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Chapter Overview



Overview

CAD models tend to have complex geometry and 
metadata, captured in proprietary formats

Long-running efforts to consistently expose 
heavyweight CAD models as lightweight X3D
• CAD structure and OrthoViewpoint (X3D v3.1)
• Boundary Representations (B-REPS) for geometry
• Parametric History to unlock CAD models as X3D

Various open-source tools, codebases available
• Limited by single X3D browser, diverse tool chain
• Important work continues



CAD Working Group History,
first phase 2003-2004:

scene structure

back to Table of contents



History:  first phase 2003-2004

Established CAD X3D Working Group
• Closed to members, considered patented work

Determined common use cases:
• Digital content creation (DCC) creates interoperable 

X3D web-based models from CAD diagrams
• Architecture Engineering Construction (AEC)
• Interactive Engineering Technical Manual (IETM)

Defined X3D basic scene-graph organizational 
structure for containing CAD models
• Face, Part, Assembly, Layer



CAD Distillation Filter (CDF) concept 

CAD Distillation Filter (CDF) is process that 
provides successive filtering to reduce and 
refine a single X3D model
• Each filter can be simple and do one thing well
• X3D in, X3D out.  Not a separate format.
• Applicable to wide range of input scenes

X3D model



CAD Geometry Component

Levels 1, 2 defined as part of X3D v3.1

Level 1.  Additional geometry support:
• IndexedQuadSet, QuadSet

Level 2.  Structure, viewing
• X3DProductStructureChildNode nodes: 

CADAssembly, CADFace, CADLayer, CADPart
• OrthoViewpoint, ViewpointGroup

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


X3D specification:  CAD Geometry component

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


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 CADInterchange 
profile

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


CAD Interchange Profile

Also defined full set of nodes needed for CAD
• Allows lightweight support by tools and browsers
• Improve scene portability and interoperability

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/CADInterchange.html
http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/CADInterchange.html#t-NodesForConformingToCADProfile
http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/CADInterchange.html
http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/CADInterchange.html#t-NodesForConformingToCADProfile
http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/CADInterchange.html


X3D Specification CADInterchange Profile

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


Support for CAD filters, decimation

Xj3D supports multiple CAD filter capabilities for 
geometry simplification and profile reduction
• Can invoke via command line or build script

X3D-Edit authoring tool exposes these filters via 
user interface

Other tools also exist, may need to be adapted 
for X3D use. Example:
• Meshlab http://meshlab.sourceforge.net 

http://meshlab.sourceforge.net/
http://meshlab.sourceforge.net/


X3D-Edit exposes Xj3D CAD filters

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


VRML97 and X3D v3.0 support

CAD nodes were not included in VRML97
• First approved as part of X3D version 3.1

Nevertheless support for CADAssembly, 
CADFace, CADLayer, CADPart is possible
• Prototypes written that implement these nodes
• This is possible because they are structural and can 

be repeated using the VRML97 vocabulary
• Prototype support automatically included in 

X3dToVrml97.xslt conversion stylesheet, templates 
CADGeometryPrototypes, CADGeometryExternPrototypes

QuadSet, IndexedQuadSet nodes also provided
• Quadrilaterals converted to IndexedFaceSet

http://www.web3d.org/x3d/stylesheets/X3dToVrml97.xslt
http://www.web3d.org/x3d/content/examples/Basic/CAD/CADGeometryPrototypes.html
http://www.web3d.org/x3d/content/examples/Basic/CAD/CADGeometryExternPrototypes.html
http://www.web3d.org/x3d/stylesheets/X3dToVrml97.xslt
http://www.web3d.org/x3d/content/examples/Basic/CAD/CADGeometryPrototypes.html
http://www.web3d.org/x3d/content/examples/Basic/CAD/CADGeometryExternPrototypes.html
http://www.web3d.org/x3d/content/examples/Basic/CAD/CADGeometryPrototypes.x3d
http://www.web3d.org/x3d/content/examples/Basic/CAD/CADGeometryExternPrototypes.x3d


CAD Examples, X3D Basic Archive
http://www.web3d.org/x3d/content/examples/Basic/CAD

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


Teapot.x3d example  (header)
http://www.web3d.org/x3d/content/examples/Basic/CAD/Teapot.x3d 

http://www.web3d.org/x3d/content/examples/Basic/CAD/Teapot.html
http://www.web3d.org/x3d/content/examples/Basic/CAD/Teapot.x3d%20
http://www.web3d.org/x3d/content/examples/Basic/CAD/Teapot.html
http://www.web3d.org/x3d/content/examples/Basic/CAD/Teapot.x3d%20
http://www.web3d.org/x3d/content/examples/Basic/CAD/Teapot.x3d


Teapot.x3d scene graph

Typical hierarchical
usage pattern:

- CADLayer
  - CADAssembly
   - CADPart
      - CADFace

Teapot.x3d example (scene)

http://www.web3d.org/x3d/content/examples/Basic/CAD/Teapot.html
http://www.web3d.org/x3d/content/examples/Basic/CAD/Teapot.html
http://www.web3d.org/x3d/content/examples/Basic/CAD/Teapot.x3d


Also available:  NURBS nodes

Non-uniform Rational B-Spline (NURBS) nodes 
define parametric surfaces
• Precise, accurate, terse, scalable representations 

since mathematically defined
• Can be tessellated as high-fidelity polygonal surface 

at a resolution appropriate to viewer distance
• Difficult to author without special tools
• X3D NURBS nodes include:  Contour2D, ContourPolyline2D, 

CoordinateDouble, NurbsCurve, NurbsCurve2D, 
NurbsOrientationInterpolator, NurbsPatchSurface, 
NurbsPositionInterpolator, NurbsSet, NurbsSurfaceInterpolator, 
NurbsSweptSurface, NurbsSwungSurface, NurbsTextureCoordinate, 
NurbsTrimmedSurface



CAD Working Group History,
second phase 2008-2011:

Parametric History conversions and
Boundary Representations (B-REPS)

Work in progress

back to Table of contents



History:  second phase 2008-2010

X3D CAD Working Group evaluated Boundary 
Representations (B-REPS) for possible addition 
as X3D CAD Component level 3
• Draft specification available, but accessible 

to Web3D members only
• Safe haven:  IPR contributions encouraged, 

protected during working group review
• Example implementations by Xj3D, Collaviz
• Need to expose examples, tests incomplete

http://www.xj3d.org/
http://www.collaviz.org/
http://www.xj3d.org/
http://www.collaviz.org/


CAD Interoperability

• Boundary Representations  (B-REPS) nodes
• Draft CAD specification update held by Yumetech

• ISO TC184 technical evaluation details show 
X3D fully competitive with other approaches

• (Collada, U3D, JTOpen, some dropped out)
• Close second-place finish, score 82% of 360 points

• Good prospect of unlocking many thousands 
(millions?) of existing engineering models 
using Parametric History authoring log

• Dr. Soonhung Han, KAIST Icad Laboratory

http://www.web3d.org/membership/login/memberwiki/index.php/X3D-BREP_Draft_specification
http://www.web3d.org/membership/login/memberwiki/index.php/TC184_Visualization_Requirements_for_X3D_CAD
http://icad.kaist.ac.kr/
http://www.web3d.org/membership/login/memberwiki/index.php/X3D-BREP_Draft_specification
http://www.web3d.org/membership/login/memberwiki/index.php/TC184_Visualization_Requirements_for_X3D_CAD
http://icad.kaist.ac.kr/


CAD Parametric History approach

Numerous different CAD formats exist
• No single dominant format
• Formats typically obscure, engineering oriented
• Companies carefully “protect” their customers 

Common denominators nevertheless exist
• History file of author steps thus consistently applies 

fifty-term vocabulary consisting of B-REPS and 
constructive solid geometry (CSG) operations

• History log can be converted into common syntax, 
then reconstruct original geometry

• Current KAIST work targeted to produce X3D



X3D conversion of CAD models

Note: might even embed the Parametric History file as metadata in .x3d model, in order to enable 
reasonably accurate round-trip regeneration of the original CAD model despite data lossiness.



CAD Parametric History details
• Many CAD models might be saved with parametric 

history, but some might not (as authoring choice)
• CAD Model Data might include both geometry 

meshes and procedurally defined surfaces
• Parametric History provides a redundant record of 

how the geometric CAD model was created
• Parametric History can be used to independently 

produce a similar or equivalent set of geometry 
meshes and procedural surfaces

• This generated result effectively match the shapes 
captured in the CAD Model Data

• This is a more efficient approach than trying to 
translate every different CAD format into X3D



CAD Model Data Reduction
B-REPS are work in progress

File Size



Boundary Representations B-REPs

Boundary representations (B-REPS) are used in 
solid modeling and computer-aided design for 
representing shapes
• A solid is represented as a collection of 

connected surface elements, the boundary 
between solid and non-solid space

Two parts make up a B-REP:
• Topology: faces, edges and vertices
• Geometry: surfaces, curves and points

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


Goals for use of B-REPS in X3D

Provide light-weight versions of CAD models
• Engineering data fidelity and metadata detail can 

often be relaxed

Use in various Web-accessible applications 
such as training, maintenance, simulation and 
virtual worlds
• Smaller size means shorter download times and 

faster rendering; original models are impractical
• X3D can add animation of parts, user interactivity, 

and composition of models



Boundary representation (B-REP) nodes

Topological nodes
• Edge, EdgeReference, Face, Wire, Vertex, 

PointBREP, WireBREP, ShellBREP, SolidBREP

Geometrical nodes
• BREPPlanarSurface, BREPSphericalSurface, 

BREPCylindricalSurface, BREPToroidalSurface, 
BREPEllipsoidalSurface, BREPConicalSurface, 
BREPSurfaceOfLinearExtrusion, 
BREPSurfaceOfRevolution, BREPCircle2D, 
BREPLine2D, BREPEllipse2D



B-REP example snapshots



Proposed B-REP architectural design seems complex...

• Indexing scheme

• Inheritance scheme



ISO SC4 Visualization Assessment
• ISO Standards Committee SC4 assessed multiple 

candidate visualization formats that met industry-
defined requirements for product data visualization

• Published April 2009



ISO SC4 assessment scope: 
product visualization output

Committee didn't assess round-trip conversion 
since requirements are very different



ISO SC4 assessment results

X3D scored close second of 5 entries overall
• Functional coverage assessment 82% of 360 points

Report recommendations:
• It is recommended to accept the format candidates 

COLADA, JT, U3D and X3D as finally assessed to fulfill 
the requirements for SC 4 visualisation formats.

• This format is complementary to the standards series 
ISO 10303 “STEP” concerning the visualization data 
exchange. It is not recommended to use this format  
for CAx data exchange or product data exchange.



X3D CAD self-assessment report 
covering 36 SC4 topic areas

Excellent resource describing range of X3D 
capabilities and also projected extensions
• Produced collaboratively using Web3D wiki for CAD working group
• http://www.web3d.org/membership/login/memberwiki/index.php/CAD

• 1: STEP Consistency

• 2: STEP Mapping

• 3: STEP & Product Life Cycle

• 4: View Geometry, Attributes, Viewing Attributes, Management and other information

• 5: Display selection & editing

• 6: Print/Plot

• 7: Zoom/Pan

• 8: Camera Rotation

• 9: Bill of Material (BOM)

• 10: Screen Capture

• 11: Measurement

http://www.web3d.org/membership/login/memberwiki/index.php/CAD
http://www.web3d.org/membership/login/memberwiki/index.php/CAD


X3D CAD self-assessment topics  2
• 24: Create Reference Planes

• 25: Area Selection Filter

• 26: Entity Selection Filter

• 27: Visualization File Attributes

• 28: Interrogation

• 29: Instances

• 30: External References

• 31: Accuracy

• 32: Kinematics

• 33: Rendering Modes

• 34: Lighting Control

• 35: Data Format Footprint

• 36: Persistence of Visualization 
Information

• 12: Sectioning

• 13: Compare

• 14: Markup

• 15: Collaboration

• 16: Transformation/Manipulation

• 17: Grouping

• 18: Animation

• 19: Annotation Association

• 20: Clearance & Interference 
Analysis

• 21: View Annotation

• 22: Performance Settings

• 23: Standard View Creation

• 24: Create Reference Planes









Format converters

Tool support is emerging
• Kshell
• PartDB
• Xj3D
• Okino Polytrans
• CAD Exchanger
• Others

http://www.kshell.com/pages/x3d_cad/index.html
http://partdb.com/
http://www.xj3d.org/
http://www.okino.com/
http://www.cadexchanger.com/x3d_write.html
http://www.kshell.com/pages/x3d_cad/index.html
http://partdb.com/
http://www.xj3d.org/
http://www.okino.com/
http://www.cadexchanger.com/x3d_write.html


Okino Polytrans converter 
http://www.okino.com 

http://www.okino.com/
http://www.okino.com/


CAD Exchanger 
http://www.cadexchanger.com 

http://www.cadexchanger.com 

http://www.cadexchanger.com/
http://www.cadexchanger.com/
http://www.cadexchanger.com/
http://www.cadexchanger.com/


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

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


X3D Compressed Binary 
Encoding (CBE)

back to Table of contents



X3D Compressed Binary Encoding

Matched functional capability of X3D encodings
• XML .x3d, ClassicVRML .x3dv, CBE .x3db

Combines two types of compression
• Geometric compression: polygon reduction, 

flattening/merging, representation techniques using 
Java3D compression (Deering algorithms)

• Information-theoretic compression using XML-based 
ISO standard Fast Infoset (FI)

Web3D Consortium, ISO approval late 2010
• Now aligning three independent implementations
• Considering W3C Efficient XML Interchange (EXI) 

as likely future addition to Fast Infoset

http://www.khronos.org/collada/presentations/Developing_Web_Applications_with_COLLADA_and_X3D.pdf
http://www.khronos.org/news/press/releases/2007/04


X3D compression algorithm



X3D decompression algorithm



.x3db CBE Implementations

XIOT : X3D Input/Output Tool library
• http://forge.collaviz.org/community/xiot 
• Open source C++ 
• Collaviz Remote Collaborative Visualizer project

Xj3D toolkit  
• http://www.xj3d.org, http://xj3d.org/tutorials/filters.html 

• Open source Java

At least one other browser company has a 
partial implementation, work is ongoing

http://forge.collaviz.org/community/xiot
http://www.collaviz.org/
http://www.xj3d.org/
http://xj3d.org/tutorials/filters.html
http://forge.collaviz.org/community/xiot
http://www.collaviz.org/
http://www.xj3d.org/
http://xj3d.org/tutorials/filters.html


Efficient XML Interchange (EXI)

W3C XML Binary Characterization
• Established common needs among hard use cases

W3C EXI Recommendation
• Public review, last call status
Technical approach
• Benefit compaction, decompression speedup
• Type aware, schema-informed or not
• Adaptive tokenization, compression tables
• Can stabilize on a document type or further 

refine based on statistical analysis of corpus





X3D’s XML and Compressed Binary encodings 
allow use of W3C’s Security recommendations 
• XML Encryption
• XML Digital Signature (for authentication)
• XML Public key infrastructure
Security based on Web standards lets authors 
and companies protect their 3D model assets 
• Rather than “security through obscurity”
• X3D-Edit support uses Apache libraries

Web Security standards are compatible 

demonstrated in NPS thesis,
also included in X3D-Edit tool

https://savage.nps.edu/X3D-Edit
https://savage.nps.edu/X3D-Edit
http://www.openmediacommons.org/




Concepts:  X3D CAD Component 

Common fields for X3D nodes

back to Table of Contents

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


X3DProductStructureChildNode interface

X3DProductStructureChildNode interface 
indicates that this is a structural node
• CADLayer, CADAssembly, CADPart, CADFace

Common field:  name string (default is blank)

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/CADGeometry.html#X3DProductStructureChildNode
http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/CADGeometry.html#X3DProductStructureChildNode


X3D Nodes and Examples

back to Table of Contents



CADLayer

CADLayer is a Grouping node that can contain 
most nodes
• visible field is a boolean array that indicates 

whether each child is displayed, default is true
• Typically contains one or more Assembly nodes
• Can also contain Shapes or other grouped content

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/CADGeometry.html#CADLayer
http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/CADGeometry.html#CADLayer


CADAssembly

CADAssembly is a Grouping node that contains 
a set of CADAssembly or CADPart nodes
• Thus assembly consists of sub-assemblies and parts
• Design is not intended to hold other content

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/CADGeometry.html#CADAssembly
http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/CADGeometry.html#CADAssembly


CADPart

CADPart is a Grouping node that contains
one or more CADFace nodes to make a Part
• Also includes Transform fields to locate children
• Design is not intended to hold other content

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/CADGeometry.html#CADPart
http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/CADGeometry.html#CADPart


CADFace

CADFace is a Grouping node that contains a single 
Shape (or else an LOD node showing one Shape)
• Holds  geometry representing a face of a part
• If child LOD, each level should be single Shape
• Experimental:  contain Transform, but still only one Shape
• Design is not intended to hold other content

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/CADGeometry.html#CADFace
http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/CADGeometry.html#CADFace


Additional nodes

Quadset and IndexedQuadSet are straightforward 
and covered in X3D For Web Authors chapter 13

OrthoViewpoint node is covered in 
X3D For Web Authors chapter 4 
• An orthographic view has all projected lines parallel to 

the projector from centerOfRotation to position

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/CADGeometry.html#QuadSet
http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/CADGeometry.html#IndexedQuadSet
http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/navigation.html#OrthoViewpoint
http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/CADGeometry.html#QuadSet
http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/CADGeometry.html#IndexedQuadSet
http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/navigation.html#OrthoViewpoint


Applications

CAD applications for X3D

back to Table of Contents



Is X3D CAD heavy or light?
from Professor Soonhung Han of KAIST:

This is the right question to explore.
The way to answer it is through testing.

CAD X3D
Heavy with data for 
design changes;
B-rep
Diverse functions

Light format for 
web browsing;
Polygons
Limited functions

Data loss

X3D-CAD
Heavy ??



CAD Working Group

Web3D Consortium

Next steps, work in progress

back to Table of Contents

http://www.web3d.org/realtime-3d/working-groups/computer-aided-design-cad
http://www.web3d.org/
http://www.web3d.org/realtime-3d/working-groups/computer-aided-design-cad
http://www.web3d.org/


Next steps for CAD working group

Lots of progress has occurred...
• CAD Working Group reactivated
• Example CAD models => scenes in version control
• X3D Validator and quality assurance testing

Lots of work still to be done!
• Compressed Binary Encoding (CBE) implementation interoperability

• Test corpus to measure size & speed improvements
• Are B-REP definitions correct?  Are  B-REPS best suited for CAD-

model conversion tools, or should authors use them?
• Do the B-REP renderers work?  B-REP tesselation to polygon 

export in our converters?  Constructive solid geometry (CSG)?
• Demonstrate Parametric History approach, capability in tool set

Steady progress, going forward together



Next-step progress for CAD:  links

• X3D CAD Executive Summary

• CAD Working Group Public Wiki
• http://www.web3d.org/x3d/wiki/index.php/X3D_CAD 

• Planned improvements for X3D v3.4

• X3D CAD Macro-Parametric Approach

http://www.web3d.org/realtime-3d/working-groups/computer-aided-design-cad
http://www.web3d.org/x3d/wiki/index.php/X3D_CAD
http://www.web3d.org/x3d/wiki/index.php/X3D_v3.4_CAD_Improvements
http://www.web3d.org/x3d/wiki/index.php/X3D_CAD_Macro-Parametric_Approach_for_Translation
http://www.web3d.org/realtime-3d/working-groups/computer-aided-design-cad
http://www.web3d.org/x3d/wiki/index.php/X3D_CAD
http://www.web3d.org/x3d/wiki/index.php/X3D_v3.4_CAD_Improvements
http://www.web3d.org/x3d/wiki/index.php/X3D_CAD_Macro-Parametric_Approach_for_Translation


Additional Resources

back to Table of Contents



Resources   1

CAD Working Group pages
• http://www.web3d.org/realtime-3d/working-groups/computer-aided-design-cad

• http://www.web3d.org/x3d/wiki/index.php/X3D_CAD 

Conversion and Translation Tools
• http://www.web3d.org/x3d/content/examples/X3dResources.html#Conversions

CAD Examples:  X3D Basic Archives
• http://www.web3d.org/x3d/content/examples/Basic/CAD 

Browsers and players
• Player support for X3D components wiki has latest list

X3D-Edit authoring tool
• https://savage.nps.edu/X3D-Edit 

http://www.web3d.org/realtime-3d/working-groups/computer-aided-design-cad
http://www.web3d.org/x3d/wiki/index.php/X3D_CAD
http://www.web3d.org/x3d/content/examples/X3dResources.html#Conversions
http://www.web3d.org/x3d/content/examples/Basic/CAD
http://www.web3d.org/x3d/wiki/index.php/Player_support_for_X3D_components
https://savage.nps.edu/X3D-Edit
http://www.web3d.org/realtime-3d/working-groups/computer-aided-design-cad
http://www.web3d.org/x3d/wiki/index.php/X3D_CAD
http://www.web3d.org/x3d/content/examples/X3dResources.html#Conversions
http://www.web3d.org/x3d/content/examples/Basic/CAD
http://www.web3d.org/x3d/wiki/index.php/Player_support_for_X3D_components
https://savage.nps.edu/X3D-Edit


Resources   2

Kshell IGES to X3D converter
• http://www.kshell.com/pages/x3d_cad

Stamp X3D Model
• StampX3dLetters.x3d and StampX3dLetters.html
• Online 3D printing:  order a Stamp X3D Model 

built by Shapeways!

http://www.kshell.com/pages/x3d_cad
http://www.web3d.org/x3d/content/examples/Basic/NURBS/StampX3dLetters.x3d
http://www.web3d.org/x3d/content/examples/Basic/NURBS/StampX3dLetters.html
http://www.shapeways.com/model/699293
http://www.shapeways.com/
http://www.kshell.com/pages/x3d_cad
http://www.web3d.org/x3d/content/examples/Basic/NURBS/StampX3dLetters.x3d
http://www.web3d.org/x3d/content/examples/Basic/NURBS/StampX3dLetters.html
http://www.shapeways.com/model/699293
http://www.shapeways.com/
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Chapter Summary

CAD component allows structuring X3D models 
to match common structure within CAD models

CAD distillation filters and X3D binary encoding 
allow large-model reduction to practical levels
• Long-running work in progress

Multiple technical challenges are steadily being 
addressed

Ongoing work to build repeatable, royalty-free 
results available for broad use on the Web



Suggested exercises

Test and adapt provided example scenes

Perform geometry reduction of a large mesh
• Using X3D-Edit, Xj3D, MeshLab or any other tool

Repurpose a CAD model using a conversion tool, 
simplify X3D model further using CDF filters, 
maintain basic structure using CAD nodes

Add animation to model, publish to Web

https://savage.nps.edu/X3D-Edit
http://www.Xj3D.org/
http://meshlab.sourceforge.net/
https://savage.nps.edu/X3D-Edit
http://www.Xj3D.org/
http://meshlab.sourceforge.net/


Sponsor, partnership opportunities

Numerous government agencies might benefit if 
stable Web modeling and delivery was possible 
for CAD engineering models
• Training, simulation, visualization, outreach, etc.

Most CAD companies selling authoring tools are 
not highly incentivized to be interoperable
• Numerous incompatible CAD formats

Numerous sponsor, partnership opportunities are 
available to advance X3D CAD capabilities
• Please contact Web3D CAD Working Group to discuss
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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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Chapter Overview
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Overview

CAD models tend to have complex geometry and 
metadata, captured in proprietary formats

Long-running efforts to consistently expose 
heavyweight CAD models as lightweight X3D
• CAD structure and OrthoViewpoint (X3D v3.1)
• Boundary Representations (B-REPS) for geometry
• Parametric History to unlock CAD models as X3D

Various open-source tools, codebases available
• Limited by single X3D browser, diverse tool chain
• Important work continues

The metadata often captures generic information like design intent, tolerances, 
manufacturing parameters, etc.  These are important items for engineers working to 
produce products.  Nevertheless information at such extreme detail is rarely needed 
for Web use cases like simple visualization, maintenance, virtual world animation, etc.
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CAD Working Group History,
first phase 2003-2004:

scene structure

back to Table of contents
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History:  first phase 2003-2004

Established CAD X3D Working Group
• Closed to members, considered patented work

Determined common use cases:
• Digital content creation (DCC) creates interoperable 

X3D web-based models from CAD diagrams
• Architecture Engineering Construction (AEC)
• Interactive Engineering Technical Manual (IETM)

Defined X3D basic scene-graph organizational 
structure for containing CAD models
• Face, Part, Assembly, Layer
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CAD Distillation Filter (CDF) concept 

CAD Distillation Filter (CDF) is process that 
provides successive filtering to reduce and 
refine a single X3D model
• Each filter can be simple and do one thing well
• X3D in, X3D out.  Not a separate format.
• Applicable to wide range of input scenes

X3D model
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CAD Geometry Component

Levels 1, 2 defined as part of X3D v3.1

Level 1.  Additional geometry support:
• IndexedQuadSet, QuadSet

Level 2.  Structure, viewing
• X3DProductStructureChildNode nodes: 

CADAssembly, CADFace, CADLayer, CADPart
• OrthoViewpoint, ViewpointGroup

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

Specification bug filed to add OrthoViewpoint, ViewpointGroup to CADInterchange 
support.
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X3D specification:  CAD Geometry component

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/CADGeometry.html 
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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 CADInterchange 
profile

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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CAD Interchange Profile

Also defined full set of nodes needed for CAD
• Allows lightweight support by tools and browsers
• Improve scene portability and interoperability

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

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/CADInterchange.html
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Support for CAD filters, decimation

Xj3D supports multiple CAD filter capabilities for 
geometry simplification and profile reduction
• Can invoke via command line or build script

X3D-Edit authoring tool exposes these filters via 
user interface

Other tools also exist, may need to be adapted 
for X3D use. Example:
• Meshlab http://meshlab.sourceforge.net 
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X3D-Edit exposes Xj3D CAD filters

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

X3D-Edit provides this interface to expose the Xj3D functionality for CAD distillation 
filtering.  Xj3D functionality can also be utilized via use of exposed Java classes or 
else command-line invocation.
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VRML97 and X3D v3.0 support

CAD nodes were not included in VRML97
• First approved as part of X3D version 3.1

Nevertheless support for CADAssembly, 
CADFace, CADLayer, CADPart is possible
• Prototypes written that implement these nodes
• This is possible because they are structural and can 

be repeated using the VRML97 vocabulary
• Prototype support automatically included in 

X3dToVrml97.xslt conversion stylesheet, templates 
CADGeometryPrototypes, CADGeometryExternPrototypes

QuadSet, IndexedQuadSet nodes also provided
• Quadrilaterals converted to IndexedFaceSet

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

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

These two scenes provide the implementations for six of the CAD component.

Thus IndexedQuadSet, QuadSet, CADAssembly, CADFace, CADLayer, and CADPart 
can all be used with VRML97 and X3Dv3.0 scenes.

Native X3D player support is needed to support the orthographic (perspective-free) 
OrthoViewpoint node since that is a special feature which cannot be implemented by 
combinations of other nodes by themselves in a prototype declaration.
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CAD Examples, X3D Basic Archive
http://www.web3d.org/x3d/content/examples/Basic/CAD
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Teapot.x3d example  (header)
http://www.web3d.org/x3d/content/examples/Basic/CAD/Teapot.x3d 

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



X3D for Advanced Modeling, http://x3dGraphics.com November 26, 2012

X3D Graphics Support for Computer Aided Design (CAD) 18

Teapot.x3d scene graph

Typical hierarchical
usage pattern:

- CADLayer
  - CADAssembly
   - CADPart
      - CADFace

Teapot.x3d example (scene)

http://www.web3d.org/x3d/content/examples/Basic/CAD/Teapot.x3d  
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Also available:  NURBS nodes

Non-uniform Rational B-Spline (NURBS) nodes 
define parametric surfaces
• Precise, accurate, terse, scalable representations 

since mathematically defined
• Can be tessellated as high-fidelity polygonal surface 

at a resolution appropriate to viewer distance
• Difficult to author without special tools
• X3D NURBS nodes include:  Contour2D, ContourPolyline2D, 

CoordinateDouble, NurbsCurve, NurbsCurve2D, 
NurbsOrientationInterpolator, NurbsPatchSurface, 
NurbsPositionInterpolator, NurbsSet, NurbsSurfaceInterpolator, 
NurbsSweptSurface, NurbsSwungSurface, NurbsTextureCoordinate, 
NurbsTrimmedSurface
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CAD Working Group History,
second phase 2008-2011:

Parametric History conversions and
Boundary Representations (B-REPS)

Work in progress

back to Table of contents
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History:  second phase 2008-2010

X3D CAD Working Group evaluated Boundary 
Representations (B-REPS) for possible addition 
as X3D CAD Component level 3
• Draft specification available, but accessible 

to Web3D members only
• Safe haven:  IPR contributions encouraged, 

protected during working group review
• Example implementations by Xj3D, Collaviz
• Need to expose examples, tests incomplete
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CAD Interoperability

• Boundary Representations  (B-REPS) nodes
• Draft CAD specification update held by Yumetech

• ISO TC184 technical evaluation details show 
X3D fully competitive with other approaches

• (Collada, U3D, JTOpen, some dropped out)
• Close second-place finish, score 82% of 360 points

• Good prospect of unlocking many thousands 
(millions?) of existing engineering models 
using Parametric History authoring log

• Dr. Soonhung Han, KAIST Icad Laboratory
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CAD Parametric History approach

Numerous different CAD formats exist
• No single dominant format
• Formats typically obscure, engineering oriented
• Companies carefully “protect” their customers 

Common denominators nevertheless exist
• History file of author steps thus consistently applies 

fifty-term vocabulary consisting of B-REPS and 
constructive solid geometry (CSG) operations

• History log can be converted into common syntax, 
then reconstruct original geometry

• Current KAIST work targeted to produce X3D
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X3D conversion of CAD models

Note: might even embed the Parametric History file as metadata in .x3d model, in order to enable 
reasonably accurate round-trip regeneration of the original CAD model despite data lossiness.
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CAD Parametric History details
• Many CAD models might be saved with parametric 

history, but some might not (as authoring choice)
• CAD Model Data might include both geometry 

meshes and procedurally defined surfaces
• Parametric History provides a redundant record of 

how the geometric CAD model was created
• Parametric History can be used to independently 

produce a similar or equivalent set of geometry 
meshes and procedural surfaces

• This generated result effectively match the shapes 
captured in the CAD Model Data

• This is a more efficient approach than trying to 
translate every different CAD format into X3D
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CAD Model Data Reduction
B-REPS are work in progress

File Size
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Boundary Representations B-REPs

Boundary representations (B-REPS) are used in 
solid modeling and computer-aided design for 
representing shapes
• A solid is represented as a collection of 

connected surface elements, the boundary 
between solid and non-solid space

Two parts make up a B-REP:
• Topology: faces, edges and vertices
• Geometry: surfaces, curves and points

http://en.wikipedia.org/wiki/Boundary_representation
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Goals for use of B-REPS in X3D

Provide light-weight versions of CAD models
• Engineering data fidelity and metadata detail can 

often be relaxed

Use in various Web-accessible applications 
such as training, maintenance, simulation and 
virtual worlds
• Smaller size means shorter download times and 

faster rendering; original models are impractical
• X3D can add animation of parts, user interactivity, 

and composition of models
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Boundary representation (B-REP) nodes

Topological nodes
• Edge, EdgeReference, Face, Wire, Vertex, 

PointBREP, WireBREP, ShellBREP, SolidBREP

Geometrical nodes
• BREPPlanarSurface, BREPSphericalSurface, 

BREPCylindricalSurface, BREPToroidalSurface, 
BREPEllipsoidalSurface, BREPConicalSurface, 
BREPSurfaceOfLinearExtrusion, 
BREPSurfaceOfRevolution, BREPCircle2D, 
BREPLine2D, BREPEllipse2D
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B-REP example snapshots
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Proposed B-REP architectural design seems complex...

• Indexing scheme

• Inheritance scheme

TODO: get darker version of diagram
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ISO SC4 Visualization Assessment
• ISO Standards Committee SC4 assessed multiple 

candidate visualization formats that met industry-
defined requirements for product data visualization

• Published April 2009
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ISO SC4 assessment scope: 
product visualization output

Committee didn't assess round-trip conversion 
since requirements are very different
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ISO SC4 assessment results

X3D scored close second of 5 entries overall
• Functional coverage assessment 82% of 360 points

Report recommendations:
• It is recommended to accept the format candidates 

COLADA, JT, U3D and X3D as finally assessed to fulfill 
the requirements for SC 4 visualisation formats.

• This format is complementary to the standards series 
ISO 10303 “STEP” concerning the visualization data 
exchange. It is not recommended to use this format  
for CAx data exchange or product data exchange.
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X3D CAD self-assessment report 
covering 36 SC4 topic areas

Excellent resource describing range of X3D 
capabilities and also projected extensions

• Produced collaboratively using Web3D wiki for CAD working group
• http://www.web3d.org/membership/login/memberwiki/index.php/CAD

• 1: STEP Consistency

• 2: STEP Mapping

• 3: STEP & Product Life Cycle

• 4: View Geometry, Attributes, Viewing Attributes, Management and other information

• 5: Display selection & editing

• 6: Print/Plot

• 7: Zoom/Pan

• 8: Camera Rotation

• 9: Bill of Material (BOM)

• 10: Screen Capture

• 11: Measurement
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X3D CAD self-assessment topics  2
• 24: Create Reference Planes

• 25: Area Selection Filter

• 26: Entity Selection Filter

• 27: Visualization File Attributes

• 28: Interrogation

• 29: Instances

• 30: External References

• 31: Accuracy

• 32: Kinematics

• 33: Rendering Modes

• 34: Lighting Control

• 35: Data Format Footprint

• 36: Persistence of Visualization 
Information

• 12: Sectioning

• 13: Compare

• 14: Markup

• 15: Collaboration

• 16: Transformation/Manipulation

• 17: Grouping

• 18: Animation

• 19: Annotation Association

• 20: Clearance & Interference 
Analysis

• 21: View Annotation

• 22: Performance Settings

• 23: Standard View Creation

• 24: Create Reference Planes
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Format converters

Tool support is emerging
• Kshell
• PartDB
• Xj3D
• Okino Polytrans
• CAD Exchanger
• Others



X3D for Advanced Modeling, http://x3dGraphics.com November 26, 2012

X3D Graphics Support for Computer Aided Design (CAD) 41

Okino Polytrans converter 
http://www.okino.com 
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CAD Exchanger 
http://www.cadexchanger.com 

http://www.cadexchanger.com 
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X3D Resources: Conversions
http://www.web3d.org/x3d/content/examples/X3dResources.html#Conversions 
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X3D Compressed Binary 
Encoding (CBE)

back to Table of contents
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X3D Compressed Binary Encoding

Matched functional capability of X3D encodings
• XML .x3d, ClassicVRML .x3dv, CBE .x3db

Combines two types of compression
• Geometric compression: polygon reduction, 

flattening/merging, representation techniques using 
Java3D compression (Deering algorithms)

• Information-theoretic compression using XML-based 
ISO standard Fast Infoset (FI)

Web3D Consortium, ISO approval late 2010
• Now aligning three independent implementations
• Considering W3C Efficient XML Interchange (EXI) 

as likely future addition to Fast Infoset

References

Developing Web Applications with COLLADA and X3D, Remi Arnaud and Tony Parisi, 
2007
•  http://www.khronos.org/collada/presentations/Developing_Web_Applications_with_COLLADA_and_X3D.pdf

Khronos and Web3D Enter Official Cooperation as Mobile & Internet Continue to 
Converge, 2007

• http://www.khronos.org/news/press/releases/2007/04 
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X3D compression algorithm
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X3D decompression algorithm
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.x3db CBE Implementations

XIOT : X3D Input/Output Tool library
• http://forge.collaviz.org/community/xiot 
• Open source C++ 
• Collaviz Remote Collaborative Visualizer project

Xj3D toolkit  
• http://www.xj3d.org, http://xj3d.org/tutorials/filters.html 

• Open source Java

At least one other browser company has a 
partial implementation, work is ongoing
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Efficient XML Interchange (EXI)

W3C XML Binary Characterization
• Established common needs among hard use cases

W3C EXI Recommendation
• Public review, last call status
Technical approach
• Benefit compaction, decompression speedup
• Type aware, schema-informed or not
• Adaptive tokenization, compression tables
• Can stabilize on a document type or further 

refine based on statistical analysis of corpus
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X3D’s XML and Compressed Binary encodings 
allow use of W3C’s Security recommendations 
• XML Encryption
• XML Digital Signature (for authentication)
• XML Public key infrastructure
Security based on Web standards lets authors 
and companies protect their 3D model assets 
• Rather than “security through obscurity”
• X3D-Edit support uses Apache libraries

Web Security standards are compatible 

demonstrated in NPS thesis,
also included in X3D-Edit tool

DRM reference:  Philip Hallam Baker, CTO Verisign, “Dot Crime Manifesto”

DRM becomes feasible by using the above technologies

•More uses than Hollywood-commercial exist

•See Sun’s DReaM project http://www.openmediacommons.org  
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Concepts:  X3D CAD Component 

Common fields for X3D nodes

back to Table of Contents
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X3DProductStructureChildNode interface

X3DProductStructureChildNode interface 
indicates that this is a structural node
• CADLayer, CADAssembly, CADPart, CADFace

Common field:  name string (default is blank)
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X3D Nodes and Examples

back to Table of Contents
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CADLayer

CADLayer is a Grouping node that can contain 
most nodes
• visible field is a boolean array that indicates 

whether each child is displayed, default is true
• Typically contains one or more Assembly nodes
• Can also contain Shapes or other grouped content

TODO:  fix visible editor to handle array of booleans
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CADAssembly

CADAssembly is a Grouping node that contains 
a set of CADAssembly or CADPart nodes
• Thus assembly consists of sub-assemblies and parts
• Design is not intended to hold other content
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CADPart

CADPart is a Grouping node that contains
one or more CADFace nodes to make a Part
• Also includes Transform fields to locate children
• Design is not intended to hold other content
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CADFace

CADFace is a Grouping node that contains a single 
Shape (or else an LOD node showing one Shape)
• Holds  geometry representing a face of a part
• If child LOD, each level should be single Shape
• Experimental:  contain Transform, but still only one Shape
• Design is not intended to hold other content
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Additional nodes

Quadset and IndexedQuadSet are straightforward 
and covered in X3D For Web Authors chapter 13

OrthoViewpoint node is covered in 
X3D For Web Authors chapter 4 
• An orthographic view has all projected lines parallel to 

the projector from centerOfRotation to position
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Applications

CAD applications for X3D

back to Table of Contents
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Is X3D CAD heavy or light?
from Professor Soonhung Han of KAIST:

This is the right question to explore.
The way to answer it is through testing.

CAD X3D
Heavy with data for 
design changes;
B-rep
Diverse functions

Light format for 
web browsing;
Polygons
Limited functions

Data loss

X3D-CAD
Heavy ??
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CAD Working Group

Web3D Consortium

Next steps, work in progress

back to Table of Contents
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Next steps for CAD working group

Lots of progress has occurred...
• CAD Working Group reactivated
• Example CAD models => scenes in version control
• X3D Validator and quality assurance testing

Lots of work still to be done!
• Compressed Binary Encoding (CBE) implementation interoperability

• Test corpus to measure size & speed improvements
• Are B-REP definitions correct?  Are  B-REPS best suited for CAD-

model conversion tools, or should authors use them?
• Do the B-REP renderers work?  B-REP tesselation to polygon 

export in our converters?  Constructive solid geometry (CSG)?
• Demonstrate Parametric History approach, capability in tool set

Steady progress, going forward together



Next-step progress for CAD:  links

• X3D CAD Executive Summary

• CAD Working Group Public Wiki
• http://www.web3d.org/x3d/wiki/index.php/X3D_CAD 

• Planned improvements for X3D v3.4

• X3D CAD Macro-Parametric Approach
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Additional Resources

back to Table of Contents
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Resources   1

CAD Working Group pages
• http://www.web3d.org/realtime-3d/working-groups/computer-aided-design-cad

• http://www.web3d.org/x3d/wiki/index.php/X3D_CAD 

Conversion and Translation Tools
• http://www.web3d.org/x3d/content/examples/X3dResources.html#Conversions

CAD Examples:  X3D Basic Archives
• http://www.web3d.org/x3d/content/examples/Basic/CAD 

Browsers and players
• Player support for X3D components wiki has latest list

X3D-Edit authoring tool
• https://savage.nps.edu/X3D-Edit 
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Resources   2

Kshell IGES to X3D converter
• http://www.kshell.com/pages/x3d_cad

Stamp X3D Model
• StampX3dLetters.x3d and StampX3dLetters.html
• Online 3D printing:  order a Stamp X3D Model 

built by Shapeways!
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Chapter Summary

back to Table of Contents
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Chapter Summary

CAD component allows structuring X3D models 
to match common structure within CAD models

CAD distillation filters and X3D binary encoding 
allow large-model reduction to practical levels
• Long-running work in progress

Multiple technical challenges are steadily being 
addressed

Ongoing work to build repeatable, royalty-free 
results available for broad use on the Web
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Suggested exercises

Test and adapt provided example scenes

Perform geometry reduction of a large mesh
• Using X3D-Edit, Xj3D, MeshLab or any other tool

Repurpose a CAD model using a conversion tool, 
simplify X3D model further using CDF filters, 
maintain basic structure using CAD nodes

Add animation to model, publish to Web
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Sponsor, partnership opportunities

Numerous government agencies might benefit if 
stable Web modeling and delivery was possible 
for CAD engineering models
• Training, simulation, visualization, outreach, etc.

Most CAD companies selling authoring tools are 
not highly incentivized to be interoperable
• Numerous incompatible CAD formats

Numerous sponsor, partnership opportunities are 
available to advance X3D CAD capabilities
• Please contact Web3D CAD Working Group to discuss
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References
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X3D: Extensible 3D Graphics for Web Authors         
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• http://x3dGraphics.com 
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• http://www.web3d.org/x3d/content/examples/X3dResources.html
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X3D-Edit Authoring Tool
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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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MeshLab tool for 3D triangular meshes
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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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