your new node:  
create Prototype instances using ProtoInstance
• Must be preceded by either ProtoDeclare or 


ExternProtoDeclare with same name
• Otherwise a run-time error results for end user


Nevertheless simple to invoke and instantiate:  
<ProtoInstance name='ArtDeco00'/>


Can override default initialization values for fields 
• This is how a prototype is customized upon creation
• <fieldValue name='someField' value='someValue'/>
• Can also initialize child nodes, if any


Corresponding ClassicVRML construct:  no keyword, simply use of the prototype 
name when a node is expected,  as shown in Table 14.7, page 398.
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ProtoInstance X3D-Edit 1 
ArtDecoExamplesExcerpt.x3d


ArtDecoExamplesExcerpt.x3d


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ArtDecoExamplesExcerpt.x3d 


Need ProtoInstance editor snapshot (TODO, bug 1765, fails when no fieldValue given)
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containerField considerations


containerField  is how the field name for a node 
is provided, relative to the node's parent
• Usually not needed since default matches most 


common case:  containerField ='children'
• ClassicVRML syntax is different, more verbose
• As ever, functionality is identical


    <!-- Rendered geometry follows prototype declaration -->
    <Shape>
      <Sphere/>
      <Appearance>
        <ProtoInstance containerField='material'
                               name='MaterialModulator'>
          <fieldValue name='enabled'       value='true'/>
          <fieldValue name='diffuseColor' value='0.5 0.1 0.1'/>
        </ProtoInstance>
      </Appearance>
    </Shape>


# Rendered geometry follows prototype declaration
Shape {
  geometry Sphere {
  }
  appearance Appearance {
    material  MaterialModulator {
      enabled  TRUE
      diffuseColor  0.5 0.1 0.1
    }
  }
}


There have been a number of proposals to make ProtoInstance elements into “native 
node” elements,s and to replace the containerField attribute with named elements, 
also called “wrapper tags.”  Although these approaches have some interesting 
characteristics, they also have a significant number of drawbacks when applied to 
XML syntax.


The primary virtue of the ProtoInstance/containerField approach is that author-defined 
prototype instances can be validated by XML.  By contrast, defining new XML 
elements that match the prototype names is visually appealing, but this approach 
quickly leads to nonvalidatable, erroneous content.  So X3D doesn't do that.
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fieldValue initializations   1


fieldValue name must match; initialization values 
must match the type specified in declaration
• Otherwise a run-time error results for end user
• Take special care to check correctness, avoid errors


To initialize simple types:  use value parameter


<ProtoInstance name='MaterialModulator' 
      containerField='material'>
      <fieldValue name='enabled'       value='true'/>
      <fieldValue name='diffuseColor' value='0.5 0.1 0.1'/>
</ProtoInstance>


Re-using the same default initialization value is OK.  Actually this is a common 
debugging technique when testing various combinations of field initialization values.
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fieldValue initializations   2


To initialize SFNode or MFNode types, use 
contained nodes within the fieldValue element:


As might be expected, fieldValue initializations 
are only allowed for fields with accessType of 
initializeOnly or inputOutput                


<ProtoInstance name='SomethingNew'>
    <fieldValue name='newSFNodeField'>
         <!-- initialization node goes here -->
    </fieldValue>
</ProtoInstance>


Re-using the same default initialization value is OK.  Actually this is a common 
debugging technique when testing various combinations of field initialization values.
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ProtoInstance X3D-Edit 2 
MaterialModulator.x3d


MaterialModulator.x3d    part 1


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/MaterialModulator.x3d 


The ProtoDeclare editing panel provides a single interface to enter, view and change 
ProtoDeclare, ProtoInstance, and ProtoBody.


A separate panel for individual field editing is also provided:
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http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/MaterialModulator.x3d 


Note that the editing panel shows that only two <fieldValue> initializations are being 
overridden.  The other <fieldValue> defaults are shown as a convenience.


The screen snapshot series in the lower right illustrate how the diffuseColor for the 
MaterialModulator nodes causes the Sphere appearance to change rapidly.


A separate panel for individual <fieldValue> editing is also provided.  Note that it will 
list all available fields, allowing selection of the field of interest to be overridden.  Here 
is the same <fieldValue> editing panel shown on the slide above, but with the author 
selecting the pull-down menu to choose the already-defined field of interest.


ProtoInstance, fieldValue X3D-Edit 
MaterialModulator.x3d


MaterialModulator.x3d    part 2
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ProtoInstance tooltips


X3D Tooltips for ProtoInstance and fieldValue


http://www.web3d.org/x3d/content/X3dTooltips.html#ProtoInstance 


http://www.web3d.org/x3d/content/X3dTooltips.html#fieldValue 
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Advanced Examples


back to Table of Contents
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Detailed example:  ViewFrustrum


ViewFrustum is a helpful visualization prototype
• Prototypes simplify creation of new X3D nodes


Shows near and far clipping planes                  
that truncate the viewable area
• Depends on Viewpoint and 


NavigationInfo parameters


Viewpoint and NavigationInfo fields are covered in Chapter 4, Viewing and Navigation.


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewFrustrumExample.x3d 
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ViewFrustrum prototype, example
Good practice:  make two 


separate files to simplify 
ExternProtoDeclare reuse


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewFrustrumPrototype.x3d 


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewFrustrumExample.x3d 
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Prototype features of interest


Highlighted ProtoDeclare, ExternProtoDeclare, 
ProtoInstance and Script show:
• Using initialize() method to setup geometry nodes
• Usage of IS/connect for direct node inspection
• Usage of event-passing via ROUTE when changing 


Extrusion, which doesn't support direct modification
• Matching type and accessType, toString() function
• External script code, accessing node fields
• Duplicate url addresses, local and remote
• Browser.println statements, silencable by trace field
• Internal var declarations, Javascript Math library
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ViewFrustrum ProtoDeclare  1
field definitions


Coordinate points 
for outline,
need initialization


Extrusion for frustum 
polygons, 
need initialization


Small Sphere shows 
Viewpoint position


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewFrustrumPrototype.x3d 
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ViewFrustrum ProtoDeclare  2


IS/connect links 
match field definitions


Output fields for 
ROUTE links


Match 
ProtoInterface 
field definitions


ROUTE 
links


User selects Text message 
to launch example scene


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewFrustrumPrototype.x3d 
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ViewFrustrum script X3D-Edit


Examine 
Viewpoint 


Examine 
NavigationInfo


Compute 
Extrusion
frustum


Compute 
Coordinate 
points for
outline


Editing the Script as a separate file provides Netbeans javascript syntax checking, code 
coloration, code completion, etc.  This can catch a lot of errors.


Script header:
// Description: Perform geometric computations for ViewFrustrum prototype


// Filename:    ViewFrustrumScript.js


// Author:      Don Brutzman


// Identifier:  


  http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewFrustrumScript.js 


// Created:     16 August 2008


// Revised:     17 August 2008


// Reference:   ViewFrustrumPrototype.x3d


// Reference:   ViewFrustrumExample.x3d


// Drawing:     ViewFrustrumComputation.png


// License:     ../license.html
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ExternProtoDeclare, ProtoInstance 
examples


field definitions, 
no initializations


fieldValue initializations 
override default values


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewFrustrumExample.x3d 
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Additional Prototype Examples


Numerous prototypes and examples are available 
in the Savage archive, especially
• https://savage.nps.edu/Savage/Tools/Animation 


Arbitrary Axis Cylinder Sensor, Color Sequencer, 
Double Click Touch Sensor, Flying Text, Hidden 
Viewpoint, Material Choice, Material Toggle, Push 
Button, Relative Proximity Sensor, Slider Float, 
Slider Integer, Time Delay Sensor, Viewpoint 
Sequencer, Waypoint Interpolator


• https://savage.nps.edu/Savage/Tools/Authoring 
Animated Viewpoint Recorder, Single Type 
Conversion, View Position Orientation


Each of these prototypes has both __Prototypes.x3d and __Examples.x3d scenes, 
showing ProtoDeclare definitions and separate ExternProtoDeclare invocations.


Looking at examples is very helpful for designing your own prototypes.


Each of these are maintained under version control and offered under an open-source 
license.


https://savage.nps.edu/svn/nps/Savage 







 


Chapter 14 - Creating Prototype Nodes 57


Chapter Summary


back to Table of Contents
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Chapter Summary


Concepts
• Motivation and Functional Summary


Functional Descriptions and Examples
• ProtoDeclare, ProtoInterface, ProtoBody and 


field declarations
• IS / connect linking of field interfaces to internals
• ExternProtoDeclare and field signatures
• ProtoInstance, containerField, fieldValue initializations
• Advanced examples: design and re-use
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Suggested exercises


Add a given external prototype declaration and 
instance to improve an already-existing scene


Write three prototypes of increasing complexity:
• No ProtoInterface, no field definitions
• One or more field definitions, no Script
• Multiple field definitions, multiple IS/connect, Script


Design a multiple fan-in fan-out prototype by 
emulating an existing X3D node while adding 
new functionality
• Example:  MaterialModulate
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back to Table of Contents
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X3D: Extensible 3D Graphics for Web Authors         
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• http://x3dGraphics.com 
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X3D Resources
• http://www.web3d.org/x3d/content/examples/X3dResources.html 
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X3D-Edit Authoring Tool
• https://savage.nps.edu/X3D-Edit 


X3D Scene Authoring Hints
• http://x3dgraphics.com/examples/X3dSceneAuthoringHints.html  


(especially those for Inline and Prototypes)


X3D Graphics Specification
• http://www.web3d.org/x3d/specifications 
• Also available as help pages within X3D-Edit 


Prototyping Excerpts from Scene Authoring Hints
Prototype Declarations


    * Follow X3D naming conventions for node and field definitions.


    * Provide useful/safe default initialization values for each field, rather than depending on default field values 
internal to the ProtoBody.


    * Include annotation tooltips for each field.


    * Avoid copying ProtoDeclare definitions into scenes, instead copy ExternProtoDeclare/ProtoInstance definitions.


    * Tooltips for ProtoDeclare, ProtoInterface and ProtoBody


    * X3D specification


External Prototype Declarations


    * Do not wrap field definitions in a ProtoInterface element since that construct is illegal.


    * For important prototypes, make a separate NewNodeExample.x3d scene that provides copyable/reusable 
ExternProtoDeclare/ProtoInstance definitions corresponding to each NewNodePrototype.x3d scene. This 
encourages authors to avoid copying ProtoDeclare definitions, so that a master version remains stable and 
improvable.


    * Do not include initialization values in field definitions. They are illegal since the defaults in the original 
ProtoDeclare field declarations take precedence.


    * Copy annotation tooltips from corresponding ProtoDeclare tooltips for each ExternProtoDeclare field.


    * ExternProtoDeclare tooltips and X3D specification


Prototype Instances


    * Explicitly include initialization values, even if they match default values, to ensure proper operation. Sometimes 
a prototype can have different initialization values than expected, if it is modified elsewhere.


    * Remember to include proper containerField attribute, identifying parent-node field name for this ProtoInstance. 
Default value: children. Example values: color, coord, geometry, fontStyle, proxy, sound, texture, textureTransform.


    * First debug proper ProtoInstance operation in the scene defining the original ProtoDeclare, rather than using 
an ExternProtoDeclare. Why - to make sure they work first! Browser debugging can be more cryptic for externally 
defined prototypes and different versions may occur in various remote url addresses, making it difficult to 
determine precisely which ExternProtoDeclare is being referenced.


    * ProtoInstance tooltips and X3D specification
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References   3


VRML 2.0 Sourcebook by Andrea L. Ames, 
David R. Nadeau, and John L. Moreland, 
John Wiley & Sons, 1996.
• http://www.wiley.com/legacy/compbooks/vrml2sbk/cover/cover.htm 
• http://www.web3d.org/x3d/content/examples/Vrml2.0Sourcebook 


• Chapter 31 - Prototypes
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CGEMS, SIGGRAPH, Eurographics


The Computer Graphics Educational Materials 
Source(CGEMS) site is designed for educators
• to provide a source of refereed high-quality content
• as a service to the Computer Graphics community
• freely available, directly prepared for classroom use
• http://cgems.inesc.pt 


X3D for Web Authors recognized by CGEMS!  ☺
• Book materials:  X3D-Edit tool, examples, slidesets
• Received jury award for Best Submission 2008


CGEMS supported by SIGGRAPH, Eurographics


From the CGEMS home page:


• http://cgems.inesc.pt 


Welcome to CGEMS - Computer Graphics Educational Materials Source. The 
CGEMS site is designed for educators to provide a source of refereed high-
quality content as a service to the Computer Graphics community as a whole. 
Materials herein are freely available and directly prepared for your classroom.


List of all published modules:


• http://cgems.inesc.pt/authors/ListModules.aspx 


CGEMS Editorial Policy:


• http://cgems.inesc.pt/EditorialPolicy.htm 
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Creative Commons open-source license
http://creativecommons.org/licenses/by-nc-sa/3.0 


Attribution-Noncommercial-Share Alike 3.0 Unported


You are free:


    * to Share — to copy, distribute and transmit the work


    * to Remix — to adapt the work


Under the following conditions:


    * Attribution. You must attribute the work in the manner specified by the author or 
licensor (but not in any way that suggests that they endorse you or your use of the 
work).


      Attribute this work:  What does "Attribute this work" mean?


      The page you came from contained embedded licensing metadata, including how 
the creator wishes to be attributed for re-use. You can use the HTML here to cite the 
work. Doing so will also include metadata on your page so that others can find the 
original work as well.   


    * Noncommercial. You may not use this work for commercial purposes.


    * Share Alike. If you alter, transform, or build upon this work, you may distribute the 
resulting work only under the same or similar license to this one.


    * For any reuse or distribution, you must make clear to others the license terms of 
this work. The best way to do this is with a link to this web page.


    * Any of the above conditions can be waived if you get permission from the 
copyright holder.


    * Nothing in this license impairs or restricts the author's moral rights.
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Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.


License available at


    http://www.web3d.org/x3d/content/examples/license.txt 


    http://www.web3d.org/x3d/content/examples/license.html 


Good references on open source:


Andrew M. St. Laurent, Understanding Open Source and Free 
Software Licensing, O'Reilly Publishing, Sebastopol California, 
August 2004.  http://oreilly.com/catalog/9780596005818/index.html 


Herz, J. C., Mark Lucas, John Scott, Open Technology 
Development: Roadmap Plan,  Deputy Under Secretary of Defense 
for  Advanced Systems and Concepts, Washington DC, April 2006.  
http://handle.dtic.mil/100.2/ADA450769 
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TutorialX3dSceneGraph.pdf
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X3D Graphics for Web Authors


X3D Scene Graph Tutorial


Plus ça change, plus c'est la même chose.
The more something changes, the more it's the same thing.



http://x3dGraphics.com/

http://x3dGraphics.com/
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Tutorial Contents


X3D Scene Graph Introduction
1. Technical Overview
2. Shape and Geometry
3. Grouping and Transformation
4. Viewing and Navigation
5. Appearance, Material and Textures
●  Animation Behavior Examples


Tutorial Summary
References
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Technical Overview


back to Table of Contents
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Historical background:  VRML


Virtual Reality Modeling Language (VRML) began 
in 1994, seeking to create 3D markup for Web
• Numerous candidates considered by an open 


community of interested practitioners
• SGI's OpenInventor won the initial competition
• VRML 1.0 developed over the next year
• VRML 2.0 restructured some nodes, added features


VRML advanced to International Standard 14772 
by ISO in 1997
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Web3D Consortium


Web3D Consortium founded in 1998 to protect, 
support and advance the VRML specification
• http://www.web3D.org 


Continued efforts on new technology by multiple 
working groups led its successor, X3D
• http://www.web3D.org/x3d


Non-profit organization of many stakeholders 
ensures that X3D remains royalty free, relevant
• Partnership of industry, agency, academic and 


professional members



http://www.web3D.org/

http://www.web3D.org/x3d

http://www.web3D.org/

http://www.web3D.org/x3d

http://www.web3d.org/membership





November 2012
www.web3D.org November 2012



http://www.web3D.org/

http://www.web3D.org/
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www.web3D.org August 2012August 2012



http://www.web3D.org/

http://www.web3D.org/





www.web3D.org January 
2012


January 2012



http://www.web3D.org/

http://www.web3D.org/





www.web3D.org April 2011
April 2011



http://www.web3D.org/

http://www.web3D.org/
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www.web3D.org December 2008
December 2008



http://www.web3D.org/

http://www.web3D.org/
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www.web3D.org October 2008
October 2008



http://www.web3D.org/

http://www.web3D.org/

http://www.web3d.org/
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www.web3D.org August 2008
August 2008



http://www.web3D.org/

http://www.web3D.org/
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www.web3D.org May 2008
May 2008


We are here  ☺☻



http://www.web3D.org/

http://www.web3D.org/

http://www.web3d.org/

http://www.lsi.usp.br/forumx3d
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www.web3D.org February 2008
Today’s www.web3D.org pageMarch 2008



http://www.web3D.org/

http://www.web3D.org/

http://www.web3d.org/
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www.web3D.org January 2008February 2008



http://www.web3D.org/

http://www.web3D.org/

http://www.web3d.org/
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www.web3D.org December 2007
January 2008



http://www.web3D.org/

http://www.web3D.org/

http://www.web3d.org/
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X3D Specifications


X3D graphics is defined by a set of specifications
These “specs” are developed by working-group 


volunteers as part of the Web3D Consortium
• Nonprofit organization with business, nonprofit, 


academic and professional members
• http://www.web3D.org 
• Efforts include editing, implementing and evaluating


Specification results reviewed and approved by 
International Organization of Standards (ISO)
• http://www.iso.ch 



http://www.web3D.org/

http://www.iso.ch/

http://www.web3D.org/

http://www.iso.ch/





X3D specifications “honeycomb” diagram



http://www.ecma-international.org/
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Reading the X3D specification


The X3D Specification is highly detailed, primarily 
written for 3D graphics experts.  


Requirements must be described as strictly and 
precisely as possible so that X3D browsers can be 
implemented consistently.  This precision means 
that X3D content is more likely to render and 
animate correctly.


Nevertheless the X3D specification is a great  
learning resource for additional graphics details.  
It is also the authoritative reference for questions.
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Specification availability
The X3D specifications are online at  


• http://www.web3d.org/x3d/specifications 
• also embedded in the X3D-Edit help system


The X3D specifications are published by the Web3D 
Consortium and International Organization of 
Standards (ISO)
• Web3D versions are published in HTML for free
• ISO publishes .pdf versions and requires purchase


Feedback on X3D specifications is always welcome
• http://www.web3d.org/x3d/specifications/spec_feedback 



http://www.web3d.org/x3d/specifications

http://www.web3d.org/x3d/specifications/spec_feedback

http://www.web3d.org/x3d/specifications

http://www.web3d.org/x3d/specifications/spec_feedback





X3D plugins, Web browsers, applications


X3D browsers parse (read) X3D scene models and 
render (draw) them
• Also provide simulation capabilities for animation and 


user interaction
• http://www.web3d.org/x3d/content/examples/X3dResources.html#Applications


Often implemented as plugins to web browsers: 
• Internet Explorer http://www.microsoft.com 
• Mozilla Firefox     http://www.mozilla.com 
• Opera     http://www.opera.com 


Can also operate as a standalone application
• Xj3D     http://www.xj3d.org 
• Instant Reality     http://www.instantreality.org 


List keeps growing!



http://www.web3d.org/x3d/content/examples/X3dResources.html#Applications

http://www.microsoft.com/

http://www.mozilla.com/

http://www.opera.com/

http://www.xj3d.org/

http://www.instantreality.org/

http://www.web3d.org/x3d/content/examples/X3dResources.html#Applications

http://www.microsoft.com/

http://www.mozilla.com/

http://www.opera.com/

http://www.xj3d.org/

http://www.instantreality.org/

http://www.web3d.org/x3d/content/examples/help.html#Applications





X3D browser plugin list (partial)
http://www.web3d.org/x3d/content/examples/X3dResources.html#Applications


Xj3D Open Source for X3D/VRML97. Version 2.0 release using Java OpenGL 
(JOGL) rendering. Includes a Java WebStart version (Java standalone, 
Windows MacOSX Linux Solaris)


CRC's FreeWRL X3D/VRML browser (open-source C). Also available via Apple 
website (MacOSX Linux)


BitManagement's BS Contact X3D/VRML97 plugin for Internet Explorer (Windows 
MacOSX Linux)


Octaga X3D/VRML browser with high performance and community support forum 
(Windows MacOSX Linux)


InstantReality is a high-performance Mixed Reality (MR) system (Windows 
MacOSX Linux)


Vivaty's Flux Player X3D/VRML97 plugin for Internet Explorer (Windows)


SwirlX3D Free Viewer by Pine Coast Software (Windows)


Heilan X3D Browser open-source C++ browser for audio research (Windows 
Linux)


NuGraf 3D Rendering, Translation, Viewing & Data Optimization System by Okino 
(Windows and authoring-tool plugins)



http://www.web3d.org/x3d/content/examples/X3dResources.html#Applications

http://www.web3d.org/x3d/content/examples/X3dResources.html#Applications

http://www.web3d.org/x3d/wiki/index.php/Player_support_for_X3D_components
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Example software architecture for X3D browser


3D graphics algorithms and implementations are 
intensely technical and performance-sensitive 


X3D browsers are thus allowed to implement in 
any manner which they choose
• As long as the author's X3D scene works properly


This is a healthy division of responsibilities
• Each gets to excel at what they are good at


Commonalities and shared lessons learned 
continue to build up nicely
• Next diagram shows example architecture







24


Example software architecture for X3D browser - 
diagram
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Scene graph concepts


Scene graphs are a model-centric approach to 
3D that hierarchically defines geometry shape, 
appearance, position and orientation, etc. etc.
• Directed acyclic graph (DAG), meaning a tree with a 


root node and no loops
• Declarative listing of parameters of interest
• Similar to defining a Computer Aided Design (CAD) 


model


Unlike most imperative programming approaches
• draw this triangle, that triangle, recompute, etc.
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Scene graph terminology


Scene graph data file
• contains model description, may refer to data files


Scene graph viewer
• Reads and renders scene-graph models
• Implemented as application or web browser plugin


Scene graph editor
• Special text editor for scene graph development


Executable application
• Specific 3D model capable of running on a specific 


operating system
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Scene graph rendering


The browser traverses the scene graph, updating 
any values within nodes and building an image
• New image then replaces previous screen image, 


process known as double buffering
• Rapid repetitions are very important
• Frame rate faster than 7-10 Hz (cycles per second) 


provides appearance of smooth motion


Rendering defined as this drawing process
Off-line rendering is performing such operations 


to image or movie files, rather than display
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Performance optimizations 


Scene graphs have performance optimizations 
sometimes not available in other Application 
Programming Interface (API) approaches
• Scene graph structure designed to take advantage 


of graphics hardware acceleration
• Can refer to (and reuse) subgraphs (X3D DEF, USE)
• “dirty bit” indicates whether a scene subgraph has 


been modified, avoiding needless recomputations
• Browser can rearrange or simplify geometry
• Scoping of lights to reduce computational impact
• Widely repeated interchange patterns
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Scene-graph advantages relative 
to OpenGL, DirectX render layers


Scene graphs often a close match to simulation 
models, easier for authors to make and modify


OpenGL and DirectX APIs are thin software 
layers that expose underlying 3D graphics-
acceleration hardware for real-time rendering


Each is a state machine, optimized for drawing 
triangles textures etc., not designed to have 
memory for modeling high-level simulation 
objects, remembering user actions, etc.







Scene graph compared to ray tracing


Ray tracing emulates physical properties of light 
interaction with material surfaces
• Ray vectors are propagated, computed, added
• Computational time can be intensive, usually best 


for high-fidelity rendering (rather than real-time)


Variety of different approaches, programs
• Persistence of Vision Raytracer (www.povray.org)
• Movies, e.g. Renderman (renderman.pixar.com)


Scene graph designed for real-time rendering
• But X3D Specification has no rendering prohibitions
• Okino Polytrans supports both (www.okino.com) 



http://www.povray.org/

http://renderman.pixar.com/

http://www.web3d.org/x3d/specifications

http://www.okino.com/

http://www.povray.org/

http://renderman.pixar.com/

http://www.web3d.org/x3d/specifications

http://www.okino.com/





Other scene graph architectures


OpenInventor (OI), predecessor of VRML
• http://oss.sgi.com/projects/inventor 


Virtual Reality Modeling Language (VRML), 
direct predecessor of X3D
• http://www.web3d.org/x3d/specifications 


Java3D quite similar to X3D scene graph
• https://java3d.dev.java.net 


OpenSceneGraph (OSG)
• http://www.openscenegraph.org 


OpenSG
• http://www.opensg.org 



http://oss.sgi.com/projects/inventor

http://www.web3d.org/x3d/specifications

https://java3d.dev.java.net/

http://www.openscenegraph.org/

http://www.opensg.org/

http://oss.sgi.com/projects/inventor

http://www.web3d.org/x3d/specifications

https://java3d.dev.java.net/

http://www.openscenegraph.org/

http://www.opensg.org/

http://en.wikipedia.org/wiki/Open_Inventor
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X3D file structure


X3D scene files have a common file structure
• File header (XML, ClassicVRML, Compressed Binary)
• X3D header statement
• Profile statement
• Component statements (optional)
• Meta statements (optional)
• X3D root node
• X3D scene graph child nodes
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XML file encoding


The Extensible Markup Language (XML) is a 
plain-text format used by many Web languages
• Including Hypertext Markup Language (HTML)


XML is used to define other data-oriented 
languages
• Thus XML is not a language by itself, rather it is a 


language about languages, a metalanguage
• Common XML basis enables better interoperability, 


opens a “path of least resistance” for data flow


XML has many benefits and is well-suited for X3D
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XML in 10 Points
XML is for structuring data
XML looks a bit like HTML
XML is text, but isn't meant to 


be read
XML is verbose by design
XML is a family of technologies


XML is new but not that new
XML leads HTML to XHTML
XML is modular
XML is basis for RDF and the 


Semantic Web
XML is license-free,   


platform-independent and 
well-supported


http://www.w3.org/XML/1999/XML-in-10-points  


XML in 10 Points is a key reference for 
understanding the common underlying 
design principles underlying the great 
diversity of XML.


Only 4 pages long – essential reading.



http://www.w3.org/XML/1999/XML-in-10-points

http://www.w3.org/XML/1999/XML-in-10-points

http://www.w3.org/XML/1999/XML-in-10-points
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XML and X3D correspondence


Elements correspond to X3D nodes
Attributes correspond to X3D simple-type fields
Parent-child relationships define containerField
Validatable XML using X3D DTD, schema
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Need for subdivisions and subsets


3D graphics is a big and complicated subject
• Beginning authors just want simple scenes
• Experienced authors want to use everything


Similar needs for browser software builders
• Small rapid download for simple web graphics
• Full-capability software for every possible technique


Challenge:  how to consistently support both?
• Object-oriented decomposition for consistency
• Key design criteria for bottom-up X3D extensibility
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Profiles and components


Profiles are predefined collections of components
• Can augmented each by adding other components


Components are predefined collections of nodes
• Further defined by level of complexity
• Components match chapters in X3D specification


Authors define the expected complexity of scene 
by defining profile level in the X3D header
• Can also add optional components, if desired
• This tells the X3D browser what level of support is 


needed for run-time operation
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Profiles cover common use cases


Profiles are a collection of components matching 
common levels of complexity


Profiles are X3D subsets 
• Collection of X3D nodes for 


for author's palette
• Interchange suitable for 


simple geometry conversion
• Interactive adds simple user 


interactivity (clicking etc.)
• Immersive matches 


VRML97
• Full profile includes all 


nodes
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meta statements


meta statements provide information about the 
X3D scene
• Document metadata, not scene metadata


Information provided as name-value pairs
• Example:  
  <meta name='created' value='1 January 2008'/>


This approach is thus very general
• Wide variety of metadata can be represented
• Matches same approach used by HTML for regular 


hypertext web pages



http://www.web3d.org/x3d/content/examples/newScene.x3d

http://www.web3d.org/x3d/content/examples/newScene.html

http://www.dublincore.org/documents/dcmi-terms

http://www.dublincore.org/documents/dces

http://www.w3.org/TR/html4/struct/global.html#h-7.4.4

http://vancouver-webpages.com/META

http://vancouver-webpages.com/META/about-mk-metas2.html

ftp://ftp.isi.edu/in-notes/bcp/bcp47.txt

http://www.loc.gov/standards/iso639-2/langhome.html

http://www.iana.org/numbers.html#L
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newScene.html metadata prompts



http://www.web3d.org/x3d/content/examples/newScene.html
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DEF and USE


DEF names provide a label for any node
• Including child nodes making up that subgraph
• Equivalent to ID type in XML:  must be unique
• Provides target for routing events
• Multiple DEFs: legal in X3D, illegal in XML, harmful


USE labels reference a DEF node
• Spelling is case sensitive, must be identical


DEF label must precede USE reference in scene
• Enables faster performance by single-pass loading
• Not detected by XML validation but still required
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DEF naming


Names are important!
• Describe purpose and functionality
• Strongly influences how you think about a thing
• Provides explanatory documentation
• Must start with a letter, can't use hyphens


Naming convention:  CamelCaseNaming
• capitalize each individual word
• avoid abbreviations, since none are consistent and 


they don't help international readers
• strive for clarity, be brief but complete



http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#NamingConventions
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Units of measurement


Linear measurements in meters
• 1 m = 39.3”


Angular measurements in radians
• 2 pi = 360 degrees


Time measured in seconds
• Starting 1 January 1970


Colors
• RGB red-green-blue floating points ranging 0..1 


(vice HTML which has integers 0..255)
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Coordinate systems


Right hand rule for X Y Z order


Y axis is up


Correspondence:  North, Up, East


Accept no substitutes!
• or at least realign them  ☺



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/CoordinateAxesNSEW.x3d
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Right hand rules!


First three fingers of 
right hand must 
align with the X Y Z 
axes, in that order


Right hand rule also 
provides direction 
of positive rotation 
about an axis 
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Shape and Geometry


Chapter 2


back to Table of Contents
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Shape and geometry


Shape nodes can contain a single geometry node
• For example, one of the five geometry primitive nodes
• Alternatively contains a more-advanced geometry node


• Chapter 2:   Geometric primitives
• Chapter 6:   Points Lines and Polygon nodes
• Chapter 10: Geometry2D nodes
• Chapter 13: Triangle nodes


Shape nodes can also contain an Appearance node
• Which in turn contains a Material node for coloring
• Covered in Chapter 3
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Geometry Primitives


Primitives are simple geometric constructs
Shape, geometry, Appearance, Material pattern
Browsers decide implementation details, including   


tessellation (polygon count) and thus quality



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/GeometryPrimitiveNodes.x3d
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X3D-Edit 3.1 scene graph


Transform nodes
position each Shape
so that they do not
obscure each other



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/GeometryPrimitiveNodes.x3d
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Shape parent with geometry child


 Shape must be parent node, can 
only hold one geometry node


Appearance and Material nodes 
define colors, transparency, etc.


Primitives have simple dimensions
• Typical volume ~1 m radius


All units are in meters


<Shape>
      <Box size='1 2 3'/>
      <Appearance>


<Material/>
      </Appearance>
</Shape>


<Shape>
      <Sphere radius='1'/>
      <Appearance>


<Material/>
      </Appearance>
</Shape>







Geometry nodes


Chapter 2, Primitives
• Box, Cone, Cylinder, Sphere, Text / FontStyle


Chapter 6, Points Lines and Polygons
• PointSet, IndexedLineSet, IndexedFaceSet, 


ElevationGrid, Extrusion


Chapter 10, Geometry2D
• Arc2D,ArcClose2D, Circle2D, Disk2D, Polyline2D, 


Polypoint2D, Rectangle2D, TriangleSet2D


Chapter 13, Triangles and Quadrilaterals
• TriangleSet, TriangleStripSet, TriangleFanSet, QuadSet
• Both regular and Indexed versions
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Advanced geometry nodes


Geospatial component
• GeoElevationGrid


NURBS component
• NurbsCurve, NurbsPatchSurface, NurbsSweptSurface, 


NurbsSwungSurface, NurbsTrimmedSurface


Programmable shaders component
• ComposedShader, PackagedShader, ProgramShader


Further information available in X3D Specification
• http://www.web3d.org/x3d/specifications 



http://www.web3d.org/x3d/specifications

http://www.web3d.org/x3d/specifications
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Grouping and Transformation


Chapter 3


back to Table of Contents
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Grouping rationale


X3D scenes are directed acyclic graphs, made up 
of subgraphs with intermediate & leaf nodes


Grouping nodes help provide sensible structure
• Functionally related nodes collected together
• Grouping nodes can contain other grouping nodes, 


i.e. graphs of subgraphs
• Establish common or separate coordinate systems
• Make it easy to label nodes or subgraphs with DEF, 


then reference copies of those nodes (or grouped 
collections of nodes) with USE
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Bounding boxes


Provides a hint to browsers about object size
• Does not affect how an object is rendered (drawn) 


if it is actually larger than the bounding box
• Are never drawn themselves
• Defined by bboxSize and bboxCenter 


Goal is to reduce computational complexity
• browser avoids calculating impossible collisions
• Size accumulates while proceeding up scene graph


Bounding boxes can be ignored by authors
• some authoring tools can provide them if needed
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Bounding box illustration



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/BoundingBoxIllustration.x3d
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Transform node


Grouping node that defines a coordinate system 
for its children


Root of X3D scene graph is always at (0 0 0)
Transform nodes can 


• Translate local origin linearly to another coordinate
• Rotate about any axis
• Scale size, uniformly or separately along x y z axes


Group and Transform are among most commonly 
used nodes
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Transform fields
• translation:  x y z  movement in meters from origin 


of local coordinate system
• rotation:    [axis x y z]-angle rotation about origin 


of local coordinate system
• scale:         x y z (potentially nonuniform) factor for 


change in object scale to make it larger or smaller
• center:  origin offset prior to applying rotation
• scaleOrientation:  rotation to apply prior to scaling
• bboxCenter, bboxSize:  bounding box information 


(if any is provided by author, optional)
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Transform node X3D-Edit



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/Transform.x3d
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Each Transform is a scene subgraph



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/Transform.x3d
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Order of transformation operations


The ordering of transformation operations is 
important and not symmetric.  Algorithm:
• Apply reverse center offset to set up for properly 


centered scaling and orientation operations
• Apply reverse scaleOrientation, then apply scale 


operation, then apply forward scaleOrientation to 
regain initial frame


• Apply rotation to final direction, then apply forward 
center offset to regain initial origin


• Apply translation to final location of new coordinate 
frame
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Comparing out-of-order operations


Case 1


Case 2
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Equivalent transformations
Transform {


center C


rotation R


scale S


scaleOrientation SR


translation T


children [...]


}


Using matrix transformation notation, where


• C   (center), 


• SR (scaleOrientation), 


• T   (translation), 


• R   (rotation), and 


• S   (scale) 


are the equivalent transformation matrices, then


• P' is transformed child point P


• P' = T · C · R · SR · S · −SR · −C · P


 Transform {


translation T


children Transform {


translation C


children Transform {


rotation R


children Transform {


rotation SR


children Transform {


        scale S


        children Transform {


                rotation -SR


                children Transform {


                        translation -C


                        children [...]


                }


        }


}


}


}


}


 }
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Matrix operations


Matrix operations are not directly exposed in X3D
• Unlike most imperative programming interfaces
• Instead Transform nodes provide a regularized way 


to perform translation, rotation, scaling


Transform includes a specific order of operations
• Illustrated in next slides


Flexible: multiple Transform nodes can be nested
• Each Transform establishes new coordinate frame
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Inline node


Loads another X3D world within current scene
• Supported formats depend on user's X3D browser
• XML .x3d, ClassicVRML .x3dv, 
• Compressed binary .x3db, possibly VRML97 .wrl


Inline scene is positioned, rotated and scaled to 
match the local coordinate frame
• Local reference frame determined by parent 


Transformation node hierarchy
• User's viewpoint does not change automatically to 


the loaded Inline scene's default Viewpoint
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url field


url = uniform resource locator
• Equivalent to universal resource identifier (uri)


url field is a “quoted” string array that can hold 
multiple equivalent addresses
• Each address should point to same resource
• Each address is retrieved and evaluated, in order, 


until the desired Inline file is successfully retrieved
• Relative addresses can work on localhost or server
• Absolute addresses provide reliable backup
• Interesting variations possible
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Inline node X3D-Edit



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/Inline.x3d
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Switch node


Switch selects only one (or none) of its children 
for rendering
• Initial child index is whichChoice='0'
• whichChoice='-1' indicates no child is selected


Can manually change values
• Sometimes better to hide geometry rather than to 


comment out large blocks 
• (which may already have embedded comments)


• Chapter 7 Event Animation describes how to 
change selections using event animation
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Switch node example


Note whichChoice starts at index 0; -1 means none
• Child-node containerField ='children', not 'choice'



http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/Switch.x3d
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Viewing and Navigation


Chapter 4


back to Table of Contents
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Viewing and navigation


It is helpful to think of X3D scenes as fixed at 
different locations in 3D space
• Viewpoints are like cameras, prepositioned in 


locations (and directions) of interest
• Users can move their current camera viewpoint 


further and change direction they are looking at
• This process is called navigation


Making navigation easy for users is important
• Authors provide viewpoints of interest with scenes
• Browsers enable camera rotation, pan, zoom, etc.







72


Goals of viewing and navigation
• Viewing a scene from different vantage points that 


reveal aspects of interest, document key locations, 
or help to tell a story


• Navigating changes in the user’s viewpoint 
effectively by moving from place to place in an 
intuitive manner


• Making geometric objects selectable so that users 
can transport to another viewpoint, launch into 
another scene, or receive other web content


• Taking advantage of viewpoint location for special 
interactive techniques, such as user-facing billboard 
rotations and terrain following
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Viewpoint node


It is helpful to think of X3D scenes as being fixed 
solidly in 3D space, positioned and oriented 
exactly where placed by the scene author


Viewing a scene is thus a matter of navigating 
the current user point of view through space


Viewpoint nodes let X3D scene authors predefine 
locations and orientations of particular interest
• Sometimes viewpoints are animated and moving
• Freedom of viewpoint is exciting and engaging, also 


a major advantage over fixed-viewpoint video
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Navigation model   1


Users can select predefined Viewpoints
• Defines both position and direction of view


Users can further navigate around scene
• Using pointing device or hot keys
• Chosen viewpoint remains bound
• Browser applies offsets using user-driven changes
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Navigation model   2


User's current view can be animated
• ROUTE new position/direction event values to the 


Viewpoint itself, or to parent Transform nodes
• User navigation offsets to that view remain in effect
• Thus “over the shoulder” viewpoints can follow a 


moving object around, while still allowing user to 
look around while in that moving viewpoint


Lefty and Lucy shark in the Kelp Forest Main 
scene use this technique as virtual tour guides
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NavigationInfo node


NavigationInfo indicates how a browser might 
best support user navigation in the scene


Multiple NavigationInfo nodes may exist in scene
• Or in multiple Inline scenes loaded together


NavigationInfo is an X3DBindableNode
• So only one can be active at a given time
• Follow the same binding rules as Viewpoint, but not 


easily selectable
• Can be linked to a given Viewpoint by ROUTE that 


connects isBound of one node to set_bind of other
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Anchor node


Anchor is another grouping node that can 
contain other nodes


Geometry rendered by contained nodes is 
activated and can be selected
• Clicking on Anchor geometry launches url link
• Alternatively can select a viewpoint in the scene 


(similar to HTML bookmark)
• Thus similar to HTML anchor tag


Selected link can replace current X3D scene, or 
else can launch into another browser window
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Billboard example


Starting at initial 
viewpoint and 
navigating with 
mouse or arrow 
keys reveals that 
Billboard Text 
remains facing 
the viewer, 
improving 
readability



http://www.x3dbook.com/examples/X3dForWebAuthors/KelpForestExhibit/KelpForestMain.x3d
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Appearance, Material and Textures


Chapter 5


back to Table of Contents







Appearance node


Each Shape contains some geometry along with 
a corresponding Appearance node


Appearance is a container which may include
• Single Material (or TwoSidedMaterial) node
• FillProperties, LineProperties, single Texture node


This close association makes assignment of 
rendering properties to geometry unambiguous
• Repetition of values for visual consistency is easily 


accomplished with DEF/USE of Appearance, 
Material, Texture node, etc.


• Clear naming helps, for example
  <Appearance USE='FoggyGlassAppearance'/>



http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#NamingConventions
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Appearance node and X3D-Edit palette


drag + drop icon fro
m palette


drag + drop icon from palette


dr
ag


 +
 d


ro
p 


ico
n 


fro
m


 p
al


et
te
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Material fields


Color, transparency and shininess fields together 
make up Material properties.  Examples follow.
• diffuseColor reflects all X3D light sources, 


depending on viewing angles towards each light
• ambientIntensity is reflection multiplication factor
• emissiveColor is glowing component, normally off, 


independent of reflected light
• specularColor governs reflection highlights
• shininess controls specular intensity
• transparency is ability to see through an object:  


1 is completely transparent, 0 is opaque
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Material node X3D-Edit


diffuseColor is the primary Material field



http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/DiffuseColor.x3d
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Material editor:  diffuseColor







85


emissiveColor


emissiveColor 
is the glowing component
and can easily overpower 


other color fields



http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/EmissiveColor.x3d





Material editor color selector


Click colored box to select a color
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Selecting a Universal Material value


Selecting a Universal Media
library and index number


resets Material field values
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Universal Media screenshots


Universal Media libraries include
ArtDeco, Autumn, Glass, Metal, Neon, Rococo, SantaFe, 


Sheen, Silky, Spring, Summer, Tropical, Winter


http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials



http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials

http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials
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Texture nodes


Texture nodes read 2D image (or movie) files 
and apply them pixel-by-pixel to the associated 
geometry sharing the same Shape node
• Thus wrapping picture images around an object
• ImageTexture, PixelTexture, MovieTexture
• Can be inexpensive way to achieve high fidelity


Texture images can be shifted, rotated, scaled
• TextureTransform, TextureCoordinate 
• Thus modifying image application to geometry



file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23ImageTexture

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23PixelTexture

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23MovieTexture

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23TextureTransform

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23TextureCoordinate

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23ImageTexture

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23PixelTexture

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23MovieTexture

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23TextureTransform

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23TextureCoordinate
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Animation Behavior Examples


back to Table of Contents
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Behaviors


Behavior defined as changing the value of some 
field contained by some node in scene graph


Animation nodes, user interaction nodes and 
network updates can produce updated values


ROUTE statements connect output of one node 
as an input to field in another node


Event defined as the time-stamped value passed 
by a ROUTE, from one field to another


Thus the values held by nodes in scene graph 
can change as time advances
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Behavior traversal of scene graph


Once frame is swapped to update screen image, 
need to update values in the scene


Event model consists of 
• Examining clock-driven and user-initiated events
• Updating scene-graph values
• Triggering and updating new events as appropriate
• Continue until all events handled, loops not allowed


Event updates modify the scene graph
• Changing rendering properties, or
• Generating further event outputs 
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Example behavior event chain
• User clicks button to start a timer clock
• Clock outputs new event at start of each frame,
• ... which stimulates linear-interpolation function 


which produces another output value
• ... which updates some target value in scene graph
• Repeat event traversal after each frame redraw
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ROUTE connections


ROUTE connection enables the output field of 
one node to pass a value that then stimulates 
the input field of another node
• The passed value also includes a time stamp


Field data type and accessType must both match 
between node/field of source and target
• Chapter 1, Technical Introduction lists field types
• Also provided in tooltips and specification
• Authors usually must carefully check these
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Animation as scene-graph modification


Behavior = changing a field value in a node, 
somewhere in the scene graph


Event = time-stamped value going over a ROUTE


Event cascade = a series of events being sent, 
each one triggering the next
• No event loops allowed, guaranteeing completion


Thus all X3D animation can be considered as 
modification of the scene graph at run time







96


Event-animation design pattern


X3D can be imposing, there are many nodes
Nevertheless a simple design pattern is used for 


nearly every kind of animation


This consistent event ROUTE pattern enables you 
to expertly animate most X3D scene behaviors
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Visualizing scenes on paper 


It is good practice to sketch out 3D scene drafts
• Consider what models are needed, and how 


multiple models might be composed


Consider user experience, from their perspective
• What tasks and goals, what use cases
• What might things look like when first seen


Storyboarding can help build long-form content
• Series of vignettes to tell a larger story
• Each scene defines needed models and behaviors
• Build each piece, put them together
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Importance of user interaction


Animated scenes are more interesting than static 
unchanging geometry


X3D interaction consists of sensing user actions 
and then prompting appropriate responses


Scenes that include behaviors which respond to 
user direction and control are more lively


Freedom of navigation and interaction contribute 
to user's sense of presence and immersion


Thus animation behaviors tend to be reactive 
and declarative, responding to the user



file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23Additional%20Resources
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Sensors produce events


Sensors detect various kinds of user interaction 
and produce events to ROUTE within a scene


● Each sensor detects a certain kind of interaction, 
then produces one or more events


Authors decide how the events describing user 
interaction are interpreted and handled


● This approach allows great flexibility for authors
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Example: user-interactivity sensor nodes


UserInteractivitySensorNodes.x3d
• Select (click and hold) TouchSensor Cone to 


alternate Background nodes
• Select and drag PlaneSensor Box around the screen
• Select and rotate CylinderSensor Cylinder
• Select and spin SphereSensor Sphere


Keyboard inputs are also activated
• KeySensor indicates keyPress
• StringSensor shows finalText once <Enter> pressed
• Console shows enteredText (includes deletes if any)



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/UserInteractivitySensorNodes.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/UserInteractivitySensorNodes.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/UserInteractivitySensorNodes.x3d
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SensorNodeExamples.x3d 
snapshot



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/UserInteractivitySensorNodes.x3d
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Tutorial Summary
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Tutorial Summary


X3D scene graph has a tremendous amount of 
capability and flexibility


X3D playback is suitable for
• Real-time rendering of 3D models
• Efficient animation using ROUTE-based event 


passing for any scene-graph parameter
• Reacting to user behaviors, overt and implicit


X3D authoring is straightforward
• Tools help, XML interoperability helps more
• Web deployment opens up new horizons for 3D
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Exercise:  deploy a 3D model


Deploy a 3D model using X3D, HTML on the Web
• Use existing model from another tool (e.g. Blender)
• Save as in XML as .x3d file (or #VRML 2.0, 3.0)
• Load (or import) into X3D-Edit, fix bugs (if any)
• Add meta tags in header documenting the scene
• Create parent scene that loads first via Inline
• Add further X3D content to parent scene
• Create HTML page containing the X3D scene that 


adds further information to user
• Deploy on a web site or as .zip archive to users







Review topics


• Create a proper scene graph structure for a given scene


• List content and functionality that can be embedded in a scene graph


• State the contents of internal nodes and leaf nodes


• Visualize on paper the scene contained in a scene graph


• Explain the various scene-graph traversals, their order and purpose


• Translate between between scene graph and OpenGL with respect to modeling 
transformations, rendering attributes, geometry, animations


• Explain the connection between the matrix stack and a scene graph


• Name the advantages of using a scene graph over OpenGL


• Explain the relationship between scene graphs and raytracing


• Explain why and how bounding volumes are used in scene graphs


• Name performance optimizations that a scene graph affords


• Use X3D as a concrete scene graph architecture


• Use a graphical scene graph editor to create and modify graphs


• Use a text editor to modify graphs


• Conceptually explain the relationship between a scene graph data file, a scene graph viewer, 
a scene graph editor, a geometry data file and an OpenGL executable
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Historical background:  VRML


Virtual Reality Modeling Language (VRML) began 
in 1994, seeking to create 3D markup for Web
• Numerous candidates considered by an open 


community of interested practitioners
• SGI's OpenInventor won the initial competition
• VRML 1.0 developed over the next year
• VRML 2.0 restructured some nodes, added features


VRML advanced to International Standard 14772 
by ISO in 1997


Lots more can be said here.  Indeed numerous books have been written about VRML.
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Web3D Consortium


Web3D Consortium founded in 1998 to protect, 
support and advance the VRML specification
• http://www.web3D.org 


Continued efforts on new technology by multiple 
working groups led its successor, X3D
• http://www.web3D.org/x3d


Non-profit organization of many stakeholders 
ensures that X3D remains royalty free, relevant
• Partnership of industry, agency, academic and 


professional members


Perhaps the  key test of 'openness' for any self-proclaimed 'open' organization:  
exactly who is allowed to join?  Many industry associations only allow preselected 
(usually paying) companies to participate.


The Web3D Consortium includes industry, government-agency, college/university and 
individual professional memberships.  This makes it one of the most open 
organizations around.


Further information on membership and joining available online at 
http://www.web3d.org/membership 
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November 2012


www.web3D.org November 2012
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www.web3D.org August 2012August 2012
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www.web3D.org January 
2012


January 2012
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www.web3D.org April 2011
April 2011
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www.web3D.org December 2008
December 2008







Chapter01-TechnicalOverview 11


11


www.web3D.org October 2008
October 2008


http://www.web3d.org January 2008
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www.web3D.org August 2008
August 2008
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www.web3D.org May 2008
May 2008


We are here  ☺☻


http://www.web3d.org May 2008


http://www.lsi.usp.br/forumx3d 
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www.web3D.org February 2008
Today’s www.web3D.org pageMarch 2008


http://www.web3d.org February 2008
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www.web3D.org January 2008February 2008


http://www.web3d.org January 2008
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www.web3D.org December 2007
January 2008


http://www.web3d.org December 2007
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X3D Specifications


X3D graphics is defined by a set of specifications
These “specs” are developed by working-group 


volunteers as part of the Web3D Consortium
• Nonprofit organization with business, nonprofit, 


academic and professional members
• http://www.web3D.org 
• Efforts include editing, implementing and evaluating


Specification results reviewed and approved by 
International Organization of Standards (ISO)
• http://www.iso.ch 


Typically 10-15 member nations review and vote on the X3D Specification
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X3D specifications “honeycomb” diagram


Encodings define file formats.


Each Scene Access Interface (SAI) binding is a specific Application Programming 
Interface (API).


ECMAScript is the formal-specification name for JavaScript.


ECMA was originally named the European Computer Manufacturers Association and 
is now ECMA International - European association for standardizing information and 
communication systems.  http://www.ecma-international.org 
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Reading the X3D specification


The X3D Specification is highly detailed, primarily 
written for 3D graphics experts.  


Requirements must be described as strictly and 
precisely as possible so that X3D browsers can be 
implemented consistently.  This precision means 
that X3D content is more likely to render and 
animate correctly.


Nevertheless the X3D specification is a great  
learning resource for additional graphics details.  
It is also the authoritative reference for questions.
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Specification availability
The X3D specifications are online at  


• http://www.web3d.org/x3d/specifications 
• also embedded in the X3D-Edit help system


The X3D specifications are published by the Web3D 
Consortium and International Organization of 
Standards (ISO)
• Web3D versions are published in HTML for free
• ISO publishes .pdf versions and requires purchase


Feedback on X3D specifications is always welcome
• http://www.web3d.org/x3d/specifications/spec_feedback 


The Web3D Consortium was the first organization to request (and receive) permission 
to place final versions of approved ISO specifications online for free retrieval using 
HTML.  Purchase of hard-copy bound and electronic versions from ISO remains 
available.
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X3D plugins, Web browsers, applications


X3D browsers parse (read) X3D scene models and 
render (draw) them
• Also provide simulation capabilities for animation and 


user interaction
• http://www.web3d.org/x3d/content/examples/X3dResources.html#Applications


Often implemented as plugins to web browsers: 
• Internet Explorer http://www.microsoft.com 
• Mozilla Firefox     http://www.mozilla.com 
• Opera     http://www.opera.com 


Can also operate as a standalone application
• Xj3D     http://www.xj3d.org 
• Instant Reality     http://www.instantreality.org 


List keeps growing!


It is a good idea to install an X3D plugin in your web browser.  Available via


http://www.web3d.org/x3d/content/examples/help.html#Applications 
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X3D browser plugin list (partial)
http://www.web3d.org/x3d/content/examples/X3dResources.html#Applications


Xj3D Open Source for X3D/VRML97. Version 2.0 release using Java OpenGL 
(JOGL) rendering. Includes a Java WebStart version (Java standalone, 
Windows MacOSX Linux Solaris)


CRC's FreeWRL X3D/VRML browser (open-source C). Also available via Apple 
website (MacOSX Linux)


BitManagement's BS Contact X3D/VRML97 plugin for Internet Explorer (Windows 
MacOSX Linux)


Octaga X3D/VRML browser with high performance and community support forum 
(Windows MacOSX Linux)


InstantReality is a high-performance Mixed Reality (MR) system (Windows 
MacOSX Linux)


Vivaty's Flux Player X3D/VRML97 plugin for Internet Explorer (Windows)


SwirlX3D Free Viewer by Pine Coast Software (Windows)


Heilan X3D Browser open-source C++ browser for audio research (Windows 
Linux)


NuGraf 3D Rendering, Translation, Viewing & Data Optimization System by Okino 
(Windows and authoring-tool plugins)


Browser support for the various X3D components is now available at 
http://www.web3d.org/x3d/wiki/index.php/Player_support_for_X3D_components 
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Example software architecture for X3D browser


3D graphics algorithms and implementations are 
intensely technical and performance-sensitive 


X3D browsers are thus allowed to implement in 
any manner which they choose
• As long as the author's X3D scene works properly


This is a healthy division of responsibilities
• Each gets to excel at what they are good at


Commonalities and shared lessons learned 
continue to build up nicely
• Next diagram shows example architecture
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Example software architecture for X3D browser - 
diagram


X3D browser implementers can use any approach they choose.  This architecture 
diagram is generic to illustrate common approaches.


Part of the magic for X3D scene authors is that they don't have to care about 
underlying hard-core technical details “under the hood” of each browser.  Rather, 
scenes are designed to capture shapes, appearance and behaviors from a content-
authoring perspective that emphasizes modeling results.
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Scene graph concepts


Scene graphs are a model-centric approach to 
3D that hierarchically defines geometry shape, 
appearance, position and orientation, etc. etc.
• Directed acyclic graph (DAG), meaning a tree with a 


root node and no loops
• Declarative listing of parameters of interest
• Similar to defining a Computer Aided Design (CAD) 


model


Unlike most imperative programming approaches
• draw this triangle, that triangle, recompute, etc.
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Scene graph terminology


Scene graph data file
• contains model description, may refer to data files


Scene graph viewer
• Reads and renders scene-graph models
• Implemented as application or web browser plugin


Scene graph editor
• Special text editor for scene graph development


Executable application
• Specific 3D model capable of running on a specific 


operating system
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Scene graph rendering


The browser traverses the scene graph, updating 
any values within nodes and building an image
• New image then replaces previous screen image, 


process known as double buffering
• Rapid repetitions are very important
• Frame rate faster than 7-10 Hz (cycles per second) 


provides appearance of smooth motion


Rendering defined as this drawing process
Off-line rendering is performing such operations 


to image or movie files, rather than display
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Performance optimizations 


Scene graphs have performance optimizations 
sometimes not available in other Application 
Programming Interface (API) approaches
• Scene graph structure designed to take advantage 


of graphics hardware acceleration
• Can refer to (and reuse) subgraphs (X3D DEF, USE)
• “dirty bit” indicates whether a scene subgraph has 


been modified, avoiding needless recomputations
• Browser can rearrange or simplify geometry
• Scoping of lights to reduce computational impact
• Widely repeated interchange patterns
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Scene-graph advantages relative 
to OpenGL, DirectX render layers


Scene graphs often a close match to simulation 
models, easier for authors to make and modify


OpenGL and DirectX APIs are thin software 
layers that expose underlying 3D graphics-
acceleration hardware for real-time rendering


Each is a state machine, optimized for drawing 
triangles textures etc., not designed to have 
memory for modeling high-level simulation 
objects, remembering user actions, etc.







  


 


Scene graph compared to ray tracing


Ray tracing emulates physical properties of light 
interaction with material surfaces
• Ray vectors are propagated, computed, added
• Computational time can be intensive, usually best 


for high-fidelity rendering (rather than real-time)


Variety of different approaches, programs
• Persistence of Vision Raytracer (www.povray.org)
• Movies, e.g. Renderman (renderman.pixar.com)


Scene graph designed for real-time rendering
• But X3D Specification has no rendering prohibitions
• Okino Polytrans supports both (www.okino.com) 







  


 


Other scene graph architectures


OpenInventor (OI), predecessor of VRML
• http://oss.sgi.com/projects/inventor 


Virtual Reality Modeling Language (VRML), 
direct predecessor of X3D
• http://www.web3d.org/x3d/specifications 


Java3D quite similar to X3D scene graph
• https://java3d.dev.java.net 


OpenSceneGraph (OSG)
• http://www.openscenegraph.org 


OpenSG
• http://www.opensg.org 


OpenInventor reference on WikiPedia:  http://en.wikipedia.org/wiki/Open_Inventor 


VRML97 is still an approved ISO specification.  Furthermore the X3D ClassicVRML 
encoding is a direct extension of VRML 97, moving from version 2.0 to 3.0.


The Java3D scene graph has been described as over 90% similar to VRML and X3D.  
There are many good books and resources.


From the website:  “The OpenSceneGraph is an open source high performance 3D 
graphics toolkit, used by application developers in fields such as visual simulation, 
games, virtual reality, scientific visualization and modelling.”
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X3D file structure


X3D scene files have a common file structure
• File header (XML, ClassicVRML, Compressed Binary)
• X3D header statement
• Profile statement
• Component statements (optional)
• Meta statements (optional)
• X3D root node
• X3D scene graph child nodes


The X3D scene root node is implicit in ClassicVRML encoding and not listed per se.
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XML file encoding


The Extensible Markup Language (XML) is a 
plain-text format used by many Web languages
• Including Hypertext Markup Language (HTML)


XML is used to define other data-oriented 
languages
• Thus XML is not a language by itself, rather it is a 


language about languages, a metalanguage
• Common XML basis enables better interoperability, 


opens a “path of least resistance” for data flow


XML has many benefits and is well-suited for X3D
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XML in 10 Points
XML is for structuring data
XML looks a bit like HTML
XML is text, but isn't meant to 


be read
XML is verbose by design
XML is a family of technologies


XML is new but not that new
XML leads HTML to XHTML
XML is modular
XML is basis for RDF and the 


Semantic Web
XML is license-free,   


platform-independent and 
well-supported


http://www.w3.org/XML/1999/XML-in-10-points  


XML in 10 Points is a key reference for 
understanding the common underlying 
design principles underlying the great 
diversity of XML.


Only 4 pages long – essential reading.


Bert Bos et al., “XML in 10 Points,: World Wide Web Consortium (W3C), created 
1999, updated 2003.  Available at http://www.w3.org/XML/1999/XML-in-10-points  
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XML and X3D correspondence


Elements correspond to X3D nodes
Attributes correspond to X3D simple-type fields
Parent-child relationships define containerField
Validatable XML using X3D DTD, schema


XML documents have a tree structure that is a good match for the X3D scene graph.
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Need for subdivisions and subsets


3D graphics is a big and complicated subject
• Beginning authors just want simple scenes
• Experienced authors want to use everything


Similar needs for browser software builders
• Small rapid download for simple web graphics
• Full-capability software for every possible technique


Challenge:  how to consistently support both?
• Object-oriented decomposition for consistency
• Key design criteria for bottom-up X3D extensibility


These points are some of the original design challenges that faced X3D architects 
when evolving from the successes and lessons learned of VRML97.
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Profiles and components


Profiles are predefined collections of components
• Can augmented each by adding other components


Components are predefined collections of nodes
• Further defined by level of complexity
• Components match chapters in X3D specification


Authors define the expected complexity of scene 
by defining profile level in the X3D header
• Can also add optional components, if desired
• This tells the X3D browser what level of support is 


needed for run-time operation


Someday X3D browser software applications might themselves begin to 
componentize, enabling a light-weight initial download followed by run-time addition of 
further components as needed.


Each specification chapter includes a table at the end that lists the nodes and fields 
which are included for each component level.


This might sound a bit complicated, but is actually a  helpful thing architecturally.  
Authors can simply choose the best profile, rarely needing to worry about the 
components or levels that make them up.  


Further customization within a scene is always possible using component statements.
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Profiles cover common use cases


Profiles are a collection of components matching 
common levels of complexity


Profiles are X3D subsets 
• Collection of X3D nodes for 


for author's palette
• Interchange suitable for 


simple geometry conversion
• Interactive adds simple user 


interactivity (clicking etc.)
• Immersive matches 


VRML97
• Full profile includes all 


nodes


This is the profiles and components “onion” diagram
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meta statements


meta statements provide information about the 
X3D scene
• Document metadata, not scene metadata


Information provided as name-value pairs
• Example:  
  <meta name='created' value='1 January 2008'/>


This approach is thus very general
• Wide variety of metadata can be represented
• Matches same approach used by HTML for regular 


hypertext web pages


newScene.x3d includes a number of prompts for authors to fill in the proper metadata


http://www.web3d.org/x3d/content/examples/newScene.x3d 


http://www.web3d.org/x3d/content/examples/newScene.html 


A variety of metadata standards exist that specify the proper metadata terms to use.  
This allows consistent searchability among data files that follow the metadata norms.


<!-- Additional authoring resources for meta-tags:


   http://www.dublincore.org/documents/dcmi-terms 


   http://www.dublincore.org/documents/dces 


   http://www.w3.org/TR/html4/struct/global.html#h-7.4.4 


   http://vancouver-webpages.com/META 


   http://vancouver-webpages.com/META/about-mk-metas2.html 


Additional authoring resources for language codes:


   ftp://ftp.isi.edu/in-notes/bcp/bcp47.txt 


   http://www.loc.gov/standards/iso639-2/langhome.html 


   http://www.iana.org/numbers.html#L 


-->
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newScene.html metadata prompts


http://www.web3d.org/x3d/content/examples/newScene.html 
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DEF and USE


DEF names provide a label for any node
• Including child nodes making up that subgraph
• Equivalent to ID type in XML:  must be unique
• Provides target for routing events
• Multiple DEFs: legal in X3D, illegal in XML, harmful


USE labels reference a DEF node
• Spelling is case sensitive, must be identical


DEF label must precede USE reference in scene
• Enables faster performance by single-pass loading
• Not detected by XML validation but still required
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DEF naming


Names are important!
• Describe purpose and functionality
• Strongly influences how you think about a thing
• Provides explanatory documentation
• Must start with a letter, can't use hyphens


Naming convention:  CamelCaseNaming
• capitalize each individual word
• avoid abbreviations, since none are consistent and 


they don't help international readers
• strive for clarity, be brief but complete


Test:  can the DEF name be used in a sentence sensibly?


Irony:  you know that you have the proper name for something when no one asks 
about it any more.


The X3D Scene Authoring Hints include guidance on good naming conventions.  
These are available in the X3D-Edit help system, and also online at


 http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#NamingConventions 
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Units of measurement


Linear measurements in meters
• 1 m = 39.3”


Angular measurements in radians
• 2 pi = 360 degrees


Time measured in seconds
• Starting 1 January 1970


Colors
• RGB red-green-blue floating points ranging 0..1 


(vice HTML which has integers 0..255)


Warning:  using degree values rather than radians is a common mistake by new 
students.


This time convention is quite common and ultimately inherited from the Unix operating 
system.
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Coordinate systems


Right hand rule for X Y Z order


Y axis is up


Correspondence:  North, Up, East


Accept no substitutes!
• or at least realign them  ☺


See Figures 3.1 and 3.1, page 68, X3D for Web Authors


There are a total of eight different Euler angle systems, each with different relative orientations 
for the X, Y and Z axes.


Half of these follow a left-hand rule, rather than a right-hand rule.  Occasionally a graphics book 
comes out that presents mathematical equations using a left-hand rule.  Immediately throw such 
books in the fire so that further pain and suffering is prevented!


The displayed example is
http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/CoordinateAxesNSEW.x3d 
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Right hand rules!


First three fingers of 
right hand must 
align with the X Y Z 
axes, in that order


Right hand rule also 
provides direction 
of positive rotation 
about an axis 


 Figures 3.3 and 3.4, pages 69-70, X3D for Web Authors


Instructors and students alike should frequently use their right hand to illustrate proper 
orientation relationships.  It is a big help.  Don't worry about onlookers.
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Shape and Geometry


Chapter 2


back to Table of Contents
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Shape and geometry


Shape nodes can contain a single geometry node
• For example, one of the five geometry primitive nodes
• Alternatively contains a more-advanced geometry node


• Chapter 2:   Geometric primitives
• Chapter 6:   Points Lines and Polygon nodes
• Chapter 10: Geometry2D nodes
• Chapter 13: Triangle nodes


Shape nodes can also contain an Appearance node
• Which in turn contains a Material node for coloring
• Covered in Chapter 3


Since every individual piece of geometry to be drawn must have a parent Shape node, 
expect to see a lot of Shape nodes in your X3D scenes.


The structure provided by having many Shape nodes helps keep a scene organized 
and clearly separates capabilities that might otherwise get unintentionally mixed up.
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Geometry Primitives


Primitives are simple geometric constructs
Shape, geometry, Appearance, Material pattern
Browsers decide implementation details, including   


tessellation (polygon count) and thus quality


Figure 2.2b, page 39, X3D for Web Authors


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/GeometryPrimitiveNodes.x3d


There are five primitive geometry nodes:  Box Cone Cylinder Sphere and Text


Improving the polygon count of primitive geometry is a frequently requested X3D feature.


Some browsers (e.g. Xj3D) allow setting a parameter for primitive quality.


Maybe  a new field will eventually be added to the X3D specification, or maybe not.


Authors can generate their own geometry (e.g. IndexedFaceSet) if they do not want to live with 
the uncertainty of browser quality when drawing geometry primitives.
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X3D-Edit 3.1 scene graph


Transform nodes
position each Shape
so that they do not
obscure each other


Figures 2.1 and 2.2, page 39, X3D for Web Authors


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter02-GeometryPrimitives/GeometryPrimitiveNodes.x3d


This scene-graph screen snapshot was taken using X3D-Edit 3.1.
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Shape parent with geometry child


 Shape must be parent node, can 
only hold one geometry node


Appearance and Material nodes 
define colors, transparency, etc.


Primitives have simple dimensions
• Typical volume ~1 m radius


All units are in meters


<Shape>
      <Box size='1 2 3'/>
      <Appearance>


<Material/>
      </Appearance>
</Shape>


<Shape>
      <Sphere radius='1'/>
      <Appearance>


<Material/>
      </Appearance>
</Shape>
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Geometry nodes


Chapter 2, Primitives
• Box, Cone, Cylinder, Sphere, Text / FontStyle


Chapter 6, Points Lines and Polygons
• PointSet, IndexedLineSet, IndexedFaceSet, 


ElevationGrid, Extrusion


Chapter 10, Geometry2D
• Arc2D,ArcClose2D, Circle2D, Disk2D, Polyline2D, 


Polypoint2D, Rectangle2D, TriangleSet2D


Chapter 13, Triangles and Quadrilaterals
• TriangleSet, TriangleStripSet, TriangleFanSet, QuadSet
• Both regular and Indexed versions


The principle that one geometry node goes inside each Shape, and next to each 
Appearance, is consistent for all the different geometry nodes available in X3D.
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Advanced geometry nodes


Geospatial component
• GeoElevationGrid


NURBS component
• NurbsCurve, NurbsPatchSurface, NurbsSweptSurface, 


NurbsSwungSurface, NurbsTrimmedSurface


Programmable shaders component
• ComposedShader, PackagedShader, ProgramShader


Further information available in X3D Specification
• http://www.web3d.org/x3d/specifications 
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Grouping and Transformation


Chapter 3


back to Table of Contents
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Grouping rationale


X3D scenes are directed acyclic graphs, made up 
of subgraphs with intermediate & leaf nodes


Grouping nodes help provide sensible structure
• Functionally related nodes collected together
• Grouping nodes can contain other grouping nodes, 


i.e. graphs of subgraphs
• Establish common or separate coordinate systems
• Make it easy to label nodes or subgraphs with DEF, 


then reference copies of those nodes (or grouped 
collections of nodes) with USE
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Bounding boxes


Provides a hint to browsers about object size
• Does not affect how an object is rendered (drawn) 


if it is actually larger than the bounding box
• Are never drawn themselves
• Defined by bboxSize and bboxCenter 


Goal is to reduce computational complexity
• browser avoids calculating impossible collisions
• Size accumulates while proceeding up scene graph


Bounding boxes can be ignored by authors
• some authoring tools can provide them if needed


Note that bounding boxes are invisible and not displayed.


If used, bounding box dimensions need to account for all children in the contained 
scene subgraph. 







 


Chapter03-Grouping 56


56


Bounding box illustration


Note that bounding boxes are invisible and not displayed.  This wireframe has been explicitly 
added to the scene to illustrate bounding box principles.


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/BoundingBoxIllustration.x3d 
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Transform node


Grouping node that defines a coordinate system 
for its children


Root of X3D scene graph is always at (0 0 0)
Transform nodes can 


• Translate local origin linearly to another coordinate
• Rotate about any axis
• Scale size, uniformly or separately along x y z axes


Group and Transform are among most commonly 
used nodes
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Transform fields
• translation:  x y z  movement in meters from origin 


of local coordinate system
• rotation:    [axis x y z]-angle rotation about origin 


of local coordinate system
• scale:         x y z (potentially nonuniform) factor for 


change in object scale to make it larger or smaller
• center:  origin offset prior to applying rotation
• scaleOrientation:  rotation to apply prior to scaling
• bboxCenter, bboxSize:  bounding box information 


(if any is provided by author, optional)
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Transform node X3D-Edit


Figure 3.6, page 79, X3D for Web Authors


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/Transform.x3d 
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Each Transform is a scene subgraph


Figure 3.6, page 79, X3D for Web Authors


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/Transform.x3d 
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Order of transformation operations


The ordering of transformation operations is 
important and not symmetric.  Algorithm:
• Apply reverse center offset to set up for properly 


centered scaling and orientation operations
• Apply reverse scaleOrientation, then apply scale 


operation, then apply forward scaleOrientation to 
regain initial frame


• Apply rotation to final direction, then apply forward 
center offset to regain initial origin


• Apply translation to final location of new coordinate 
frame


The next slide illustrates these steps.
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Comparing out-of-order operations


Case 1


Case 2


Figure 3.7, page 80, X3D for Web Authors


Case 1:  first rotation, then translation. (Requires one Transform node  in X3D)


Case 2:  first translation, then rotation. (Requires two Transform nodes in X3D)


The intermediate steps (blue triangle) are not displayed when rendering a 3D scene.


Results (the second purple triangle) are not equivalent.  Thus the application of 
transformation steps (scale, rotation, translation) are order dependent.


Case 1 corresponds to the way that a single X3D Transform node works:  first rotation, 
then translation.


Case 2 is also possible, but requires two Transform nodes to apply steps in the order 
desired.
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Equivalent transformations
Transform {


center C


rotation R


scale S


scaleOrientation SR


translation T


children [...]


}


Using matrix transformation notation, where


• C   (center), 


• SR (scaleOrientation), 


• T   (translation), 


• R   (rotation), and 


• S   (scale) 


are the equivalent transformation matrices, then


• P' is transformed child point P


• P' = T · C · R · SR · S · −SR · −C · P


 Transform {


translation T


children Transform {


translation C


children Transform {


rotation R


children Transform {


rotation SR


children Transform {


        scale S


        children Transform {


                rotation -SR


                children Transform {


                        translation -C


                        children [...]


                }


        }


}


}


}


}


 }


Figure 3.8, page 81, X3D for Web Authors


The Transform on the left is equivalent to the set of Transform nodes on the right.


Most 3D graphics programming languages are more complicated than X3D 


in this respect, requiring the author to carefully apply matrix algebra to 


transformation matrices.


The way to read the governing matrix equation at the bottom left corner is from right to 
left.  The order of operations is strictly defined for a single Transform node.


Summarizing:  first apply center and scaling operations, then rotation, then translation.


If you really want to perform these operations in a different order than X3D, so that it 
matches some other matrix-operations source code, then use multiple nested X3D 
Transform nodes.
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Matrix operations


Matrix operations are not directly exposed in X3D
• Unlike most imperative programming interfaces
• Instead Transform nodes provide a regularized way 


to perform translation, rotation, scaling


Transform includes a specific order of operations
• Illustrated in next slides


Flexible: multiple Transform nodes can be nested
• Each Transform establishes new coordinate frame


Advanced topic:  matrix operations are exposed in the Scene Access Interface (SAI) 
application programming interface (API) for X3D.  Nevertheless  these are provided as 
a programming convenience for classical algorithms and rarely used.
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Inline node


Loads another X3D world within current scene
• Supported formats depend on user's X3D browser
• XML .x3d, ClassicVRML .x3dv, 
• Compressed binary .x3db, possibly VRML97 .wrl


Inline scene is positioned, rotated and scaled to 
match the local coordinate frame
• Local reference frame determined by parent 


Transformation node hierarchy
• User's viewpoint does not change automatically to 


the loaded Inline scene's default Viewpoint
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url field


url = uniform resource locator
• Equivalent to universal resource identifier (uri)


url field is a “quoted” string array that can hold 
multiple equivalent addresses
• Each address should point to same resource
• Each address is retrieved and evaluated, in order, 


until the desired Inline file is successfully retrieved
• Relative addresses can work on localhost or server
• Absolute addresses provide reliable backup
• Interesting variations possible


The url field is also used by a number of other nodes, such as ImageTexture and 
MovieTexture in Chapter 5.
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Inline node X3D-Edit


An improved url editor is planned for X3D-Edit.


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/Inline.x3d 
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Switch node


Switch selects only one (or none) of its children 
for rendering
• Initial child index is whichChoice='0'
• whichChoice='-1' indicates no child is selected


Can manually change values
• Sometimes better to hide geometry rather than to 


comment out large blocks 
• (which may already have embedded comments)


• Chapter 7 Event Animation describes how to 
change selections using event animation
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Switch node example


Note whichChoice starts at index 0; -1 means none
• Child-node containerField ='children', not 'choice'


Figure 3.12, page 91, X3D for Web Authors


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/Switch.x3d


Each of the black-background objects shows the different views that occur when the value of 
the Switch node's whichChoice field is changed.


containerField is the field-name label given to child nodes.


The default containerField value for Switch was changed to containerField='children' in X3D 
(from 'choice' in VRML97) in order to make Switch consistent with other X3DGroupingNode 
types. 
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Viewing and Navigation


Chapter 4


back to Table of Contents
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Viewing and navigation


It is helpful to think of X3D scenes as fixed at 
different locations in 3D space
• Viewpoints are like cameras, prepositioned in 


locations (and directions) of interest
• Users can move their current camera viewpoint 


further and change direction they are looking at
• This process is called navigation


Making navigation easy for users is important
• Authors provide viewpoints of interest with scenes
• Browsers enable camera rotation, pan, zoom, etc.


Difficult navigation leads to users becoming “lost in space” or, worse yet from an 
author's perspective, simply leaving the scene because it is incomprehensible.
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Goals of viewing and navigation
• Viewing a scene from different vantage points that 


reveal aspects of interest, document key locations, 
or help to tell a story


• Navigating changes in the user’s viewpoint 
effectively by moving from place to place in an 
intuitive manner


• Making geometric objects selectable so that users 
can transport to another viewpoint, launch into 
another scene, or receive other web content


• Taking advantage of viewpoint location for special 
interactive techniques, such as user-facing billboard 
rotations and terrain following
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Viewpoint node


It is helpful to think of X3D scenes as being fixed 
solidly in 3D space, positioned and oriented 
exactly where placed by the scene author


Viewing a scene is thus a matter of navigating 
the current user point of view through space


Viewpoint nodes let X3D scene authors predefine 
locations and orientations of particular interest
• Sometimes viewpoints are animated and moving
• Freedom of viewpoint is exciting and engaging, also 


a major advantage over fixed-viewpoint video
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Navigation model   1


Users can select predefined Viewpoints
• Defines both position and direction of view


Users can further navigate around scene
• Using pointing device or hot keys
• Chosen viewpoint remains bound
• Browser applies offsets using user-driven changes


Figure 4.9. Recommended Keyboard Navigation Keys and Responses
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Navigation model   2


User's current view can be animated
• ROUTE new position/direction event values to the 


Viewpoint itself, or to parent Transform nodes
• User navigation offsets to that view remain in effect
• Thus “over the shoulder” viewpoints can follow a 


moving object around, while still allowing user to 
look around while in that moving viewpoint


Lefty and Lucy shark in the Kelp Forest Main 
scene use this technique as virtual tour guides
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NavigationInfo node


NavigationInfo indicates how a browser might 
best support user navigation in the scene


Multiple NavigationInfo nodes may exist in scene
• Or in multiple Inline scenes loaded together


NavigationInfo is an X3DBindableNode
• So only one can be active at a given time
• Follow the same binding rules as Viewpoint, but not 


easily selectable
• Can be linked to a given Viewpoint by ROUTE that 


connects isBound of one node to set_bind of other
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Anchor node


Anchor is another grouping node that can 
contain other nodes


Geometry rendered by contained nodes is 
activated and can be selected
• Clicking on Anchor geometry launches url link
• Alternatively can select a viewpoint in the scene 


(similar to HTML bookmark)
• Thus similar to HTML anchor tag


Selected link can replace current X3D scene, or 
else can launch into another browser window
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Billboard example


Starting at initial 
viewpoint and 
navigating with 
mouse or arrow 
keys reveals that 
Billboard Text 
remains facing 
the viewer, 
improving 
readability


http://www.x3dbook.com/examples/X3dForWebAuthors/KelpForestExhibit/KelpForestMain.x3d 
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Appearance, Material and Textures


Chapter 5
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Appearance node


Each Shape contains some geometry along with 
a corresponding Appearance node


Appearance is a container which may include
• Single Material (or TwoSidedMaterial) node
• FillProperties, LineProperties, single Texture node


This close association makes assignment of 
rendering properties to geometry unambiguous
• Repetition of values for visual consistency is easily 


accomplished with DEF/USE of Appearance, 
Material, Texture node, etc.


• Clear naming helps, for example
  <Appearance USE='FoggyGlassAppearance'/>


DEF/USE names can get confusing in a large X3D scene, unless good patterns and habits 
are used when giving names to nodes.


For example, a DEF name of FoggyGlass certainly describes what is intended, but it is 
not clear whether the node is an Appearance, Material, or even some kind of Texture.  
Therefore, including the name of the defining node in the DEF name (e.g. 
FoggyGlassAppearance) makes it easy to copy. 


In other words, it is more likely to later say


     <Appearance USE='FoggyGlassAppearance'/>


instead of making the node-typing mistake


     <Material USE='FoggyGlass'/> <!-- run-time error -->


Since such run-time errors are often not caught until an end user is trying to view a scene 
with unintended errors, it is better to adopt good naming practices early to avoid puzzling 
problems later.


Thumbrules on node-naming conventions are given in the X3D Scene Authoring Hints, 
provided in the X3D-Edit help system and also online at


http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#NamingConventions 
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Appearance node and X3D-Edit palette


drag + drop icon fro
m palette


drag + drop icon from palette


dr
ag


 +
 d


ro
p 


ico
n 


fro
m


 p
al


et
te


Hint:  place the cursor before comments and closing tags, and then press Enter 
(return key for line feeds), to get proper line spacing and to make the scene easier to 
read.


Embedded comments (that prompt where new nodes are inserted) can be deleted.


When all nodes are in place, you can reformat by selecting


• Control+A to select all nodes


• Alt+Shift+F to format the XML (also available via right-click context menu)


Note that head element is iconized and DOCTYPE deleted in these scenes for clarity.
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Material fields


Color, transparency and shininess fields together 
make up Material properties.  Examples follow.
• diffuseColor reflects all X3D light sources, 


depending on viewing angles towards each light
• ambientIntensity is reflection multiplication factor
• emissiveColor is glowing component, normally off, 


independent of reflected light
• specularColor governs reflection highlights
• shininess controls specular intensity
• transparency is ability to see through an object:  


1 is completely transparent, 0 is opaque
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Material node X3D-Edit


diffuseColor is the primary Material field


http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/DiffuseColor.x3d 
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Material editor:  diffuseColor
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emissiveColor


emissiveColor 
is the glowing component
and can easily overpower 


other color fields


http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/EmissiveColor.x3d 


Also note how all highlights are washed out, the sense of perspective provided by the 
shading of reflected light is completely lost.


Because of this side effect, emissiveColor should be used sparingly (if at all) and is 
usually reserved for visualizing energy or other special effects.
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Material editor color selector


Click colored box to select a color







 


Chapter05-AppearanceMaterialTextures 87


87


Selecting a Universal Material value


Selecting a Universal Media
library and index number


resets Material field values







 


Chapter05-AppearanceMaterialTextures 88


88


Universal Media screenshots


Universal Media libraries include
ArtDeco, Autumn, Glass, Metal, Neon, Rococo, SantaFe, 


Sheen, Silky, Spring, Summer, Tropical, Winter


http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials
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Texture nodes


Texture nodes read 2D image (or movie) files 
and apply them pixel-by-pixel to the associated 
geometry sharing the same Shape node
• Thus wrapping picture images around an object
• ImageTexture, PixelTexture, MovieTexture
• Can be inexpensive way to achieve high fidelity


Texture images can be shifted, rotated, scaled
• TextureTransform, TextureCoordinate 
• Thus modifying image application to geometry
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Animation Behavior Examples


back to Table of Contents


Slides from 


• Chapter 1, Technical Overview


• Chapter 7, Event Animation and Interpolation


• Chapter 8, User Interaction
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Behaviors


Behavior defined as changing the value of some 
field contained by some node in scene graph


Animation nodes, user interaction nodes and 
network updates can produce updated values


ROUTE statements connect output of one node 
as an input to field in another node


Event defined as the time-stamped value passed 
by a ROUTE, from one field to another


Thus the values held by nodes in scene graph 
can change as time advances
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Behavior traversal of scene graph


Once frame is swapped to update screen image, 
need to update values in the scene


Event model consists of 
• Examining clock-driven and user-initiated events
• Updating scene-graph values
• Triggering and updating new events as appropriate
• Continue until all events handled, loops not allowed


Event updates modify the scene graph
• Changing rendering properties, or
• Generating further event outputs 
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Example behavior event chain
• User clicks button to start a timer clock
• Clock outputs new event at start of each frame,
• ... which stimulates linear-interpolation function 


which produces another output value
• ... which updates some target value in scene graph
• Repeat event traversal after each frame redraw
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ROUTE connections


ROUTE connection enables the output field of 
one node to pass a value that then stimulates 
the input field of another node
• The passed value also includes a time stamp


Field data type and accessType must both match 
between node/field of source and target
• Chapter 1, Technical Introduction lists field types
• Also provided in tooltips and specification
• Authors usually must carefully check these
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Animation as scene-graph modification


Behavior = changing a field value in a node, 
somewhere in the scene graph


Event = time-stamped value going over a ROUTE


Event cascade = a series of events being sent, 
each one triggering the next
• No event loops allowed, guaranteeing completion


Thus all X3D animation can be considered as 
modification of the scene graph at run time
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Event-animation design pattern


X3D can be imposing, there are many nodes
Nevertheless a simple design pattern is used for 


nearly every kind of animation


This consistent event ROUTE pattern enables you 
to expertly animate most X3D scene behaviors


X3D for Web Authors, Figure 7.1, p. 189.


TouchSensor is optional.  Some other triggering event may be provided to start the 
animation chain, or the TimeSensor may be looping indefinitely.


There are many interpolator nodes.  The choice of which interpolator to utilize is 
determined by the data type of the target field in the target node.


A sequencer node is used instead of an interpolator node if the target field is boolean 
or integer.  Sequencer nodes are described in Chapter 9, Event Utilities and Scripting.
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Visualizing scenes on paper 


It is good practice to sketch out 3D scene drafts
• Consider what models are needed, and how 


multiple models might be composed


Consider user experience, from their perspective
• What tasks and goals, what use cases
• What might things look like when first seen


Storyboarding can help build long-form content
• Series of vignettes to tell a larger story
• Each scene defines needed models and behaviors
• Build each piece, put them together
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Importance of user interaction


Animated scenes are more interesting than static 
unchanging geometry


X3D interaction consists of sensing user actions 
and then prompting appropriate responses


Scenes that include behaviors which respond to 
user direction and control are more lively


Freedom of navigation and interaction contribute 
to user's sense of presence and immersion


Thus animation behaviors tend to be reactive 
and declarative, responding to the user


There is a large body of work in 3D user interaction.  See the Additional Resources 
section.
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Sensors produce events


Sensors detect various kinds of user interaction 
and produce events to ROUTE within a scene


● Each sensor detects a certain kind of interaction, 
then produces one or more events


Authors decide how the events describing user 
interaction are interpreted and handled


● This approach allows great flexibility for authors
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Example: user-interactivity sensor nodes


UserInteractivitySensorNodes.x3d
• Select (click and hold) TouchSensor Cone to 


alternate Background nodes
• Select and drag PlaneSensor Box around the screen
• Select and rotate CylinderSensor Cylinder
• Select and spin SphereSensor Sphere


Keyboard inputs are also activated
• KeySensor indicates keyPress
• StringSensor shows finalText once <Enter> pressed
• Console shows enteredText (includes deletes if any)


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/UserInteractivitySensorNodes.x3d 
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SensorNodeExamples.x3d 
snapshot


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter08-UserInteractivity/UserInteractivitySensorNodes.x3d 


The top screen is the initial view.  Click and hold to select the Cone TouchSensor that 
binds the light-blue Background.  Releasing unbinds that Background, restoring the 
original.


PlaneSensor, CylinderSensor and SphereSensor can each be selected and dragged.  
Their output values (SFVec3f, SFRotation, SFRotation) have ROUTE  connections to 
either translate or rotate the respective parent Transform node.


Default KeySensor output text is a ? question mark.  Note that the key output shows 
only a capital-letter character (or the primary character) for the key being pressed.


Default StringSensor output text is 'Press keys then <Enter>' - be patient since the 
finalText field doesn't send an output string until the <Enter> key is pressed.


The console shows the enteredText, as it is typed key by key, including <Backspace> 
or <Delete> effects (if any).
          enteredText=H                 enteredText=Hello Strin        


          enteredText=He                enteredText=Hello String       


          enteredText=Hel               enteredText=Hello StringS      


          enteredText=Hell              enteredText=Hello StringSe     


          enteredText=Hello             enteredText=Hello StringSen    


          enteredText=Hello             enteredText=Hello StringSens   


          enteredText=Hello S           enteredText=Hello StringSenso  


          enteredText=Hello St          enteredText=Hello StringSensor 


          enteredText=Hello Str         enteredText=Hello StringSensor!


          enteredText=Hello Stri        enteredText=Hello StringSensor!
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Tutorial Summary


back to Table of Contents
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Tutorial Summary


X3D scene graph has a tremendous amount of 
capability and flexibility


X3D playback is suitable for
• Real-time rendering of 3D models
• Efficient animation using ROUTE-based event 


passing for any scene-graph parameter
• Reacting to user behaviors, overt and implicit


X3D authoring is straightforward
• Tools help, XML interoperability helps more
• Web deployment opens up new horizons for 3D
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Exercise:  deploy a 3D model


Deploy a 3D model using X3D, HTML on the Web
• Use existing model from another tool (e.g. Blender)
• Save as in XML as .x3d file (or #VRML 2.0, 3.0)
• Load (or import) into X3D-Edit, fix bugs (if any)
• Add meta tags in header documenting the scene
• Create parent scene that loads first via Inline
• Add further X3D content to parent scene
• Create HTML page containing the X3D scene that 


adds further information to user
• Deploy on a web site or as .zip archive to users
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Review topics


• Create a proper scene graph structure for a given scene


• List content and functionality that can be embedded in a scene graph


• State the contents of internal nodes and leaf nodes


• Visualize on paper the scene contained in a scene graph


• Explain the various scene-graph traversals, their order and purpose


• Translate between between scene graph and OpenGL with respect to modeling 
transformations, rendering attributes, geometry, animations


• Explain the connection between the matrix stack and a scene graph


• Name the advantages of using a scene graph over OpenGL


• Explain the relationship between scene graphs and raytracing


• Explain why and how bounding volumes are used in scene graphs


• Name performance optimizations that a scene graph affords


• Use X3D as a concrete scene graph architecture


• Use a graphical scene graph editor to create and modify graphs


• Use a text editor to modify graphs


• Conceptually explain the relationship between a scene graph data file, a scene graph viewer, 
a scene graph editor, a geometry data file and an OpenGL executable


With thanks to Dr. Mathias Kolsch NPS for these guiding questions to support a 
MV3202 course tutorial.
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X3D: Extensible 3D Graphics for Web Authors         
by Don Brutzman and Leonard Daly, Morgan 
Kaufmann Publishers, April 2007, 468 pages.  
• Chapter 3, Grouping Nodes
• http://x3dGraphics.com 
• http://x3dgraphics.com/examples/X3dForWebAuthors 


X3D Resources
• http://www.web3d.org/x3d/content/examples/X3dResources.html 
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X3D-Edit Authoring Tool
• https://savage.nps.edu/X3D-Edit 


X3D Scene Authoring Hints
• http://x3dgraphics.com/examples/X3dSceneAuthoringHints.html 


X3D Graphics Specification
• http://www.web3d.org/x3d/specifications 
• Also available as help pages within X3D-Edit 
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Monterey California 93943-5000 USA


1.831.656.2149 voice


Contact
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CGEMS, SIGGRAPH, Eurographics


The Computer Graphics Educational Materials 
Source(CGEMS) site is designed for educators
• to provide a source of refereed high-quality content
• as a service to the Computer Graphics community
• freely available, directly prepared for classroom use
• http://cgems.inesc.pt 


X3D for Web Authors recognized by CGEMS!  ☺
• Book materials:  X3D-Edit tool, examples, slidesets
• Received jury award for Best Submission 2008


CGEMS supported by SIGGRAPH, Eurographics


From the CGEMS home page:


• http://cgems.inesc.pt 


Welcome to CGEMS - Computer Graphics Educational Materials Source. The 
CGEMS site is designed for educators to provide a source of refereed high-
quality content as a service to the Computer Graphics community as a whole. 
Materials herein are freely available and directly prepared for your classroom.


List of all published modules:


• http://cgems.inesc.pt/authors/ListModules.aspx 


CGEMS Editorial Policy:


• http://cgems.inesc.pt/EditorialPolicy.htm 
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Creative Commons open-source license
http://creativecommons.org/licenses/by-nc-sa/3.0 


Attribution-Noncommercial-Share Alike 3.0 Unported


You are free:


    * to Share — to copy, distribute and transmit the work


    * to Remix — to adapt the work


Under the following conditions:


    * Attribution. You must attribute the work in the manner specified by the author or 
licensor (but not in any way that suggests that they endorse you or your use of the 
work).


      Attribute this work:  What does "Attribute this work" mean?


      The page you came from contained embedded licensing metadata, including how 
the creator wishes to be attributed for re-use. You can use the HTML here to cite the 
work. Doing so will also include metadata on your page so that others can find the 
original work as well.   


    * Noncommercial. You may not use this work for commercial purposes.


    * Share Alike. If you alter, transform, or build upon this work, you may distribute the 
resulting work only under the same or similar license to this one.


    * For any reuse or distribution, you must make clear to others the license terms of 
this work. The best way to do this is with a link to this web page.


    * Any of the above conditions can be waived if you get permission from the 
copyright holder.


    * Nothing in this license impairs or restricts the author's moral rights.
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Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.


License available at


    http://www.web3d.org/x3d/content/examples/license.txt 


    http://www.web3d.org/x3d/content/examples/license.html 


Good references on open source:


Andrew M. St. Laurent, Understanding Open Source and Free 
Software Licensing, Oreilly Publishing, Sebastopol California, 
August 2004.  http://oreilly.com/catalog/9780596005818/index.html 


Herz, J. C., Mark Lucas, John Scott, Open Technology 
Development: Roadmap Plan,  Deputy Under Secretary of Defense 
for  Advanced Systems and Concepts, Washington DC, April 2006.  
http://handle.dtic.mil/100.2/ADA450769 
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X3D-Edit Motivation


Provide a simple, excellent authoring tool for X3D


Teach X3D to anyone who can author HTML


Unlock all of the great work by Web3D partners


Learn by doing, and help further X3D progress







Teaching Goals
This work presents Extensible 3D (X3D) Graphics, 


the open, royalty-free, international standard for 
3D graphics on the Web


Book and slideset goals include
• Show Web authors experienced with HTML and XML 


how to build and connect X3D models
• Teach students principles of Web-capable 3D graphics
• Serve as a ready-reference book for X3D experts


Explain broad principles and specific details of X3D 
for anyone learning how to build 3D models



http://x3dGraphics.com/





X3D-Edit home page


Download:  https://savage.nps.edu/X3D-Edit 
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X3D-Edit updates


Icon in lower-left corner of screen indicates when 
updates are available for automatic installation


Plugin available:  click
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• Case Studies
• Resources
• Join Web3D Consortium







Availability:  X3D Showcase DVD


Production thanks!
• Web3D:  Anita Havele
• University of Sao Paolo:  


Mario Nagamura, Marcia 
Kondo, Marcio Cabral, 
Olavo Belloc, Marcelo Zuffo


• Naval Postgraduate School: 
Byounghyun Yoo, Jeff 
Weekley, Don Brutzman


Sourceforge version control 
for easy updating



http://x3d.svn.sourceforge.net/viewvc/x3d/www.web3d.org/x3d/showcase

http://x3d.svn.sourceforge.net/viewvc/x3d/www.web3d.org/x3d/showcase





X3D Examples Archives


X3D for Web Authors
• Textbook on how to design and build X3D scenes


Basic 
• Diverse scenes illustrating various X3D capabilities


Conformance NIST
• Strictly defined test examples for correct operation


VRML 2.0 Sourcebook
• Textbook on VRML97, examples converted to X3D


Savage
• Open-source military models and tools


 244 models


 653 models


 732 models


 269 models


1181 models


3000+ models available`



http://x3dGraphics.com/examples/X3dForWebAuthors

http://www.web3d.org/x3d/content/examples/Basic

http://www.web3d.org/x3d/content/examples/ConformanceNist

http://www.web3d.org/x3d/content/examples/Vrml2.0Sourcebook

https://savage.nps.edu/Savage

http://x3dGraphics.com/examples/X3dForWebAuthors

http://www.web3d.org/x3d/content/examples/Basic

http://www.web3d.org/x3d/content/examples/ConformanceNist

http://www.web3d.org/x3d/content/examples/Vrml2.0Sourcebook

https://savage.nps.edu/Savage





X3D Examples download panel, X3D-Edit







X3D-Edit Help







Viewing alternatives for X3D


Default built-in viewer is open-source Xj3D
• High performance, implemented using Java OpenGL


Can launch current scene into web browser
• Displays using any of your installed plugins
• “Launch all viewers” simplifies comparison testing 


Can also launch into standalone applications
• Configuration panel simplifies download, install 



http://www.xj3d.org/

http://www.web3d.org/x3d/content/examples/help.html#Applications





Player support for X3D components



http://www.web3d.org/x3d/wiki/index.php/Player_support_for_X3D_components

http://www.web3d.org/x3d/wiki/index.php/Player_support_for_X3D_components

http://www.web3d.org/x3d/wiki/index.php/Player_support_for_X3D_components





Tool support for X3D components



http://www.web3d.org/x3d/wiki/index.php/Tool_support_for_X3D_components

http://www.web3d.org/x3d/wiki/index.php/Tool_support_for_X3D_components

http://www.web3d.org/x3d/wiki/index.php/Tool_support_for_X3D_components





Right-click to launch external players







X3D-Edit collaboration chat


XMPP JID for the chat channel is xmpp://x3d@muc.share.java.net 


Subscription directions are provided on the installation page



https://savage.nps.edu/X3D-Edit/XmppChatCollaborationModule.html

https://savage.nps.edu/X3D-Edit/XmppChatCollaborationModule.html

https://savage.nps.edu/X3D-Edit/XmppChatCollaborationModule.html





Version control support included



http://x3d.svn.sourceforge.net/viewvc/x3d/www.web3d.org/x3d/tools/X3dEdit3.2





Collada .dae editing support







Collada .dae import to X3D







Distributed Interactive Simulation (DIS) Protocol


Long-running IEEE protocol used in military 
modeling + simulation applications


OpenDIS:  open source implementations 
• Java, C++
• Also DIS-XML that runs under XMPP jabber chat
• Available at Sourceforge 


http://sourceforge.net/projects/open-dis 


Integrate network test environment into X3D-Edit
• In progress
• Goal: aid development, testing of new protocols



http://sourceforge.net/projects/open-dis

http://sourceforge.net/projects/open-dis





DIS Networking Test Panel







DIS Networking Player-Recorder Panel







X3D Earth, Geospatial Component


<!-- a simple Inline node is all that is needed for any scene 


       to use X3D Earth assets, for example: -->


<Inline url='http://x3d-earth.nps.edu/osmdemo.x3d'/>


Editing and authoring support provided







ISO standard for human skeletons, skin
• Supported in X3D-Edit, other tools


Examining support for non-humanoid skeletons


NPS working on composable, reusable behaviors
• From motion capture (Vicon Peak system)?
• From different motion formats?


Humanoid Animation (H-Anim)







Tool and example support







Creating a morphable dolphin
Chris Lang, Monterey High School



https://savage.nps.edu/Savage/Biologics/Dolphin/DolphinPose02.x3d

https://savage.nps.edu/Savage/Biologics/Dolphin/DolphinPose01.x3d

https://savage.nps.edu/Savage/Biologics/Dolphin/DolphinPose03.x3d





X3D for Web Authors


Textbook, slidesets, examples, videos


http://x3dGraphics.com 


back to Table of Contents



http://x3dGraphics.com/

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23Contents

http://x3dGraphics.com/

file:///C:/My%20Documents/X3D/X3dForWebAuthors/x3dGraphics.com/slidesets/X3dForWebAuthors/%23Contents





X3D for Web Authors







Course videos







CGEMS


Computer Graphics Educational Material Source
• SIGGRAPH Education Committee
• Archives for teaching and learning 3D
• http://cgems.inesc.pt 


Jury award, best submission 2008
• Book, course notes, X3D-Edit tool, examples


Online learning resource:  course video podcasts!



http://cgems.inesc.pt/

https://www.movesinstitute.org/video/courses/X3dForWebAuthors/X3dForWebAuthorsVideo.html%20%20

http://cgems.inesc.pt/

https://www.movesinstitute.org/video/courses/X3dForWebAuthors/X3dForWebAuthorsVideo.html%20%20





Summary


X3D-Edit is useful for learning, producing,  
improving and extending X3D scenes


Many great resources are available for 
learning and using X3D


These community capabilities are good for 
business, educators, individuals


We welcome your active participation in 
Web3D Consortium







Don Brutzman


brutzman@nps.edu 


http://faculty.nps.edu/brutzman 


Code USW/Br, Naval Postgraduate School
Monterey California 93943-5000 USA


1.831.656.2149 voice


Contact



mailto:brutzman@nps.edu

http://faculty.nps.edu/brutzman

mailto:brutzman@nps.edu

http://faculty.nps.edu/brutzman





Creative Commons open-source license
http://creativecommons.org/licenses/by-nc-sa/3.0 



http://creativecommons.org/licenses/by-nc-sa/3.0

http://creativecommons.org/licenses/by-nc-sa/3.0





Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.



http://www.web3d.org/x3d/content/examples/license.html

http://www.web3d.org/x3d/content/examples/license.html

http://www.web3d.org/x3d/content/examples/license.txt

http://www.web3d.org/x3d/content/examples/license.html

http://oreilly.com/catalog/9780596005818/index.html

http://handle.dtic.mil/100.2/ADA450769
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X3D Graphics for Web Authors


X3D-Edit Authoring Tool


3 August 2012


Don Brutzman
Naval Postgraduate School (NPS)


brutzman@nps.edu
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X3D-Edit Motivation


Provide a simple, excellent authoring tool for X3D


Teach X3D to anyone who can author HTML


Unlock all of the great work by Web3D partners


Learn by doing, and help further X3D progress
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Teaching Goals
This work presents Extensible 3D (X3D) Graphics, 


the open, royalty-free, international standard for 
3D graphics on the Web


Book and slideset goals include
• Show Web authors experienced with HTML and XML 


how to build and connect X3D models
• Teach students principles of Web-capable 3D graphics
• Serve as a ready-reference book for X3D experts


Explain broad principles and specific details of X3D 
for anyone learning how to build 3D models


Excerpted and adapted from Chapter 1, X3D Graphics for Web Authors


http://x3dGraphics.com 
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X3D-Edit home page


Download:  https://savage.nps.edu/X3D-Edit 


X3D-Edit home page is online at https://savage.nps.edu/X3D-Edit 
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X3D-Edit screen snapshot


As the name implies, X3D-Edit is primarily oriented towards editing X3D text.  
Additional features include:


• Pop-up editors for each node


• Palette for dragging/dropping new nodes


• Xj3D scene visualization


• XML tree view


• Automatic code completion and element matching


• Validation and error checking


• Help system including multilingual tooltips, X3D specifications, examples help and


  X3D Scene Authoring Hints


• Automatic updates


https://savage.nps.edu/X3D-Edit 
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X3D-Edit updates


Icon in lower-left corner of screen indicates when 
updates are available for automatic installation


Plugin available:  click


It is also possible to manually trigger an X3D-Edit update, if one is available.


From top menu, select Tools > Plugins > Updates and then click the Update button.
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X3D Showcase DVD


Contents
• Viewers
• Examples
• Content Creation Tools
• Case Studies
• Resources
• Join Web3D Consortium
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Availability:  X3D Showcase DVD


Production thanks!
• Web3D:  Anita Havele
• University of Sao Paolo:  


Mario Nagamura, Marcia 
Kondo, Marcio Cabral, 
Olavo Belloc, Marcelo Zuffo


• Naval Postgraduate School: 
Byounghyun Yoo, Jeff 
Weekley, Don Brutzman


Sourceforge version control 
for easy updating
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X3D Examples Archives


X3D for Web Authors
• Textbook on how to design and build X3D scenes


Basic 
• Diverse scenes illustrating various X3D capabilities


Conformance NIST
• Strictly defined test examples for correct operation


VRML 2.0 Sourcebook
• Textbook on VRML97, examples converted to X3D


Savage
• Open-source military models and tools


 244 models


 653 models


 732 models


 269 models


1181 models


3000+ models available`
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X3D Examples download panel, X3D-Edit


X3D-Edit includes this download panel.  Select the top-level Examples menu, then 
Download X3D Example Archives.
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X3D-Edit Help


F1 or the Help menu launches the JavaHelp system.
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Viewing alternatives for X3D


Default built-in viewer is open-source Xj3D
• High performance, implemented using Java OpenGL


Can launch current scene into web browser
• Displays using any of your installed plugins
• “Launch all viewers” simplifies comparison testing 


Can also launch into standalone applications
• Configuration panel simplifies download, install 


http://www.xj3d.org 


http://www.web3d.org/x3d/content/examples/help.html#Applications 
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Player support for X3D components


Accessed 13 December 2008


http://www.web3d.org/x3d/wiki/index.php/Player_support_for_X3D_components
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Tool support for X3D components


Accessed 13 December 2008


http://www.web3d.org/x3d/wiki/index.php/Tool_support_for_X3D_components 
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Right-click to launch external players
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X3D-Edit collaboration chat


XMPP JID for the chat channel is xmpp://x3d@muc.share.java.net 


Subscription directions are provided on the installation page


X3D-Edit collaboration chat installation page available at


• https://savage.nps.edu/X3D-Edit/XmppChatCollaborationModule.html 
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Version control support included


Version control allows multiple authors to share updates and work together.  
Prerequisite:  you must have the Collabnet subversion client installed.


If the file being edited is under version control, the Netbeans platform detects that and 
offers Subversion or CVS version control (as appropriate) without further setup.


Developers can work with X3D-Edit directly to update, diff (difference compare) and 
commit any file changes.  X3D-Edit 3.2 subversion master source is at


    http://x3d.svn.sourceforge.net/viewvc/x3d/www.web3d.org/x3d/tools/X3dEdit3.2 
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Collada .dae editing support
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Collada .dae import to X3D
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Distributed Interactive Simulation (DIS) Protocol


Long-running IEEE protocol used in military 
modeling + simulation applications


OpenDIS:  open source implementations 
• Java, C++
• Also DIS-XML that runs under XMPP jabber chat
• Available at Sourceforge 


http://sourceforge.net/projects/open-dis 


Integrate network test environment into X3D-Edit
• In progress
• Goal: aid development, testing of new protocols
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DIS Networking Test Panel
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DIS Networking Player-Recorder Panel
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X3D Earth, Geospatial Component


<!-- a simple Inline node is all that is needed for any scene 


       to use X3D Earth assets, for example: -->


<Inline url='http://x3d-earth.nps.edu/osmdemo.x3d'/>


Editing and authoring support provided
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ISO standard for human skeletons, skin
• Supported in X3D-Edit, other tools


Examining support for non-humanoid skeletons


NPS working on composable, reusable behaviors
• From motion capture (Vicon Peak system)?
• From different motion formats?


Humanoid Animation (H-Anim)
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Tool and example support







 


X3D-Edit Authoring Tool 26


Creating a morphable dolphin
Chris Lang, Monterey High School


https://savage.nps.edu/Savage/Biologics/Dolphin/DolphinPose02.x3d 


https://savage.nps.edu/Savage/Biologics/Dolphin/DolphinPose01.x3d 


https://savage.nps.edu/Savage/Biologics/Dolphin/DolphinPose03.x3d 


X3jD viewer wireframe mode is toggled with key Alt-w 
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X3D for Web Authors


Textbook, slidesets, examples, videos


http://x3dGraphics.com 


back to Table of Contents
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X3D for Web Authors
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Course videos
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CGEMS


Computer Graphics Educational Material Source
• SIGGRAPH Education Committee
• Archives for teaching and learning 3D
• http://cgems.inesc.pt 


Jury award, best submission 2008
• Book, course notes, X3D-Edit tool, examples


Online learning resource:  course video podcasts!
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Summary


X3D-Edit is useful for learning, producing,  
improving and extending X3D scenes


Many great resources are available for 
learning and using X3D


These community capabilities are good for 
business, educators, individuals


We welcome your active participation in 
Web3D Consortium
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Don Brutzman


brutzman@nps.edu 


http://faculty.nps.edu/brutzman 


Code USW/Br, Naval Postgraduate School
Monterey California 93943-5000 USA


1.831.656.2149 voice


Contact
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Creative Commons open-source license
http://creativecommons.org/licenses/by-nc-sa/3.0 


Attribution-Noncommercial-Share Alike 3.0 Unported


You are free:


    * to Share — to copy, distribute and transmit the work


    * to Remix — to adapt the work


Under the following conditions:


    * Attribution. You must attribute the work in the manner specified by the author or 
licensor (but not in any way that suggests that they endorse you or your use of the 
work).


      Attribute this work:  What does "Attribute this work" mean?


      The page you came from contained embedded licensing metadata, including how 
the creator wishes to be attributed for re-use. You can use the HTML here to cite the 
work. Doing so will also include metadata on your page so that others can find the 
original work as well.   


    * Noncommercial. You may not use this work for commercial purposes.


    * Share Alike. If you alter, transform, or build upon this work, you may distribute the 
resulting work only under the same or similar license to this one.


    * For any reuse or distribution, you must make clear to others the license terms of 
this work. The best way to do this is with a link to this web page.


    * Any of the above conditions can be waived if you get permission from the 
copyright holder.


    * Nothing in this license impairs or restricts the author's moral rights.
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Open-source license 
for X3D-Edit software and X3D example scenes


http://www.web3d.org/x3d/content/examples/license.html 


Copyright (c) 1995-2013 held by the author(s). All rights reserved.


Redistribution and use in source and binary forms, with or without modification, are permitted provided that the 
following conditions are met:


• Redistributions of source code must retain the above copyright notice, this list of conditions and the following 
disclaimer.


• Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the 
following disclaimer in the documentation and/or other materials provided with the distribution.


• Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation 
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived 
from this software without specific prior written permission.


THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR 
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.


License available at


    http://www.web3d.org/x3d/content/examples/license.txt 


    http://www.web3d.org/x3d/content/examples/license.html 


Good references on open source:


Andrew M. St. Laurent, Understanding Open Source and Free 
Software Licensing, Oreilly Publishing, Sebastopol California, 
August 2004.  http://oreilly.com/catalog/9780596005818/index.html 


Herz, J. C., Mark Lucas, John Scott, Open Technology 
Development: Roadmap Plan,  Deputy Under Secretary of Defense 
for  Advanced Systems and Concepts, Washington DC, April 2006.  
http://handle.dtic.mil/100.2/ADA450769 
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