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® Gelorce .’
— i WO ——, L
¢ RTLARSA1— o s

® Vista & Win7 4
* D3D9/D3D10/D3D11

® Quadro

¢ GeForce Features

® Professional OpenGL Stereo Quad Buffer
® Multiple synchronized stereo displays
® Multi-platform

® 3D Vision and many =~
other stereo displays e

| QUADRO' |

Quadro Stereo Technology
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NVIDIA 3D Vision Solutions nNVIDIA

_ NVIDIA 3D Vision Discover NVIDIA 3D Vision

e Bundled with select NVIDIA GPUs for a sneak Sold as a complete kit for full HD

Availability . .
peak at stereoscopic 3D stereoscopic 3D

3D Glasses type NVIDIA optmized anaglyph (red/cyan) Wireless Shutter glasses

3D Mode Anaglyph with optimized color and image

processing on the GPU Page flip 120 Hz & checkerboard pattern 3D

Color Fidelity Limited Color Full Color

Display requirements All desktop LCD and CRT displays 3D-Vision-Ready displays

NVIDIA GeForce GPU GeForce 8 series and higher GeForce 8 series and higher

Microsoft Windows Vista Microsoft Windows Vista

Operating System Microsoft Windows 7 Microsoft Windows 7

View 3D pictures Y Y
Watch 3D movies
Play real-time 3D games

3D consumer applicaiton
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3D game data [T XA TLARTA/N\—ITEBNET

RS54 /\—[X5ZFH>71-3D game dataZ2[a], £ B {
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Left Eye view Right Eye view
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Left eye view on, Right eye view on,
right lens blocked left lens blocked

TOT4Tovv3—J 3R EHADKGERTR
LTWSEESHERETSVITIRSE, F-#IC
EERD#ERTLTWVSEEICITERETSY
D7 OMLET

NETHEhs ERDBICHLTTARTLA /
EHE=bFrDUILy2a—L—FTHELT P N

WD KIIZHLENDIETT (15']%(;15120H20) on | ‘ ' on
TARATLA155% B TIX60HEMEIZZF LLGYE S —
—d—) Left lens Right lens Left lens Right lens

-~

A—H—[IHEREDA A= D BITERERL
BHIEMTEET




NVIDIA 3D Vision @Dz
EDEOIZEIKD D @= 2 NVIDIA

» 3D VisionlZZ B —LIZEATEEY
o BF—LAIVCURRTFLARSAN—DBEHMZDETHYEEA
» RSANA—IZEBNICEEDESEEYHLET
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NVAPI Stereoscopic Module nVIDIA

* NVAPI [ NVIDIADQ EEZSDK T, NVIDIA GPU&ERSA
N—DEENLGZT7IVEREIRMULET

» BEL3D VisionFAaygS3v s D aIZIE
* NVAPIRREFSA/NRN—DRATLAIVO—ILADED2—LER
#HLTWET
o SRTFLH3D VisionalREMZ B TEET
¢ F—LORTLATAI7AILEREEERBTEET

¢ KYBWIIHREERTA-OICRTLANSA—EZBEEIVL
O—J)LTAEMNTEET

¢ ArooA—RERFIAVME
http://developer.nvidia.com/object/nvapi.ntml
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EAXBImono eye(—ER) LAY T NVIDIA

D—2F—D2DREMGE TRAILEEEL T, Ea—R—Fk®Dnear clipping plane
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Viewport

Eye space
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EEO)EEH: : Left Frustum Right Frustum
Mono eyeZXEI CERIZI D
FLEzBDEBZONFTT

\ Screen
_90) “1&2‘.‘5” XQ'J—D Left Image
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s SHANE2E EEDBQHBHISLLFYLTE
hET

* 3IDDBENERMGET S5T49IDRINATZAL I
L TIThhET
» stereo surfacesDFEFF

LYY —D—REERILET

® stereo drawcalls

* DrawcallZ8E8ILFET

® stereo separation®E fE

* BTN OREEBIELET
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% Interaxial nVIDIA

* InteraxiallXz22oDREMZH DEERfZeye spaceTRLET
® mono eyebRATULADEADBEL. RBIITLICFFTTY

Screen
Y
Left Eye !
Eye space ik Al { ________________________________ N
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_____ . Y S Y . ___>
Right Eye |
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E . Separation

o RERV)—2DIETIEREL zinteraxialDERLFET

Separation = Interaxial / ScreenWidth

Virtual

Screen
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Left Eye !
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E 2. Convergence AVIDIA

® “Screen Depth”&EHBAFET
* Eye spaceT®DScreenD{RIERETT
o EREDOFrustumMRBThAEELEZETT

Screen

Left Frustum

Left Eye
Eye space @ = -----

% 1
©, Mono Eye-{ --------------------------------------

Right Eye

Right Frustum

Convergence
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3 Parallax (fRE£) AVIDIA

s BAGRI—Y EADEREEOHEHEEROETT
* Parallaxl¥eye space CIERREDEABMELTREET

Parallax = Separation * (1 — Convergence /W)

Clip space

Y Parallax
@ Screen

Right Eye

Separation

Convergence

Vertex depth (Wu
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In / Out of the Screen NVIDIA

o REFRV)—VICHLTORTERZEAHLET

¢ ParallaxNB¥DIBE. THRAIX Out of the screen (FRUHL)IZRZ
EX R

Out of the Screen Screen In the Screen

Right Eye |

Eye space
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HEFFER nvIDIA

® Parallax = Separation * (1 — Convergence / W)

f AR ZE [Interaxial T

(eye separation)

Interaxial

» Vertex Depth (W)

Parallax in window space

AV —>2E E TParallax[F0IZ5Y FE

\\ ParallaxldA T xR B 238D E

RRICEDEBRKICHEBRLET

Screen Depth
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EHmEADFEED NVIDIA

® Interaxial & Separation
* EyeSpaceTH=D2NHDREEMEERILSNI-ERTT

® Convergence
* Eye spaceTHDARY)—VRETT

® Parallax
. _ECy; spacelZHEWNTHD, THERDRV) =V ~DHEABDFES (=R
® Parallax = Separation * (1 — Convergence / W)

® |In Screen & Out of Screen

® In screen: XY')—> & far clip plane D
Parallax >0, W > 1

Out of screen: HERO—2 D
Parallax <0, 0<W <1

»
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» stereo driverl &9 5D ?
o BEMICAERIOI VNS —LIZTEMLESELET

1. Render TargetZ48 8L ET

ARTFLALUAY T DEDERDBERAY—7—X
2. Draw callZt&88ILE T

£Thdraw calllX2ERTEINET

3. stereo separationZEWALET
Vertex shaderDETCEE LUVENDXEED S TRETHVET
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Stereo Rendering Surfaces nVIDIA

* Ea—IZkETFELE LS —52—5Fy
MIERINLIDERHYET
SRAV VAV Pr

* Depth Stencilz\w2I7 B e
Right Image

* full screend 4 XMPost Effect
B ®Drender targetbHYET

¢ HDR, blur, bloom, DOF

» SSAO

h > / 7
Screen space shadow projection / S /
_____ Left Image_ ___

Right Ima
4
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Mono Rendering Surfaces nviDiA

¢ Ea—dEEF LT —3—FIMIEEShEIDENHYF
A
® Shadow map
® Spot light textures

Screen

__________
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Stereo or Mono: More Case Studies nvIDIA

Use Case SUIAL Stereo Projection Stereo
Type Drawcalls
Shadow ma Mono No Draw once
P Use Shadow projection
Main frame :
552 Forward /82 Stereo Yes Draw twice
\GE
Reflection map Stereo Generate a stereo Draw twice
reflection projection
RRATTHH No .
(ZILADV)—> D FelH) =lEIE0 No Projection needed at all SLaWithIce
deferred shading T Yes
i Stereo . . :
Lighting T 7¥ & : Stereo Unprojection Draw twice
(Drawing a light sprite) NILE
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Draw Call @#Ei'é NVIDIA

* NVIDIA stereo driverT (B Bh)

* stereo surfacesIZ¥ LTl £ Thdraw calllER Y —7xz—R
AIZ2ERITINET

* mono surfaceslZELHYEEA
* DriverCO#{LIO—F

HRESULT NVDisplayDriver::draw()
{
If (StereoSurface)
{
VShader = GetStereoShader(curShader);
SetConstants(“-Separation”, “Convergence”);
SetBackBuffer(GetStereoBuffer(curBackBuffer, LEFT EYE));
reallyDraw();

SetConstants(“+Separation”, “Convergence”);
SetBackBuffer(GetStereoBuffer(curBackBuffer, RIGHT EYE));
reallyDraw();

}

else
reallyDraw();
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Stereo Seperation® i FH AVIDIA

*» BEITTOBE
® Vertex Vx—HFIZRSAN—FRMES TN —FEEBMLET
® VertexHARXRDESIZEEEShFET:

Pos.x += EyeSign * Scale * Separation * (Pos.w - Convergence)
Scale: A—HY—MEB AR E/NNTA—3

» BARMICITOES
o F— LI hVertex ShaderTCseparationZ@HALET
* INSA—BDOE]E
Scale: NvAPI_Stereo_GetSeparation()
Separation: NVAPI_Stereo_GetEyeSeparation()

Convergence: NVAPI_Stereo_GetConvergence()
EyeSign: -1 for left eye, +1 for right eye
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3D Objects nVIDIA

*» HBIL—LTOHLTD3D objectl—DMDperspective
projection CHEBILGZSTIXEYEEA

* £TD3D objectlFI—ITH L T—R L= REEZRF
S TIEEYERA

¢ FEAEDSATAVTIEOT—FDEEEZHELLERA
* Ea—KREDSFATAUT . PIZIENATARO ARFTT5—[F K
BEmono eye COFEEXZZTDFEEMFEZSHITT TT

» Reflection&refraction [X(B&ZIX)StereoMIZHEISh
HLNEWNFHENIEIZEDTLES
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¥#{13D Objects: 2. EILEKR—K... VERA

* Sky box [FENGYICT—BHDOH LS5 REEZF>THES
NELTIIESENTLED
¢ StereoftENGELTIILNFEBA
o —BBRULDIIB[ENRZRKICESLILIEEITSESDIERTY
o BRRAV)—VEEREBIDLELRHYET

* Billboard (particles, leaves)
¢ BHEYRNERZEAHLEEA

® Relief mapping®
» Parallax occlusion map, steep map, &
¢ BV TRILHDBRENBEIZESDTLELS
(BaBLEY)
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BHDE 21— R—FTD3D Objects nviDIA

o B LIZEoTIHRYY— EIERO— 5 HET 2

HLLhFEEA.BIAIEE

* INETRviewport TH Y593 —DKR—kL—F R
o FERREBARIZHEEShERI)—

¢ FRDEa2—FR—ME. ThENE

BETY

[=]

H®D convergenceht

¢ B=LAIVVVEREA—R— 2 EBTHIDENHYET
* NVAPI®D NVAPI_Stereo SetConvergence() Z#3HEHHY

EX N
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3D Objects: Y

=

H LTSk NVIDIA

* A—P—ORIEREHLIIIMIRLTE X GH HET
BILITBYFET (HEDEN. BLESIEEDT)
» BRN0BHLTIIMERBET SIS, EBRBDETIERY

=EA

¢ EZA—DI Y Telipdhd0bjectDFRUHL

o FKEICRAFET

» BN SERZERS

g~ B71=8IZ. inside screenHh 5

outside screen~DA Tz IMDRBE) XD HKYFT-TK

=y

¢ RAL—XLERVHLI IO DT
» YPYRTavIIELIZE) YT
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2D Objects NVIDIA

» F—N—LA4ENBEL5752D ATz HMIIELLdepth{EZ

:‘#T‘ﬁ(f(iﬁ ")i'ﬂ'/v
* 2DA TV HFTHELLWIEZEREL TS

* 3IDV—VICERELEWVEOHIZIE
» HUD, Ul elements : RHZY—2[ZEL
MonolZRZA&LSHIZW = 1.0 IZHBRLSICLET

* 3D scenelZEEIE-L\EEIX

* YIRAD—=YILIFATOIRDdepthIZHEIL TIEE0LN
HWA—YILEFES>TIXWNTEBA

® Crosshair, >—YRDIRIVEF
® W Zeye spaceTDA Tz HhdepthlZBREL TS



3D Vision TOHE @Dz

2D Objects: IELL\DepthDE%5E i% AVIDIA

float depth;

VS_OUTPUT Render2D_VS(VS_INPUT Input)

{
VS_OUTPUT Output;

Output.Pos = float4(Input.Pos.xy * depth, 0, depth);

return Output;

}
* depth = 1.0CHREELIZHVYET



>

nvibDiAa

E2¥->TET - -7

[GI7E & T DRRIR K
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g(@ Fl:ﬁiEEE nNVIDIA

¢ CC3FECHULT, BN KADOMEICEmLELE:
® Crosshair, 1I—YJL, objectzL o3>
» 5F— LR TOHStereo VideoImagedDReplay
® Frustum culling
* Deferred shading
» Ea—&EFEDlighting/textureL 7z Ik
» full screen mode T®DIME
* RIFIRF EFEYDERL

¢ RSAN—IZKEHBERTLAIEIEI=WL TN —LITXL

Tl

EL<E<DTI A,

o DEEL2D objectld. RICLTHR D EWNEWNTEEA
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Crosshair&é&Ah—Y)J)L nVIDIA
v EEOHFATIE. B TYEHEHH-T=VIILEEA

» XATFLAE—FTCrosshairlZ&E Iz =B 7
o REH: crosshairdzd—2ZFEIZBLIVTLES
o UZIIZIERBREAGLDOELNAGN, “ELSRECONET

¢ N—FOIT7H—YVIVIZITRELRHYFEEA

¢ W—YNTHIOzIOMEEYITBELT — LK. T—LIDY
TH—YILZEELTELWdepthlTHE T 5 xBTS TIE
UEEA
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AW IED,
® MonoTIEELILAVIIBEETT N, ATLF B LoEFBZLELTIIA
UxtA
¢ RYOY—V ETRLAETY. EROUEIFELEDHEHTES
HEEHAA—DTD

rectangleR9 T 7

EBAA—TO
rectanglehNR9 Y7

.74

A/

o IEREGELYSavidrectanglelz&kdvolume castZFEHZELNELTHELTLE
S

N—e Selection recta ngle
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* pre-rendered movield B D7 —LTHEOIET

®* 3D VisionTI TIZHAARTLAAVTIUOVEEEL
fWMGEHHAHTLED
¢ RTLAL—E—DBE
¢ ATLATALDRT
® Prerecorded cut scenes
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ATLFADETHOA A= DRER @) VDA

® stereo texture®DFBS

* D3D texturez

width * 2
Height + 1

Left image Z2EF 7
Right image ZH ¥ 53Z

NV3D tag &

* TexturefERk

BANF (=

RFICNV3D tagZ{EVET

1Up|oad
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ATULADETA A A=V DTIR@E=2) NVIDA

¢ RFLAFHRF—ERFLALLY— || PRI
A—4yNZaE—

o E5THIZESAA— X E BRI | G
E¥5 >EDOY—I71—X
445 >BOY—Iz—2R

l StretchRect

l Present
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Frustum Culling nviDiA

o BLDHF—LID U View FrustumHN DA T ED
Yo TGLET
o AYHIEmono frustumIZHLTIThhET

Screen

Ll .
Eye space @ @ ------ |
Y 1
T—b Mono Eye-
Z ]
S e l

Left Frustum

N4

Mono Frustum

Right Eye

-~

Right Frustum
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Frustum Culling @) nVIDIA

KHhNASTEEED HAHEFR FADAE l-Lb‘H:."Ch@.L\
Out of screen D& Fr
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Frustum Culling #=.2) nviDIA

o H)TDED frustumZEIE: & (compounding) frustum
Z = ScreenDepth / (1 + ScreenWidth / Interaxial)

Screen

Right Eye

Screen Depth
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Deferred Shading NVIDIA

* lightingZSARX TscreeniRIarmbworldi RO ayAd
TR HYET
» StereofkehTLVDEScreen RO AVMREREDEDHIETER
ShTLEHLTLVET !

* Pixeloz—F DOBHATRMLGEENNDETY
* Pixelz—FICREZTNANEBRAOHEELZOINE B RBALEOIE
HMULGLTIRBYERA

* Screen<->World®DZEH#Tparallax shift(fREZEFSL)EEELE
{TIREBEYFEEA

* MEDDrawCallBNEREBELMEHBICIE?
* Stereo texture CHIERIRETY
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Deferred Shading =) NVIDIA

» £9 /INhSIfistereo textureZEYET
o EFEN%E-10, AENZI0THDHET

o ChZEEZIEPixelz—4IBBEICELLDdraw callZzd M ZE4]
BIENTEFY

StereoFixTexture

o [ESREE

NV3D Tag

* ZEHRdraw callZZ : Sample(StereoFixTexture) == -1
* ABHdraw callZgn : Sample(StereoFixTexture) == 1
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Deferred Shading @=. 2) NVIDIA

* Pixelz—4TOFHE
light volumesZstereo screenZ[EICEM T B 5%

1.

2.

3.

4.

light geometry®M R =&
Parallax = Scale * Separation * (Pos_mono.w — Convergence)

parallax shiftZz@EALET

Pos_stereo.x = Pos_mono.x + Sample(StereoFixTexture) * Parallax

WEREZEToT[-1, 1] ZMICERELFT

Pos_stereo.xy /= Pos.w
Pos_stereo.xyZ{#->T SceneDepthZz&{ G-BufferMbT—2%&HAFET

world ZECOMBOFHES X

1.

2.

3.

wRRE Wi EE

Pos_stereo.xy *= SceneDepth

FNDdepthTOREEZEH

Parallax = Scale * Separation * (SceneDepth — Convergence)

RMEENLFT

Pos_mono.x = Pos_stereo.x — Sample(StereoFixTexture) * Parallax
Pos_mono ZworldZ/ICELEY
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® ) \«f FARERRFTT—
ERELGLUAY T D AIZIE., reflectionRIMLIZEB EE B H
SEEINGETIIARYEEA
o LHOLEMS, mono eyeRIMNLTOFETLHETERIRED
T—T4270DHBZEEHYEEA
* pixelT—FEEZBHIVEITTLTLELD

® Relief mapping
® Parallax occlusion map, steep map, cone map, &
¢ RBERIVMVEELVWEOREEEA)NESNSIVELH ST
L&>

® stereo textureDTH=vHTERGELSDdrawcal|l hEELE
L&D
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Full Screen ModeT®DIME nVIDIA

» 3D Visionl&full screen(exclusive)E—F TCOEEINRBE
TY

v ECANRLTHOIMEMIELL exclusiveE—KFTEIET 5D
FTTIEHYEEA

* Workaround: 1—H—[ZD3DaAV/\FLIMEZE->TlEA
TE0ICEERETHIVELNHYET
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ﬁ’l&%.?ﬁ‘ BOENEBWESIZEILET
FEEICKZL, BLLITH(Z/INESTFSBFoV
o BHAKLREICESDTUvH—
» IEFETHLYmotion blur
L lgteraxials convergence,A Tz VMDA BEMNIE LIS

¢ RUHLBIROAT O IR EITEDES
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H o [i&] b (B L [ ER B ) nVIDIA

* Interocular distance: Bl 5 2B
o E¥TLEMARIEEREE 6.0cm ~ 6.5cm
o Thix,. EBRERIZHIATOIFNDRRRELELIVTT

* AFDB FEARERKIYLIAEL DT OIS FEER TS
ENTEFEA

* Interaxial({R¥BFEE#)&interocular (SRR D FEEE) DRAR

Interaxial = Interocular / RealScreenWidth

o ENFERITRELGRD) =2 MARFELET , = interaxiallda—
HIZEH>TKREGEWVET

* InteraxiallFA—HFICFHBSESHLSICLELLD



ol TIRE TRY)Y -3 <X
Ll ParallaxDL o AVIDIA

¢ InteraxiallZL T ATz VD REX"RLEHFLODO"M
HYET

A

Eye Separation
Separation 1

P
C=G Separation 2
E _________________________________________________

©

ol

Depth

-Eye Separation
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ParallaxDHABR = nVIDIA

¢ ENCOLDDBREXRILENFERSNDD

Nearest Farthest
pixel pixel

" ‘.' Separation

! Parallax
; E Ny

Parallax
Convergence



Interaxial /)

B ORI B DB <X
Parallax8F & &: &L Pixel nVIDIA

® 100 * ScreenDepthMHIE Tl Parallax(Xinteraxial®99% (2745

® 100 * ScreenDepth&YEHENWILAVMIL TIRIFESICRASZEICH
UET

® 10hv5100 * ScreenDepthTlE Parallax(d 9% TN ELTT
¢ ZOLYPDO0bjectDEFTERETHTMIHBYET

Screen _Depth
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ParallaxBF & & izl pixel nVIDIA

® Convergence/2MHiiE TParallaxlk —SeparationEZ LY ET
o ChUER RUHLOEBNKRESTEDENESIEEILET

Separation

Parallax

7T

Convergence
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HE vibia

* Screen depth (convergence) [Zapplication A¥camera

EscenelZ&H>TRET AIRETT

¢ U—=CRFT VI RDLUDIZNSKIITLELELS
| ScreenDepth /2, 100 * ScreenDepth |
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Projection Surface nVIDIA

» BEDgraphics pipelinelX. Projection SurfacehFE 5
THHAEZBEELTLET

» DO AR®BE®Dprojection surfaceldspherical
surfaceT9"

Screen K| Human Eyes

— -
Right Eye |
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Scene Depth
» BEEDgraphics pipelineTl&Scene depthl&

Depth = Distance to eye plane

AB®DBE T?DScene depthl

Depth = Distance to eyes

¢ COENKENE, FRENELET

»

Right Eye
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QUESTIONS ?
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* Samuel Gateau, John McDonald & Calvin Lin in
devtech team

* Rod Bogart & Bob Whitehill at Pixar
* Every one in the Stereo driver team !
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