X3D Graphics for Web Authors
Chapter 9

Event Utilities and Scripting

Action is eloguence.

William Shakespeare, Coriolanus, Act III Scene II
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Chapter Overview



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
web|3D 3D
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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



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 scriptin
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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



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

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 /
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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 |
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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

RUBE GOLDBERG Alarm Clock

Shoe (A)

Kicks football (B)
Opening mouth of bird éc}
And dropﬂing baseball (D
Into sink (E)

Baseball goes through drain
and falls into glove (F)
Causing spring (G)
To move hand ?H)
Which works jack (1)
Lifting s1ae?ar (J)

Into vertical position -
Bell (K) Rings to make sure
slesper gets up!



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



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 /
web|3D )<3D
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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/
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Example: boolean, integer sequencers

Following example illustrates coordinated use of
BooleanSequencer, IntegerSequencer nodes

« Note common TimeSensor node (named Clock)

fraction_changed

, «[J TimeSensor: DEF: Clock
set_fraction | > <1_|
value_changed [~ TLf| BooleanSequencer: DEF: OnOffSequencer, key:00.20.40.6 0.8 1, keyValue: true false true false true true

ONL— .0 SpotLight: DEF: SpecialSpotLignt
é—) ROUTE: fromNode: Clock, fromField: fraction_changed, toNode: OnOffSequencer, toField: set_fraction
set_fraction 3 ROUTE: fromNode: OnOffSequencer, fromField: value_changed, toNode: SpecialSpotLignt, toField: on

value_changed i IntegerSequencer: DEF: ChildSequencer, key: 00.20.40.60.81, keyValue:0123-10
whichChoice '—»=- [ Switch: DEF: ShapeSwitcher

[ Group: DEF: Childo
7" Transform: DEF: Child1
@¥év> Inline: DEF: Child2
3 Shape: DEF: Child3

3 ROUTE: fromNode: Clock, fromField: fraction_changed, toNode: ChildSequencer, toField: set_fraction

% ROUTE: fromNode: ChildSequencer, fromField: value_changed, toNode: ShapeSwitcher, toField: whichChoice



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanSequencerIntegerSequencer.x3d

BooleanSequencer
value changed

fraction_changed

!

true true true true SpecialSpotlight
‘ false false on value
0 | | | | | p sct_fraction
* 0.2 0.4 0.6 0.8 1

set_fraction

value_changed
on

set_fraction

|_> «[J TimeSensor: DEF: Clock
— ﬁﬂBooleanSequencer: DEF: OnOffSequencer,| key: 00.2 0.4 0.6 0.8 1, keyValue: true false true false true true
— (%> SpotLight: DEF: SpecialSpotLignt
g ROUTE: fromNode: Clock, fromField: fraction_changed, toNode: OnOffSequencer, toField: set_fraction
3-) ROUTE: fromNode: OnOffSequencer, fromField: value_changed, toNode: SpecialSpotLignt, toField: on

value_changed
whichChoice

— ?p_cl IntegerSequencer: DEF: ChildSequencer, key: 00.20.4060.8 1, keyValue:0123-10

—- [ Switch: DEF: ShapeSwitcher
[ Group: DEF: Childo
?FTransform: DEF: Child1
@¥6v> Inline: DEF: Child2
88 shape: DEF: Child3
f—, ROUTE: fromNode: Clock, fromField: fraction_changed, toNode: ChildSequencer, toField: set_fraction
3 ROUTE: fromNode: ChildSequencer, fromField: value_changed, toNode: ShapeSwitcher, toField: whichChoice


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanSequencerIntegerSequencer.x3d

IntegerSequencer
value changed

A
3 ®
2 ’
L]
0 % | @ p sct_fraction
0.2 0.4 0.6 018 1
-1
\

no ShapeSwitcher
Child0 Child1 Child2 Child3 child ChildO child selection

fraction_changed

: «[J TimeSensor: DEF: Clock
set_frachon‘_> o
value_changed [~ TLf| BooleanSequencer: DEF: OnOffSequencer, key:00.20.40.6 0.8 1, keyValue: true false true false true true
ONL—..%> SpotLight: DEF: SpecialSpotLignt
3 ROUTE: fromNode: Clock, fromField: fraction_changed, toNode: OnOffSequencer, toField: set_fraction
set_fraction 3 ROUTE: fromNode: OnOffSequencer, fromField: value_changed, toNode: SpecialSpotLignt, toField: on

.
>

value_changed [ by IntegerSequencer: DEF: ChildSequencer, |key: 00.20.40.60.8 1, keyValue:0123-10
whichChoice —»=- [ Switch: DEF: ShapeSwitcher

[ Group: DEF: Childo
?FTransform: DEF: Child1
@60 Inline: DEF: Child2
88 shape: DEF: Child3

3 ROUTE: fromNode: Clock, fromField: fraction_changed, toNode: ChildSequencer, toField: set_fraction

3 ROUTE: fromNode: ChildSequencer, fromField: value_changed, toNode: ShapeSwitcher, toField: whichChoice



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanSequencerIntegerSequencer.x3d

BooleanSequencer
value changed

A
true true true true SpecialSpotlight
false false on value
0 | | | ‘ | p sct fraction
2 4 : :
Y 0 0 0.6 0.8 1
IntegerSequencer
value changed
A
3 o
2 !
L
0 ¢ | @ p sct_fraction
0.2 0.4 0.6 018 1
1 -
\/
no ShapeSwitcher
Child0 Childl Child2 Child3 child Child0 child selection


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanSequencerIntegerSequencer.x3d

el =

D00 a edue = ‘:‘ edJue e a A 0 L]
v BooleanSequencerintegerSequence x3d LA :IEI

g E-5- QS5 E #F&% o0 ¥ =

1 <?xml version="1.0" encoding="UTF-8"%*>

2 <!DOCTYPE X3D PUBLIC "I30//Web3D//DTD E3D 3.1//EN" "http://uwww.wsb3d.org/specifications/x3d-3.1.dcd">

3 <¥X3D profile="Immersive" wersion="3.1"

4 xmlns:xsd="http://www.w3 . org/2001/XMLSchema—instance™ xsd:nolam=spaceichemalocation="http://wuw.web3d.org/specifications/x3d-3.1.xsd">

5= <head:>

& “meta content="BoolsanIequencerIntegerdequencer . x3d"” nams="title"/>

7 “meta content="3how synchronized use of BooleanSequencer and IntegerSequencer nodes"” namse="description”/>

g <meta content="Don Brutzman" nams="creator",/>

9 <meta content="g Zeptember 200&" nams="gcreated"/:»

10 <meta content='24 February 2008' nam=s='modified'/ />

11 “meta content="http://X3dGraphics.com/examples/X3dForWebliuthors/ Chapter0S8-EventUtilitiesScripting/ Booleaniequencer IntegerSequencer .. 34"

12 namz="identifier"/>

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

14 <meta content="../../license.html”" nams="license"/>

15 </head>

16 = <Scenss H

17 <Time3Sensor DEF="Clock" « leInterval="5" loop="trus"/> BOOIeanseq uencer turns SpOtnght 0n7 Off

13 — <BooleanSequencer DEF="OnOffSequencer" ke=v="0 0.2 0.4 0.& 0.8 1" keyValus="true false trus false trus trus"/> -

19 <3potLight DEF="SpecialSpotLight” color="1 0.0 0.0" location='0 0 10'/>=

(=]

[ IS TS S N
s L by = O
| H 1

j:t <Integerisquencer DEF="ChildSeguencer" k=

<BOUTE fromField="fraction changed” fromllods="Clock" toFisld="set fraction" tollode="0OnOffSsquencer”/>
<ROUTE fromField="wvalue_ changed" fromlode="On0ffSequencer” toFisld="on" tollode="SpecialSpotLight"/>
"0 0.2 0.4 0.&£ 0.8 1" keyValu=="0 1 2 3 -1 O"/»

«<Transform translation="-1.75 0.5 O"=>

L eiteh bEr-rhapeswiconeens IntegerSequencer switches choice of Text

<ROUTE fr-JmFiil-:i=""fraction_changed" fromNode="Clock" t-:uFiild="set_fraction" tollode="ChildSequencer"/>

26 <ROUTE fromFiesld="wvalue_ changed" fromllods="ChildSequencer”™ toFisld="whichChoice" tollode="3hapeSwitcher™/>
27 [= <Zhape DEF="Childd'":>
- aps X * X : W Edit BooleanSeguencer &l
28 <Text string='Child 0 lit'/= =
29 |- <Appearance DEF="GreylAppearances":> @'-E”W ST
30 <Material diffuseColor="0.7 0.7 0.7"/> — P —
a1l b </Appearances> USE O |onoffsequencer H Ochidre -

! - - L] L]
2| r </ Zhape> C 1’11 1 d O 1 lt key, keyValue arrays
330 <Shaps DEF="Childi"= key [ keyvalue
34 <Text string='Child 1 unlit'/> 03 i
35 <Appearance USE="GrevAppesarance"/= M * g:é i
e | Chi unlit B
37 <3hape DEF="Child2":= T Ecit IntogerSequencer
38 <Text string='Child 2 lit'/>
39 <Appearance USE="GrevlAppearance”/> ¢ ° @'El containerField
40| </Shape> ) 1 1 R — |:‘ o -]
a1 <3hape DEF="Child3"> —
2 <Text string='Child 3 unlit'/> R ~ R key, keyValue arrays
43 <Appearance USE="GrevlAppearance”/> Cl’llld 3 lll’lllt key | keyValue

) 0 0

a4 | - </Shape> 8'42; 1
45| - </3vitch> gig ?
48| - </Transform> . . . . 1 3
o[ <scenes Single TimeSensor clock drives two synchronized BIF
48| -~ </X3D> -
— BooleanSequencer, IntegerSequencer output streams (o] [conce e |



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanSequencerIntegerSequencer.x3d

| Boolean5Sequence egerseguence d dito
e BooleanSeguencerIntegerSequencer, x3d

IENE RN @.%EE o o

1 <?xml wversion="1.0" encoding="UIF-8"72>
2 <IDOCTYPE ¥3D PUBLIC "ISC//Web3D//DTD X3D 1//EN™ "http: eb3d.org i-3.1.dcd">
3 E% «¥X3D profile="Immerszive' version='"3.1"' zmlns:xsd="http: 1 ®xsd:noNamespaceSchemalocaction="htt
4= <head>
3 <meta
& <meta enabled and 5
7 <meta
8 <meta
g <meta
10 <meta BooleanSegquen
11 <meta
12 <meta Xj3D Viewer
13 </head>
18] <Sceme> S . Grey child 0
15 <NavigationInfo headlight='trus'/> hCﬂ(ﬂiﬂlﬂ DIUS FCd]iEkH
16 <TimeSensor DEF='Cloc = =~
17 <BooleanSequencer Value='true false true false true true'/>
18 E(Spct:ig’nt DEF='5p SRES R EENE S R E T EE
19 «ROUTE fromField= ract OnOffSequencer' /> L] ﬁ?
a <ROUTE fromField='wa pecialSpotLight'/> ¥j3D Viewer 53

iy

2 3 -1 0'/>

L R
IHI

<IntegerSequencer
<Transform transla
<Switch DEF='Z!

<ROUTE

-

[REREES B =
—

<Lppearance DEF=' rance ">

[ T T VT T S T e T T T S e ]
o

Grey child 1

headlight only

EBEBEENER

%j3D Viewer

Grey child 2
headlight plus red light

O 4] & < > |8 alES
= X]

¥]3D Viewer

Grey child 3
headlight only

1]

____ Scene text revised

9 <Material diffuseColor='0.7 0.7 0.7' />
30| - </Appearance
31| </Shape>
32 <5hape DEE='C!
33 " "headlight only™'/>
34 <Lppearance JSE=' rance'/f»
35| </Shape>
36 <Shape DEF='Child2'>
37 <Text " " "headlight plus red light"™'/>
38 <hppearance USE='Grevylppearance'/>
39 </Shape>
10 =] <Shape DEF='Child3'>
41 " "headlight only™'/>
412 <hppearance USE='Grevylppearance'/>
43 - </Bhape> . . . .
s </switcn> Single TimeSensor clock drives two synchronized
45| </Transforms>
tel _<sscenes BooleanSequencer, IntegerSequencer output streams
4
1:1

March 2009
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Fan in, fan out

Multiple-event fan out

e More than one ROUTE may connect a single
output field to other nodes

Multiple-event fan in

e More than one ROUTE may also expose a
single input field to the output of more than
one event-producing node

e Can be error prone and non-deterministic if
events are allowed to occur simultaneously
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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 |

3D oD,
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gl = o a o
W D d P D)

%EooleanFiﬂerPumpHom illl:lgl
&bl QS E ¢y @ o0 v =
1 <?xml wversion="1.0" encoding="UTF-3"?:
2 <!DOCTYPE ¥3D PUBLIC "I3CQ//Web3D//DTD X3D 3.1//EN" "http://wuw.web3d.org/specifications/x3d-3.1.dcd">
SE <¥3D profilse='Immsrsive' wversion='3.1' xmlns:xsd='http://vww.w3.org/2001/XML3chema-instancs' xsd:nollamsspacsSchemalocation='http:// vy
4= <head>
5 <meta content='BooleanFilterPumpHouse.x3d' nams='title'/>
8 <meta content='A BooleanFilter node controls the animation of orbiting cones near the pump house.' name='description'/ />
7 <meta content='Todd Gagnon and Mark A. Boyd' nam=='authors'/:
g <meta content='Xeena VBEHML importer' name='translator'/:>
g <meta content='8 June 1998' name='created'/:>
10 <meta content='20 December 2Z002' nams='imported'/>
11 |: <meta content='24 February Z008' nam=='modifisd'/>
12 <meta content='http://X3dGraphics. com/examples/X3dForWebAiuthors/EelpForestExhibit/FPumpHouse. x3d' name='reference' />
13 <meta content='http://E3dGraphics.com/examples/X3dForWebAuthors/ Chapter09-EventUtilitiesScripting/BooleanFilterPumpHouse. x3d!
14 <meta content='XK3D-Edit, https://savage.nps.edu/X3D-Edit' name='generator'/:>
15 <meta content='VrmlST7ToX3dliste, http:_f’_-’nvrt.nist.gov.-’vE_de.html' nams='generator' />
18 <meta content=',./license.html' nams='license'/>
17 </ head:> . . . . .
R Filtering out the isActive false events enables this
i “Background Srycolormia 1 v TimeSensor clock to continue looping, once started
20 <MNavigationInfo typs='"FLT" "ANT"'/>
21 enabled <Viewpoint description='Click pump house to activate' position='Z 1 9'/= i
22 <TimeSensor DEF='Timer' cyvclelnterval='2' esnabled='false' loop='true' startTimes='1"'/> fractlon_chgnged
23 inoutTrugrientationIntarpolator DEF='Rotator' key='0 .33 .67 1' keyValu=='0 0100012001400 1 .28 set_fraction
24 —L' ~BooleanFilter] DEF='Filter'/> value_changed e,
25 = <Transform DEF='SpinningColoredCones' translation='3 2 1':= Set_rOtation .
26 set_boolean|<Transforms- B ch‘ldr:nmmme
34 [+ <Transform=>
4z [+ <Transform: BooleanFilter selectively passes true, false or negated events
50 - </ Transform:- :
. i . i i [ Accept ][ Discard ][ Help ]
51 <ROUTE fromField='inputTrue' fromllode='Filter' toField='enabled' tollode='Timer'/>
52 <ROUTE fromFiesld='fraction_ changed' fromlods='Timer' toFisld='set_fraction' t.-JN-J-j-E='RDt.atDr',-'">
53 L <POUTE frowField='walus_changed' fromMods='Rotator' toFisld='rotation' tollode='3pinningColoredCones' /=
54 |:—:|_ <Groups
558 <TouchIensor DEF='RunFump' description='touch to activate' enabled='trus'/>
5& iSActive  <poUTE frowFiszld='isletive' fromllods='EunPump' toFisld='set boolean' tollods='Filter'/>
57 L <!—— pump house geometry follows —-->
58 = <Transform scale='0.91 0.&€ 0.3' translation='0.8 -0.&5 0.5'> b
59 <Shapes '
60 = <Appearance: b >
61 <Material diffuseColor='0.749 0.£94 0.851'/>
62| </ Appearance:
E3 <Cylinder bottom='false' top='false'/>» E

NS



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanFilterPumpHouse.x3d

el BooleanFilter

BooleanFilter selectively passes true, false or negated events.

DEF

[DEF ID #IMPLIED]
DEF defines a unique ID name for this node, referencable by other nodes.
Hint: descriptive DEF names improve clarity and help document a model.

. [USE IDREF #IMPLIED]
USE means reuse an already DEF-ed node ID, ignoring _all other attributes and children.
Hint: USEing other geometry (instead of duplicating nodes) can improve performance.
Warning: do NOT include DEF (or any other attribute values) when using a USE attribute!

set_boolean [set_boolean: accessType inputOnly, type SFBool (true/false) #FIXED ""]
set_boolean is the input value to be filtered.

aputime [inputTrue: accessTvpe outputOnly, tvpe SFBool (true|false) #FIXED ""]
inputTrue only passes a true value, when set_boolean input is true.

foputFabe [inputFalse: accessType outputOnly, type SFBool (true|false) #FIXED ""]
inputFalse only passes a false value, when set_boolean is false.

inputNegate

[inputNegate: accessType outputOnly, type SFBool (true|false) #FIXED
inputNegate provides opposite value by negating set_boolean input.

"

containerField

[containerField: NMITOKEN "children"]
containerField is the field-label prefix indicating relationship to parent node. Examples: geometry Box, children Group, proxy Shape. containerField
attribute is only supported in XML encoding of X3D scenes.

class

[class CDATA #IMPLIED]
class is a space-separated list of classes, reserved for use by XML stylesheets. class attribute is only supported in XML encoding of X3D scenes.



http://www.web3d.org/x3d/content/X3dTooltips.html#BooleanFilter

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 |
web|3D )<3D
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w B eanSequencerP D e d d L
%ElooleanSequencerPumpl-hlm g lIEI
Bh-s- A #F% @au o0 v¥ D

1 =<?xml version="1.0" encoding="UTF-2"2:>

2 <!DOCTYPE X3D PUBLIC "I30//Web3D//DTD X3D 3.1//EN" "http://www.web3id.org/specifications/x3d4-3.1.dtcd">

SE <H3D profile='Immersive' version='3.1' xmlns:xsd='http://vww.w3.org/2001/EMLSchema-instance' xsd:noNamespaceSchemalocation='http://vww.web3d
4= <head>

5 <meta content='Boolean3equencerPumpHouse.x3d' name='title'/>

8 <meta content='A BooleanSecquencer node intermittently interrupts animation of the pump house.' name='description' />

7 <meta content='Leonard Daly, Don Brutzman, Todd Gagnon and Mark A. Boyd' nam=='authors'/:>

g <meta content='Xeena VEML importer' name='translator'/:=

g9 <meta content='8 Juns 1998' nams=='created'/>»

10 <meta content='20 December Z002' nam=='imported'/ />

11 <meta content='8 COctober Z007' name='modified'/:=

12 <meta content='KelpTank.x3d' nam=='reference'/>

13 <meta content='http://X3dGraphics.com/examples/X3dForebAuthors/EelpForestExhibit/PumpHouse.x3d' nam=='reference' />

14 <meta content='http://X3dGraphics.com/examples/X3dForlebAuthors/ Chapter0S-EventUtilitiesScripting/BooleandequencerPumpHouse. x3d' names='i
15 <meta content='X3D-Edit, https://savage.nps.edu/X3iD-Edit' nam=='generator' /> EiEdithleanSaq_

18 <meta content='Vrml27ToX3dlNist, http://ovrt.nist.gov/vZ_x3d.html' nams='gesnsrator'/>

17 <meta content='../license.html' nams='license'/:> 3 |Onoffsequencer containerfield

18| | </ head:> USE O) [E] |children

18 [ <Scenes —

20 <Background skyColor='1 1 1'/> 2 ey ey¥aloe

21 <Viewpoint description='touch and hold to interrupt pump operation' orientatfion='-0.9£29 0.239 0

22 = <Group DEF='PumpHous=Group':> ;

31 [ <Group> g

2 :

40 <TouchSensor DEF='InterruptPump' description='touch and hold to interrupt pump opsration', 8

a1l </ Groups> [ copy

4z | F </ Group>

a3 = <Group>

44 <Transform scal=='0.5 0.5 0.5' translation='1.0 1.1 -1.5'> [ = H e H = ]
45 |[= z<Transtrm DEF='PISTCI' =

4a z <FPositionInterpolator DEF='FPISTCNFPath' kevy='0.0 0.3 0.32 0.5 0.75 1.0' keyValu=='-0.4 -2.3 4.0 -0.4 -1.5 4.0 -0.4 -1.5 4.0 -0.4 -2
47 ! <TimeSensor DEF='PISTCNClock' cvclelnterval='5.5' snabled='trus' loop='trus'/>

48 |: ! <BooleanSequencer DEF="0n0OffSequencer" key="0 0.25 0.33 0.5 0.&825 0.87 0.75 0.9 1" kevyValue="true false true false true false true
49 <TimeSensor DEF='InterruptTimer' cyvclelnterval='g' enabled='trus' loop='true' startTime='1'/>

50 <ROUTE fromField='wvalue changed' fromlode='PISTONPath' toField='set translation' toNode='PISTON' />

51 <ROUTE fromFiesld='fraction changed' fromlode='FISTCONClock' toFisld='set fraction' tolMNode='FISTONPath' />

52 <ROUTE fromFiesld='walus_ changed' fromlode='COnOffSequencer' toFisld='enabled' toMNode='PISTONClaock' /=

53 <ROUTE fromField='fraction changed' fromlodse='InterruptTimer' toFisld=s'set fraction' tollode="'C0n0ffSequencer' />

54 <POUTE fromField='isActive' fromllode='InterruptPump' toField='enabled' tollode='InterruptTimsr'/>

a5 = <Transform scale='1.8 1.2 0.&' translation='0.0 -0.2 0.0'=

S& <Shape:> . .

57 [ITOUCNSENSOr.  <sppearance> TimeSensor drives BooleanSequencer outputs
58 isActive <Material diffus=Color='0.427 0.427 0.42'/= =

to provide steady stream of true/false values

453:141 | INS
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e BooleanSequencer

BooleanSequencer generates periodic discrete Boolean values that can be ROUTEd to other Boolean attributes. Tvpical input:
ROUTE someTimeSensor.fraction_changed TO somelnterpolator.set_fraction Tvpical output: ROUTE
somelnterpolator.value_changed TO destinationNode.set_attribute.

DEF

[DEF ID #IMPLIED]
DEF defines a unique ID name for this node, referencable by other nodes.
Hint: descriptive DEF names improve clarity and help document a model.

USE

[USE IDREF #IMPLIED]

USE means reuse an already DEF-ed node ID, ignoring _all  other attributes and children.
Hint: USEing other geometry (instead of duplicating nodes) can improve performance.
Warning: do NOT include DEF (or any other attribute values) when using a USE attribute!

[key: accessType inputOutput, tvpe MFFloat CDATA #IMPLIED]
Definition parameters for linear-interpolation function time intervals, in increasing order and corresponding to keyValues.
Hint: number of keys must match number of keyValues!

kevValue

[kevValue: accessTyvpe inputOutput, tvpe MFBool (true|false) CDATA, SFString for VRML 97 #INIPLIED]
Output values for linear interopolation, each corresponding to time-fraction keys.
Hint: number of keys must match number of keyValues!

set_fraction

[set_fraction: inputOnly type SFFloat CDATA #FIXED ""]
set_fraction selects input key for corresponding keyValue output.

value_changed

[value_changed: accessType outputOnly, type SFBool (true|false) #FIXED ""]
Single intermittent output valie determined by current key time and corresponding keyValue pair.

previous

[previous: accessTvpe inputOnly, type SFBool (true|false) "0"]
Trigger previous output value in keyValue array.
Hint: loops from first to last if necessary.

next

[next: accessType inputOnly, type SFBool (true|false) "0"]
Trigger next output vahie in keyValue array.
Hint: loops from last to first if necessary.

containerField

[containerField: NNITOKEN "children"]

containerField is the field-label prefix indicating relationship to parent node. Examples: geometry Box, children Group, proxy Shape. containerField
attribute is only supported in XML encoding of X3D scenes.

class

[class CDATA #IMPLIED]
class is a space-separated list of classes, reserved for use by XML stylesheets. class attribute is only supported in XML encoding of X3D scenes.
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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 /SActive/isOver sensor outputs

« Example: only an /sActive true event causes change

* Toggling occurs only on selection, rather than both
selection+deselection, so user can remove pointer,

3D oD,
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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./sActive — 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

3D oD,
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53|~ </E3D>

’ <BooleanToggle|DEF='TDggler'ﬁ>

_> <TimeTrigger DEF='PauseOn'/ />

L— <TimeTrigger DEF='FPauss0lff' />

<!DOCTYPE X3D PUBLIC "ISCQ//W=b3D//DTD X3D 3.1//EN"™ "http://vuw.web3d.org/specifi
E% <H3D profile='Interactive' wversion='3.1' xmlns:xsd='http://vyw.w3.org/Z001/KXHMLSc

<head>
<meta content='BooleanToggle.x3d' nam=='title'/ />
<meta content='A BooleanTogglse button determines whether an animated Cons is
<meta content='Leonard Daly and Don Brutzman' nams=='greator'/:>
<meta content='9 CQctober 2Z00&' name='created'/:=
<meta content='24 Februarvy 2008' nam=='modified'/ /=
<meta content='http://X3dGraphics.com' nams='reference'/>
<meta content='http://wwy. veb3id.org/x3d/content/examples/help.html' nams='re
<meta content='Copyright 200&, Daly Realism and Don Brutzman' nam=='rights'/
<meta content='X3D book, X3D graphics, E3D-Edit, http://vuw.x3dCGraphics.com'

cations/x3d-3.1.ded">
hema-instance' xsd:nollamespaceSchemalocation='http://vww.wek

jittery or not.' namse='description'/ />

ference' />

=
name="'subject' />

<meta content='http://X3dGraphics.com/examples/X3dForTebAuthors/Chapter0S-EventUtilitiesScripting/BooleanToggle.x3d' nams='identifier'/>»

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

</ heads>

<Scenss

<Transform rotation='1 0 0 1.57'>
<TouchSensor DEF='TouchButton' description='touch to activate'/:=

</Transform>

<Transform translation='2 0 0'>
<Transform DEF='ShakingCone':>
</ Transform>

</ Transform:>

<ROUTE fromFisld='islctive' fromlods='TouchButton' toFisld='set_boolean' toll

'—» -EcoleanFilter DEF='Tee' i

<BROUTE fromFisld='toggle changed' fromllode='Toggler' toFisld='set hoolean' t

B D =

@ |Toggler containerField

USE &) [F7] |children

toggle V]
BooleanToggle maintains state, negates output when a true input is provided

Accept ][ Discard ][ Help

ode='Toggler' /=

ollode="'Tee!' /=

<ROUTE fromFisld='inputTrue' fronmlods='Tee' toFisld='set_boolean' tollods='Fa

usedn' />

<PROUTE fromField='inputFalse' fromlodes='Tee' toFisld='set_boolean' tollods='P
<Time3ensor DEF='Timer' cyclelnterval='.1l5' enabled='true' loop='true' start
<POUTE fromField='triggerTime' fronlode='PauseOn' toField='pauseTims' tollods
<ROUTE fromField='triggerTime' fromlods='Pause0ff' toFiesld='resum=eTimes' tollo

_——”<PDSitiDnInterleatDr DEF='3Zhaker' key='0 .25 .50 .75 1' kevyValu=s='0 0 0 .4

<BOUTE fromFisld='fraction changed' fronmllods='Timer' toFisld='set fraction'
<ROUTE fromFisld='walue changed' fronMods='Shaker' toFisld='translation' tol]

auseQff' />

Time='1'/> "—

=!'Timer' />

de='Timesr' />
.2 -.3 -.2 .3 .1 -.1-.2 .3 000>
tollode='3haker' /=
ode='3ShakingCone' /=

</3cene>

[«[

38:19

= per each selection by TouchSensor “Tou

BooleanToggle only flips state true/false once

chButton”
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TlE] BooleanToggle BooleanToggle maintains state and negates output when a true input is provided.

[DEF ID #IMPLIED]
DEF defines a unique ID name for this node, referencable by other nodes.
Hint: descriptive DEF names improve clarity and help document a model.
[USE IDREF #IMPLIED]
USE means reuse an already DEF-ed node 1D, ignoring _all_ other attributes and children.
Hint: USEing other geometry (instead of duplicating nodes) can improve performance.
Warning: do NOT include DEF (or any other attribute values) when using a USE attribute!
e [set_boolean: accessType inputOnly, type SFBool (true|false) #FIXED ""]
If set_boolean input is true, toggle state.
[toggle: accessType inputQutput, type SFBool (true|false) #FIXED
Persistent state value that gets toggled or reset.
entainerField [containerField: NMTTOKEN "children"]
containerField is the field-label prefix indicating relationship to parent node. Examples: geometry Box, children Group, proxy Shape. containerField
attribute is only supported in XML encoding of X3D scenes.
[class CDATA #IMPLIED]
class is a space-separated list of classes, reserved for use by XML stylesheets. class attribute is only supported in XML encoding of X3D scenes.

nn]
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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
iIntermittent timing events.

* TimeSensor cyclelTime 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 inputNegat,
3D 35
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1 =?xml version="1.0" encoding="UTF-8"?>
2 <!DOCTYPE X3D PUBLIC "ISCQ//Webh3D//DTD X3D 3.1//EN" "http://www.webid.org/specifications/x3d-3.1.dcd">
SE <H3D profile='Immersive' wversion='3.1' wmlns:xsd='http://wvw.w3.org/2001/XMLSchema-instance' xsd:nollamespaceSchemalocation='http://wrw.webid
4= <head>
5 <meta content='BooleanTriggerPumpHouse.x3d' nams='title'/>
a <meta content='~A BooleanTrigger node initiates the pump house animation: c¢lick to start.' name='description'/:>
T <meta content='Positive-displacement cvlinder pump to emulate breaksrs surge, designed and built by David Packard.' nams='description'/:>
g <meta content='Todd Gagnon and Mark A. Boyd' name='authors'/ />
9 <meta content='Xeena VEML importer' nams='translator'/=>
1m <meta content='g Juns 1998' name='created' />
11 <meta content='20 Decewmber Z002' nams='imported' />
12 <meta content='25 February Z008' name='modified'/>
13 <meta content='EelpTank.x3d' nams='reference'/>
14 <meta content='http://X3dGraphics.com/examples/X3idForllebAuthors/EelpForestExhibit,/PumpHouse.x3d' name='reference'/>
15 <meta content='http://X3idGraphics.com/examples,/X3idForlebAuthors/Chapter0S-EventUtilitiesScripting/BooleanTriggerFumpHouse.x3d' nams='ide
16 <meta content='X3D-Edit, https://savage.nps.edu/E3D-Edit' nams='gensrator'/:
17 <meta content='VrmlS7ToX3dlNist, http://ovrt.nist.gov/vZ_x3d.html' namwe='gensrator'/: — - -
18 <meta content='../license.html' nams='license'/>
19| </ head> [
20 = <3cenes
21 <Background skvColor='1 1 1'/=>
22 <Viewpoint description='select pump house to actiwvate' orisntation='-0.9£9 0.239 0.05& 0O
23 = <Group>
22
32 (] <Groups
33 [ <Zhape>
34 <Appearances

+ < IndexedFacelet> =
41 <TouchSensor DEF='BunPump' description='touch to activate' cenabled='trus'/>
a2 - </Group> containerField
43| - </ Group> USE ) [O] |children
44 |- <Group:
45 <Transform scale='0.5 0.5 0.5' translation='1.0 1.1 -1.5'> BooleanTrigger converts time events to boolean true events
48 |- d «<Transform DEF='PistonTransform':=
47 d <Positionlnterpolator DEF='PistonPath' key='0.0 0.3 0.32 0.5 0.75 1.0' kevValus [ Accept H Discard ” Help
48 <TimeSensor DEF='PistonClock' cyvclelnterval='5.5' snabled='false' loop='trus'/>
49 <BooleanTrigger DEF='TriggerStart'/:>
50 <ROUTE fromFisld='touchTims' fromllods='RunPump' toFisld='sst_triggsrTime' tollode='TriggerStart' />
51 <FOUTE fromField='triggerTrus' fromllode='TriggerStart' toFisld='enabled' tollode='PistonClock' />
52 <ROUTE fromFisld='fraction changed' fromllods='PistonClock' toFisld='set fraction' tollods='PistonPath'/>
53 <ROUTE fromFisld='value changed' fromllods='PistonPath' toFisld='set translation' tollode='PistonTransform'/>

of pump assembly follows —-3>

0.&' translation='0.0 -0.2 0.0'=>

£l —— ~emainder
54 ouchSensor.' remainder
55 = . <Transform scale='1.8 1.2
_ L, touchTime

BooleanTrigger “TriggerStart” converts

[«]:

49:26 NS

touchTime to boolean, enabling TimeSensor
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71l BooleanTrigger BooleanTrigger converts time events to boolean true events.

DES [DEF ID #INPLIED]
DEF defines a unique ID name for this node, referencable by other nodes.
Hint: descriptive DEF names improve clarity and help document a model.
[USE IDREF #IMPLIED]
USE means reuse an already DEF -ed node ID, ignoring _all_ other attributes and children.
Hint: USEing other geometry (instead of duplicating nodes) can improve performance.
Warning: do NOT include DEF (or any other attribute vahies) when using a USE attribute!
set_triggerTime [set_triggerTime: accessType inputOnly, type SFTime CDATA #FIXED ""]
set_triggerTime provides input time event, typical event sent is TouchSensor touchTime.
DR [triggerTrue: accessType outputOnly, tvpe SFBool (true|false) #FIXED ""]
trigger True outputs a true value whenever a triggerTime event is received.
containerFidd [containerField: NMTOKEN "children"]
containerField is the field-label prefix indicating relationship to parent node. Examples: geometry Box, children Group, proxy Shape. containerField
attribute is only supported in XML encoding of X3D scenes.
[class CDATA #IMPLIED]
class is a space-separated list of classes, reserved for use by XML stylesheets. class attribute is only supported in XML encoding of X3D scenes.
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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



i egersequencerP D £ d d L
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<?x@ml version="1.0" encoding="UTF-3'"?>

<IDOCTYPE X3D PUBLIC "IS50//Web3D//DTD X3D 3.1//EN" "http://www.wsb3d.org/specifications/x3d-3.1.dcd">
E <H3D profile='Immersive' wversion='3.1' xmlns:xsd='http://www.w3.org/2001/XMLSchema-instance' xsd:nolNamespaceIchemalocation='http://www.web3id.org
- <head>

<meta content='IntegerIecquencerPumpHouse.x3d' nams='title'/>

“meta content='An Integer3equencer node switches the display of colored conses near the pump house.' namse='description'/ />
<meta content='Todd Gagnon and Mark A. Boyd' nams='authors'/:

<meta content='Xeena VEML importer, E3D-Edit 3.1, http://uwww.web3d.org/x3d/content/EEADME. ¥3D-Edit.html' nams='translator'/:»

<meta content='g June 1998' nams='created'/:>

<meta content='20 December 2002' name='imported'/:>

<meta content='2g February 2008' nams='modifiesd' />

<meta content='KelpTank.x3d' name='reference'/>

<m=ta content='http://X3dGraphics.com/examples/X3dForlebluthors/EelpForestExhibit/PumpHouse.x3d' nams='reference!'/ />

<meta content='http://EZ3dGraphics.com/examples/E3dForlebiuthors/Chapter0S-EventUtilitiesScripting/ IntegerSequencerPumpHouse. x3d' nam=='ident
<meta content='X3D-Edit, https://savage.nps.edu/X3D-Edit' nams='generator'/:

“meta content='VrmlS97ToX3dllist, http://Dvrt.nist.gov/v?_de.html' nam=="'gensrator' /=

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

= </ heads>

= <3cene>

<Background skyColor='1 1 1'/=

<Viewpoint description='Click pump house for next cone' orientation='-0.29&%9 0.239 0.05& 0.13' position='1l.E€ 1.34 5.85'/>
<Group DEF='PumpGeom=try'>

«<Transform:>
£
</ Group>

<Transform translation='3 2 0.5'>

;;<Transform DEF='ConeRotationTransform' -

[ </Transtorm> TouchSensor drives IntegerSequencer outputs

ETouchSensor.isActive

Sroups

-

<DrientationInterpolator DEF='Fotator' kevy='0 .33 .7 1' kevValu=e='0 0 1 0001 2001400
<ROUTE fromField='walus changed' fromllods='FRotator' toFisld='sest rotation' tollode='ConsFRotatio|

BEF @ |sequencer containerField
USE @ [ [children

<TimeSensor DEF='Timer' cyclelnterval='2' esnabled='trus' loop='true' startTime='1l'/>
<ROUTE fromField='fraction changed' fromllods='Timer' toFisld='set fraction' tollode='Rotator'/>

key, keyValue arrays

# key keyvalue
<!—— positioning BROUTEs immediately following animation nodes helps keep| track of event logic o % 0
Py <Syitch DEF='Syitcher' whichChoice='0'> 3 o 3
<Transtorm=| WhichChoice 3 1 1]
<Transforms B | || [ dr=ms e, Wit
<Transform> Ecit cells: [Assign cell value: [toselected cell & |
- </Switchs value_changed
<IntegerSequencer DEF="Sequencer" key="0 .33 .&7 1" kevValus="0 1 2 -1" /= ] (o) (]
next <ROUTE fromFiesld="walus_changed” fromlods="Jsquencer"” toFfisld="whichChoice" tolods="Switchsr"
<!—— sending trus event (on TouchSensor select) adwvances to next valus, gending false event (on TouchSensor deselect) has no effect —-»>
<BOUTE fromField="islActive" fromlode="BunPump"™ toFisld="next"™ tollodse="3egquencer" /=
u </ Transform:

to provide clickable stream of integer values

76:26 INS
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## Integer SequencerRoadSignSwitcher x3ed xl i ;IEI
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<?xml]l ver=sion="1.0" encoding="UILF-8"7>
<I!DOCTYPE X3D PUBLIC "ISOQ//Web3D//DTD X3D 3.2//EN" "http://www.web3d.org/specifications/x3d-3.2.dtd">

<¥3D profile='Interactiwve' wer=Zion='3.2' xmlns:xsd='http:,//wWww.w3.o0xrg/2001/XML5chema-instance' xsd:noMamespaceSchemalocation="http://www.web3d.org/s
E <head>
<meta content="IntegerSeguencerRoadSignSwitcher.x3d' name='"title'/ >
<meta o t='Switch among different road signs using IntegerSequencer' name='description'/>
<meta t="Don Brutzman' name='creator'/>
<meta '2 January 200%"' name='created'/>
<meta o 2 January 2009"' name="modified'/>
<meta o ='http://X3dGraphics.com/examples/X3dForWeblhuthors/Chapter07-Eventhni
<meta co t="¥3D-Edit, https://savage.nps.edu/X3D-Edit' name="generator'/>
<meta oo ='"¥3D-Edit 3.2, https://savage.nps.edu/X3D-Edit' name='generator'/>
<meta co ='../..flicense.html' name='license'/>
- </head>
[ <Scenexr
<Background groundColor='0.2 0.2 0.2" skyColor='0.2 0.2 0.2"/>
<Viewpoint description='Road sign switcher, ém away' position='0 0 &'/>
=] <Shape DEF='Frame'>

- </ 5hape>

~J——p<Switch DEF='Switch'

2.7 0.05'/>

[,
-1 © <Shape>

2

&g <Box DEF='SignHolder' =size='3.072 2.304 0.1'/>
- o <Appearance>

E

<ImageTexture url='"RpoadSignRoadWorklihead.jpg" "http://X3dGraphics.com/examples/3dForWebluthors/Chapterd7-EventhnimationInterpolation,/Roa
H </Appearancel
H </Shape>
- <Shape>
<Box USE='"SignHolder'/>

- © <Appearance

%; <ImageTexture url='"RpoadSignExpectDelays.jpg" "http://X3dGraphics.com/examples,/X3dForWebluthors/Chapterl7-EventhnimationInterpolation/Road]
H % </Appearancel . ,
[15 —sneve TimeSensor drives IntegerSequencer outputs

o zShEpe . .
4 2 [cshape to provide steady stream of integer values
M > </5witch>

<IntegerSequencer DEF='Sequencer' key='0 0.25 0.5 0.75 1' keyValue='0 1 2 3 D'/><<—————]
<TimeSensor DEF:
<RCUTE fr
<ROUTE £

'"Time' cyclelnterval='8' enakbled='true' loop='true'/>

ield='wvalue changed' fr gld="whichChoice' tollode='Switch'/>

Field='set_fraction' tollode="Sequencexr" />

ield='fraction changed'

-

[¢]
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http://www.gimp.org/
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hd IntegerSequencer

IntegerSequencer generates periodic discrete Integer values that can he ROUTEJ to other Integer attributes. Typical input: ROUTE
someTimeSensor.fraction_changed TO somelnterpolator.set_fraction Tvpical output: ROUTE somelnterpolator.value_changed TO
destinationNode.set_attribute.

DEF

[DEF ID #IMPLIED]
DEF defines a unique ID name for this node, referencable by other nodes.
Hint: descriptive DEF names improve clarity and help document a model.

[USE IDREF #IMPLIED]

USE means reuse an already DEF-ed node ID, ignoring _all other attributes and children.
Hint: USEing other geometry (instead of duplicating nodes) can improve performance.
Warning: do NOT include DEF (or any other attribute values) when using a USE attribute!

[kev: accessType inputOutput, tvpe MFFloat CDATA #IMPLIED]
Definition parameters for linear-interpolation function time intervals, in increasing order and corresponding to keyValues.
Hint: number of keys must match number of keyValues!

kevValue

[kevValue: accessType inputOutput, type MFInt32 CDATA #IMPLIED]
Output values for linear interopolation, each corresponding to time-fraction keys.
Hint: number of keys must match number of keyValues!

set_fraction

[set_fraction: inputOnly type SFFloat CDATA #FIXED ""]
set_fraction selects input key for corresponding keyValue output.

value_changed

[value_changed: accessType outputOnly, type SFInt32 CDATA#FIXED ""]
Single intermittent output value determined by current key time and corresponding kevVahie pair.

PRElons [previous: accessType inputOnly, type SFBool (true/false) "0"]
Trigger previous output value in keyValue array.
Hint: loops from first to last if necessary.

next

[next: accessType inputOnly, type SFBool (truelfalse) "0"]
Trigger next output vahie in keyValue array.
Hint: loops from last to first if necessary.

containerField

[containerField: NMITOKEN "children"]
containerField is the field-label prefix indicating relationship to parent node. Examples: geometry Box, children Group. proxy Shape. containerField
attribute is only supported in XML encoding of X3D scenes.

[class CDATA #INMPLIED]
class is a space-separated list of classes, reserved for use by XML stylesheets. class attribute is only supported in XML encoding of X3D scenes.
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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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e Integer Trigger.x

Bh-L- Aadd ¢#2% a2 o0 v € @

:

&

[+HTHT]

<?yml version="1.0" encoding="UTF-5"?>
<IDOCTYPE X3D PUBLIC "IS0//Web3D//DTD X3D 3.1//EN"™ "http://www.web3id.org/specif USE ™) [Filter2

<X3D profile='Immersive' wversion='3.1' uxmlns:xsd='http://wwr.w3.org/2001/XMLSch
<head:>

<meta

<meta content='IntegerTrigger.x3d' nams='title'/ />
“meta
<meta content='Don Brutzman and Leonard Daly' name='authors' /=
<meta content='1l March 2008' name='created'/>

<meta content='2 March 2008' nam=='modifiesd'/ /=

zmeta content='EelpTank.x3d' nams='reference' />

<meta content='../license.html' nam=='license'/ />
</ heads=
<JCcensx
zBackground skvyColor='1 1 1'/=>
<Viewpoint description='Select text to change color' position='0 0 &'/»

— <3Zwitch DEF='SwitchColoredTextGroups' whichChoice='0'>

whichChoice

<IntegerTrigger DEF='Filterl' integsrEsy='1l'/>
b < INCeger Trigger DEF='Filteri' integerEey='2'/> :
<IntegerTrigger DEF='Filter3' integsrEsy='0'/> r
tﬁgger(ROUTE fromField='isActive' fromlode='Touchl' toField='set boolean' tolNode='Filterl'/>
VahJe<ROUTE fromFisld='isActive' fronmliods='TouchZ' toFi=sld='set_boolesan' tolode='Filterl' /=
<ROUTE fromField='isdctive' fromllode='Touch3' toFisld='set_boolean' tolflode='Filter3' />
<POUTE fromFisld='triggerValue' fromlode='Filterl' toField='whichChoice'
<POUTE fromFiesld='triggerValue' fromlode='Filcter2' toField='whichChoice'

</Scene>
</ H3D=

<iFroup:>
<Shape>
«<Text DEF='MessageText' string='=3Select text to change color':=
<Font3tyle justify='"MIDDLE"™ "MIDDLE"'/:>
</ Text>
</ Shape=
< !—— TransparentBox makes selection of Text using TouchSensor esasier

«<Touch3ensor DEF='Touchl' description='touch to activate'/>

content='An IntegerTrigger node controls the display of colored text.

Filter1

containerField

[ | children

integerkey |1

IntegerTrigger converts boolean true or time input events to integer output

Accept H Discard H Help

content='http://X3dGraphics. com/examples/E3dForTebAuthors/ Chapter09-EventUtilitiesSceripting/ IntegerTrigger . x3d' nams='identifier'/>
<meta content='X3D-Edit, https://savage.nps.edu/X3D-Edit' nams='generator'/:>

Switch node selects correct message:

Select text to change color

Select text to change color

for| user —-->

</ Group>
<!—- PReuse Text geoemetry, paired with different Material colors --»

< Group>

isActive

<iGroup:>

</Switch>
<!—— IntegerTrigger nodes used to switch child shapes, must use separate

oneg| for esach output wvalue —->

set _boolean

<POUTE fromFisld='triggerValue' fromlode='Filter3' toField='whichChoice'

collode='3witchColoredTextGroups' /=
tolfode='3witchColoredTextGroups' /=
collode='3witchColoredTextGroups' /=

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

oy IntegerTrigger IntegerTrigger converts boolean true or time input events to integer value (suitable for Switch node).

o [DEF ID #IMPLIED]
DEF defines a unique ID name for this node, referencable by other nodes.
Hint: descriptive DEF names improve clarity and help document a model.
[USE IDREF #IMPLIED]
USE means reuse an already DEF-ed node ID, ignoring _all other attributes and children.
Hint: USEing other geometry (instead of duplicating nodes) can improve performance.
Warning: do NOT include DEF (or any other attribute values) when using a USE attribute!
el [set_boolean: accessType inputOnly, type SFBool (true|false) #FIXED ""|
If set_boolean input is true, trigger output of integer value.
iy [integerKey: accessType inputOutput, type SFInt32 CDATA #FIXED "-1"]
integerKey is vahie for output when triggered.
riggerValue [triggerValue: accessTvpe outputOnly, type SFInt32 CDATA #FIXED ""]
triggerValue provides integer event output matching integerKey when true set_boolean received.
tontaimerField [containerField: NMTOKEN "children"]
containerField is the field-label prefix indicating relationship to parent node. Examples: geometry Box, children Group, proxy Shape. containerField
attribute is only supported in XML encoding of X3D scenes.
[class CDATA #IMPLIED]
class is a space-separated list of classes, reserved for use by XML stylesheets. class attribute is only supported in XML encoding of X3D scenes.
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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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e TimeTriggerTest x3

BE-5- aeS5Hl £ %

OO % =

R

1 <?xml version="1.0" sncoding="UTF-8"7>

2 <IDOCTYPE X3D PUBLIC "ISC//Web3iD//DTD X3D 3.1//EN" "htcp://www.wshid.org/specifications/x3d-3.1.ded">

5 E <¥3D profile='Immersive' wversion='3.1' xmlns:xsd='http://wow.w3.org/2001/XML3chema-instance' xsd:nollamespaceichemalocation='http://wuw.web3id.org/specificat
4= <head>

5 <meta content='TimeTriggerTest.x3d' nams='titls'/>

& <meta content='Test of TimeTrigger node.' name='description'/>

7 <meta content='8 October 2007' nams='created' />

8 <meta content='28 September 2008' name='modified' />

g <meta content='Leonard Dalvy and Don Brutzman' nam=='authors'/>

10 <meta content='http://X3dGraphics.com/examples/X3dForWebiuthors/ Chapter08-EventUtilitiesScripting/ TimeTriggerTest.x3d' nams='didentifisr'/>=

11 <meta content='X3D-Edit, https://savages.nps.cedu/X3D-Edit' nams='gensrator'/=

12 <meta content='../license.html' nams='license'/> *
Touch text to print

14| “Scenss p

15 <Background skyColor='1 1 1'/>

1& <Viewpoint description='TimeTrigger test' position='0 0 7'/> O t t al e S On ConSO le
17 = <Transform:> u pu V u

18 <Shape>

19 <Appsarance> —
20 <Material diffus=Color='.& 0 .8'/> wiz; Instant Player Console |"_ = ”’x |
21 </Appearance: - ———
22 <Text string='"Touch text to print” "output wvaluess on console"'s File Windoww ?

23 <FontStyle juscify='"MIDDLE" "MIDDLE"' /> ;I';'l'ggv&? triggE;TimE;"1?9315 e g =
4 </ Text> TouchSensor isActive="trus" .
25| s Active ™’ Fhar=> o _ isActive (unfiltered) TouchSensor isActive="false”

26 <Touch3ensor DEF='TextTouched' description='touch to activate'/> ri1gger triggerTime= 179827. 04

27 </ Transforms> ouchSensor isActive="true"

28 <BooleanFilter DEF='Filter'/» ouchSensor isActive="falsze" =
29 <ROUTE fromFisld='isActiwve' fromllods='TextTouchsd' toFisld='set hoolean' tollods='Filter' i et -
30 <TimeTrigger| DEF=' Trigger' /> —
31 <ROUTE fromField='inputTrue' fromlode='Filter' toFisld='set_boolean' tollods='Trigger' i

35 <field accessType='inputOnly' nams='printBoolean' types='3FBool' /> :

34 —} <field accessType='inputOnly' nams='printTimestamp' typs='SFTime'/> 8 [Triager contzinerField

35 < | [CDATAL

38 scmascript: USE () [0 |children

37 funetion printBoolean (valus) { :

38 Browser.print (' TouchSensor isdctive="' 4+ wvalus + '"'n'}: TimeTrigger converts boolean true events to time events

39 }

40 _>functicm printTimestamp (valu=s) { ’ Accept ] ’ Discard ] [ He||:| ]
41 Browser.print |('Trigger triggerTime="' 4+ walus + '"™'n'}; =

432 }

43 1]1=

aa| - </ Script:

45 <ROUTE fromFisld='triggerTime' fromllode='Trigger' toFisld='printTimestamp' tollode='Tracedcript' />

48 <BOUTE fromFisld='isActiwve' fronmllods='TextTouched' toFisld='printBoolean' tollode='TraceScript'/>

47 r </Scenss

48| - </X3D=

TimeTrigger converts boolean input event into SFTime output event

[

30:17

INS



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/TimeTriggerTest.x3d

TimeTrigger TimeTrigger converts boolean true events to time events.

[DEF ID #IMPLIED]
DEF defines a unique ID name for this node, referencable by other nodes.
Hint: descriptive DEF names improve clarity and help document a model.
[USE IDREF #IMPLIED]
USE means reuse an already DEF-ed node ID, ignoring _all other attributes and children.
Hint: USEing other geometry (instead of duplicating nodes) can improve performance.
Warning: do NOT include DEF (or any other attribute values) when using a USE attribute!
set_boolean [set_boolean: accessTvpe inputOnly, type SFBool (truelfalse) #FIXED ""']
If set_boolean input is true, trigger output time value.
triggerTime [triggerTime: accessType outputOnly, type SFTime CDATA #FIXED ""]
trigger Time is output time event, sent when set_boolean input is true.
[containerField: NNITOKEN "children"]
containerField is the field-label prefix indicating relationship to parent node. Examples: geometry Box, children Group, proxy Shape. containerField
attribute is only supported in XML encoding of X3D scenes.
[class CDATA #IMPLIED]
class is a space-separated list of classes, reserved for use by XML stylesheets. class attribute is only supported in XML encoding of X3D scenes.
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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, < Declarative
+ performs algorithmic calculations, then — Imperative
* can return response event(s) via output fields <« Declarative
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
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Event model relationships

X3D Browser

XHTML Browser

X3D Event Model

ROUTE graph to |

connect nodes

—-
Execution
engine
g —-
— -

addRoute, deleteRoute

~— Scene Access |

<+——ROUTESs
----------- “initialize - gengor | direct|Output
<«——ROUTE nodes
» ROUTES Other

; nodes

X3D scene graph

or external
application

ECMAScript
script code
nterface {SAI)=$

Java applet,
servlet or
application




Simple X3D execution model

e Display image from double buffer
e Advance and freeze the simulation clock

e Generate and process all events
* Then stop, don't loop indefinitely!

e Draw new image in back buffer
e 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

/. 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




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 comple

3D oD,

CONSORTIUM 53

web




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

» agccessType initializeOnly, inputOnly must have an
initial value

* inputOnly, outputOnly have no initial value |
web|3D )<3D
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Field-Type Names

Description

Default Values

SFBool

MFBool
SFColor
MFColor
SFColorRGBA
MFColorRGBA
SFInt32
MFInt32
SFFloat
MFFloat
SFDouble
MFDouble
SFimage

Single-Field booleanvalue

Multiple-Field boolean array

Single-Field color value, RGB

Multiple-Field color array, RGB

Single-Field color value, red-green-blue alpha (opacity)
Multiple-Field color array, red-green-blue alpha (opacity)
Single-Field 32-bit integer value

Multiple-Field 32-bit integer array

Single-Field single-precision floating-point value
Multiple-Field single-precision floating-point array
Single-Field double-precision floating-point value
Multiple-Field double-precision array

Single-Field image value

false (XML syntax) or
FALSE (ClassicVRML

syntax)
Empty list
000
Empty list
0000
Empty list
0
Empty list
0.0
Empty list
0.0
Empty list

000
Contains special
pixel-encoding

values, see Chapter 5

for details




MFImage
SFNode
MFNode
SFRotation

MFRotation
SFString

MFString
SFTime

MFTime
SFVec2f/SFVec2d
MFVec2f/MFVec2d
SFVec3f/SFVec3d
MFVec3f/MFVec3d

Multiple-Field image value
Single-Field node
Multiple-Field node array of peers

Single-Field rotation value using 3-tuple axis,
radian-angle form

Multiple-Field rotation array

Single-Field string value

Multiple-Field string array

Single-Field time value

Multiple-Field time array
Single-Field 2-float/2-double vector value

Multiple-Field 2-float/2-double vector array

Single-Field vector value of 3-float/3-double values

Multiple-Field vector array of 3-float/3-double values

Empty list

Empty node, NULL
Empty list

0010

Empty list

Empty string,
representable as two
adjacent quotation
marks

Empty list

—1, sentinel indicating
no time value.

Empty list
00
Empty list
000
Empty list




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 ope
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http://en.wikipedia.org/wiki/Interface_definition_language
http://www.omg.org/gettingstarted/omg_idl.htm
http://www.omg.org/gettingstarted/omg_idl.htm

ﬁ

N

!
v
!

o

N

N

¢
[
!
:

Begin loading X3D scene, including Inline and ExternPrototype nodes

function initialize ()| method invoked Scrl pt nOd e
X3D scene load complete, begin scene rendering and animation I ife Cyc I e

Event generated in scene, ROUTEd to Script method which matches input event name

<Script>
<field name="triggerField” type="SFString” accessType="inputOnly”>
<field name="acknowledged” type="SFBool” accessType="outputOnly”>
<! [CDATA[
ecmascript:

function triggerField (value, timestamp)
{
Browser.println ('triggerField event with value=' + value +
' received at time=' + timestamp) ;
acknowledged = true;
}
function initialize () // optional
{
// perform setups here
}
function shutdown () { } // optional
]></Script>

Queued output event acknowledged sent via ROUTE to scene graph

Repeat invocation of Script methods until complete, break repeating loops if necessary
Scene rendering remains suspended until scene animation event cascade complete

Event cascade complete: render scene output, update timestamp

Continue event-based animation and output rendering until X3D browser halted

‘function shutdown ()| method invoked




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

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 |
web|3D )<3D
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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

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 CirclelLines 60 > CirclelLines60.x3d

Example scene results:

» CircleLinesExample.x3d
» CircleLinesExample60.x3d
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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!!”



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="
<field name="b" type="SFInt32" accessType="
<field name="c" type="SFFloat" accessType="

<field name="c" type="SFColor" accessType="

initializeOnly" wvalue=

inputOutput"” value="1"/>

inputOnly" />
outputOnly" />

<! [CDATA [

ecmascript:

// see newECMAscript.js for example javascript

11>

code for your Script

</Script>

3D
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ﬁrﬁwEC <|>|:J£j
ER-5- AT S5E % o o0 &
1= ecmascript: uncomment this line if this code 1s copied into a CDATA sectipn, embedded inside an X3D Script node
2
3 Author TODO * authors pleasese update metadata and information sntries in this file *
4
5 Description: Editable example ECHMAscript (javascript) source file for use with X3D Script nodes
B Filenames: newECMAscript . js|
7 Author: Don Brutzman
g Identifier: http: wuw. webid.org/ x3d/content/examples/ newECHAscript.is
g9 Created: 11 December 2007
10 Fewvised: 18 August 2008
11 Feference: http://www.web3d.org/x3d/content/X3dTooltips. htmlfScript
12 Beference: http://wuw. web3d. org/%x3d/content/examples/X3dScensAuthoringHints. html#Scripts
13 Feference: http: wuw.webid.org/ ®x3d/specifications/ IS0-1IEC-FDIS-19775-1.2-¥3D-AbstractSpecification/Part0l/components/scripting. html
14 Beference: hoep://www.web3id.org/#3d/specifications/ I50-1EC-19777-1-KiDLanguageBindings-ECHMAScript/Partl/¥3D ECMAScript.html
15| - License: ../ ../ license. html
16
17 ] function initialize ()
18 {
19 The initialize() function is automatically inwvoked when the Script node is first activated, prior to other events
20
21 wvar scriptMName = 'newECMAscript.qjs': Author TODO: authors need to edit this scriptlame or eslse remove all uses
22
23 Browser.println ('[' + scriptMame + '] ' + 'initialize () commmenced...'):
24
23 TODO: authors can inssert initialization code here (if any is neesded)
26
27 Browser.println ('[' + scriptMams + '] ' + 'initializs () complete');
28 initialize () can alsc be invoked by other functions, 1if appropriate
29 L 1}
30
3 inputOnly fields can only appear as names of handling functions (like the folllowing)
32 failure to provide a named method for sach inputOnly field means Script ignorgs events at run time
33
34 ] function myInputinlyFieldHame (myInputValus, timestamp) all timestamp parametgrs optional
35 {
38 Author TODO: authors can insert script code here; wvariable nam=s must mactch Script field definitions
37 outputonly fields can only be on left-hand side ({LHS)| of assignment statements
38 initiali nly fields can only be on right-hand side (BH3)| of assignment statements
38 inputOutput fields can either be on LHS or REHS of assignment statements
40
41 mydutputinlyFieldiame = someExpression (mylnputValus): Author TODO: repllace this assignment statement
42 =}
43
44 predefined optional methods that may be overridden for advanced functionality
45
48 function prepareEvents ()
47 {

[«]
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http://www.web3d.org/x3d/content/examples/newECMAscript.js

newECMAscript.js part 2

... continued from previous slide:

[58] newECMAser ipt js
BE-5- AdE £ % @ o0 &=
43

45
45 ] function prepareBEvents ()
47

Worth noting: these methods are rarely used
web|3D
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http://www.web3d.org/x3d/content/examples/newECMAscript.js

<Script> and <field> editors

W Edit Script 3 W Edit field [5__<|

containerFisld DEF (=) name |butt-3r'|D-jwn |
I:I|;-- dren |v| USE () |E| type |SFE‘--:|-:|I |,|

accessType | initializeCnly - |
directOutput [|  mustEvaluate [
value
url array false ‘
ScriptSimpleStateEvents. js

http: //3dGraphics.com/examples 2 3dForWebauthors /[Chapter09-EventUtilitizs Scripting/ScriptSimpleStateEvents. js appinfo | |
documentation | |
Lsd [Edit | {Load | {Launch | PIREE =] ok ] [cancel] [ tep |

field definitions

name | type | accessType | value -
buttonDown SFBoal initializeOnly false ' Edit field &l
buttonTimerActive SFEool inputonly —
newButtonPath MFVeac2f autputOnly
lightColar SFColor outputonly name |huttu:unTimerActive |
|l| |;| |_| |_| t}rpe |SFE,.3.:|| |V|
[] ECMAscript source cods EIEEEEE ||r‘|put0n|3r vl
value Mo initial value allowed for
# accessType inputOnly or outputOnly
| # child of ExternProtoDeclare node
# Script figld named in [S-connect elements
L Ok I | Cancel | | Help | appinfo | |
documentation | |

L OK ||Cance||| Help |




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'tinclude ecmascript: header in external file

X3D event model still governs animation flow
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http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptSimpleStateEvents.x3d

it

affe- ScriptSimpleStateEvents.x

Bla-b- AeSdl £ %

I

E Q0 v ¥ =

I

<?¥ml version="1.0" encoding="UTF-8"?>

<!DOCTYPE X3D PUBLIC "IS0Q//Web3D//DTD 3D 3.1//EN" "http://uwww.web3d.org/specifications/=x3d-3.1.dcd">

<H3D profile='Immersive' wversion='3.1' xmlns:xsd='http://vww.w3.org/2001/EMLSchema-instance’

<head>

<meta content='ScriptiimpleltateEvents.x3d' nams='title'/:>

[ “meta content='A Script node drives an animated push button that turns a light on and off.!

<meta content='Leconard Daly and Don Brutzman' name='creator'/>
<meta content='10 June 200&' nam=='gcreated'/>
<meta content='1l March 2008' nam=e='modifi=d'/>

<meta content='http://¥3dGraphics.com' name='reference' />

<meta content='http://wuw.web3d.org/x3d/content/examples/help.html' nams='reference'/>

<meta content='Copyvright 200&, Dalvy Fealism and Don Brutzman' nams='rights'/>

<meta content='X3D book, E3D graphics, E3D-Edit, http://wvw.x3dGraphics.com' nam=='subject'/>

<meta content='http://X3dGraphics.com/examples/X3idForTebAuthors/Chapter02-EventUtilitiesScripting/ScriptSimpleStateEvents. x3d"

<meta content='X3D-Edit, https://savage.nps.edu/X3ID-Edit' nam=='generator'/ />
<meta content='../license.html' nams='license'/>

</ head:>

<Zcens>
<Background skyColor='1 1 1'/>

<WViewpoint description='click switch to toggle light' orisntation='-0.993 0.101 -0.0&3 1.0&

name='description' />

position='0.0& 3.83 2.29'/>

<Transform DEF='PushBox' translation='-2 0 0'=
<Transform DEF='ControlBox'>
<Shape:>
<Appearance:>
<Material diffuseColor='0 .8 0'/>
</ Appearance:
<Box size='1 .5 1'/>»
</ Shape:=

</ Transform:>
d

<Transform DEF='ControlButton' translation='0 .25 0'> €9
<TouchSensor DEF='ButtonTouch' dsscription='touch to toggle' />
<Shape:>
t()LJ(:r] <Appearance:
<Material diffus=Color='1 0 0'/>
t() </ Appearance:
<Cylinder DEF='Button' bottom='false' height='.5' radius='.25'/>

Start<_f5hape>

Timer
isActive

<ROUTE fromFisld='walus changed' fronllods='ButtonMover' toFisld='translation'
</ Transform:

</ Transform:

<PositionInterpolator DEF='ButtonMover' key='0 1' kevValus='0 .25 0 0 .05 O0'/» g
‘:<TimeSensor DEF='ButtonTimer' cyclelnterval='1l' snabled='trus' loop='false'/>
<BOUTE fromFisld='touchTime' fromllods='ButtonTouch' toFisld='startTims' tollode='ButtonTimer' />

<BOUTE fromFisld='fraction changed' frowmllods='ButtonTimsr' toFisld='set_fraction' tollode='ButtonMover' /=

Button position
animated

tollode='ControlButton' /=

new button path
setup for next time

wsd: nollamespaceSchemalocation="http:// www.webh3d. or

name="'identid

[»]
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-] <Transform DEF='Lamp' translation='1 0 0':> A o sl
g <Transform DEF='Base'> ButtonMover | PositionInterpolator
-] . <3hape>
I Timer e e anees keyValue array| gets reversed

ISACtIVG <Material/=

</ Appearance:>
<Cylinder height='.5' radius='.25'/>
</ Shape>

</ Transform:

-] <Transform DEF='Bulk' translaticon='0 .5 0':>
-] <Shape>
- <AppEarance>
<Material DEF='LightBulbMaterial' diffuseColor='.4 .4 .4'/> ‘— -

- </ Appearance:>

<Sphere radius='.5'/=>
u </ Shape>
I </ Transform> LightBulbMaterial color gets swapped

- </ Transform:

[ <Script DEF='ControlScript' url='"ScriptSimpleStateEvents.js" "htop://E3dFraphics {com/examples/E3dForVebluthors/Chapter09-EventUrilitiesScr

<field accessType='initializeOnly' name='buttonDown' type='SFBool' wvalugfF'false|/>

————)&field accessType='inputOnly' name='buttonTimerActiwve' type='S5FBool'/>
<field accessType='outputOnly' nams='newvButtonPath' type='MFVec3if' />

<field accessType='outputOnly' nams='lightColor' type='SFColor'/:>
- <«seripe> . Seript computes and sends new light color, new button path...

<POUTE fromField='isActive' fromllode='ButtonTimer' toField='buttonTimerActive' tollode='ControlScript' />
<BOUTE fromField='newButtonPath' fronllode='ControlScript' toFisld='kevyValue' tollode='ButtonMover'/ />

<BOUTE fromField='lightColor' fromlode='ControlScript' toFisld='diffuseColor' tollode='LightBulbMaterial' />
u </ 3censx

</X3D>

[4 [z
31:21 INS

Script located in external ScriptSimpleStateEvents.js file

 buttonTimerActive function name matches
inputOnly event; value contains passed event

+ outputOnly events set by assignment statements


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

ScriptSimpleStateEvents.js

[ DlesLare = a

e8] ScriptSimpleStateEvents RILA =

G-l QB 2% @ 0O

Filename ScriptSimpleStateEvents. s

A p s entJtilitiesScripting/ ScriptSimpleStateE
WWW, welh3 ol ®3 ntent thoringHints|. html#Scripts
X3dGraphics.c examples ense. html

I
if (! walus) wvalue == false) means timer operation complete Upon Completion Of eaCh animation,
f this Script computes and sends
if (buttonDown) button was down, return motion is now comp .
) new light color, new button path

buttonDown = false: in|preparation for next user operation
lightColor new 3FColor (.4, .4, .4): dark

resetc 1::'._-;1 to go back down next time

newButtonPath = new MFVec3f (new 3FVec3f (0, .25, 0), new 53FVec3£(0, .05, 0O)):
}

zlse

it
it

buttonDown = tru=;

lightColor new 3FColor (1, 1, 0O); vellow

reset path to go up next time

newButtonPath = new WMFVec3f (new 3FVec3f (0, .05, 0), new 3FVec3f (0, .25, 0O)):

1:43 NS
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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
e Must include ecmascript: header when internal
» CDATA block ensures that original text is preserved

X3D event model still governs animation flow

3D ><39ﬂ
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e ScriptEvents %3 lILl j EI
R-b- Aadd #+% &2 o0 v ¥ @

=<?¥ml version="1.0" encoding="UTF-3"?>
<IDOCTYPE X3D PUBLIC "ISO//Web3D//DTD 3D 3.1//EN" "http://www.web3id.org/specifications/®3d-3.1.dcd">
<X3D profile='Immersive' wversion='3.1' xXmlns:xsd='http://wuw.w3.org/2001/EMLSchema-instance' xsd:nolamespaceSchemalocation='http://wyw.web3d. org|
E <head:>
<meta content='ScriptEvents.x3d' nams='title' />
<meta contsnt='A Script node drives the position and orientation of orbiting cones near the pump house.' nams='dsscription'/ /s
<meta content='Todd Gagnon and Mark A. Bovyd' name='authors'/:
<meta content='ZXeena VEML importer, X3iD-Edit 3.1, http://www.webid.org/=x3d/content/README.X3D-Edit.html' nams='translator'/ >
<meta content='g Juns 19%98' nams='created' />
<meta content='20 December 2002' names='imported'/>
<meta content='2 March 2008' name='modified'/ >
<meta content='KelpTank.x3d' nams='reference'/>
<mseta content='http://E3dGraphics.com/examples/X3dForWebAuthors/EelpForestExhibitc/PumpHouse.®3d' nams='referesnce'/ />
<meta content='http://E3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptEvents. x3d' name='identifier'/>
<meta content='X3D-Edit, https://savage.nps.edu/E3D-Edit' name='generator'/ >
<meta content='Vrml97ToX3dilist, http://ovrt.nist.gov/vi_x3d.html' name='gensrator' /=
<msta content=',../license.html' nams='licenss'/>
- </ head>
= <Scenes>
<Background skyColor='1 1 1'/>

<Vieypoint description='click pump house to sSpin cones' position='3 1 7'/>
<Viewpoint description='Book View' orientation='-0.%2g9 0.232 0.05& 0.13' position='1.£& 1.34 5.95' />
:
<iGroup:
- <Transform scale='0.5 0.5 0.5' translation='1.0 1.1 -1.5'>
&
<TimeSensor DEF='PistonClock' cyclelnterval='5.5"' enabled='true' loop='trus'/>
<PositionInterpolator DEF='PistonPath' key='0.0 0.3 0.32 0.5 0.75 1.0' kevValu=s='-0.4 -2.3 4.0 -0.4 -1.5 4.0 -0.4 -1.5 4.0 -0.4 -2.3 4.0
- <Transform translation='3 2 4'>
<Transform DEF='ThreeCones':>

<Transform DEF='FedTransform' rotation='0 0 1 3.14' translation='0 -1.5 .5'= v '

<Shapea>
- <Appsarance:>
<Material diffuseColor='1 0 0'/=>

u </ Appearance:

<Cone DEF='bl' bottomPadius='.5' height='1'/>
- =/ Zhapes>
- </ Transform>
+ «<Transform>
E <Transform:

- </ Transform>
- =/ Transforms

[ <Seript DEF='ControlScript's
<field accessType='inputOnly' name='angle' type='SFFloat'/> ||
PRI R = PR NE ] — PR TR Lo £l i

I
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<8cript DEF='ControlScript':>

: <field accessType='inputOnly'
‘_><field accessType='outputOnly!’
-—><field accessType='outputOnly'
——P<ficld
_><field ezsType='outputOnly'
_-}<field accessType='outputOnly'

name='angle' type='SFFloat'/>
name='positionPed' type='SFVec3f'/> _>
nam=='positionGreen' type='3FVec3f' /= _}
name='positionTurcquoise' type='3FVec3if' /> _’
name='orientationFed' type='SFRotation' /> —}
nam=='orisntationGresn' typse='SFRotation'/ /> —}

accessType='outputOnly'

<field accessType='outputOnly' name='orientationTurquoise' type='SFRotation'/=
<! [CDATAL

ecmascript:

Iy The function angle () receiwves the currently interpolated rotation angle
Iy and then computes the position and orientation of s2ach of the cones.
function angle (wvalue)

{

p— positionFed = newy 3FVec3f (Math.cos (values), 1.5 * Math.siniwvalu=s), .5):

p—positionGreen = new 3FVec3f (Math.cos (valu=+2.094), 1.5 * Math.sin(valu=+2.0294),

pe positionTurquoise = new 3FVec3f (Math.cos (value+4.189), 1.5 * Math.sin(wvalue+4.189),
/f The wvaluss 2.094 and 4.18%9 are 1/3 and 2/3 of Z*pi radians.

p— orientationked = new SFRotation (0, O, 1, -Z*values):
—orientationGresn = new 3FFRotation (O, 0O, 1, -Z*(valu=s+2.0294));
b orientationTurguoise = new 3FRotation (0, O, 1, -Z*(valus=s+4.18%9));

}
11=

-.5):

See Script details
on next slide...

0);

TouchSensor
isActive

cyclelnterval='2' enabled='false' loop='trues'

toField='set_ fraction'

- =/3cript>
- </ Transform:
- </ Group>
<!—— Drive the Script inputs —->
— <ScalarInterpolator DEF='AngleGenerator' key='0 1' keyValu=='0 &.28319'/>
<ROUTE fromField='walus_changed' fromlods='AngleGensrator' toFisld='angle' tollods=
=; <TimeSensor DEF='SpinAngleTimer'

<ROUTE fromField='fraction changed' fromllode='SpinAngleTimesr'

'ControlScript' /=
startTime='1"'/>

tollode="' AngleGenerator' />

<BooleanFilter DEF='TouchFilter' /= :
<ROUTE fromField='islActiwve'
<ROUTE fromFisld='inputTrus'

fromilode="'FPumpTouched'
fromiode='TouchFilter'
converts angle

toField='set_boolesan'
toFisld='enabled!'
ositions, orientati
taField=
toField='translatcion'
toFisld='translation'

!'—— Script timer into po ons for spipning
<ROUTE fromField= fromilode=
<POUTE fromField='positionGreen' fromlods='ControlScript!
<POUTE fromField='positionTurquoise' ILfromllode='Control3cript'
<ROUTE fromField='orientationPRed!' toField='rotation!'
<ROUTE fromField= toField=

<POUTE fromField= toField=

cutput

'positionBed’ 'Control3cript’ 'translation'

fromiode='ControlSecript’
fromiode='ControlScript'’
fromllode="'ContralScript’

'orientationGresn' 'rotation’

'rotation’

'orientationTurgquoise’

talode=

tollode='TouchFilter' /=
tollode="'SpinAngleTimer' />

cones —-—x

'FedTransform' />

tollode="'GreenTransform' /=
tolfode='TurquoisceTransform' />
tollode="'RedTransform' />

talode=
tolode=

'GreenTransform' />
'TurquoiseTransform' />

I»

I

129:16 || INS
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¥ Edit Script

containerFisld

DEF (3) |ControlScript

Ochiicre 7] |use O [~
directoutput [ | mustEvaluate [
url array
field definitions
name type | accessType valus
angle SFFloat input2nly
positionRed SFEVecaf outputonly
positionGresn SFVec3f outputOnly
positionTurguoise SFEVecaf outputonly
orientationRed SFR.otation outputOnly
orientationGrasn SFRotation outputonly
orientation Turguoise SFRotation outputonly
A EEl
ECMAscript source code
</ [CDATAT
ecmascript:
/¢4 The function angle() receives the currently interpolated rotation angle, il
S/ and then computes the position and orientation of sach of the cones. =
function angle (values)
{
positionBed = new 3FVec3f (Math.cos (valus), 1.5 * Math.sin(values), .5);
positionGresn = new SFVec3f (Math.cos (value+2.094), 1.5 * Math.sinivalue=+2Z.094), 0y :
positionTurquoise = new 3FVec3f (Math.cos (value+4.18%), 1.5 * Math.sin(value+4.18%), -.5):

£/ The values

2,054

and 4,189 re 1/3 and

2/3 of

2*pi radians.

1]

11>

L (84 I|Cance||| Help |




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

3D oD,
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= . nlexStateEve d d =
e ScriptComplexStateEvents x RIS =]
BE-al- QS E FHL 2 & o0 oF =

=?xml version="1.0" encoding="UTF-2"?>
<IDOCTYPE X3D PUBLIC "ISQ//Web3D//DTD X3D 3.1//EN" "http://www.web3d.org/specifications/x3d-3.1.dcd">
E <H3D profile='Immersive' wersion='3.1' xmlns:xsd='http://www.w3.org/2001/XMLSchema-instance' xsd:nollamespaceichemalocation='http://uvww.web3d.org/s
- <hesad>
<meta content='ScriptComplexStateEvents.x3d' nams='title'/>
<meta content='A three-way lamp controlled by a Script node.' nam=='description'/ />
<meta content='Leonard Dalvy and Don Brutzman' name='creator'/:>
<meta content='10 June Z00&' nams='created'/:>
<meta content='2 March 2008' nams='modified' />
<meta content='http://X3dGraphics.com' nam=='reference'/ >
<meta content='http://www.web3id.org/%3d/content/examples/help.html' nam=='reference'/ />
<meta content='Copyvright Z00&, Daly Pealism and Don Brutzman' nam=='rights' />
<meta content='X3D book, X3D graphics, E3D-Edit, http://www.x3dGraphics.com' nams='subjesct'/>
<meta content='http://X3dGraphics.com/examples/X3dForTebAuthors/Chapter0S9-EventUtilitiesScripting/ScriptComplexStateEvents. x3d' nams='identifi
<meta content='X3D-Edit, https://savage.nps.edu/I3D0-Edit' nams='generator'/:
<meta content='../license.html' nams='licenses'/>
= </ head>
=] <Scenes
<Background skyColor='1 1 1'/>
<Viewpoint description='Control 3-way lamp' orientation='-0.993 0.101 -0.0&3 1.0&' position='0.0& 3.E3 2.29'/>
<Transform DEF='PushBox' translatcion='-2 0 0':=
<Transform>

<Transform>

</ Transform:-
<Transform DEF='Lamp' translation='1 0 0'>
<Transform DEF='Bulb' translation='0 .5 0'>
<3hape>
<Appearance:
<Material DEF='LightBulbMaterial' diffussColor='.4 .4 .4'/>
u </ Appearance>
<3phere radius='.5'/>
- </ Zhape>

- </ Transforms>

- </ Transform>

=] <Zcript DEF='Control3cript' url='"ScriptComplex3tateEvents.s" "http://E3dGraphics.com/examples/X3dForTebAuthors/Chapter09-EventlUtilitiesScrir
<field accessType='inputOnly' name='buttonMotionDone' twype='SFBool'/:>

<field accessType='initializeOnly' name='buttonPushCount' type='S3FInt32' wvalus='0'/>

<field accessType='outputOnly' nam=='lightColor' type='SFColor'/:> .
- </Script>

<POUTE fromField='isActive' fromlode='ButtonTimer' toFisld='buttonMotionDone' tollode='ControlScript'/=>

<POUTE fromField='lightColor' fromllode='Control3cript' toField='diffuseColor' tollode='LightBulbMaterial'/>

o </ Scenex

- «</H3D>

67:14 |INS
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) 0 nle ate )

ScriptComplexStateEve

loh - e = b

I =]

Qs #&% €% o0

Filename:
Author:
Identifier:
Created:
BRewvised:
Reference:
License:

function buttonMotionDone

(= . .
i+ (waiwey If (buttonMotionDone event value== true)
[ then reset next motion to go up
motion = new MFVec3f (new 3FVec3f(0, .25, 0), new 3Fvec3f£(0, .05, 0)); =
elss else (buttonMotionDone event value== false) —=2
buttonPushCount +4;
{if (buttonPushtount > 3} gtgte variable buttonPushCount
putcenpusncomne = 0 Cycles from O to 3, then repeats
i
motion = new MFVec3f (new 3FVec3f (0, .05, 0), new 3Fvec3f£i(0, .Z5, 0335--7k
{if (puttonFushtount == 0) reset next motion to go down
lightColor = new 3FColor (.2, .2, .2):
}
else if (buttonPushCount == 1) reset I|ght COIOr
{
lightColor = new 3FColor (.&, .5, .2);
}
zlse if (buttonPushCount == 2]
{
lightColor = new 3FColor (.7, Te 20
i
else if (buttonPushCount == 3]
{
lightColor = new SFColor (1, 1, .E&):
}
}
-1

ScriptComplex3tateEvents.is
Leonard Dalv and Don Brutzman

hoop: //E3dGraphics. com/examples/ XidForebAuthors/ Chapter09-Eventit ]
10 June Z00&

27 February 2008

http://www. web3d.org/ ®x3d/ content /examples/ X3dScensAuthor ingHints) h
http://E3dGraphics.com/examples/X3dForWebAuthors/ license. html

(value)

ml1#Scripts

litiesicripting/ScripctComplexitateEvents.is

©2007, Daly Realism and Don Brutzman

X3D: Extensible 3D Graphics for Web Authors.

x3dGraphics.com

11 |INS |
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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
3D o),
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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 |

3D ><39 79
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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.printin() 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. -
web|3D )<3D
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<?xml wversion="1.0" encoding="UTF-2"72>

<IDOCTYPE X3D PUBLIC "IS0Q//Weh3D//DTD E3D 3.1//EN" "http://www.wsh3d.org/specifications/x3d-3.1.dcd">

<¥3D profile='Immersive'
<head:>

<meta content='TestScriptlInitialize.x3d'

wersion='3.1' xmlns:xsd='http://www.w3.org/2001/XMLSchema—instance' xsd:nollamespaceSchemalocation='http://vww.web3d.org/specif

name='title' />

<meta content='Test ability to perform Script initialize() method using ECMAsript' nams='description'/:>

<meta content='Don Brutzman' name='creator'/>
<meta content='1é February 2Z008' nams='greated' />
<meta content='1é August 2008' nam=='modifisd'/:>

<meta content='http://X3dGraphics. com’

nams='reference' />

<meta content='http://wyw.web3d.org/x3d/ content/examp les/X3dEesources. html!'

nams='reference' />

<meta content='Copyvright 200&, Daly Esalism and Don Brutzman' name='rights'/>

<meta content='E3D book, E3D graphics, E3D-Edit, http://www.x3dGraphics.com'

<msta content='http://E3dGraphics.com/examples/X3dForebAuthors/Chapter09-EventUtilitisesScripting/ TestScriptInitialize.x3d’

<meta content='K3D-Edit, https://savage.nps.edu/E3D-Edit!’

<meta ../ license.html’
</head=

“Scensx

name='subject'/>
name='identifier'/>
nam=='gensrator' /=

content="' name='license' />

waiting for

<Shape>
<Text DEF='DisplayText' string='"waiting for"™
<Font3tyle justify='"MIDDLE"™ "MIDDLE"™'/:>
</ Text>
<Appearance>

L.
=

"Seript to initialize() ...

Script to 1nitialize()...

ularColor='0.£22449 0.£22449 0.£22443'/>

<Material ambientIntensicy='0' diffuseColor='0 0 0' emissiveColor='0 0.398733 1' shininess='0.05' sg

</Appearance:
</ 3hape>=
<Script DEF='Initializer':>
<field accessType='outputOnly' nam=='initializeResult'
< | [CDATAL
eCcmascript:

type='MFString' />

function initiali:ﬂ i)

{
scriptMame = 'Test3criptInitialization.x3d';
Browser.print ('[' + scriptlams + ' initialize|) commmenced...]'): S ¢ t ¢ .t. * OI{
initializeFesult = new MFString ("Script initialize() QE™): Crlp lnl la lze
Browser.print ('[...' + scriptlam= + ' initialize|() complete]'):

}

11>
</3cripte
<BOUTE fromField='initializePResult' fromlode='Initializer' toField='string' tolode='DisplayText'/ />

</Scene>
</ H3D=

[«

INS



http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/TestScriptInitialize.x3d

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 3D

web|3D
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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

Screen snapshots of script operation

EcmaScript initialize () with eventOut control
has reinitialized the changed'ext node.

Please click text for additional results,

User click on text seen by LemaSeript
function via Script node eventln.
Text & position successtully changed
via EventOut control. Test passed.

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

3D D,
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http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/ScriptNodeEventOutControl-EcmaScript.x3d

VRMI. Scene Node name DEFS  Events Java via Script Node

¢ Group import vrml.*;
—O Viewpoint FirstViewpoint import vrml.field.*; import vrml.node.*;
%EouchSensor ClickTextToTest (D—
touchTime public class
Transform TextPosition & SeriptNodeLventOutControl extends Script
%E translation {
O Shape eventln startT1me

Oappearance eventOut  ChangedText
O material eventOut  ChangedPosition
geometry

O text MessageToUser & public void initialize ()
T: string /I connect eventln & eventOuts
fontStyle /I set ChangedText to intermediate value
Script InterfaceScriptNode
url ScriptNodeLventOutControl public void processEvent (Event touch)
eventln startTime — e———m /"activated by user’s Click TextToTest
eventOut ChangedText @— /I ChangedText & ChangedPosition events
eventOut ChangedPosition Q— // are modified, sent back to VRML scene
h

Figure 4. Script node interface between VRML and Java. This example tests event-based VRML-Java functionality.
Note shared events startTime, ChangedText and ChangedPosition. The following sequence of events occurs:

(0)  Initialize method on Java side establishes links. sets trace text in 3D scene to intermediate value.

(1)  User clicks trace text in 3D scene with mouse, activating the TouchSensor built-in eventOut touchTime,
which 1s ROUTEA to trigger the Script node Eventln startTime, which in turn invokes the processEvent()
method 1n the corresponding Java class. Changed values for text and position are calculated by the Java
class and then returned to the Script node as eventOut values.

(2)  ChangedText eventOut sent to MessageToUser text node. sets trace text in 3D scene to final message value.

(3)  ChangedPosition eventOut sent to TextPosition Transform node, moving trace ’text to bottom of scene.



http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/VrmlJavaPaper.pdf

Y AINIYEL JLCLIT WAL

dAdVa Vi h L

© Group import vrml.*;
—O Viewpoint FirstViewpoimt import vrml.field.*; import vrml.node.*;
—fﬂouc:hSensor ClickTextToTest CD—
touchTime ~—————— public class
Transform TextPosition J Y- ScriptNodeFieldControl extends Script
translation ~~————— e N {
Shape ™. eventln startTime
Oappearance A field ChangedPosition
O material _yrtield ChangedText
geometry ——————— -
O text MessageToUser A public void initialize ()
— string >~ — — — — — — // connect eventln & fields
— fontStyle // set ChangedText to mntermediate value
—0 Seript InterfaceScriptNode
— url  ScriptNodeFieldControl public void processEvent (Event touch)
—— eventln  startTime . /I activated by user’s ClickTextToTest
—— field ChangedText ~ USE MessageToUser // ChangedText & ChangedPosition field
L field ChangedPosition USE TextPosition /I references directly modify VRML scene

)

Figure 5. Field interface between VRML and Java. This example tests field-based VRML-Java functionality. Note
shared event startTime, and shared fields ChangedText and ChangedPosition. Operation of this example is similar

T 1:‘1‘('\'111':3 A avrant flﬁnf 1'11:3 Tatra n]nc-c- r];raﬂf]'cr n'\nn\;ﬂn]nfac- YV RANAT nnr]::-c- 1.-*1.n ﬁm]r‘]c- 1.11 c-‘l'anr] .r\‘F c-a11r:|1.11r'r atranto


http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/VrmlJavaPaper.pdf

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

3D )<3D
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Example: ElevationGrid animation

Goal: animate height field of an ElevationGrid
» TimeSensor clock outputs triggering events
Script response computes grid heights each time

Output event of full height matrix, with matching
size, is then sent to ElevationGrid

« TimeSensor clock repeats with geometric continuity
ElevationGridSimpleWaveAnimation.x3d

O

AN -
web|3D LT T )<3D )
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http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ElevationGridSimpleWaveAnimation.x3d
http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ElevationGridSimpleWaveAnimation.x3d
http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ElevationGridSimpleWaveAnimation.x3d
http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ElevationGridSimpleWaveAnimation.png
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[c] «¥3D profile='Interchange' version='3.3' xmlns:xsd='http://www.w3.org/2001/¥MLEchema—instance' xsd:noMNamespaceSchemalocation="http://www.web3d.org/sp:
[-] <Scenex

<Viewpoint description='Wave wview' orientation='1 0 0 -0.358771" position='0 3 3'/>

<Background groundColor='1 1 1' skyColor='1l 1 1'/>

<!1—— 5S5hift zero-based ElevationGrid to left, centering it -->»

<Transform translation="-4 0 0'>
<Shape>

<E1evationGrid|DEE='G:idSu:face' height='0 0 0 0 0 0 0 0000 O00DO0O0DO00D00D0O0O0O0O0O0O0 D' solid='false' xDimension='9' zDimension='3'/>

- <Appearance>
<Material diffuseColor='0 0.5 1'/>

- </Appearance>
- </Shape>
= </Transform>

<TimeSensor DEF='Clock' cyclelnterval='3S'" loop='trus'/>
= 1 «<5cript DEF='WaveGenerationScript'>
<field accessType='"inputlin

appinfo='"provide walue and trigger new computation' name='newInputValue' type='SFFloat'/>

<field accessType='"outputOnly' appinfo='provide wvalues to ElevationGrid' name='"gridQOutput' tyvpe='MFFloat'/>
<field accessType='"initializeln appinfo='wave variation' name='waveStep|' type='SFlime' wvalue='0.1'/>
<! [CDATL[
ecmascript:
function newInputValue (eventValue)
{
fraction = eventValue:; // connected by ROUIE, receives values from TimeSensor| Clock fraction changed
walued = 0.2 * Math.sin (2 * Math.PI * (fraction - 4*%*waveStep)):
waluel = 0.2 * Math.sin (2 * Math.PI * (fraction - 3*wawveStep)):
wvalue2 = 0.2 * Math.sin (2 * Math.PI * (fraction - 2*waveStep)):
wvalue3d = 0.2 *# Math.sin (2 * Math.PI * (fractiomn - wave3tep) )
wvalued = 0.2 * Math.sin (2 * Math.PI * (fraction 1)z
wvaluet = 0.2 * Math.sin (2 * Math.PI * (fraction + waveStep) )’
valuefd = 0.2 * Math.sin (2 * Math.PI * (fraction + 2*waveStep)):;
wvalue7 = 0.2 * Math.sin (2 * Math.PI * (fraction 4+ 3*waveStep)):
valued = 0.2 * Math.sin (2 * Math.PI * (fraction + 4*wawveStep)):
/f setting the gridOutput wvalue creates an output event that is connected wia ROUTE to the ElevationGrid set_height field.
// note that types match (MFFloat) and accessTypes also match (output_only copnects to inputOnly) .
gridCutput = new MFFloat |
waluel, waluel, wvalue2, wvalue3, wvalued4, wvalued, valuef, wvalue7, walueld,
waluel, waluel, walue2, walue3d, walued, wvalueS, wvalue&, walue7, waluel,
wvaluel, waluel, wvalus2, wvalues3, wvaluesd4, wvalues5, wvalueé&, wvalue7, walus8d );
}

11>

- </Script>
1 <ROUTE fromField='fraction changed' fromNode='Clock' toField='newInputValus' tolode="WaveGenerationScript'/>
2 <ROUTE fromField='gridOutput' fromMNode='WaveGenerationScript' toField='set_height' toNode="GridSurface' />

= </ Scene>

- < /X3D>




Browser functions 1

Function Name

Returns

Browser.getName
Browser.getVersion

Browser.getCurrentSpeed

Browser.getCurrentFrameRate

Browser.getSupportedProfiles

Browser.getSupportedComponents

Browser.createScene

Browser.replaceWorld

Browser.importDocument

Browser.loadURL

Name of the X3D browser.
Provides the version identifier of the X3D browser.

Provides the navigation speed of the current world, obtained
from currently bound Navigationinfo node, in meters/second
for the coordinate system of the currently bound Viewpoint.

Provides the current display update rate in frames/second.

Lists all profile names supported by the browser,
for example “Interactive” "Immersive” " Full”

Lists all supported component names.

Creates a new, empty scene that conforms to the provided profile
and component declarations.

Replaces the current world with the world provided as a parameter.

Imports a W3C Document Object Model (DOM) document, or
document fragment, and converts it to an X3D scene.

Inserts the content identified by the url value into the current world.




Browser functions 2

Browser.setDescription
Browser.createX3DFromString
Browser.createX3DFromStream
Browser.createX3DFromURL

Browser.getRenderingProperties

Browser.getBrowserProperties

Browser.changeViewpoint

Browser.print

Browser.dispose

Sets the description title in the browser title bar, if available.
Creates X3D nodes from a string input.

Creates X3D nodes from a network stream input.

Creates X3D nodes from a file referred to by an url.

Provides a list of the current hardware-rendering capabilities
available to the browser.

Provides a list of the current functional capabilities provided by the
browser.

Changes the currently bound viewpoint based on input value Next,
Previous, First, or Last.

Prints a string message to the browser's console.

Indicates that the client is about to exit, and the browser can dispose
any consumed resources.




= Script

Script provides programmed behavior for a scene. Define the script interface with <field= tags. Scripting code is embedded in a child
CDATA node or (deprecated) in the url field. Optionally supported languages: ECMAScript/JavaScript and (via url to a
myNode.class file) Java.

DEF

[DEF ID #IMPLIED]

DEF defines a unique ID name for this node, referencable by other nodes.

Hint: DEF name is needed or else ROUTEs cannot connect Script node interfaces.
Hint: descriptive DEF names improve clarity and help document a model.

USE

[USE IDREF #INMPLIED]

USE means reuse an already DEF-ed node ID, ignoring _all_ other attributes and children.
Hint: USEing other geometry (instead of duplicating nodes) can improve performance.
Warning: do NOT include DEF (or any other attribute values) when using a USE attribute!

url

[url: accessType inputOutput, type MFString CDATA #IMPLIED]

points to a script file or contains scripting code preferred alternative to url scripts: insert a CDATA node to contain embedded source code
CDATA can protect literals like < and > from syntax checkers.

Hint: ECMAScript is the same as JavaScript.

directOutput

[directOutput: accessTvpe initializeOnly, tvpe SFBool (true|false) "false"]

Set directOutput true if Script has field reference(s) of type SFNode/MFNode, and also uses direct access to modify attributes of a referenced
node in the Scene.

Hint: set directOutput true if Script dynamically establishes or breaks ROUTEs.

Hint: directOutput is a browser hint to avoid overoptimizing referenced nodes, since the Script may change their attribute values without ROUTEd
events.

Hint: directOutput false means Script cannot modify referenced nodes or change ROUTEs.

mustEvaluate

[mustEvaluate: accessTvpe initializeOnly, tvpe SFBool (true|false) "false"]

If mustEvaluate false, then browser may delay sending input events to Script until outputs are needed. If mustEvaluate true, then Script must receive
input events immediately without browser delays.

Hint: set mustEvaluate true when sending/receiving valies via the network.

containerField

[containerField: NMTOKEN "children'']
containerField is the field-label prefix indicating relationship to parent node. Examples: geometry Box, children Group, proxy Shape. containerField
attribute is only supported in XML encoding of X3D scenes.

class

[class CDATA #IMPLIED]
class is a space-separated list of classes, reserved for use by XML stylesheets. class attribute is only supported in XML encoding of X3D scenes.



http://www.web3d.org/x3d/content/X3dTooltips.html#Script

Top Resources Credits
A field element defines an interface attribute or node.
Hint: first add Script, ProtoDeclare or ExternProtoDeclare before adding a field.
Hint: put initializing SFNode/MFNode into contained content.
[name: NMTOKEN #REQUIRED]
Name of this field variable.
[accessType: (inputOnlyloutputOnlylinitialize OnlylinputOutput) #REQUIRED]
E\ ent-model semantics for field set/get capabilities. Hint for VRML 97: inputOnly=eventln, outputOnly=eventOut, initializeOnly=field. inputOutput=exposedField.
Varning: inputOutput=exposedField not allowed in VRML 97 Script nodes, use initializeOnly=field for backwards compatibility.
[type: (select from types list) FREQUIRED]
Base type of this field variable.

[value: outputOnly CDATA #IMPLIED]

Provide default initialization value for this field variable (may be later re-initialized by Protolnstance fieldValue).
Hint: SFNode/MFNode are initialized using contained content, instead of this value attribute.

Ilml required for Script and ProtoDeclare.

: not allowed for ExternProtoDeclare.
not allowed by inputOnly or outputOnly variables

appinfo
documentation ATA #I\IPLIED]
Documentatios L lar to XML

Top Resources Credits



http://www.web3d.org/x3d/content/X3dTooltips.html#field

back to Table of Contents

Additional Resources

CONSORTIUM X 93

web




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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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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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
web|3D 3D
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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

3D oD,
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http://en.wikipedia.org/wiki/Rube_Goldberg_Machine_Contest

back to Table of Contents

References



References 1

X3D: Extensible 3D Graphics for Web Authors
by Don Brutzman and Leonard Daly, Morgan &=
Kaufmann Publishers, April 2007, 468 pages. [ &,
» Chapter 9, Event Utilities and Scripting |
* http://x3dGraphics.com
* http://x3dgraphics.com/examples/X3dForWebAuthors

X3D Resources
* http://www.web3d.org/x3d/content/examples/X3dResources.htmi

3D ><39 99

web



http://x3dGraphics.com/
http://x3dgraphics.com/examples/X3dForWebAuthors
http://www.web3d.org/x3d/content/examples/X3dResources.html
http://x3dGraphics.com/
http://x3dgraphics.com/examples/X3dForWebAuthors
http://www.web3d.org/x3d/content/examples/X3dResources.html

References 2

X3D-Edit Authoring Tool
* https://savage.nps.edu/X3D-Edit

X3D Scene Authoring Hints
e http://x3dgraphics.com/examples/X3dSceneAuthoringHints.html

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

3D )<3D

CONSORTIUM 100

web



https://savage.nps.edu/X3D-Edit
http://x3dgraphics.com/examples/X3dSceneAuthoringHints.html
http://www.web3d.org/x3d/specifications
https://savage.nps.edu/X3D-Edit
http://x3dgraphics.com/examples/X3dSceneAuthoringHints.html
http://www.web3d.org/x3d/specifications

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/VrmI2.0Sourcebook

* 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
» http://www.web3d.org/specifications/Ecma-262.pdf |

3D oD,

CONSORTIUM 101

web



http://www.wiley.com/legacy/compbooks/vrml2sbk/cover/cover.htm
http://www.web3d.org/x3d/content/examples/Vrml2.0Sourcebook
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
http://www.wiley.com/legacy/compbooks/vrml2sbk/cover/cover.htm
http://www.web3d.org/x3d/content/examples/Vrml2.0Sourcebook
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

References 4

Late Night VRML 2.0 with Java

* by Bernie Roehl, Justin Couch, Cindy Reed-
Ballreich, Tim Rohaly and Geoff Brown

« Ziff-Davis Press (Macmillan Publishers), 1997
* http://www.ece.uwaterloo.ca/~broehl/vrml/Invj

Unleash the power of VRML and Java

3D oD,

CONSORTIUM o 102

web



http://www.ece.uwaterloo.ca/~broehl/vrml/lnvj
http://www.ece.uwaterloo.ca/~broehl/vrml/lnvj

Contact

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 |
web|3D 3D

CONSORTIUM



mailto:brutzman@nps.edu
http://faculty.nps.edu/brutzman
mailto:brutzman@nps.edu
http://faculty.nps.edu/brutzman
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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
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reative Commons open-source license

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

commons

Attribution-Noncommercial-Share Alike 3.0 Unported

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 waork).

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.

©®¥ ©

+ Forany reuse or distribution, you must make clear to others the license terms of this work. The best way to do this is with
alink to this web page

+ Any ofthe above conditions can be waived if you get permission from the copyright halder.

+ Nlothing in this license impairs or restricts the author's moral rights.

Disclaimer


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:

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

e  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.

e 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

X3D Graphics for Web Authors
Chapter 9
Event Utilities and Scripting

Action is eloguence.

William Shakespeare, Coriolanus, Act 111 Scene II
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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
| 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 co

3D

CONSORTIUM 4
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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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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.
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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 connection

3D 3D
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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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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 scriptin

3D 3D
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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

3D 3D
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Helpful references:
» http://en.wikipedia.org/wiki/Imperative_programming
* http://en.wikipedia.org/wiki/Algorithm

Chapter 9 - Event Utilities Scripting
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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

3D 3D
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Helpful references:
» http://en.wikipedia.org/wiki/Declarative_programming
* http://en.wikipedia.org/wiki/Imperative_programming

Thought question: is HTML declarative or imperative?

Chapter 9 - Event Utilities Scripting
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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/lmage: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

Chapter 9 - Event Utilities Scripting
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Example: Rube Goldberg machine
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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.

Chapter 9 - Event Utilities Scripting
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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

3D 3D
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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.

Chapter 9 - Event Utilities Scripting
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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

3D 3D
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17

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
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Example: boolean, integer sequencers

Following example illustrates coordinated use of
BooleanSequencer, IntegerSequencer nodes

* Note common TimeSensor node (named Clock)

e _dugas

4f] = == ok
:.',_Il..l.:.ll mi o - - . s '
BT IRy T I L erkarcer ekt DER: COfGac arcar, My O 2204 DGO E 1, Mepalue: s Tk e e s e
" FEToa gl CF Sown, o Touir |
‘|'=_ CH T Rl v ol R ol B BT B o Rl R B VR TR T e i TR B e
TR Ty !F TAMC: ~orkse o EepEwa, FarTad: b _theoel wEoe: o Coougnl ekl on
ﬂ.l-rJ.'l'hl-rL = 'l!li |i'|_| = T = Lf TR L TN LI SURECR RN | F B L PR L .

dclvie b [k OF Sogeiakeow
nl.l.-.r.' 227 TRk
AR et wsChih
U R s gl ]
E"-l.g - ]
!F TETE: F=riens Zkx Parvted: ek gowcsl etkos: S ECsaeeces, =" wd mi_Fwden
"__ UITE: ok T L Sapeeig ool eobe deepal b BogueZadlia L] el ad e

Figure 9.1, page 253, X3D for Web Authors

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanSequencerintegerSequencer.x3d
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Figure 9.1, page 253, X3D for Web Authors

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanSequencerintegerSequencer.x3d
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Figure 9.1, page 253, X3D for Web Authors

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanSequencerintegerSequencer.x3d
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IntegerSequencer switch

- BooleanSequencer turns SpotLight on, off

es choice of Text

-. - - :. - L] -
. . -7 Chald 2
. - - 3 unlit
- - Single TimeSensor clock drives two synchronized
_'_ = BooleanSequencer, IntegerSequencer output streams — e

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/BooleanSequencerintegerSequencer.x3d
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= = = & - - . I [ =
I .- .I _l _l L L - L] L] L ]
» ... — b whichChoice .
.o Single TimeSensor clock drives two synchronized PR EEENEE
=== " | BooleanSequencer, IntegerSequencer output streams Scene text revised 1
- March 2009

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

e More than one ROUTE may connect a single
output field to other nodes

Multiple-event fan in

e More than one ROUTE may also expose a
single input field to the output of more than
one event-producing node

e Can be error prone and non-deterministic if
events are allowed to occur simultaneously

3D 3D
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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
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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

3D 3D
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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.

Chapter 9 - Event Utilities Scripting
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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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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

3D 3D
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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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L]
TouchSensor. TimeSensor drives BooleanSequencer outputs
isActive L §F ;N B ' § | .
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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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

3D 3D
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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.
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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

3D 3D
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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

Chapter 9 - Event Utilities Scripting



e [

Eushounloygle mamlanm slale, inegsler sulpsl whes s bre: mpel o prossded

(i) (et (e

= BooleanToggle only flips state true/false once
—

m g === 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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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 inputNega

3D 3D
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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 (access Type='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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Figure 9.5, page 260, X3D for Web Authors

Chapter 9 - Event Ultilities Scripting

37



Tp ke T by e pu e S ey R—.

=5 TR

=P SNE LRt B RN RETHECS S PENE L

1 [ o cme mmn wwmgn sl n b w w0l

o K AL

BT AL T RS LN S T AL TR KL P T
1 PR T TS I S i T —————

e L e e e e L R L
- b - e T e T O
T S T N s T PR ] N N F L i o
= L e S AR R e AR
L Nt S U S |
e e e T b ST il e
— T T R A Y Py e — e | mem gl noa b s

b T ol o Tl e e ol
TR
[ [ S S W 1 SR TRy R R T Y |

http://www.web3d.org/x3d/content/X3dTooltips.html#BooleanTrigger

Chapter 9 - Event Utilities Scripting

38



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 keylValue
* 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 Scalarlnterpolator
and IntegerSequencer nodes.
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Figure 9.7, page 263, X3D for Web Authors

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/IntegerSequencerPumpHouse.x3d
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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.
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X3D Scene Authoring Hints — Images
* http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#limages

* 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?g=danger%20zombies%20ahead
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Chapter 9 - Event Utilities Scripting

42



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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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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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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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)
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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, < Declarative
+ performs algorithmic calculations, then « Imperative
+ can return response event(s) via output fields <« Declarative
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
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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:

compute multiple-line function f(value) -
Input value — where output events are listed on left-

) : — output zero or more results
hand side of assignment statements

—>
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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

web
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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

4.1f 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 comple

3D 3D
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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

3D 3D
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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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Field-Type Names

Description

Default Values

SFBool

MFBool
SFCalor
MFColor
SFColorRGBA
MFColorRGBA
SFInt32
MFInt32
SFFloat
MFFloat
SFDouble
MFDouble
SFlmage

Single-Field boolean value

Multiple-Field boolean amay

Single-Field color value, RGB

Multiple-Field color array, RGB

Single-Field color value, red-green-blue alpha (opacity)
Multiple-Field color array, red-green-blue alpha (opacity)
Single-Field 32-bit integer value

Multiple-Field 32-bit integer array

Single-Field single-precision floating-point value
Multiple-Field single-precision floating-point array
Single-Field double-precision floating-point value
Multiple-Field double-precision array

Single-Field image value

false (XML syntax) or
FALSE (ClassicVRML
syntax)

Empty list
000
Empty list
0000
Empty list
0

Empty list
0.0
Empty list
0.0
Empty list

000

Contains special
pixel-encoding
values, see Chapter 5
for details

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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MFImage
SFNode
MFNode
SFRotation

MFRotation
SFString

MFString
SFTime

MFTime
SFVec2f/SFVec2d
MFVec2f/MFVecad
SFVec3f/SFVec3d
MFVec3f/MFVec3d

Multiple-Field image value
Single-Field node
Multiple-Field node array of peers

Single-Field rotation value using 3-tuple axis,
radian-angle form

Multiple-Field rotation array

Single-Field string value

Multiple-Field string array
Single-Field time value

Multiple-Field time array
Single-Field 2-float/2-double vector value
Multiple-Field 2-float/2-double vectorarray

Single-Field vector value of 3-float/3-double values

Multiple-Field vector array of 3-float/3-double values

Empty Tist

Empty node, NULL
Empty Tist

0010

Empty Tist

Empty string,
representable as two
adjacent quotation
marks

Empty Tist

-1, sentinelindicating
no time value.

Empty list
00
Empty list
000
Empty Tist

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 ope
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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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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
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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 ]aua

* http://en.wikipedia.org/wiki/Java_(programming_language)

X3D-Edit itself is developed using Netbeans, which is f"“I
written in Java and provides rich support for Java. ll'zg e ea“s

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] [ > CirclelLinesFileName.x3d ]

Example: java CirclelLines 60 > CircleLines60.x3d

Example scene results: .

> CircleLinesExample.x3d
= CircleLinesExample60.x3d

3D
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Helpful references:

» http://java.sun.com Java developer page (é

* 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 ]aUa

* http://en.wikipedia.org/wiki/Java_(programming_language)

X3D-Edit itself is developed using Netbeans, which is f"“I
written in Java and provides rich support for Java. H\./\Lg e ea“s

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="
<field name="b" type="SFInt32" accessType="
<field name="c" type="SFFloat" accessType="

<field name="c" type="SFColor" accessType="

initializeOnly" value="true"/>
inputOutput" value="1"/>
inputOnly"/>

outputOnly"/>

<! [CDATA[

ecmascript:

// see newECMAscript.js for example javascript

11>

code for your Script

</Script>

3D
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The contained CDATA syntax must be followed exactly. X3D-Edit facilitates this task.

3D

63

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 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:

Eile Edit View Window X3D Versjoning Collaboration Tools Help
=Y ) @ 4
apa g g@qjlw@d\ v EEe |
(3] newECMAscrpt_.I 4 = O
(23 Home [C\Documents and Setting: | (i) @ &l | &’ N | ‘5?.! eE & -1 [C:\Documents and Samngs\brmzman\nawECMA
l:lﬂaas\[ [C:\www . web3d.org\xad\co
13 ecmascripr: uncomment this line if this =d into a CDATA ijo
DﬂSavage [C:\www.web3d.org\x3d\, s
I:Iﬂ».adForWebAuthnrs [Coywww.wet 3 Author TODO * authors please update metadata and information entries in this| £il
[Clgmvazo4Studentrrojects [C\My D 2
5 (javascript) source file for use with X
&
7
8
9
10
[«[zzzz] Dl n
12
) eventsProcessed : void i
@ mylnputonlyFigldMame (mylnputys 14
O prepareEvents @ void e
@ shutdown : void e .
B & initialize 175 function initialize ()
------ < initialize : void 18 ¢ i . i X
@ myoutputonlyFieldName 18 The initialize() function is automatically im when the Script nc ils fir]
20
21 var scriptName = 'newECHAscript.js'; Author TODO: authors need to =dit this s
22
23 Brovser.println ('[' + scriptName + '] ' + 'initialize() commen S
24
25 TODO: authors can insert initializacion here (if any is nes -
_ I ) s s s s | D]
Fiters: (IEE0 (30 (200 FE T
[ output
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newECMAscript.js part 2

... continued from previous slide:

PR S R (I [N
R IS S LN R R I |

— o pmep——eaad s

Worth noting: these methods are rarely used

web|3D
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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

o =2 L ¥ - re boros l
I o _'I =1 -I
- I.- .I
= = = - - I
=
Ao Bl | B - - ™ | |
-_— I I
1 | I | | i1 Jisen P
- ! cr -~
-
by = o | e horea o |
L —| -
[ [ ai JELED |
=1 [l e L
..... TR L RS
rdlcdE o celsdait,
rladfihe o d SFes seno= alk
—— == vad s | |
| 2 ] fad dn

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.

Chapter 9 - Event Utilities Scripting



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'tinclude ecmascript: header in external file

X3D event model still governs animation flow

3D 3D
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http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptSimpleStateEvents.x3d
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[] -— - [ ] []
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©

Button position
animated

new button path
setup for next time

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptSimpleStateEvents.x3d
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L, ButtonMover“ PositionInterpolator
Timer ™= _. keyValue array| gets reversed
isActive ==®
——mmmm m mma . ’ . O
- e
L] L B -
LB | n n | ]
_—
- TEE
LB NN N UEEEE B EE - L] L B 4—
-_ L___ & | L
- e
u L LightBulbMaterial color gets swapped
EEE . E e . - EEE EENEE N R SEE B | B ] S N (N SIS BN B E BN S SEE B - .
L] am L] - N e - - a (=
—} - L___ N N BN e N . -— _—

- L mmoEm s m

L S - LB B | o B )
= =m Script computes and sends new light color, new button path...
EEE maEm - - e EE EE e N E - . e .

-u [ ] Em Em [] LI | M, LI [} ] [N ]

Script located in external ScriptSimpleStateEvents.js file

* buttonTimerActive function name matches
inputOnly event; value contains passed event

* outputOnly events set by assignment statements

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/X3d ForWebAuthors/Chapter09—EventUtiIitiesScripting/ScriptSimpIeStateEvents.js"'>
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ScriptSimpleStateEvents.js

T - %I .
(& N - -
N I .. LN LI B LI B

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

3D 3D
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http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptEvents.x3d
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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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- See Script details
= s, - ,n, = mm on next slide...
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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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Note that the ROUTE editor also supports finding the appropriate input and output
fields that you create for the Script. Examples from this scene:

W Edit ROUTE [X] W ¥ Edit ROUTE

~-Event Source

fromMode

butt-:nnTimer TimeSensor |'|
fromFisid type accessType
isActive SFBool outputonly| v |

-Event Destination

toMode

k:-:lnt’-jISu:ript Script I' |
toField type accessType
buttonMotionDane SFBool inputonly| = |

| (8]34 ||Cance||| Help |

~Event Source

fromMode

k:-:untr-:ulSu:ript Script |'|
fromFisld type accessType
lightColor SFColor outputonly|~|

-Event Destination

toMode

LightBulbMaterial Material |»|
toFisld type accessType
HiffuseCalor SFColor inputOutput|~ |

| oK ||Cance||| Help |
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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'tinclude ecmascript: header when external

X3D event model still governs animation flow

3D < X3D-

CONSORTIUM &

web

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

& Clwww.web
File View Options Help

Touch text to recompute random spheres ]
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http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ScriptComplexStateEvents.x3d
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I if (buttonMotionDone event value== true)
then reset next motion to go up
"N = EE m [ ] EE m -

else (buttonMotionDone event value== false) =3

.
——— state variable buttonPushCount
cycles from 0 to 3, then repeats

Em Em - E
Lo B N e . e L] . e L —
-eeoEmon | reset next motion to go down

- e ow L] reset Iight 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
3D 3D
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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.

web
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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.printin() 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.
web|3D )<3D
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Note that initialize() method is frequently used, but shutdown() method is rarely used.
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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]
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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 Jinitialize() 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 SD

web|3D
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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

3D 3D
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http://www.web3d.org/x3d/content/examples/Basic/ScriptConformance/ScriptNodeEventOutControl-EcmaScript.x3d
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ROUTE control illustrated

lllustration 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 (SAl) interfaces.
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Field control illustrated
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lllustration 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 (SAl) 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

3D 3D
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Note that these methods support advanced techniques and are seldom used.
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Example: ElevationGrid animation

Goal: animate height field of an ElevationGrid
» TimeSensor clock outputs triggering events
* Script response computes grid heights each time

* Output event of full height matrix, with matching
size, is then sent to ElevationGrid

» TimeSensor clock repeats with geometric continuity
ElevationGridSimpleWaveAnimation.x3d

LTS

AEEES——
web|3D A, )<3D )

CONSORTIUM

Example and snapshot online at

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUtilitiesScripting/ElevationGridSimpleWaveAnimation.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter09-EventUTtilitiesScripting/ElevationGridSimpleWaveAnimation.png
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3|8 <X3D profile='Interchange’ version='3.3' Nam
1

160  <Scene>

17 <Viewpoint descriptiom view' 0 -0.358771" 38/

18 <Background groundGolo

19 <1-- shift zero-based

205 <Transform translacio

2 <Shape>

22 <ETSVAEIaRERTE| DEF='GridSurface’ height='0 0 0 0 0 0 0 00 000000 0[00 000000000 Solid='false’ xDimension='9' zDimension='3'/>
23 <hppearance>

2 <Material diffuseColo 0.5

25| b </Bppearance>

26| </Shape>

27| - </Transform>

28 <TimeSensor DEF-'Clock’ cyclelnterval='S'

29[l 1 <Script DEF='WaveGenerationScript'>

30 <field accessTyp

3 <field accessTyp dOutput’

32 <field accessTyp i variation SFTime'

33 <! [CDATA[

34|| ecmascripu:

35

36| funcrion mewInputValue (eventValue)

a1|| ¢

S fraction = eventValue; // connected by ROUTE, receives values from TimeSensor Clock fraction _changsd
39

0 valus0 = 0.2 * Math.sin (2 * Math.PI = (fraction - 4*waveStep)):

4 valuel = 0.2 * Math.sin (2 * Math.PI ~ (fraction - 3*waveStep));

42 velue2 = 0.2 * Math.sin (2 * Math.PI * (fraction - 2+*waveStep));:

43 value3 = 0.2 * Math.sin (2 * Math.PI * (fraction - waveStep)):

I valued = 0.2 * Math.sin (2 * Math.PI * (fraction 1M

5 valueS = 0.2 * Math.sin (2 * Math.PI ~ (fraction + waveStep));

6 velueé = 0.2 * Math.sin (2 * Macth.PI * (fraction + 2+*waveStep));:

47 value7 = 0.2 * Math.sin (2 * Math.PI * (fraction + 3*waveStep)):

8 valusg = 0.2 * Math.sin (2 * Math.PI ~ (fraction + 4*waveStep));

19

50 // setting the gridOutput value creates an output event that is connected vial ROUTE to the ElevationGrid set_height field.
51 // note that types match (MFFloat) and accessTypes also match (output_only connects ©o inputonly).

52 gridoutput = new MFFloat (

53 valued, valuel, value?, value3, valued, valueS, valueé, value?, valued,

54 valueO, valuel, value?, value3, valued, valueS, value6, value?, value8,

55 value0, valuel, value2, value3, value4, valueS, value6, value?, valueg );

56|

51| 11>

se| - </Seripts

59| 1 <ROUIE fromFisla='fraction changed' fromMode='Clock' toField='newInputValue'| toNode='WaveGenerationSeript'/s
60| 2 <ROUTE fromField='gridOutput’ fromNode='WaveGenerationScript' toField='set height' toNode='GridSurface'/>
61 [ </Scens>

62| </X3D>
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Browser functions 1
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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
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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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http://www.web3d.org/x3d/content/X3dTooltips.html#Script
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~ field

A field element defines an interface attribute or node.
Hint: first add Script, ProtoDeclare or ExternProtoDeclare before adding a field.
Hint: put initializing SFNode/MFNode into contained content.

[name: NMTOKEN #REQUIRED]
IName of this field variable.

faccestType

[accessType: (inputOnlyjoutputOnly[initializeOnlyfinputOutput) #REQUIRED]
Event-model semantics for field set/get capabilities. Hint for VRML 97: inputOnl
Warning: inputOutput=exposedField not allowed in VRML 97 Seript nodes, use initializeOnly=field for backwards compatib

ventln, outputOnly=eventOut, initializeOnly=field, inputOutput=esposedField.

[type: (select from types list) /REQUIRED]
Base type of this field variable

et

[value: outputOnly CDATA #IMPLIED]
Provide default initialization value for this field variable (may be later re-initialized by Protolnstance fieldValue)
Hint: SFNode/MFNode are initialized using contained content, instead of this value atribute.

Hint: required for Seript and ProtoDeclare.

Warning: ot allowed for ExternProtoDeclare

Warning: not allowed by inputOnly or outputOnly variables.

(sppinto

[appinfo type SFString CDATA #IMPLIED]
Application information to provide simple description usable as a tooltip, similar to XML Schema appinfo tag

ocumentation

[documentation type SFString CDATA #IMPLIED]
Documentation url for further information, similar to XML Schema documentation tag.

http://www.web3d.org/x3d/content/X3dTooltips.html#field
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back to Table of Contents

Additional Resources

3D
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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

web
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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 co

web|3D
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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
web|3D SD
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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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References 1

X3D: Extensible 3D Graphics for Web Authors
by Don Brutzman and Leonard Daly, Morgan
Kaufmann Publishers, April 2007, 468 pages.
» Chapter 9, Event Utilities and Scripting
* 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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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 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
+ http://www.web3d.org/specifications/Ecma-262.pdf
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References 4

Late Night VRML 2.0 with Java

* by Bernie Roehl, Justin Couch, Cindy Reed-
Ballreich, Tim Rohaly and Geoff Brown

« Ziff-Davis Press (Macmillan Publishers), 1997
* http://www.ece.uwaterloo.ca/~broehl/vrml/Invj
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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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Contact

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
web|3D 3D

CONSORTIUM

Chapter 12 - Environment Sensors and Sound 103



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
cgl’ms | [)
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

e B mee e e e el TR T
i —
W= - ===z = - ===z~
S — - -

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:

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

e 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.

e 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

. TCToIo0

Herz, J. C., Mark Lucas, John Scott, Open Technology b4

Development: Roadmap Plan, Deputy Under Secretary of Defense Mpm

for Advanced Systems and Concepts, Washington DC, April 2006.
http://handle.dtic.mil/100.2/ADA450769
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