X3D Graphics for Web Authors

Chapter 7

Event Animation

If it ain't moving, it ain't 3D.
Andy van Dam, SIGGRAPH Pioneer, Brown University
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Chapter Overview



Overview: Event Animation

ROUTE connections and animation
Animation as scene-graph modification
Event-animation design pattern: 10-step process

Interpolation nodes
* TimeSensor and event timing
* ScalarInterpolator and ColorInterpolator

* OrientationInterpolator, PositionInterpolator,
PositionInterpolator2D and Normallnterpolator

* Coordinatelnterpolator, Coordinatelnterpolator2D
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ROUTE connections

ROUTE connection enables the output field of
one node to pass a value that then stimulates
the input field of another node

* The passed value also includes a time stamp

Field data type and accessType must both match
between node/field of source and target
* Chapter 1, Technical Introduction lists field types
 Also provided in tooltips and specification

e Authors usually must carefully check these |
web|3D 3D
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Animation as scene-graph modification

Behavior = changing a field value in a node,
somewhere in the scene graph

Event = time-stamped value going over a ROUTE

Event cascade is a series of events, each one
triggering the next

* No event loops allowed, guaranteeing completion

Thus all X3D animation can be considered as
modification of the scene graph at run time



Event-animation design pattern

X3D can be imposing, there are many nodes

Nevertheless a simple design pattern is used for
nearly every kind of animation

/

 Touch ‘ Target

Interpolator
‘\ Sensor , P node

This consistent event ROUTE pattern enables you

to expertly animate most X3D scene behavior
web|3D )6D
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Review Field data types

X3D is a strongly typed language

e Each field in each node (i.e. each XML attribute)
has a strictly defined data type

e Data types for boolean, integer, floating point

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

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

* During schema validation, loading or at run time
web|3D )<3D
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X3D has strong data typing

Data typing is very important to prevent errors

e Strong data typing means that all data types must
match (or be converted) exactly

* Weak data typing means data types may be
promoted or changed by the system automatically
without author direction (or quality control)

Data type errors lead to erroneous computations
and system crashes, in any computer language

X3D has strong data typing

 Cost: authors must ensure their scene is correct

* Benefit: mysterious run-time errors avoided
web|3D 3D
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Field data types

Field-type names

Description

Example values

EFBool
MFBool
SFColor

MFColor
SFColorRGBA

MFColorRGBA

SFInt32
MFInt32
SFFloat

MFFloat

Single-field boolean value

Multiple-field boolean array

Single-field color value, red-green-hlue
Multiple-field color array, red-green-blue

Single-field color value, red-green-hlue

alpha (opacity)

Multiple-field color array, red-green-

blue alpha (opacity)
Single-field 32-hit integer value
Multiple-field 32-bit integer array

Single-field single-precision floating-

point value

Multiple-field single-precision floating-

point array

true or false (X3D syntax), TRUE or
FALSE (ClassicVRML syntax)

true false false true (X3D syntax),
[ TRUE FALSE FALSE TRUE ]
(ClassicVRML syntax)

0051.0
100,010,001
0051.00.75

10002501005 0010.75
(red green blue, varying opacity)

0
12345
1.0

—12.03.14159




Field data types

Field-type names Description Example values
SFDouble Single-field double-precision 2.7128
floating-point value
MFDouble Multiple-field double-precision array —12.03.14159
SFImage Single-field image value Contains special pixel-encoding
values, see Chapter 5 for details
MFlmage Multiple-field image value Contains special pixel-encoding
values, see Chapter 5 for details
SFNode Single-field node <Shape/> or Shape {space}
MFNode Multiple-field node array of peers <Shape/><Group/><Transform/ >
SFRotation Single-field rotation value using 3-tuple axis, | 0101.57
radian angle form
MFRotation Multiple-field rotation array 0100, 0101.57,0103.14
SFString Single-field string value "Hello world!"
MFString Multiple-field string array “EXAMINE™ “FLY" "WALK" "ANY"
SFTime Single-field time value 0
MFTime Multiple-field time array —101567890




Field data types

Field-type names Description Example values

SFVecf/SHVec2d Single-field 2-float/2-double vector value 01.5
MFec2f/MFVecZd Multiple-field 2-float/2-double vector array 10,2234 55

SFVec3f/SFVec3d Single-field vector value of 3-float/ 01.52
3-double values
MFec3f/MFVec3d Multiple-field vector array of 3-float/ 102030, 4.4-5.56.6

3-double values

ClassicVRML syntax notes
 TRUE and FALSE (rather than XML true and false)

 MF multiple-field array values are surrounded by
square brackets, e.g. [ 10 20 30, 4.4 -5.5 6.6 ]

» No special XML escape characters such as &amp;



accessType: input, output, initialize

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

* inputOnly: can only receive events

* outputOnly: can only send events

* initializeOnly: cannot send or receive

* inputOutput: can send, receive and be initialized

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

3D X3D

web




accessype naming conventions 1

The accessType names were changed when

VRML97 was upgraded to X3D

* Functionality remains essentially unchanged

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

VRML97 Name X3D Name X3D Specification abbreviation
eventin inputOnly [in]

eventOut outputOnly [out]

field initializeOnly [ ]

exposedField inputOutput [in,out]

VRML, Virtual reality modeling language; X3D, Extensible 3D.




accessype naming conventions 2

Field names often reveal special accessType

* Prefix set_ indicates inputOnly field

 Prefix _changed indicates outputOnly field

* Prefix /s for outputOnly boolean field (e.g. isActive)
inputOnly, outputOnly fields not allowed in files

Understanding naming conventions helps authors
understand ROUTE definitions and results

Looking ahead: we will name our own fields
when creating Scripts and prototypes, further

underscoring importance of naming
web|3D )<3D
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Interpolating animation chains:
10-step design process

The following 10-step process can be used for all
animation tasks

Table is also provided in order to look up how to
produce typed-value outputs corresponding to
each interpolator or sequencer node

A detailed example follows

This 10-step process is a good check to perform

each time you create an animation chain
web|3D 3D
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Interpolating animation chains 1-2

1. Pick target. Pick node and target field to
animate (i.e., field that receives changing
animation values)

,’ Touch \

\
\ Sensor ,

Target

Interpolator
P node

2. Name target. Provide a DEF label for the
node of interest, giving it a name
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Interpolating animation chains 3-4

3. Check accessType and data type.

* Ensure target field has accessType of inputOnly or
inputOutput, so that it can receive input events

* Determine if target field has floating-point type:
SFFloat, SFVec3f, MFVec3f, SFColor, and so on...

If so, use an interpolator node as the event source

4. Determine whether Sequencer or Script.

 If the target type is an SFBool or SFInt32, use a
sequencer node as event source

* If the target type is an SFNode or MFNode, use a

Script node as the event source
web|3D 3D
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Interpolating animation chains 5-6

5. Determine which Interpolator. If you are
not using a sequencer or Script node,
determine corresponding Interpolator which
produces the appropriate data type for
value_changed output using lookup table
* Example: PositionInterpolator produces SFVec3f

value_changed events

6. Triggering sensor. If desired, add sensor
node at beginning, to provide appropriate
SFTime or SFBool trigger to start animation

e Sometimes the triggering event is an output event
from another animation chain



Interpolating animation chains 7-8

/. TimeSensor clock. Add a TimeSensor as the
animation clock, then set its cyclelnterval field
to the desired duration interval of animation

* Set Joop='false' if an animation only runs once at
certain specific times.

* Set loop="true' if it loops repeatedly

8. Connect trigger. ROUTE sensor or trigger
node’s output field to the TimeSensor input in
order to start the animation chain



Interpolating animation chains 9-10

9. Connect clock. ROUTE the TimeSensor
fraction_changed field to the interpolator (or
sequencer) node's set_fraction field in order to
drive the animation chain

10. Connect animation output. ROUTE the
interpolator, sequencer, or Script node's
value_changed field to target field of interest
in order to complete the animation chain

Construction of animation-chain design pattern is
now complete, test whether animation works,

3D oD,
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X3D field types and corresponding
animation nodes

Field type Description Interpolator/Sequencer animation nodes
SFBool Single-field boolean value BooleanSequencer
SFColor Single-field Color value, red-green-blue Colorinterpolator
SFInt32 Single-field 32-bit Integer value IntegerSequencer
SFFloat Single-field single-precision floating-point Scalarinterpolator

value
SFRotation Single-field Rotation value using 3-tuple ColorInterpolator

axis, radian angle form
SFTime Single-field Time value TimeSensor
SFVec2f Single-field 2-float vector value PositionInterpolator2D
MFVec2f Multiple-field 2-float vector array Coordinatelnterpolator2D
SFVec3f Single-field vector value of 3-float values PositionInterpolator
MFVec3f Multiple-field vector array of 3-float values Coordinatelnterpolator




Example animation chains

Each row shows commonly authored sequences
of nodes in animation chains

« AN
Trigger K Clock Target
node ,l node node
N o _ e
Triggering Nodes (Optional) Clock Nodes Value-Producing Nodes | Value-Consuming Nodes, Fields
TouchSensor TimeSensor ScalarInterpolator Material (transparency)
VisibilitySensor TimeSensor ColorInterpolator Material (color field)
TimeSensor PositionInterpolator Transform (translation, scale)
PrimarySensor TimeSensor OrientationInterpolator | Transform (rotation)
TouchSensor MovieTexture
MovieTexture (loop complete) | TimeSensor Positioninterpolator2D | Rectangle2D




Hello X3D Authors showing ROUTEs

Tz «Tamnl wersion="1.0" encoding="ILITF-8"7>

----- s <! DOCTYPE 30 FUBLIC "ISO/Meb3DHDTD K30 3.0/EMN" "hitp: /v web3d orgispecifications/x3d-3.0.dtd">

E—---“é?‘ém #30: profile: Immersive, =minsxsd: httg e w3 org/2001 2MLSchemaninstance, xsd:noMamespaceSchemalocation: hitp:ifwww web3d orgfspecifications/x3d-3.0.xsd
== head

----- = meta: name: filename, content: Hellox3dAuthors x3d

----- == meta: name: author, content: Don Brutzman

----- == meta: name: created, content. & October 2000

----- = meta: name: revised, content: 8 barch 2005

----- <= meta: name: description, content: Simple example showing spinning globe and text. Hellal

----- == meta: name: url, content htp it web3d orgf3d/content/examples/course/Hellox3dAuthars x3d
----- == meta: name: generator, content: X30-Edit, httpe e welbi3d orgfx3d/content/README =3D-Edit htrml
----- == meta; name: license, content: /. Jlicense html

----- == Mavigationlnfo: tvpe: "EXAMINE" "ARNY"
=4[] TimeSensor. DEF: OrhitalTimelnterval, cyclelnterval: 12.0, loop: true

E ----- T Orientationinterpolator; DEF: SpinThoseThings, key: 0.000.25 0,50 0.751.00, keyalue: 01 00,01 015708, 010314159, 01 04.7123885, 01 0 62831852
----- 3 ROUTE: fraomMode: OrbitalTimelnterval, fromField: fraction_changed, toMode: SpinThoseThings, toField: set_fraction

=i ?F Transfarm: DEF: EarthCoordinate Swstem

----- 3 ROUTE: fromMode: SpinThoseThings, framField: walue_changed, tollode: EarthCoordinateSystemn, toField: rotation

=[] Group: DEF: MinitWarld
—3 Shape

—L Appearance

------ Bl imageTexture: url: "earthtopo.png

earh-topo.qif* "earth-tapo-small.gif" "hitp/fveeew web 3d.orgfx3d/content/examples/course/earth-topo.png” ..

—?F Transform: DEF: SimpleGeoStationarySatellite, translation: 005, rotation: 100 .3, scale: 0.1 0.3 01

—3 Shape
—L Appearance
Il Material: difuseCalar: 0.9 0.1 0.1
—'E Text: string: Hello MFS X350 Authors |l

- F FontStyle: size: 3



Hello X3D Authors 10-step process

8000¢

@@

2 <?xml version="1.0" encoding="UTF-8"?>|
BB <! DOCTYPE X3D PUBLIC "ISOf/Web3D//DTD X3D 3.0//EN" "http:/fwww.web3d.org/specifications/x3d-3.0.dtd">

= “3‘?'_93 X3D: version: 3.0, profile: Immersive, xmins:xsd: http:/fwww.w3.0rg/2001/XMLSchema-instance, xsd:noNamespaceSchemalocation: http: /fwww . web3d.orgfspecifications43d-3.0.xsd
= head

meta: name: title, content: HelloX3dauthorsanimationChain.x3d
<> meta: name: creator, content: Don Brutzman
meta: name: created, content: S October 2000
<> meta: name: modified, content: 13 June 2005
<> meta: name: description, content: Fully developed animation-chain example showing spinning globe and text. Hello!
<> meta: name: identifier, content: http:/fwww.web3d.org/x3d/content/fexamples/Basicfcourse/HelloX3dauthorsanimationChain.x3d
<> meta: name: generator, content: X3D-Edit, hitp:/fwww.web3d.org/x3d/content/README. X3D-Edit.html
<> meta: name: license, content: ../..flicense.html

0 Worldinfo: title: Hello X3D Authors, info: an introductory scene
< Viewpoint: description: Hello, world, position: 00 -8, orientation: 0 1 0 3.14159
2 MavigationInfo: type: "EXAMINE" "aNY"
r———%J TimeSensor: DEF: OrbitalTimelnterval, cycleInterval: 12, loop: false
I:)Y_f‘ Orientationinterpolator: DEF: SpinThoseThings, key: 0.000.25 0,50 0.75 1,00, keyValue:0100,010 15708, 010 3.14159, 010 4.7123889, 0 1 0 6.2831852
3 ROUTE: fromNode: OrbitalTimelnterval, fromField: fraction_changed, toNode: SpinThoseThings, toField: set_fraction
—?ﬂ‘ Transform: DEF: EarthCoordinabeSyshem@ @
: i‘—. ROUTE: fromNode: SpinThoseThings, fromField: value_changed, toNode: EarthCoordinateSystemn, toField: rotation
= Group: DEF: Miniworld
=] 3 Shape
O] A Appearance
B ImageTexture: url: "earth-topo.png" "earth-topo.gif* "earth-topo-small.gif* "http:/fwww.web3d.org/x3d/content/examples/Basic/course/earth-topo.png”
‘ Sphere
=i QF Transform: DEF: SimpleGeoStationarySatellite, translation: 005, rotation: 100 .3, scale: 0.10.30.1
C] 3 Shape
=] A Appearance
Il Material: diffuseColor: 0.9 0.1 0.1
=T Text: string: Hello X3D Authors !!
F FontStyle: size: 3
: 4}% TouchSensor: DEF: ClickTrigger TouchSensor, description: Click to start animation
& ROUTE: fromNode: ClickTrigger TouchSensor, fromField: touchTime, toNode: OrbitalTimelnterval, toField: startTime




Hello X3D Authors 10-step process

1. Pick target. The target node is a Transform, and the target field is set_rotation.
2. Name target. The Transform is named DEF="EarthCoordinateSystem'.

3. Check accessType and data type. As shown by the Transform node field-definition table in
Chapter 3 and the X3D-Edit tooltip, the set_rotation field has type SFOrientation.

4. Determine whether Sequencer or Script. These special node types are not applicable to this
example, because the data type for set_rotation is SFOrientation which is a floating-point type.

5. Determine which Interpolator. The animating OrientationInterpolator is named
DEF="SpinThoseThings" and placed just before the Transform.

6. Triggering sensor. A triggering TouchSensor is added next to the geometry to be clicked, and
then named DEF='ClickTriggerTouchSensor'.

7. TimeSensor clock. The TimeSensor is added at the beginning of the chain, named
DEF='OrbitalTimelnterval' and has both the cycleinterval and loop fields set.

8. Connect trigger. Add ROUTE to connect the triggering TouchSensor node’s touchTime output
field to the clock node’s startTime input field.

9. Connect clock. Add ROUTE to connect the clock node’s fraction _changed output field to the
interpolator node’s set_fraction input field.

10. Connect animation output. Add ROUTE to connect the interpolator node’s value_changed
output field to the original target input field, set_rotation.

3D oD,

CONSORTIUM

web




Interpolation node type

X3DInterpolationNode is the formal name for the
interpolation node type

Each interpolation node includes the following
common fields and naming conventions

 SF MF <type> definition must be consistent for
node in order to properly define response function

Type accessType Name Default Range Profile
MFFloat inputOutput key [] (=00 00) Interchange
MF<type> inputOutput keyValue [] (type dependent) Interchange
SFFloat inputOnly set_fraction Interchange
[SF  MF]<type> | outputOnly value_changed Interchange
SFNode inputOutput metadata NULL [X3DMetadataObject] | Core




Common interpolator fields

key, keyValue hold the point values defining the
characteristic function

key array always has type MFFloat

keyValue array data type matches the named type
of the parent Interpolator node

» final value must equal first value in keyValue array
if smooth looping is desired

Lengths of key, keyValue arrays must be equal

Note that keyValue array can hold values which are
themselves MF (multi-field) array type

Function output value_changed always has same
name, but data type matches the Interpolator node



Interpolation

Interpolation is the estimation of intermediate
values from other values

Computing averages is computationally efficient
and highly optimizable

Linear approximation is thus well suited for
high-performance graphics animation

X3D provides interpolation nodes for each of the
floating-point data types
* including multiple-value types: Color, Vec3f, etc.

3D X3D
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Linear interpolation

Piecewise-linear curve fitting
can approximate any curve
with arbitrary accuracy

Multi-field (MF) values are
individually interpolated
proportionately

key="'0 0.3333 0.666 1'
keyValue='1 00,010,
001,100

0.5

keyValue

1

A

3

[0] [5]

00,3333




Step-wise linear interpolation

Step functions are created
by repeating time values
and corresponding output

key='00.250.250.50.51
keyValue='11 2 2 34

o = R W

Note that time-fraction key
array must always be
monotonically increasing



Double linear-interpolation averaging

Matched key, keyValue arrays define the points
for a linear-interpolator approximation function

Two-way weighted averaging is used to compute
interpolated-input, interpolated-output results

keyValue[i+1]

result

keyValueli] |

key[i] t key[i+1]



back to Table of Contents

X3D Nodes and Examples
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TimeSensor

TimeSensor is the heartbeat of an animation
e provides pulse that triggers event cascades
* initiates computations for drawing next frame
TimeSensor tracks elapsed time based on the
computer clock, rather than screen update rate
* Ensures that animations are smooth and realistic

* Fixed (constant) frame rate is typically not feasible
since computation varies for screen-image updates

3D oD,
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TimeSensor output

Output time is an SFTime ramp function ranging
[0,1] that repeats every cyclelnterval seconds

 Sometimes called a 'sawtooth' function

* SFFloat output field fraction_changed used
as input to other interpolators, sequencers

time =now

temp = (now - start Time) f cyclelnterval
t = tractionalPart (temp)

fraction

it (now 2 startTime)
fraction changed =10.0

i (=000 & & (now = startTime))
fraction changed=1.0 0.0

else fraction_changed =f 0 cyclelnterval 2*cyclelnterval J*cycleinterval



TimeSensor fields 1

enabled controls whether node enabled or disabled

loop is an SFBool indicating whether to continue
looping indefinitely after first cycle is complete

cyclelnterval defines total loop duration in seconds,
either for single-shot animation or looped repetition

startTime, stopTime are provided (or contain)
SFTime values for when to start, stop respectively
 ROUTE an SFTime value to set_startTime or set_stopTime

cycleTime field is sent an SFTime output value
upon completion of each loop



TimeSensor fields 2

* jSActive, isPaused are output SFBool true/false
events sent whenever the TimeSensor is set to run
or paused

* pauseTlime, resumeTime are SFTime values for
current clock time whenever paused or resumed
» Corresponding boolean isPaused event is also sent, with
value of true when paused and false when resuming
* elapsedTime output provides cumulative number of
seconds since TimeSensor was activated and began
running, without including paused time
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<?¥ml version="1.0" encoding="UTF-8"?>
<1DOCTYPE X3D PUBLIC "ISO//W=b3D//DTD X3D 3.1//EN" "http://www.web3d.org/specifications/x34-3.1.4dtd">
<H3D profile='Immersive' wversion='3.0' wmlns:xsd='http://wvwy. w3 .oryg/ 2001/ XHLSchema-instance !
wsd:nollamespaceSchemalocation="http://www.web3d. org/specifications/x3d-3.1.x=sd'>
<heads>
<meta content='ColorInterpolatorExample.x3d' nams='filenam='/>
<meta content='Demonstrate basic design pattern for animating a nods.' name='description'/:>
<meta content='Don Brutzman' name='creator'/:
17 April 2005' name='created'/>

<meta content
<meta content='27 January 2008' nams='modified'/>

<meta content='ColorInterpolatorExampledcensGraphVithRoutes. png' nams='draving' /=
“<meta content='ColorInterpolatorExampled4Colors. png' nams='imags' />

<meta content='Animation ColorInterpolator' name='kevwords'/ s

<meta content='Gapos:http://E3dGraphics.com/examples/E3dForebAuthors/Chapter07-EventAnimationInterpolation/ColorInterpolatorExample.x3d' nams='identifier'/>

<meta content='X3D-Edit, http://www.web3d.org/x3d/content/BEADME.X3D-Edit.html' nam=='gensrator'/>
<meta content='../../license.html' nam=='license'/>
</ head:>
<Jcene>
=Group>

<Transform
<Shape>
«<Text string='"Touch text to" "start animation..."':>
<FontStyle juscify='"MIDDLE" "MIDDLE"'/:»
</ Text>
</3hape>

us a p = =
<TouchSensor DEF='TextTriggerTouchSensor' description='Touch text to start...'/>
</Transforms

will

<Transform translatior 0o-110>

<Shape>
<S3phere/>
<Appearance:
<Material DEF='SphereMaterial’

</ Appearance>
</Shape>
</Transforms>

15 C d to start Loy

r, se

<TimeSensor DEF='AnimationClock' cycleInterval=

loop="'false'/>

to Ti nsor clock —->

fromilode='TextTriggerTouchSensor' toFisld='startTime' tollode='AnimationClock' />

ColorCl r ween red, ¥

0 0.3333 0.666€ 1" kevValus='1 00010001100/

<ROUTE fr

is = T

C 1s ¢ T
fromiode='ColorChanger' toField='diffuseCplor' tollode

<ROUTE fromField=
</ Groups=
</3cenes

</H3D»

'walus_changsd' 'SphereMaterial' />

42:72 INS

¥ Edit TimeSensor

DEF ® |Ar‘|irna1jor‘|clock |

USE

containerField
1

cyclelnterval

startTime

stopTime

pauseTime

resumeTime

enabled

loop

| K ||Car1ce| || Help |




“U TimeSensor

TimeSensor continuously generates events as time passes. Typical use: ROUTE thisTimeSensor.fraction_changed TO somelnterpolator.set_fraction.
Interchange profile hint: TimeSensor may be ignored if cycleInterval < 0.01 second.

|DEF

[DEF ID #IMPLIED]
DEF defines a unique ID name for this node, referencable by other nodes.
Hint: descriptive DEF names mprove 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!

enabled

[enabled: accessType inputOutput, tvpe SFBool (true|false) "true"]
Enables/disables node operation.

cvclelnterval

[cvclelnterval: accessType inputOutput, tvpe SFTime CDATA "1.0"]
cvclelnterval is loop duration in seconds.
Interchange profile hint: TimeSensor may be ignored if cyclelnterval < 0.01 second.

[loop: accessType inputOQutput, tvpe SFBool (truelfalse) "'false"]
Repeat indefinitely when loop=true, repeat only once when loop=false.

startTime

[startTime: accessType inputQutput, type SFTime CDATA "0"]
'When time now >= startTime, isActive becomes true and TimeSensor becomes active. Absolute time: number of seconds since Jan 1, 1970, 00:00:00 GMT.
Hint: usually recerves a ROUTEA time value.

stop Time

[stopTime: accessType inputOutput, tvpe SFTime CDATA "0"]
When stopTime becomes <= time now, isActive becomes false and TimeSensor becomes inactive. Absolute time: number of seconds since Jan 1, 1970, 00:00:00 GMT.
Hint: usually recerves a ROUTEA time value.

cycleTime

[exvcleTime: accessType outputOnly, type SFTime CDATA #FIXED ""]
cycleTime sends a time outputOnly at startTime, and also at the beginning of each new cycle (useful for synchronization with other time-based objects).

[isActive: accessTvpe outputOnly, tvpe SFBool (truelfalse) #FIXED ""]
isActive true/false events are sent when TimeSensor starts/stops running.

isPaused

[isPaused: accessTvpe outputOnly, type SFBool (truelfalse) #FIXED ""']
isPaused true/false events are sent when TimeSensor is paused/resumed.
Warning: not supported in VRML97.

|pauseTime

[pauseTime: accessTyvpe inputOutput, type SFTime CDATA "0"]

‘When time now >= pauseTime, isPaused becomes true and TimeSensor becomes paused. Absolute time: number of seconds since Jan 1, 1970, 00:00:00 GMT.
Hint: usually receives a ROUTEd time value.

Warning: not supported in VRML97.

resumeT ime

[resumeTime: accessTvpe inputQutput, tvpe SFTime CDATA "0"]

When resumeTime becomes <= time now, isPaused becomes false and TimeSensor becomes inactive. Absolute time: number of seconds since Jan 1, 1970, 00:00:00
GMT.

Hint: usually receives a ROUTE( time value.

'Warning: not supported in VRMLS7.

elapsedTime

[elapsedTime: accessTvpe outputOnly, tvpe SFTime CDATA #FIXED ""]
Current elapsed time since TimeSensor activated running, cumulative in seconds, and not counting any paused time.

Warning: not supported in VRML97.




fraction_changed [fraction_changed: accessType outputOnly, type SFFloat CDATA #FIXED ""]
fraction_changed continuously sends value in range [0,1] showing time progress in the current cycle.

[time: accessType outputOnly, type SFTime CDATA #FIXED ""]
Time continuously sends the absohte time (since January 1, 1970) for a given simulation tick.
coutaineFild [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 #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.




ScalarInterpolator node

Generates a scalar (single-valued) SFFloat for
value_changed output
key and keyValue arrays contain SFFloat values

set_fraction determines input value to piece-wise

linear function

* Percentage between bracketing keyfi], keyfi+1]
values used to compute corresponding output
value_changed as weighted average between

keyValudi], keyValugi+1] |
* Which is same algorithm for all interpolators
3D 3D
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# ScalarinterpolatorExample x3d xl
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NET

=<?xml version="1.0" sncoding="UTF-8"?2>

<IDOCTYPE X3D PUBLIC "IS0//Web3D//DTD X3D 3.1//EN" "http://wuw.web3d.org/specifications/=x3d-3.1.dcd">

<¥3D profile='Immersive' wversion='3.1"'

xsd:noNamespac

= <head:>

“mweta content='ScalarInterpolatorExample. x3d’
<meta content='Don Brutzman' nams='creator'/:>
Zoos!
zoos!
<meta content='http://X3dGraphics. com’
<meta content='http://www.web3d.org/®3d/content/e

<meta content='28 January nams="'greated' />

<meta content='28 January nam=='modifised' />

name='refe

<meta content='X3D book, E3D graphics, E3D-Edic,
<meta content='E3D-Edit,
<meta
= </ head>
- <dcensx

content='../license.html' names='license'/>

<Transform translation='0 -1 0'>
<Shape>
<Sphere radius='2'/>=
- <Appearance:>
<Material DEF='SphereMaterial' diffus=sColor
u </ Appearances
= </3hape>
= </Transform:>

<TimeZiensor DEF='AnimationClock!' ~wval='8

<ScalarInterpolator DEF='TransparencyAnimator' ks
<ROUTE fromField='fraction changsd'
<ROUTE fromField='walue changed' fromMode='Transp
- <Transform translation='0 1.5 0O'>

<Shape>

- =<Text sString='"Animating transparency"”
<FontStyle justify='"MIDDLE"™
- </ Texts

- </3hape>

"using
"MIDDLE™' />

= </ Transform:-
r </3cens>

- 2 /X3ID>

130 Viewer

imatine “-~nsparer
nolator

30:24 || INS

<meta content='Demonstrate uss of Scalarlnterpolator to animate transparcency.

<meta content='Copyright Don Brutzman and Leonard Daly 2007

https://savage.nps.=edu/EX3D-Edit'

fromlilode="AnimationClock!'

wmlns:xsd="http://wuw.w3.org/ 2001/ XMLSchema—instancs'

name='rights'/>
hetp://www. x3dGraphics. com'

<meta content='http://X3dGraphics.com/examples/X3dForWebiuthors/ Chapter07-EventAnimationInterpolation/ScalarinterpolatorExamples. k34"

nams="'generator' />

='0.94117& 0.027451 0' transparen

' loop='true' />

v='0 0.5 1' kevyValus='0 1 0'/>
toFisld='set_fraction'

arencyAnimator'

toMod

toFisld='set_transparency'

ScalarInterpolator™' >

%] 13D Viewer

Animating transparency
using ScalarInterpolator

=!'Transparencyinimator' /=

chemalocation="http://www.wveb3d.org/specifications,/«x3d-3.1.xsd'>

nams='title'/>
nam=='description'/>
rence' />
Hamples/help.html' nams='reference'/>

name=='subject' />

nam=="'identifier'/>

tollode='SphereMaterial' />

W Edit Scalarinterpolator

DEF ® |[TransparencyAnima containerField
USE O
key, keyValue arrays
= key | keyValue
0
0.5 1
1

[ ok ||Cance| || Help |




-
- ScalarInterpolator

ScalarInterpolator generates piecewise-linear values that can he ROUTEd to other Float attributes. Typical input: ROUTE
someTimeSensor.fraction_changed TO somelnterpolator.set_fraction Tvpical output: ROUTE somelnterpolator.value_changed TO
destinationNode.set_attribute.

DEF

[DEF ID #INMPLIED]
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!

kev

[kev: accessType inputQutput, type 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, tvpe MFFloat CDATA #IMPLIED]
Qutput 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 kevValue output.

value_changed

[value_changed: accessType outputOnly, tvpe SFFloat CDATA #FIXED "]
Linearly interpolated output value determined by current kev time and corresponding keyValue pair.

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.




ColorInterpolator node

Generates a 3-tuple (triple-valued) SFColor for
continuous value_changed output

key array contains SFFloat values
keyValue array contains SFColor values

Linear interpolation of red, green, blue (RGB)
values is respectively performed for each
bracketing keyValue pair

3D X3D

web




ColorInterpolator animation chain

Each node's output field matches data type of
next node's input field

accessType outputOnly to inputOnly, initializeOnly
also match

TextTriggerTouchSensor AnimationClock ColorChanger SphereMaterial
input: startTime input: set_fraction input: diffuseColor
output: touchTime  output: fraction_changed output: value_changed

3D oD,

CONSORTIUM

web




ColorInterpolator example output

Using the pointing device to select the text
triggers the ColorInterpolator animation

e Colors vary by linear interpolation of component
red-green-blue RGB values

Touch text to Touch text to Touch text to Touch text to
start animation...| start animation...| start animation...|start animation...

3D 3D

CONSORTIUM
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ColorInterpolator scene graph illustration

= gZEIg Scene
= Group

E Flace triggering text abowe sphere of interest
= 7F Transform: translation: 0210
= 3 shape
=T Text string: "Touch textta" "start anirmation. "
F FontStde: justify: "MIDDLE" "MIDDLE"
E This TouchSensor only reacts to user clicking on the sibling Shape and Text, because itis under a parent Transfarm grouping node
£ TouchSensor, DEF: TextTriggerTouchSensar, description: Touch text to start...
E Here iz Sphere with accompanying Material that will get animated
= ?FTranafDrm: translation: 0-10
= 3 shape
(‘ Sphere

= LAppearance
E spheretdaterial diffuseColor gets owverridden by interpolator output

Ll Material: DEF: Spherehaterial, difuseColor: 050505
E Time=ensoris tiggered ta start by TouchSensor, then sends animating values to Interpolator
«[{] TimeSensor. DEF: AnimationClock, cyclelnterval: B, loop: false
E ROUTE 1: TouchZensortriggerto TimeSensor clock
f; ROUTE: framMode: TextTriggerTouchSensor, fromField: touchTime, toMode: AnimationClock, toField: startTime
E Interpolator: ColarChanger interpolates evenly between red, green, blue and then back to red
:’: Colarinterpolator: DEF: ColarChanger, keyw: 003333 06666 1, keyalue:100,010,001.100
E ROUTE 2: the CalorChanger interpolatar gets stimulated by AnimationClock TimeSensor fraction to compute a color value
f; ROUTE: fromMode: AnimationClock, fromField: fraction_changed, toMode: ColorChanger, toField: set_fraction
E ROUTE 3: Interpolator output is sentto target node of interest. Changed color value is routed to Spherebdaterial color.
f; ROUTE: framMode: CalorChanger, framField: walue_changed, toMode: Spherebdaterial. toField: diffuseCaolar



ColorInterpolator scene graph with ROUTES
=582 Scene

=[] Group
E Place triggering text abowve sphere of interest
= 2ff Transform: translation: 02 0
= 3 Shape
=T Text string: "Touch textto" "start animation..."
F  FontStyle: justify: "MIDDLE" "MIDDLE"
E This TouchSensor only reacts to user clicking on the sibling Shape and Text because itis under a parent Transform grouping node
i}é TouchSensor. DEF: TextTriggerTouchSensor, description: Touch text to start...
E Here is Sphere with accompanying Material that will get animated
= *Transform: translation: 0-1 0
= §8 Shape
Q Sphere
S| A Appearance
E SphereMaterial diffuseColor gets overridden by interpolator output
Jll Material: DEF: SphereMaterial, diffuseColor: 050505 <
ROUTE | 1 E TimeSensor is triggered to start by TouchSensor. then sends animating values to Interpolator

ROUTE | 3

!

«{J TimeSensor. DEF: AnimationClock, cyclelnterval: 6, loop: false

E ROUTE 1: TouchSensortriggerto TimeSensor clock

ﬂ‘; ROUTE: fromMNode: TextTriggerTouchSensor, fromField: touchTime, toNode: AnimationClock, toField: startTime
ROUTE | 2 E Interpolator. ColorChanger interpolates evenly between red, green, blue and then back to red
—> ﬁ Colorinterpolator: DEF: ColorChanger, key: 0 0.3333 0.6666 1, keyValue:100,010,001,100
E ROUTE 2. the ColorChanger interpolator gets stimulated by AnimationClock TimeSensor fraction to compute a colorvalue
g ROUTE: fromNode: AnimationClock, fromField: fraction_changed, toNode: ColorChanger, toField: set_fraction

E ROUTE 3: Interpolator output is sent to target node of interest. Changed colorvalue is routed to SphereMaterial color.

3 ROUTE: fromNode: ColorChanger, fromField: value_changed, toNode: SphereMaterial, toField: diffuseColor




) (Xx3dToXhtml) - Mozilla Firefox

Fle Edt View Go Bookmarks Tools Help Q- i
@--8 0 &-% W & O [ x3dBook/chapters/Chapter07-Eventanimation/ColorinterpolatorExample. html v| © o h@,J @
(Gfoup} A

<l-- Place triggering text above sphere of interest -->
<Transform translation='0 2 (">
<Shape>

<Text strmg=""Touch text to" "start animation..."">

<FontStyle justifi="MIDDLE" "WMIDDLE"/>

</Text>
<fShape>
<l-- This TouchSensor only reacts to user clicking on the sibling Shape and Text, because it is under a parent Transform grouping node -->
<l-- TextTniggerTouchSensor ROUTE: [from touchTime fo AmmationClock startTime ] --=
<TouchSensor DEF="TextTriggerTouchSensor' description="Touch text to start.. 'f>
<fTransform>
<l-- Here 1s Sphere with accompanymng Matenal that will get ammmated -->
<Transform translation="0 -1 0>

*

<Shape> *——indicates autogenerated comments
<Sphere/> showing incoming, outgoing events
<Appearance>

<l-- Spherelatenal diffuseColor gets overndden by mterpolator output -->
* ——————<|. SphereMaterial ROUTE: [from ColorChanger.value changed fo diffuseColor ] --»
<Material DEF="SphereMaterial' diffuseColor="0.50.5 0 5> A
<fAppearance>
<fShape>
<fTransform>
<|-- TimeSensor is triggered to start by TouchSensor, then sends animating values to Interpolator -->
! *—<l-- AmmationClock ROUTEs: [from TextTnggerTouchSensor touchTime fo startTime | [from fraction changed o ColorChanger set fraction ] --=
— ®<TimeSensor DEF='AnimationClock' cyclelnterval="6'f>
<l-- ROUTE 1: TouchSensor trigger to TimeSensor clock --=
<ROUTE fromMNode="TextTnggerTouchSensor' fromField="touchTime' toNode="AmmationClock' toField='startTumne'f>
<|-- Interpolator: ColorChanger interpolates evenly between red, green, blue and then back to red -->
* —<|-- ColorChanger ROUTEs. [from AnmationClock fraction changed fo set fraction | [from value changed fo SpherelMatenal diffuseColor ] -->
L» <ColorInterpolator DEF='ColorChanger' key="0 0.3333 0.6666 1'keyValue='100,010,001, 100> >
<l-- ROUTE 2: the ColorChanger interpolator gets stimulated by AnimationClock TimeSensor fraction to compute a color value --=
<ROUTE fromMNode="AnimationClock' fromField="fraction changed' tolode="ColorChanger' toField='set fraction'f>
<|-- ROUTE 3: Interpolator output is sent to target node of interest. Changed color value is routed to Spherelaterial color. -->
<ROUTE fromNode='ColorChanger' fromField='value _changed' toNode='SpherelMatenial' toField="diffuseColor'f>
<{Group> v
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1 <?xml version="1.0" encoding="UTF-8"?>

2
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45:105

<!DOCTYPE X3P PUBLIC "ISO//Web3D//DTD X3D 3.1//EN" "http://www.web3id.org/specifications/x3d-3.1.dcd">
<X3D profile='Immersive' wversion='3.0' wmlns:xsd='http://www.w3.org/ 2001/ XML3chema- instance'

xsd:nollamespaceichemalocation="http://www.web3d.org/specifications/x3d-3.1.xsd' >

<head:>
“meta content='ColorInterpolatorExample.x3d' name='filenams'/>

<“meta content='Demonstrate basic design pattern for animating a node.' name='description'/>

<meta content='Don Brutzman' nams='creator'/>

<meta content='17 April 2005' names='created'/>

<meta content='27 January 2008' nams='modified'/>

<meta content='ColorInterpolatorExampleScensGraphWithRoutes, png' nams='drawing' />
<meta content='ColorInterpolatorExample4Colors.pnyg' nam=='imags'/>
<meta content='Animation ColorInterpolator' name='keywords'/ >

“<meta

<msta content='X3D-Edit, http://www.wsb3d.org/x3d/content/README.X3D-Edit.html' nam=='gensrator'/>

<meta content='../../license.html' nams='licenses'/>
</heads>

<Scens>

<Group:>

¥ Edit Colorlnterpolator

content='&apos ;http://E3dGraphics.com/examples/ X3dForTebAuthors/ Chapter07-EventinimationInterpolation/ColorInterpolatorExample. x34"

name='identifier'/>

X

<Transform translation='0 2 0'>

S DEF ® |Colorchanger

<Shaps= USE (:.
<Text string='"Touch text to" "start animation..."':>
<Font3tyle justify='"MIDDLE" "MIDDLE"'/:=
</ Text> keys /keyValues
</Shape>
e key |
- L] 1
<Touch3ensor DEF='TextTriggerTouch3ensor' description='Touch text to start...'/:> 0.3333 0
0.6666 0]
</ Transform=>
- 1 1
<dhape=
<Sphere/ >

Do D

<Appearance>

0.5 0.5"/=

<Material DEF=

-~

| | Cancel | | Help |

</ Appearance>
</ 3hape>
</ Transform:>
- r is t to St r, sends a; to r --—

«TimeSensor DEF='AnimationClock' cwe loop='false'/>

<ROUTE fromFiel

<ColorInterpolat

_—

oL 1 =3t - = color
toField='diffuseColor' tollode=

<POUTE fromField=

'valus_changed' fronlods='ColorChangsr'

</ Group>
</3cener
53 - </HE3D»

INS




M ColorInterpolator

ColorInterpolator generates a range of Color values that can he ROUTEd to a <Color= node's color attribute. Typical input: ROUTE
someTimeSensor.fraction changed TO somelnterpolator.set fraction. Typical 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!

[key: accessType inputOutput, type 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

[keyValue: accessType inputOutput, type MFColor 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: accessTvpe inputOnly, type SFFloat CDATA #FIXED ""']
set_fraction selects input key for corresponding keyValue output.

value_changed

[value_changed: accessType outputOnly, type SFColor CDATA #FIXED ""']
Linearly interpolated output value determined by current key time and corresponding keyValue pair.

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 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.




OrientationInterpolator node

Generates a 4-tuple (four-valued orientation)
SFRotation for value_changed output

key array contains SFFloat values

keyValue array contains SFRotation values
* As always: same number of key, keylValue entries

OrientationInterpolator animates along shortest
path between the two normal vectors, also
computes linear average between two

corresponding angles, in keylalue array '
web|3D 3D

CONSORTIUM




W PositionOrientationinterpolatorsExample.x3d - Editor
e PosttionOrientationinterpolatorsExample x3d x} ijr jg
BE-5 ATS5E P& % 00 v¥ W
<?xml version="1.0" encoding="UTF-8"?>
<IDOCTYPE X3D PUBLIC "ISQ//Webh3D//DTD E3D 3.1//EN" "http://www.web3d.org/specifications/x3d-3.1.dcd">
<E3D profile='Immersive'

sion='3.1' xmlns:xsd='http://wyw.w3.org/2001/XMLSchema—instance’

®s5d: nollames: Juww.web3id.org/specifications/x3d-3.1.xsd' >

emalLocation='http:,
- <head>

<meta content='FPositionOrientationInterpolatorsExample.x3d' name='title'/=

<meta content='Demonstrate use of PositionInterpolator and OrientationInterpolator to animate obiect motion.'

name='description'/>
<meta content='Don Brutzman' nams='creator'/:
<m=ta cont=nt='28 January 2008' name='created'/>

<meta content='29 January 2008' name='modifisd'/>

<meta content='http://X3dGraphics.com' nams='reference'/>
<meta content='http://wrw.webid.org/®x3d/content/examples/help. html' nams='reference' />
<meta content='Copyright Don Brutzman and Leonard Daly 2007' nam=='rights'/=>
<meta content='ZX3D book, X3D graphics, X3D-Edit, http://www.x3dGraphics.com' nams='subjesct'/:
<meta content='http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-Event AnimationInterpolation/PositionOrientationInterpolatorsExample.x3d' nams='identifier' />
<meta content='E3D-Edit, https://savage.nps.esdu/X3D-Edit' name='gensrator'/:=
<meta content=',./license.html' name='licenss'/>
[ </head> Edit Orientationinterpolator
- <Scene>

“Viewpoint o ‘ription='Animation demo' orientation='1 0 1 -0.2' position='0 4 10'/=

<Transform DEF='Pointer' translation='1l 0 1'>

<Transform rotation='1 0 O 1.57'> CEF ® |brier‘|tatiomﬁ.r‘|imator| containerField
<3hape=>
<Cone bottomPadius='0.5' height='1.5'/> USE D D

- <Appearances
<Matsrial DEF='ConeMaterial' diffus=Color='0.427451 1 0.1&0784'/>

— </Appearance> key, keyValue arrays
r </ Shape>
- <_.-"Tx:an:§-:rm>- ke\,* | axis-x | axis-y | axis-z angle
r </Transform> 0 0 1 0 0
- <Shape DEF='Floor's 0.2 0 1 0 0
<Box size='10 0.05 10'/> 0.25 0 1 0 1.57
- <Appearance: 0.45 0 1 0 1.57
<Material diffus=Color='0 0.282745 0.94117&'/> 0.5 0 1 0 3.14
- fz:_.-"_%ppearanc:e} 0.7 0 1 0 3.14
= e E.\hape:- ) 0.75 O 1 O 4 7 1
<Time3ensor DEF='AnimationClock' 1='10"' loop='true'/:> 0.95 0 1 ] 471
1 0 1 0 5,283

<PositionInterpolator DEF='PositiondAnimator' k 'D 0.2 0.25 0.45 0.5 0.7 0.75 0.85 1!
keyValus='-4 0 -4 -4 04 -40440440440-4940-4-40-4-40-4"/>

<ROUTE fromFie

<ROUTE fromFie

-]

='fraction changed' fromll
d='wvalue changed' fromiod

='AnimationClock' toFisld='set_ fraction' tollods='Positioninimator' =

'PositionAnimator' toFie

'set_translation' ctoll 'Pointer' />

| oK ||Car|ce||| Help |

<0rientationInterpolator DEF='CrientationAnimator' k 0.2 0.25 0.45 0.5 0.7 D0.75 0.85 1!
keyValu=='0 1 0001 000101.57 010 1.5 0103.14 010 3.140104.710104.71 010 &.283'/>

<ROUTE fromFie
<ROUTE fromFie

d='fraction_ changesd' £romll ='Orientationdnimator'/>

d='walue_changed' fromlod

"knimationClock' toFisld='set_fraction' tollod

'Orientationinimator' toFie ='Pointer'/>

d='set rotation' toll

- <Transform translation='0 3.5 0'>

<Shape>

- <Text string='"Animation using FPositionInterpolator” "and
"MIDDLE"™ "MIDDLE"' size='.7'/>

Animation 1 Position[nterp - Anina using PositionInterpolator
and OrientationInterpolator and O ationlnterpo

<Font3cyle jusci

r </ Text>

= </Shape>

r </Transforms>
r </Fcenss

- </X3D>

45:29 NS
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OrientationInterpolator

OrientationInterpolator generates a series of rotation values Results can be ROUTEd to a <Transform> node's 'rotation' attribute or another Rotations
attribute Typical input: ROUTE someTimeSensor.fraction_changed TO somelnterpolator.set_fraction Typical 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!

ey

[key: accessType inputQutput, type MFFloat CDATA #INIPLIED]
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

[keyValue: accessType inputOutput, type NIFRotation CDATA #INMPLIED]
Output vahes for linear interopolation, each corresponding to time-fraction keys.
Hint: mumber 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, tvpe SFRotation CDATA #FIXED ""]
Linearly interpolated output value determined by current key time and corresponding keyValue pair.

containerField

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




PositionInterpolator node

Generates a 3-tuple (three-valued floating point)
SFVec3f for value _changed output

key array contains SFFloat values

keyValue array contains SFVec3f values
* As always: same number of key, keyValue entries

PositionInterpolator computes weighted average
between corresponding X, y and z pairs in the
keyValue array

3D X3D

web
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<?xml version="1.0" encoding="UTF-3"?>
<!DOCTYPE X3D PUBLIC "I30Q//Web3D//DTD X3D 3.1//EN" "http://www.wsb3id.org/specifications/x3d4-3.1.dcd">
<H3D profile='Immersive' wversion='3.1' xmlns:xsd="http://wuw.w3.org/2001/EMLSchema-instance’

d:noNamespaceSchemalocation='http://wuw.veb3d.org/specifications/x3d-3.1.xsd'>

- <head:>

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

<meta content='Demonstratse use of PositionlInterpolator and OrientationInterpolator to animate object motion.' nams='description'/:»
<meta content='Don Brutzman' name='greator'/>

<meta content='25 January 2008' nams=='created'/=>
<meta content='29 January 2008' nar modified' />
<meta content='http://X3dGraphics.com' name='reference'/>

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

<meta content='Copyright Don Brutzman and Leonard Daly 2007' nams='rights'/>

<meta content='X3D book, 3D graphics, E3D-Edit, http://www.x3dGraphics.com' nams='subject'/>

<meta content='http://X3dGraphics.com/examples/X3dForWebliuthors/Chapter07-EventAnimationInterpolation/FPositionOrientationInterpolatorsExample.x3d’

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

<Scener<Viewpoint description="Animation demo” position="0 4 10" orientation="1 0 1 -0.Z2"/>
- <Transform translation='1 0 1' DEF='Fointer':>

PositionInterpolat:

<Transform rotation='1 0 0 1.57'>

- <Shapes>
<Cone bottomPadius="0.5" height="1.5"/> DEF ® containerField
<Appearance><Material DEF="ConeMaterial” diffuseColor="0.427451 (1 0.1£0784"/></Appearance>
F </ Shape> USE O
r </ Transform:
o </Transform> key, keyValue arrays
= <Shaps DEF="Floor"s key | - | y -
<Box size="10 0.05 10"/> 0 -4 4] -4
<Appearances><Material diffuseColor="0 0.282745 0.94117&"/></Appearances 0.2 -4 4] 4
- e 222 3 ° :
<TimeSensor DEF='AnimationClock!' elnterval='10' loop='true'/> 0.5 4 8] 4
0.7 4 0 -4
0.75 4 0 -4
0.95 -4 8] -4
C <PositionInterpolator DEF="PositiondAnimator" i S e L m s L 0 R e e o e m s L 1 - 8] -4
keyValus="-4 0 -4, -4 04, -40 4, 404, 404, 40 -4, 40 -4, -4 0 -4, -4 0 -4"/>
<ROUTE fromField='fraction changed' fromllode='AnimationClock' toFiesld='set_ fraction' tollod 'Positionknimator'/ >
<POUTE fromField='walue changed' fromlloc 'Positioninimator' toFis 'set translation' tollode='Pointer'/>
1 - [ ok || cance|| Hep |
C <0OrientationInterpolator DEF="OrientationAnimator” ="0 0.2 0.25 0.45 0.5 0.7 0.75 0.95 1"
k zlu=s="0 100, 0100, 0101.57, 0101.57, 0103.14, 010 3.14, 010 4.71, 010 4.71, 010 &.283"/>

<ROUTE fromFie
<ROUTE fromFie

d='fraction changsd' fromllods='AnimationClock' toFisld='set_fraction' tollod 'OrientationlAnimator' />

'Orientationdnimator' toFis

d='wvalue_changed' fromllo:

d='set| rotation' tollods='Pointer' S

- <Transform translation='0 3.5 0'>

<Shape> X ) . X
. . . . o sition[nferpo f atic S : Animation us
- =<Text string='"Animation using PositionInterpolator™ "a snlnterpol
<FontStyle justify='"MIDDLE"” "MIDDLE"' size='.T7'/>
- </ Texts>
= </Shape>

r </ Transform:>
</ Fcenes
- </X3D>
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PositionInterpolator

PositionInterpolator generates a series of triplet values. Results can be ROUTEd to a <Transform= node's 'translation’ attribute or another Vector3Float
attribute Typical input: ROUTE someTimeSensor.fraction_changed TO somelnterpolator.set_fraction Typical output: ROUTE
somelnterpolator.value_changed TO destinationNode.set_attribute.

DEF

[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

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

kevValue

[kevValue: accessType inputOutput, tvpe MFVec3f CDATA #IMPLIED]
Output values for linear interopolation, each corresponding to time-fraction keys.
Hint: number of keys must match number of keyVahes!

set_fraction

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

value_changed

[value_changed: accessType outputOuly, type SFVec3f CDATA #FIXED "";]
Linearly interpolated output value determined by current key time and corresponding keyValue pair.

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 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.




PositionInterpolator2D node

Generates a 2-tuple (two-valued floating point)
SFVec2f for value _changed output

key array contains SFFloat values

keyValue array contains SFVec2f values
* As always: same number of key, keyValue entries

PositionInterpolator computes weighted average
between corresponding X and y pairs in the
keyValue array

3D X3D
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0 erpolator Zdexample a dito [ |

“ﬁ“Pos'rtionInterpolathdExample.xEld xl 4 ';IEI

RE-5- Aa%S5E #&% @

00 v¥ =

=<?¥ml version="1.0" encoding="UTF-8"?:
<IDOCTYPE X3D PUBLIC "I30//Web3D//DTD E3D 3.1//EN™ "htop://www.wsh3d.org/specifications/x3d-3.1.dcd">
<¥X3D profile='Immersive' wversion='3.1' xmlns:xsd="http://wvuw.w3.org/ 2001/ EML3chema-instance'
xsd:nollamespaceSchemalocation="http://www.weh3d.org/specifications/x3d-3. 1. xsd' >
<head>-
<gomponsnt level='3' name='Interpolation'/>
<meta content='PositionInterpolator2dExdample.x3d' name='title' />
“mweta content='Example to interpolate using PositionInterpolatoriD - click geometry to activate animation loop.!
name='description' />
<meta content='Don Brutzman' names='creator'/>
<meta content='1lg October 2001' name='created'/:>
<meta content='28 January 2008' nam=s='modifi=d' />
<meta content='PositionInterpolatoriD' nams='subjsct'/>
<meta content='http://E3dGraphics.com/examples/E3dForTebluthors/Chapter07-EventAnimationInterpolation/PositionInterpolatorZdExample. 34"
nams='identifier' />
<meta content='http://wuw,.web3d.org/x3d/content/examples,/Basic/development/Positionlinterpolator2ZdExamples . x3d"' nams='reference' /=
<meta content='X3D-Edit, http://www.wsb3d.org/x3d/content/BEADME. ¥X3D-Edit.html' nams='gensrator' />
<meta content='../../license.html' name='license'/>
</ head>
<Scensx
<Viewpoint description='Click to actiwvate animation' position='0 0 3'/>
<TimeSensor DEF='Clock' cyclelnterval='10' enabled='false' loop='trus'/>
<PositionInterpolatoriD DEF='InterpolateTTscale' k=v='0 0.35 0.45 0.8 0.9 1' keyValu=='1.0 1.0 3 3 3 3 0.8 0.8 1.0 1.0 1.0 1.0'/=>
<ROUTE fromFisld='fraction changed' fromllode='Clock' toFiesld='set fraction' tollode='InterpolateTTscale'/>
«<Transform DEF='ImageispectPatio' scale='1.5 1 1'=>
<TouchSensor DEF='Toucher' description='eclick and hold to animate TextureTransform' /=
<POUTE fromField='isActive' fromllode='Toucher' toField='enabled' tolMNode='Cllock'/ />
<Shape>
<IndexedFacelet coordlndex='0 1 2 3 0 -1' solid='true'>

- ote how DEF names can be self-d
1

point='-1 -1 01 -10110-110"/=>

<Coordinate DEF='TwoBvyTwoIquare
</ IndexedFaceSet>

<Appearancess
<ImageTexture DEF='ContactImags' url='"JavaBoardSmileForTheCamera. jpg™
"http://E3dGraphics. com/examp les/ X3dForWebAuthors/Chapter07-EventAnimationInterpolation/JavaBoardSmileFor TheCamera. jpg™' />
<TextureTransform DEF='TextureTransformiods' />
</ Appearances=
</Shape>
- o DEF| @ containerfField
<!-— fun replace destination toField set scale with set translation —->
) . - ) - USE u
<ROUTE fromField='wvalue changed' fromlod InterpolateTTscale!
toField='set_scale' tollode="'TextureTransfornmlods' /= key, keyValue arrays
</ Transforms> key x [ y
</ 3cens> 032 é é
</ E3D> 0.3 r r
09 1 1
1 1 1
23:28 NS




PositionInterpolator2D screen captures

Selecting the texture with the mouse pointer
starts the TextureTransform scale animation,

deselecting the texture stops the animation
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PozitionInterpolator2D

PositionInterpolator2D generates a series of Vector2Float values that can be ROUTEd to a Vector2Float attribute. Typical input: ROUTE
someTimeSensor.fraction_changed TO somelnterpolator.set_fraction. Typical output: ROUTE somelnterpolator.value changed TO
destinationNode.set_attribute.

DEF

[DEF ID #INMPLIED]
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 inputQutput, type MFFloat CDATA £#IMPLIED]

Definition parameters for linear-interpolation function time intervals, in increasing order and corresponding to keyValues
Hint: number of keyValues must be an integer multiple of the number of keys!

Hint: keyValie/key integer multiple defines how many coordinates are sent in value_changed outputOnlys.

kevValue

[keyvValue: accessType inputOutput, type MFVec2f CDATA #IMPLIED]

Output values for linear mteropolation, each corresponding to time-fraction kevs.

Hint: number of keyValues must be an integer multiple of the number of keys!

Hint: keyValue/key integer multiple defines how many coordinates are sent in value_changed outputOnlys.

set_fraction

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

value_changed

[value_changed: accessTyvpe outputOnly, type SFVec2f CDATA #FIXED ""]
Linearly interpolated output value determined by current key time and corresponding keyValue pair.
Hint: keyValue/key integer multiple defines how many coordinates are sent in value_changed outputOnlys.

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.




NormallInterpolator node

Generates a 3-tuple (three-valued floating point)
SFVec3f for value _changed output

key array contains SFFloat values

keyValue array contains SFVec3f values

* As always: same number of key, keyValue entries
» SFVec3f outputs: unit-normal vectors, magnitude=1

Normallnterpolator animates along shortest path
between the two normal vectors currently
being referenced in keyValue array

3D X3D
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NormalInterpolator node X3D-Edit

[TODO: example needed]
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¥ Normallnterpolator

Normallnterpolator generates a series of normal (perpendicular) vector sets along the surface of a unit sphere ROUTE values to vector attribute of a
<Normal= node or another Vector3FloatArray attribute Typical input: ROUTE someTimeSensor.fraction_changed TO somelnterpolator.set_fraction

Typical output: ROUTE somelnterpolator.value_changed TO destinationNode.set_attribute.

e

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!

[key: accessType inputOutput, type 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 kevValues!

kevValue

[kevValue: accessType inputQutput, type MFVec3f CDATA #IMPLIED]
Qutput vahies for linear interopolation, each corresponding to time-fraction keys.
Hint: number of keys must match number of keyValues!

zet_fraction

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

value_changed

[value_changed: accessType outputOnly, tvpe MFVec3f CDATA #FIXED ""']
Linearly interpolated output value determined by current key time and corresponding keyValue pair.

RIS [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.




Coordinatelnterpolator node

Generates n-tuple (multiple-valued floating point)
array, MFFloat for value_changed output

key array contains n SFFloat values

keyValue array contains n MFFloat values
* As always: same number of key, keylValue entries
e Counting is very important for arrays of arrays!

Coordinatelnterpolator computes weighted
average between corresponding element pairs
for each subarray in the keyValue array

3D X3D
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Coordinatelnterpolator node X3D-Edit

[TODO: example needed]
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CoordinateInterpolator

CoordinateInterpolator generates a series of Coordinate values that can he ROUTEd to a <Coordinate> node's "point' attribute or another
Vector3FloatArray attribute. 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!

[key: accessType inputOutput, type MFFloat CDATA #IMPLIED]

Definition parameters for linear-interpolation function time intervals, in increasing order and corresponding to keyValues.
Hint: number of keyValues must be an integer multiple of the number of keys!

Hint: keyValie/key integer multiple defines how many coordinates are sent in value_changed outputOnlys.

kevValue

[keyValue: accessType inputOutput, type MFVec3f CDATA #IMPLIED]

Output values for linear interopolation, each corresponding to time-fraction keys.

Hint: number of keyValues must be an integer multiple of the number of keys!

Hint: keyValue/key integer multiple defines how many coordinates are sent in value_changed outputOnlys.

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 MFVec3f CDATA #FIXED ""]
Linearly interpolated output value determined by current key time and corresponding keyValue pair.
Hint: keyValue/key integer multiple defines how many coordinates are sent in value_changed outputOnlys.

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.




Coordinatelnterpolator2D node

Generates 2-tuple (two-valued floating point)
array, MFVec2f for value_changed output

key array contains SFFloat values

keyValue array contains MFVec2f values
* As always: same number of key, keyValue entries
e Counting is very important for arrays of arrays!
Coordinatelnterpolator2D computes weighted

average between corresponding x and y pairs
for each subarray in the keyValue array
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ocordinatelnterpolatorZdexample d dito

e Coordinatelnterpolator2dExample x3d l

BR-6- qwsE ¢4 %

00 v¥ =

e

Bl
r

<?¥ml version="1.0" encoding="UTF-8"2>
<IDOCTYPE ¥3D PUBLIC "I3Q//Weh3D//DTD X3D 3.1//EN" "htop://www.weh3d,.org/specifications/x3d-3.1.dcd">
<H3D profile='Immsrsive’ version='3.1' xmlns:xsd='http://vwvw.w3.org/2001/XML3chema-instance’

xad:nollamespaceichemalocation="http://vuw.webh3d.org/specifications/x3d-3. 1. xsd' =
<hesad:>

<componsnt level='3' nams='Interpolation'/ />

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

<meta content='Example to interpolate using CoordinateInterpolatorZD - click geomstry to activate animation loop.' name='description'/>
<meta content='Don Brutzman, Jeff Weekley, Jans Wu' nams='creator'/>

<meta content='% October 2001' name='created' />

<meta content='30 January 2008' name='modifiesd' />

<meta content='CoordinatelInterpolatorZD' nams='subject'/>

<meta content='http://X3dGraphics.com/examples/E3dForebAuthors/Chapter07-EventinimationInterpolation/CoordinateInterpolatorZdExample. x3d"

“<meta content='http://wvw.wveb3d.org/x3d/content/examples/Basie/development/CoordinatelnterpolatorZdExample. x3d' name='reference'/>
<meta content='X3D-Edit, http://www.web3id.org/x3d/content/BEADME. ¥3D-Edit.html' nam=='generator' />

name='identifier' />

<meta content='../../license.html' nams='license'/> W Edit Coordinatelnterpolator2D
</head:>
<3cenes
<Viewpoint description='Click to activate animation' orisntation='1 0 0 -0.4' position='0 4 10'/= DEF ® containerField
«<TimeSensor DEF='Clock' leInterval='5' enabled='false' loop='trues'/>
<Coordinate1nterpolatorEDIDEF='InterpolateCrossSection' key='0 0.45 0.9 1! USE 0
Valuse='4 141 -4 -4 -4 -1111222-2-14-1-112211414-1-1-1-1111111-1-1-1-111 1'/5
<ROUTE fromFisld='fraction changed' fromllode='Clock' toField='set_fraction' tollode='InterpolateCrossSection’ /3 key,keyUahJearrays
<Transform translation='0.25 1 0'> Key | y
0 1 1
<TouchSensor DEF='Toucher' description='click &amp; hold shaps to animate Extrusion'/: 0.45 1 -1
<ROUTE fromField='isActive' fromilode='Touchsr' toFisld='enabled' tollode='Clock'/> 0.9 -1 -1
1 -1 1
<POUTE fromField='touchTime' fromlio 'Toucher' toFisld='startTime' tolio 'Clock' /= l:]
<Shape>
<Appearance>
<Mat=rial diffus=Color='0.2 0.8 0.4'/> [ ok ||Cance||| Help |
</ Appearance>
<Extrusion DEF="AnimatedCrossSectionExtrusion" crossSection="1 1, 1 -1, -1 -1, -1 1, 1 1"
spine="-4 0 -2, -1 0 -2, 2 01, 2 0 4"/
</ Shape>
<BOUTE fromFisld='wvalus changsd' fromilo 'InterpolateCrossSection’
toFisld='set_cross3ection' tollo 'AnimatedCross3ectionExtrusion'/ >
</ Transform>
<Transform translation='-1.5 -1 2':>
<Billhoard axisOfRotation='0 0 O'>
<Shapes>
«Text string='"click &amp; hold shape" "to animate Extrusion”':s
<Font3tyle family='SANS' Jjuscify='"MIDDLE" "MIDDLE"' =size='0.8'/>
</ Texts>
<Appearance>
<Material diffuseColor='0.8 0.4 0.2'/>
</Appearance
</Shape>
</Billbhoard:>
</ Transform:
</ Bcene>
</H3D=

130 ||INS
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CoordinateInterpolator2D

CoordinateInterpolator2D generates a series of Vector2FloatArray values that can he ROUTEd to a Vector2FloatArray attribute. Typical input: ROUTE
someTimeSensor.fraction_changed TO somelnterpolator.set_fraction. Typical 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!

[key: accessType inputOutput, type MFFloat CDATA #IMPLIED]

Definition parameters for linear-interpolation function time intervals, in increasing order and corresponding to keyValues.
Hint: number of keyValues must be an integer multiple of the number of keys!

Hint: keyValue/key integer multiple defines how many coordinates are sent in value_changed outputOnlys.

kevValue

[kevValue: accessTvpe inputOutput, tvpe MFVec3f CDATA #IMPLIED)]

Qutput values for linear interopolation, each corresponding to time-fraction keys.

Hint: number of keyValues must be an integer multiple of the number of keys!

Hint: keyValue/key integer multiple defines how many coordinates are sent in value_changed outputOnlys.

set_fraction

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

value_changed

[value_changed: accessType outputOnly, tvpe MFVec2f CDATA #FIXED ""]
Linearly interpolated output value determined by current key time and corresponding keyValue pair.
Hint: keyValue/key integer multiple defines how many coordinates are sent in value_changed outputOnlys.

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.
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Chapter Summary: Event Animation

ROUTE connections and animation
Animation as scene-graph modification
Event-animation design pattern: 10-step process

Interpolation nodes
* TimeSensor and event timing
* ScalarInterpolator and ColorInterpolator

* OrientationInterpolator, PositionInterpolator,
PositionInterpolator2D and Normallnterpolator

* Coordinatelnterpolator, Coordinatelnterpolator2D
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Open-source license

Copyright (c) 1995-2008 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.
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X3D Graphics for Web Authors

Chapter 7

Event Animation

If it ain't moving, it ain't 3D.
Andy van Dam, SIGGRAPH Pioneer, Brown University
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Overview: Event Animation

ROUTE connections and animation
Animation as scene-graph modification
Event-animation design pattern: 10-step process

Interpolation nodes
* TimeSensor and event timing
» ScalarInterpolator and ColorInterpolator

* OrientationInterpolator, PositionInterpolator,
PositionInterpolator2D and NormalInterpolator

* CoordinateInterpolator, CoordinateInterpolator2D
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ROUTE connections

ROUTE connection enables the output field of
one node to pass a value that then stimulates
the input field of another node

* The passed value also includes a time stamp

Field data type and accessType must both match
between node/field of source and target
* Chapter 1, Technical Introduction lists field types
* Also provided in tooltips and specification

* Authors usually must carefully check these
web|3D 3D
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Animation as scene-graph modification

Behavior = changing a field value in a node,
somewhere in the scene graph

Event = time-stamped value going over a ROUTE

Event cascade is a series of events, each one
triggering the next
* No event loops allowed, guaranteeing completion

Thus all X3D animation can be considered as
modification of the scene graph at run time



Event-animation design pattern

X3D can be imposing, there are many nodes

Nevertheless a simple design pattern is used for
nearly every kind of animation

///
/
Touch \ Target
! — —‘—I | 9
\ Sensor J ‘ nterpolator Q
\

This consistent event ROUTE pattern enables you
to expertly animate most X3D scene behavior
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X3D for Web Authors, Figure 7.1, p. 189.

TouchSensor is optional. Some other triggering event may be provided to start the
animation chain, or the TimeSensor may be looping indefinitely.

There are many interpolator nodes. The choice of which interpolator to utilize is
determined by the data type of the target field in the target node.

A sequencer node is used instead of an interpolator node if the target field is boolean
or integer. Sequencer nodes are described in Chapter 9, Event Utilities and Scripting.



Review  Field data types

X3D is a strongly typed language

* Each field in each node (i.e. each XML attribute)
has a strictly defined data type

» Data types for boolean, integer, floating point

Types are either single or multiple-value
* Example: SFFloat, SFVec2f, SFVec3f, SFOrientation

Also have arrays for all types

SF = Single Field, MF = Multiple Field (array)

Failure to match data types correctly is an error!
* During schema validation, loading or at run time
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Data type and accessType information is available for each node in the X3D Tooltips
and X3D Specification.

When speaking about data types, you can substitute “array of” for the “MF” prefix.
Example: “MFColor is an array of Color values.”

ChapterO1-TechnicalOverview



X3D has strong data typing

Data typing is very important to prevent errors

» Strong data typing means that all data types must
match (or be converted) exactly

* Weak data typing means data types may be
promoted or changed by the system automatically
without author direction (or quality control)

Data type errors lead to erroneous computations
and system crashes, in any computer language

X3D has strong data typing
» Cost: authors must ensure their scene is correct

* Benefit: mysterious run-time errors avoided D
web|3D 3
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Strong data typing, XML validation and a number of other X3D quality-control checks
prevent the dreaded errors which arise from Garbage In Garbage Out (GIGO).

GIGO errors can be quite difficult to detect, debug and correct. Thus they are best
avoided in the first place. Strong typing, XML validation and tools that report errors
are an X3D author's best friend.
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Field data types

Field-type names

Description

Example values

EFBool
MFBool
SFColor

MFColor
SFColorRGBA

MFColorRGBA

SFint32
MFiInt32
SFFloat

MFHoat

Single-field boolean value

Multiple-field boolean array

Single-field color value, red-green-hlue
Multiple-field color array, red-green-hlue

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-
pointvalue

Multiple-field single-precision floating-
point array

true or false (X3D syntax), TRUE or
FALSE (ClassicVRML syntax)

true false false true (X3D syntax),
[ TRUE FALSE FALSE TRUE ]
(ClassicVRML syntax )

0051.0
100,010,001
0051.00.75

1000.250100.50010.75
(red green blue, varying opacity)

0
12345
1.0

—12.03.14159

X3D for Web Authors, Table 1.4, pp. 19-20.
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Field data types

Field-type names Description Example values
SFDouble Single-field double-precision 2.7128
floating-point value
MFDouble Multiple-field double-precision array —12.03.14159
SFlmage Single-field image value Contains special pixel-encoding
values, see Chapter 5 for details
MFlmage Multiple-field image value Contains special pixel-encoding
values, see Chapter 5 for details
SFNode Single-field node <Shape/> or Shape {space}
MFNode Multiple-field node array of peers <Shape/> <Group/><Transform/ >
SFRotation Single-field rotation value using 3-tuple axis, | 0101.57
radian angle form
MFRotation Multiple-field rotation array 0100,0101.57,0103.14
SFString Single-field string value "Hello world!"
MFString Multiple-field string array "EXAMINE" “FLY"™ "WALK" “ANY"
SFTime Single-field time value 0
MFTime Multiple-field time array —101567890

X3D for Web Authors, Table 1.4, pp. 19-20.
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Field data types

Field-type names Description Example values

SFVec2f/SFVec2d Single-field 2-float/2-double vector value 015
MFVec2f/MFVec2d Multiple-field 2-float/2-double vector array 10,22 34,55

SFVec3f/SFVec3d Single-field vector value of 3-float/ 0152
3-double values
MFec3f/MFVec3d Multiple-field vector array of 3-float/ 102030, 4.4-5.56.6

3-double values

ClassicVRML syntax notes
* TRUE and FALSE (rather than XML true and false)

* MF multiple-field array values are surrounded by
square brackets, e.g. [ 10 20 30, 4.4 -5.5 6.6 ]

» No special XML escape characters such as &amp ;

X3D for Web Authors, Table 1.4, pp. 19-20.
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accessType: input, output, initialize

accessType determines if field is data sender,
receiver, or holder
* inputOnly: can only receive events
 outputOnly:  can only send events
* initializeOnly: cannot send or receive
* inputOutput: can send, receive and be initialized

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

3D 3D
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Data type and accessType information is available for each node in the X3D Tooltips
and X3D Specification.

ChapterO1-TechnicalOverview
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accessType naming conventions 1

The accessType names were changed when

VRML97 was upgraded to X3D

* Functionality remains essentially unchanged

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

VRML97 Name X3D Name X3D Specification abbreviation
eventln inputOnly [in]

eventOut outputOnly [out]

field initializeOnly []

exposedField inputOutput [in,out]

VRML, Virtual reality modeling language; X3D, Extensible 3D.

ChapterO1-TechnicalOverview

X3D for Web Authors, Table 1.6, p. 28.
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accessType naming conventions 2

Field names often reveal special accessType

* Prefix set_ indicates inputOnly field

* Prefix _changed indicates outputOnly field

* Prefix /s for outputOnly boolean field (e.g. isActive)
inputOnly, outputOnly fields not allowed in files

Understanding naming conventions helps authors
understand ROUTE definitions and results

Looking ahead: we will name our own fields
when creating Scripts and prototypes, further

underscoring importance of naming
web|3D SD
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Interpolating animation chains:
10-step design process

The following 10-step process can be used for all
animation tasks

Table is also provided in order to look up how to
produce typed-value outputs corresponding to
each interpolator or sequencer node

A detailed example follows

This 10-step process is a good check to perform

each time you create an animation chain
web|3D SD
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Interpolating animation chains 1-2

1. Pick target. Pick node and target field to
animate (i.e., field that receives changing
animation values)

e N
/

\
/ Touch
\ Sensor ,
\ /
AN 7

~ -

Target

Interpolator
P node

2. Name target. Provide a DEF label for the
node of interest, giving it a name

3D X3D

X3D for Web Authors, section 2.5, pp. 192-193
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Interpolating animation chains 3-4

3. Check accessType and data type.

* Ensure target field has accessType of inputOnly or
inputOutput, so that it can receive input events

* Determine if target field has floating-point type:
SFFloat, SFVec3f, MFVec3f, SFColor, and so on...
If so, use an interpolator node as the event source

4. Determine whether Sequencer or Script.

* If the target type is an SFBool or SFInt32, use a
sequencer node as event source

* If the target type is an SFNode or MFNode, use a
Script node as the event source

3D 3D
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X3D for Web Authors, section 2.5, pp. 192-193

When checking data type:
* The target field can either be singleton SF type or array MF type

* SF means Single Field, MF means Multiple Field (i.e. an array) in the
X3D type-naming convention



Interpolating animation chains 5-6

5. Determine which Interpolator. If you are
not using a sequencer or Script node,
determine corresponding Interpolator which
produces the appropriate data type for
value_changed output using lookup table
* Example: PositionInterpolator produces SFVec3f

value_changed events

6. Triggering sensor. If desired, add sensor
node at beginning, to provide appropriate
SFTime or SFBool trigger to start animation

» Sometimes the triggering event is an output event
from another animation chain

X3D for Web Authors, section 2.5, pp. 192-193



Interpolating animation chains 7-8

7. TimeSensor clock. Add a TimeSensor as the
animation clock, then set its cyclelnterval field
to the desired duration interval of animation

» Set loop='false' if an animation only runs once at
certain specific times.

» Set Joop="true' if it loops repeatedly

8. Connect trigger. ROUTE sensor or trigger
node’s output field to the TimeSensor input in
order to start the animation chain

X3D for Web Authors, section 2.5, pp. 192-193



Interpolating animation chains 9-10

9. Connect clock. ROUTE the TimeSensor
fraction_changed field to the interpolator (or
sequencer) node's set_fraction field in order to
drive the animation chain

10. Connect animation output. ROUTE the
interpolator, sequencer, or Script node's
value_changed field to target field of interest
in order to complete the animation chain

Construction of animation-chain design pattern is
now complete, test whether animation works

3D 3D
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X3D field types and corresponding
animation nodes

Field type Description Interpolator/Sequencer animation nodes
SFBool Single-field boolean value BooleanSequencer
SFColor Single-field Color value, red-green-blue ColorInterpolator
SFInt32 Single-field 32-bit Integer value IntegerSequencer
SFFloat Single-field single-precision floating-point ScalarInterpolator

value
SFRotation Single-field Rotation value using 3-tuple ColorInterpolator

axis, radian angle form
SFTime Single-field Time value TimeSensor
SFVec2f Single-field 2-float vector value Positioninterpolator2D
MFVec2f Multiple-field 2-float vector array CoordinatelInterpolator2D
SFVec3f Single-field vector value of 3-float values PositionInterpolator
MFVec3f Multiple-field vector array of 3-float values Coordinatelnterpolator

X3D for Web Authors, Table 7.5, p. 199.




|
\

Example animation chains

Each row shows commonly authored sequences
of nodes in animation chains

- ~

- N
/ \
/ .
; Trigger Clock Target
node node node
\ /
\\ - 7
Triggering Nodes (Optional) Clock Nodes Value-Producing Nodes | Value-Consuming Nodes, Fields
TouchSensor TimeSensor Scalarinterpolator Material (transparency)
VisibilitySensor TimeSensor ColorlInterpolator Material (color field)
TimeSensor Positionlnterpolator Transform (translation, scale)
PrimarySensor TimeSensor Orientationlnterpolator | Transform (rotation)
TouchSensor MovieTexture
MovieTexture (loop complete) | TimeSensor Positioninterpolator2D | Rectangle2D

X3D for Web Authors, Table 7.5, p. 199.




Hello X3D Authors showing ROUTEs

i BJp < DOCTYPE %30 PUBLIC "IS0/eh3D/DTD 30 3.0/EN" "hitp:/wwwweb3d org/epecificationsad-3.0.ctd">

-« %30 profile: Immersive, xmins:xsd: htip;fwww:w3.0rg/2001 AXMLSchemarinstance, xsdnoMamespaceSchemalocation: hitp:Awwwweb3d org/specificationspdd-3.0.xsd
= head

<> meta: name: filename, content: HelloX3dAutharsx3d

~<> meta: name: author, content: Don Brutzman
<> meta: name: created, content 5 October 2000
<> meta: name: revised, content 8 March 2005
<> meta: name: description, content Simple example showing spinning globe and text. Hellal
<= meta: name: url. content: hitpifwse web3d.orgfx3d/content/examples/course/HelloX3dAuthors x3d
<> meta: name: generator, content: X30-Edit. hitp: /. web 3d.org/3d/contenyREADME X3D-Edit htm|
- meta: name: license, content /. flicense.htrml
= EEE% Scene
e Warldinfo: title: Hello %30 Authars, info: an introductory scene
¥ Wiewpoint description: Hello, world, position: 00-8, orientation: 010 314158
<= MNavigationinfo: type: "EXAMINE" "ANY"
~——<{{ TimeSensar: DEF: OrbitalTimelnterval, cyclelnterval: 12.0, loop: true
& iy Orientationlnterpolator: DEF: SpinThoseThings, key: 0.000.250.500751.00. keywalue:0100.01015708. 010314155 0104.7123885.01 062831852
2; FOUTE: fromMode: OrbitalTimelnterval, fromField: fraction_changed, toMode: SpinThoseThings, toField: set_fraction
L& Transform: DEF: EarthCoordinateSystern
i _L) ROUTE: framMode: SpinThoseThings. fromField: value_changed. toNode: EarthCoaordinateSystem, toField: rotation
= D Group: DEF: Minivworld
= $8 Shape
= LAppearEmce
B ImageTexture: url: "earth-tapo.png
- Sphere
= ?FT!’EHS'D"TI DEF: SimpleGeoStationarySatellite, translation: 005, rotation: 100 3, scale: 0.1 0.30.1
5§ Shape
=] LAppearance
L1l Meterial: diffuseColar0.90.1 0.1
=T Text sting: Hello NPS X30 Authars 1l
*F FontStyle: size:3

earth-topo.gif' "eanth-topo-small.gif' "hitp: /A web3d. orgkddieontentiexamples/course/earth-topo.png"

X3D for Web Authors, Figure 7.5, pp. 193-195.

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationinterpolation/HelloX3dAuthorsAnimationChain.x3d

10-step process for constructing animation chains, applied to animated HelloWorld example




Hello 3D Authors 10-step process

B8 ": <?xml versi 0" encoding=" -8"7>1
BB <! DOCTYPE X3D PUBLIC "ISO//Web3D//DTD X3D 3.0//EN" "http:/fwww.web3d.org/specifications/x3d-3.0.dtd">
-« X3D: version: 3.0, profile: Immersive, xmins:xsd: http://www.w3.0rg/2001/XMLSchema-instance, xsd:nol eSchemalocation: http:, .web3d.org/specifications/x3d-3.0.xsd
=] head

: name: title, content: HelloX3dAuthorsanimationChain.x3d
: name: creator, content: Don Brutzman
: name: created, content: S October 2000
: name: modified, content: 13 June 200S
: name: description, content: Fully developed animation-chain example showing spinning globe and text. Hello!
: name: identifier, content: http:/fwww.web3d.org/x3d/content/examples/Basic/course/HelloX3dauthorsAnimationChain.x3d
: name: generator, content: X3D-Edit, http://www.web3d.org/x3d/content/README. X3D-Edit.html
<> meta: name: license, content: ../../license.html
=-£83 Scene
@ worldinfo: title: Hello X3D Authors, info: an introductory scene
<3 Viewpoint: description: Hello, world, position: 00 -8, orientation: 0 10 3.14159
2 NavigationInfo: type: "EXAMINE" "ANY"
[——=R TimeSensor: DEF: OrbitalTimelnterval, cyclelnterval: 12, loop: false
:V OrientationInterpolator: DEF: SpinThoseThings, key: 0.00 0.25 0.50 0.75 1.00, keyValue: 0100, 010 1.5708, 0 10 3.14159, 0 1 0 4.7123889, 0 1 0 6.2831852
3 ROUTE: fromNode: OrbitalTimelnterval, fromField: fraction_changed, toNode: SpinThoseThings, toField: set_fraction
?F Transform: DEF: Earlhcuordnatesystem@ @
_L, ROUTE: fromNode: SpinThoseThings, fromField: value_changed, toNode: EarthCoordinateSystem, toField: rotation
=L Group: DEF: Miniworld
= 88 Shape
= A\ Appearance
B ImageTexture: url: "earth-topo.png!
‘ Sphere
=} * Transform: DEF: SimpleGeoStationarySatellite, translation: 005, rotation: 100.3, scale: 0.10.30.1
= &8 shape
= A Appearance
Il Material: diffuseColor: 0.90.10.1
=T Text: string: Hello X3D Authors !!
F Fontstyle: size: 3
¢ TouchSensor: DEF: ClickTriggerTouchSensor, description: Click to start animation
i; ROUTE: fromNode: ClickTriggerTouchSensor, fromField: touchTime, toNode: OrbitalTimelnterval, toField: startTime

@R

‘earth-topo.gif* "earth-topo-small.gif" "http: /fwww.web3d.org/x3d/content/examples/Basic/course/earth-topo.png"

X3D for Web Authors, Figure 7.5, pp. 193-195.
http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationinterpolation/HelloX3dAuthorsAnimationChain.x3d

10-step process for constructing animation chains. applied to animated HelloWorld example




Hello X3D Authors 10-step process

1. Pick target. The target node is a Transform, and the target field is set_rotation.
2. Name target. The Transform is named DEF='EarthCoordinateSystem'.

3. Check accessType and data type. As shown by the Transform node field-definition table in
Chapter 3 and the X3D-Edit tooltip, the set_rotation field has type SFOrientation.

4. Determine whether Sequencer or Script. These special node types are not applicable to this
example, because the data type for set_rotation is SFOrientation which is a floating-point type.

5. Determine which Interpolator. The animating OrientationInterpolator is named
DEF="SpinThoseThings" and placed just before the Transform.

6. Triggering sensor. A triggering TouchSensor is added next to the geometry to be clicked, and
then named DEF='ClickTriggerTouchSensor".

7. TimeSensor clock. The TimeSensor is added at the beginning of the chain, named
DEF='OrbitalTimelnterval' and has both the cyclelnterval and loop fields set.

8. Connect trigger. Add ROUTE to connect the triggering TouchSensor node’s touchTime output
field to the clock node’s startTime input field.

9. Connect clock. Add ROUTE to connect the clock node’s fraction_changed output field to the
interpolator node’s set_fraction input field.

10. Connect animation output. Add ROUTE to connect the interpolator node’s value_changed
output field to the original target input field, set_rotation.
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X3D for Web Authors, Figure 7.5, pp. 193-195.

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationinterpolation/HelloX3dAuthorsAnimationChain.x3d

10-step process for constructing animation chains, applied to animated HelloWorld example




Interpolation node type

X3DInterpolationNode is the formal name for the
interpolation node type

Each interpolation node includes the following
common fields and naming conventions

* SF, MF <type> definition must be consistent for
node in order to properly define response function

Type accessType Name Default Range Profile
MFFloat inputOutput key [] (=00, ) Interchange
MF<type> inputOutput keyValue [] (type dependent) Interchange
SFFloat inputOnly set_fraction Interchange
[SF MF]<type> [ outputOnly value_changed Interchange
SFNode inputOutput metadata NULL [X3DMetadataObject] | Core

X3D for Web Authors, Table 7.4, p. 197.



Common interpolator fields

key, keyValue hold the point values defining the
characteristic function
key array always has type MFFloat

keyValue array data type matches the named type
of the parent Interpolator node
* final value must equal first value in keyValue array
if smooth looping is desired
Lengths of key, keyValue arrays must be equal

Note that keyValue array can hold values which are
themselves MF (multi-field) array type

Function output value changed always has same
name, but data type matches the Interpolator node



Interpolation

Interpolation is the estimation of intermediate
values from other values

Computing averages is computationally efficient
and highly optimizable

Linear approximation is thus well suited for
high-performance graphics animation

X3D provides interpolation nodes for each of the
floating-point data types
* including multiple-value types: Color, Vec3f, etc.

3D X3D
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Linear interpolation

keyValue

Piecewise-linear curve fitting
can approximate any curve
with arbitrary accuracy

Multi-field (MF) values are
individually interpolated
proportionately *

key='0 0.3333 0.666 1'
keyValue='100, 0 10, —f—F—r
001,100

First figure: X3D for Web Authors, Figure 7.2, p. 191.

<Scalarlnterpolator key="0 0.2 0.4 0.6 0.8 1" keyValue="05 8 9 4 0"/>

Second figure: X3D for Web Authors, Figure 7.4, p. 192.

<Colorinterpolator key="0, 0.3333, 0.6666, 1" keyValue="100,010,001,100"/>



Step-wise linear interpolation

Step functions are created
by repeating time values
and corresponding output

key='00.250.250.5051" ,] ___
keyValue='11 2 2 34 [

Note that time-fraction key
array must always be
monotonically increasing

X3D for Web Authors, Figure 7.3, p. 191.

<Scalarlnterpolator key="0 0.25, 0.25 0.5, 0.5 1" keyValue="1 1, 2 2, 3 4"/>



Double linear-interpolation averaging

Matched key, keyValue arrays define the points
for a linear-interpolator approximation function

Two-way weighted averaging is used to compute

interpolated-input, interpolated-output results
A

keyValue[i+1]—

result—

keyVaIue[i];

~

i e
key[i+1]

J
~, R - — — — —

keyli]

X3D for Web Authors, Figure 7.8, p. 198.

First the entry-value t is compared to the key array until the prior and following values
of key are found that are less-than and greater-than t.

Then a percentage is computed that accounts for the proportion of t between the
bracketing values of key]i] and key][i+1].

Then this same percentage is applied to compute a new result value which equals the
same percentage between corresponding output-array values of keyValue[i] and
keyValue[i+1].
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TimeSensor

TimeSensor is the heartbeat of an animation
 provides pulse that triggers event cascades
* initiates computations for drawing next frame
TimeSensor tracks elapsed time based on the
computer clock, rather than screen update rate
* Ensures that animations are smooth and realistic

* Fixed (constant) frame rate is typically not feasible
since computation varies for screen-image updates

3D 3D
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TimeSensor output

Output time is an SFTime ramp function ranging
[0,1] that repeats every cyclelnterval seconds

* Sometimes called a 'sawtooth' function

 SFFloat output field fraction _changed used
as input to other interpolators, sequencers

hme =now 1
temp = (now - startTime) / cyclelnterval
f =fractonalPart {temp)

fraction

if (now £ startTime)
fraction_changed =0.0

if ((f=0.0) && (now > startTime))
fraction_changed =1.0 0.0

else fraction_changed =f 0 cyclelnterval 2*cyclelnterval 3*cyclelnterval



TimeSensor fields 1

enabled controls whether node enabled or disabled
loop is an SFBool indicating whether to continue
looping indefinitely after first cycle is complete
cyclelnterval defines total loop duration in seconds,
either for single-shot animation or looped repetition

startTime, stopTime are provided (or contain)
SFTime values for when to start, stop respectively

* ROUTE an SFTime value to set_startTime or set_stopTime
cycleTime field is sent an SFTime output value
upon completion of each loop



TimeSensor fields 2

* [SActive, isPaused are output SFBool true/false
events sent whenever the TimeSensor is set to run
or paused

» pauseTime, resumeTime are SFTime values for
current clock time whenever paused or resumed
 Corresponding boolean isPaused event is also sent, with
value of true when paused and false when resuming
* elapsedTime output provides cumulative number of
seconds since TimeSensor was activated and began
running, without including paused time



W Colorinterpolatorfxample.x3d - Ei
a0 x|

X

«lxlm|

+*
BE-4- ATSE L%

1| <2xml version=r1.0" encoding="UTF-3"7>
2z <IDOCTYPE X3D PUBLIC "ISO//Web3D//DTD X3D 3.1//EN" "http://wuw.web3d.org/specifications/x3d-3.1.dtd">

3 <E3D profile='Immersive' versio 3.0 xmlns:xsd='http://wuw.w3.org/2001/ KMLSchema-instance'

4 xsd:nollamespaceSchemalocat ion='http://wuw. web3d.org/specifications/x3d-3.1.xsd'>

5[0 <heads

P <meta concente'ColorInterpolatorExample.x3d’ name='filenawe'/>

1 Demonstrate basic design pattern for animating a mode.' names'description’/>

° Don Brutzman' creator' />

s 17 April 2005' neme='created'/>

10 27 January 2008' nawe='modified'/>

11 <meta content='ColorInterpolatorExampleScensGraphiWithRoutes. png drawing' />

12 ColorInterpolatorExample4Colors.png' name='image

13 nimation ColorInterpolator' nane='keywords'/>

14 &apos;http://XK3dGraphics. com/examples/X3dForebAuthors/Chapter07-EventAnimat ionInterpolation/Color InterpolatorExample . x3d"

15 X3D-Edit, http://www.w=b3d.org/x3d/content/README.X3D-Edit.html' nam generator ' />

16 /../license.html' nam=='license'/> 1

sl W Edit TimeSensor
18

19

B ing text a P—
2 <Transform trenslacion='0 2 0'> DEF ® |AnimationClock
2 <Shape>

[0 <Text string='"Touch text to” "start animation..."'> USE O

2a <FontStyle justify='"MIDDLE" "MIDDLE"'/>

25| </Texe>

26| </Shape>

21l containerField
2| [ uping node --

29 descriptions'Touch text to starc. O

3|

a ial chat vill -

a2

= <shape> cyclelnterval

3 <Sphers/>

3s[e] <ippearance>

a6 I-- SphereMaterial diffus gets overridden by interpolator output - startTime

7 <Material DEF='SphersMaterial' diffussColor='0.5 0.5 0.5'/>

38| </Appearance> stopTime

as| - </Shape>

| </Transform>

a en sends animating value pauseTime |
42 cyclelnterva loop='false'/>

a to TimeSensc - resumeTime

2 <ROUTE fromfields'touchTime' fromliode='TextTriggerTouchSensor' toFislds'starcTime’ toliods=’ Animacionlock' />

1 s ! v b req, , blhe and then enabled

1 <ColorInterpolator DEF='ColorChanger' key='O 0.3333 0.6666 1' keyValus='1 D 0010001 10 0'/>

a7 == ROUTE 2: th lorChanger ints Hlator ts stimulated by imat ionc Time nsor fr. ‘OOD

s <ROUTE fromfields'fraction changed' fromiode='AnimationClock' toFislds’set_fraction' tollode='ColorChanger'/>

1 \-- ROUTE 3: Interpolator output is sent to tar of intersst. Chanped color value is r o .

50 <ROUTE fromfield='value_changed' fromllode='ColorChanger' tofisld='diffuseColor’ tollode='SphersMaterial'/>

st </Groups

sz|l </Scene>

s3|L </xap>

42:72 |[INs]|

FooterChapterTitle
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@ TimesS ITimeS i Iy events as time passes. Typical use: ROUTE thisTimeSensor.fraction_changed TO somelnterpolator.set_fraction.
I Tnterchange profile hint: TimeSensor may be ignored if cyclelnterval < 0.01 second.
= [DEF ID #IMPLIED)

IDEF 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!

[enabled: accessType inputOutput, type SFBool (true|false) "true"]
[Enables/disables node operation.

(cvclelnterval

[cyclelnterval: accessType inputOutput, type SFTime CDATA "1.0"]

Interval is loop duration in seconds.
[Interchange profile hint: TimeSensor may be ignored if cyclelnterval < 0.01 second.

[loop: accessType inputOutput, type SFBool (truelfalse) "false"]
[Repeat indefinitely when loop=true, repeat only once when loop=false

[startTime: accessType inputOutput, type SFTime CDATA "0"]
|When time now >= startTime, isActive becomes true and TimeSensor becomes active. Absolute time: number of seconds since Jan 1, 1970, 00:00:00 GMT.
Hint: usually receives a ROUTE time value.

stopTime

[stopTime: accessType inputOutput, type SFTime CDATA "0"]
|When stopTime becomes <= time now, isActive becomes false and TimeSensor becomes inactive. Absolute time: number of seconds since Jan 1, 1970, 00:00:00 GMT.
Hint: usually receives a ROUTEd time value.

lcvcleTime

[cycleTime: accessType outputOnly, type SFTime CDATA #FIXED ""']
lcycleTime sends a time outputOnly at startTime, and also at the beginning of each new cycle (useful for synchronization with other time-based objects).

[isActive: accessType outputOnly, type SFBool (true|false) #FIXED ""']
lisActive true/false events are sent when TimeSensor starts/stops running.

[isPaused: accessType outputOnly, type SFBool (truelfalse) #FIXED "]
lisPaused true/false events are sent when TimeSensor is paused/resumed.
|Warning: not supported in VRML97.

[pauseTime

[pauseTime: accessType inputQutput, type SFTime CDATA "0"]

|When time now >= pauseTime, isPaused becomes true and TimeSensor becomes paused. Absolute time: number of seconds since Jan 1, 1970, 00:00:00 GMT.
Hint: usually receives a ROUTEA time value.

|Warning: not supported in VRML97.

resumeTime

[resumeTime: accessType inputQutput, type SFTime CDATA "0"]

(When resumeTime becomes <= time now, isPaused becomes false and TimeSensor becomes inactive. Absolute time: number of seconds since Jan 1, 1970, 00:00:00
IGMT.

Hint: usually receives a ROUTE time value.

(Warning: not supported in VRML97

[elapsedTime

[elapsedTime: accessType outputOnly, type SFTime CDATA #FIXED "]
ICurrent elapsed time since TimeSensor activated/running, cumulative in seconds, and not counting any paused time.

[Warning: not supported in VRML9T.
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fraction_changed

[fraction_changed: accessType outputOnly, type SFFloat CDATA #FIXED ""]
liraction_changed continuously sends value in range [0,1] showing time progress in the current cycle

[time: accessType outputOnly, type SFTime CDATA #FIXED ""]
Time continuously sends the absolute time (since January 1, 1970) for a given simulation tick.

containerFid

[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

FooterChapterTitle

[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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ScalarInterpolator node

Generates a scalar (single-valued) SFFloat for
value_changed output

key and keyValue arrays contain SFFloat values

set_fraction determines input value to piece-wise
linear function

* Percentage between bracketing ke)fi], keyfi+1]
values used to compute corresponding output
value_changed as weighted average between
keyValudli], keyValudli+1]

* Which is same algorithm for all interpolators
web|3D 3D

CONSORTIUM




e ScalarlrterpolatorExample x3d. % alr

RR-- aeFH PE% 9% 00 v¥ P

<?xml version="1.0" encoding="UTF-8"2>
<IDOCTYPE X3D PUBLIC "IS0//Web3D//DTD ¥3D 3.1//EN" "htep://www.wsb3d.org/specifications/x3d-3.1.ded">
<X3D profi ‘http://www.w3.org/2001/ EMLSChema- instance’

aLocation='hetp://uww. web3d. org/specifications/x3d-3.1.xsd' >

Immersive’ sion='3.1'  xmlns:xs

xsd: noNamesp
<head>

teitle' />

<meta concent='Demonstrate use of ScalarInterpolator to animate transparency.’ nam

<msta content='§calarlnterpelatorExample.x3d’ nan
'description' />

<meta content='Don Brutzman' name='creator'/>

ent='18 January 2008' name
ontent='28 January 2008' nan
<meta concent='http://E3dGraphics.com' nem
<meta content
ontent='Copyright Don Brutzman and Leonard Daly 2007' name
<meta concent='X3D book, E3D graphics, X3D-Edit, http:
nt='http://X3dGraphics.com/sxamples/K3dForiebiuthors/ Chapter07-Event AninationInterpolation/Scalar InterpolatorExample . x3d! nan
'¥3D-Edit, hrep

<msta content='../license.html' nan
</heads

0 <Scenes

<meta cont ‘created />

‘modified' />
referance' />

'http://wew, web3d. org/x3d/ content/examples/help. html' nan
'rights'/>

<meta

rence' />

<meta

subjscc' />

/wow. x3dGraphics. com'| nams
identifisr! />

<meta cont

<meta cont /savage.nps.=du/X3D-Edit! name='gensrator'/>

‘license'/>

<Transform cranslacion='0 -1 0'>

<Shape>
<Sphere radius='20/>
= <Appearance>
<Material DEF='SphercMaterial' diffu:
</ Appearance>

Color='0.841176 0.027451 0' cranspa

</Shaps>
</Transtorms

<ScalarIncerpolater DEF='Transparencyhnimator'
<ROUTE fromFisld='fraction changed' fromio =ld='set_fraction' toliode=' TransparencyAnimator'/>
<ROUTE fromFizld='value_changed' fromllods='TransparencyAnimator' toFisld='sst_transparency' tollod:

01.5 0 W Edit Scalarlnterpolator 3

AnimationClock' toFi

‘SphereMaterial'/>

= <Transform translation=

<Shap=>
(] <Text string='"inimating transparsncy” "using ScalarInterpolator”' > DEF ® containerField
<FontStyle justif "MIDDLE" "MIDDLE"'/>
</ Text> USE D) o
</Shap=>
</ Tranatorms key, keyValue arrays
</Scene> key [ keyValue
</X3D> O.g 9
1 ]
Animatine “~nsparency Animating transparency
using & molatc using ScalarInterpolator
3024 |[INS
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.
™\ ScalarInterpolator

c a pi values that can be ROUTEM to other Float attributes. Typical input: ROUTE

someTimeSensor.fraction_changed TO somelInterpolator.set_fraction Typical 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

| 553

[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, type MFFloat CDATA #INMPLIED]
Definition parameters for linear-interpolation fnction time intervals, in increasing order and corresponding to keyValues.
Hint: number of keys must match number of keyValues!

[kerValue

[keyValue: accessType inputOutput, type MEFloat 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 outputOaly, type SFFloat CDATA #FIXED ""]
Lincarly interpolated output value determined by current key time and corresponding keyValue pair

[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.

Jaass

[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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ColorInterpolator node

Generates a 3-tuple (triple-valued) SFColor for
continuous value_changed output

key array contains SFFloat values
keyValue array contains SFColor values

Linear interpolation of red, green, blue (RGB)
values is respectively performed for each
bracketing keyValue pair

3D X3D

web




ColorInterpolator animation chain

Each node's output field matches data type of
next node's input field

accessType outputOnly to inputOnly, initializeOnly
also match

TextTriggerTouchSensor AnimationClock ColorChanger SphereMaterial
input: startTime input: set_fraction input: diffuseColor

output: touchTime  output: fraction_changed output: value_changed

3D, X3D

web




ColorInterpolator example output

Using the pointing device to select the text
triggers the ColorInterpolator animation

* Colors vary by linear interpolation of component
red-green-blue RGB values

Touch text to Touch text to Touch text to Touch text to
start animation...| start animation...| start animation...| start animation...

*

CONSORTIUM K

web




ColorInterpolator scene graph illustration

—gZE% Scene
= [ Grouwp
E Flace triggering text above sphere of intarast
?F Transfarm: translation: 02 0
= 8 Shape
5T Ted string: "Touch text to" "start animation.."
w I FortStyle: justify: "MIDDLE" "MIDDLE"
E This TouchSensor anly reacts to user clicking on the sibling Shape and Text because itis under & parent Transform grouping node
£ TouchSensor, DEF: TextTriggerTouchSensar, description: Touch textto start...
E Here i Sphere with accompanying Material thatwill get animated
= ?FTranstrm: tranglation: 0-1 0
8 Shape
‘_ Sphere
: L Appearance
: @ Sphereblaterial diffuseColor gets overtidden by interpolatar output
Il Material: DEF: SphereMaterial, diffuseCaolor: 050505

E TimeSensoris triggered to start by TouchSensor, then sends animating values to Interpolator

] TimeSensar. DEF: AnimationClock, cyclelnerval: 6, loop: false
E ROUTE 1: TouchZensortrigger to TimeSensor clock

3 ROUTE: fromMNode: TextTriggerTouchSensor, fromField: touchTime, toMNode: AnimationClock, toField: startTime
E Interpalator. ColorChanger interpolates evenly between red, green, blue and then back to red

:/; Colotinterpolator: DEF: ColorChanger, key: 00,3333 06666 1. keyValue:100,010.001,100
E ROUTE Z: the ColorChanger interpolator gets stirulated by AnimationClock TirmeSensor fraction to compute a color value
3 ROUTE: fromMNode: AnimationClock, fromField: fraction_changed, toNode: ColorChanger. toField: set_fraction
E ROUTE 3 Interpolator output is sentto target node of interest. Changed colorwalue is routed to SphereMaterial color.
g ROUTE: framtode: ColorChanger. fromField:value_changed. toMNode: Spherebaterial toField: difuseCaolor




ColorInterpolator scene graph with ROUTEs

=] ﬁ% Scene
=[] Group

ROUTE

ROUTE

=]

!

I

E Place triggering text above sphere of interest
2 Transform: translation: 02 0
= 8§ Shape
=T Text string: "Touch textto” "start animation..."

F  FontStyle: justify. "MIDDLE" "MIDDLE"
¢ E This TouchSensor only reacts to user clicking on the sibling Shape and Text because itis under a parent Transform grouping node
é/\‘ TouchSensor. DEF: TextTriggerTouchSensor, description: Touch textto start...
E Here is Sphere with accompanying Material that will get animated
QFTranslorm. translation: 0-10
=} 3 Shape

@ Sphere
=} AAppearance

E SphereMaterial diffuseColor gets overridden by interpolator output

Il Material: DEF: SphereMaterial, diffuseColor: 0.5 0.5 0.5
E TimeSensor is triggered to start by TouchSensor, then sends animating values to Interpolator
«[J TimeSensor: DEF: AnimationClock. cyclelnterval: 6. loop: false
E ROUTE 1: TouchSensor trigger to TimeSensor clock
_t) ROUTE: fromNode: TextTriggerTouchSensor. fromField: touchTime. toNode: AnimationClock. toField: startTime
'@. Interpolator: ColorChanger interpolates evenly between red, green, blue and then back to red
2 Colorinterpolator: DEF: ColorChanger, key: 00.3333 0.6666 1. keyValue:100,010,001,100
E ROUTE 2: the ColorChanger interpolator gets stimulated by AnimationClock TimeSensor fraction to compute a color value
3 ROUTE: fromNode: AnimationClock, fromField: fraction_changed, toNode: ColorChanger, toField: set_fraction
E ROUTE 3: Interpolator outputis sentto target node of interest. Changed color value is routed ta SphereMaterial color.
3 ROUTE: fromNode: ColorChanger, fromField: value_changed, toNode: SphereMaterial, toField: diffuseColor

ROUTE | 3




) (x3dToXhtml) - Mozilla Firefox Q@@
-

File Edit View Go Bookmarks Tools Help

@--g & - @ M &8 & B [ x3dBook/chapters/Chapter07-Eventarimation/ColorinterpolatorExample.html v 0G| @
<Group> ~
<l-- Place triggering text above sphere of interest -->
<Transform translation="0 2 0'>
<Shape>
<Text string=""Touch text to" "start animation..."">
<FontStyle justify="MIDDLE" "MIDDLE"/>

<fText>
</Shape>
<l-- This TouchSensor only reacts to user clicking on the sibling Shape and Text, because it is under a parent Transform grouping node -->
* <|-- TextTriggerTouchSensor ROUTE: [from touchTime fo A lock startTime ] -->
<TouchSensor DEF="TextTriggerTouchSensor' description="Touch text to start..."f>
<(Transform>
<I-- Here 1s Sphere with accompanying Material that will get ammated -->
<Transform translation="0 -1 0'>
<Shape> *——indicates autogenerated comments
<Sphere/> showing incoming, outgoing events
<Appearance>
<l-- SphereMaterial diffuseColor gets overridden by interpolator cutput -->
* I-- SphereMaterial ROUTE: [from ColorChanger value changed ¢o diffuseColor ] -->
<Material DEF="SphereMaterial' diffuse Color="0.5 0.5 0.5%> <&
<{Appearance>
</Shape=>
<(Transform>
<l-- TimeSensor is tnggered to start by TouchSensor, then sends animating values to Interpolator -->
A J *—<l-- AnimationClock ROUTEs: [from TextTriggerTouchSensor touchTime to startTime ] [fromz fraction changed to ColorChanger set fraction ] -->
P <TimeSensor DEF="AnimationClock' cycleInterval="6'/>
<l-- ROUTE 1: TouchSensor trigger to TimeSensor clock -->
<ROUTE fromMode="TextTriggerTouchSensor' fromField="touchTime' toNode='AnimationClock' toField='startTime'/>
<|-- Interpolator: ColorChanger mterpolates evenly between red, green, blue and then back to red -->
% —<l-- ColorChanger ROUTEs. [from AmmationClock fraction changed fo set fraction ] [from value changed fo SphereMaterial diffiseColor ] -->
v—» <ColorInterpolator DEF='ColorChanger' key='0 0.3333 0.6666 1' keyValue='100,010,001, 1 007> >
<!-- ROUTE 2: the ColorChanger interpolator gets lated by A onClock Ta fraction to compute a color value -->

<ROUTE fromINode="AnimationClock' fromField="fraction_changed' toNode='ColorChanger' toField="set_fraction'f>
<l-- ROUTE 3: Interpolator output is sent to target node of interest. Changed color value is routed to SphereMaterial color. -->
<ROUTE fromMNode="ColorChanger' fromField="value_changed' toNode="SphereMaterial' toField='diffuse Color'/>
</Group> v

Pretty-printing a scene in HTML, printing it in landscape mode and then annotating it
with ROUTE arrows is an excellent way to debug animation chains in a large scene.



¥ ColorinterpolatorExample.x3d - Editor X
ke CobrrterpoltorExample x3d | NEE

BE-5- AeFE Fe% o 08 99

1 <rxml version="1.0" encoding="UTF-g72>

2 <IDOCTYPE X3D PUBLIC "ISO//Web3D//DTD ¥3D 3.1//EN" "http://www.uwsb3d.org/specifications/x3d-3.1.ded">

3] <¥3D profile='Immersive' version='3.0'  xmlns:xsd='http://www.w3.org/2001/XMLSchema-instance'

4 xsd:nollamespaceSchemalocation='http://wwo. veb3d.org/specifications/x3d-3.1.xsd' >

s <head>

& <weta content='ColorInterpolatorExampls.x3dl name='f£ilename!/>

7 Demonstrate basic design pactern for animating a nods.' nams='deseription’/>

s Don Brutaman' name='craator'/>

s 17 April 2005 name='created'/>

10 27 January 2008' newes'modifisd’/>

11 <m=ta conte=nt='CelorlntsrpolatorExampleScensGraphWithRoutes.pag' name='draving'/>

1z ColorInterpolatorExampls4Colors.png' naw=='imags'/>

13 <m=ta content=' Animation ColorImterpolater’ name='keywords'/>

14 <m=ta cont=nt='&apos;http://E3dGraphics.com/=xamples/X3dFor Chaptex07-] Intsrpolavion/Color InterpolatorExampls.x3d' name='idsntifisc'/>

15 <m=ta cont=nt='X3D-Edit, http://wuw.wsb3d.org/x3d/content/README.X3D-Edit.html' nam g=nsrator'/>

1& v+/w./license.html' nams='license'/>

e Edit Colorinterpolator

18

19

2 <Transform tramslavion='0 2 0'>

2z <shape> USE O

23| <Text string='"Touch text to" "start animation

24 <FontStyle justify=' "NIDDLE" "HIDDLE"'/>

25| </ Text> keys /keyValues

26| </Shape> [ T [

21 This TouchSensor ing Shap key) r g o =

28 [ cause it is une o 1 0 8

2 <TouchSensor DEF' TexCTriggerTouchSensor! descripsion=' Touch text oo atart 0.3333 0 1 © EE—

| 0is0se o 9  —

a1 ' with accompanying Macerial that will get animat

52 <Transform tramslavion='0 -1 0'>

33 <shape>

34 <Sphere/>

351 <Appearance>

% - aterial diffuseColor gets overridden by interpolator output —-

B <Material DEF='SphersMaterial' diffussColor='0.5 0.5 0.5'/>

e </ hppearance>

3s| b </Shape>

a b </Transform>

@ 1-- Tim by TouchSensor, then sends animating values to =

a2 <TimeSensor DE cyclelnterval='6' false'/>

3 1—- ROUTE 1 to TimeSensor clock —-

4 <ROUTE fromFis ' TextTriggerTouchSensor' toficld='startTime'

a5 1 Interpolator lates evenly betveen r. blus and then back to red - -

4% <ColorInterpolator DEF: 0 0.3333 0.6666 1' 1oo0o010001100'/3

@ 1-- ROUTE 2: the ColorChanger inc st sor fraction to compu

8 <ROUTE fromFisld='fraction changed’ fromio "set_fraction' tolfode='ColorChanger'/>

s 1-- ROUTE 3: Interpolator output is sent t 1 to Sph --

50 <ROUTE fromField='value_changed' fromll ColorChanger' toFisld='diffuseColor’ © = SphereMaterial' />

salt </Group>

52| </Scene>

53|k <>

461105 ||INS
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= ColorInterpolator

(ColorInterpolator generates a range of Color values that can be ROUTEA to a <Color= node's color attribute. Typical input: ROUTE
someTimeSensor.fraction_changed TO somelnterpolator.set_fraction. Typical output: ROUTE somelnterpolator.value_changed TO
destinationNode.set_attribute,

DEF

[DEF ID #IMPLIED]
IDEF 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!

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

ey Value

[keyValue: accessType inputQutput, type MFColor 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: accessType inputOnly, type SFFloat CDATA #FIXED "]
set_fraction selects input key for corresponding keyValue output

[Value_changed

[value_changed: accessType outputOuly, type SFColor CDATA #FIXED ""]
Linearly interpolated output value determined by current key time and corresponding keyValue pair

[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

[aass

[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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OrientationInterpolator node

Generates a 4-tuple (four-valued orientation)
SFRotation for value_changed output

key array contains SFFloat values

keyValue array contains SFRotation values
* As always: same number of key, keyValue entries

OrientationInterpolator animates along shortest
path between the two normal vectors, also
computes linear average between two

corresponding angles, in keyValue array
web|3D SD

CONSORTIUM




BX
D=l

[ position0rientationnterpolatorsExample.x3
W PostionOrintationiterpoltosExanple x3d x|
BE-6- ASE £ %
<23ml varsion=ri.0"
<IDOCTYPE X3D PUBLIC

"heep://vuw.veb3d.org/specifications/x3d-3.1.drd">

“htep://wuw.w3.org/2001/ ¥MLSchema- instance’

<x3D Tmersive'
s ‘htep://wuw.web3d.org/specifications/x3a-3.1.xsd'>
<hzad>
<meta conten 4! name='title'/>
content use of PositionInterpolator and lator to animate chjsct motion.'
description/>
<meta content='Don Brutzman'
tereated'/>
/¥3dGraphics.com' names'reference'/>
o /wwy.veb3d.org/x3d/content/examples/help. html! name='reference’/>

names'rights' />
3dGraphics.conm'| names'subject' />
07-E: .

sntent=' Copyright Don Brutzman and Lecnard Daly 2007'
sntence'¥3D book, X3D graphics, ¥3D-Edit, heep://www.
heep:// amples/ /Chapt
//savage.nps. edu/X3D-Edit' name='gene

sta contence¥3D-Edit, hreps: >
W Edit Orientationinterpolator X
<Viewpoine >
<Transorm DEF: ——
<Transtorm ro DEF @ |orientationAnimator] containerField
USEC) O
>
</Appearance> key, keyValue arrays
</snape>
< eanatorm> key | axis-x. \ axis-y \ &Xis-Z \ angle
</Transgorm> [1] ) 1 (] 0
<Shape DEF='Floor'> 0.2 0 1 [¢] Q
<Box size='10 0.05 10'/> 0.25 0 1 0 1.57
<Appearance> Y Q 1 Q 157
“Haterial 0 0.262745 0.54117¢" /> 0.5 0 1 0 314
</appearan 0.7 4] 1 Q 314
</Shape> 075 [o] 1 Q 471
<Tim F=' AnimacionClock! cyelelncerval='10' loop='true'/> 005 0 1 8 491
1 [} 1 [4] 6.283
<Position lator DEF='Fo . 00.2 0.250.45 0.5 0.7 0.75 0.85 1
~30-4-903-30440430440-440-3-40-4-30-41/>
<ROUTE fromF fraction changea' 12=" Animac ionClock’ Positioninimator'/>
<ROUTE fromF value_changsd’ £ . ‘Poincer'/>
5 0.45 0.5 0.7 0.75 0.95 1' T

DEF="
alue='010001000101.570101.57010

2z 0.
5.140103.120104.710104.700 1 0 5.283'/>

Orientationinimator’

fode=' AnimationClock' toF: set_fraction'

='Orientationinimator’

fraction changed’

<BOUTE £romr-
<BOUTE £romr-

"Pointer'/>

rotation'

='valus_changed'

<Transform tra 020 Auimation using Positioninterpolator Animation using Positioninerpolator Avimation using Positioninferpola
<Shape> and Orientationlnterpolator and Orientationlaterpolator and Oricntationnterpolator
<Text st Animation using PositionInterpolator” "and
£y=! "MIDDLE" "KIDDLE"' size='.7' -

ontstyle

</Text>
</Shape>

</Transtorm>

</Scene:

FooterChapterTitle
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e~

OrientationTnterpolator

OrientationInterpolator generates a series of rotation values Results can be ROUTE to a <Transform> node's 'rotation’ attribute or another Rotations
attribute Typical input: ROUTE someTimeSensor.fraction_changed TO somelnterpolator.set_fraction Typical output: ROUTE

somelnterpolator.value_changed TO destinationNode.set_attribute.

DEF

[DEF ID #IMPLIED]
IDEF 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!

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

ey Value

[keyValue: accessType inputOutput, type MFRotation 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 SFRotation CDATA #FIXED ""]
[Linearly interpolated output value determined by current key time and corresponding keyValue pair.

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

ctass

[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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PositionInterpolator node

Generates a 3-tuple (three-valued floating point)
SFVec3f for value_changed output

key array contains SFFloat values

keyValue array contains SFVec3f values
* As always: same number of key, keyValue entries

PositionInterpolator computes weighted average
between corresponding x, y and z pairs in the
keyValue array

3D X3D

web




nOrientat

W Posi
e PostionCrientatiorirterpolatorsExample.x3d. X |

B WesE el eu o0 v¥ D
[ <X3D profi rsion='3.1' xmlns:xsd='http://wuw.w3.org/2001/¥MLSchema-instance '
Schemalocation='http://www.web3d.org/specifications/x3d-3.1.xsd'>

ninterpolatorsExample.x3d - E

Inmersive
xsd:nolamespa

<head>

<meta contenc=' Interp le.x3d' nawe='title'/>
<meta content='Demonstrate use of PositionInterpolator and OrisntationInterpolator to animate chjset motion.' name='dsseription’/>

<meta concent='Don Brutzman' nams:

creator'/>

at='20 January 2008' name='created'/>

<meta cont

‘modified' />
‘raference! />

<meta content='29 January 2008' nan
<meta content='htep://¥3dGraphics.com’ nam:
'hetp://wwy.veb3d.org/x3d/ content/exanples/he lp. html |

<meta concenc:

<meta at='Copyright Dom Brutzman and Leonard Daly 2007' nam
<meta at='¥3D book, X3D graphics, E3D-Edit, htcp://wnw.x3dSraphics.com' ‘subject! />
<meta "htep://¥3dGraphics. com/ sxamples/ hors/Chapter07-Ev: Interpolation/Positiondr izntationinterps latorsExanple. x3d!
‘identifiert/>
<meta 'K3D-Edit, httpsi//savage.nps.edw/X3D-Edit' nams='generater'/>
<meta ¢ '../license.heml’ name='license!/>
</hzad>
<Scene><Viswpoint description="Animation demo” positionsrD 4 107 orisntacion="i 0 1 -0.27/>
<Transform translacion='1 0 1' DEF='Pointer'>
£ TURRLLIIIIS U  coposininicrolacr &
<Shape>
<Cons bottomRadius="0.5" height="1.57/> CEF® ]
<Appearance<Matsrial DEF="ConsMaterial” diffus=Color="0.427451 1 0.160784"/></Appsarance> o

</Shape> USEC
</Transform>

</Transtorm> key, keyValue arrays

<Shape DEF="F Lot key | x| y z
<Box =12:=710 0.05 107/> a - 5 =
<Appearances<Haterial "0 0.262735 0.9411767/></ Appearance> 02 P 0 i
</smmpes 035 : o :
<TimeSensor DEI AnimationClock! leInte: 1='10' loop='true'/> 0.5 0 4
0.7 o] -4
0.75 o] -4
005 - 0 G
[} <Positioninterpolator DEF="PositionAnimator” key=t0 0.2 0.25 0.45 0.5 0.7 0.75 0.95 17 1 B 0 o
KesValuse"-4 0 -4, -3 04, 404, 804, 404, 204, 404, -3 0 -4, -4 0 -a7/>

'PositionAnimator'/>

AnimationClock! coF

set_fraction' ctolio
_translation’ tollo

<ROUTE fromFiel
<ROUTE fromFielc

fraction changed' Tromiic

‘value_changed' fromioc ‘Pointer'/>

‘PositionAnimator’ tof

D <Crisntationlmterpolator DEF="OrisntationAnimator” "0 0.2 0.25 0.45 0.5 0.7 0.75 0.95 1"
0100, 0100, 0101.57, 0101.57, 0103.14, 0103.14, 010 4.71, 010 4.7, 0 1 0 6.283"/>

!Orientationinimator'/>

AnimationClock! cof

='set_fraction' tolla
set_rotation' colio

<ROUTE fromFicld='fraction changed' Zromilo,
<ROUTE fromFicld='value changed' fromifo

Pointer'/>

‘Orientationinimator! toFisl

<Transform translacion='0 3.5 0'>

<Shape>
Animation using Positionlnterpolator Auimation using Positionfnterpolator Auimation using Positionfnterpolator
‘ 3 Orientatic : v

<Texe strin using PositionInterpolator” a and Orientationlnterpolator and Orientationlnterpolator and Orientationlnterpola
LT

"MIDDLE" "HIDDLE"' s

<FontStyle justif
</ Taxte>

</Shap=>

-

</Ta

ansforn>

T
ens>
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[PositionInterpalator

PositionInterpolator generates a series of triplet values. Results can be ROUTEd to a <Transform= node's "translation’ attribute or another Vector3Float
attribute Typical input: ROUTE someTimeSensor.fraction_changed TO somelnterpolator.set_fraction Typical output: ROUTE
someInterpolator.value_changed TO destinationNode.set_attribute.

DEF

[DEF ID #IMPLIED]
IDEF 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!

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

ey Value

[keyValue: accessType inputQutput, type MFVec3f CDATA #IMPLIED]
Output vahues 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 keyVahie output

[value_changed

[value_changed: accessType outputQOnly, type SFVec3f CDATA #FIXED "";]
Linearly interpolated output value determined by current key time and corresponding keyVatue pair

[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.

[eazs

[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 X
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PositionInterpolator2D node

Generates a 2-tuple (two-valued floating point)
SFVec2f for value_changed output

key array contains SFFloat values

keyValue array contains SFVec2f values
* As always: same number of key, keyValue entries

PositionInterpolator computes weighted average
between corresponding x and y pairs in the
keyValue array

3D X3D

web




4 Posilorirterpolator2cExamplex3d x|

RE-5- ASFE FL% S 068 v¥ P

<?iml version="1.0" =ncoding="UTF-8"2>

<IDOCTYPE X3P PVBLIC "ISO//Web3D//DTD X3D 3.1//EN" "http://www.wsh3d.org/specifications/x3d-3.1.dod">

<X3D profile='Immersive' version='3.1'  xnlns:xsd='http://www.w3.org/2001/XMLSchema-instance'
#sd:nollamespaceSchemalocat 10n='http://WWv. web3d.org/ specificarions/x3d-3.1.x9d' >

©  <heads
<compensnt lsvel='3' name='Interpolation'/>
<meta content='PositionlnterpolatorZdExample.x3d' name='titls'/>
<meta content='Exawpls to interpelats using Positionlnterpolater2D - click geemstry to activats animation Leop.'
nams='deseription'/>
<msta contentc='Den Brutzman' namss'crsater'/>
<msta content='1é October 2001' name='created'/>
<meta content='29 January 2008' nawe='modifizd'/>
<meta content='PesitionlntsrpolatorZD' nawss'subjset'/>
<meta contenc='http://X3dGraphics.com/examples/K3dFerVzhiuch hapter07-Event tionlnterpolation/PositionInterpslatorldExampls. x3d!

nams='idsntifisr'/>
ntenc='htop://wyw, web3d, org/x3d/content/ examples/Basic/ development/PositionInterpolator2dExample. x3d' name='refsrence' />

<mzta
<ms=ta contenc='X3D-Edit, htep://uwww.wsb3d.org/x3d/content/README.X3D-Edit.homl' name='gensrator'/>
<meta flicense.html' name='license'/>

F </headr

<Se=ner
<Viewpoint description='Click to activate animation' position='0 0 3'/»
<TimeSensor DEF='Clock' cyclsInterval='10' snablsd='false' loop='trus'/>
<Positioninterpolator2D DEF=' InterpolateTTscals' k=y='0 0.35 0.45 0.8 0.9 1' keyValue='1.0 1.0 3 3 3 3 0.8 0.8 1.0 1.0 1.0 1.0'/>
<ROUTE fromFizld='fraction_changed' frouliode='Clock' toFisld='set_fraction' rtoliode='InterpolateTTscale'/>

l <Transform DEF='ImagsAspectRatio' scale='1.5 1 1'>

<TouchSensor DEF='Toucher' description='click and hold to animate Textur=Transform'/>

<ROUTE fromFi=ld='isActive' fromliode='Toucher' toFizld='enabled' tolode='Clock'/>

<Shape>

l <IndsxedFaceSet «

1230 -1 solid='trus's

- W D
<Coordinate DEF
F </ Index=dFaces=ts
<App=arancer
<Imag=Texturs DEF='ContactImags' url='"JavaBoardSmil=ForTheCam=ra.3jpg"
"http://¥3dGraphics. com/examples/ ¥3dForisbAuthors/Chapter07-EventinimationInterpolation/ JavaBoardSmileForTheCamera.ipg”' />
<TextursTransform DEF='TextureTransformliods'/>

-1-101-10110-110'>

' TooByTwoSquare' point

© Eait Positioninterpolator2D

InterpolateTTscae contanerField
o

F </ Appearances
E </Shape> Der e

with s

<ROUTE fromFicld='value_changed' fronliod=='InterpolateTTscale’ =
toField='set_scale’ toliode=' TextureTransfornliode' /> key, keyValue arrays

b </Transforms> key [ x I v

b </scenss o5 1 o

. 83 o o
o3 1 1
? 1 1

328 |1 I (e | e

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationinterpolation/PositionInterpolator2dExample.x3d
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PositionInterpolator2D screen captures

Selecting the texture with the mouse pointer
starts the TextureTransform scale animation,

deselecting the texture stops the animation

3D 3D

CONSORTIUM

web

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter07-EventAnimationinterpolation/Positioninterpolator:

fun: replace destination toField set scale with set translation in the ROUTE

FooterChapterTitle
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[Positionlnterpolator2D

PositionInterpolator2D generates a series of Vector2Float values that can be ROUTEd to a Vector2Float attribute. Typical input: ROUTE
someTimeSensor.fraction_changed TO somelnterpolator.set_fraction. Typical output: ROUTE somelnterpolator.value_changed TO
destinationNode.set_attribute.

DEF

[DEF ID #IMPLIED)]
IDEF 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 inchude DEF (or any other attribute values) when using a USE attribute!

[key: accessType inputOutput, type MFFloat CDATA #INPLIED)

Definition parameters for linear-interpolation function time intervals, in increasing order and corresponding to keyValues
Hint: number of keyValues must be an integer multiple of the number of keys!

Hint: keyValue key integer multiple defines how many coordinates are sent in value_changed outputOnlys

keyValue

[keyValue: accessType inputOutput, type MFVec2f CDATA #IMPLIED]

Output values for linear interopolation, each corresponding to time-fraction keys

Hint: number of keyValues must be an integer multiple of the number of keys!

Hint: keyValue/key integer multiple defines how many coordinates are sent in value_changed outputOrlys

et_fraction

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

value_changed

[value_changed: accessType outputOnly, type SFVec2f CDATA #FIXED ""|
Linearly interpolated output value determined by current key time and corresponding keyValue pair
Hint: keyValue key integer multiple defines how many coordinates are sent in value_changed outputOnlys

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
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NormalInterpolator node

Generates a 3-tuple (three-valued floating point)
SFVec3f for value_changed output

key array contains SFFloat values
keyValue array contains SFVec3f values
* As always: same number of key, keyValue entries
* SFVec3f outputs: unit-normal vectors, magnitude=1

Normallnterpolator animates along shortest path
between the two normal vectors currently
being referenced in keyValue array

3D X3D

web
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NormalInterpolator node X3D-Edit

[TODO: example needed]

3D, X3D

web
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Normallnterpolator generates a series of normal (perpendicular) vector sets along the surface of a unit sphere ROUTE values to vector attribute of a

T&' NormalInterpolator |<Normal> node or another Vector3FloatArray attribute Typical input: ROUTE someTimeSensor.fraction_changed TO somelnterpolator.set_fraction
Typical output: ROUTE somelnterpolator.value_changed TO destinationNode.set_attribute.
s [DEF ID #IMPLIED]

IDEF 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 inchude DEF (or any other attribute values) when using a USE attribute!

er [key: accessType inputOutput, type 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!

erVatue [keyValue: accessType inputOutput, type MFVec3f CDATA #IMPLIED]

(Output values for linear interopolation, each corresponding to time-fraction keys.
Hint: number of keys must match number of keyValues!

se_fraction [set_fraction: inputOnly type SFFloat CDATA #FIXED ""']

set_fraction selects input key for corresponding keyValue output.
ralue_changed [value_changed: accessType outputOnly, type MFVec3f CDATA #FIXED "]

Linearly interpolated output value determined by current key time and corresponding keyValue pair
e [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.

FooterChapterTitle



Coordinatelnterpolator node

Generates n-tuple (multiple-valued floating point)
array, MFFloat for value_changed output
key array contains n SFFloat values
keyValue array contains n MFFloat values
* As always: same number of key, keyValue entries
* Counting is very important for arrays of arrays!
Coordinatelnterpolator computes weighted

average between corresponding element pairs
for each subarray in the keyValue array

3D X3D

web
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Coordinatelnterpolator node X3D-Edit

[TODO: example needed]

3D, X3D

web
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C i polal a series of C
Vector3FloatArray attribute. Typical input: ROUTE someTimeSensor.fraction_changed TQ somelnterpolator.set_fraction. Typical output: ROUTE
somelnterpolator.value_changed TO destinationNode.set_attribute.

values that can be ROUTEd to a <Coordinate> node's 'point’ attribute or another

DEF

[DEF ID #IMPLIED]
IDEF 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 atiributes 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!

ey

[key: accessType inputOutput, type MFFloat CDATA #IMPLIED]

Definition parameters for linear-interpolation function time intervals, in increasing order and corresponding to keyVahues.
Hint: number of keyValues must be an integer multiple of the mumber of keys!

Hint: keyVahe key integer multiple defines how many coordinates are sent in value_changed outputOnlys

ey Value

[keyValue: accessType inputOutput, type MFVec3f CDATA #IMPLIED]

Output values for linear interopolation, each corresponding to time-fraction keys.

Hint: number of keyValues must be an integer multiple of the mumber of keys!

Hint: keyVahe key integer multiple defines how many coordinates are sent in vahe_changed outputOnlys

set_fraction

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

[value_changea

[value_changed: accessType outputOnly, type MFVec3f CDATA #FIXED ""]
Linearly interpolated output value determined by current key time and corresponding keyValue pair.
Hint: keyVale/key integer multiple defines how many coordinates are sent in vale_changed outputOnlys

[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 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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Coordinatelnterpolator2D node

Generates 2-tuple (two-valued floating point)
array, MFVec2f for value_changed output

key array contains SFFloat values
keyValue array contains MFVec2f values
* As always: same number of key, keyValue entries
* Counting is very important for arrays of arrays!
Coordinatelnterpolator2D computes weighted

average between corresponding x and y pairs
for each subarray in the keyValue array

3D X3D

web
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¥ Coordinatelnterpolator2dExample.x3d - Editor
e Coordinateiterpolator2dExanpledd x|
BE-&- AT:SE £+% ¢
<rxml version="1.0" encoding="UTF-8"7>
<IDOCTYPE X3D PUBLIC

OH v¥ 9

<E3D profil

"150//Web3D//DTD ¥3D 3.1//ENT "http://www.web3d.org/specifications/x3d-3.1.ded">
' Inmersive! rsion='3.1' xmlns:us

xsd:nolan hemaLocatio

Rttp://uuw.u3.org/2001/KMLSchema- instance’

a Rttp://www. web3d.org/specifications/x3d-3. 1. xsd' >
<head>

<componsnt 1=

21='3" nam

='Interpolation: />
<meta content

<meta

'CoordinaceInterpolater2dExample. x3d' name

teivle'/>

content='Example to interpolate using Goordinatelnterpolatorzd - click geometry to activate animation loop.'
<meta 1t

‘Don Brutzman, Jeff Weekley,

name='description’ />
dJane Wu' name='creator'/>
<meta ‘e Octobsr 2001’ name='creaced'/>
<meta 130 January 2008' name='modified'/>
<meta

ntenc=! CosrdinatzInterpolatar2D’

nawes!subdect! />

<mesta content='http://¥3dCraphics.con/examples/

Chapter07-Event Interpolation/Coordinate Interpol 1ex3dr
meta concenc=!htep://wuw.wsbid. org/x3d/content/exanples/Basic/ deve Loprant/ Incerpol %3d name='reference'/>
<meta £='¥3D-Bdit, heep://ww.web3d.org/x3d/content/READEE . X3D-Edic. heml! name='generator!/>
<msta /../license.html' nams='licenss'/> W Edit Coordinatelnterpolator2D X
</hzad>
[ <scene>
<Viewpoint descriptiom

Click to activate animation' orisncacion
Clock! sInterval='S' enabled='false' loo
<Coordinatelntarpolatorad| DEF=' InterpolateCrossSection’ K

keyvalus='1 11 -1-1-1-1111222-2-1-1-112 1-1111111-1-1
<ROUTE fromFizld='fraction changed' foNod:
<Transform ctranslacion='0.25 1 0'>

<TimeSensor DE:

DEF ® |InterpolateCrossSk| containerField
UsEC) o

1

“1-11 11/
! InterpolatsCrossSection' /3|

key, keyValue arrays

: . . _— key | X I y

samp; is the EML sscape character cods ) 1 1

<TouchSensor DEF='Toucher' description='click &amp; hold shaps o animace Extrusion'/» 0.45 i 1

<ROUTE fromFicld='isActive' fromlode='Toucher' teFicld='cmabled’ talode='Clock'/> 0.9 -1 -1
- 1 - - 1 -1 1

<ROUTE fromFisld='touchTime' fromllode='Toucher' toFisld='startTime' toliode='Clock'/>

<Shaps>

<Appearance>

<Material diffus.

</Appearance>
<Extrusion DEF="

=r-40-2, -10-2, 201, 204"/

spin:
</Shaps>
<ROUTE fromF

1-1, 41

d='valu=_changed' fromiiod

' InterpolaceCrosssection’
toF

‘sst_crosssection' tollc

' AnimatedCrossSect ionExtrusion’ />
</ Transtorm>

<Transform translation

-1.5 -1 20>
<Billboard axisOfRotation='0 0 0'>
<Shape>
<Text string='rclick Gamp;
<FonuStyle famil
</ Textr
<appearance>
<Material diffus.
</Appearance>
</Shape>
</Billboard>
</ Transform>

hold shape

"to animate Extrusion”'>
*"MIDDLE" "MIDDLE™'

7='SMNS' justif

s

0.8

0.8 0.40.2'/>

</scene>

21:30 |[INS

</E3D>
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Coordinatelnterpolator2D

Coordinatelnterpolator2D generates a series of Vector2FloatArray values that can be ROUTEA to a Vector2FloatArray attribute. Typical input: ROUTE

someTimeSensor.fraction_changed TO somelInterpolator.set_fraction. Typical 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
Hlint: 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!

[key: accessType inputOutput, type MFFloat CDATA #IMPLIED]

Definition parameters for linear-interpolation finction time intervals, in increasing order and corresponding to keyValues.
Hint: umber of keyValues must be an integer multiple of the mumber of keys!

Hint: keyValie key integer multiple defines how many coordinates are sent in value_changed outputOnlys

[keyValue

[keyValue: accessType inputOutput, type MFVec3f CDATA #IMPLIED]
Output values for linear interopolation, each corresponding to time-fraction keys.
Hint: mumber of keyVahues must be an integer multiple of the number of keys!

Hint: keyValue key integer multiple defines how many coordinates are sent in value_changed outputOnlys

set_fraction

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

[value_changed

[value_changed: accessType outputOnly, tvpe MFVec2f CDATA #FIXED ""|
Linearly interpolated output value determined by current key time and corresponding keyValue pair
Hint: keyValue/key integer multiple defines how many coordinates are sent in value_changed outputOnlys

[containerField

[containel 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]

lass 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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Chapter Summary: Event Animation

ROUTE connections and animation
Animation as scene-graph modification
Event-animation design pattern: 10-step process

Interpolation nodes
 TimeSensor and event timing
* ScalarInterpolator and ColorInterpolator

* OrientationInterpolator, PositionInterpolator,
PositionInterpolator2D and NormalInterpolator

 Coordinatelnterpolator, Coordinatelnterpolator2D

3D X3D

web
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Monterey California 93943-5000 USA
1.831.656.2149 voice

1.831.656.7599  fax
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X3D
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Open-source license

Copyright (c) 1995-2008 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.
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