O630p 6MbNMOTEK 06PABOTKM
n3obpaxerHnm Ha GPU

T

ApcaeB Mapat

Video Group
CS MSU Graphics & Media Lab

19.05.2010



= BBegeHue

= Nvidia Perfomance Primitives
= GPU4VISION

= GpuCV

= OpenVIDIA

= [lpyrue
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= C pa3BUTMEM MOLLHOCTEN, KOMMbIOTEPHOE
3peHne n 06paboTka M30bparkeHNn NoayyYmu
LUMPOKOE NPUMEHEHNE

= AnnapaTHaa peanm3auns No3BoNdeT
MCMOJIb30BaTb 60nee KkadyecTBeHHbIE U
CNOXHble afifOPUTMbl

= JlocTyrnHo 60nblloe KonmyecTso bubnmoTek
NMPUMUTMBOB, NMO3BONSIOLLMNX UCMOSIb30BaTb
BO3MOXXHOCTWN BUAEOKAPThI

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

= Nvidia Perfomance Primitives
= GPU4VISION

= GpuCV

= OpenVIDIA

= [lpyrue
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* MpUMUTMBDI

Cno)Hble
NMPUMUTUBDI

Mpocrenwune
NPUMUTUBDI

Kpuntorpadgmus
Teopusa
CUrHano
UrHanoB U
Cxatue KomMnbloTepHoe O6paboTka
AaHHbIX 3peHue BMAaeo
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[Tpumep =8
* YryJlleHne KayecTsa
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Nvidia Perfomance Primitives
* PeanusoBaHHble YHKLMM

= ApudpmeTtnyeckue onepaumm (CyMMMUpoBaHue,
YMHOX€EHUE)

= [lpeobpasoBaHne LIBETOBLIX (POPMaTOB

= BbluncneHme crangapTHbIX pa3HuL n3obpaxxenunn (SAD,
SSD, MAD)

= CpaBHEHWE U TPELXONANHI N306parkeHnm
= 1D dunbTpbl (MMHENHBLIN PUnbTp, Window Sum)

= 2D dunbTpbl (MOpdonorus, MmeanaHHbii GUIbLTP,
HaCTpanBaeMble NUHENHbIE DUNLTPbI)

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

* Mpumep

GRAPHICS & MEDIA LAB
VIDEO GROUP

// allocate source image
int sp:
Ipp8u * pSI = ippiMalloc 8u Cl(w, h, &sp):
// £ill with some image content
testPattern Bu Cl(pSI, sp, w, h);

o

// allocated destination image
int dp:
Ipp8u * pDI = ippiMalloc 8u Cl(w, h, &dp):
// Filter mask and achor
IppiSize mask = {5, bB};
IppiPoint anchor = {0, 0};
IppiSize ROI = {w - mask.width + 1,
h - mask.height + 1}:
// rmn box filter
ippiFilterBox 8u Cl1R(p5I, sp, pDI, dp,
ROI, mask, anchor):

// allocate host source image
int hp:;
Ipp8u * pHI = ippiMalloc Bu Cl(w, h, &hp):
// f£ill with some image content
testPattern 8u C1(pHI, hp, w, h):
// allocated device source image
int sp;
Npp8u * pSI = nppiMalloc B8u Cl(w, h, &sp):
// copy test image up to device
cudaMemcpy2D(pSI, sp, pHI, hp, w, h,
cudaMemcpyHostToDevice) ;
// allocate device result image
int dp:
Npp8u * pDI = nppiMalloc 8u Cl(w, h, é&dp):
// Filter mask and achor
NppiSize mask = {5, 5}:
NppiPoint anchor = {0, 0}:
NppiSize ROI = {w - mask.width + 1,
h - mask.height + 1};
// run box filter
nppiFilterBox 8u CIlR(pSI, sp, pDI, dp,

ROI, mask, a: or) ;
O

GPU Technology Conference, Nvidia, 2009
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CpaBHeHue =
* FilterBox_8u_ C4R
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CpaBHeHue =
* Mean_StdDev 8u_C1R
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=[PP Time
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0,01

0,005

0N O O O O O O O O ® N NIENENENEY O . O
LSS S S S S S Q’\‘,”Q’i\ @Q%Q NI &,9 S Pasmep V|306pa>KeHM9|

%)
vy nuckenem

8800 GTS (640mb), Core2Duo 6550, 4GB RAM

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video/ 11


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

Nvidia Perfomance Primitives:

* Pe3iome

s PeannzoBaHo HebonbLOEe KONMMYEeCTBO
NPUMUTUBOB

= MHOro BpeMeHu TpaTUTCS Ha KOMMpOBaHUE
OAHHbIX

= [logxoauT Ans MHOrokpaTHou 0b6paboTku
NaHHbIX Ha NPP

12
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* CoaepykaHue

= BBegeHue

= Nvidia Perfomance Primitives
= GPU4VISION

= GpuCV

= OpenVIDIA

= [lpyrue

13
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* GPU4VISION

= BbIKnaabiBaloT YaCcTyU CBOUX MPOEKTOB:
= FlowLib (Anisotropic Huber-L1 OpticalFlow)
= VMFLib (Image Denoising & Segmentation)

= ANIrOpuTMbI 3aTO4eHbl noj, realtime

= PeannsoBaHbl MHTEpPDENCHI K KaMepaM U
CEeHCopaM

14
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* CoaepykaHue

= BBegeHue

= Nvidia Perfomance Primitives
= GPU4VISION

= GpuCVvV

= OpenVIDIA

= [lpyrue

15
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* GpuCV

= 3aJa4ya — peann3oBaTtb NpuMUTUBLI OpenCV
Ha GPU

= [lpepoctaBnsget CPU, OpenGL, CUDA
peann3auun npuMnUTUBOB

s OTKpbITbIM KOA 1 KpOCCMIaTPOPMEHHOCTb

= [puW BapuaHTa Bblbopa peanun3auuu:
= [MpyHyanTenbHbIN BbIGOp
= Bblibop Hanbonee npon3BoanTENbHON apXUTEKTYPbI
= Bbibop no cratuctmnke

16
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* GpuCV

B cocTaB BXoA4T:

= Npeobpa3oBaHUs LIBETOBbLIX OpMaTOB

= BblYUC/IEHME KpaeB 06beKkToB, MOPMOSIorus
= JUCKpeTHble npeobpasosanuns (FFT, DCT)

= FeoMeTpuyeckue npeobpasoBaHus

= [MCTOrpamMMmbl

17
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GRAPHICS & MEDIA LAB
VIDEO GROUP

CS MSU Graphics & Media Lab (Video Group) www.comppgstayr(.%p [\W&lt(eicpladia'org/ wiki/ Sobel_operator 18
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GpuCV
* OnepaTtop Cobens

100000

10000 /
1000
/ +Opencv
. GpPUCV-GLSL

100 A —h
~+~GpuCV-CUDA

10

1 I I I I I
128x128 256x256 512x512 1024x1024 2048x2043
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* Deriche Filter

1000 /
100 ~+-Cimg
/ ~-GpuCV-CUDA
10 —

./ /

A —h—

1 T T T T |
128x128 256x256 512x512 1024x1024 2048x2048
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* CoaepykaHue

= BBegeHue

= Nvidia Perfomance Primitives
= GPU4VISION

= GpuCV

= OpenVIDIA

= [lpyrue

21
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* OpenVidia

= Open-source npoekT

= Peanuzyet HoBeWlIMe anropuTMbl
KOMMbIOTEPHOIO 3pEHUS

= ComepXXuT apPeKTUBHO peasim3oBaHHbIE U
OTNPOMUINPOBAHHbIE AaNTTOPUTMbI

= Ha canTte npoekTta cobupaetcs nHpopmaums ob
anropuTMax KOMMbOTEPHOrO 3pEHUS

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

BkitouaeT B cebs:

= Optical Flow

= Feature Detection & Tracking

= HaCTpanBaeMyto CBEpPTKY HEOOMbLUMX paAnyCcoB
= [IETEKTOP KpaeB U MeanaHHbI PUNbTP

= NOCTPOEHUE MMCTOrpaMm

= FeoOMeTpuyeckne n apmHHble Npeobpa3oBaHUS

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video/
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OpenVidia:
Feature Detection & Tracking ==

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video/ 24
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‘ [lpMep Bbl30Ba CBEPTKU
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CUDA VisionWorkbench

» CUDA VisionWorkbench v1.3.0.9  Cuday 3.00  BEOWULF-VISTAG4 _ Microsoft Windows NT | Service Pack 22 Procs, 2 Threads  NvDrv: 195.62, 5059340 L= S
Data Kemel Config Constants Help Session Time: 91 s Set Cycle # | 1 I 20 [ 100 1 500 (| 1 (2| Counter 1
) Test Pattern Image [ Image from File ] [”] Topmost Form 3x3 3x3 Rms33 3x3 3x3 Mult Avg Input
ra = Convo || Median Corr Min Max inxb || iniOut || Histo
1024 W | 1024 H || Auto-Range on open |V| Enable Histo Dialog
5x5 5x5 RmsS55 S5x5 ] Sx5 ‘ [ Subt Copy Thres J
_ Convo || Median Cormr Min Max In-a Out >in <>
(0 GPU / CUDA| 0 GeForce 8800 GTS 512 v ||| ] 2.CPU 72 Threaded C++ || @) 16 Bit © | :
Cap 1.1. SMs 16, MHz 1625, Gm-MBs 536, = - : 7x7 || 7x7 || Rms77 B Series > 6 > - 1
Regs 8192, Sh-Bytes 16384 = SOt '/ 8 Bit Compute Convo || Median Corr >Muit2D >Subt2D >Median77 >SobeiMag >TileMin33 >TileMax33
Current View: Smile jpg Q) Input | | Output 2000 W 9S6H @ Thumb Mag2x | | ThumbMag4x (| Thumb Mag 8x | Thumb Mag 16x

GPU Timings {seconds) for Sobel Mag, Ret = 1852000:

0 App. CallLogc 0.000034 s

1 Host->GPU Copy 0.002922 =

2 CUDA Compute 0.001001s (1,990.6 MPx/Sec)

3 GPU->Host Copy 0.00249% s

4 Return from DLL C.000091 s Total Time = 0.006456 =

CS MSU Graphics & Media Lab (Video Group) www.compressionFWeleal  -oforge.net/index.php/OpenVIDIA 20
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* CUDA VisionWorkbench

3x3 Sobel
Meduan
35x5 Sobel Copy
Hedlan Dir Cut >ln
7x7 7x7 Rms77 Series > 6 -
' Median >MultZD >Subt2D >Median77 >SobeiMag >TileMin33 >TileMax33 A

|>

CS MSU Graphics & Media Lab (Video Group) www.compressionFWeleal  -oforge.net/index.php/OpenVIDIA ?/
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* CoaepykaHue

= BBegeHue

= Nvidia Perfomance Primitives
= GPU4VISION

= GpuCV

= OpenVIDIA

s [lpyrue

28
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CUDA Data Parallel
* Primitives Library

OTKpbITaqd 6nbnnoteka anropuTMoB-NPMMUTUBOB:
= [lpedurkcHas cymma

= COpTUPOBKa

= Pegykums

= [eHepaumns ciydYanHbIX Yncen

29
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CUDPP: o
CopTMpOBKa

160

Milliong

—Our radix sort (GTX 280) _ /r""\'/

140 —
= Our merge sort (GTX 280) /\/

120 - thb-parallel_sort (8 cores)

—+-Scalar radx sort (8 cores) //

—-53E rado sort (8 cores)

ao

al

. . / ,//(: e
. __,rﬁ—-—i 7

1,000 10,000 100,000 1,000,000 10,000,000

Sorting Rate (pairs/sec)

Sequence Size (key-value pairs)
“Designing Efficient Sorting Algorithms for. 30
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CUDA-based Pedestrian

* Detection

[MpOEKT C OTKPbITbIM KOAOM, OCHOBAHHbIN Ha
paHHUX pa3paboTkax MIT

31
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koaoM. [lpepnaraetr
MHCTPYMEHT, CXOXMNN C
nacco Adobe Photoshop

Coord 241,218
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‘-h Cnuncok nuTepaTypsbl

1. http://gpudvision.icg.tugraz.at/ GPU4VISION project

2. http://www.youtube.com/user/gpu4vision GPU4VISION's channel

5. http://server.cs.ucf.edu/~vision/MinGPU/ MinGPU project

4. http://openvidia.sourceforge.net/index.php/OpenVIDIA OpenVIDIA

5. http://www.nvidia.com/object/npp.html NVPP project

6. http://www.itlab.unn.ru/?dir=174 CpaBHeHne NPP u IPP, npoekT ITLab

7. https://picoforge.int-evry.fr/cgi-bin/twiki/view/Gpucv/Web/GpuCV GpuCV

s. http://code.google.com/p/cudapeddet/ CUDA implementation of
pedestrian detection algorithm, MIT Project

o. http://gpgpu.org/developer/cudpp CUDA Data Parallel Primitives Library
10. http://code.google.com/p/gpuwire/ Gpu Wire project

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video/ 33
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JTabopaTtopusa KOMMbIOTEPHOW S

* FpaQMKM N MYJIbTUMEONA

Buageorpynna 3T0:

= BbINyCKHWKM B acnMpaHTypax AHMnu,
®paHunu, Weenuapum (B Poccnmn B MY u
MMM M. Kenapbiwa)

= BbinyCcKHMKaMuM 3aWmLeHo 5 ancceprauum

= Hamnbonee nonynsipHble B MUpe CpaBHEHUS
BUEOKO/1EKOB

= bonee 3 MUNIMOHOB CKaYaHHbIX (DUILTPOB
06paboTKKn BUAEO

34
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