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. C++/C# Language Binding Concepts

« What is C++ / C# language binding?
— X3D scene access using C++ and C# languages

— Development of C++/C# programs using X3D data types and
functions

— X3D scene read, update, store, and exchange in C++/C#
applications

e Scope

— Provides a browser implementation independent way of accessing
a browser’s capabilities via the languages

— Provides a set of implementation independent base classes and
interfaces that represent possible interactions with an X3D scene
through an SAl

— Provides a C++ and C# API format for X3D scene access




" |SO/IEC 19777-3 & 19777-4 WD Preparation

 ISO/IEC 19777-3 X3D C++ Language Binding WD

— Working on clause 4 Concepts, clause 5 Tables, clause 6 Type
definitions, clause 7 Function definitions, Annex A Abstract
node interfaces, Annex B Concrete node interfaces

« ISO/IEC 19777-4 X3D C# Language Binding WD

— Working on clause 4 Concepts, clause 5 Tables, clause 6 Type
definitions, clause 7 Function definitions, Annex A Abstract
node interfaces, Annex B Concrete node interfaces



- A Simple Example of X3D Scene Access API

getX3D
getScene
getBackground
getViewpoint
getShape
getBox
getApperance
getMaterial

setX3D
setScene
setBackground
setViewpoint
setShape
setBox
setApperance
setMaterial

<X3D>
<Scene>

<Background skyColor='1 1 1'/>

<Viewpoint description="'Book View'
orientation="-0.747 -0.624 -0.231 1.05' position="-
1.81 3.12 2.59'/>

<Shape>
<Box size='1 2 3'/>
<Appearance>
<Material/>
</Appearance>
</Shape>
</Scene>
</X3D>

X3D

X3D Scene Access Interface (SAI)




- A Sample of X3D Scene Access APl (C++)

getX3D (&pX3D)
getScene(&pScene)
getBackground(&pBackground)
getViewpoint(&pViewpoint)
getShape(&pShape)
getBox(&pBox)
getApperance(&pAppearance)
getMaterial(&pMaterial)

setX3D (pX3D)

setScene(pScene)
getX3D setX3D setBackground(pBackground)
getScene setScene setViewpoint(pViewpoint)
getBackground | setBackground SeiéhapeépShape)
getViewpoint setViewpoint setBox(pBox)
getShape setShape setApperance(pAppearance)
getBox setBox setMaterial(pMaterial)
getApperance setApperance X3D C++ encoding
getMaterial setMaterial X3D Scene Access Interface (SAl)




- A Sample of X3D Scene Access API (C#)

getX3D (pX3D)
getScene(pScene)
getBackground(pBackground)
getViewpoint(pViewpoint)
getShape(pShape)
getBox(pBox)
getApperance(pAppearance)
getMaterial(pMaterial)

getX3D
getScene
getBackground
getViewpoint
getShape
getBox
getApperance
getMaterial

setX3D
setScene
setBackground
setViewpoint
setShape
setBox
setApperance
setMaterial

setX3D (pX3D)
setScene(pScene)
setBackground(pBackground)
setViewpoint(pViewpoint)
setShape(pShape)
setBox(pBox)
setApperance(pAppearance)
setMaterial(pMaterial)

X3D Scene Access Interface (SAl)

X3D C# encoding




-XBD C++ Binding Viewer Program Example

1. SuwonX3DBindingViewer
1) Load X3DLib.dIl
2) Parse an X3D file with X3DLib
3) Read, update, draw, and store the X3D file using X3DLib classes

2. X3DLib.dll

: 1) Parse an X3D file
2) Insert the parsed X3D into an internal class
3) Provide an interface to read X3D




. SuwonX3DBindingViewer (X3D C++ Binding Viewer)

X3D Tree View

Property View

&% SuwonX3DViewer - GeometryPrimitiveNodesWhiteBackground x3d
File View Window Help

O v iwlF o &M .

GeometryPrimitiveNodesWhiteBackground.x3d x

Scene
-1 background
“f Transform
E1-3 Shape : DefaultShape
T Box : DefaultBox
1 Appearance : DefaultAppear;
L Material
B3 Transform
El-1 shape
1 Core : DefaultCone
E-1 Appearance
L Material
-1 Transform
E-1 shape
¥ Cylinder : DefaultCylinder
E-1 Appearance
™ Material
-1 Transform
-1 Shape
1 sphere : DefaultSphere
El-3 Appearance
™ Material
BT Transform
Bt Shape
B1-$7 Text : DefaultText

...#™ FontStvle : DefaultFonts ™
4 L) 3

=]

m

|
L

Transform

center ¢ 0,000000 0,000000 0.000000
translation : -5.000000 0.000000 0.000000
rotation : 0.000000 0.000000 1.000000
0.000000

scale : 1,000000 1.000000 1.000000
scaleOrientation : 0.000000 0.000000 1.000000
0.000000

ZH|

CAP NUM SCRL




-X3D C++ Binding Class Structure (Partial)

CX3DLib
-~ CX3DScene
— CBackground
— CViewpoint
—— CTransform
- CShape
—— CAppearance
— CMaterial
— CX3DGeometryNode
— CSphere
— CCylinder
—— CCone
— CBox
~ IndexedFaceSet




2 Background

cliass AFX_EXT_CLASS CX3DBackgroundNode : public CX3DBindableNode

{

p:ublic: protected:

~int  getNumSkyAngle(); MFFloat groundAngle;
float* getSkyAngle(); MFColor groundColor;
void  setSkyAngle(float* angles, int size); MFFloat skyAngle;
void  setSkyAngle(float angle); MFColor skyColor;
int getNumGroundAngle(); SFFloat  transparency;
float* getGroundAngle(); %

void  setGroundAngle(float* angles, int size);
void  setGroundAngle(float angle);

int getNumSkyColor(); X3DBackgroundNode : X3DBindableNode |

float* getSkyColor(); S8FBool [J:.n] set bind

void  setSkyColor(float* colors, int size); MFFloat lfnfc'ut] groundingle  [] [0,1/2]

void  setSkyColor(float color); MFColox [?“"m] groundColor . [0, 1] .

. ' SFNode [in,out] metadata NULL [X3DMetadataCbject]
int getNumGroundColor(); MFFloat [in,out] skyAngle (] [0, 7]

float*  getGroundColor(); MFColor [in,ecut] skyColor 000 [0,1]

void setGroundColor(float* colors, int size); 3FFloat [in,out] transparency 0 [0,1]

void setGroundColor(float color); SFTime [out] bindTime

float  getTransparency(); SFBocl [out] isBound

void  setTransparency(float value); 1



-Viewpoint

cléass AFX_EXT_CLASS CViewpoint : public CX3DViewpointNode class AFX_EXT_CLASS CX3DViewpointNode : public CX3DBindableNode

4 {
: blic:
public: pu i o _
 void setFieldOfView(SFFloat fov): void setDescription(CString strText);
SFFloat  getFieldOfView(); ' void setPosition(SFVec3f pos);
p'kotecte q4 ' void setOrientation(SFVec4f ori);
i SFFIo‘at fieldOfView: void setCenterOfRotaion(SFVec3f cen);
},5 ' void setJump(BOOL bBool);
void setRetainUserOffsets(BOOL bBool);
CString getDescription();
SFVec3f getPosition();
: SFRotation getOrientation();
Vi:;'gc‘i‘;t : X?F’v]ie‘“?‘jintf”g? c{i SFVec3f  getCenterOfRotaion();
[ la] ln se il .
SFVec3f [in, out] centerOfRotation 0 0O O [—oe, =) BOOL |S-Jump();
SFString  [in,out] description BOOL isRetainUserOffsets();
SFFlcat [in,out] fieldofView o/4 (0, m)
SFBEoccl [in,out] Jjump TREUE prOteCted:
SFNode [in,ocut] metadata NULL [X30Metadatadbiect] CString description;
SFEctaticn [in,out] orientation o010 [-1,17, (==, =) . .
SFVec3f [in,out] position o 0 10 [—e=, =) SFBool Jump;
SFBool [in,cut] retainUserOffsets FALSE SFVec3f pOSitiOI’],'
SFTime [out] bindTime .
SFBool [out] i =Bound SFVec3f centerOfRotation;
} SFRotation orientation;
SFBool retainUserOffsets;
%



- Transform

class AFX_EXT_CLASS CTransform : public CX3DGroupingNode

.
. public:
' void setCenter(SFVec3f val); Transform : X3DGroupingNode | .
. . . MFNode [1m] addChildren [¥3DChildNode]
VO!d setRotation(SFVec4f val); MFNode [1n] removeChildren [X3DChildNade]
void setScale(SFVec3f val); SFVec3f [in,ocut] center 000 (-0, o)
void setScaleOrientation(SFVec4f val); MENode [in,out] children [] [X3DChildNode]
) . ) SFNode [in,out] metadata NULL [¥3DMetadataCbject]
void setTranslation(SFVec3f val); SFEotatiocn [in,out] rotation 0010 [-1,1] or (-w,wx)
SFV=c3f [in,out] =cale 111 [—om, o)
SEVec3f getCenter()' SFRoctaticon [in,ocut] scaleCrientation 0 0 1 0 [-1,1] or (-=,=)
SER . R ' ) SFVec3f [in,oc0ut] translation 000 [—e=, =)
otation getRotation(); SFVec3f [] bboxCenter 000 (—ea, w)
SFVec3f getScale(); SFVec3f [] bboxSize -1 -1 -1 [0,=) or -1 -1 -1
SFRotation getScaleOrientation(); ¥
SFVec3f getTranslation();
~ public:
E SFVec3f  center;
i SFRotation rotation;
SFVec3f  scale;
! SFRotation scaleOrientation;
i SFVec3f translation;
i



{

public:
void setGeometry(CX3DGeometryNode* pNode);
void setAppearance(CAppearance* pNode);

public:
CX3DGeometryNode* geometry;
CAppearance* appearance;

class AFX_EXT_CLASS CShape : public CX3DShape

{
}

¥3D8hapseNode

SFNods=
SFNode
SFNode

class AFX_EXT_CLASS CX3DShape : public CX3DChildNode , public CX3DBoundedObject

[in,out] appearance NULL
[in,out] geometry NULL
[in,out] metadata NULL
8Fvec3ft []
SFvVec3ift []

bbhoxCenter 0 0 O
bhoxSize -1 -1

Shape : X3DShapeNode |

SFNode
SFNcode
SFNcde
SFvec3ft
SFvVec3ft

[1n, out]
[1n, out]
[1in, out]
[1
[1

appearance NULL
geometry NULL
metadata NULL
bboxCenter 0 0 0
bboxSize -1 -1 -1

¥3DChildNode, X3DBoundedObject {

[X3DippearanceNaods]
[{3DGeocmetryNode]
[X3DMetadataCbject]
(—mrm}

-1 [0,=} or -1 -1 -1

[{3DAppearanceNods]
[{3DGeocmetryNode]
[X3DMetadatalbject]
(—oe, =)

[O0,=}) or -1 -1 -1




" Appearance

- class AFX_EXT_CLASS CAppearance : public CX3DAppearanceNode

A
public:
| void setMaterial(CMaterial*Node);
void setimageTexture(CimageTexture*Node);

public:
CMaterial* material;
ClmageTexture* imagetexture;

Appearance

SFNode
SFNode
SFNode
SFNode
MFNode
SFNode
SFNode

[1n, out]
[1n, out]
[1n, out]
[1n, out]
[1n, out]
[1n, out]
[1n, out]

¥X3DAppearanceNode {

fillProperties
lineFProperties
material
metadata
shaders
texture

NULL
NULL
NULL
NULL

[]
NULL

textureTransform NULL

[FillProperties]
[LineProperties]
[X3DMaterialNode]
[¥X3DMetadataObject]
[X3DBhaderNode]
[X3DTextureNode ]
[{3DTextureTransformiNode ]



" Material

iclass AFX_EXT_CLASS CMaterial : public CX3DMaterialNode

{
pub

ipub

lic:

void setAmbientintensity(SFFloat val);
void setDiffuseColor(SFVec3f val);
void setEmissiveColor(SFVec3f val);
void setShininess(SFFloat val);

void setSpecularColor(SFVec3f val);
void setTransparency(SFFloat val);
SFFloat getAmbientintensity();
SFColor getDiffuseColor();

SFColor getEmissiveColor();

SFFloat getShininess();

SFColor getSpecularColor();

Material : X3OMaterialNode |

SFFloat [in,out] ambientIntensity 0.2 [O0,1]
SFFloat getTransparency(); SFColor [in,out] diffuseColer 0.8 0.8 0.8 [0,1]
lic: SFCoclor [in,cut] emissiveColor 000 [D0,1]
. . SFNode [in,ocut] metadata NULL [¥3DMetadataltbject]
SFFloat amblentlnten5|ty, SFFlcat [in,out] shininess 0.2 [O0,1]
SFColor diffuseColor; SFColor [in,out] specularColor 000 [0,1]
SFColor emissiveColor; SFFloat [in,out] transparency 0 [O0,1]
SFFloat shininess; }
SFColor specularColor;
SFFloat transparency;



- Box

class AFX_EXT_CLASS CBox : public CX3DGeometryNode

{
public:
SFVec3f  getSize();
void setSize(SFVec3f vec);
BOOL getSolid();
void setSolid(BOOL value);
protected:
SFVec3f  size;
SFBool solid;
}

Box : X3DGecmetryNode {
SFNcde [in,out] metadata NULL [X3DMetadataCbject]
SFVecif [] 3ize 222 (0,m)
SFBool [] solid  TRUE

}




-Cone

class AFX_EXT_CLASS CCone : public CX3DGeometryNode

{

public:
void
void
void
void
SFFloat
SFFloat
SFBool
SFBool

setHeight(SFFloat fHeight);
setBottomRadius(SFFloat fRadius);
setBottom(SFBool bBottom);
setSide(SFBool bSide);
getHeight();

getBottomRadius();

isBottom();

isSide();

BOOL getSolid();

void
protected:

setSolid(BOOL value);

SFFloat height;
SFFloat bottomRadius;

SFBool
SFBool
SFBool

bottom;
side;
solid;

Cone : X3DGecmetryNode |{

SFNode [in,out] metadata

S5FBool []
SFFleoat []
SFFleoat []
SFBool []
SFBool []

he

NULL [X3DMetadataObject]

bottom TRUE
bottomRadius 1 (0, =)
height 2 (0, =)
3ide TRUE
s0lid TREUE




-Cylinder

; . ; Cylinder : X3DGeometryNode {

class AFX_EXT_CLASS CCylinder : public CX3DGeometryNode SFNode  [im, out] metadaca NULL [X3DMetadataObject]
{ SFBoel ] bottom  TRUE

. S5FFleoat [] height 2 (0, =)
public: SFFloat [] radius 1 (0, =)

void  setHeight(SFFloat fHeight); SFBool [] side TRUE

. . - SFBool [] solid TRUE
void  setRadius(SFFloat fRadius); SFBool [] top TRUE
void setBottom(SFBool bBottom); J

void setSide(SFBool bSide);
void  setTop(SFBool bTop);
SFFloat getHeight();
SFFloat getRadius();

SFBool isBottom(); i ?

SFBool isSide();

SFBool isTop();

BOOL getSolid();

void  setSolid(BOOL value);
protected: height

SFFloat  height;

SFFloat  radius;

SFBool bottom;

height/ 2 side

SFBool side;
SFBool  top; !—.
SFBool  solid;




-Sphere

class AFX_EXT_CLASS CSphere : public CX3DGeometryNode

q

public:

- void  setRadius(SFFloat fRadius);

~ SFFloat getRadius();

- BOOL getSolid();

- void  setSolid(BOOL value); e e
protected:

~ SFFloat radius;

~ SFBool solid; o

i B

-
-------

Sphere : X3DGecmetryNode {
SFNcde [in,out] metadata NULL [X3DMetadataObject]
SFFleoat [] radius 1 (0, =)

s =theta/eFI
SFBool [] golid TRUE o

t=1- phiP|




I IndexedFaceSet

ciass AFX_EXT_CLASS ClindexedFaceSet : public CX3DComposedGeometryNode

(
public:
void setCreaseAngle(SFFloat angle);
SFFloat getCreaseAngle();
void set_colorindex(CString strindex);
void set_coordIndex(CString strindex);
void set_normallndex(CString strindex);
void set_texCoordIndex(CString strindex);
void setIndex(CString strindex, int nType);
pérotected:
MFInt32 colorindex;
MFInt32 coordindex;
MFInt32 normallndex;
MFInt32 texCoordIndex;

——
~e

IndexedFac=e3=t

MFInt3Z
MFInt3Z
MFInt3Z
MFInt3Z
MFNode
SFNode
SFNode
SFNode
SFNode
SFNode
SFNode
SFBocl
MFInt3Z
SFBool
SFBool
MFInt3Z
SFFloat
MFInt3Z
SFBool
SFBool
MFInt3Z

[in]
[in]
[in]
[in]
[in, out]
[1n, out]
[1n, out]
[1in, out]
[im, out]
[in, out]
[in, out]
[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

X3IDComposedGeometryNeode |

set colorIndex
set coordIndex
set normalIndex
set_ texCoordIndex

attrib [1 [X3DVertexRttributeNade]
color NULL [¥3DColorNode]

coord NULL [¥3DCocordinateNode]
fogCoord NULL [FogCoordinate]

metadata NULL [X3DMetadsataCbijsct]
normal NULL [X3DNormallNode]

texCoord NULL [H3DTextureCoordinateNode]
CCW TRUE

colorIndex [] [0,=) or -1
colorPerVertex TREUE

COoOnvex TRUE

coordIndex [] [0,=) or -1

creaselngle 1] [O,=)

normal Index [] [0,m) or -1
normalPerVertex TRUE

solid TRUE

texCoordIndex [] [-1,=)



IndexedFaceSet Sample

ik suwonX3DViewer - Chul X3D = | 2|3
File View Window Help

ODEE v w F & mql.

1™ background
1T viewpaint
=+ HAnimHumanoid : hanim_HAnim
=~ HanimJoint : hanim_HumanoidRoot
=1 HAnimSegment : hanim_sacrum
B 152 Transform
E-1 Shape
-1 IndexedFaceSet
-1 Appearance
1T Material
-7 ImageTexture : ChulTextureAtias
-1 HanimJoint : hanim_|_hip
E| T HAnimSegment : hanim_|_thigh
E-17 Transform
E1-1 Shape
1T Indexedraceset
=1 Appearance
1T Material
1T ImageTexture
=1 HAnimJoint : hanim_|_knee
B4 HanimSegment : hanim_|_calf
E1-#* Transform
E1-1 Shape
T IndexedrFaceSet
=1 Appearance
1T Material
: T ImageTexture
E1-#7 HanimIgint : hanim_|_ankle
B4 HanimSegment : hanim_|_hindfoot
-1 Transform
E1-1 Shape
(¥ IndexedFaceSet
=1 Appearance
T Material

m

Transform

center : 0,000000 0.000000 0.000000

translation : 0.000000 44.070000 -1,034000

rotation : 0.000000 0.000000 0.000000 0.000000

scale @ 1.000000 1.000000 1,000000

scaleOrientation : 0,.000000 0.000000 0,000000 0,000000

CAP NUM SCRL




" X3DComposedGeometryNode (IndexedFaceSet Public Node)

class AFX_EXT_CLASS CX3DComposedGeometryNode : public CX3DGeometryNode

{ CNormal* getNormal();
public: voidsetNormal(CX3DNormalNode * node);
void  setCcw(SFBool bBool); voidsetNormal(CX3DPrototypelnstance protolnstance);
SFBool getCcw();
void setColorPerVertex(SFBool bBool); CTextureCoordinate* getTexCoord();
SFBool  getColorPerVertex(); voidsetTexCoord(CTextureCoordinate* node);
void setConvex(SFBool bBool); voidsetTexCoord(CX3DPrototypelnstance protolnstance);
SFBool getConvex();
void setNormalPerVertex(SFBool bBool); //Attributes
SFBool getNormalPerVertex(); protected:
void setSolid(SFBool bBool); SFBoolccw:
SFBool  getSolid(); SFBoolcolorPerVertex;
CCoordinate* getCoord(); SFBoolconvex:
void setCoord(CX3DCoordinateNode* node); SFBoolnormalPerVertex:
void setCoord(CX3DPrototypelnstance protolnstance); SFBoolsolid:
CFogCoordinate* getFogCoord();
void setFogCoord(CFogCoordinate* node); CColorcolor:
void setFogCoord(CX3DPrototypelnstance protolnstance); CCoordinatecoord:
CColor*  getColor(); CFogCoordinate fogCoord;
void setColor(CX3DColorNode * color); CNormalnormal:
void setColor(CX3DPrototypelnstance protolnstance); CTextureCoordinate texCoord:

B e ——



" | X3D C++ Binding Viewer Demo

SuwonX3DViewer - GeometryPrimitiveNodesWhiteBackground.x3d

oER =22v BwW =2EMH
DM v w[F|[N@Q .

GeometryPrimitiveNodesWhiteBackground.x3d X |
@, 3D
=3 Transform:
=3 Shape:DefaultShape
1 Box:DefaultBox
* Transform:
=3 Shape:
1 Cone:DefaultCone
1 Transform:
1 shape:
1 Cylinder:DefaultCylinder
* Transform:
-3 Shape:

V4 crbhmvmiPAf a b Cmbm

[ Modify ]

Rotation O
Translation D

Scale 1

(=) (0 ()

O UER0| O BAYY O Mo
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-XBD C# Binding Viewer (Unity)

| File Edt View Search Project Build BRun Version Control Tools Window Help

i ® | Debug ;I | Unity Editor j | ® MonoDevelop-Unity ‘ [ Q, Press 'Control+,' to search l

1 m . - _|
| [ A3DViewer_Unity |~ 43 ELEMEMT_TY¥PE » Mo selection Mo region | 2

i ¥ || Assembly-CSharp 1 using UnityEngine; - E’
| P m References 2 using System;

| b m 3rdParty 3 using System.Collections; =]
| . 4 using System.Collections.Generic; =
| ¥ m L 5 using System.Text; g

! ¥ || BvhLib 6 using System.Xml; g

! Bvhlib.cs 7 using System.Collections.Specialized; a
! Ym Common 8 using System.Xml.Serialization;

! 9 using System.IO;

| SingletonT.:s 18 =
! n 1] 11 public enum ELEMENT TYPE a

¥ || X3DNode A 12 { g

: X3DBox.cs 1 i {E‘:‘J" =% E
! one, S

| ASDCone.cs 15 Cylinder, =
! XE3DCylinder.cs 16 sphere, Lo

| ¥3DHanim.cs 17 Text,
| ¥3DNode.cs 1: ¥
1 =
| e 2@ public class X3DLib 5
E X3D5phere.cs 219 =

! ¥3DText.co 22 protected string m_strFileName;

! ¥30Lib.cs 23 protected XmlDocument m_cXmlDocument = new XmlDocument();

| 24 protected List<X3DMode> m_listX3DNode = new List<X3DNode>();

| SceneContmller.ns L4 25 protected X3DSegment m_curParseSegment = null;

| X3DViewer.cs 26 i

E g m Streamingfssets - |4 i} 3

E | [+] Errors Tasks



X3D C# Binding Viewer (Unity)

e

€{ Unity Personal (64bit) - X3DViewer.unity - X3DViewer_Unity - PC, Mac & Linux Standalone <DX11> o] |
File Edit Assets GameObject Component MNGUI Window Help
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" X3D C# Binding Viewer (Unity)

< Unity Personal (64bit) - X3DViewer.unity - X3DViewer_Unity11 - Android <DX11 on DX9 GPU=> = =

File Edit Assets GameObject Component Window Help

m 4*5 | S | :ﬂ: | E] l -ICenter| & Local ] umm l Yy J [Accuunt - ] [La'grers - ] [La'gruut v]

= | # scene | 2 Animator += | © Inspector | = Hierarchy | m==| 5 Project | =
WXGA Landscape (1280x80 7| Scale| | Shaded T[]20 || o | )| T ¥IDWiewear | Create 7| (arAll ) |l | Create -| (2 | &%
@ TQ X3DViewer = ijfavnrites Assets » Scenes
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Directional Light 2L All Mode
SceneController (O all Prefa
0 all seript
T Assets
@ 3rdParty
kGl Resource
k53 Scripts
&3 Streamir
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%
AssetBundle Mone 4! 'Mone # Q}(SDWE—'U_
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