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Graphical Programming (1)Graphical Programming (1)

 programs to process and manipulate programs to process and manipulate 
graphical objects and datagraphical objects and data

 early standards: PHIGS GKSearly standards: PHIGS GKS
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 early standards: PHIGS, GKSearly standards: PHIGS, GKS

 2D, 3D graphics libraries2D, 3D graphics libraries

 level of abstractionlevel of abstraction

 lowlow--level API: OpenGLlevel API: OpenGL

scene graph API: Java3Dscene graph API: Java3D

Graphical Programming (2)Graphical Programming (2)

 XX--WindowsWindows

XX--protocol, Xlib, window managerprotocol, Xlib, window manager

 OSF/MotifOSF/Motif

widgets gadgets window managerwidgets gadgets window manager
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widgets, gadgets, window managerwidgets, gadgets, window manager

 MSMS--WindowsWindows

 RenderManRenderMan

 OpenGLOpenGL

 Direct3DDirect3D

Graphical Programming (3)Graphical Programming (3)

 OpenInventor, VRML, X3DOpenInventor, VRML, X3D

scene graph orientedscene graph oriented

engines, sensors, manipulatorsengines, sensors, manipulators
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 IRIS PerformerIRIS Performer

 Java3DJava3D

OpenGL / Windows SystemOpenGL / Windows System
What is OpenGL? What is OpenGL? 

 OpenGL is a hardwareOpenGL is a hardware--independent interface independent interface 
to the graphics hardwareto the graphics hardware

OpenGL does not provide rendering context OpenGL does not provide rendering context 
management functions or means to manage user management functions or means to manage user 
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inputinput

→→ Interface between OS and OpenGL needed:Interface between OS and OpenGL needed:

 WGL / Microsoft WindowsWGL / Microsoft Windows

 GLX / UNIX's XGLX / UNIX's X--Windows (direct and indirect Windows (direct and indirect 
rendering)rendering)

 GLUT / OS independentGLUT / OS independent

Java3DJava3D

Java Applet/Application
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Graphics Hardware

OpenGL DirectX

Java 3D

ScenegraphScenegraph

 Hierarchical structureHierarchical structure

 Corresponds to logical structure of Corresponds to logical structure of 
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the scenethe scene

 Easy design and manipulation of Easy design and manipulation of 
complex scenescomplex scenes
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J3DJ3D--ScenegraphScenegraph

content viewing
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The RendererThe Renderer

 Double buffering, RGB(A)Double buffering, RGB(A)

 Infinite loop: Traverse GraphInfinite loop: Traverse Graph

 Take care of transparencyTake care of transparency
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 Regions of influence of fog, lights, Regions of influence of fog, lights, 
soundsound

 Optimized for rendering Optimized for rendering 
(display list)(display list)

Node States Node States -- CapabilitiesCapabilities

 Node created: all operations legalNode created: all operations legal

 LiveLive: Node inserted into scene: Node inserted into scene
-- capabilities capabilities specify permitted specify permitted 
operations (r / w / modify)operations (r / w / modify)
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p ( y)p ( y)
setCapability(setCapability(ALLOW_TRANSFORM_WRITE);ALLOW_TRANSFORM_WRITE);

 CompiledCompiled (optional): (optional): 
Optimized by rendererOptimized by renderer
-- modifications restrictedmodifications restricted

 Capabilities fixed if live or compiledCapabilities fixed if live or compiled

Java3D Node TypesJava3D Node Types

 Group nodesGroup nodes
-- addChild(...)addChild(...)
 BranchGroupBranchGroup
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-- only detachable/relocable nodeonly detachable/relocable node
-- grouping of Shapesgrouping of Shapes

 TransformGroupTransformGroup
-- transform applied to all childrentransform applied to all children

Hello3D! / ScenegraphHello3D! / Scenegraph

E.Gröller, H. Doleisch, L. Mroz, S. Grimm 11 / 24

Hello3D! / ConstructorHello3D! / Constructor

......

Canvas3D c=new Canvas3D(null);Canvas3D c=new Canvas3D(null);

aWindow.add(c);aWindow.add(c);
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BranchGroup content=createSceneGraph();BranchGroup content=createSceneGraph();

SimpleUniverse u=new SimpleUniverse(c);SimpleUniverse u=new SimpleUniverse(c);

u.addBranchGraph(content);//now “live”u.addBranchGraph(content);//now “live”

......
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Hello3D! ContentHello3D! Content
Public BranchGroup createSceneGraph(){Public BranchGroup createSceneGraph(){
BranchGroup objRoot=new BranchGroup();BranchGroup objRoot=new BranchGroup();
Transform3D spin=new Transform3D();Transform3D spin=new Transform3D();
Transform3D tmpspin=new Transform3D();Transform3D tmpspin=new Transform3D();
spin.rotX(Math.PI/4.0d);spin.rotX(Math.PI/4.0d);
t i tY(M th PI/5 0d)t i tY(M th PI/5 0d)
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tmpspin.rotY(Math.PI/5.0d);tmpspin.rotY(Math.PI/5.0d);
spin.mul(tmpspin);spin.mul(tmpspin);
TransformGroup objTrans=newTransformGroup objTrans=new

TransformGroup(spin);TransformGroup(spin);
objRoot.addChild(objTrans);objRoot.addChild(objTrans);
objTrans.addChild(new ColorCube());objTrans.addChild(new ColorCube());
return objRoot();}return objRoot();}

Java3D Node TypesJava3D Node Types

 Shape3DShape3D
-- defines object within the scenedefines object within the scene
Contains:Contains:
 GeometryGeometry
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 GeometryGeometry
-- polygon related informationpolygon related information

 AttributesAttributes
-- material definitionmaterial definition
-- rendering mode (wireframe, …)rendering mode (wireframe, …)

Geometry NodesGeometry Nodes
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Geometry NodesGeometry Nodes

Geometry definition:Geometry definition:

 coordinatescoordinates

 optional: normals  optional: normals  
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 optional: RGB(A) color optional: RGB(A) color 

 optional: texture coord. (u/v[/w])optional: texture coord. (u/v[/w])

 for indexed types: indices for indexed types: indices 

Helper ClassesHelper Classes

com.sun.j3d.utils.*com.sun.j3d.utils.*
-- SimpleUniverseSimpleUniverse: : 

fast viewing model setupfast viewing model setup
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-- MouseMouse--> Transform mapping > Transform mapping 
for interactionsfor interactions

-- Simple geometrical ObjectsSimple geometrical Objects
(cube, …)(cube, …)

Helper ClassesHelper Classes
javax.vecmathjavax.vecmath.*.*

-- TupleTuple/Point/Vector 2/3/4D d/float/Point/Vector 2/3/4D d/float
with corresponding operationswith corresponding operations

-- Matrix 3/4D d/floatMatrix 3/4D d/float
Quaternion classesQuaternion classes
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-- Quaternion classesQuaternion classes
javax.media.j3d.Transform3Djavax.media.j3d.Transform3D

-- 4D matrix + helper 4D matrix + helper funcfunc. for CG:. for CG:
orthorth//persppersp. Projection, . Projection, 
scale, rotate, translate, …scale, rotate, translate, …
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AppearanceAppearance

Defines attributes for rendering Defines attributes for rendering 
geometry of an objectgeometry of an object

-- polygon attributes: pts/wirefr./fillpolygon attributes: pts/wirefr./fill
cullingculling
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-- cullingculling
-- rendering attrib.: zrendering attrib.: z--buff., buff., --blend.blend.
-- transp./color (if not per vertex)transp./color (if not per vertex)
-- material (reflection coefficients)material (reflection coefficients)
-- texture imagestexture images

LightingLighting

Light source nodes require Bounds Light source nodes require Bounds 

delimiting the area of  influencedelimiting the area of  influence

 AmbientAmbient
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b e tb e t

 Directional (infinitely distant)Directional (infinitely distant)

 PointLight (spot light)PointLight (spot light)

BehaviorsBehaviors

“Events” for the scenegraph“Events” for the scenegraph

 Action executed if criteria met:Action executed if criteria met:
-- time triggered, kbd & mouse time triggered, kbd & mouse 
events, picking of objects,events, picking of objects,
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events, picking of objects,events, picking of objects,
collision, frames elapsedcollision, frames elapsed

 Boolean combination of criteriaBoolean combination of criteria

 Bounded area of relevanceBounded area of relevance
 processStimulus()processStimulus()

BehaviorsBehaviors

 Influence transform. / geometryInfluence transform. / geometry

Examples:Examples:
-- Mouse controlled navigation Mouse controlled navigation 
-- Interpolator: timeInterpolator: time-->value>value
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-- Interpolator: timeInterpolator: time-->value>value
-- ProximitySensorProximitySensor
-- Collision reactionCollision reaction
-- Picking: Click Picking: Click -->>

list of Shape3Ds below mouselist of Shape3Ds below mouse

Viewing ModelViewing Model

 Supports multiple  Canvas3D Supports multiple  Canvas3D --> > 

stereo rendering, (Cave!)stereo rendering, (Cave!)

 Support for trackingSupport for tracking
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 Support for tracking.Support for tracking.

 Detailed description of viewer’sDetailed description of viewer’s

eyes/ears configurationeyes/ears configuration

Java3D Java3D -- Further MaterialFurther Material

Java 3D API specification Java 3D API specification 
documentation & tutorial:documentation & tutorial:
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https://java3d.dev.java.net/https://java3d.dev.java.net/


