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Hannes  

Kaufmann Motivation 

ÅVR/AR environment = Hardware setup + VR 
Software Framework + Application 

ÅDetailled knowledge is needed about 

ïHardware: Input Devices & Tracking, Output 
Devices, 3D Graphics 

ïSoftware: Standards, Toolkits, VR frameworks 

ïHuman Factors: Usability, Evaluations,  
Psychological Factors (PerceptionΣΧύ 
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Kaufmann 3D Graphics Hardware -Development 

ÅIncredible development boost of consumer 
cards in previous ~15 years 

ÅPC graphics surpassed workstations (~2001) 

ÅDevelopment driven by game industry 



Consumer Graphics ς Major Points 

ÅUp to 1995 
ï2D only (S3, Cirrus Logic, Tseng Labs, Trident) 

Å1996 3DFX Vodoo (first real 3D card); Introduction of DX3 

Åмффт ¢ǊƛŀƴƎƭŜ ǊŜƴŘŜǊƛƴƎ όΧ 5·рύ 

Åмффу ¢ǊƛŀƴƎƭŜ ǎŜǘǳǇ όΧ5·сύ 

Å1999 Multi-tƛǇŜΣ aǳƭǘƛǘŜȄǘǳǊŜ όΧ5·тύ 

Åнллл ¢ǊŀƴǎŦƻǊƳ ŀƴŘ ƭƛƎƘǘƛƴƎ όΧ5·уύ 

Å2001 Programmable shaders 
ïPCs surpass workstations 

Å2002 Full floating point 

Å2004 Full looping and conditionals 

Å2006/07 Geometry/Primitive shaders (DX10, OpenGL 2.1) 

Å2007/08 CUDA (Nvidia) - GPU General Purpose Computing 

Å2009 DX11: Multithreaded rend., Compute shaders, Tessel. 
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Kaufmann aƻƻǊŜΨǎ [ŀǿ 

ÅGordon Moore, Intel co-founder, 1965 

ÅExponential growth in number of transistors 

ÅDoubles every 18 months (holds for CPUs) 

ïyearly growth: factor 1.6 

ïSlow development since 2002 (2.8GHz available 
since December 2002);  

ïBut increase in number of cores - currently Quad-
Core / Hexa-core CPUs 

ï2012: 8-ŎƻǊŜ /t¦ǎΧΦ 

 



 



Nvidia Development 1/2 

 



Nvidia Development 2/2 

Almost Mooreôs law squared (^1.5-2.0) 

Performance doubles every 9-12 months!  

2H05  GeForce 7800             860M  
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ÅAs fast as fastest Supercomputer in 1998 

Å!ƭƳƻǎǘ aƻƻǊŜΩǎ ƭŀǿ ǎǉǳŀǊŜŘ όϣмΦр-2.0) 

ÅPerformance doubles every 9-12 months! 

ÅUsed in HPC parallel computers (CUDA,Tesla) 

ïMolecular dynamics, climate simulations, fluid dynamics 

ïΧeverything highly parallel computable 

ÅSpeedup 10-100x compared to standard processors 

 

NVIDIA GeForce GTX 580 

512 cores 

Single/double precision 

1.58 TeraFLOPs 



!ƴŘ ƛǘ ƎƻŜǎ ƻƴ ŀƴŘ ƻƴΧΦ 

ÅPerformance increase expected to continue 
within the next few years 

ïSmaller chip production processes possible (currently 
40nm for graphics cards, 32nm CPUs) 

ïMultiple graphics cards or GPUs in a PC  

ïMulti-core GPUs  

ÅGeneral purpose  
computing on GPUs 

ïOpenCL 

ïCUDA / www.gpgpu.org 
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Kaufmann 

What are the benefits in VR/AR? 
 

Which features are needed? 
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Kaufmann 3D Card High End Model 

ÅnVidia Quadro 5000 / 6000 (~ ϵ 1700.- / 3500.- ) 

Å2.5 GB / 6 GB GDDR5 RAM 

ÅBased on Fermi Architecture (Geforce 480) 

Å448 CUDA cores  

Å144 GB/s Bandwidth 

Åoptimized OpenGL drivers 
(comp. to consumer card) 

Å16K x 16K texture resolution 

ÅDX11, Shader Model 5,  
OpenGL 4.1 
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Kaufmann Some Relevant Features (for VR) 

ÅMemory size: 6 GB 
Å2 DisplayPort, 1 DVI, 1 Analog VGA Output (up to 

3840x2400); dual 400Mhz RAMDACs 
ÅOpenGL quad-buffered stereo (3-pin sync connector) ; 

3D Vision Pro 
ÅScalable [ƛƴƪ LƴǘŜǊŦŀŎŜ ό{[Lϰύ ¢ŜŎƘƴƻƭƻƎȅ  
ÅNvidia Mosaic: 2-8 displays (4K resolution) 
ÅFast 3D Texture transfer; HW 3D Window clipping 
ÅG-Sync Option Board with Framelock and Genlock 
ÅHDR technology, 30-bit color, SDI output option 
ÅQuality: 64 x Full-{ŎŜƴŜ !ƴǘƛŀƭƛŀǎƛƴƎ όC{!!ύΣ Χ 
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Explanations  
&  

Back to the Basics 



3D Graphics  
Basics 

The Graphics Pipeline(s) 
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Kaufmann What for ?  

Understanding the rendering pipeline is the key 
to real-time rendering! 

 

ÅInsights into how things work 

ïUnderstanding algorithms 

ÅInsights into how fast things work 

ïPerformance 



αIƛǎǘƻǊƛŎŀƭά CƛȄŜŘ DǊŀǇƘƛŎǎ tƛǇŜƭƛƴŜ 

Purpose: Convert Scene to Pixel Data 

Fixed processing of scene 

Geometry Stage: 

Å Input: Primitives 

ÅOutput: 2D window coordinates 

Rasterization Stage: 

Å Input: 2D window coordinates 

ÅOutput: Pixels 

ÅCǊŀƎƳŜƴǘΥ άǇƛȄŜƭέΣ ōǳǘ ǿƛǘƘ ŀŘŘƛǘƛƻƴŀƭ 
ƛƴŦƻ όŀƭǇƘŀΣ ŘŜǇǘƘΣ ǎǘŜƴŎƛƭΣ Χύ 

Nowadays every part of the pipeline is 
hardware accelerated ! 



Modern Programmable  
Graphics Pipeline 

Å±ŜǊǘŜȄ {ƘŀŘŜǊ ƛƴǘŜƎǊŀǘŜŘ ƛƴ αƻƭŘά DŜƻƳŜǘǊȅ {ǘŀƎŜ 
ïAllows per vertex transformations e.g. warping 

ÅCǊŀƎƳŜƴǘκtƛȄŜƭ {ƘŀŘŜǊ ƛƴǘŜƎǊŀǘŜŘ ƛƴ αƻƭŘά wŀǎǘŜǊƛȊŀǘƛƻƴ {ǘŀƎŜ 
ïCǊŀƎƳŜƴǘΥ αǇƛȄŜƭά ǿƛǘƘ ŀŘŘƛǘƛƻƴŀƭ ƛƴŦƻǊƳŀǘƛƻƴ όŀƭǇƘŀΣ ŘŜǇǘƘΣ ǎǘŜƴŎƛƭΣΧύ 

ï!ƭƭƻǿǎ ŜΦƎΦ ǇŜǊ ǇƛȄŜƭ ƭƛƎƘǘƛƴƎΣΧΦ 

 



Vertex and Fragment Shaders 

ÅVarious Shading Languages 
ïARB - GPU assembly language (optimized) 

ïGLSL (Open GL Shading Language ς in OpenGL 2.0) 

ïHLSL (High Level Shading Language ς Microsoft) 

ïCG (Nvidia) 



DirectX10 / OpenGL 2.0 Evolution 

 



Hannes  

Kaufmann Missing in Hardware 

ÅCreate vertices (tesselation/triangulation) 

ÅEvaluation of polynomials for curved surfaces or 
subdivision surfaces 

 

Ą Solution: Geometry Shaders 
ωIntegrated in DirectX 10 (Nov. 2006) 

ωpartly included in OpenGL 2.1  

ωFirst graphics card with Geometry Shader support by 
NVidia (Geforce 8800, Nov. 2006) 

ωHigh Level Object Data can be sent to HW 
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DirectX 11 Pipeline 
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Direct X 11 Pipeline 
ÅHull Shader ς> B-spline Surfaces 

ÅNo programmer control over 
Tesselator stage 

ÅDomain Shader e.g. displacement 
mapping 

ÅGeometry Shader: create/destroy 
geometry 

ÅCompute Shader:  
post-processing (e.g. blur) 
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3D Graphics  
Basics 

The Stages 
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(1) Application Stage: 
3D Graphics Programming 

о5 !ǇǇƭƛŎŀǘƛƻƴ tǊƻƎǊŀƳƳŜǊΨǎ LƴǘŜǊŦŀŎŜǎ ό!tLǎύ 
ÅAccess to Hardware 
ÅStandards:  
ïOpenGL, Direct3D 

ÅLanguage: C (mostly) 
ÅHigher Level APIs based on  

OpenGL, Direct3D 
ïGame Engines 
ïScene Graph APIs:  
ÅOpenInventor, Java3D 
ÅhǇŜƴ{ŎŜƴŜDǊŀǇƘΣ tŜǊŦƻǊƳŜǊΣΧ 



OpenGL ς Hello World 

#include <GL/glut.h>  
 
void display(void) {  
 glClear (GL_COLOR_BUFFER_BIT);  
 /* draw white polygon (rectangle) with 

corners at (0.25, 0.25, 0.0)  
 and (0.75, 0.75, 0.0) */  
 glColor3f (1.0, 1.0, 1.0); 
 glBegin(GL_POLYGON);  
 glVertex3f (0.25, 0.25, 0.0);  
 glVertex3f (0.75, 0.25, 0.0);  
 glVertex3f (0.75, 0.75, 0.0);  
 glVertex3f (0.25, 0.75, 0.0);  
 glEnd();  
 glFlush ();  
}  
 

void init (void) { 
 glClearColor (0.0, 0.0, 0.0, 0.0);  
 glMatrixMode(GL_PROJECTION);  
 glLoadIdentity();  
 glOrtho(0.0, 1.0, 0.0, 1.0, -1.0, 1.0);}  
 
int main(int argc, char** argv)  
{  
 glutInit(&argc, argv); 
 glutInitDisplayMode (GLUT_SINGLE | 

GLUT_RGB);  
 glutInitWindowSize (250, 250);  
 glutInitWindowPosition (100, 100);  
 glutCreateWindow ("hello");  
 init ();  
 glutDisplayFunc(display);  
 glutMainLoop();  
 return 0; 
}  



OpenGL Primitives 

 



(1) Application Stage 
ÅGenerate database (Scene description) 

ïUsually only once 

ïLoad from disk 

ïBuild acceleration / optimization structures 
ÅLots of optimizations possible: Build hierarchy, Level of Details, Culling 
¢ŜŎƘƴƛǉǳŜǎΣ LƳǇƻǎǘƻǊǎΣΧ 

ÅSimulation (Animation, AI, Physics) 

ÅInput event handlers 

ÅModify data structures 

ÅDatabase traversal 

ÅPrimitive generation 

ÅShaders (vertex, geometry, fragment) 
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Kaufmann Graphics Driver 

ÅCommand interpretation/translation 

ïHost commands        GPU commands 

ÅHandle data transfer 

ÅMemory management 

ÅEmulation of missing features (e.g. full 
OpenGL 4.0 support) 

 



(2) Geometry Stage 
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Kaufmann Command 

ÅCommand buffering 

ÅCommand interpretation 

ÅUnpack and perform format conversion 
αLƴǇǳǘ !ǎǎŜƳōƭŜǊά 
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Kaufmann Vertex Processing 

ÅFixed function pipeline: 

ïUser has to provide matrices, the rest happens 
automatically 

ÅProgrammable pipeline: 

ïUser has to provide matrices/other data to shader 

ïShader Code transforms vertex explicitly 

ÅWe can do whatever we want with the vertex! 



Vertex Processing: Old Geometry Stage 

Vertex  
Shader 

Lighting  
and  

Shading 

Eye      Origin  unit cube  
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Kaufmann DirectX 11 Tesselation 
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Kaufmann Tesselation Example 
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Kaufmann 

Vertex  
Shader 

Lighting  
and  

Shading 

Eye      Origin  unit cube  

Vertex Processing: Old Geometry Stage 



(3) Rasterization Stage 

ÅInput: 2D Geometric 
Primitives (Points, Lines, 
Polys, Bitmaps) 

ÅPrimitives needed! 

Å1st step output: Fragments 
(Pixel-Coord. + Color + 
Depth + Texture-Coord.) 

ÅPolygons are decomposed 
(various methods) 
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Kaufmann (3) Rasterization Stage 

ÅPer-Fragment Operations 

ÅPixel Ownership Test (Window visible?) 

 

Buffers: 

ÅFrame Buffer (Color + Alpha channel) 

ÅDepth Buffer Test (z-Buffer)  

ÅStencil Buffer 

ÅAccumulation Buffer 

ÅP-Buffer (aux. color buffer -> direct rendering) 
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Rasterizer/Display Stage 

ÅFramebuffer pixel format: RGBA vs. indexed 
(colormap) 

ÅBits: 32, 24 (true color) 16, 15 (high color), 8 

ÅDouble buffering, Triple Buffering 

ÅFor Stereo: Quad buffer 

ÅPer-window video mode (e.g. stereo, mono) 

ÅDisplay: frame buffer -> screen 
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(5th Generation of Real-Time Graphics) 

ÅParadigm shift to heterogeneous architectures 
ïMerging CPU and GPU on one chip 

ïGPU is treated as a parallel streaming PU 

ÅHigh bandwidth interconnect of CPU and GPU 
ïCPU and streaming units working together 

ÅNew: algorithm decomposition, dynamic data 
structures, efficient data structure traversal and 
adaptive refinementΧ 
 

ÅGood-bye to the one way graphics pipeline! 



5th Generation of Real-Time Graphics 

ÅSlowly starting: 

ïIBM: Cell (already in use in PS3, though not primarily for 
graphics) 

ïAMD: Fusion (CPU+GPU on a chip; 2011) 

ï(NVIDIA: CUDA) 

ïOpenCL 

ÅBetter surface representations (subdivision surfaces, 
true displacements, true B-reps) 

ÅReal-time raytracing/pathtracing, radiosity 

ÅMight make many state-of-the-art methods useless! 

ÅBut: Exciting new research areas!!!  
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Long term future 
 

ωDifficult to predict:  

ïAll the standard features are there now 

ïImpact of 5th generation uncertain 

Å²Ŝ ƘŀǾŜΧ 

ïVery high fill rates polygon rates 

ïLots of textures 

ïAlmost full programmability 

ïFew limits (program lengths, memory bandwidth) 
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Long term future 
 

Å²Ŝ ǿŀƴǘ όŀƴŘ ǿƛƭƭ ƎŜǘύΧ 

ïFlexible geometry specification 

ïFull, easy programmability 

 

ÅConvergence of film rendering and real-time 
rendering imminent 

ïStill very different  
methods used 



VR/AR and the  
Need for Extreme Graphics Power: 

Examples 

Princeton Display Wall 

3x8 projectors, 24 PC cluster 

Mechanical visualization 

CAVE, SGI Onyx  

(8 CPUs, 6 outputs) 
HMD setups for 

larger groups 
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Kaufmann Parallel Graphics Hardware 

Overcome bottleneck by parallel computation 
 

Types of parallel graphics: 

1. On-chip / on a graphics board (standard) 

2. Multiple boards (former: graphics supercomputer) 

3. Multiple boards with multi GPUs (1+2) 

4. PC cluster with standard network ς  
Distributed Environment 

5. PC cluster with special hardware 
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Multiple Graphic Pipelines 

ÅPipelines fully in HW 

ÅMultiple independant  
pipelines can be parallelized 
 

ÅModern GPUs process up to 800 Pixel-Pipelines 
(Rasterizer) and Vertex-Pipelines (Geometry) in 
parallel (Unified architecture)  
e.g. ATI Radeon HD 4890 Unified Superscalar Shader 
Architecture; 800 stream processing units 

 

1 

NVidia 

NV30 



Parallel On-Board 

Examples:  

Å3DLabs Wildcat III: 2 Pipes 

 

 

 

 

 

ÅGeForce GTX 590  
(2011) 

ï2 x 512 cores 

1 
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Kaufmann Parallel Graphics Hardware 

Types of parallel graphics: 

1. On-chip / on a graphics board 

2. Multiple boards (former: graphics 
supercomputer) 

3. Multiple boards with multi GPUs (1+2) 

4. PC cluster with standard network 

5. PC cluster with special hardware 
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Parallel graphics rendering: 

ÅDǊŀǇƘƛŎǎ α{ǳǇŜǊŎƻƳǇǳǘŜǊά 

ÅPC with SLI or CrossFire 

 

Different: 

Multiple display support - (not) synchronized: 

ÅPC with multiple unconnected cards  

ïNvidia Mosaic 

 

2 
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Kaufmann Graphics Supercomputer 

SGI Onyx with  

Infinite Reality 3 

2 
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SGI Onyx 3000 & Infinite Reality 4 

G-Brick: 

Å4 RasterManager Boards 

Å1.3 Gpixel/s/Pipeline 

ï(8 subsample/full scene/AA) 

Å1 GB Texturspeicher 

Å10 GB Framebuffer 

Å192 GB/s Bandbreite 

ÅKombination bis zu 16 IR4 

 

2 
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Kaufmann 
Nvidia Quadro Plex 

(since 2006) 

ÅConnected via special PCIe cable to PC 

Å2-4 GPUs 

Å6 GB Frame Buffer per GPU 

Å2 to 8 Dual-Link Digital Display Connectors 

ÅGenlock/Frame Lock 

ÅPrice: 17K ς 25K USD 
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ÅTheme Parks  
(DisneyQuest ς 
CyperSpace Mountain) 

ÅFlight Simulators 

ÅMilitary Applications 

ÅCAVEs / Large setups 

 

2 

Barco RP-360 
Flight Simulator (Video) 
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Kaufmann Graphics Supercomputer 

ÅMultiple CPUs  

ÅMultiple Geometry Engines 

ÅMultiple Rasterization Engines  

ÅGenlocking 

ÅMultiple Pipes (=graphics cards) 

ÅMultiple Channels (=display outputs) 

ÅHighly configurable 

ÅNow used: standard Nvidia/ATI graphics chips 

ÅOn PC: Scalable Link Interface (Nvidia) or 
CrossFire (ATI) for PCI Express  

2 
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Kaufmann Parallel Graphics Hardware 

(A) Computing the same (high resolution) image 

(B) Computing multiple images ς  
Multiple outputs 
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Vertex and Pixel Load Balancing: 

ÅProblem with parallel rendering 

ïLoad balancing of vertices  
Ą 3D (object space) problem 

ïLoad balancing of pixel (rasterizers) 
Ą 2D (screen space) problem 



Parallel Rendering as Sorting 
ÅParallel Geometry Stage 
ïCut 3D model into pieces with equal 

number of vertices 

ïAssign one piece to one T&L unit 

ÅParallel Rasterization 
ïCut destination image into tiles 

ïAssign (triangles contained in) one 
tile to one rasterizer 

Ą Need to SORT transformed 2D 
triangles 

ÅShared common memory 

T&L1 
T&L2 

T&L3 
T&L4 

R1 R2 

R3 R4 
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{[Lϰ όNvidia) 

Åoriginally Scan Line Interleave  
(3Dfx Vodoo 2) ς odd/even lines 

ÅNvidia calls it Scalable Link Interface 

 

2 Modes: 

ÅSplit Frame Rendering (SFR) - Scissors: Splits each frame and 
sends half the load to each of the graphics cards 

ÅAlternate Frame Rendering (AFR):  
Frame 1 ς Card 1, Frame 2 ς Card 2,  
alternating 
 

ÅPCIe cards are connected by a bridge 

ÅOptimal performanc increase: 1,8 max. 
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CrossFire (ATI) 

3 Modes: 

ÅSupertiling 

ÅScissors 

ÅAlternate Frame Rendering 

Additional AA Mode 
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SLI / CrossFire 

ÅMainboards with SLI or CrossFire support 
needed 

ÅMaster/slave setup 

ÅSLI: Connection via separate bridge (PCIe 
communication) 

ÅCrossFire: Inter-GPU connector 

ÅCrossFire SuperTiling efficient 

Å2-4 cards can be connected (yet) 

ÅStereo SLI Modes: Alternate Left/Right (?) 

 

2 



Nvidia Mosaic 
multiple display configurations with Quadro cards 

Dual Host Interface Card required to run dual systems. 

3 
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Multiple Boards with Multi GPUs 

Å3-way SLI by Nvidia 

ÅATI 4x4 (4 GPUs, 2 CPUs) 

ÅMore coming  

 

 

3 
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Types of parallel graphics: 

1. On-chip / on a graphics board 

2. Multiple boards (former: graphics 
supercomputer) 

3. Multiple boards with multi GPUs (1+2) 

4. PC cluster with standard network 

5. PC cluster with special hardware 
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Parallel Cluster Rendering (1) 

ÅPC Cluster   

ïOff-the-shelf hardware 

ïNetwork (LAN) 

ïCheap 

ïScalable 

ÅDistributed Software 
System 

 

4 
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Åpower of cluster җ ǇƻǿŜǊ of supercomputer 

ÅPrice of cluster << price of supercomputer 

ÅBUT: problems of cluster 
ïHow to make cluster PCs work together 

ïOn a single image 
(or consistent set of images) 

Ą Parallel Execution of Rendering ! 

Ą Cluster synchronisation (genlocking) ! 

4 



Cluster Synchronisation 

Q: How to 

synchronize 

multiple 

displays? 

 

(1) Simple: PC + 

Multiple 

graphic 

outputs 

 

(2) Not so simple: 

Multiple  

workstations 

4 
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Types of parallel graphics: 

1. On-chip / on a graphics board 

2. Multiple boards (former: graphics 
supercomputer) 

3. Multiple boards with multi GPUs (1+2) 

4. PC cluster with standard network 

5. PC cluster with special hardware 



Example:  
CAVE 

ÅHas 3 to 6 large screens 

ÅPuts user in a room for 
visual immersion 

ÅUsually driven by a 
single or group of  
powerful graphics 
engines ς nowadays 
usually PC cluster 

ñComputer Assisted Virtual Environmentò Ê 
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Shutter Glasses 



Hardware Synchronisation 
Synchronizing multiple displays/workstations 

 

Genlock: 
Exact synchronization of 
vertical synch (electron 
beam of CRT) 
ω  Refreshes each pixel 
synchronously 

 

Framelock: 
Synchronizing frame buffer 
swap 
ω Begins redrawing at the 
same time 
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Hannes  

Kaufmann 3D Card High End Model 

ÅnVidia Quadro 5000 / 6000 (~ ϵ 1700.- / 3500.- ) 

Å2.5 GB / 6 GB GDDR5 RAM 

ÅBased on Fermi Architecture (Geforce 480) 

Å448 CUDA cores  

Å144 GB/s Bandwidth 

Åoptimized OpenGL drivers 
(comp. to consumer card) 

Å16K x 16K texture resolution 

ÅDX11, Shader Model 5,  
OpenGL 4.1 
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ÅMemory size: 2.5 - 6 GB 
Å2 DisplayPort, 1 DVI, 1 Analog VGA Output (up to 

3840x2400); dual 400Mhz RAMDACs 
ÅOpenGL quad-buffered stereo (3-pin sync connector) ; 

3D Vision Pro 
ÅScalable [ƛƴƪ LƴǘŜǊŦŀŎŜ ό{[Lϰύ ¢ŜŎƘƴƻƭƻƎȅ  
ÅNvidia Mosaic: 2-8 displays (4K resolution) 
ÅFast 3D Texture transfer; HW 3D Window clipping 
ÅG-Sync Option Board with Framelock and Genlock 
ÅHDR technology, 30-bit color, SDI output option 
ÅQuality: 64 x Full-{ŎŜƴŜ !ƴǘƛŀƭƛŀǎƛƴƎ όC{!!ύΣ Χ 
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Å http://developer.nvidia.com/object/3d_stereo_dev.html 

Å http://developer.download.nvidia.com/whitepapers/2010/NVIDIA%203D
%20Vision%20Automatic.pdf 

 

http://developer.nvidia.com/object/3d_stereo_dev.html
http://developer.nvidia.com/object/3d_stereo_dev.html
http://developer.nvidia.com/object/3d_stereo_dev.html
http://developer.nvidia.com/object/3d_stereo_dev.html
http://developer.nvidia.com/object/3d_stereo_dev.html
http://developer.nvidia.com/object/3d_stereo_dev.html
http://developer.nvidia.com/object/3d_stereo_dev.html
http://developer.nvidia.com/object/3d_stereo_dev.html
http://developer.nvidia.com/object/3d_stereo_dev.html
http://developer.download.nvidia.com/whitepapers/2010/NVIDIA 3D Vision Automatic.pdf
http://developer.download.nvidia.com/whitepapers/2010/NVIDIA 3D Vision Automatic.pdf
http://developer.download.nvidia.com/whitepapers/2010/NVIDIA 3D Vision Automatic.pdf


Hannes  

Kaufmann Physics Hardware 

Å(Ageia) Physics Card 

ïObsolete: bought by Nvidia,  
integrated using CUDA 

ïCalculation on GPU 

ïRigid Bodies, Joints 

ïCloth, Particles, Fire, Fluids 

ïPuts higher rendering load on  
graphics card ς  
SLI recommended 
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GRIMAGE Project 

 

Incredible Machine 

Microsoft Holodesk 


