X3D Graphics for Web Authors

Chapter 5

Appearance, Material, and Textures

Things are not always as they appear.
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Chapter Overview



Overview: Appearance, Material, and Textures

Appearance affects associated geometry,
containing the following fields

Visual surface properties that interact with lights
e Material and TwoSidedMaterial
 LineProperties and FillProperties

Texture nodes wrap images onto geometry

e ImageTexture, MovieTexture, PixelTexture and
MultiTexture

» TextureTransform, TextureCoordinate and
TextureCoordinateGenerator
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#MultiTexture
#TextureCoordinateGenerator

back to Table of Contents
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Motivation

Appearance, material and texture nodes are
intended to allow authors to make 3D objects
look similar to objects in the real world

* This goal is always a worthy challenge
Lighting is an important factor in appearance,
because 3D objects reflect their virtual light

* Appearance and lighting are computational

 In this chapter we assume white light available,
usually from default NavigationInfo headlight

 Lighting and environment covered in Chapter 11 |,
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Parent-child constraints

Each Shape node can contain

 Single geometry node

* Single Appearance node
Each Appearance node can contain

 Single Material (or TwoSidedMaterial) node

* FillProperties, LineProperties, single Texture node
Each Texture node can contain

* Single TextureTransform or
TextureTransformGenerator node
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Common functionality

Node repetition can be efficiently accomplished
via DEF and USE
 Remember, first DEF must precede any USE copies

« Simplifies application of consistent coloring to
multiple pieces of geometry which are either similar

or parts of the same larger object
Consistent, more efficient, easier to globally
change all instances at once

* Which is further important when changing styles or
applying accessibility techniques throughout
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X3D Nodes and Examples
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Appearance node

Each Shape contains some geometry along with
a corresponding Appearance node

Appearance is a container which may include
* Single Material (or TwoSidedMaterial) node
* FillProperties, LineProperties, single Texture node

This close association makes assignment of
rendering properties to geometry unambiguous

» Repetition of values for visual consistency is easily
accomplished with DEF/USE of Appearance,
Material, Texture node, etc.

e Clear naming helps, for example
<Appearance USE='FoggyGlassAppearance'/>



W DiffuseColor.x3d - Editor : E|b__(|
v DiffuseColor x3d x|

BE-& QA5 fo% @ 60 v9 @

AL

3=

<?¥ml wversion="1.0" encoding="UTF-8"?2>
<!DOCTYPE X3D PUBLIC "I30//Web3D//DTD X3D 3.1//EN"™ "http://www.wsb3id.org/specifications/x3d4d-3.1.dcd":>
<¥3D profile='Immersive' wversion='3.1' ¥mlns:xsd='http://www.w3.org/2001/XMLSchema-instance'
x3d:nollamespaceSchemalocation="http: //wyw. web3d.org/specifications/x3d-3.1.x=d"' >
<head>
<meta content='DiffuseColor.x3d' nam=='title'/>

<meta content='A Sphere colored only with an diffuseColor.' nams='desscription'/:=

<meta content='Leonard Daly and Don Brutzman' name='creator' />
<meta content='Z February Z00&' name='gcreated' />
<meta content='2 February 200&' name='translated'/>
<meta content='% January Z008' namse='modified'/>
<meta content='http://¥X3dGraphics.com' nams='reference'/>
<meta content='http://wuw.weh3id.org/x3d/content/examples/ help.html' nams='reference!' /=
<meta content='Copyright (c) 2Z00&, Daly Fealism and Don Brutzman' nams='rights'/=
<meta content='X3D book, H3D graphics, E3D-Edit, http://www.x3dGraphics.com' nams='subject' /=
“meta content='http://X3dGraphics.com/examples/E3dForlebAiuthors/ Chapter05-AppearanceMaterialTextures,/DiffuseColor.x3d!
name='identifier' />
<meta content='X3D-Edit, https://savage.nps.edu/X3D-Edit' nams='gsnsrator'/:»
<meta content=',./../license.html' nams='license'/>
</ head:
<Zcens>
<Background skyColor='1 1 1'/=
<Viewpoint description='Material diffuseColor' orientation='-1 0 0 0.78' posicion='0 Z.04 2.34'/>
<Transform:
<Shape:>
<Appearance>
<Material diffuseColor='1 0 0'/>
</ Appearance:>
«Iphere/ = W Edit Appearance
</ Zhape=

</Transform> Appearance only has
¢/5esns> attributes for DEF or USE.

| </X3D> . .
Actual information on

geometry appearance is

held by contained nodes. | ok |[cancel|| tep |
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Palette simplifies addition of new nodes

Use X3D-Edit palette to pick the node of interest:

Palette groups match chapter structure, and can be
reordered by dragging with mouse

Upon dragging a new node element into scene,
corresponding node editor pops up

After checking attribute values with node editor,
select OK to confirm the new node

Default attribute values omitted in XML for clarity

Erroneous node placement in scene graph, or
invalid attribute values, cause a validation error

Accept or reject validation errors as appropriate,
then continue with text editing if desired



[ D Ed 00 61600

File Edt View Window Colaboraton Tools Help

=R R0 B @
e NewSceneGraph_24 x3d * x]

BE-L- QSR #25%

EREEl.. > x

Information

1 =<?¥ml version="1.0" encoding="UTF-8"?2>
2[-] <¥3D profile='Immersive' version='3.1'>

3 3
28 [-] <Scene>
29 <!— 5 nodes are a ==
30 </ Scenss>
31 </X3D>
295 INS

e NewSceneGraph_25 x3d * x]

BE-5- QS f2% @ o0 v¥ 9

Fl Geometry — Primitives
d§ shape I # Box 4 Cone

& Cyinder & sphere T Text

¥ Fontstyle
Grouping
# Viewing and Navigation

=] earance, Material and Textures
A Appearance

m Material |

il TwosidedMaterial

1 <?yml version="1.0" encoding="UTF-3"?
2[-] <X3D profile='Immersive' wversion='3.1'>»

37 </H3D>

33:22 NS
e MewSceneGraph_26 x3d * x]

BE-5- AxSE £ % 0E v¥ D

3 :

28 [-] <Scene>

28 <!—— Zcene graph nodes are ad here —-

30| <Zhape>

31 <!-—Add Appearance and a single geomstry nods her
32 [

33 < Texture, Te: IT
34 </ Appearance>

35 </Shape>

38 </ Fcenss

FilProperties

T LineProperties

B ImageTexture

B MovieTexture

# PixelTexture

By TextureTransform
i+ TextureCoordinate

iy TextureCoordinateGenerator

Geometry — Points, Lines and Polygons
Event Animation and Interpolation
User Interactivity

El Event Utilities and Scripting

7IF| BooleanFilter 717l BooleanSequencer
TIFl BoolearToggle el BoolearTrigger

1 =<?¥ml version="1.0" encoding="UTF-8"?2>
2[-] <X3D profile='Immersive' wversion='3.1'>»
3 :
28 [-] <Scene>

28 <!—— Zcene graph nodes are ad

30 [-] <Zhape>

31 <!-—Add Appearance and a single c
32 [

33 < Te

34 <Material diffuseColor=

35 </ Appearance>

38 </Shape>

37 </ Fcenss

38 </H3D>

34:20 ||INS

M IntegerSequencer M IntegerTrigger

<@ TimeTrigger BX Seript

Geometry 2D

Lighting and Environment

Environment Sensor and Sound
Geometry — Triangles and Quadrilaterals




A Appearance

containerField

Appearance specifies the visual properties of geometry by containing the Material, Texture and
Texture Transform nodes. Hint: insert a Shape node before adding geometry or Appearance.
Interchange profile hint: only Material and ImageTexture are allowed.

[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!

[containerField: NMTOKEN "appearance"

containerField is the field-label prefix indicating relationship to parent node. Examples: geometry Box, children Group,
oxy Shape. contamerField attmbute is only supported in XML encoding of 33D scenes.

[class CDATA #IMPLIED]

cl race-separated list of classes, reserved for use by XML stylesheets. class attribute is only supported in XML




Material node

Material controls how most geometry is colored,
whether it is transparent or glowing, etc.

Surface visual properties are applied equally
across all polygons making up a shape

Material properties define how geometry visually
interacts with light sources in the scene
 Lighting and Environment is covered in Chapter 11
* Rendering results also depend on view perspective

Material is an important node to master
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TwoSidedMaterial node

TwoSidedMaterial fields are identical to Material,
with the addition of the following new fields:
* backAmbientintensity
» backDiffuseColor, backEmissiveColor, backSpecularColor
* backShininess
* backTransparency

The 'back’ fields determine how the 'backsides' of
polygons are drawn
e Such as insides of primitive geometry
e Corresponding geometry must have solid='false'
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Reading X3D Specification node signatures

Actual X3D Specification entries are as follows:

* SFFloat [in,out] backAmbientintensity 0.2 [0,1]

* SFColor [in,out] backDiffuseColor 0.80.80.8 [0,1]

e SFColor [in,out] backEmissiveColor 000 [0,1]

* SFFloat [in,out] backShininess 0.2 [0,1]

* SFColor [in,out] backSpecularColor 000 [0,1]

» SFFloat [in,out] backTransparency 0 [0,1]
These field signatures are interpreted as follows:

* SFColor and SFFloat are field types
e [in,out] is accessType
 default value is followed by [min,max]
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TwoSidedMaterial specification
help entry in X3D-Edit

i Rd =G 12. Shape component

Contents \'\Search \1 : —
[ Legal Notices / 12.4.6 TwoSidedMaterial

I IDE Basics d

(1] ¥3D Extensible 3D Graphics
- [ % 3D-Edit

'"E ¥ 3D Examples Help

m- [ %3D Scene Authoring Hints
= % 3D Specifications

----- [ Abstract Functionality
----- L ML Encoding (.x3d)

----- [ Classic VRML Encoding (.x3dv)

""" [ Compressed Binary Encoding (.x3db)
""" [ 5AI Scene Authoring Interface

----- [ SAI Ecmascript Language Bindings

""" [ 5AI Java Language Bindings

""" [ Humanoid Animation (H-Anim)

----- (5] ECMAscript Specification

""" [ Availabiity and Feedback:

&8 % 3D Tooltips

----- [ 33D Navigation Hotkeys

I Collaboration

Imziide2iecmsinl : Hillecmzimlizdm |

This node defines material properties that can effect both the front and back side of a
polyaon individually, These materials are used for both the front and back side of the
geometry whenever the X320 lighting model is active.

If the separateBack Color field is set to TeUE, the rendering shall render the front and back
faces of the geometry with different values, If the value is FaLsE, the front colours are used
for both the front and back side of the polygon, as per the existing X30 lighting rules,

When calculating the terms in the lighting equations, the front geometry shall use the
fields ambientintensity , diffuseColor emissive Calor, shininess, specularColor, and
transparency. The faces that are determined to be the back side are renderad using
backAmbientintensity, backDiffuseColor, backEmissiveColor, backShininess, and
backTransparency as the appropriate componeants in the lighting equations.
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Material fields

Color, transparency and shininess fields together
make up Material properties. Examples follow.

* diffuseColor reflects all X3D light sources,
depending on viewing angles towards each light

e ambientintensity is reflection multiplication factor

e emissiveColor is glowing component, normally off,
independent of reflected light

» specularColor governs reflection highlights
* shininess controls specular intensity
* transparency is ability to see through an object:

1 is completely transparent, 0 is opaque |
web|3D 3D
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& DiffuseColor.x3d - Editor : §|E|
e DiffuseColor x3d % |

BE-5- Q%R #¢% &2 o0 v 2

1 <?xml wversion="1.0" encoding="UTF-8"?>
<1DOCTYPE X3D PUBLIC "I3CQ//Web3D//DTD E3D 3.1//EN" "http://www.web3d.org/specifications/x3d-3.1.dcd">
<H3D profile='Immersive' wversion='3.1' xmlns:xsd='http://wvw.w3.org/2001/IMLSchema-instance’

wsd:nollamespaceichemalocation="http://wrw.wehid.org/specifications/x3d-3.1.x5d"' »
<hesad>
<meta content='DiffuseColor.x3d' nams='title'/ />
<meta content='A~h Sphere colored only with an diffuseColor.' name='description'/ >
<meta content='Leonard Daly and Don Brutzman' nams='creator'/:>

[E T « TS (R o VI 7, [N O 5 %

<meta content='2 February Z00&' name='gcreated'/:=

-

“<meta content='2 February 2Z00&' nams='translated'/:>=

= =
= o

<meta content='9 January 2008' name='modified'/:=

[
]

<meta content='http://E3dGraphics.com' nams='reference'/>

=
L

“<meta content='http://www.weh3d.org/x3d/content/examples/help.html' nams='reference' />

=
=y

<meta content='Copyright (c) Z00&, Daly Fealism and Don EBrutzman' name='rights'/ >
<meta content='X3D bhook, X3D graphics, E3D-Edit, http://www.x3dGraphics.com'| name='subiject' /=
<meta content='http://i3dGraphics.com/examples/X3dForWebAuthors/ Chapter05-AppearanceMaterialTextures/DiffuseColor. x3d4"

== e
~1 fn en

name='identifier' /=

[
oo

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

=
1a]

<meta content='../../license.html' nam=='licenss'/>
</ heads=
<Scensx

B3 B3 B3
B = O

<Background skyColor='1 1 1'/=

ba
L

<Viewpoint description='Material diffuseColor' orientation='-1 0 0 0.78' posjition='0 2.04 2.34'/>

%]
=y

<Transform:=
<Zhape=>
<Appearance:
<Material| diffuseColor='1 0 O0'/>

B3
o

Xj3D Viewer

[ T 5 R S |
[= I B 1

</ Appearancex
<3phere/>
</ Shape>

Ld L bBa
| el = R x|

</ Transforms=
</Scenes
_{fXSD}

L
=]

L
L

diffuseColor is the primary Material field

[ &18] QA8 < [Matramsecor | > [£] A EH S
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Material editor: diffuseColor

W Edit Material X
DEF | | containerField
USE O u
¥j3D Viewer Material Fields
diffuseColor |1.0 oo 0.0
emissiveColor 0.0 oo 0.0
specularColor |0.0 | |0.0 | |0.0
transparency |0 | &2 .
ambientintensity 0.2 | ) ]

| I o

shininess |O. 2

Universal Media (overwrites Material Fields)

theme |--none— «| [

Geometry x3dv | ECMAscript SAI ' Java SAI " x3d |

|Sphere '| axes light vectaor <Material

diffuseColor='1.0 0.0 0.0°'

emissiveColor='0.0 0.0 0.0°

specularColor='0.0 0.0 0.0

on transparency='0"
ambientIntensity="'0.2"

| shininess='0.2"'

Light

color [1.0 |10 |10

containerField="'material’

drrection |-0.707 0.0 ||-0.707 |[norm | |

ambientintensity . )

Background
skyCalor |0.0 | |00 0.0 | |

| QK ||Cance| || Help |




W EmissiveColor.x3d - Editor
e EmissiveColor k3 x]

BR-5 A% #% & 00 v 9

B

<hesads>

-

<meta content='2
<meta content='2

<meta content='Co

<meta content='X3

]

</ head:>
<dcens>

[ ]

L B Y

<Transform>
<Shape>
<Appearance:

i T 1 T % Y T % Y e Y U
[#]

[T 1 T
=1

fa]

</ Appearance>
<3phere/>
=/ Shape>
</ Transform=
</3cenes
_<EX3D>

<X3D profile='Interchange' wve

<?¥mml version="1.0" encoding="UTF-8"2>
<IDOCTYPE X3D PUBLIC "ISO//Web3D//DTD H3D 3.1//EN"™ "http://www.wsh3id.org/specifications/x3d-3.1.ded">
wmlns:xsd='http://www. w3 .org/2001/XMLS3chema—- instance'

rsion='3.1"'

xad:inollamespaceSchemalocation="http://www.webh3d.org/specifications/x3d4-3.1.%sd" >

<meta content='A Sphere colored
<meta content='Lecnard Daly and

Februarvy
February

p¥right

D-Edit,

“meta content='EmissiveColor.x3d' nams='title'/:»

200&' name='gcreated' />
Z00&' name='translated' /=

<meta content='S January 2008' nam=='modified'/:=
<meta content='http://E3dGraphics.com' name='reference' /=
<meta content='http://wuw.web3d.org/*x3d/content/exXanples/he

{z) 200&, Daly Fealism and Don Bruf

<meta content='X3D book, X3D graphics, X3D-Edit, htop://wwuw
<meta content='http://E3dGraphics.com/examples/X3dForiTebhiut]
name="'identifier' /=

https://savage.nps.edu/X3D-Editc' nj

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

<Background skvyColor='1 1 1'/>
<NavigationInfo headlight='false'/=>
<Viewpoint description='Material emissiveColor' orisntatcion

only with an emmissiveColor.!

name='description' />

Don EBrutzman' name='cCcreator ‘w

Xj3D Viewer

§> Material emissiveColor -

<Material] diffuseColor='1 0 0' emissiveColor='0 0 1' specularColor='0 1 0'/>

emissiveColor
is the glowing component
and can easily overpower
other color fields

[4]

28:20 NS




Material editor color selector

Saturated colors - large

115,112,255

© Edit Material X
oeF@ [ ] containerField
USEO o
Xj3D Viewer Material Fields
diffuseColor [1 } [0 } [0
[ emssvecalor [0 o o
specularColor [0.47058824 | |0.45832353 10
tasparency0 @
ambientIntensity : &2

- c}}) @ - ’ %‘ H ” Hﬁ' H%‘ Universal Media (overwrites Material fields)

3% A < | default M R4 L[ ~none- ~| ()
Geometry x3d | .x3dv | ECMAscript SAI | Java SAI |

axes ¥ light vector <Material

diffuseColor='1 0 0'
iah emissiveColor='0 0 0'
Light specularColor="'0.47058824 0.45882353 1.0'
on transparency='0"'
ambientIntensity='0.2"
color [1.0 ‘ [1.0 l II'O l shininess='0.2'
dection [-0.707 | 0.0 | [0.707 |[norm ] || | comcainerFiela=inacerial
intensity [1 | e ]

ambientintensity |1 | . &)

Background

skyColor [L0 |[10 |[10 ]

[k ][ cancel] [ e |

Click colored box to select a color



W SpecularColor.x3d - Editor Z §|r>__(|
e SpecularColor x3d x]

BE-5- A@FE £¢% @ o0 v¥ 9

1 <?mml wversion="1.0" encoding="UTF-8"?>
<!DOCTYPE X3D PUBLIC "I30//Web3D//DTD 3D 3.1/ /EN" "http://wuw.web3id.org/specifications/x3d-3.1.dcd">
<¥3D profile='Interchangs' version='3.1' zmlns:xsd='http://wvvw.w3.org/2001/XML3chema-instance’

xsd:nollamespaceichemalocation="http: //www.web3d.org/specifications/x3d-3.1.xsd' =
<head>
<meta content='SpecularColor.x3d' nams='title'/>
<meta content='A Sphere with specularColor applied over diffuseColor with default shininess.' namse='description'/:>
<meta content='Leonard Daly and Don Brutzman' name='gcreator'/>

W00 =] o s W B

<meta content='2 Februarvy 200&' nams='greatsd' />

[
=)

<meta content='2 Februarvy 200&' nam=='translated' /> . .
Xjab Viewer

=
=

<meta content='27 December 2007' name='modifisd' /=

[
]

<meta content='http://X3dGraphics.com' name='reference'/>

=
L

<meta content='http://vuw.webh3id.org/x3d/content,/examplaes,/ help. htm

[
=

<meta content='Copyvright (c) 200&, Dalvy PFealism and Don Brutzman'

<meta content='E3D book, E3D graphics, E3D-Edit, http://wyw.x3dGr

<meta content='http://X3dGraphics.com/examples/X3dForWebAuthors/C
nams="'identifier' />

[ S e
o -1 Moen

<meta content='X3D-Edit, https://savage.nps.edu/E3D-Edit' nams='g

=
(ta]

<meta content='../../license.html' nams='licenses'/>
</ head>
“<acens>
<Background skyColor='1 1 1'/=
<Viewpolnt description='Book Viewpolint' orisntation='-1 0 0 0.78'

[T % T % B 8 |
LT L I S e |

]
=

<Transform>
<Shape>

<Appearance> & || €1 A B ¢ |materl specuiarcoir ~| > £ 4 [F5I)

<Material diffuseColor='1 0 0' specularColor='0 1 0'/>

B3 BD
ohon

[ I
[ R |

</ Appearances
<Sphere/:>

</ Shapex>
_ormenstem> | specularColor and shininess subtly change perceived colors
</X3D>

[ S
==Y a

Ld L
[ ]

L
L

bright shiny spots on an apple are examples of specular color

[4]
27:20 |[INS




Material editor specularColor, shininess

W Edit Material

®j3D Viewer

LBl €| A 0| € |defaut

] —

USE D O

containerField

Material Fields

diffuseColor |1 | |O | |O

emissiveColor |O | |O | |O

I specLlarColor |O | |1 | |O
ransparency |O | &

ambientIntensity |O. 2 | I

I shininess |O. 2 | L

Universal Media (overwrites Material fields)

theme |--none-- «| [

58.82
Geometry x3d |, x3dv | ECMAscript SAT | Java SAT |
axes light vector <Material
diffuseColor="'1.0 0.0 0.0
- emissiveColor='0.0 0.0 0.0
nght specularColor='0.0 1.0 0.0
on transparency='0"
ambientIntensity='0.2"
color |1'O | |1'O | |1'O | shininess='0.2"'
direction |-0.707 | [o.0 | [-0.707 |[ norm | N containsrFisld='natarial’
intensity |1 | &
ambientintensity |1 | L 7
Background
skyColor [0.0 |00 | 0.0 B

| CK ||Cancel || Help |




L

a pare d d L]

‘%“Transparency.ﬂd x] 1| b ;IEI

RE-5- ATFE % @ 00 v¥ 9

1 =<?yml version="1.0" encoding="UTF-8"?> il

2 <IDOCTYPE X3D PUBLIC "IS0Q//Web3D//DTD E3D 3.1//EN" "http://wuw.web3d.org/specifications/x3d-3.1.dcd">

3 <¥3D profile=!'Immersive' version='3.1' xmlns:xsd='http://wowv.w3.org/2001/XML3chema—instance' xsd:nollamespaceSchemalocation='http://www.weh3d.org/ s

4% <head>

a3 <meta content='Transparency.x3d' nams='title'/>

a <meta content='This exampls shows a partially transparsent Sphere in front of an opacues Box and Cvlindesr.' name='description' />

7 <meta content='Leonard Daly and Don Brutzman' nams='greator'/:>

g <meta content='2 February 2Z00&' nam=='created'/ /=

g <meta content='2 February Z00&' nams='translated'/>

1a <meta content='1 April 2Z007' namse='modified' />

11 <meta content='http://X3dGraphics.com' nam=='reference'/>

1z <meta content='http://www.web3d.org/x3d/content/examples/help.html' nams='reference'/>

13 <meta content='Copyvright (c) Z00&, Daly Bealism and Don Brutzman' names='rights'/s

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

15 <meta content='http://X3dGraphics.com/examples/E3dForWebAuthors/Chapter05-AppearanceMaterialTextures/ Transparency.x3d' nams='identifisr' />

16 <meta content='X3D-Edit, https://savage.nps.edu/E3D-Edit' nams='gensrator'/:>

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

18 r </head>

12| <Scenes>

20 <ExternProtoleclare name='Whersiml' url='"../Chapterl4-Prototypes/ Whereliml . x3d#WhersmI™ "http://X3dGraphics. com/examples/X3dForWebAuthors,/ Chay

Z1 <Protolnstance nams='WhereimI' /= z N

22 <Background skyColor='1 1 1'/= 130 Viewer o

23 <Viewpoint description='Book Viewpoint' orientation='-0.788 -0.£14 -0.055 -0.12' position='-0.5& -0.&4

Z4 |- <Transforms>

25 <Shape> -

28 |- <Appearance:>

27 <Material diffuseColor='1 0 0' specularColor='0 1 0! I:ransparenc;m' -

28| - </ Appearance>

29 <Sphere radius='.7'/>

30| - </Shape>

31 - </ Transforms>

32(= <Transform rotation='.707 .707 0 .707' translation='0 0 -&'>

33 <Shape>

34 - <Appearances

35 <Material diffuseColor='0 0 1'/>

36| </ Appearance: . . .

a7 View of semitransparent shiny Sphere,

38| </ 3hape> .

[ </Trasstorm> in front of nontransparent (opaque) Box,

40 |- <Transform translation . .

a in front of opaque Cylinder

42 = <Appearance>

43 <Material diffuseColor='0 .& O'/> —

44| - </ Appearancex

45 <Cylinder height='8' radius='.4'/>

46| </ 3hape> |~
] IC

2784 ||INS



Universal Media materials library

The Universal Media materials were originally
created by SGI as part of Openlnventor in the
1990s as a convenience to authors

Each set of materials is grouped for visual
compatibility and aesthetic appeal

Now converted and available for X3D use
e David Rousseau converted to VRML97
e Aaron Walsh created VRML Universal Media archive

e Don Brutzman translated into X3D as prototypes,
cut/paste field values, also embedded in X3D-Edit

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


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

Selecting a Universal Material value

W Edit Material
DEF ® |:| contanerField
USE O o
Xj3D Viewer Material Fields
diffuseColor |0.914894 | [0.444404 | [0.348014 i |
emissiveColor |0.0 | |0.0 | |0.0
specularColor |0.345745 | |0.143066 |00
fransparency |0.0 | [
amblentintensity |0.255814 | &
shininess |0.12 | 3 .
Universal Media (overwrites Material fields)
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Sheen |
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on v -
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tensty 007 B a— Selecting a Universal Media

ambientintensity |O.89 | e = Iibrary and index number
Background resets Material field values

skyColor [0.0 |00 | 0.0 B

| OK ||Cancel || Help |




Universal Media libraries include

ArtDeco, Autumn, Glass, Metal, Neon, Rococo, SantaFe,
Sheen, Silky, Spring, Summer, Tropical, Winter

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

M Material

Material specifies surface material properties for associated geometry nodes Material attributes are used by the
VRML lighting equations during rendering.
Hint: insert Shape and Appearance nodes before adding material.

DEF

[DEF ID S#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: USEmg other geometry (instead of duplicating nodes) can improve performance.
Warning: do NOT include DEF (or any other attribute values) when using a USE attribute!

diffuseColor

[diffuseColor: accessType inputQutput, type SFColor CDATA "0.8 0.8 0.8"]
[RGB color] how much direct, angle-dependent light is reflected from all light sources.
Hint: only emissiveColor affects IndexedLineSet, LineSet and PointSet.

emissiveCalor

[emissiveColor: accessType inputOutput, type SFColor CDATA "0 0 0]
[RGB color] how much glowing light is emitted from this object.

Hint: emissiveColors glow even when all hights are off.

Hint: reset diffuseColor from default (.8 .8 .8) to (0 0 0) to avoid washout,
Hint: only emissiveColor affects IndexedLineSet, LineSet and PointSet.
Warning: bright emissiveColor values can wash out some textures.

specularCalar

[specularColor: accessType inputOutput, type SFColor CDATA "0 0 0"]
[RGB color] specular highlights are brightness reflections (example: shinv spots on an apple).
Interchange profile hint: this field may be ignored.

shininess

[shininess: accessType inputOutput, type SFFloat CDATA "0.2"]
[0..1] low values provide soft specular glows, high values provide sharper, smaller highlights.
Interchange profile hint: this field may be ignored.

zmhi.rnt[uleu::il}'

[ambientIntensity: accessType inputQuiput, type SFFloat CDATA "0.2"]
[0..1] how much ambient omnidirectional light is reflected from all light sources.
Interchange profile hint: this field may be ignored.

FARSPAFEnLY

[transparency: accessType inputOutput, type SFFloat CDATA "0"]
[0..1] how "clear” an object is: 1.0 is completely transparent, 0.0 is completely opaque.
Interchange profile hint: transparency < .5 opaque, transparency > .5 transparent.

comtainerField

[containerField: NMTOKEN "material"]
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.




FillProperties node

FillProperties specifies additional characteristics
that can be applied to the material shading of
geometry nodes

e Adds to basic effects of peer Material and texture

FillProperties is a new X3D node not in VRML97

 If backwards compatibility needed and FillProperties
effects are critical, consider an additional secondary
technique to also backup this functionality

Note: hatch effects are not affected by lighting

3D X3D
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FillProperties fields

* filled is a boolean (true or false) field to indicate
whether the material properties are filled in.
Setting filled='false' can be useful to highlight
hatching effects.

e hatched is another SFBool single-field boolean that
turns hatching effects on or off. Hatching can be a
helpful user-interaction technique to indicate
selection or objects of interest.

» hatchColor is the color applied to hatching effects
over the material surface. Be sure to use a color
that distinguishes hatching from diffuseColor.

» hatchStyle codes follow on the next slide |
web|3D 3D
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FillProperties hatchStyle codes

(parentheses indicate optional support)

Enumeration Code Hatch Pattern
| Horizontal equally spaced parallel lines
2 Vertical equally spaced parallel lines
3 Positive slope equally spaced parallel lines
4 Negative slope equally spaced parallel lines
5 Horizontal /vertical crosshatch
b Positive slope/negative slope crosshatch
7 (cast iron or malleable iron and general use for all materials)
B (steel)
g (bronze, brass, copper, and compositions)
10 (white metal, zinc, lead, babbit, and alloys)
11 (magnesium, aluminum, and aluminum alloys)
12 (rubber, plastic, and electrical insulation)
13 (cork, felt, fabric, leather, and fibre)
14 (thermal insulation)
15 (titanium and refractory material)
16 (marble, slate, porcelain, glass, etc.)
17 (earth)
18 (sand)
Web 3 D 19 (repeating dot)

CONSORTIUM



B FillProperties

FillProperties indicates whether appearance is filled or hatched. Hatches are applied on top of the already rendered
appearance of the node, and are not affected by lighting.

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

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

lled [filled: accessType inputOutput, type SFBool (true|false) "true"]
Whether or not associated geometry is filled.

hatched [hatched: accessType inputOutput, type SFBool (true|false) "true"|
Whether or not associated geometry is hatched.

hatchStyle [hatchStyle: accessType inputQutput, type SFInt32 CDATA "1")
hatchStyle selects a hatch pattern from International Register of Graphical Items. 1=Horizontal equally spaced parallel lines.
2=Vertical equally spaced parallel lines. 3=Positive slope equally spaced parallel lines. 4=Negative slope equally spaced parallel
lines. 5=Horizontal/vertical crosshatch. 6=Positive slope/negative slope crosshatch. 7=(cast iron or malleable iron and general use
for all materials). 8=(steel). 9=(bronze. brass, copper. and compositions). 10=(white metal, zinc, lead. babbit, and alloys).
11=(magnesium, aluminum, and aluminum alloys). 12=(rubber, plastic, and electrical insulation). 13=(cork, felt, fabric, leather,
and fibre). 14=(thenmnal insulation). 15=(titanium and refi-actory material). 16=(marble, slate, porcelain, glass, etc.). 17=(earth).
18=(sand). 19=(repeating dot).

batchColor [hatchColor: accessType inputOutput, type SFColor CDATA "1 1 1"
Color of the hatch pattern.

rontainerField [containerField: NMTOKEN "fillProperties']
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 SIMPLIED]
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.




LineProperties node

LineProperties specifies additional characteristics
that can be applied to the material shading of
geometry nodes

e Adds to basic effects of peer Material and texture

LineProperties is a new X3D node not in VRML97

 If backwards compatibility needed and FillProperties
effects are critical, consider an additional secondary
technique to also backup this functionality

3D X3D
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LineProperties fields

e gppliedis an SFBool field to turn the line property
effects on or off, which can be set up as a helpful
user-interaction technique

 [inewidthScaleFactor (note irregular capitalization)
provides a multiplicative factor to scale the nominal
X3D-browser line width

* linetype (note irregular capitalization) selects a line
pattern, with allowed values listed on following slide

3D X3D
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LineProperties /inetype values
(parentheses indicate optional support)

Enumeration Code linetype Pattern
l Solid
2 Dashed
3 Dotted
4 Dashed-dotted
5 Dash-dot-dot
b (single)
7 (single dot)
8 (double arrow)
9 (chain line)
10 (center line)
11 (hidden line)
12 (phantom line)
13 (break line 1)
14 (break line 2)

WEb 3 D 15 User-specified dash pattern

CONSORTIUM
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il ]‘inpprﬂpprﬁeg LineProperties specifies additional properties applicable to all line geometry.

DEF [DEF ID #IMPLIED)]

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

Hint: descriptive DEF names improve clarity and help document a model.

USE [USE IDREF #IMPLIED]

USE means reuse an already DEF-ed node ID, ignoring _all other attributes and children.
Hint: USEing other geometry (instead of duplicating nodes) can improve performance.

Warning: do NOT include DEF (or any other attribute values) when using a USE attribute!
applied [applied: accessType inputOQutput, type SFBool (true|false) "true"]

‘Whether or not LimeProperties are applied to associated geometry.
linetype [linetype: accessType inputOutput, type SFInt32 CDATA "0"]

linetype selects a line pattern, with solid default if defined value isn't supported. Values with guaranteed support are 1 Solid, 2
Dashed. 3 Dotted. 4 Dashed-dotted. 5 Dash-dot-dot. Optionally supported values are 6 single, 7 single dot. § double arrow, 10
chain line, 11 center line, 12 hidden line, 13 phantom line, 14 break line 1, 15 break line 2, 16 User-specified dash pattern.
linewidthScaleFacter [linewidthScaleFactor: accessType inputOutput, type SFFloat CDATA "0"]

linewidthScaleFactor is a scale factor multiplied by browser-dependent nominal linewidth, mapped to nearest available line width.
Values zero or less provide minimum available line width.

containertield [containerField: NMTOKEN "lineProperties")

contamerField is the field-label prefix mdicating 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 SIMPLIED]
class is a space-separated list of classes, reserved for use by XML stylesheets. class attribute is only supported in XML
encodmg of X3D scenes.




Texture nodes

Texture nodes read 2D image (or movie) files
and apply them pixel-by-pixel to the associated
geometry sharing the same Shape node

* Thus wrapping picture images around an object
* ImageTexture, PixelTexture, MovieTexture
e Can be inexpensive way to achieve high fidelity

Texture images can be shifted, rotated, scaled
e TextureTransform, TextureCoordinate
* Thus modifying image application to geometry

3D X3D
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Texture coordinates 1

Defined by a 2D (s, f) coordinate system
e Ranges from [0,1] along lateral s and vertical t axes
* Bottom edge of image is s-axis (£=0)
 Left edge of image is t-axis (s=0)
* Top-right corneris (s, £) = (1, 1)

Thus texture maps provide a 2D color function
that find the pixel in an image at location (s, )
to return value of color(s, t)

3D X3D
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Texture coordinates 2

s and t coordinates locate each pixel in an image

* Thus texture coordinates work independently of
either file size (bytes), image size (pixel count) or
aspect ratio (width:height)

3D
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Common fields for texture nodes

repeatsS and repeatT

* These fields indicate whether the texture image is
repeated along a given axis once used

» Default is to use once along each axis, mapping the
texture image once from coordinates (0,0) to (1,1)

web
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Texture flipping for (s,t) tile repetition

a. Original image b. First flip copy of first image across rightmost edge

d. Note that all internal sides match
as mirror images of each other.

Also note that external sides match:
top and bottom edges are both Side 3,
left and right edges are both Side 4.

Thus further (s,f) repetition also matches
when additional texture tiling occurs. c. Then flip copy of both images across bottommost edge



Image file manipulation tools

Many tools are available for manipulating images,
sometimes provided with the operating system

* Adobe Photoshop
* Microsoft Visio, Paint

One of best is free, open source, recommended:

e Gnu Image Manipulation Program (GIMP)
http://www.gimp.org

Drawing tools can also be helpful
* OpenOffice Draw, Impress

http://www.openOffice.org |
web|3D )<3D
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http://www.gimp.org/
http://www.openOffice.org/

ImageTexture node

ImageTexture retrieves a 2D image file and
applies it as a texture to geometry

 Commonly used techniqgue, important to master

ur/ described in Chapter 4 Grouping Nodes
 as part of Inline and Anchor

e Recall that the url field is an ordered list which can
include both local (relative) and online addresses to
image files

» Might preferentially load online version first,
perhaps if it can be updated, and keep a local url

value for a backup image
web|3D 3D
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ImageTexture file formats

Supported, required image file formats:

 Joint Photographic Expert Group (.jpg) which is
good for photographic images

 Portable Network Graphics (.png) which is good for
bit-mapped drawings and other images

e Both formats are royalty free, commonly used in Web
Also recommended (but not required)

* Graphics Image Format (.gif), has license restrictions
Other image formats are also allowed

e but support by X3D browser not guaranteed |
web|3D )<3D
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ImageTexture and Material

It is good practice to accompany ImageTlexture
with a Material node

* Material is rendered first if network delays are
encountered when loading the image file

e Carefully chosen Material diffuseColor can reduce
sudden color changes when a delayed image file is
finally applied

* Underlying Material values are further important
and will show through if the texture image includes
transparent pixels

3D X3D
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" ImageTexture

ImageTexture maps a 2D-image file onto a geometric shape. Texture maps have a 2D coordinate system (s, t)
horizontal and vertical, with (s, t) values in range [0.0, 1.0] for opposite corners of the image.

Hint: insert Shape and Appearance nodes before adding texture.

Warning: bright Material emissiveColor values can wash out some textures.

DEF

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

USE

[USE IDREF sIMPLIED]

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

url

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

Location and filename of image. Multiple locations are more reliable, and Web locations let e-mail attachments work.

Hint: Strings can have multiple values, so separate each string by quote marks [ "http:/www.urll.org" "http:/www. url2.org"
"ete." ].

Hint: XML encoding for " is &quot; (a character entity).

Warning: strictly match directory and filename capitalization for http links!

Hint: can replace embedded blank(s) in url queries with %620 for each blank character.

repeats

[repeatS: accessType initializeOnly, type SFBool (true|false) "true"]
Horizontally repeat texture along S axis.

repeatT

[repeatT: accessType initializeOnly, type SFBool (true(false) "true"]
Vertically repeat texture along T axis.

containerField

[containerField: NMTOKEN "texture"|
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.




MovieTexture node

MovieTexture applies video imagery to geometry
* Same considerations for ur/ field as ImageTexture

Usually applied sparingly, because
* movie files are often quite large

* Applying high-frame rate pixels is computationally
expensive, which can slow down frame rate and
may present low-quality results in some browsers

3D wall or billboard helps make movies viewable
« Important to provide a clear Viewpoint to see it

* Authors might prefer for movie to instead play
within Web browser outside X3D scene D
3D 5
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MovieTexture fields 1

e speed is a rate factor to speed up or slow down
movie playback, can be negative to go in reverse

e startTime and stopTime are used as input controls
to begin and end play, usually by routing an SFTime
event from a TimeSensor or TouchSensor

* pauseTime and resumeTlime operate similarly,
allowing the movie to pause/resume at same point
in time (rather than starting over from beginning)

* jSActive and isPaused are boolean output events
that are sent by the MovieTexture node: true when
the condition occurs, false when it ends

3D oD,
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MovieTexture fields 1

* duration_changed is length of time in seconds for
one cycle of the movie

» elapsedTime is SFTime output event sent
continuously as movie is playing, cumulatively in
seconds without counting any pause durations

Can use LoadSensor (chapter 12) to detect when
movie is fully loaded

DEF and USE are important for multiple copies

* Minimize download file size, bandwidth, and delay,
web|3D )<3D
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MovieTexture applies a 2D movie image to surface geometry, or provides audio for a Sound node, First define as
- texture, then USE as Sound source to see it'/hear it/'save memory. Texture maps have a 2D coordinate system (s, 1)
= MovieTexture horizontal and vertical, with (s, t) values in range [0.0, 1.0] for opposite corners of the image.

Hint: insert Shape and Appearance nodes before adding texture.

Hint: provide a viewpoint that allows a clear view of a MovieTexture so that users can easily see all details.

— [DEF ID #IMPLIED]
DEF defines a unique ID name for this node, referencable by other nodes.
Hint: descriptive DEF names improve clanty 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 mclude DEF (or any other attnbute values) when using a USE attnbute!

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

Location and filename of image Multiple locations are more reliable, and Web locations let e-mail attachments work.
Hint: Strings can have multiple values, so separate each string by quote marks [ "http://www. urll org"” "http:/fwww url2. org”
"etc." ].

Hint: XML encoding for " is &quot; (a character entity).

Warning: strictly match directory and filename capitalization for http links!

Hint: can replace embedded blank(s) in url queries with %620 for each blank character.

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

speed [speed: accessType inputOutput, type SFFloat CDATA "1.0"]
Factor for how fast the movie (or soundtrack) is played.

startTime [startTime: accessType inputOutput, type SFTime CDATA "0"]

Absolute time: number of seconds since Jan 1, 1970, 00:00:00 GMT.
Hint: usually receives a ROUTEd time value.
stopTime [stopTime: accessType inputOutput, type SFTime CDATA "0"]
Absolute time: number of seconds since Jan 1, 1970, 00:00:00 GMT.
Hint: usually receives a ROUTEd time value.

Fepeals [repeats: accessType initializeOnly, type SFBool (true|false) "true”]
Honzontally repeat texture along S axis.

repeatT [repeatT: accessTvpe initializeOnly. type SFBool (true|false) "true"]
Vertically repeat texture along T axis.

duration_changed [duration changed: accessType outputOnly, tvpe SFTime CDATA #FIXED ""]

Length of time in seconds for one cycle of movie.




1sActive

[isActive: outputOnly SFBoolLabel; SFIXED ""]
isActive true/false events are sent when playback starts/stops.

isPaused

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

pauseTime

[pauseTime: accessType inputOutput, tvpe SFTime CDATA "0"]

When time now >= pauseTime, isPaused becomes true and MovieTexture becomes paused. Absolute time: number of seconds
since Jan 1, 1970, 00:00:00 GMT.

Hint: usually receives a ROUTEG time value.

Warning: not supported m VRML97.

resumeTime

[resumeTime: accessType inputOutput, type SFTime CDATA "0"]
When resumeTine becomes <= time now, 1sPaused becomes false and MovieTexture becomes active. Absolte time: number
of seconds since Jan 1, 1970, 00:00:00 GMT.

Hint: usually receives a ROUTEd time value.
Warning: not supported in VEML97.

elapsedTime

[elapsedTime: accessType outputOnly, type SFTlime CDATA sFIXED ""]
Current elapsed time since MovieTexture activated/munning, cumulative in seconds, and not counting any paused tune.
Warning: not supported in VRML97.

contaimerField

[containerField: NMTOKEN "texture")
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 atiribute is only supported in XML
encoding of X3D scenes.




PixelTexture node

PixelTexture contains the bit pattern of an image
* Written out as set of numeric data within the node

This allows single X3D scene to embed imagery
* Which helps when delivering a self-sufficient scene
 However may increase overall file size

Numeric image data is encoded pixel by pixel,
using a special data type: SFImage

3D X3D
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SFImage data type

First three data values:
* Number of width pixels in image
* Number of height pixels in image
 Number of component values in each pixel (0-4)

Appropriate number of pixel values follow
Component values

0 fornoimage, <ImageTexture image='0 0 0'/>

1 for black-white intensity
e 2 for black-white intensity, transparency
3 for red-green-blue colors

« 4 for red-green-blue colors, transparency 3D
web|3D
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SFImage examples

Components | SFimage Value Description Image
0 000 Empty image
] 121, OxFF 0x00 Intensity (black & white) example: °
checkerboard pattern

2 212, OxCCFF Ox2277 Intensity & transparency example ')

3 243, 0xFF0000 0xFFOO Red-green-blue (RGB) example -
0000 OxFFFFFF OxFFFFOO v

4 324,100255,010255, 001255, Red-green-hlue-alpha (RGBA) i
100127,010127,001 127 example

web|3D 3D
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1 <?xml version="1.0" encoding="UTF-3"?>

2 <IDOCTYPE X3D PUBLIC "IZO//Web3D//DTD E3D 3.1//EN" "http://wuw.webid.org/specifications/x3d-3.1.dcd">

3[E] <E3D profile='Immsrsive' wersion='3.1' xmlns:xsd='http://vww.w3.org/2001/EML3chema—instance' xsd:nollamsspaceSchemalocation='http://vww.web3d.org/spec
a|[+]

19|(= <Soenes
20 <ExternProtoleclare nams='WhereimI' url='",./Chapterl4-Prototypes/Wherelml.x3d#WhereAmI™ "http://E3dGraphics.com/examples/E3dForebAuthors/ Chapts
21 <Protolnstance nams='ThersAmI' />
22 <Background skyColor='1 1 1'/>
23 <Viewpoint description='Book Viewpoint' orientation='0.73& 0.&15 -0.284 -0.32' position='-2.9 1.&4 9.33'/:=
24 |- <Transform translation='2 2 0':=>
25 <Shape>
2a |- <Appearance>
27 <PixelTexture DEF='PixelColors' imags='2 4 3 O0xff0000 Ox££££00 0x007700 O0x££0077 Ox0D000££f Ox££7700 0x00££77 0OxB83888!'
28 repeatS='false! repeatT='false'/4
29| - </ Appearance: -
30 <Box/ >
31+ </Shape> W Edit PixelTexture
32 r </ Transform:>
33| <Transform translation='-2 2 0'>
. <Shape> DEF ® |PixelColors | containerField
35 = {App?arance> . . USE O |
36 <PixelTexture USE='FixelColors'/:>
37| </ Appearances
38 <Cones/ > hnage
2 </Shape> number width pixels |2 |
40 - </ Transform:
4] - <Transform translation='2 -2 0'=> numberh@ghtpkeh |4
42 <Shape>
a3 <Appearances number color components |3 |
44 <PixelTexture UZE='PixelColors' /> .
as| | </ Appearances image data |0xffo000 OxFFO0 0x007700 OxfOD77 0x0000fF 0xff7700 0x00fF77 0x833358 |
4g <Cylinder/>
47| - </Shape>
a8 | </ Transform:> Er=E -
4a = <Transform translation='-2 -2 0'> repeatT O
50 <Shape>
51 = <Appearances | QK ||Cance||| Help |
52 <PixelTexture USE='PixelColors'/>
53| </ Appearance:
54 <Sphere/>
55| - </ Shape>
56| - </ Transform:>
57| </ Scenes
58 - </¥3D=
4] [»]
28:58 INS
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<?¥ml wersion="1.0" encoding="UTF-8"?>
<I!DOCTYPE X3D PUBLIC "ISO//Web3D//DTD X3D 3.1//EN" "http://www.web3id.org/specifications/x3d-3.1.dcd">

<¥3D profile='Immsrsive' version='3.1' xmlns:xsd='http://vwy.wd.org/2001/XMLSchema-instance' xsd:nollamsespaceSchemalocation="'http://wuw.web3d.org/spe

<heads>
“meta content='PixelTextureBW.x3d' namse='title'/=
<meta content='Illustration of a checkerboard pattern using the PixelTexture node.' nams='description'/=
<meta content='Leonard Daly and Don Brutzman' nam=='creator'/:
<meta content='2 February 200&' name='created' />

<meta content='2 February Z00&' nam=s='translated' />

<meta content='1 April 2007' name='modifiesd'/>

<meta content='http://X3dGraphics.com' nam=='reference'/:>

“<meta content='http://www.weh3d.org/=x3d/content/examples/help.html' nam=='reference' />

<meta content='Copyright (c) Z00&, Daly Bealism and Don Brutzman' nam=='rights'/>

<meta content='X3D book, X3D graphics, X3D-Edit, http://wuw.x3dGraphics.com' nams='subijsct'/>

<meta content='http://X3dGraphics.com/examples/X3dForTebAuthors/ChapterlS5-AppearanceMaterialTextures/PixelTextureBW. x3d!
name='identifier'/>

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

<meta content='../license.html' name='license'/>
</head=
“ICENEx
<ExternProtoleclare nams='WhereimI' url=!'", /Chapterl4-Prototypes/Thereiml . x3d#ThereimI"

"httop://X3dGraphics.com/examples/X3dForebAuthors/ Chapterl4-Prototypes/ ThereimI . x3d#There imI™
"../Chapterl4-FPrototypes/WhereAmI. vrl#ThersAmI"
"http://X3dGraphics.com/examples/X3dForWebAuthors/Chapterl4-Frototypes/ WhereAml. vr 1#WhereAmI™' />
<Protolnstance nams='WherelmI'/ >
<Background skvColor='1 1 1'/>

*

<Viewpoint description='Book Viewpoint' position='0 O 5.44' /s | ¥30 Viewer
«<Shape=>
<Appearance:
<PixelTexture imags='8 8 1
Oxcc 0x00 Oxcc O0x00 Oxcoc O0x00 Oxoc Ox00
0x00 Oxcec 0x00 Oxecc 0x00 Oxcc O0x00 Oxcc
Oxcc O0x00 Oxcc O0x00 Oxcc 0x00 Oxcc Ox00
0x00 Oxcc O0x00 Oxcc O0x00 Oxcc Ox00 Oxcc
Oxcc 0x00 Oxcc 0x00 Oxcc 0x00 Oxcc O0x00
0x00 Oxcec O0x00 Oxoc Ox00 Oxceco O0x00 Oxcco
Oxce 0x00 Oxcc Ox00 Oxcce 0Ox00 Oxcc Ox00
0x00 Oxcc O0x00 Oxoc Ox00 Oxcc Ox00 Oxcc!
repeats='false' repsatT='falss'/>
</ Appearance>
<Box size='4 4 .1'/>
</Shape>
</Scene>

</ E3D=>

| Ol €] 2 8] ¢ ook vewparr -] » [ 4b]
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HE &
&% PixelTexture

PixelTexture creates a 2D-image texture map using a numeric array of pixel values. Texture maps have a 2D
coordinate system (s, t) horizontal and vertical, with (s, t) values in range [0.0, 1.0] for opposite corners of the image.
Hint: this is a good way to bundle image(s) into a single scene file, avoiding multiple downloads.

Warning: aggregate file size can grow dramatically.

Hint: insert Shape and Appearance nodes before adding texture.

DEF

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

USE

[USE IDREF #IMPLIED]

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

image

[image: accessType inputOutput, type SFImage CDATA "0 0 0"]

Defines image: width height number of components pixel values. width and height are pixel count, number of components = 1
(intensity). 2 (intensity alpha), 3 (red green blue), 4 (red green blue alpha-transparency). intensity example: [1 2 1 0xFF 0x00]
intensity-alpha example: [2 2 1 0 255 255 0] red-green-blue example: [2 4 3 0xFF0000 0xFF00 0 0 0 0 OXFFFFFF 0xFFFF00]
red-green-blue-alpha example: [needed]

repeats

[repeatS: accessTvpe initializeOnly, type SFBool (true|false) "irue"]
Horizontally repeat texture along S axis.

repeatT

[repeatT: accessType initializeOnly, type SFBool (true|false) "true"]
Vertically repeat texture along T axis.

containerField

[containerField: NMTOKEN "texture")
containerField is the field-label prefix indicating relationship to parent node. Examples: geometry Box, children Group. proxy
Shape. contamerField attribute 15 only supported in XML encoding of X3D scenes.

class

[class CDATA #fIMPLIED]
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.




TextureTransform node

TextureTransform defines a 2D coordinate
transformation for corresponding texture node,
to better align images placed on geometry

* 2D translation left/right/up/down
 rotation angle about center
e 2D scaling, uniform or non-uniform

Transformation order remains significant
 translation, rotation, scale (same as Transform)
* However it is applied against coordinate system,

not image file, so directions are counterintuitive ,
web|3D )<3D
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TextureTransform fields

Transformation are (s, t) axes-centric, not image
centric, so direction differs from expectations

* translation controls lateral shift of image file along
the polygonal surface, defined using (s,t) values

e center and rotation modify texture orientation:
each makes a change in coordinate system, so the
textured image rotates in opposite direction

» center defined using (s,f) values
* rotation defined using radians

 scale similarly opposite: scale='3 0.5' shows only
1/3 of texture along s axis, doubled along t axis

3D oD,

CONSORTIUM
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TextureTransform rotation

ccw rotation of opposite rotation of
geometry texture coordinate axes applied texture images

0, 2n

g ¥,
tEeits
1irat

/2 3n/2 /2 3n/2

<TextureTransform rotation='0.78'/>



w e elra a d L]

e TextureTransform x3d xl M;IE'
BE-b- a5 #+£% % 060 v &

1 =<?¥ml wversion="1.0" encoding="UTF-38"?> | |

2 <I!DOCTYPE X3D PUBLIC "I3Q//Web3D//DTD X3D 3.1//EN" "http://www.wsb3id.org/specifications/x3d-3.1.dcd">

3 <¥3D profile='Immersive' wversion='3.1' xmlns:xsd='http://uvw.w3.org/2001/XMLSchema-instance' xsd:nolamespacsSchemalocation='http://wwyw.weh3d.ory/ sy

4% <head>

5 <meta content='TextureTransform.x3d' nams='title'/>

b <meta content='An illustration of the sams FixelTexture applied to a cone with different TextureTransform wvalues' name='description'/=>

7 <meta content='Leonard Daly and Don Brutzman' nams='creator'/>

g <meta content='2 February 200&' name='created'/=>

9 <meta content='2 February 200&' nams='translated'/ /=

10 <meta content='1l April 2007' name='modifisd' />

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

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

13 <meta content='Copyright (c) 2Z00&, Daly Bealism and Don Brutzman' nams='rights'/ =

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

15 <meta content='http://¥3dGraphics.com/examp les/E3dForWebAuthors/Chapter05-AppearanceMaterialTextures/ TextureTransform. x3d' nams='identifier'/>

16 “meta content='X3D-Edit, https://savage.nps.edu/X3D-Edit' name='gensrator'/:>

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

18| - </head>

195 “Scene>

20 [ <ExternProtoDeclare nams='ThereAml' url='",./Chapterld4-Prototypes,/ Whereiml . x3d#TheremI™ "http://X3dGraphics. com/examples/X3dForTebAuthors/ Chay

21 <Protolnstance nams='Wheredml'/ /> H —

22 <Background skvColor='1 1 1'/> ﬁ Edit TextureTransform ['X |

23 <Viewpoint description='Book View' orientation='-0.882 0.184 -0.044 1.37' position='0.99 £.24 1.57'/> -

24 |- <Transform translation='2 0 O0'>

25 <Shap=> DEF @ | |

26 (= <Appearance>

27 <PixelTexture image='2 4 3 LSE C]

28 Ox££0000 Ox££££00 0x007700 Ox££0077 .

29 0x0000££f Ox££7700 Ox00££77 OxfL£££££°

30 repeati='trus' repsatT='trus'/> X

31 <TextureTeansform translation='.33 .5'/> COntEHEand

32| </ Appearance> []

33 <Cone height='3'/>

34| </Shapes=

35| </ Transform=

36| <Transform translation='-2 0 O0'=> center |I:I ||I:I

37 <Shape>

38 = <Appearance: rotation |O ‘

39 <PixelTexture imags='2 4 3

40 Dx££0000 Oxf£££00 0x007700 Ox££0077 translation |O.33 ||O.5 ‘

41 0x0000£ff Oxf£7700 Ox00££77 Oxffffff’

42 repeati='true' repsatT='true'/>

43 <TextureTransform translation='.25 .33'/= SCSE |1 ||1 ‘ |

44| - </Appearance>

45 <Cone bottomPadius='3' height='1'/> | oK ||CEHCE||| Hdp | ||

48 | </Shape> — hd
[« |

31:28  ||INS



’E TextureTransform

TextureTransform shifts 2D texture coordinates to position, orient and scale image patches. Visible effects appear
reversed because image changes occur before mapping to geometry Order: translation, rotation about center,
non-uniform scale about center.

Hint: insert Shape and Appearance nodes before adding TextureTransform.

DEF

[DEF ID sIMPLIED]
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, ignonng _all  other attnibutes and children.
Hint: USEing other geometry (instead of duplicating nodes) can improve performance.
Warning: do NOT mclude DEF (or any other attiibute values) when using a USE attnbute!

translation

[translation: accessType inputOutput, type SFVec2f CDATA "0 0"]
Lateral/vertical shift in 2D (s.t) texture coordinates (opposite effect appears on geometry).

center

[center: accessType inputOutput, type SFVec2f CDATA "0 0")
center pomt in 2D (s.t) texture coordmates for rotation and scaling.

rotation

[rotation: accessType inputOutput, type SFFloat CDATA "0"]
single rotation angle of texture about center (opposite effect appears on geometry).
Warning: use a single radian angle value, not a 4-tuple Rotation.

scale

[scale: accessType inputOutput, type SFVec2f CDATA "1 1"]
Non-uniform planar scaling of texture about center (opposite effect appears on geometry).

containerField

[containerField: NMTOKEN "textureTransform"]
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.

clazss

[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.




TextureCoordinate node

TextureCoordinate specifies a set of 2D texture
coordinates used by vertex-based nodes

e Such as IndexedFaceSet and ElevationGrid, which
are covered in Chapter 6
TextureCoordinate point field has (s,f) values
corresponding to vertices in parent geometry
* Type MFVec2f, multiple field array of 2-tuple floats

* Default is empty array, corresponds to regular
(s,t) values ranging (0,1)

Best approach: use special authoring tools
web|3D )<3D
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b TextureCoordinate

point

containerField

TextureCoordinate specifies 2D (5,1) texture-coordinate points, used by vertex-based geometry (ElevationGrid,
IndexedFaceSet) to map textures to vertices (and patches to polvgons).
Hint: add Shape and then polgyvonal/'planar geometry before adding TextureCoordinate.
[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!
[point: accessType inputOutput, type MFVec2f CDATA #IMPLIED]
pairs of 2D (s,t) texture coordinates, either in range [0..1] or higher if repeating.
[containerField: NMTOKEN "texCoord"]
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 SIMPLIED]
: separated list of clas reserved for use by XML stylesheets. class attribute is only supported in XML
encoding of X3D scenes.




TextureCoordinateGenerator node

TextureCoordinateGenerator enables the
automatic computation and generation of
texture coordinates for geometric shapes

e Can serve as substitute for TextureCoordinate node

Eleven procedural modes are provided
* mode field, following table explains possible values
» Associated parameter field provides setup values

This node is quite complicated and likely requires
special authoring-tool support

e May also find support in 3D acceleration hardwarg
web|3D 3D
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TextureCoordinateGenerator
mode enumerations
and parameter values

Mode

Description

SPHERE

CAMERASPACENORMAL

CAMERASPACE
POSITION

CAMERASPACE
REFLECTIONVECTOR

SPHERE-LOCAL
COORD
COORD-EYE
NOISE

NOISE-EYE

SPHERE-REFLECT

SPHERE-REFLECT -
LOCAL

Creates texture coordinates for a spherical environment or
“chrome” mapping based on the vertex normals transformed to
camera space. u=N,/2+0.5v=N/2+0.5where uandv are the
texture coordinates being computed, and N_and N are the x and
y components of the camera-space vertex normal. If the normal
has a positive x component, the normal points to the right, and
the u coordinate is adjusted to address the texture
appropriately. Likewise for the v coordinate: positive y indicates
that the normal points up. The opposite is of course true for
negative values in each component. If the normal points directly
at the camera, the resulting coordinates should receive no
distortion. The +0.5 bias to both coordinates places the point of
zero-distortion at the center of the sphere map, and a vertex
normal of (0, 0, z) addresses this point. Note that this formula
doesn't take account for the z component of the normal.

Use the vertex normal, transformed to camera space, as input
texture coordinates, resulting coordinates are in -1 to 1 range.

Use the vertex position, transformed to camera space, as input
texture coordinates

Use the reflection vector, transformed to camera space, as input
texture coordinates. The reflection vector is computed from the input
vertex position and normal vector. R=2 x DotProd(E,N) < N— E; In
the preceding formula, R is the reflection vector being computed, E is
the normalized position-to-eye vector, and N is the camera-space
vertex normal. Resulting coordinates are in —1 to 1 range.

Sphere mapping but in local coordinates
Use vertex coordinates
Use vertex coordinates transformed to camera space

Computed by applying Perlin solid noise function on vertex
coordinates, parameter contains scale and translation [scale.x
scale.y scale.z translation.x translation.y translation.z]

Same as above but transform vertex coordinates to camera space
first

Same as above but transform vertex coordinates to camera space
first

Similarto "SPHERE-REFLECT", parameter[0] contains index of
refraction, parameter[ 1 to 3] the eye pointinlocal coordinates. By
animating parameter [1 to 3] the reflection changes with respect
to the point. Resulting coordinates are in—1 to 1 range.




U
L

TextureCoardinateGenerator

paramerer

containerField

TextureCoordinateGenerator computes 2D (s,1) texture-coordinate points, used by vertex-based geometry
(ElevationGrid, IndexedFaceSet) to map textures to vertices (and patches to polvgons).

Hint: add Shape and then polgvonal/planar geometry before adding TextureCoordinateGenerator.

[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!

[mode: accessType inputOutput, (SPHERE | CAMERASPACENORMAL | CAMERASPACEPOSITION |
CAMERASPACEREFLECTIONVECTOR | SPHERE-LOCAL | COORD | COORD-EYE | NOISE | NOISE-EYE |
SPHERE-REFLECT | SPHERE-REFLECT-LOCAL) "SPHERE"]

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

[containerField: NMTOKEN "texCoord"]

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.
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Additional Resources

Pellucid materials editor

* Eric Haines, copyright (c) 1997
* http://tog.acm.org/resources/applets/vrml/pellucid.html

3D
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http://tog.acm.org/resources/applets/vrml/pellucid.html

back to Table of Contents

Chapter Summary

3D X3D

web




Chapter Summary

Appearance affects associated geometry,
containing the following fields

Visual surface properties that interact with lights
e Material and TwoSidedMaterial
 LineProperties and FillProperties

Texture nodes wrap images onto geometry

e ImageTexture, MovieTexture, PixelTexture and
MultiTexture

» TextureTransform, TextureCoordinate and

TextureCoordinateGenerator -
web|3D )<3D
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#MultiTexture
#TextureCoordinateGenerator
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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.



X3D Graphics for Web Authors

Chapter 5

Appearance, Material, and Textures

Things are not always as they appear.

3D X3D

web

Chapter05-AppearanceMaterial Textures



Contents

Chapter Overview and Concepts
X3D Nodes and Examples
Additional Resources

Chapter Summary

References

3D

CONSORTIUM

web

Chapter05-AppearanceMaterial Textures



Chapter Overview

web

3D, X3D

Chapter05-AppearanceMaterial Textures



Overview: Appearance, Material, and Textures

Appearance affects associated geometry,
containing the following fields

Visual surface properties that interact with lights

* Material and TwoSidedMaterial
* LineProperties and FillProperties

Texture nodes wrap images onto geometry

» ImageTexture, MovieTexture, PixelTexture and
MultiTexture

» TextureTransform, TextureCoordinate and
TextureCoordinateGenerator

3D 3D
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Motivation

Appearance, material and texture nodes are
intended to allow authors to make 3D objects
look similar to objects in the real world
* This goal is always a worthy challenge

Lighting is an important factor in appearance,
because 3D objects reflect their virtual light
* Appearance and lighting are computational

* In this chapter we assume white light available,
usually from default NavigationInfo headlight

* Lighting and environment covered in Chapter 11

CONSORTIUM

In a number of ways, lighting and appearance in 3D graphics are the theoretical

inverses of optical properties. Graphics attempts to recreate optical properties
computationally.
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Parent-child constraints

Each Shape node can contain

* Single geometry node

* Single Appearance node
Each Appearance node can contain

* Single Material (or TwoSidedMaterial) node

* FillProperties, LineProperties, single Texture node
Each Texture node can contain

* Single TextureTransform or
TextureTransformGenerator node

3D X3D
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Common functionality

Node repetition can be efficiently accomplished
via DEF and USE
* Remember, first DEF must precede any USE copies
» Simplifies application of consistent coloring to
multiple pieces of geometry which are either similar
or parts of the same larger object
Consistent, more efficient, easier to globally
change all instances at once

» Which is further important when changing styles or
applying accessibility techniques throughout

3D X3D
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Appearance node

Each Shape contains some geometry along with
a corresponding Appearance node

Appearance is a container which may include
* Single Material (or TwoSidedMaterial) node
* FillProperties, LineProperties, single Texture node

This close association makes assignment of
rendering properties to geometry unambiguous
* Repetition of values for visual consistency is easily

accomplished with DEF/USE of Appearance,
Material, Texture node, etc.

* Clear naming helps, for example
<Appearance USE='FoggyGlassAppearance'/>

DEF/USE names can get confusing in a large X3D scene, unless good patterns and habits
are used when giving names to nodes.

For example, a DEF name of FoggyGlass certainly describes what is intended, but it is
not clear whether the node is an Appearance, Material, or even some kind of Texture.
Therefore, including the name of the defining node in the DEF name (e.qg.
FoggyGlassAppearance) makes it easy to copy.

In other words, it is more likely to later say
<Appearance USE='FoggyGlassAppearance'/>

instead of making the node-typing mistake
<Material USE='FoggyGlass'/> <!-- run-time error -->

Since such run-time errors are often not caught until an end user is trying to view a scene
with unintended errors, it is better to adopt good naming practices early to avoid puzzling
problems later.

Thumbrules on node-naming conventions are given in the X3D Scene Authoring Hints,
provided in the X3D-Edit help system and also online at

http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#NamingConventions

Chapter05-AppearanceMaterial Textures
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lor.x3d - Editor X
e DiffuseColor.x3d X| FRET=
BE-&- a@FE #&%
1 <?xml version="1.0" sncoding="UTF-!
2 <1DOCTYPE X3D PUBLIC "I50//Web3D//DTD X3D 3.1//EN" "http://www.w=b3d.org/specifications/x3d-3.1.dcd">
3 <E3D profile='Immersive' wversion='3.1' xmlns:xsd='htep://www.w3.org/2001/XMLSchema-instance'
AE xsd:nollamespaceSchemalocation='http://www.web3d.org/specifications/x3d-3.1.xsd' >
5[ <head>
&8 <meta content='DiffuseColor.x3d' name='title'/>
7 <meta contenc='A Sphere colored only with an diffuseColor.' names='description'/>
8 <meta contenct='Leonard Daly and Don Brutzman' name='creator'/>
g <meta ntent=" February 200&' name='created'/>
10 <meta contenc='2 February 200&' name='translated'/>
11 <meta content='9 January 2008' name='modified'/>
12 <meta ntenc='heep://¥3dGraphics.com' name='reference'/>
13 <meta content='http://wyw.wsb3d.org/x3d/content/examples/help.html' name='refersnce'/>
14 <meta content='Copyright (e) 200&, Daly Pealism and Don Brutzman' name='rights'/:
15 <meta content='X3D book, X3D graphics, ¥3D-Edit, http://www.x3dGraphics.com' name='subject'/>
18 <meta cont=nt='http://X3dGraphics.com/=xamples/X3dForWzbAuthors/Chapter0S-AppearanceMaterialTextures/DiffuseColor. x3d’
17 name='identifier'/>
18 <meta content='X3D-Edit, https://savags.nps.edu/X3D-Edit' name='gensrator'/:
19 <meta content='../../license.html' name='license'/>
20| </head>
21 <3cenex
22 <Background skvColor='1 1 1'/>
23 <Viewpoint description='Material diffuseColor' orientation='-1 0 0 0.78' position='0 2.04 2.34'/>
24 [-] <Transform:>
25 E <Shape>
26 [ <Appearances
27 <Material diffussColor='1 0 0'/>
28| - </ Appearance>
29 <Sphere/> W Edit Appearance
30| F </Shape>
il </Toansgoras Appearance only has
32|| || </Scene> attributes for DEF or USE. ceRe ]
33 “| </E3D>
- Actual information on UsE &
geometry appearance is
held by contained nodes.
28:22 NS

When adding an Appearance node from the palette, the following text appears in the
editing pane, prompting further node addition(s):

<Appearance>
<!--Add Material, Texture, TextureTransform, FillProperties, and/or
LineProperties nodes here-->

</Appearance>
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Palette simplifies addition of new nodes

Use X3D-Edit palette to pick the node of interest:

Palette groups match chapter structure, and can be
reordered by dragging with mouse

Upon dragging a new node element into scene,
corresponding node editor pops up

After checking attribute values with node editor,
select OK to confirm the new node

Default attribute values omitted in XML for clarity

Erroneous node placement in scene graph, or
invalid attribute values, cause a validation error

Accept or reject validation errors as appropriate,
then continue with text editing if desired

Chapter05-AppearanceMaterial Textures
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W X3D Edit 3.2 200711261600
File Edit Vew Wndow Collaboraion Tools Help

e NewScensGraph_24x3d " x

|
S

BEARGE DB FL Xl

AREE. -

30 </Scens>

e NewScencGraph 2534 * x|

# Information

=l Geometry — Primitives

& Shape # Eox 4 Core

& Cyinder @ Sphere F Text
~ | ¥ FontStyle

Grouping

3L </¥3D> # Viewing and Navigation
= Appearance, Material and Textures
295 NS

A Appearance
| I Material
1 TwosidedMateria

RE-&- As5@ fe %

33122 | INs

¥ NewSceneGraph_26.x3d * =

FilProperties

" LineProperties

B ImageTexture

B MovieTexture

B PixelTexture

- | & TextureTransform

U1 TextureCoordinate

U1 TextureCoordnateGenerator

Geometry — Points, Lines and Polygons
# Event Animation and Interpolation

User Interactivity
= Event Utilities and Scripting

TIrl BooleanFiter
¢l BookearToggle

¥l IntegerSequencer

<@ TimeTrigger

Tlrl Bocleansequencer
Tl¥l BocleariTrigger

Tl IntegerTrigger

5K script

# Geometry 2D

Lighting and Environment

# Environment Sensor and Sound
Geometry - Triangles and Quadrilaterals

Hint: place the cursor before comments and closing tags, and then press Enter
(return key for line feeds), to get proper line spacing and to make the scene easier to
read.

Embedded comments (that prompt where new nodes are inserted) can be deleted.
When all nodes are in place, you can reformat by selecting
« Control+A to select all nodes

« Alt+Shift+F to format the XML (also available via right-click context menu)

Note that head element is iconized and DOCTYPE deleted in these scenes for clarity.
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|Appearance specifies the visual properties of geomeltry by containing the Material, Texture and
L .-\ppeal'ance I Texture Transform nodes. H nsert a Shape node before adding geometry or Appearance.
Interchange profile hint: only Material and ImageTexture are allowed.

[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 ZINPLIED]|

IUSE 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!

connainesField [containerField: NMTTOKEN "appearance"']

icontainerField 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]

lclass is a space-separated list of classes, reserved for use by XML stylesheets. class attribute is only supported in XML
lencoding of

http://www.web3d.org/x3d/content/X3dTooltips.html#Appearance
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Material node

Material controls how most geometry is colored,
whether it is transparent or glowing, etc.
Surface visual properties are applied equally
across all polygons making up a shape
Material properties define how geometry visually
interacts with light sources in the scene
* Lighting and Environment is covered in Chapter 11
* Rendering results also depend on view perspective

Material is an important node to master

3D X3D

web

Chapter05-AppearanceMaterial Textures
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TwoSidedMaterial node

TwoSidedMaterial fields are identical to Material,
with the addition of the following new fields:
» backAmbientIntensity
* backDiffuseColor, backEmissiveColor, backSpecularColor
* backShininess
* backTransparency

The 'back’ fields determine how the 'backsides' of
polygons are drawn
* Such as insides of primitive geometry
* Corresponding geometry must have solid="'false'

3D 3D

CONSORTIUM

web

TwoSidedMaterial was introduced in X3D version 3.2.

http://www.web3d.org/x3d/specifications/ISO-IEC-19775-X3DAbstractSpecification_Revision1_to_Part1/Part01/components/shape.html#TwoSidedMaterial
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Reading X3D Specification node signatures

Actual X3D Specification entries are as follows:

* SFFloat [in,out] backAmbientintensity 0.2 [0,1]
* SFColor [in,out] backDiffuseColor 0.80.80.8 [0,1]
* SFColor [in,out] backEmissiveColor 000 [0,1]
* SFFloat [in,out] backShininess 0.2 [0,1]
* SFColor [in,out] backSpecularColor 000 [0,1]
* SFFloat [in,out] backTransparency 0 [0,1]

These field signatures are interpreted as follows:
* SFColor and SFFloat are field types
* [in,out] is accessType
* default value is followed by [min,max]

3D 3D

CONSORTIUM

web

This is a good time to look at the X3D specification entry for TwoSidedMaterial, either
within X3D Help or online at
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TwoSidedMaterial specification
help entry in X3D-Edit

3D Edit 3.2 Help

BEE

12. Shape component

Contents \ Search \
P Legal Notices
iF IDE Basics
I ¥3D Extensible 3D Graphics
[ x3D-Edit
[H %30 Examples Help
[ 30 Scene Authoring Hints
[ %3D Specifications
¥ML Encaoding (.x3d)
[ Classic VRML Encoding (x3dv)
[%1 Compressed Binary Encoding (.x3db)
[ SAT Scene Authoring Interface
[ SAI Ecmascript Language Bindings
[1 SAI Java Language Bindings
[%) Humanoid Animation (H-Anim)
[ ECMAscript Specification
[51 Availabiity and Feedback
- [ %30 Tooltps
[ %j3D Mavigation Hotkeys
|| collaboration

v

/ 12.4.6 TwoSidedMaterial

This node defines material properties that can effect bath the front and back side of a
polygon individually. These materials are used for both the frant and back side of the
geometry whenever the X32D lighting madel is active.

If the separateBack Color ficld is set to TeuE, the rendering shall render the front and back
faces of the geometry with different values. If the value is raLsE, the front colours are used
for both the front and back side of the polygon, as per the existing X3D lighting rules.

When calculating the terms in the lighting equations, the front geometry shall use the
fields ambientintensity, diffuseColar emissiveColor, shininess, specularColor, and
transparency. The faces that are determinad to be the back side are rendered using
backAmbientintensity, backDiffuseColor, backEmissiveColor, backShininess, and
backTransparency as the appropriate componants in the lighting equatians.

F1 is the X3D-Edit hot key to invoke the JavaHelp system

Chapter05-AppearanceMaterial Textures
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Material fields

Color, transparency and shininess fields together
make up Material properties. Examples follow.

web

diffuseColor reflects all X3D light sources,
depending on viewing angles towards each light

ambientintensity is reflection multiplication factor

emissiveColor is glowing component, normally off,
independent of reflected light

specularColor governs reflection highlights
shininess controls specular intensity

transparency is ability to see through an object:
1 is completely transparent, 0 is opaque

3D )<3D

CONSORTIUM

Chapter05-AppearanceMaterial Textures
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e DiffuseColor x3d % | Al EE
RE-F- sl F&%
1 <?xml version="1.0" encoding="UTF-8"2>
2 <!DOCTYPE X3D PUBLIC "IS0//Web3D//DTD X3D 3.1//EN" "http://www.wsb3d.org/specifications/x3d-3.1.dcd">
3 <E3D profile='Immersive' wversion='3.1' xmlns:x 'hetp://www.w3.org/2001/EMLSchema-instance'
4Z xsd: noNamespaceSchemalocation='http://wwy.web3d.org/specifications/x3d-3.1.xsd' >
5[ <head>
€ <meta content='DiffuseColor.x3d' nams='title'/>
7 ntenc='A Sphere colored only with an diffuseColor.' nams='description'/>
8 ntent='Leonard Daly and Don Brutzman' name='creator'/>
g contenc='2 February 200&' names='created'/>
10 ntent='2 February 200&' name='translated'/>
11 contenc='%9 January 2008' name='modifiesd'/>
1z ntent='http://X3dGraphics.com' name='reference'/>
13 ntent='http://www.web3d.org/x3d/content/examples/help. huml' name='reference'/>
14 ntenc='Copyright (c¢) 2008, Daly Realism and Don Brutzman' nams='rights'/>
15 ntent='X3D book, X3D graphics, X3D-Edit, http://www.x3dGraphics.com'| name='subject'/>
16 <meta content='http://X3dGraphics.com/examples/X3dForUebAuthors/ Chapter05-AppsaranceMaterial Textures/DiffuseColor.x3d'
17 name='identifier'/>
18 ntenc='¥3D-Edit, https://savage.nps.edu/X3D-Edit' nams='gensrator'/>|
19 <meta content='../../license.html' name='license'/>
20| </head>
21 <3cen=>
2z <Background skyColor='1l 1 1'/>
23 <Viewpoint ds: iption='Material diffussColor' orientation='-1 0 0 0.78' positcion='0 2.04 2.34'/>
24 -] <Transform>
26 [ <ippearances XS0 Vieweg =
27 <Material| diffuseColor='10 0'/>
28| </ Appearances u
20 <Sphere/>
30| F </Shape>
31| F </Transform>
32 </Scene>
33| L] </H3D>
diffuseColor is the primary Material field
e &[] €A [B] < e asecder -] > || 44/ B

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterial Textures/DiffuseColor.x3d
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Material editor: diffuseColor

W Edit Material 3]

DEF @ l:l containerField

=3 g

Xj3D Viewer Material Fields

[ dfisecoer [10 o0 fo.0 | El
emissiveColor 0.0 0.0 o0 [ ]
specularcolor 0.0 0.0 0.0 i |
transparency I:l &,

ambientIntensity
shininess

Universal Media (overwrites Material Fields)

A RIS §> € | defauit

66.66

Geometry x3dv | ECMAseript SAT | Java SAL" x3d |

Sphere: M axes light vector <Material

diffussColor='1.0 0.0 0.0'

Light emissiveColor='0.0 0.0 0.0'
specularfolor='0.0 0.0 0.0'
on transparency='0'
ambientIntensity='0.2"
cdlor [1.0 [[ro |[ro | shininsss='0.2'
drection [0.707 oo | [o707 containerFicld='material’

>

ambientIntensity
Background
skyColor [0.0 0.0 0.0 | |
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W EmissiveColor.x3d - Editor 9 (=)E3
e EnissiveColorxad X | A=l
EE-5 AT5E fFe% @u 00 v¥ @

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

2 | <IDOCTYPE X3D PUBLIC "ISO//Web3D//DTD ¥3D 3.1//EN" "http://www.web3d.org/specifications/x3d-3.1.ded">
3[| <¥3D profile='Interchangs' wversion='3.1' xmlns:xsd='htop://www.w3.org/2001/X¥MLSchema-instance’
4 E xsd: nollamespaceSchemalocation='http://www. web3d. org/specifications/x3d-3. 1. xsd' >
5[] <hsad=
& <meta content='EmissiveColor.x3d' nams='title'/>
7 <meta contenc='L Sphere colored only with an emmissiveColor.' name='description'/=
8 <meta content='leonard Daly and Do Brutzman' name='creator ffi X
9 <meta cc —
an emeta 3D Viewer x
11 <m=ta
12 <mzta content='hrep://X3dGraphics.com' names srence' />
13 <meta content='http://wew.web3d.org/x3d/content/examples/he
14 <meta contenc='Copyright (c) 2006, Daly Realism and Don Bruw
15 <m=ta content='X3D book, X3D graphics, X3D-Edit, http://www
15 <meta contenc='htep://K3dGraphics.com/=xamples/K3dForfebiut
17 name='identifier'/>
18 <meta contenc='X3D-Edit, https://savags.nps.edu/H3D-Edit' n
<meta content='../../license.htwl' naws='licenss'/>
r </ head>

1g
20
21 = <3cene>
2z <Background skyColor='1 1 1'/>
23 <NavigationInfo hsadlight='false'/>
24 <Viewpoint description='Material emissiveColor' orientation:
25 % <Transforms
B[ €] & [&] ¢ [vatera emissvecoor -] » ] b [ B
e O || €| & 8] < [warens emssveccior ~[ > [ 44
28 <Material| diffuseColor='1 0 0' emissiveColor='0 0 1' specularColor='0 1 0'/>
29 </ Appearance> =
30 <Sphere/> . -
o f </ 5nape> emissiveColor
rAl o «/Transform> H H
boll | is the glowing component
aa L < xsp> and can easily overpower
other color fields

[ ]

28:20 NS

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterial Textures/EmissiveColor.x3d

Also note how all highlights are washed out, the sense of perspective provided by the
shading of reflected light is completely lost.

Because of this side effect, emissiveColor should be used sparingly (if at all) and is
usually reserved for visualizing energy or other special effects.
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@ Edit Material

XJ3D Viewer

O QA B ¢ oetar

Geometry
(Cyinder

axes¥  ight vector @

Material editor color selector

USE

(%)
DEF ® | ‘ contanerField

Material Fields

difuseColor [1 1o Ifo
[emssvecaor [0 o o
specularColor (047058324 l0.45832353 10
wansparency [0

B —
shininess (0.2

~ Universal Media (overwrites Material fields)
2 & AES
S

theme [-none~ ] ¢

Light

color [1.0

drection [-0.707

x3d'| xadv \ECMAscript SAT | Java SAl |

10

ntensty [1

00

amblentintensty |1

Background
skyColor [0

/

[Cok ] [concel] [ o |

_ 7
Click colored box to select a color

Chapter05-AppearanceMaterial Textures

23



=][e3]
e SpecularColor x3d x| R -]
RE-&- RFfE £&%

1 <?xnl version="1.0" encoding="UTF-8"?>
<IDOCTYPE X3D PUBLIC "ISO//Web3D//DTD X3D 3.1//EN" "http://wwn.wsb3d.org/spscifications/x3d-3.1.dcd">

3| <¥3D profile='Interchangs' version='3.1' xmlns:xsd='http://wvw.ws.org/2Z001/XMLSchema-instance'

qE #sdinoliamespaceschemalocation=' hetp:// www. web3d.org/specifications/x3d-3.1.xsd' >

5G| <heads

[ <meta content='SpecularColor.x3d' name='title'/>

7 <msta content='A Sphere with specularColor applisd over diffuseColor with default shininess.' nams='description'/>

8 <meta content='Leonard Daly and Don Brutzman' name='creator'/>

2 <wzta content='2 February 2006' name='creaczd'/> =

10 <meta content February 2008' nam=='translated'/>

atent='27 December 2007' name='modified' />
atent='http://X3dGraphics.com' name='reference'/>
ntent='heep://wiv. web3d. org/x3d/content/ exanplas/help. hem
atent='Copyright (c) 2008, Daly Realism and Don Brutzman'
atent='X3D book, E3D graphics, ¥3D-Edit, htep://www.x3dcr

ntent='http://X3dGraphics.com/examples/¥3dForWebAuthors/ C

Xj3D Viewer x
11 <weta

1z <meta
13 <meta
14 <meta
15 <meta
1& <meta
17 namz='identifisr'/>

18 <meta content='E3D-Edit, https://savage.nps.edu/X¥3D-Edit' name='g

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

0 </head>

21 [ <Scene>

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

23 <Viewpoint description='Book Viewpoint' orientation='-1 0 0 0.78'

24 <Transform>

25 <Shape>

2 <appearances O[] 4B < |worers secuircor -[ > ] =S )
27 <Material diffuseColor='1 0 0' specularColor='0 1 0'/>

28 </ Appearances i
29 <Sphere/>

30 </Shape>

S| ymes=m | specularColor and shininess subtly change perceived colors

33 </E3D>

bright shiny spots on an apple are examples of specular color

[« ]
27:20 |INS

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterial Textures/SpecularColor.x3d
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Material editor specularColor, shininess

W Edit Material X
= | containerFied
USEO =
Xj3D Viewer Material Fields
difuseColor [1 J[o [l | |
emissiveColor [0 o o I |

| specuiarColor |0 [1 o ]

transparency [0

ambientintensity 0.2

| shininess 0.2 ] |

Universal Media (overwrites Material fields)

AEARIES

Geometry x3d | .x3dv | ECMAScript SAT ' Java SAT |
axes ¥ light vector <Macerial
0.0
Light E;ZI
on
cobor [1.0 | (1o | (10 ]
dection [10.707 | o0 | [0.707 J[rorm ] | | | cencainesFiea- atarial:

Background
skyColor [0.0 | oo | o0 | |
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e Transparency3d | I )=
BE-&- A%57E 4% @3 e85 v¥ D

1 <?xml Versiol 1.0" encoding="UTF-8"?>
2 <IDOCTYPE X3D PUBLIC "IS0//Web3D//DTD X3D 3.1//EN" "http://www.web3d.org/specifications/x3d-3.1.ded">
zg <¥3D profiles'Immersive' version='3.1' xmins:xsd='http://wuw.w3.org/2001/XNLSchema-instance' xsd:nollamespace3chemalocations'http://vow.web3d.org/s
L <h=ad>
5 <meta contenc='Transparency.x3d' name='title'/>
& <weta content='This sxample shows a partially transparent Sphere in front of an opagus Box and Cylinder.' name='description'/>
7 <meta content='Leonard Daly and Don Brutzman' name='creator'/>
8 <meta 2 February 200&' name='created'/>
9 <meta 2 February 200&' name='translated'/>
10 <meta content 1 April 2007' name='modifisd'/>
11 <meta http://K3dGraphics.com' nam: reference' />
12 <meta htep://www.web3d.org/x3d/content/examples/help.html' nams='refsrsnce'/>
13 <meta Copyright (¢) 200&, Daly Realism and Don Brutzman' name='rights'/:
14 <meta ¥3D book, ¥3D graphics, ¥3D-Edit, http://www.x3dGraphics.com' name='subject'/>
<meta http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter0S-AppearanceMaterialTextures/ Transparency. x3d' name='identifisr' />
<meta ¥3D-Edit, https://savage.nps.sdu/X3D-Edit' name='generator'/s
<meta contenc='../license.html' nawe='license'/>
</head>
<Scene>
<ExternProtoDeclare nawe='WhereAmI' url='"../Chapterl4-Prototypes/WhereAml.x3d#WhereAmI"” "hetp://X3dGraphics.com/examples/X3dForzbAuthors/ Chal
<Protolnstance name='WhereimI'/> =
<Background skyColor='1 1 1'/> iR e £
<Viewpoint description='Book Viewpoint' orisntatio -0.788 -0.&14 -0.055 -0.12' positio: -0.56 -0.&4
<Transform>
<Shap=> o
<Appearance>
27 <Material diffus=Color='1 0 0' spscularColor='0 1 O' kransparEnCYE' 4/
28 </ Appearance>
29 <Sphere radius='.7'/>
30 - </ Shape>
31 - </Transform>
32 <Transform rotation='.707 .707 O .707' translation='0 0 -&'>
33 <Shape>
34 <Appearance>
35 <Material diffuseColor='0 0 1'/>
3E </Appearance> . . .
= View of semitransparent shiny Sphere,
38 r </Shape> .
I it in front of nontransparent (opaque) Box,
40 [ <Transform translation] . .
@ in front of opaque Cylinder
42 [ <Appearances
43 <Matsrial diffussColor='0 .& 0'/> —
aa </ Appearances>
45 <Cylinder height='8' radius='.4'/>
46 - </Shaps>
[«
2764 |[INS

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterial Textures/Transparency.x3d
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Universal Media materials library

The Universal Media materials were originally
created by SGI as part of Openlnventor in the
1990s as a convenience to authors

Each set of materials is grouped for visual
compatibility and aesthetic appeal

Now converted and available for X3D use
* David Rousseau converted to VRML97
* Aaron Walsh created VRML Universal Media archive

* Don Brutzman translated into X3D as prototypes,
cut/paste field values, also embedded in X3D-Edit

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

David Rousseau's VRML site for these materials is http://vrmlstuff.free.fr/materials

) VRML Materials - Mozilla Firefox
Fle Edit View History Bookmarks Tools GUtl! Help

- & ® = - W % & 4 g ™ htp://vrmistuff.free.fr/materials/

VRML VRML
Materials

Art Deco
Autumn

This site contains VRML 2.0 materials converted from the SGI's Open Inventor material examples.

Conversion example :

Inventor VRML 2.0

Spring
Summer
Tropical

Winter

VRML2.0 "anbientIntensity™ is calculated by the mean factor between the Inventor "ambientColor™ and "diffuseColor™.

How to use these materials :

he . g . . o mee
VRML 2.0 supports Prot definitions as well as [ s, the easiest way to use these materials is to gather the materials inside a separate file and declare

an EXTERNPROTO in the file 3 want to use these mater ee example below).

Unfortunately, f the VRML 2.0 browsers doesn't seem to support external prototypes (especially PC versions), so you might as well cut an paste any material

prototype inside ya want to use it.

[« Done @ 2.391s (@4 = none @' 70.134.78.53 @ @ ©® [ 0:945 L] @  Now: Mostly Cloudy, 54° F .-, | Mon: 54° F <% | Tue: 57° F <ixh
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Selecting a Universal Material value

W Edit Material

Xj3D Viewer

& b1 & | A 8] ¢ [deraute

S —

USE O

Geometry
axes @ light vector
Light
on
color [0.94117€5 | [0.7411765 |[1o |

drection [-0.707 | oo | [-0.707 | [norm |
ambientintensity R —
Background
skyColor [0.0 [ [o.0 | o0 | |

containerField
O

Material Fields

%)

|

diffuseColor [0.914894 | [0.444404 | [0.348914
emissivecolor [0.0 |00 | [o0
specularCalor [0.345745 | [0.143066 | oo

wansparency

ambientintensity |0.255814

shnmess[0.12 | ===

Universal Mediia (overwrites Material fields)

theme [Santare <] —G——— 9

Metal =]

x3d | x3dv | ECMAscript SaT } [Yeo
Rococo
<Hacerial DEF- santar=0s"
ditfuseColor='0.514884 25512
emissiveColor='0.0 0.0 D.Sheen
specularColor='0.345745 43Ky '
transparency='0.0'  [5pring
ambiencTntensity-'0.255814' [Summer |
snniness='0.12°
e M

”

Selecting a Universal Media
library and index number
resets Material field values

Chapter05-AppearanceMaterial Textures
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Universal Media libraries include

ArtDeco, Autumn, Glass, Metal, Neon, Rococo, SantaFe,
Sheen, Silky, Spring, Summer, Tropical, Winter

http://www.web3d.org/x3d/content/examples/Basic/UniversalMediaMaterials
San‘aFeOO SaRaFc01 SantaFcQ2RSantaFe03 SantaFe@@SantaFe05
Sal'FeOG Sa*Felﬂ SantaFe08 SasaFeos SantaFe10 SantaFgid
Sar‘Feﬁ SantaFc13 SanfaFe1@SantaFe15 SantaFci@SantaFel?

SaniaFc18 SantaFe19iSAntaFe20 SantaFeRiISantaFe22 SantaF&28

SantaFe2488@ntaFe25 SantaFe268SantaFe27 StFezs SantaFe29

SantaFe30m8antaFe3 T SantaFe3@mS§antaFe33 SantaFe$dy
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(Material specifies surface material properties for associated geometry nodes Material attributes are used by the
'VRMIL lighting equations during rendering.

Hint: insert Shape and Appearance nodes before adding material.

[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 SIMPLIED]|

IUSE means reuse an already DEF-ed node ID, ignoring _all other attributes and children.
Hint: USEing other geometry (mstead of duplicating nodes) can improve performance.
Warning: do NOT include DEF (or any other attribute values) when using a USE attribute!
[diffuseColor: accessType inputOutput, type SFColor CDATA "0.8 0.8 0.8"]

[RGB color] how much direct, angle-dependent light is reflected from all light sources.

Hint: only emissiveColor affects IndexedLineSet, LineSet and PointSet.

emissiveCalor [emissiveColor: accessType inputOutput, type SFColor CDATA "0 0 0"]

[RGB color] how much glowing light is emitted from this object.

Hint: emissiveColors glow even when all lights are off.

Hint: reset diffuseColor from default (.8 .8 .8) to (0 0 0) to avoid washout.

Hint: only emissiveColor affects IndexedLineSet, LineSet and PointSet.

[Warning: bright emissiveColor values can wash out some textures.

specularColor [specularColor: accessType inputQutput, type SFColor CDATA "0 0 0"]

[RGB color] specular highlights are brightness reflections (example: shiny spots on an apple).
Interchange profile hint: this field may be ignored.

[shininess: accessType inputOutput, type SFFloat CDATA "0.2"]

[0..1] low values provide soft specular glows, high values provide sharper. smaller highlights.
Interchange profile hint: this field may be ignored.

ambientlatensity [ambientIntensity: accessType inputOutput, type SFFloat CDATA "0.2"]

[0..1] how much ambient omnidirectional light is reflected from all light sources.
Interchange profile hint: this field may be ignored.

[transparency: accessType inputOutput, type SFFloat CDATA "0"]

[0..1] how "clear” an object is: 1.0 is completely transparent. 0.0 is completely opaque.
Interchange profile hint: transparency < .5 opaque, transparency > .5 transparent.
cantainerField [containerField: NMTTOKEN "material"]

icontainerField 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]

iclass is a space-separated list of classes, reserved for use by XML stylesheets. class attribute is only supported in XML
lencoding of X3D scenes.

http://www.web3d.org/x3d/content/X3dTooltips.html#Material
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FillProperties node

FillProperties specifies additional characteristics
that can be applied to the material shading of
geometry nodes

* Adds to basic effects of peer Material and texture

FillProperties is a new X3D node not in VRML97

« If backwards compatibility needed and FillProperties
effects are critical, consider an additional secondary
technique to also backup this functionality

Note: hatch effects are not affected by lighting

3D X3D

web
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FillProperties fields

* filled is a boolean (true or false) field to indicate
whether the material properties are filled in.
Setting filled="false' can be useful to highlight
hatching effects.

* hatched is another SFBool single-field boolean that
turns hatching effects on or off. Hatching can be a
helpful user-interaction technique to indicate
selection or objects of interest.

* hatchColor is the color applied to hatching effects
over the material surface. Be sure to use a color
that distinguishes hatching from diffuseColor.

* hatchStyle codes follow on the next slide
web|3D 3D

CONSORTIUM
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FillProperties hatchStyle codes

(parentheses indicate optional support)

Enumeration Code Hatch Pattern
1 Horizontal equally spaced parallel lines
2 Vertical equally spaced parallel lines
3 Positive slope equally spaced parallel lines
4 Negative slope equally spaced parallel lines
5 Horizontal /vertical crosshatch
6 Positive slope/negative slope crosshatch
7 (cast iron or malleable iron and general use for all materials)
8 (steel)
9 (bronze, brass, copper, and compositions)
10 (white metal, zinc, lead, babbit, and alloys)
11 (magnesium, aluminum, and aluminum alloys)
12 (rubber, plastic, and electrical insulation)
13 (cork, felt, fabric, leather, and fibre)
14 (thermal insulation)
15 (titanium and refractory material)
16 (marble, slate, porcelain, glass, etc.)
17 (earth)
18 (sand)
Web 3 D 19 (repeating dat)

CONSORTIUM

X3D for Web Authors, Table 5.8, p.136
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W1 FillProperties

FillProperties indicates whether appearance is filled or hatched. Hatches are applied on top of the already rendered
appearance of the node, and are not affected by lighting.

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 atiribute!

[filled

[filled: accessType inputOutput, type SFBool (truelfalse) "true"]
‘Whether or not associated geometry is filled.

hatched

[hatched: accessType inputOutput, type SFBool (true|false) "true']
Whether or not associated geometry is hatched.

hatchStyle

[hatchStyle: accessType inputOutput, type SFInt32 CDATA "1"]

hatchStyle selects a hatch pattern from International Register of Graphical Items. 1=Horizontal equally spaced parallel lines.
2=Vertical equally spaced parallel lines. 3=Positive slope equally spaced parallel lines. 4=Negative slope equally spaced parallel
lines. 5=Horizontal/vertical crosshatch. 6=Positive slope/negative slope crosshatch. 7=(cast iron or malleable iron and general use
for all materials). 8=(steel). 9=(bronze, brass, copper, and compositions). 10=(white metal, zinc, lead, babbit, and alloys).
11=(magnesium, aluminum, and aluminum alloys). 12=(rubber, plastic, and electrical insulation). 13=(cork, felt. fabric, leather,
and fibre). 14=(thermal insulation). 15=(titanium and refi-actory material). 16=(marble, slate, porcelain, glass, etc.). 17=(earth).
18=(sand). 19=(repeating dot).

hatchColor

[hatchColor: accessType inputOutput, type SFColor CDATA "11 1"]
Color of the hatch pattern.

containerField

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

class

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

encoding of X3D scenes.

http://www.web3d.org/x3d/content/X3dTooltips.html#FillProperties
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LineProperties node

LineProperties specifies additional characteristics
that can be applied to the material shading of
geometry nodes

* Adds to basic effects of peer Material and texture

LineProperties is a new X3D node not in VRML97

« If backwards compatibility needed and FillProperties
effects are critical, consider an additional secondary
technique to also backup this functionality

3D X3D

web
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LineProperties fields

» applied is an SFBool field to turn the line property
effects on or off, which can be set up as a helpful
user-interaction technique

* linewidthScaleFactor (note irregular capitalization)
provides a multiplicative factor to scale the nominal
X3D-browser line width

* linetype (note irregular capitalization) selects a line
pattern, with allowed values listed on following slide

3D X3D

web
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LineProperties /inetype values
(parentheses indicate optional support)

Enumeration Code linetype Pattern
1 Solid
2 Dashed
3 Dotted
4 Dashed-dotted
5 Dash-dot-dot
6 (single)
7 (single dat)
8 (double arrow)
9 (chain line)
10 (center line)
11 (hidden line)
12 (phantom line)
13 (break line 1)
14 (break line 2)

WEb 3 D 15 User-specified dash pattern

CONSORTIUM

X3D for Web Authors, Table 5.11, p.138
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1 LineProperties

LineProperties specifies additional properties applicable to all line geometry.

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!

applied

[applied: accessType inputQutput, type SFBool (true|false) "true"]
'Whether or not LineProperties are applied to associated geometry.

linerype

[linetype: accessType inputOutput, type SFInt32 CDATA "0"]

linetype selects a line pattern, with solid default if defined value isn't supported. Values with guaranteed support are 1 Solid. 2
Dashed. 3 Dotted, 4 Dashed-dotted, 5 Dash-dot-dot. Optionally supported values are 6 single, 7 single dot. 8 double arrow, 10
chain line, 11 center line, 12 hidden line, 13 phantom line, 14 break kine 1, 15 break line 2, 16 User-specified dash pattern.

linewidthScaleFactor

[linewidthScaleFactor: accessType inputOutput, type SFFloat CDATA "0"]
linewidthScaleFactor is a scale factor multiplied by browser-dependent nominal linewidth, mapped to nearest available line width.
Values zero or less provide minimum available line width.

containerField

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

class

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

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

Chapter05-AppearanceMaterial Textures

38



Texture nodes

Texture nodes read 2D image (or movie) files
and apply them pixel-by-pixel to the associated
geometry sharing the same Shape node

* Thus wrapping picture images around an object
* ImageTexture, PixelTexture, MovieTexture
* Can be inexpensive way to achieve high fidelity

Texture images can be shifted, rotated, scaled
» TextureTransform, TextureCoordinate
* Thus modifying image application to geometry

3D X3D

web
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Texture coordinates 1

Defined by a 2D (s, £) coordinate system
* Ranges from [0,1] along lateral s and vertical taxes
* Bottom edge of image is s-axis (t=0)
* Left edge of image is t-axis (s=0)
* Top-right corneris (s, t) = (1, 1)

Thus texture maps provide a 2D color function
that find the pixel in an image at location (s, ©)
to return value of color(s, ¢

3D X3D

web
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Texture coordinates 2

s and t coordinates locate each pixel in an image

* Thus texture coordinates work independently of
either file size (bytes), image size (pixel count) or
aspect ratio (width:height)

3D N | 3D

CONSORTIUM

“Figure 18.1 — Texture map coordinate system”
used with permission from X3D Specification
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Common fields for texture nodes

repeatsS and repeatT

* These fields indicate whether the texture image is
repeated along a given axis once used

* Default is to use once along each axis, mapping the
texture image once from coordinates (0,0) to (1,1)

web

3D X3D
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Texture flipping for (s,t) tile repetition

a. Original image b. First flip copy of first image across rightmost edge

d. Note that all internal sides match
as mirror images of each other.

Also note that external sides match:
top and bottom edges are both Side 3,
left and right edges are both Side 4.

Thus further (s,t) repetition also matches
when additional texture tiling occurs. c. Then flip copy of both images across bottommost edge

This is a nice trick for repetitive surfaces such as grass, water, sky, etc. that will show
sharp, distracting edge artifacts if simply tiled as they originally appear.

Most image editors are capable of copying, flipping and aligning the quadrant images.

This is not a sufficient technique for smooth repetitive texturing if there are large color
differences among the pixels within the original image being tiled.
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Image file manipulation tools

Many tools are available for manipulating images,
sometimes provided with the operating system
* Adobe Photoshop
* Microsoft Visio, Paint

One of best is free, open source, recommended:
* Gnu Image Manipulation Program (GIMP)

http://www.gimp.org

Drawing tools can also be helpful

* OpenOffice Draw, Impress

http://www.openOffice.org
web|3D )<3D

CONSORTIUM
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ImageTexture node

ImageTexture retrieves a 2D image file and
applies it as a texture to geometry
* Commonly used technique, important to master

url described in Chapter 4 Grouping Nodes
* as part of Inline and Anchor

* Recall that the url field is an ordered list which can
include both local (relative) and online addresses to
image files

* Might preferentially load online version first,
perhaps if it can be updated, and keep a local url
value for a backup image

3D 3D

CONSORTIUM

web

Examples of online imagery updates might be weather-related sky snapshots,
webcam views, or perhaps other photography.

Further guidance on url links provided in X3D Scene Authoring Hints, provided within
X3D-Edit help system or online at
http://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html#urls
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ImageTexture file formats

Supported, required image file formats:

* Joint Photographic Expert Group (.jpg) which is
good for photographic images

* Portable Network Graphics (.png) which is good for
bit-mapped drawings and other images

» Both formats are royalty free, commonly used in Web
Also recommended (but not required)

* Graphics Image Format (.gif), has license restrictions
Other image formats are also allowed

* but support by X3D browser not guaranteed

3D 3D

CONSORTIUM

web

Specialty image file formats are allowed. There are no restrictions on what file formats
can be referenced within the url values in an X3D scene.

One common approach to the use of specialty (perhaps high resolution) file formats is
to list these first in the url ordered-list array, followed by an alternate version of the
image file encoded in a required format such as .png.

In that way, a higher-capability X3D browser will preferentially load the specialty image
format, but other regular X3D browsers will skip the unsupported format and then load
the fallback url listing the required format.
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ImageTexture and Material

It is good practice to accompany ImageTexture
with a Material node

* Material is rendered first if network delays are
encountered when loading the image file

* Carefully chosen Material diffuseColor can reduce
sudden color changes when a delayed image file is
finally applied

* Underlying Material values are further important
and will show through if the texture image includes
transparent pixels

3D X3D
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= ImageTexture

ImageTexture maps a 2D-image file onto a geometric shape. Texture maps have a 2D coordinate system (s, t)
horizontal and vertical, with (s, t) values in range [0.0, 1.0] for opposite corners of the image.

Hint: insert Shape and Appearance nodes before adding texture.

Warning: bright Material emissiveColor values can wash out some textures.

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!

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

Location and filename of image. Multiple locations are more reliable. and Web locations let e-mail attachments work.

Hint: Strings can have multiple values, so separate each string by quote marks [ "http:/www.urll.org" "http://www.url2.org"
etc." ].

Hint: XML encoding for " is &quot; (a character entity).

Warning: strictly match directory and filename capitalization for http links!

Hint: can replace embedded blank(s) in url queries with %20 for each blank character.

repeats

[repeatS: accessType initializeOnly, type SFBool (true|false) "true"|
Horizontally repeat texture along S axis.

repeatT

[repeatT: accessType initializeOnly, type SFBool (true|false) "true"]
Vertically repeat texture along T axis.

containerField

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

class.

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

http://www.web3d.org/x3d/content/X3dTooltips.html#ImageTexture
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MovieTexture node

MovieTexture applies video imagery to geometry
* Same considerations for ur/ field as ImageTexture
Usually applied sparingly, because
* movie files are often quite large
* Applying high-frame rate pixels is computationally
expensive, which can slow down frame rate and
may present low-quality results in some browsers

3D wall or billboard helps make movies viewable
» Important to provide a clear Viewpoint to see it

» Authors might prefer for movie to instead play
within Web browser outside X3D scene SD
web|3D

CONSORTIUM

Chapter05-AppearanceMaterial Textures

49



MovieTexture fields 1

» speed is a rate factor to speed up or slow down
movie playback, can be negative to go in reverse

 startTime and stopTime are used as input controls
to begin and end play, usually by routing an SFTime
event from a TimeSensor or TouchSensor

» pauseTime and resumeTime operate similarly,
allowing the movie to pause/resume at same point
in time (rather than starting over from beginning)

* [sActive and isPaused are boolean output events
that are sent by the MovieTexture node: true when
the condition occurs, false when it ends

3D 3D

CONSORTIUM

web

Events are described further in Chapter 7
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MovieTexture fields 1

* duration_changed is length of time in seconds for
one cycle of the movie

* elapsedTime is SFTime output event sent
continuously as movie is playing, cumulatively in
seconds without counting any pause durations

Can use LoadSensor (chapter 12) to detect when
movie is fully loaded

DEF and USE are important for multiple copies

* Minimize download file size, bandwidth, and delay
web[3D X3D

CONSORTIUM
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MovieTexture applies a 2D movie image to surface geometry, or provides audio for a Sound node. First define as
texture, then USE as Sound source to see it/hear it/save memory. Texture maps have a 2D coordinate system (s, t)
E MovieTexture horizontal and vertical, with (s, t) values in range [0.0, 1.0] for opposite corners of the image.

Hint: insert Shape and Appearance nodes before adding texture.

Hint: provide a viewpoint that allows a clear view of a MovieTexture so that users can easily see all details.

[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

£=8 [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 atfribute!

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

Location and filename of image Multiple locations are more reliable, and Web locations let e-mail attachments work.

Hint: Strings can have multiple values, so separate each string by quote marks [ "httpz//www.urll.org" "http://www url2.org"
"etc.” ].

Hint: XML encoding for " is &quot; (a character entity).

Warning: strictly match directory and filename capitalization for http links!

Hint: can replace embedded blank(s) in url queries with 2620 for each blank character.

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

speed [speed: accessType inputOutput, type SFFloat CDATA "1.0"]
Factor for how fast the movie (or soundtrack) is played.

startTime [startTime: accessType inputOutput, type SFTime CDATA "0"]

Absolute time: number of seconds since Jan 1. 1970, 00:00:00 GMT.
Hint: usually receives a ROUTEG time value.
siopTime [stopTime: accessType inputOutput, type SFTime CDATA "0"]
Absolute time: number of seconds since Jan 1, 1970, 00:00:00 GMT.
Hint: usually receives a ROUTEA time value.

repeatS [repeatS: accessType initializeOnly, type SFBool (true|false) "true"]
Horizontally repeat texture along S axis.

repeatl [repeatT: accessType initializeOnly, type SFBool (true|false) "true"]
Vertically repeat texture along T axis.

duration_changed [duration_changed: accessType outputOnly, type SFTime CDATA #FIXED "]

Length of time in seconds for one cycle of movie.

http://www.web3d.org/x3d/content/X3dTooltips.html#Movie Texture
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isActive

[isActive: outputOnly SFBoolLabel; #FIXED " "]
lisActive true/false events are sent when playback starts/stops.

isPaused

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

pauseTime

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

(When time nov auseTime, isPaused becomes true and MovieTexture 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.

resumeTime

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

[When resumeTime becomes <= time now, isPaused becomes false and MovieTexture becomes active. Absolute time: number
lof seconds since Jan 1, 1970, 00:00:00 GMT.

Hint: usually receives a ROUTEd time value.

Warning: not supported in VRML97.

clapsedTime

[elapsedTime: accessType outputOnly, type SFTime CDATA #FIXED ""']
[Current elapsed time since MovieTexture activated/running, cumulative in seconds, and not counting any paused time.
Warning: not supported in VRML97.

containerField

[containerField: NMTOKEN "texture"]
icontainerField 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]
iclass is a space-separated list of classes, reserved for use by XML stylesheets. class attribute is only supported in XML

lencoding of X3D scenes.

http://www.web3d.org/x3d/content/X3dTooltips.html#Movie Texture
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PixelTexture node

PixelTexture contains the bit pattern of an image
* Written out as set of numeric data within the node

This allows single X3D scene to embed imagery
* Which helps when delivering a self-sufficient scene
* However may increase overall file size

Numeric image data is encoded pixel by pixel,
using a special data type: SFImage

3D X3D

web
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SFImage data type

First three data values:

* Number of width pixels in image

* Number of height pixels in image

* Number of component values in each pixel (0-4)
Appropriate number of pixel values follow
Component values

* 0for noimage, <ImageTexture image='0 0 0'/>

* 1 for black-white intensity

« 2 for black-white intensity, transparency

* 3 for red-green-blue colors

4 for red-green-blue colors, transparency SD
web|3D
CONSORTIUM

Pixel values can be in decimal or hexadecimal formats
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SFImage examples

Components | SFimage Value Description Image
0 000 Empty image
1 121, OxFF 0x00 Intensity (black & white) example: 9
checkerboard pattern

2 212, OxCCFF 0x2277 Intensity & transparency example ')

3 243, 0xFF0000 0xFFOO Red-green-blue (RGB) example -
0000 OxFFFFFF OxFFFFOO V

4 324,100255,010255 001255, Red-green-blue-alpha (RGBA)
100127,010127,001 127 example

3D 3D

CONSORTIUM

web

X3D for Web Authors, Table 5.18, p.145

Hexadecimal is base sixteen, which is more concise and suitable for binary data.

Both decimal (base 10) and hexadecimal data appear in the above example.

Base 10 digits: 01234567 89 10 11 12 13 14 15
Base 16digits: 0123456789 a b ¢ d e f

Note X3D/ClassicVRML encoding prefix for hexadecimal data is '0x’
Hexadecimal data is unsigned, sign information is carried in most-significant bit.

binary octal decimal hex binary octal decimal hex
0000......... 0........ 0........ O 1000......... 10...... 8........ 8
0001......... T T T, 1001......... ... 9...... 9
0010......... 2.1, 2.1, 2, 1010......... 12...... 10...... a
0011......... 3. 3. K TUUURR 1011......... 13...... .. b
0100......... 4........ 4........ 4........... 1100......... 14...... 12...... C
0101......... 5. 5. 5 1101......... 15...... 13...... d
0110......... 6........ 6........ Boreeers 1110......... 16...... 14...... e
0111......... Toienn. Toienn. T, B 17...... 15...... f
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W PixelTexture.x3d - Editor X]
o Pixellexturex3d x| RREE
BE-6- aTSE Pe 08 v¥
1 <7l version="1.0" encoding="UTF-8"2>
2 <!DOCTYPE X3D PUBLIC "1S0//VUsb3D//DTD X3D 3.1//EN" "http://www.wsb3d.org/specifications/x3d-3.1.ded">
<%3D profile='Immersive' version='3.1' xmlns:xsd='http://www.wd.org/2001/¥NLSchema-instance' xsd:nolamespac =malocation='htep://www. web3d.org/spec
<Scene>
<ExternProvoDeclars name='Whershml' url='"../Chapterlé-Prototypes/Wheredml.x3dffWhersinl” "hrtp://X3dGraphics.com/sxamples/E3dForizhAuthors/Chapts
<ProtoInstance nams='Uhsredml'/>
<Background skyColor='l 1 1'/>
<Viswpoint description='Book Viswpoint! orisntation='0.736 0.615 -0.284 -0.32' position='-2.9 1.64 9.33'/>
<Transform translation='2 2 0'>
<Shaps>
<Appearance>
<PixelTexture DEF='PixelColors' imag=='2 4 3 Oxff000D Oxff££00 0x007700 Ox£f0077 0xO0DOEf OxE7700 OxDOf£77 DxB88EEE'
repeats='false' repeacT='false'/3]
</ hppearances =
30 <Box/>
31| </Shape> W Edit PixelTexture &3
32|t </Transform>
33 <Transform translacion='-2 2 O0'>
"E e pere contanesred
35 <hppearance>
36 <PixelTexture USE='PixelColors'/s =D g
37|t </Appearance>
38 <Cone/> image
i [ </Shap=> number width pixels ‘2 |
a0 </Transform>
- <Transform translation='2 -2 0'> number height: pixels ‘4 |
a2 <Shape>
43§ <Appearances> number color components ‘3 |
43 <PixelTexture USE='PixelColors'/>
PR </Appearances image data [0xffo000 Oxfiffo0 0x007700 Ox {0077 0x0000f 0xff7700 0x00fT77 oxBassss |
6 <Cylinder/>
a1 </Shape>
8| </Transforms repeats [
a8 <Transform translacion='-2 -2 0'> repeatT [
50 % <Shaps>
51 <hppearances
52 <PixelTexturs USE='PixelColors'/>
53| </ Appearance>
54 <Sphere/>
55| </Shape>
6| </Transforms
57 </3cen=>
s8| L </x3D>
[« D}
28:58 ||INS

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterialTextures/Pixel Texture.x3d
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W PixelTexturet!
e PixelTextursBAbad |

BE-&- A58 £ %

eH v¥ 9

1 «2xml versio PUTF-872 >

1.0" =ncoding:

2 <IDOCTYPE X3b PUBLIC "150//Ueb3D//DTD ¥3D 3.1//EN" "http://wuw.webid.org/specifications/x3d-3.1.ded">
3 Immersive’ sion='3.1' xmlns:xsd='http://www.w3.ory/2001/EMLSchema-instance' xsd:nolNams:

4

5 ='Pixs1TextursBV.x3d' nam=='titles'/>

& Tllustration of a checkerboard pattern using the PixelTexture nods.' nams='description'/>

7 ='Leonard Daly and Don Brutzman' naws='creator'/>

8 2 February 200&' 'created'/>

9 2 February 200&' ‘translated' />

10 1 April 2007' nams:

11 ='http://E3dGraphics.com' nam: reference' />

2 htep://www. web3d.org/x3d/content/examples/help. html' name='reference’/>

13 Copyright (c) 200&, Daly Realism and Don Brutzman' nan rights'/>

1a 3D book, ¥3D graphics, ¥3D-Edit, http://wew.x3dGraphics.com' name='subject'/>

15 hutp://X3dGraphics.com/examples/¥3dForebAuthors/Chapter0S-AppearanceMaterialTextures/PikelTextureBU. x3d
18 'identifier'/s

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

18 <meta cont ../license.html' nams='licenss'/s

18 </head>

<Scenes
<ExternProtoDeclars name='UhersAml' url='"../Chapterl4-FPrototypes/Whereinl, x3dfThereAml”
"http://¥3d6raphics . com/examples/¥3dForiebAuthors/ Chapter14-Prototypes/ WhersinT. x3déFher e Anl”
"../Chapteri4-Prototypes/ Whereiml. vz 1 Vhereiml”
"http://¥3d6raphics . com/examples/¥3dForiebAuthors/ Chapter14-Prototypes/ Whereinl . vr 1§Uher=hnl”' />
<Protolnstance name='Uhersiml'/>
olor='11 1'/> L
Book Viewpoint' peosition XP0 Viswrey b

R ]

&

<Background s
<Viewpoint
<Shaper
<Appearance>
<PixslTexturs ima

00 5.44' />

31 Oxcc 0x00 Oxcc 0x00 Oxcc Ox00 Oxcc 0Ox00
32 0x00 Oxec 0x00 Oxcc Ox00 Oxcec Ox0O0 Oxce
33 Oxcc 0x00 Oxcc 0x00 Oxcc Ox00 Oxcc 0Ox00
34 0x00 Oxec 0x00 Oxcc Ox00 Oxcec Ox0O0 Oxce
35 Oxcc 0x00 Oxcc 0x00 Oxcc Ox00 Oxcc 0Ox00
36 0x00 Oxec 0x00 Oxcc Ox00 Oxcec Ox0O0 Oxce
37 Oxcc 0x00 Oxcc 0x00 Oxcc Ox00 Oxcc 0Ox00
38 0x00 Oxec 0x00 Oxcc Ox00 Oxcec Ox0O0 Oxce
3e falss'/>
a0 b </ Appearancs>
41 <Box si 44 1'/>
</Shape>
</Scene>

a1 - </x3p»

O] €] A[83] ¢ [ocok vewpor: -] » [ A [EH B

[«
662 |[INS

EEy| I )

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterial Textures/Pixel TextureBW.x3d
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-,
=4 PixelTexture

PixelTexture creates a 2D-image texture map using a numeric array of pixel values. Tex maps have a 2D
coordinate system (s, t) horizontal and vertical, with (s, t) values in range [0.0, 1.0] for opposite corners of the image.
Hint: this is a good way to bundle image(s) into a single scene file, avoiding multiple downloads.

"Warning: aggregate file size can grow dramatically.

Hint: insert Shape and Appearance nodes before adding texture.

[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!

image

[image: accessType inputOQutput, type SFImage CDATA "0 0 0"]

Defines image: width height number_of_components pixel_values. width and height are pixel count, number_of components = 1
(intensity), 2 (intensity alpha). 3 (red green blue), 4 (red green blue alpha-transparency). intensity example: [1 2 1 0xFF 0x00]
intensity-alpha example: [2 2 1 0 255 255 0] red-green-blue example: [2 4 3 0xXFF0000 0xFF00 0 0 0 0 OXFFFFFF OxFFFF00]
red-green-blue-alpha example: [needed]

repeatS

[repeatS: accessType initializeOnly, type SFBool (true|false) "true"']
Horizontally repeat texture along S axis.

repeatl

[repeatT: accessType initializeOnly, type SFBool (truelfalse) "true"]
Vertically repeat texture along T axis.

containerField

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

class.

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

http://www.web3d.org/x3d/content/X3dTooltips.html#PixelTexture
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TextureTransform node

TextureTransform defines a 2D coordinate
transformation for corresponding texture node,
to better align images placed on geometry

» 2D translation left/right/up/down

* rotation angle about center

* 2D scaling, uniform or non-uniform
Transformation order remains significant

* translation, rotation, scale (same as Transform)

* However it is applied against coordinate system,
not image file, so directions are counterintuitive

3D 3D
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TextureTransform fields

Transformation are (s,t) axes-centric, not image
centric, so direction differs from expectations
* translation controls lateral shift of image file along
the polygonal surface, defined using (s,t) values
* center and rotation modify texture orientation:
each makes a change in coordinate system, so the
textured image rotates in opposite direction
* center defined using (s,¢) values
* rotation defined using radians
* scale similarly opposite: scale='3 0.5' shows only
1/3 of texture along s axis, doubled along t axis

3D 3D
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TextureTransform rotation

ccw rotation of
geometry texture coordinate axes

0,2n

2 3n/2

<TextureTransform

Chapter05-AppearanceMaterial Textures

opposite rotation of
applied texture images

0,2n

3n/2

rotation='0.78'/>
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o TextureTransform xad x] R
BE-&- qTfE L% 08 v¥ B
1 <?xml version="1.0" encoding="UTF-872>
2 <IDOCTYPE X3D PUBLIC "ISO//U=b3D//DTD ¥3D 3.1//EN" "http://www.web3d.org/specifications/x3d-3.1.ded"s
3 Immsrsive' version='3.1' xmlns:xsd='htep://wyw.vs.org/2001/EMLSchema-instance' xsd:nollamespaceschemalocations'hetp://wvw.webid.ory/s
1
s content=' TextureTransform.u3d' nams='titls'/>
5 <meta content='An illustration of the sams PixelTexturs applizd to a cons with different TextureTransform valuss' name='deseription’/»
7 <meta content='Leonard Daly and Don Brutzman' name='creator'/>
8 2 February 200&' nams='created'/>
H 2 February 200&' name='translated'/>
10 1 April 2007' name='modifizd'/>
11 http://¥3dGraphics.com' name='reference'/>
12 htep://wew.web3d.org/x3d/content/examples/help. htwl' nams='rsference'/>
13 Copyright (c) 2006, Daly Realism and Don Brutzman' name='rights'/>
13 X3D baok, X3D graphics, X3D-Edit, http://uvw.x3dGraphies.com' nams='subjsct'/>
15 http://E3dGraphics.com/ sxanp les/ E3dForiisbAuthors/ Chapter05-Appearancebaterial Textures/ TextureTransform, x3d' nams='idsncifier' />
16 <meta content='¥3D-Edit, https://savage.nps.edu/X3D-Edit' name='generator'/>
17 <meta content='../licenss.html' nams='license'/>
18 [ </head>
19 <scene>
20 <ExternProtoDeclare name='WherzimI' url='"../Chapteri4-Prototypes/Uherelnl.x3d§Uhereinl” "http://¥3dGraphics.com/ examples/E3dForizbAuthors/ Chay
21 <Protolnstance name='Uhersiml'/>
22 <Background skyColor='1 1 1'/> Edit TextureTransform ‘X
23 <Viewpoint description='Beok Visw' orisncation='-0.982 0.184 -0.044 1.37' posicion='0.99 6.24 1.57'/>
2a|H] <Transform translacion='2 0 O'>
26| <Appearancer
27 <PixelTexture image='2 4 3 USE
28 0x££0000 OXELL£00 0x007700 OXEL0077
29 0x0000££ Ox££7700 Ox00££77 OxEEEEEE! Il
30 repsats='true’ repsacT='trus'/>
31 <TextureTransform translation='.33 .5'/> containerField
32| - </hppearance> a
33 <Conz height='3'/>
3a| b </Shape>
35/ - </ Transforms D D
36|H] <Transform translatio ey
37 <Shape>
g <PixelTexture image='2 4 3
a0 0x££0000 Ox££££00 0x007700 Ox££0077 translation
a 0x0000££ OXEL7700 OXOOLL77 OKELLLLL'
a2 repsacS='trus’ repsacT='trus'/>
43 <TextureTransform translacion='.25 .33'/> scale m
aa| b </Appearance>
s <Cone bottomRadius='3"
6| - </$hape>
[«] b
3128 ||INS

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter05-AppearanceMaterial Textures/Texture Transform.x3d
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% TextureTransform

TextureTransform shifts 2D texture coordinates to position, orient and scale image patches. Visible effects appear
reversed because image changes occur before mapping to geometry Order: translation, rotation about center,
non-uniform scale about center.

Hint: insert Shape and Appearance nodes before adding TextureTransform.

[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]

E 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!

translation

[translation: accessType inputOutput, type SFVee2f CDATA "0 0"]
Lateral/vertical shift in 2D (s,t) texture coordinates (opposite effect appears on geometry).

center

[center: accessType inputOutput, type SFVec2f CDATA "0 0"]
center point in 2D (s.t) texture coordinates for rotation and scaling.

rotation

[rotation: accessType inputOutput, type SFFloat CDATA "0"]
single rotation angle of texture about center (opposite effect appears on geometry).
'Warning: use a single radian angle value, not a 4-tuple Rotation.

scale

[scale: accessType inputQutput, type SFVec2f CDATA "1 1"]
Non-uniform planar scaling of texture about center (opposite effect appears on geometry).

containerFicld

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

class

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

http://www.web3d.org/x3d/content/X3dTooltips.htmi#Texture Transform
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TextureCoordinate node

TextureCoordinate specifies a set of 2D texture
coordinates used by vertex-based nodes
* Such as IndexedFaceSet and ElevationGrid, which
are covered in Chapter 6
TextureCoordinate point field has (s, t) values
corresponding to vertices in parent geometry
* Type MFVec2f, multiple field array of 2-tuple floats
» Default is empty array, corresponds to regular
(s,t) values ranging (0,1)
Best approach: use special authoring tools

3D X3D

web
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o TextureCoordinate

TextureCoordinate specifies 2D (s.t) texture-coordinate points ed by vertex-based geometry (ElevationG!
IndexedFaceSet) to map textures to vertices (and patches to polygons).
Hint: add Shape and then polgyonal/planar geometry before adding TextureCoordinate.

IDEF

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

USE

[USE IDREF #IMPLIED]

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

point

[point: accessType inputOutput, type MFVec2f CDATA #IMPLIED]
pairs of 2D (s,t) texture coordinates, either in range [0..1] or higher if repeating.

containerField

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

class

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

http://www.web3d.org/x3d/content/X3dTooltips.html#TextureCoordinate
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TextureCoordinateGenerator node

TextureCoordinateGenerator enables the
automatic computation and generation of
texture coordinates for geometric shapes

* Can serve as substitute for TextureCoordinate node

Eleven procedural modes are provided

* mode field, following table explains possible values
» Associated parameter field provides setup values

This node is quite complicated and likely requires

special authoring-tool support

* May also find support in 3D acceleration hardwar
web|3D 3D
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TextureCoordinateGenerator

mode enumerations
and parameter values

Mode

Description

SPHERE

CAMERASPACENORMAL

CAMERASPACE
POSITION

CAMERASPACE
REFLECTIONVECTOR

SPHERE-LOCAL
COORD
COORD-EYE
NOISE

NOISE-EYE

SPHERE-REFLECT

SPHERE-REFLECT-
LOCAL

Creates texture coordinates for a spherical environment or
“chrome" mapping based on the vertex normals transformed to
camera space. u=N/2+0.5v = NU/Z +0.5where uand v are the
texture coordinates being computed, and N_ and N'J are the x and
y components of the camera-space vertex normal. If the normal
has a positive x component, the normal points to the right, and
the u coordinate is adjusted to address the texture
appropriately. Likewise for the v coordinate: positive y indicates
that the normal points up. The opposite is of course true for
negative values in each component. If the normal points directly
at the camera, the resulting coordinates should receive no
distortion. The +0.5 bias to both coordinates places the point of
zero-distortion at the center of the sphere map, and a vertex
normal of (0, 0, z) addresses this point. Note that this formula
doesn't take account for the z component of the normal.

Use the vertex normal, transformed to camera space, as input
texture coordinates, resulting coordinates are in -1 to 1 range.
Use the vertex position, transformed to camera space, as input
texture coordinates

Use the reflection vector, transformed to camera space, as input
texture coordinates. The reflection vector is computed from the input
vertex position and normal vector. R=2 x DotProd(E,N) x N— E; In
the preceding formula, R is the reflection vector being computed, E is
the normalized position-to-eye vector, and N is the camera-space
vertex normal. Resulting coordinates are in —1 to 1 range.

Sphere mapping but in local coordinates

Use vertex coordinates

Use vertex coordinates transformed to camera space

Computed by applying Perlin solid noise function on vertex
coordinates, parameter contains scale and translation [scale.x
scale.y scale.z translation.x translation.y translation.z]

Same as above but transform vertex coordinates to camera space
first

Same as above but transform vertex coordinates to camera space
first

Similarto "SPHERE-REFLECT", parameter[0] contains index of
refraction, parameter[1 to 3] the eye point inlocal coordinates. By
animating parameter [1 to 3] the reflection changes with respect
to the point. Resulting coordinates are in—1 to 1 range.

X3D for Web Authors, Table 5.25, p.154
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TextureCoordinateGenerator

TextureCoordinateGenerator computes 2D (s,() texture-coordinate points, used by vertex-based geomefry
(ElevationGrid, IndexedFaceSet) to map textures to vertices (and patches to polygons).
Hint: add Shape and then polgyonal/planar geomeiry before adding TextureCoordinateGenerator.

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!

mode

[mode: accessType inputOutput, (SPHERE | CAMERASPACENORMAL | CAMERASPACEPOSITION |
CAMERASPACEREFLECTIONVECTOR | SPHERE-LOCAL | COORD | COORD-EYE | NOISE | NOISE-EYE |
SPHERE-REFLECT | SPHERE-REFLECT-LOCAL) "SPHERE"]

parameter

[parameter: accessType inputOQutput, type MFVec2f CDATA #IMPLIED]

containerField

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

class

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

encoding of X3D scenes.

http://www.web3d.org/x3d/content/X3dTooltips.html#TextureCoordinateGenerator
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Additional Resources

Pellucid materials editor

* Eric Haines, copyright (c) 1997
* http://tog.acm.org/resources/applets/vrml/pellucid.html
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F# Lighton

Material

Gamma correction

Intens:

ity

sssssssssss

22

05

ambientintensity 0.2

Compute!

amblentintensity |1

0.2

diffuseColor |08

specularColor |0

emissiveColor |0

I~ show clamp

08
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Chapter Summary

Appearance affects associated geometry,
containing the following fields

Visual surface properties that interact with lights
* Material and TwoSidedMaterial
* LineProperties and FillProperties

Texture nodes wrap images onto geometry

» ImageTexture, MovieTexture, PixelTexture and
MultiTexture

» TextureTransform, TextureCoordinate and

TextureCoordinateGenerator
web|3D )<3D
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Don Brutzman

brutzman@nps.edu

http://web.nps.navy.mil/~brutzman

Code USW/Br, Naval Postgraduate School
Monterey California 93943-5000 USA
1.831.656.2149 voice
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FooterChapterTitle

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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