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Motivation

3D graphics is becoming a commodity

- — even for mobile
- — even for consumers
— even on wireless

3D graphics is still a broadcast medium

- Almost exclusively focused on games (and CAD)
- Specialized content for specialized engines (and v.v.)

3D graphics must be sharable across the Web

- Must work for non-experts — its a means, not a goal
- Make it available to millions of Web developers

eed to adapt 3D graphics for Web
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Motivation

» Compare to Video Technology

— Technology had been since the mid 1990ies
— RealVideo, MPEG, MMX, ...
— But nothing happened for almost a decade

 The Web changed the (Video) World

— YouTube (2005)
— Allowed anyone to easily add video to the their Web page
— Everyone can create, share, experience video

— Today: 2 billion views per day
— Revenue of $1.1 Billion (target for 2011)
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Proposal:
Declarative 3D On The Web

. Make it easy to add 3D to Web pages

— Fully integrate 3D content into HTMLS documents
. Interactive 3D graphics as first class DOM objects
- Reuse existing Web technology wherever possible

. Avoid barrier to entry — make Web developers feel at home
. Do not add new concepts, unless absolutely necessary

. Jump start 3D on the Web

— Freely provide necessary technology

. Specification of HTML extensions & standardization
. Native browser & JS implementations, server side, ...

— Tutorials, examples, hosting, ...

— Joint initiative with research and industry
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XML3D In Projects

EU Future Internet PPP (Architecture Board)

— Generic Enabler with Disney Research, BBC, Technicolor, Sintef, ...
EU Verve & EU SocialSensor

— INRIA, Trinity College, several hospitals, ...
EU EIT

— Most top EU companies & research parters
BMBF German Spitzencluster (with X3DOM)

— SAP, Software AG, Fraunhofer, ...
BMBF Ecouss

— Cray, HLRS Stuttgart, RTT, Beiersdorf, ...
Industry: Caigos & Interactive Software

— 3D-GIS Extension, IAA Presentation
Public: Cultural Heritage

— Museum of Saarlouis, 3D-Kiosk
Intel Visual Computing Institute & ISTC-VC & Intel

— Main Project Partner, Links to Stanford, Links to Business Units
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Structure of Content: 2D Web
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(Re-)use of Web technologies

. HTML/ SVG

- <img>, <video>, <canvas>, <iframe>

. To define (interactive) textures.

<script> for programmable parts
. Shader, vertex processing ...

<defs> to define objects reused later
. As in SVG

Event attributes: onmouseover, onclick ...
. Works the same in 3D
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(Re-)use of Web technologies
. DOM

- Event and scripting mechanisms
-~ Run time environment

. CSS

- Separate e.g. geometry from the apperance

—~ CSS3 Proposals

. 3D Transforms, Animations

. Others

- EXI for external binary data
- Device API
- SMIL, XBL
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XML3D Elements
<

e <xml3d>

— Canvas for XML3D
content

— Embed into (X)HTML
» <defs>

— Definition of resources
¢ <group>

— Structuring and
transformation hierarchy

e <transform>

— Alternative transformation
syntax, can be referenced
via CSS
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<body>

<h1>XHTML Document</h1>

<xml3d style="width: 640px; height: 480px”
xmlns="http://www.xml3d.org/2009/xm|3d">
<|-- -—>

</xml3d>

</body>

<xml3d ... >
< >
<transform id="xfm1” translation="3 0 1” />

<transform id="xfm2” scale="2 2 2” />
</ P

<group
<group
<mesh ...
</group>
<group
<mesh ...
</group>
</group>
</xml3d>



http://www.xml3d.org/2009/xml3d

XML3D Generic Data

e <data> <xmi3d ... >

<defs>

— Collections of typed & <data id="data01”>

named arrays (float int, ...) e e e a <l

— <float3 name="position” >
Maps el < 0.12 3.1 2.69 ... </float3>

— GPU buffers <float3 name="normal” >
— Arguments to shaders _ 100..<floats>

— Allows external references id="heatData”>
< src="#data01’/>

— E.g. in binary EXI format <float name="temperature” >

</ p

— Used also for XFlow </defs>

<le . -->
</xml|3d>
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XML3D Elements

e <mesh> <xmi3d ... >

. < type="triangles™>
— Format for triangles, <date id:«my%ata»>

triangleStrips etc. <int name="index" > |
: : < 012013134 ..</int>
— Generic mesh attributes <float3 name="position” >
0.12 3.1 2.69 ... </float3>
— Easy to map (o) <float3 name="normal” >
hardware buffers _ 100...</loat3>
— Meshes that reference </mesh>

<group ...>
same data source are <mesh type="triangles”

geometry instances </group>

<l-- .. >
</xml|3d>
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XML3D Elements

* <shader>
— Material description

— Like paint/stroke in SVG <

— But: Arbitrary parameters

— Use CSS to assign
material to geometry

— References shader script

— Predefined common
shaders (via URN)

— Portable material
descriptions (AnySL)
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<xml3d ... >
<defs>
<script
type="text/anysl:RSL">
<l- .. -->
</script>

<shader id="shader1” script="#tex_script” >
< id=“shaderData”>
<texture name="diffuseTexture”>
<img src="metal.png’/>
</texture>
</ p
</shader>

<shader id=“phong”

<data src="“#shaderData’/>
</shader>
</defs>

<group

<mesh > <!-- ... -> </mesh>
</group>
</xml3d>




XML3D Elements

¢ <vView>
<xml3d ... >

— Specify a 3D viewpoint - 77
— May be the destination of <group class="animatedView" >

<view ... />

a ||nk </group>

- <light intensity="0.5"/>
o <||g ht> </xml3d>

— Specify lights
— References light shader

— Fixed function and
programmable
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Interaction

- DOM Scripting <
— Well known to Web
developers

— Arbitrary scene
graph modifications

— Animations via
triggering redraws

« DOM Events
— Data via attributes

— 3D specific data

<xml3d ... >
<defs>

<transform id="xfm1” translation="0 0 0” />
</defs>

<group style="transform: url(#transform1)” >
<mesh type="triangles”
onclick="alert(‘Interaction!’)">

<“/'mesh>
</group>

</xml3d>

<script type="text/javascript” >
function moveMesh(){
var xfm = document.getElementByld(‘xfm1’);
xfm.translation.x += 0.1;
}
setinterval(“moveMesh()”, 50);
</script>
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XML3D

Interactive 3D graphics

— Few new elements

— DOM is scene graph and run time

Portable Format

— Portable geometry and material descriptions

Full support for programmable GPUs

— Programmable shading (materials, animation, ...)
— HW-oriented data formats

But what about Animations & Dynamics?

— Vertex shaders, image (pre/post-)processing
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XFlow: Data Processing for XML3D

 Data specification — L e
- Typically used to S oot
provide data for
meshes and shaders (surface, lights, geometry, ...)

» Simply allow processing elements in the chain
— Shaders that take data and provides new data

Data Tessellate Mesh
Index (———=() Index () { ) Index
Position ( ———={ ) Position O ) Position
Normal ( ——»{ Normal () {_} Normal

Iterations ( r——={) Iterations () Attributes
Color ) () Attributes

Temperature '-:_'_:fil i

Texcoord ()
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XFlow: Different XFlow Elements

» XFlow Processing Elements
— Map XML3D data elements to new data sets

* Predefined Fixed-Functions (URN)

— Geometry shaders (OGL/DX/RT)

— Morphing, Skeletal Animation, ...
— Post Processing, Tone Mapping, ...

* Programmable Elements

— But which language: Javascript (slow), Plugins (too
awkward), CUDA/OpenCL (too HW specific)

— AnySL.: Portable representation & embedded compiler
— Compiled to x86/SSE, PTX/CUDA, OpenCL, GLSL, ...
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Beyond Static Geometry

 Different Types of Animations
— Hierarchical Rigid Motion — OK
— Morphing —
— Skinning —
— Tesselation and many more —
Different Execution Environments
— CPU (x86, SSE, AVX, ...)
— GPU (GLSL, OpenCL, CUDA/PTX, others)
— Avoid having to go back to GPGPU
— Should make best use of hardware

Provide Portable Solution
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Go for Generic Solutions

* Avoid specializes elements
— Like <hanim>, <skinning>, <bone>, <morphing>, ...
— No blow up in hew concepts
* Generic solution for data parallel processing
— Like <data script="..." >
— At least as powerful as GLSL/HLSL/...
— But platform-independent

« XFlow: Approach for declarative data processing
— Description of flow graph in HTML/XML3D

— Composition of data field (easy to re-use and route)
— Scripts for processing code (where necessary)
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A Simple Mesh

<mesh type="triangles” >
<int name="1index” >0 1 2 1 2 3
<float3 name="position” >1.0 2.
<float3 name="normal” >0.0 1.
</mesh>

.</1nt>
@ -0.2 ...</float3>
0 0.0 ...</float3>

<mesh type="triangles” >
<data>
<ilnt name="1index” >0 1 2 1 2 3
<float3 name="position” >1.0 2.
<float3 name="normal” >0.0 1.
</data>

</mesh>

~:}r*5~- AGENTS and E?ﬁiﬁ?, o
7 SIMULATED REALITY | e sigenz GebH

.</1nt>
-0.2 ...</float3>

@
@ 0.0 ...</float3>




Instantiate with <data>

<defs>
<data id="meshData” >
<int name="index” >0 1 2 1 2 3 ...</1int>
<float3 name="position” >1.0 2.0 -0.2 ...</float3>
<float3 name="normal” >0.0 1.0 0.0 ...</float3>

</data>
</defs>

<mesh type="triangles” src="#meshData” />

[11

<group style="transform: ... “ >

<mesh type="triangles” src="#meshData” />
</group>
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Partial Re-Use of Data

<defs>
<data id="basicMeshData” >
<int name="1index” >0 1 2 1 2 3
<float3 name="position” >1.0 2.
<float3 name="normal” >0.0 1.
</data>
</defs>

...</1nt>

0
0

-0.2 ...</float3>
0.0 ...</float3>

<mesh type="triangles”>

<data src="#basicMeshData” />

<float3 name="color” >1.0 0.7 0.1 ...</float>
</mesh>

<mesh type="triangles”>
<data src="#basicMeshData” />
<float3 name="color” >0.2 @.7 0.9 ...</float>

</mesh>
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Data Scripts
Data »

Script

Reads:

Name A
Name B

Outputs:

Name C
INET =
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Script Attached to Data

<data id="meshData” script="morphing.xxx” >
<int name="1index” >0 1 2 1 2 3 ...</int>
<float3 name="position” >1.0 2.0 -0.2 ...</float3>
<float3 name="normal” >0.0 1.0 0.0 ...</float3>
<float3 name="blendshapel” >1.5 2.3 -0.4 ...</float3>
<float3 name="blendshapez2” >1.2 1.9 0.1 ...</float3>
<float name="weightl” >0.3</float3>

<float name="weight2” >0.5</float3>
</data>
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More Complex Data Flow

Data Data

index > weightl

position  —— 5 weight2

3ujydion

normal

Data
bindpose

Suluunis

Data
blendshapel

boneweight

boneindex
blendshape2
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Compactness of Data Flow Spec

<mesh type="triangles” >
<data script="skinning.xxx” >
<data script="morphing.xxx” >
<data src="#meshData” />
<data src="#blendData” />
<float3 name="weightl” >0.8</float3>
<float3 name="weight2” >0.2</float3>
</data>
<data src="#skinningData” />
<float4x4 name="pose”>...</floatdx4>
</data>
</mesh>
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More About Data Scripts

» Platform independent description

— Use AnySL

— Safe exposure of parallel computing via OpenCL /
CUDA

» Script execution not bound to specific hardware

— Can be executed on GPU or CPU depending on
context and renderer
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External Data

* Natural extension to XFlow concept

— <data src="external.xxx” />

— Any format that can be converted to data representation
— May include Xflow script for decompression, etc.
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Example: Character Animation

» All shaders are cross-platform, cross-renderer
— HW accelerated (CUDA, OpenCL, DXCompute)

| Morphing Skinning Meash
Index (———»{ ) Index { ———{) Index ( ———{") Index
Position ( ———( ) Position { ———={ ) Position ( ———»{ ) Position

Fa Y ra _"‘ oy L
Marmal [} Normal ™) Normal | | Normal

Blendshape-Position ( ————#={ ) Blendshape-Position | () Bene-Indices | {_) Attributes
Blendshape-Normal  ( ————={ ) Blendshape-Normal | ) Bone-Weights |

Weight (——{_ ) Weight () Bindpose

Pt

Texcoord O {_) Pose

Data
Bone-Indices
Bone-Weights
Bindpose

IK
(———{_} Transform
( ———»{ ) Parent
(—— ) Goal
Pose
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XML3D Implementations

* Native implementations

— Mozilla Firefox & Google Chromium

— Renderer:
— Realtime Ray Tracing & native OpenGL 4.X

WebGL/JS-based renderer
— Limitation due to OpenGL ES, CSS, JS
Standardization at W3C

— Creation of Incubator/Community group

Freely avallable (alpha ver3|on)
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XML3D Content Pipeline

File Edit View History Bookmarks Tools Help

= t
X p O r e rS » C #ey | file///D:/data/blen
C . 4 D £, Most Visited | | Getting Started . Latest Headlines <=
1 I n e m a | files/f/C:/Users/K....blender/outxhtml x | | | file:///D
— Blender

Converters

— COLLADA
— X3D / VRML

Application integration
— Caigos, BallView, 3D-Kiosk, ...
More to come...

J#5= AGENTS and
7 SIMULATED REALITY




Firefox with XML3D

it Yew History
- © ®

B Mo Visited v

Beokmarks Tools  Help
W files/heme/rudinsteVeniceXMLID/buildNVenice.xhtm:
@ Gelling Started G Lalest Headlines v

W Venice - Wikipecia, the free enc.
article

Venice

From Wikipedia, the free =ncyclopecia

edit this page | | Fistery

Venice (ital an: Vene, PA: Ve'niptsial, Venetian: Venesialis & city in n err Italy, the cagizal of the region Ve

popaiaticn of 271.367 (census estimate January 1, 2004). Togetrer aith Padua, the aity is includad in the Pacua-Venice

metropolitar Area (pooulat I he city historically was an indeserdent ratic nice has keen knowr as the "La

Dominante” Cily uf Waler™. "Cily of Bridges™. ard "The City of Light". Luigi Barzini.
described it as "undoablecly the st beaulful ity built Ly man. !

“Serenissima”. "Quesn ol Ui Adr alic

wiling in The New Yok Ti

- orfs
= Cateld

= DSODDA DD

Tha city stratcnas acro;
saltaster lagoon stretcres alo

on along the Adn

@ Po (scuth) and the Pi

populaticn estimele of 272.000 inlebilarts ircluces Ui population of the whole Comunz of Venecia: arounc 62.00C in Uie
historic city of Venice (Cenrc 176,000 in T: 73 (the Mainland), mestly in the large

Marghera; and 31.000 liv= on other islands in the Iageon.

= Deutsch @ was 3 major maritime poaer during the Micdle Ages ard Hena's

Done
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Log in / create account

Comune di Venezia

Tals  Help

i te 1 ke

W23 WAy TraCInG > SRITEtoRs
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74 3onte medd |

Cveneaw Hom: Bacc imenor
-—

oo sxx AL Pwex (1-ep) [1nap

Tecwdogy | Compuite Geaches 14 | Inte Viwsl Comgaticg Inditus | DRRT

74 ROADSTER MODEL

& RIALSTER ZESIINEC THE LY SMWY G
184 QI 6 € ERPOROCE €19 STMCNOI Ko
IACFISE By T Kow 66523 103
IXITe 0 I
haractoe of e variclo fom s

Mo ctiroroa

Scriphaantiol a3ing. octivatet bk _peog')

IUpdate Manager)
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XML3D: 3D on the Web

View History Bookmarks Tools Help

> C 9 file: VCI/RTT/Programmierung/Final.xhtml

(Untitled) file:///D:/IntelV...erung/Final.xhtml x

UNIVERSITAT v I VISUAL
DES |nte| | COMPUTING

realtime technology SAARLANDES | INSTITUTE
Home Page

Front Skirt Side Moulding Rear Bumper
Mud Flaps Rear Skirt

Wheel Rim Type A

=
r)Y .
Spoiler Type A

“a

Visit other XML 3D projects

<
Done
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More XML3D Examples

S :
’ I/ [ xML3D-Mapserver \

wopr.sb.dfki.de,

*
‘

Layer-
o v
o W
o v
o P
o F
v
4
4
o E
4
v S
v
o F
v
o v
4
¥ S
o W
v G
v
o
o F
v
o F

g &

Interactive Web-GIS in 3D from OpenStreetMap & GIS daté
In cooperation with Caigos (SME), Dell
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More XML3D Examples
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More XML3D Examples
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More XML3D Examples

HldeAIIOhj
Sw1tch0nA11L1ghts
SwitchOf £A1LLi lllghts

Savel.:.ght,l ist

) —— Deutsches
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More XML3D Examples
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XML3D foF Cultural Heritage




More XML3D Examples

Curse of Monkey Island
3D version of pupolar 2D game

Deutsches
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AnySL: Interactive RenderMan in
Your Web Browser

SDAUNTERNEIS=SMretoko’
File Edit View History Bookmarks Tools Help
v @ | [@ file:j/fhome/rubinste/proj_rtsg2/xml3d-devjorg.xml3d.examples/scenes

©| 3D INTERNET
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Interactive Global lllumination

[32] RTfact (1.0 fps, 0.982 sec) (avg: 1.0 fps, 1.001 sec) [770x500] [33.0 sec]

]
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Interactive Global IIIummatlon

1 © [32] RTfact (1.1 fps, 0.845 sec) (avg: 1.2 fps, 0.867 sec) [770x500] [28.6 sec]




Summary

 Declarative 3D on the Web with XML3D

— 3D will be a hot topic — particularly on the Web
— W3C should play major role for declarative 3D
— Upcoming W3C Incubator Group

— Three fully working prototypes using XML3D

— Native Mozilla Firefox
— Native Google Chromium
— Portable WebGL/Javascript implementation

* Ready to start on your projects today!
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