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Motivation

A VR/ARenvironment= Hardwaresetup+ VR
Software Framework Application

A Detailledknowledgeis neededabout

I Hardware: Input Devices & Tracking, Output
Devices3D Graphics

I Software: Standards, Toolkits, Y¥fBmeworks

I HumanFactors Usability Evaluations,
PsychologicdfactorgPerceptiorz X 0
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3D Graphics Hardwar®evelopment

A Incredibledevelopmentboostof consumer
cardsin previous~15years

A PCgraphicssurpassedvorkstations(~2001)
A Developmentdriven by gameindustry



Consumer GraphiasMajor Points

A Up to 1995
I 2D only (S3, Cirrus Logic, Tseng Labs, Trident)

A 19963DFX Vododfirst real 3D card); Introduction of DX3
AMdpdTt C¢NAFYIES NBYRSNAY3I 66X 5
AmMdbdy C¢NRAFYyIES aSiddzll 6 X5- c0

A 1999 Multit A LISZ adzZ GAGSEGAZINE 0 X5 - 1
Aunnn ¢NIYAaAF2NY YR fAIKIAYT

A 2001 Programmable shaders
I PCs surpass workstations

A 2002 Full floating point

A 2004 Full looping and conditionals

A 2006/07 Geometry/Primitive shaders (DX10, OpenGL 2.1)
A 2007/08 CUDA (Nvidia)sPU General Purpose Computing
A 2009 DX11: Multithreaded rend., Compute shaders, Tessel.
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A Gordon Moore, Inteto-founder, 1965
A Exponentiagrowth in numberof transistors

A Doublesevery18 months(holdsfor CPUS)
I yearlygrowth: factor 1.6

I Slowdevelopmentsince2002 (2.8GHavalilable
sinceDecember2002);

I Butincreasen numberof cores- currently Quad
Core /Hexacore CPUs

[ 2012:802NB /t! axo
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Season

Nvidia Development 1/2

Product
Riva 128

Proces

# Trans

32-bit AAT Fill
20M

New Features
Integrated 2D/3D

Riva ZX

31M

AGP 2x

Riva TNT

50M?2)

32-bit, Tri setup

TNT2 (Ultra)

75M

AGP4x

GeForce256

120M°3)

HW T&L

GeForce 2 GTS

200M*)

Per-Pixel Shading

Geforce 2 Ultra

250M

GeForce 3

417 M)

Vertex Shading

GeForce 3 Ti500

500M

GeForce 4

625M

(Dual display)

GeForce FX 5800

1041M

Floating Point

GeForce FX 5900

938M

(faster shading)

GeForce FX 6800

~2000M

looping



Nvidia Development 2/2

32-bit AA Fill
Riva 128

Riva ZX
Riva TNT
TNT 2
GeForce256
GeForce 2 GTS
Geforce 2 Ultra
GeForce 3
GeForce 3 Ti500
GeForce 4
GeForceFX 5800
GeForceFX 5900
GeForceFX 6800
Cost: 500 Euro

2HO05 GeForce 7800 860M

Al most Mooreodos 28w
Performance doubles every 9-12 months!

S gL



Multi-Core Graphics

NVIDIA GeForce GTX 580
512 cores
Single/double precision
1.58 TeraFLOPs

A As fastasfastest Supercomputer in 1998
Al tY2ail0 az22NBQa-20F ¢ aljdz
A Performance doubles eveB¢12 months!

A Used in HPC parallel compute®UDA Tes)a

I Moleculardynamicsclimatesimulations fluid dynamics
I Xeverythinghighlyparallelcomputable

A Speedup 1€.00x compared to standard processors
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A Performance increase expected to continue
within the next few years

I Smaller chip production processes possible (curren
40nm for graphics cards, 32nm CPUS)

I Multiple graphics cards or GPUs in a PC
I Multi-core GPUs

A General purpose
computing on GPUs
I OpenCL
I CUDA / www.gpgpu.org
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What are the benefits iIn VR/AR?

Which features are needed?
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3D Card High End Model

A nVidiaQuadro5000 / 6000 (- 1700-/ 3500-)
A 2.5 GB /6 GB GDDR5 RAM

A Basedon FermiArchitecture(Geforce 480)

A 448 CUDAores

A 144 GB/Bandwidth

A optimizedOpenGldrivers
(comp.to consumercard)

A 16K x 16Kexture resolution

A DX11 ShadeiVodel 5,
OpenGL 4.1
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A Memorysize 6 GB

A 2 DisplayPort1 DVI, 1 Analog VGA Outpup (o
3840x2400); dual 400Mhz RAMDACs

A OpenGlguad-buffered stereo(3-pin syncconnecto) ;
3D Vision Pro

AScalabld Ayl LYUSNFIOS 6{][ L
A NvidiaMosaic 2-8 displayg4Kresolution)

A Fast 3DTrexturetransfer, HW 3DwWindow clipping

A G-SyncOption Boardvith Framelockand Genlock

A HDRtechnology 30-bit color, SDbutput option

A Quality: 64>Ful{ OSY S ! yOUALIf ALl &)
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Explanations
&
Back to the Basics



3D Graphics
Basics

The Graphics Pipeline(s)
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What for ?

Understanding the rendering pipeline is tHesy
to real-time renderind

A Insights intohow things work
I Understandingalgorithms

A Insights into howfastthings work
I Performance
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Purpose: Convert Scene to Pixel Data

QbR b D Fixed processing of scene
Driver — Geometry Stage:
=¥ A Input: Primitives
Command ® A Output: 2D window coordinates
Geometry p  Rasterization Stage:
A ' A Input: 2D window coordinates
Rasterization | o' A Output: Pixels
TR 5 ACNY3IvSylGyYy GLRAESE £
'U, AYTF2Z2 oFf LIKIZ RSLIF
Fragment = Nowadays every part of the pipeline is

hardware accelerated !

Display



Modern Programmable
Graphics Pipeline

o 2D screen
primitives coordinates

User Geometry Pixel
Program > Processing > Processing

‘ I vertex program T T

pixel shader

Figure 17.5. The programmable graphics hardware pipeline. The user program supplies
primitives, vertex programs, and fragment programs to the hardware.

A+SNISE {KIFRSNJIAYGSANI SR AY
I Allows per vertex transformations e.g. warping

ACNI 3IYSyilkt AESET {KIRSNJ Ay{iSaN
i CN}3IYSYydY aLAESta 6AGK | RRAGAZ2YL
i1 ff268 SPITd LISNI LIAESE fAIKGAYITZX



Vertex and Fragment Shaders

per-vertex attributes

vertex shader

i

uniform graphics state

texture data

P
=

vertex
processor

virtex transfomation,

per-vertex lighting,
computation

varying per-pixel data
>

special: vertex position,

vertex color

varying per-pixel data
.

fragment shader

unifom graphics state

textune data

-

fragment
processor

per-pixel lighting,

texture map generation,

computation

special: fragment color
or other attributes

-

texture data

r

Figure 17.6. The execution model for shader programs. Input, such as per-vertex attributes,
graphics state-related uniform variables, varying data, and texture maps are provided to
vertex and fragment programs within the shader processor. Shaders output special variables
used in later parts of the graphics pipeline.

A Various Shading Languages
I ARB- GPU assembly language (optimized)

I GLSL (Open GL Shading Langgag®penGL 2.0)

I HLSL (High Level Shading Langgdderosoft)
I CG (Nvidia)



DirectX10 / OpenGL 2.0 Evolution

Vertex
Buffer

Index
Buffer

Vertex
shoe

Geometry
-
o | S

Setup/
Rasterization

Pixel
——-
Shader
Depth
By

D|Sp|ay Color l| : Merger

Input
Assembler

Application

CPU

Driver

>,
S
®
=
o
o

O

Geometry

Rasterization

Texture

Rasterizer

Fragment




Missing In Hardware

A Create vertices (tesselation/triangulation)

A Evaluation of polynomials for curved surfaces
subdivision surfaces

A Solution:Geometry Shaders

W
W
W

W

ntegrated in DirectX 10 (Nov. 20006)
partly included in OpenGL 2.1

~irst graphics card with Geometry Shader support
NVidia (Geforce 8800, Nov. 2006)

High Level Object Data can be sent to HW
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G Post DirectX 10 / OpenGL 2

" fixed

B programmable

B memory

Constant Constant § Constant Constant

Control Vertex Geometry Setup Pixel

Point
Shﬂer Tessellatur Shader Shader Rasterizer [l Shader

Sampler Sampler Sthﬂtm Sampler
ou

Depth
Stencil
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DirectX 11 Pipeline

Input Assembler

Direct3D 10 pipeline

Vertex Shader

Plus
Three new stages for
Tessellator "
Tessellation
Domain Shader P l Us
Geometry Shader Stream Outpu;c Com pute Sh ad er

Rasterizer =

| tructure Shader

Pixel Shader

111
:

Output Merger



Direct X 11 Plpellne

gl A Hull Shader> Bspline Surfaces

S A No programmer control over

| Tesselator stage

A Domain Shader e.g. displacement
mapping

HE

| AGeometry Shader: create/destroy
S geometry

Geomet ry Shade

ol A Compute Shader:
el postprocessing (e.g. blur)

Output Merger
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3D Graphics
Basics

The Stages

Application Rasterizer
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e (1) Application Stage:
3D Graphics Programming

05 'L AOFUOA2Y t N2EINF YYSN
A Access to Hardware

A Standards:
I OpenGL, Direct3D APP":"&“‘*"
A Language: C (mostly)

A Higher Level APIs based on

Application Graphics Package
OpenGL, Direct3D
I Game Engines

i Scene Graph APIs:

A Openlnventor, Java3D |
A X &\ & t
Ah LISy { OSY SDNJ} LK 3 Device | |Device | |Devioe




OpenGl¢ Hello World

#include <GL/glut.h> void init (void) {
glClearColor (0.0, 0.0, 0.0, 0.0);
void display(void) { glMatrixMode(GL_PROJECTION);

glClear (GL_COLOR_BUFFER_BIT); 9lLoadldentity();
/* draw white polygon (rectangle) with ~ 9l0rtho(0.0, 1.0, 0.0, 1.0, -1.0, 1.0)}
corners at (0.25, 0.25, 0.0)

and (0.75, 0.75, 0.0) */ Int main(int argc, char** argv)
glColoraf (1.0, 1.0, 1.0); { | |
gIBegin(GL_POLYGON); glutinit(&arge, argv);

glutinitDisplayMode (GLUT_SINGLE
GLUT_RGB);

glutinitWindowsSize (250, 250);
glutinitWindowPosition (100, 100);
glutCreateWindow ("hello");

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(); init ();
glFlush (); glutDisplayFunc(display);
} glutMainLoop();
return O;



OpenGL Geometric Primitives

All geomelric primitives are specified by

vertices / %
‘o GL LINES

GL POLYGON
GL LINE STRIP GL LINE LOOP 7

GL POINTS

GL TRIANGLES

% GL QUADS

GL_TRIANGLE STRIP G wnla Ol Vel GL QUAD STRIP




(1) Application Stage

A Generatedatabaseg(Scenalescriptior)
I Usuallyonlyonce
I Loadfrom disk

I Buildacceleration’ optimizationstructures

A Lots of optimizations possible: Build hierarchy, Level of Details, Cu
CSOKYAIldzSax LYLIadz2NRZX

A Simulation (Animation, APhysic}k
A Input eventhandlers

A Modify datastructures

A Databasdraversal

A Primitivegeneration

A Shadergvertex geometry fragmeny
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Graphics Driver

A Command interpretation/translation
I Host commands GPU commands

—_—
A Handle data transfer
A Memory management

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



(2) Geometry Stage

Vertex Processing

__Tessclation )y

Geometry Shading

Primitive Assembly

Clipping

Perspective Division

Culling
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Command

A Command buffering
A Command interpretation

A Unpack and perform format conversion
aLyLdzi ! aaSYof SN



Viewport I
Transform
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Vertex Processing

A Fixedfunction pipeline

I User has to provide matrices, the rest happens
automatically

A Programmablepipeline
I User has to provide matrices/other datasbader

I ShaderCodetransformsvertexexplicitly
AWe can do whatever we want with the vertex!



Application =» Geometry =» Rasterizer

Vertex Processing: Old Geometry Stage

Object
Coordinates

-

ModelView
Matrix

Eye — Origin

Eye
Coordinates

Lighting
and

Shading

Clip Coordinates

-

Projection
Matrix

— unit cube

Normalized
Device
Perspective Coordinates
or -
Division

Viewport

Window
Coordinates

Transform.

-
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Viewing Frustum

Haortizontal FOV \\

Far

Vertical FOW
Rigkt
Eyepaoint

oy lanivertical FOWE)
Aspect Fiatlo = — = = horizontal FOW/S)
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== DirectX 11 Tesselation

vertex shader hull shader tessellator domain shader

Evaluate
surface

Factors including
i displacement

Transform basis, Tess
Determine how
much to tessellate

control points
in Bezier patch domain points

displacement
map

A

Sub-D Patchk'*g' Bezier Patch \./‘
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Tesselation Example

Sub-D Modeling Animation Displacement Map

Optimally tesslated!
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Vertex Processing. OBeometryStage

Application =» Geometry =» Rasterizer

Object
Coordinates

-

Clip Coordinates

Eye
ModelView | Coordinates | prgjection
Matrix - - Matrix
Lighting
Eye — Origin and — unit cube
Shading

Perspective

Normalized

Device
Coordinates

Division

-

Viewport

Window
Coordinates

Transform.

-




(3) Rasterization Stage

A Input: 2D Geometric

A

A 1st step output:Fragments
(PixelCoord. + Color +
Depth + TexturéCoord.)

A Polygons are decomposed
(various methods)

~Raslerization

Drimitives (Points, Lines, Eragment Te;f-:tur?
Polys, Bitmaps)

J Frocessing
Primitivesneeded!

Span iteration (interpolating depth and color)
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(3) Rasterization Stage

A PerFragment Operations
A Pixel Ownership Test (Window visible?)

Buffers:

A Frame Buffer (Color + Alpha channel)

A Depth Buffer Test {Buffer)

A Stencil Buffer

A Accumulation Buffer

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

A Framebuffempixel format: RGBA vs. indexed
(colormap

A Bits: 32, 24 (true color) 16, 15 (high color), 8
Double buffering, Triple Buffering

—or StereoQuad buffer

Perwindow video mode (e.g. stereo, mono)
Display frame buffer-> screen

To T> T I




= Current Developments
(5" Generation of Realime Graphics)

A Paradigm shift to heterogeneous architectures
I Merging CPU and GPU on one chip
I GPU is treated as a parallel streaming PU

A High bandwidth interconnect of CPU and GPU
I CPU and streaming units working together

A New: algorithm decomposition, dynamic data

structures efficientdatastructuretraversaland
adaptiverefinementX

A Goodbye to the one way graphics pipeline!



5th Generation of Realime Graphics

A Slowlystarting
I IBM:Cell(already in use in PS3, though motmarilyfor
graphics
I AMD:Fusion(CPU+GPU onchip;, 2011)
i (NVIDIACUDA
I OpenCL
A Better surfacerepresentationgsubdivision surfaces,
true displacementstrue B-reps
A Realtime raytracing pathtracing radiosity
A Might make many stat®f-the-art methods useless!

A But: Exciting new researchreagd!!
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Longterm future

w Difficult to predict:
I All the standard features are there now
I Impact of 5th generation uncertain
A2 S KI @SX
I Very high fill rates polygon rates
I Lots of textures

I Almost full programmability
I Few limits (program lengths, memory bandwidth
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Longterm future

A2 S gyl o6FyR gAfft 3S
I Flexible geometry specification
I Full, easy programmability

A Convergence of film rendering and reahe
rendering iImminent

I Still very different
methods used




VR/AR and the
Need for Extreme Graphics Power:
Examples

Princeton Display Walll
3x8 projectors, 24 PC cluster

Mechanical visualization
CAVE, SGI Onyx
(8 CPUs, 6 outputs)

HMD setups for
larger groups




Parallel Graphics Hardware

Overcomebottleneckby parallelcomputation

Typesof parallelgraphics

1.

2
3.
A

On-chip / on agraphicsboard(standard
Multiple boards(former: graphicssupercomputey
Multiple boardswith multi GPUs (1+2)

PCclusterwith standardnetwork ¢
Distributed Environment

PCclusterwith specialhardware




I\/IuItipIe Graphic Pipelines

A Pipelinesully in HW

Mu tlp e I epe a t 2 5 x extore Units
. . . B =R — B FH B R DO
n ZINEIENZEI AT A Az G
plpe I eSCan e para e Ize( 'v E E g : ¢ ¢ | : g
2E[12z] (28] | &% a L2l He & H
sale el (22 |5 (15 Ms RS F )
5 ¥ g
S s

A Modern GPUsgrocessup to 800 PixePipelines
(Rasterizeyand VertexPipelines Geometry In
parallel (Unifiecarchitecture
e.g. ATl Radeon HD 489aified SuperscalaBhader

Architecture 800streamprocessingnits



Parallel OsBoard

Examples
A3DLabsWiIdcatIII: 2 Pipes

J0
o99
.v“‘l l
io.uvﬁ "
N
- -

i rlmtm a
« BRS¢ "‘ii"’" : B
myl .‘7.! p= "‘ .—‘-
$

oy il [ESSss g i
! ﬁ" ~.'.
" -
it m-
- 4 .,ﬁh vt
Lot - e ! te
g ot LI D o

""’. .'M'!'ﬂ\' ﬁ'ﬁ' ¥ Pl‘?r'h‘:‘h ’M’.'.’.'r

A GeForcesTX 590
(2011)

2 X 512cores
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Parallel Graphics Hardware

Types of parallel graphics:
On-chip / on a graphics board

Multiple boards (former: graphics
supercomputer)

1.
2.

H

Multiple boaro
PC cluster wit
PC cluster wit

s with multi GPUs (1+2)
N standard network

N special hardware
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2
Multiple Graphics Boards

Parallelgraphicsrendering
ADNJ LIKA O&a of dzLJSND2 Y LI
A PCQwith SLlor CrossFire

Different:
Multiple displaysupport- (not) synchronized

A PCwith multiple unconnectedcards
I NvidiaMosaic
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Graphics Supercomputer

2 to 24 Rdd00 or {0000 CPLS
FOWERpath-2 Systern Bus

Multi-Channel
Dizplay Generator
(option) (DE4-8)

G4MB to 1658
Systern Memory “:ui .

=
— =

/

WU

£ or 8
Manager video Cutputs

(RME)

(Geomethy
— Engine
(GE12)

FOWER: hannel-2
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2
SGI Onyx 3000 & Infinite Reality

G-Brick:
A 4 RasterManageBoards

A 1.3 Gpixels/Pipeline
I (8 subsampldlll sceneAA)

A 1 GB Texturspeicher

A 10 GBFramebuffer

A 192 GB/s Bandbreite

A Kombination bis zu 16 IR4




Nvidia Quadro Plex
(since 2006) T

’

A ConnectedviaspecialPClecableto PC

A 2-4 GPUs

A 6 GB Fram&ufferper GPU

A 2 to 8 DualLink Digital Displagonnectors
A GenlockFrame Lock

A Price: 17K; 25K USD
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== Supercomputer Application Areas

A ThemeParks

(DisneyQuest
CyperSpac#&iountain)

A Flight Simulators
A Military Applications
A CAVES / Largeetups

Barco RB360 :
Flight Simulator (Videc
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Graphics Supercomputer

A Multi
A Multi
A Multi

ple CPUs
nle GeometryEngines

nle RasterizatiorEngines

A Genlocking

A Multi
A Multi
A High

nle Pipes (graphicscardy
nle Channels @splayoutputs)

yconfigurable

A Nowused standardNvididATI graphicschips

A On PCScalabld.ink Interface Nvidig) or
CrossFir¢ATl)for PCl Express
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Parallel Graphics Hardware

(A) Computingthe same (highresolution image

(B) Computing multipleamagesc
Multiple outputs




“* Basic Problems of Parallel Rendering

ooo

Vertexand PixelLoadBalancing

A Problemwith parallelrendering

I Loadbalancingof vertices
A 3D Ebjectspace problem

I Loadbalancingof pixel(rasterizers
A 2D Gcreenspace problem




Parallel Rendering as Sorting

A Parallel Geometry Stage

i Cut 3D model into pieces with equal &L
number of vertices

I Assign one piece to one T&L unit
A Parallel Rasterization T&L3

I Cut destination image into tiles

I Assign (triangles contained in) one
tile to one rasterizer

A Need to SORT transformed 2D
triangles

A Shared common memory

T&L2

T&L4
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A originallyScan Linénterleave
(3DfxVodoo2) ¢ odd/evenlines

A Nvidiacallsit Scalabld_ink Interface

2 Modes:

A Split Frame Renderir(@FR) ScissorsSplitseachframe and
sendshalfthe loadto eachof the graphicscards

A AlternateFrame RenderinfAFR):
Frame I¢ Card 1, Frame @ Card 2,
alternating

A PClecardsare connectedby a bridge
A Optimalperformancincrease 1,8 max. |
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H CrossFire
annes Edition

Displayed
Frame

~ CrossFir€ATI)

3 Modes:
A Supertiling

A Scissors crmrir
A Alternate Frame Rendering
Additional AA Mode s

Standard
RADEON

RADEON
CrossFire
Edition <
0Odd Frame D'sp'ayed
Frames

Standard

RADEON

Even Frame

VGAZOLEOMEN

x *‘7 EXEFRM Alternate Frame Rendering (AFR) Mode



SLI / CrossFire

A Mainboardswith SLlor CrossFiresupport
needed

A Master/slavesetup

A SLI: Connection via separdigdge (PCle
communicatior)

A CrossFirelnter-GPUconnector

A CrossFir&uperTilingfficient

A 2-4 cardscanbe connected(yet)

A Stereo SLI Modeglternate Left/ Right(?)



Nvidia Mosaic 3

multiple display configurations with Quadro cards

Dual Host Interface Card required to run dual systems.



Hannes

~ Multiple Boards with Multi GPUs

oo

A 3-way SLI biNvidia
A ATI 4x4 (4 GPUs, 2 CPUSs)
A More coming
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Parallel Graphics Hardware

Typesof parallelgraphics

1.
2.

H

On-chip / on agraphicsoard

Multiple boards(former: graphics
supercomputey

Multiple boardswith multi GPUs (1+2)
PCclusterwith standardnetwork
PCclusterwith specialhardware
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Parallel Cluster Rendering (1)

A PC Cluster
I Off-the-shelf hardware
I Network (LAN)
I Cheap
I Scalable

A Distributed Software
System
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|
Parallel Cluster Rendering (2)

A powerof clusterx  LJ2ofisBdddcomputer
A Priceof cluster<<price of supercomputer

A BUTproblemsof cluster
I Howto makeclusterPCswvork together

I On asingleimage
(or consistentsetof images

A ParallelExecutionof Rendering !
A Clustersynchronisatior{genlocking !



Cluster Synchronisation 4

Q: How to
synchronize
multiple
displays?

(1) Simple: PC +
Multiple
graphic
outputs

(2) Not so simple
Multiple
workstations
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Parallel Graphics Hardware

Typesof parallelgraphics

1.
2.

H

On-chip / on agraphicsoard

Multiple boards(former: graphics
supercomputey

Multiple boardswith multi GPUs (1+2)
PCclusterwith standardnetwork
PCclusterwith specialhardware



Example:
CAVE

NComputer Assisted V

A Has 3 to 6 large screens

A Puts user in a room for
visual immersion

A Usually driven by a
single or group of
powerful graphics
enginesc nowadays
usually PC cluster



Example: CAVE & Shuttering

Shutter Glasses



Hardware Synchronisation

Synchronizingnultiple displaysworkstations

Optional
__Extemnal Syne Multiview  Multiview Multiview  Multiview

Qut In QOut In

Vo \, rd Y

‘7::»» 304
Multmew Cable Multiview Cable
(contains (contains
[]II multiple wires) multiple wires)

M aster

Framelock Genlock

Synchronizingrame buffer Exactsynchronizatiorof

swap verticalsynch(electron

wBegingedrawingat the beamof CRT)

same time w Refreshegachpixel
synchronously
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= Example: Blu€
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3D Card High End Model

A nVidiaQuadro5000 / 6000 (- 1700-/ 3500-)
A 2.5 GB /6 GB GDDR5 RAM

A Basedon FermiArchitecture(Geforce 480)

A 448 CUDAores

A 144 GB/Bandwidth

A optimizedOpenGldrivers
(comp.to consumercard)

A 16K x 16Kexture resolution

A DX11 ShadeiVodel 5,
OpenGL 4.1




ooo

“* Some Relevant Features (for VR)

A Memorysize 2.5- 6 GB

A 2 DisplayPort1 DVI, 1 Analog VGA Outpup (o
3840x2400); dual 400Mhz RAMDACs

A OpenGlguad-buffered stereo(3-pin syncconnecto) ;
3D Vision Pro

AScalabld Ayl LYUSNFIOS 6{][ L
A NvidiaMosaic 2-8 displayg4Kresolution)

A Fast 3DTrexturetransfer, HW 3DwWindow clipping

A G-SyndOption Boardwvith Framelockand Genlock

A HDRtechnology 30-bit color, SDbutput option

A Quality: 64>Ful{ OSY S ! yOUALIf ALl &)



TV
e Nvidia 3D Vision (Pro)

Basics of 3D stereo on a PC

@ Step 2: The GPU and driver uses W
coordinate data to create two different
images which are offset from each other
and stores them in the frame buffer.

A http://developer.nvidia.com/object/3d stereo dev.html

A 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
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