Ucnonb3oBaHue rpadmnyeckoro
obopyaoBaHusa Ana oopadboTku

!'- BuaeodaHHbIX

Mapat Apcaes

Video Group
CS MSU Graphics & Media Lab
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i CopaepxaHue goknaga

m BBeaeHue

m OB30p apXUTeKTypbl rpadmnyeckoro
obopynoBaHUA

m /Icnonb3oBaHWe Ha NpakTuke
= Mou uenu v 3agayuu
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‘L BeeneHue

200 = Intel

SFLOPS

100+

dual-core
B

2002 2004 2006

Year

“A Survey of General-Purpose Computation on Graphics
Hardware”, John D. Owens, David Luebke, Naga Govindaraju, 3
CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video Computer Graphics Forum, 2007
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Uem oOycnoBneHo npenmyLlecTtBo?

. 10 160(ATI)/240(NVIDIA)
nporpaMmMupyemMbix NpoLLecCopoB

- BbICOKada CTeneHb pacnapannenmeaHuns
- Hannyue cneundunyecknx onepauuu

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video
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‘L CopaepxaHue goknaga

m BBegeHue

m O0G30p cpencTB nporpaMmmMmmMpoBaHuA
n apxutektypbl GPU

m /Icnonb3oBaHWe Ha NpakTuke
= Mou uenu v 3agayuu

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video
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‘L Apxutektypa GPU

.
4 | : BepLUnHHBIN Cbopka PacTtepusauus
| Mpoueccop NPUMUTUBOB
Bupeo BugeonamMaTb 1
PuneTp { TecTbl ]
= |
npoueccop

\ Y TekcTypbl

CPU GPU

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video
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[lepeHocC 3apga4m Ha

i GPU

OCHOBHbIE KOHUenuuu:
m MaccuB gaHHbIX — TEKCTYpa
m Bblumncnenusa — wenaepHasa nporpamma

= 3arnycK BbIMUCNEHNN — PUCOBAHUNE B
bydep kKagpos

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video
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i BepLunHHBLIN NpoLieccop

- Ha Bxog — BepLUnHbI ¢ aTpubyThl
- [NobasneHue, nameHeHne aTTpmbyTOB

- Ha nocnegHem obopyanoBaHuu - MeaneHHbIN
JOCTYN K TEKCTypam

Vertices Transf. Vertices

@ Geom. Ops.

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video
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i Cobopka

- Ha Bxo[ - npeobpa3oBaHHblE BEPLUNHBLI U
MHJOOPMALMIO O X CBA3AX

- dopmumpoBaHue uryp

LINE{@ o), TRIANMGLE(@ @ ©

Transf Vertices . -
Connectivity
~ o nformation
o O V
Assembly
& ——— 0_._._.___._,_,_.0

~7

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video
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i PacTepusauus

- Gopmupyet pparmMeHTbl 1 KOOpAUHATbI
KOHEYHbIX NUKceneu

- VIHTepnonupyeTt atpnbyThl BEPLUMH

Colored Fragments Fragments
Interpolation Raster
CCETO —_ y . el — CT/D
@ @

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video 10
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i TecTbl

- TecT rnmyoOuHbl
- TecT no wabnoHy

- [1o3BonsaT pasdutb Unmn nsbexartb
HEHYXXHbIX BbIYNCIIEHUI

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video

11


http://www.compression.ru/video/

OparMeHTHbIN
npoLeccop

- Ha Bxopg - nukcernb ¢ atpubytamm
- dopmupoBaHue LIBETA

- OgHOBpEMEHHOE BbIYMNCIIEHNE HECKOMbKUX
HabopoB AaHHbIX

12
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http://www.compression.ru/video/

i BuaoeonamaTtb

- TekcTypa — MECTO XpaHEHUSI MPOMEXKYTOYHbIX
N KOHEYHbIX Pe3yribTaToOB BbIYNCIIEHUM

- [lapameTpbl TEKCTYpPHbI:
- Texture target

- Texture format
Render target

13
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BblyncneHnsa B HECKOMNbKO

i NPOXOA0B

m /lcnonb3yeTca meTod NUHI-NoHra
vV \

BbiBoz > Tekctypa 1 Tekctypa 2

N~

m [lpymeHeHune:

B PeayKuUus
B BbIYMCMNEHNE CIOXHbIX alTrTOPUTMOB

14
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i P e ,D,yKLI, NS s

m [lpomnssoautca ana BblYUCMEHUN NO HEKOTOPOU

obnacTu
m PucoBaHue nponssoanTtcs B 4 pasa MeHbLUYH
obnacTtb
4712 | 3|57\ 5(112| 7| 8 4715711517 64|68 71
10]120] 6 |13]|14}15]|16|17 38164]68]35 71170
19111121122]23|68]25|26 4614916152
38]29164131132]33|35]34 71]67169]70

37128139]49]153]42]41]152
46] 1 |48]40161151144143
55| 71] 4 |58]69]62]50]60
30165]66|67]24]59]|70|56

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video 15
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Ob30p cpeacTs
nporpaMmmMmpoBaHnS

= ARB
= High level languages

mH
_[€

| SL\Cg
| SL

m Ot

ner — Brook+, Lib Sh...

m CUDA, AMD Stream

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video
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ARB

- AccemMmbrnepHbIN A3bIK
- He noggepxXmBaeT KOHTPOIb NporpamMmsbl

- Mcnonb3yeTca Ansg cCoBMeCTMMOCTU Ha
HU3KOM YpPOBHE

IHARBfp1.0

TEMP color;

MUL color, fragment.texcoord[0].y

, 2.0;

ADD color, 1.0, -color;

ABS color, color;

ADD result.color, 1.0, -color;

MOV result.color.a, 1.0;

END 17

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video
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- C-noao0bHbIN A3bIK MPorpaMmmMmmnpoBaHns
- [Nonb3oBaTenbckne PyHKLUUn
- Tunbl paHHbIX — bool, fixed, half

- PabotaeT noa DirectX HauynHaga ¢

Bepcun 9.0
void main( in v2p IN, out p2f OUT )

{
float4 color = tex2D(tex0, IN.TexcoordO);

OUT.Color = brightness * IN.Color * color; }

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video 18
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- [1pakTnyeckn nageHtnyeH HLSL

- Pabotaet 4yepe3 OpenGL unu DirectX
- PacwunpeHune cTpykTyp

- Vlcnonb3oBaHne npodgannos

19
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- C-noao0bHbIN A3bIK MPorpaMmmMmmnpoBaHns
- Yactb cneundukaumnm OpenGL 2.0

- HekoTopble oTnnymna ot HLSL B
NPOn3BOAUTENBHOCTU

varying vec2 texture_coordinate;
uniform sampler2D my_color_texture;
void main()
{
gl_FragColor = texture2D(my_color _texture,
texture_coordinate); }

20
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- PacwmnpeHue asbika C

- He TpebyeT 3HaHNA apXnTEKTYpb
BUOEOKaPThI

- I1oCTyneH TonbKo Ha nocrnegHem
obopynoBaHun NVIDIA

21
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i AMD Stream

- PacwunpeHue s3bika Brook

- SDK cogepXut onTMMMN3NpoBaHHbIE
O1MONMOTEKN OCHOBHbLIX PYHKUMN ana ATl

- NoggepxunBaet OpenCL

. CoBMecCcTM TOoNnbKo ¢ notokoBbiMun GPU
AT

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video 22
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Ob30p cpencTs

GRAPHICS & MEDIA LAB
VIDEO GROUP

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video

nporpamMmMmMpoBaHmnS
Hdoctyn K Ha6op NMoaaep)kka A6cTpakuyus
AAHHbIM MHCTPYKLUMA GPU
ARB TEKCTypa CY>XEHHbIN NpakTU4eCckn Bce Ha ypoBHe
A3blKa
GLSL TEKCTypa MOJTHBIN 3aBUCUT OT Ha ypoBHe
BEPCUN LLIENAEPOB wenaepa
Cg TEKCTypa NOJTHbIN 3aBUCUT OT Ha YPOBHE
(HLSL) BEPCUU LLENEPOB lwenaepa
CUDA | npamoun goctyn | C-noaobHbIn NVidia (ATI) Ha ypOBHe
(AMD (Brook+) nocnegHux OCHOBHOW
Stream) MOKONIEHUU NporpamMmbl
23


http://www.compression.ru/video/

‘L CopaepxaHue goknaga

m BBegeHue

m OB30p apXUTeKTypbl rpadmnyeckoro
obopyaoBaHUA

m icnonb3oBaHue Ha NpakTUuke
= Mou uenu v 3agayuu

24
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GPU KLT:

A GPU-based Implementation of the
Kanade-Lucas-Tomasi Feature Tracker

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video 25



http://www.compression.ru/video/

GRAPHICS & MEDIA LAB
VIDEO GROUP

Heobxoanmble BblYUCIEHUSA

E LeNb — HaxoXaeHne cmeweHnsa d ¢ uernbio
MUHUMM3aLUUN OLLNOKU 1

r=) (I(x+d,t) = I(x,t + At))’ X — TeKyLLas TouKa
’ d - cmeLlleHune
| - n3obpaxeHne
al  dl
(55 E] - BEKTOp rpaguveHTa

N306paxkeHus B T. X
B HaxoxXgeHume To4eK MHTepeca

al d‘f UI arl
¢ = min (eiqg ( Z E E E E]”

“Feature Tracking and Matching in Video Using Programmable
Graphics Hardware” Sudipta N. Sinha, Jan-Michael Frahm, Marc

Pollefeys, Yakup Genc
CS MSU Graphics & Media Lab (Video Group) www. comgressg;b%%ggtg Machine Vision and Applications, July 2006

26
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Heobxoanmbie BblYUCIEHUA

B TPEKUHI pearimdyetcd peueHnemM ypaBHEHUA

(Z GTG}[{]}:Z Gl AI(x, At)

W W
— ——
A b

m G — rpagneHT B TOYKe X, NpeAcTaBnseTcs B
CUMMETPUYECKOM BUIE:

T+, t)+ T(x,t+ At)) O(L(*, 1)+ I(*,1 + At))

G= [ d ¥, y ]

27

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video



http://www.compression.ru/video/

‘L GPU-KLT feature tracking

KLT Tracking (ft list, F,, F,) |

(1) Build-Pyramid: wlds multi-resolution
intensity and gradient pyvramd from images F, F

(2) Track:

For all pyranud levels from coarse to fine
For multiple iterations
For each feature fin ft_list

compute coefficients of A and b as
shown in Equation 1.

solve Ad=Dh

evaluate d and update track of feature

+ ;

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video
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i Build-Pyramid

« Mlcnonb3yemble gaHHbIE :
= 2 BXOAHbIX N30bpakeHus

= Habop TeKCTyp Ana nupamuabl popmaTa
RGBA

« PasambiTne anga rpagmeHTa

29
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http://www.compression.ru/video/

« lcnonb3yemeble gaHHbIE:!
= HAbop TEKCTYp ONA npeacraBfieHns1 TOYEK

KON-BO UTepaummn * mMakc. * KON-BO YPOBHEMN
KON-BO TOYEK

I(x0, y0, x1, y1)

= BPEMEHHbIE TEKCTYPbl ANA PELLIEHNS]
yYpaBHEHUS

30
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= 4 npoxopaa .

= MHTEPNoNAauna SPKOCTU U rpagneHTa BOKpyr
Kaxkgon creayrowen Toukm (7x7)

= BblYUCINEHNE MaTpuLbl A 1 BekTopa b
= pelleHne ypaBHEHUS

= MOCIe KaXgon ntepaumm npoBepka u
BbIrpy3Ka pe3ynbTaToB B CreayoLLLyto
CTPOKY TEKCTYpbI

= BbIrpy3ka Ha CPU

31
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‘L GPU-KLT feature tracking

Re-select-Features (ft_list) {

mask = mask out region ( fr _lisr)

¢_map = evaluate corner-ness
measure ¢ over whole image

/{ Perform non-maximal suppression

pts  =find features (Fmax_feafts.
mask. sort (¢_map) )

add new teatures (ff_list. pts)

[—

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video 32
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i Feature re-select

= MCNOSIb30BaHME pPaHHEN punbTpaunun ansg
onpegeneHusa wabroHa nouncka
« 2 nNpoxoaa
= BblYUCIIEHNE 3NIEMEHTOB MaTpULIbl OKHa 7 X7
= foacyHeT MMHUMallbHOro Xxap. 3Ha4eHun4

= pesynbTaT — 80UTOBAA TEKCTYpa

33
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i Feature re-select

« (bunbTpaUMAa anropMTMOM NOJABNEHUS B

TOYKaxX OTCYTCTBUS MAKCUMyMa

void main(uniform sampler2D src_tex : TEXUNITO,
float2 stO : TEXCOORDO,
uniform float2 ds,
out float4 color : COLOR)

float maxCornerness = pack_4ubyte(tex2D(src_tex, st0));

34
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GRAPHICS & MEDIA LAB

‘L Feature re-select

for (inti =-MIN_DIST; i <0; ++i)
{

float cornerness = abs(pack_4ubyte(tex2D(src_tex, stO + i*ds)));

maxCornerness = (cornerness >= abs(maxCornerness)) ?
(-cornerness) : maxCornerness;

color = unpack_4ubyte(maxCornerness);

}

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video 35
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i Feature re-select

= pe3ynbTaT Bbirpyxaetcd Ha CPU

k feature list Y

= COPTMPOBKa N AobaBneHne nyylunx To4ek

36
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GPU-KLT feature tracking:
NPON3BOANTENBLHOCTb

GRAPHICS & MEDIA LAB
VIDEO GROUP

Real-time obpaboTtka Bnaeo 1024x768 — 30fps

650

630 '
600 600 A--oeeeeer Feature Count= 1000 ./

550 oo ~[cPu<2Hz 550 4 ‘{CFUEGHI
PV \

L L
gggﬂ._....... Emu_.......

190 GPU > 30Hz 190

e ottt - -
ﬂ"_' # » -

0

100 200 300 400 500 600 700 BOD S00 1000 200x150 400x300 640x480 BOOx 600 1024x768
Feature Count Image Width (pixels)

J..Image Size (1024 x 768 pixels

GPU > 30Hz
ATI 1300 XT

-

T
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Fast and efficient dense
‘L variational stereo on GPU

m Llenb — nocTtpoeHne 3D moaenu no 2-m
N300paxxeHnam

® YBennyeHne TOYHOCTU 3a CYET 3-eU Kamepbl
m [locTpoeHune Buaeo 3D moaenu

38
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Fast and efficient dense
variational stereo on GPU

m Llenb — noctpoeHne 3D mogenu no ctepeon-mn3odbpakeHunto

detformabie
surace 5

d-—'-'""_'?

miah amera

Image 1"

‘.
| /image 2

02

d_ b =] CR|

P AW A AT AT AT | X

L]
y
L
L kY
",
kY
m_\"‘\‘ b i !
11 X
"y 1

EEDONdary camera
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Heobxoanmbie BblYUCIEHUA

1) INogcyeT aHepruu:

E(S) = /(1 — p(Iy oIy, I3 o 11y, m))dS(m)
5

E(S) = ZET = Z(l — pr(dy o1y, I3 o 113))
T

T
< I, I >
=
- A
1 _
"::Il._,Ig == (Il Q H]_Lr'.irﬂ-]—fl Q Hlj]
;"'I.T T
([o o Ia(m) — 15 o Il )dm
1 |
Lioll;, = — | I;oll;(m)dm
;"'I.T T
|J-.'r¢| = \r.-"';'i: I;-;,I;‘ =

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video

S — 3D mogenb

T — oTOENbHbLIN
TpeyrosbHUK

| — nsobpaxeHune
M(m) — npoekymna

TOYKM M Ha purypy

A — nnowagb Tp-Ka

VIDE

GRAPHICS & MEDIA LAB

0 GROUP

40
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GRAPHICS & MEDIA LAB
VIDEO GROUP

Heobxoanmble BblYUCIEHUSA

CS MSU Graphics & Media Lab (Video Group) www.compressi

2) [loacyeT rpagueHTa:

M — Touka OE(S) OET
V(M) — ee coceaun Ody TE;W d g
d — paccTosiHue [0 kamepsl o

;o I1;(m)
Jd g

CcBOANTCA K BbIHNCITIEHNO BEJIUHNHDI

“Fast and efficient dense variational stereo on GPU”

Julien Mairal, Renaud Keriven and Alexandre Chariot
Proceedings of the Third International Symposium on 3D Data 41

- Visualization, and Transmission (3DPVT'06)
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i AnropuntMm Ha GPU

BbluMCneHve rpagneHTa:
OI; o IL;(p)
dnr,
Mocne NpsiIMOro BbIMUCHEHUS :
Dj play, o, a3) = gilag fi( My ), IL;(p). (V1) o ILi(p))

IL(p) = aqll;(My) + aoll;(Ms) 4+ asll;(M;)

Dj play, a0, ay) =

i=1,2; k=123 p €T

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video 42
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AnropuntMm Ha GPU

LLlar 3

LWWar 1 / Lar 4
/<

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video
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Fast and efficient dense
i variational stereo on GPU

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video 44
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GRAPHICS & MEDIA LAB
GROUP

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video 45
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i Tpu kKamepbl

m Knaccugukauuna TpeyronbHMKOB
m OTbpacbiBaHne HEBNAUMBIX YacTeun
® [1pyHUKMN ONKXKHEro

m [locnepoBaTenbHbLIM NPOCYET MOoaeNu

46
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GRAPHICS & MEDIA LAB
VIDEO GROUP

Tpu kKamepbl

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video 47
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‘L CopaepxaHue goknaga

m BBegeHue

m OB30p apXUTeKTypbl rpadmnyeckoro
obopynoBaHUA

m /Icnonb3oBaHWe Ha NpakTuke
m Mou uenun n sapauu

49
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GRAPHICS & MEDIA LAB

Cnucok nuTepaTypbl

= “A Survey of General-Purpose Computation on Graphics Hardware”, John D. Owens,
David Luebke, Naga Govindaraju, Computer Graphics Forum, 2007

= “Feature Tracking and Matching in Video Using Programmable Graphics Hardware”
Sudipta N. Sinha, Jan-Michael Frahm, Marc Pollefeys, Yakup Genc, submitted to Machine
Vision and Applications, July 2006

= “Fast and efficient dense variational stereo on GPU”, Julien Mairal, Renaud Keriven and
Alexandre Chariot, Proceedings of the Third International Symposium on 3D Data
Processing, Visualization, and Transmission (3DPVT'06)

= “High-Level GPU Programming, Domain-specific optimization and inference” Calle
Lejdfors, Doctoral dissertation, Department of Computer Science, Lund University, 2008

= “The GPU and Graphic Algorithms” , Ivo Hanak, State of the Art and Concept of PhD
Thesis, 2005

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video 50
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NNabopaTopunsa KOMMbIOTEPHONL S
‘L roadpvkm n mynbsTuMeana

Bugeorpynna aTo:

® BbiNnyCKHMKM B acnupaHTypax AHImuu,
®paHuun, Leenyapum (B Poccun B MI'Y v
MM nm. Kenabiwa)

® BbinyCkHMKamMu 3allmLeHo S gucceprtauunn

m Hanbonee nonynspHbie B MUPE CPaBHEHUS
BNJEOKOJEKOB

m bonee 3 MUNNMOHOB CKaYaHHbIX OUNLTPOB
06paboTKM BNAOEO

51
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