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Q Lenu n 3agayu paboTbl

O CopepkaTernbHasi NOCTaHOBKA 3aJa4u JeTeKTUPOBaHUS
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O MaTtemaTtuyeckas NoCTaHOBKA 3a4avun JeTEKTUPOBAHUS
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Q JT1anbl oNTMMKU3aUnn U pacrnapannenmBaHnug NCXogHou
nporpammHoOU peanusauunm

Q OueHka KayecTBa rnoucka o6 LEKTOB pasHbIX KIlaccoB
C Ucnosib3oBaHMeM ouHarIbHOW napannenoHoOW peannsauuu
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Llenn paboTbl

Q [Ons 6onblUMHCTBA NMPaKTUYECKUX MPUIOXEeHNU npoleaypa
noncka o6bEKTOB Ha U300pakeHUN JOMKHA BbINOMHATLCA B
pearibHOM BPEMEHMW.

Q OcHoBHas uenb gaHHOW paboTbl — MakCUMarnbHO YMEHbLUUTb
cpeaHee BpeMs nomcka ob6beKkToB pa3sHbIX KIMaccoB C
ncnornb3oBaHnem metoaa Latent SVM 3a cyeT
KOMMNUISTOPHON N anropuTMMUYECKOU ONTUMN3ALMUN, a TaKXKe
3a cYeT nocrneaytoulero pacnapannenmsaHms
nocrnenoBaTesibHOW peanu3aymm Ha CUCTEMbI C ObLLEM
NaMATbIO.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB
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3agauu paboTtbl (1)

Q N3y4yeHune cxembl paboTbl anropntma Latent SVM.

Q syyeHue CTpyKkTypbl MOgynen n yHKUUU NnporpamMmHON
peann3auun Latent SVM.

a OnpepgerneHne y4acTkoB Koda, Ha UCMNOSMTHEHUE KOTOPbIX
TpaTnTCa Hambornbluee BpeEMS, C MOMOLLbIO MHCTPYMEHTOB
Intel Parallel Studio XE.

d KOMI'IVIJ'IFITOpHaFl N anropuTtMmnyeckad ontuMmn3auymnd Hanboree
TPyAOEMKUX YHAaCTKOB MCXOOHOIo KoAa.

Ll H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB
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3apgauum paboTbl (2)

Q Pas3paboTtka u peanunsauus pasfnmnyHbIX CXeM
pacrnapansienimBaHnsa ¢ NCNoJSib30BaHNEM TEXHOMNOMNM
OpenMP un 6ubnuoteku Intel® Threading Building Blocks.

O AHanuna maclTtabupyemocTn paspaboTaHHbIX NapannenbHbIX
peanusauun.

Q OueHka KavYecTBa OETEKTUPOBaAHUSA OOBEKTOB NpU
Mcnosib3oBaHnUM Hanbonee apdeKTUBHOW NapannefibHOW
peanunsauuu.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB
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TecToBasA MHpaCTpyKTypa

OnepaunoHHasa cuctema Microsoft Windows 7

Cpena pa3paboTku Microsoft Visual Studio 2010

bubnnoteka TBB Intel® Threading Building Blocks (B cocTtaBe
Intel® Parallel Studio XE 2013)

[MpodonnnpoBLLKK Intel® Parallel Studio XE 2013

Bubnuotekn OpenCV Bepcusa 2.4.3

MatemaTndecknu naket MATLAB R2010a

Visual Object Challenge Bepcusa VOCdevkit_08-Jun-2007

Development Kit
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NMocTaHOBKa 3agaum

O PaccmaTtpuBaeTca 3agava eTekTMpoBaHMs 00beKToB
pasHbIX K/1accoe (MalluHa, NTmua, YeroBeKk 1 T. Nn.) Ha
N300paKeHNsIX N Kagpax BUAEO.

O TpebyeTcs BbIMOSTHUTL NMOUCK OOBLEKTOB HEKOTOPOrO Knacca
Ha U300pakeHnu (CLeHa MOXeT coaepaTb HECKOSTbKO
O0OBLEKTOB OHOrO Knacca).

0 lMonoxxeHue obbekTa onpeaensaeTca NPSIMOYroNbHNUKOM,
OKaNMIAIOLLNM ero rpaHuLbi.

Q Heobxoanmo nocTpouTb Ha U300paXeHU MHOXECTBO
OKaUMNSALWNX NPSMOYIoNbHUKOB A8 0ObEKTOB 3a4aHHOIO
Krnacca.

Ll H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB
Ha N300paxxeHusIX c Ucrnonb3oBaHnem anroputma Latent SVM



MATEMATUYECKAA
[MOCTAHOBKA 3A0AYN MOUCKA
OE'bEKTOB C N ‘-IACTFIMI/I
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MaTemaTn4yeckasa mogerib U3oopaxeHus

U O

[TycTb gaHo nsobpaxeHue I.
N3o0bpaxkeHne npeacTaBnsieTcs B BUAe MaTpuLibl MUKCENEN.,

Kaxabl anemMeHT MaTpuLbl COCTOUT U3 TPEX KOMMOHEHT.
KOMMNOHEHTbI COOTBETCTBYOT MHTEHCUBHOCTSAM LBeTa (RGB)
B TOYKeE.

Bcero B nsobpaxeHnn w 3n1eMeHTOB No ropu3oHTanm n h
9NIEMEHTOB MO BepTUKaIMW.

MaTtemaTnieckon Moaenbo U300paxXeHns1 ABNSETCS Kapma
npusHakoe (ceoucme). KapTta npu3sHakoB npeacrasnder
MaTpuLy BeLleCTBEHHbIX YMCen, NONYyYeHHbIX B pe3dynbTaTe
BblYNCINEHNA HEKOTOPOU PYHKLUUN OT MHTEHCUBHOCTEWN
TEKYLLLEro 1 Habopa OKPECTHbIX MUKCENEN.

H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB
Ha N300paxxeHusIX c Ucrnonb3oBaHnem anroputma Latent SVM
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MaTtemaTuyeckas Mmogenb oObLeKTa

Q lMycTb No n3obpaxeHno NOCTPOEHa KapTa cBOUCTB G (i,j), U
nMeeTcs oObEKT A1 Noucka.

Q Nckombln 06BEKT MOXKHO OnncaTh C MOMOLLbIO dUNbTPa
F = {fxr’yr,x’ (S {0, ...,Wf},y, (S {0, ) hf}}, rage th Wr —
pa3mMmepbl dunbTpa n3obpaxeHus.

Q Qunbmp onpepenseT Habop Npu3HakoB, Hanbornee
XapaKkTepHbIX Anst 06bekTa 3agaHHOoro Knacca.

F,thWf

Ll H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB
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[MlocTpoeHne oueHOYHOUN (PYHKLUN NONOXKEHUSA
ob6bekTa (1)

Q [na oueHkn Hannyna obbekTa B KOHKPETHOW obnactu
NMPUMEHSIETCA crneayoLlas cBepTka:

S5(x,y) = 2 F(x',y)e(x +x",y +y'),

x!,yr

rae x' € {0, ., why' €{0,... b0 < x < [2=[ 0y <
=
|

Q Yewm 6onblie S(x,y), Tem bonblUue BEPOATHOCTb TOrO, YTO
MCKOMBbIN OOBEKT HaXoauTcsi B To4Ke (x,y).

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM
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[MlocTpoeHne oueHOYHOUN (PYHKLUN NONOXKEHUSA
ob0beKkTa (2)

Q Tenepb NpeanonoXum, 4YTo 0OBLEKT COCTOUT U3 n YaCTeN.

O BBegem 0603Ha4YeHUus:
- Fy — epy6sbit cpunbmp (bunbTp ANsa BCcero obbekTa),

- F; — dounbTp onga i —on 4actm obbekta (moYHbIU
punbmp). 3amMeTuM, YTO NOSOXKEHUE TOYHOro punbTpa
3agaeTcs OTHOCUTENbHO rpyoboro.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM
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[MlocTpoeHne oueHOYHOUN (PYHKLUN NONOXKEHUSA
oobekTa (3)

Q B atom cny4yae oueHO4YHY QOYHKLMIO MOXHO 3anucaTb

cnenyrowmm obpasom:
n

S@Y) = ) ) ey GGao +x,yi(0 +¥D,
(=0 xiy{
roe x;(x) n y;(y) — nonoxenue ounbtpa F; B rmobanbHbIX
koopAvHaTax usobpaxerus, a x; € {0, ..., ws;},y{ € {0, ..., hs;},
hei we; — pasmepbl TOYHOTO UNbTPa C HOMEPOM .

H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB 14
Ha N300paxxeHusIX c Ucrnonb3oBaHnem anroputma Latent SVM




[MlocTpoeHne oueHOYHOUN (PYHKLUN NONOXKEHUSA
ob0bekKkTa (4)

Q S(x,y) NO3BONSIET HAUTU Ha N306paXxeHN OObLEKT
doUKCUPOBAHHOIO pa3mepa.

0 Ecnn o6bekT nmeeTt pasmepbl, OTNUYHbIE OT 3TANOHHOro, TO B
9TOM crny4dae, o6beKT He byaeT HanaeH.

0 PelieHne — noctpoeHne nupamuodsbi npu3sHakos H.

— [Nnpamuga npn3HakoB COOEPXKUT HECKONbKO YPOBHEW, Ha
KaXQOM N3 KOTOPbIX HAaXoAUTCHA KapTa CBOUCTB
n3obpaxkeHusd, Nofy4eHHOro B pesynbTaTte YMEHbLUEHUS
NNn yBennM4YeHna UCXoOQHON KapTUHKN.

— Ha ypoBHe A HaxoguTcsa KapTa CBOUCTB MCXO4HOrO
nsobpaxeHus, a Ha 0-om ypoBHe — KapTa CBOMCTB
n3obpaxeHns, KOTOpPoe yBeNMYeHO B ABa pasa.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM

15



[MlocTpoeHne oueHOYHOUN (PYHKLUN NONOXKEHUSA
oobekTa (5)

Q [Hanee npegnonaraetcsi, 4To PunbTp MOXET ObITb
pacrosioXxeH Ha Nbom ypoBHe nupamuabl NPU3HAKOB.

Q lNycTb p; = (x4, y;,1;) — nonoxeHne puneTpa F; Ha ypoBHE
B nupamMmuge npnsHakos H.

Q @(H,p;) nony4yaeTcs n3 nupaMmuabl NpM3HakoB H n koopamnHat
NONOXEHUA p; KOHKPETHOE CBOUCTBO N30OpaXkeHUsa nytem
BbluMCNEHUA rnobarnbHbIX KoopaAuHaT x U y dounbTpa F; Ha
cnoe [.

Q Torga oueHOYHY PYHKLMIO MOXHO 3anucaTb cregytownm
obpasom:

S(x,y) = z Fio(H,p;)
i=0
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[MlocTpoeHne oueHOYHOUN (PYHKLUN NONOXKEHUSA
oo6bekTa (6)

0 Bce vyacTtn nsobpaxkeHusa Obiin HUKaK He CBA3aHbI.
Q [na peanbHoro obbekta 310 He Tak!

Q lNycTb 3agaHbl Mogenu Yyacten obvekta P; = (F;,V;, d;),
raoe V; — ngeanbHOe pacnorioXeHne ero 4YacTu, a
d; € R* — KoadPpULMEHTbI KBaapaTUYHON PYHKLUK LWITpada
dix + dyy + d3x* + d,y*, KOTOpass BHOCUT BKNaj B 3Ha4YeHue
OLEHOYHON PYHKLUM B Clnyvae Ype3MepHOro yaaneHua 4yactu
OT cCamMOro obbekTa.

Q Mopgenb ansa obbekta ¢ n YacTamm doopmMmarsribHO
onpegensieTca MHOXeCTBOM NnapamMeTpoOB:

(Fy, Py, ..., By, b)
roe napameTp b onpegensieT CoOOTBETCTBME KOIPDULINEHTOB
MexXxay moaenamu
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[MlocTpoeHne oueHOYHOUN (PYHKLUN NONOXKEHUSA
ob6bekTa (7)

n n
score(po,py, -, Pu) = ¥ Flo(H,p) = ) diga(dxi,dyy) +b,
=0 =1

nepeoe criazaeMoe — pesynbTaTt NPpUMeHeHUa PUNbLTPOB K
NCXOOQHOMY N300paxeHunto (3Ha4YeHUs CBEPTOK rpydboro v
TOYHbIX OUNBbTPOB C KOHKPETHOM MaTpULEN NPU3HAKOB),

emopoe csiazaemoe — WwTpad 3a cyet gedopmannu
B3aMMHOIO pacriofnoXXeHns YacTeW,

b — napameTp COOTBETCTBUA KOIPDULMNEHTOB MeXay
MOoAOensMu.
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[MlocTpoeHne oueHOYHOUN (PYHKLUN NONOXKEHUSA
oo6bekTa (8)

SCOTe(Po» P1, ""p‘n) — (ﬁ’ l/)(H; Z));
rae B = (FS, F{, ...F;,dq ...dp, b),
Y(H, z)
— ((P(H, pO)) e <P(H; pn); —@Pa (dxl; d}ﬁ); ey — Qg (dxn) dyn)) 1)
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[ToucK YacTUYHO BUOAUMbBbIX OO BHEKTOB

0 [ns onpeaeneHunst NonoXeHnsa 4YacTUYHO BUOUMbIX OObEKTOB
NPV BbIYNCITIEHNN CBEPTOK KaxKayto MaTpuLy NPU3HAKoB B

nupamuae H Heobxoaumo AONOMNHUTbL HyNeBbIMU rpaHULIaMM.

Q Pa3mep rpaHuubl onpegensetca MmakcumasrbHbIMU
pasmepamum PUnbLTPOB MO KaXXaoMy U3MePEHUID COrnacHo

doopmynam:
mwf mhf

bx = —2 4+ 1by = —> + 1,
T Y=

roe mwf = maxf{wf}, mhf = maxf{hf}.
Q 3amMeyaHue: B CBepPTKax C rpybbiMm onnbTpom MaTpuua
NPU3HaAKOB OOMNONMHAETCA HyNneBOW rpaHmUen ykazaHHOro

pa3smMmepa, C TOYHbIMWN PUNbTPpaMu aHHaa rpaHvua goJKHa
ObITb YyOBOEHaA.

H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB
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lNpuBeaneHne 3agayn BbIMMCNIEHMUA 3HAYEHUN
OLleHOYHOM (hYHKLU MM K 3agadve ontumusaumm (1)

score(py) = max {score(py, 1, -, Pn)}

P1,--Pn

0 HekoTopble aneMeHTapHble Npeobpa3oBaHUS:

n
Foo(H,po) + _max {Z(FiI(P(H» p;) — dipq(dx;, dy)) ¢+ b
1,--Pn
im1

n
= Fop(H, po) + 2 max {Fio(H,p;) — dipq(dx;, dy;)} + b
T

Q ,D,aﬂee BBeOaeEM BCloMorartesibHble 0603Haqu|/|$=|:
Ro,1, (%0, ¥0) = Fo'@(H, po)
R 1(x,y) = F'o(H,(x,y,1))
Diy(x,y) = max {Ri (x + dx,y + dy) — d;p4(dx, dy)}

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB
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lNpuBeaneHne 3agayn BbIMMCNIEHMUA 3HAYEHUN
OLleHOYHOU (hYHKLMM K 3agave onTumMusaumm (2)

score(po) = score(xo, Yo, lo)

n
= Ry, + z Di1,-2(2(x0,y0) +V;) + b
i—1
Q [ns BbIMUCNEHNS OLEHKN HEOBXOAMMO peLLnTb HECKOMBKO
3agay onTMMM3aumm BUaa:

max {R; (x + dx,y + dy) — dipa(dx, dy)}
max{R;;(x + dx,y + dy) — dipq(dx,dy)} =

dx,dy
= min {~R;,(x + dx,y + dy) + dipa(dx, dy)} =
x,dy
:x'rr)l/;n{_Ri,l(x’; YD)+ dipa(x’ — %,y = y))

roe x' =x+dx,y' =y +dy.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB
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[MpuBeaeHue 3agayvm BblYUCNEHUA 3HAYEHUN
OLeHOYHOU PYHKLMU K 3agade onTumusauum (3)

Q OueBunaHo, 4Yto npu d; = (0,0,1,1) dbyHKUUS
d;ps(x" —x,y' —y) npegcrtaensaeTt cobon EBkNMOOBO
paccTosHue, T.K. 9 (dx,dy) = (dx,dy, dx?,dy*):
diga(x' —x,y' —y) = (' —x)* + (y' —y)*
=(x—x)+ -y’
O Kak cneacteue, nonyvyaem 3agadvy MUHUMKU3ALNK BbINYKNOW
bYHKLUNK, KOTOPas peLlaeTcsi C UCNOMNb30BaHUEM
0606w eHHo20 MemoOda rnpeobpa3osaHusi paccmosiHUdl.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB
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[NpuBeaeHne 3agauv BbIYMCIIEHUS 3HAYE€HUN
OLEeHOYHOU PYHKLUMU K 3agade onTumusauum (4)

O 3agadva BbIbOpa Hanbornee BEPOSATHLIX NMOMOXEHUN OOBbEKTA
npegnonaraeT BbIOOP TEX NonoXeHnn rpydoro dounbTpa, Ang
KOTOPbIX BbIMNOMHAETCS YCNoBMe.

score(py) > threshold,

roe threshold — HEKOTOPOE NOPOroBoE 3Ha4YeHme oLLeHOYHOU
doyHKLUMK, KOTOPOE ABNAeTCA napaMmeTpoM MoLEeNM.

0 lNounck NnonoXXeHun, yaoBneTBOPAOLMX YKa3aHHOMY YCITOBUIO,
OCYLLECTBNSAETCA B pe3ynbTaTe Npoxoaa no BCEM YPOBHS
nMpaMmuasbl.

0 B pesynbTarte ocTaHeTCs TONbKO NepecynTaTb KOOPANHATHI
NMPAMOYTONbHUKOB, MONYYEHHbIX Ha KaXXOoOM YPOBHE, B
KOOPAMHATbI UCXOOHOro N3obpakeHns.

H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB
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OCHOBHbIE 3TAIlbl PELLEHUA
SAO0AYN OETEKTUPOBAHUWA

C I'IOMOLIJ,I:IO LATENT SVI\/I
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[MocTpoeHue nupamuabl NPU3HAKOB

0 MocmpoeHue nupamudbl MPU3HaKoe — MOAENN UCXOAHOIo
ns3obpaxxeHus. MNpouenypa BKAOYaET crieayowme encTBUS:

— MacwTtabunpoBaHne NcxogHoro n3obpakeHus.
Pe3ynbTaToM sIBNAETCA rnupamuda uzobpaxeHuu.

— [NocTpoeHmne maTpuy, BEKTOPOB NPU3HAKOB A1 KaXKa0ro
N300paxkeHns B nnpammnae n3obpaxeHnm —
doopmMupoBaHme nmpammabl NPU3HaAKOB.

Q lNpouenypa NOCTPOEHUA NUpaMuabl NPU3HAKOB B HACTOSALLEN
paboTe He onucbIBaeTcs, T.K. BPEMS BbINOSTHEHUA AAHHOIO
9Tana BHOCUT HE3HAYUTENbHbIN BKIad B obLlee BpeMS
noncka o0bLEKTOB Ha HAbope TECTOBLIX AaHHbIX.

O Mamemamud4eckasi Modesib 06 bekma — rpyobii PuUnbTp U

H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB
Ha N300paxxeHusIX c Ucrnonb3oBaHnem anroputma Latent SVM

iH Habop TOYHbIX PUNBLTPOB (ONMCaHa paHee).
U,
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OnpepneneHve nNorioXxXeHUs obbLEKTa

Q BbluncneHue 3HayeHU oLeHOYHON PYHKLMK O KaXaoro
BO3MOXHOIO NONOXeHNA 0bbekTa, ncxogs n3 dopmyn ang
BbluMCneHna score(xy, yo, lp). OueHo4YHasa pyHKUmMa — cymma
CKanspHbIX NPon3BeeHNN BEKTOPOB (ceepmka) NpNU3HaKoB
rpyodoro n ToYHbIX PUNbLTPOB MOAENIN C COOTBETCTBYIOLLIMMMA
BEKTOpaMn MaTpuubl NpuU3HaKkoB. Ha KaXxgom ypoBHeE
nupamuabl Bbl4UCNIEHUA NPOBOAATCA HE3aBUCUMO.

O Bbibop NoNoXeHnn, Ans KOTopbiX 3HAYEHNSA OLLEHOYHOW
doyHKLUMK NpeBbILIAT NOPOroBoe 3HavyeHue.

0 lNpeobpa3oBaHne KoopaMHAT, COOTBETCTBYHOLLUMX HANOEHHBIM
NonoXxeHmnsam ob6bekTa Ha pas3NMYHbIX YPOBHAX NMpamMuabl.

H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB
Ha N300paxxeHusIX c Ucrnonb3oBaHnem anroputma Latent SVM
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OCHOBHbIEe CTPYKTYpPbI AaHHbIX (1)

Q position — CTPYKTypa, NnpeaHasHavyeHHas O XpaHeHus
NonoXeHnsa obbvekTa:

— unsigned int X — KoopanHaTa no ropus3oHTanu,
— unsigned int y — koopanHaTa no BepTukanu,
— unsigned int | — ypoBeHb Nnpammnabl NPU3HaKOB.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM
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OCHOBHbI€ CTPYKTYPbI AaHHbIX (2)

Q filterObject — cTpyKTypa Ans XxpaHeHUda napameTpoB
dunbTpa (Mcnonb3yeTcsa Ans XpaHeHUst rpyobIX N TOYHbIX
dounnbTpOB):

— position V — pacrnonoXeHne To4HOro dunbeTtpa
OTHOCUTENBLHO rpydoro,

— float fineFunction[4] — koadPuruUNEHTLI LUITPpadoHOW
doyHKUMM (NOpSAOOK KOIPPULMEHTOB COOTBETCTBYET
byHKUMK dx + doy + dsx? + dyy?),

— unsigned int sizeX — pa3MepHOCTb MO ropn3oHTanu,

— unsigned int sizeY — pa3aMepHOCTb NO BEPTUKAIH,

— unsigned int p — pa3MepHOCTb BeEKTOpa npusHakos (=31),
— float *H — maTpuua BecoB dounbTpa (Mo CTPoKam).

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM
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OCHOBHbI€ CTPYKTYPbI AaHHbIX (3)

0O featureMap — cTpyKkTypa XxpaHeHUsa MaTpuLibl MPU3HAKOB Ha
O[JHOM YPOBHE NUpPamMuabl:

— Int SizeX — pa3MepHOCTb MaTpuULibl MPU3HAKOB Mo
ropu3oHTanu,

— Int sizeY — pa3MepHOCTb MaTpuULibl MPU3HAKOB Mo
BeEpTMKanu,

— Int p — pa3aMepHOCTb BEKTOPA NPU3HAKoB (Bceraa
NPUHUMAET 3HayeHne, paBHoe 31),

— float *map — maTpuuya npusHaKoBs, pasBepHyTas rno
CTpoKam.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM
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OcHOBHbIe CTPYKTYpPb! AaHHbIX (4)

Q featurePyramid — cTpyKkTypa XpaHeHust nupamMmuibl
NPU3HAaKOB:

— Int countLevel — konn4yecTBO YPOBHEN B nNupamuae
NPU3HAaKOB,

— int lambda — koadbdurymeHT macuTabmnpoBaHus
(mapameTp A B MatemMaTnyeckon moaenmu),

— featureMap **pyramid — maccmnB maTpul, NpM3HaAKoB a1
BCEX YPOBHEWN NUpamumabl N3obpaxeHun.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM
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CTpyKkTypa nporpamMmMHbIX MOoAYyIeu

Q B peannsauuun anroputmMa BbiBOAa BblaeneHo ABa
nporpamMmMHbIX MoaynS:

— Moaynb NocTpoeHua nupamMmuabl NPU3HaKoB
(featurePyramid).

— Moaynb BblYUCIIEHUS NOMOXEHNS 00beKTa 3agaHHOro
Krnacca (matching).

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM
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PYyHKUMN MOAYNA NOCTPOEeHUA nupamMmuabl
npusHakoB (1)

A Moaynb NoCTpoeHna NnupamMmuabl NPU3HAKOB noaaepXneaet
cneqnyrowyo YHKLMOHANBHOCTD:

— MaclwTabupoBaHne UCXogHOro n3obpaxerHua. [laHHas
npoueaypa rno3BosisieT NONy4YnTb HABOP N300paKEHUN C
YBEMNYEHHBIM U YMEHbLUEHHBLIM pa3peLleHnem —
nnpammay n3odpakeHun.

— [locTpoeHne maTpuL, BEKTOPOB NPU3HAKOB (KapThl
CBOMCTB) A1 KaXaoro n3obpaxeHusi B nmpamuae —
getFeaturePyramid. YkasaHHasa oyHKUMA BKITOYaeT
cregywowme atansbi:

« Pa3bueHune nsobpaxeHust Ha 6110kM PUKCMpoBaHHOIoO pasmMepa.
Bnok cocTonT 13 NogMHOXeCTBA NMUKCESNen, Kaxxabl N3 KOTOPbIX
XapaKkTepusyeTcst UHTEHCUBHOCTLIO LiBETA.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM
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PYyHKUMN MOAYNA NOCTPOEeHUA nupamMmuabl
NpuU3HaKkoB (2)

* [MocTpoeHune rmcTorpaMmbl rpagmMeHToB No U3obpaxkeHuto.

* [locTpoeHne 06 beANHEHHOM TMCTOrPaMMbl B S4EUKN (MCXOOHOM
KapTbl CBOMCTB) — getFeatureMaps_dp.

* Hopmanunsauus n oTcedeHue KapTbl CBONCTB —
normalizationAndTruncationFeatureMaps.

» CHmxeHune pasmepHocTu KapTbl cBoncTB — PCAFeatureMaps.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM
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PyHKLUUM MOoAayns NOUCKa nonoxeHuu (1)

0 OueHka Bcex BO3MOXHbIX MONIOXEHUN oObekTa Ha
n3obpaxxeHun (NOCTpoeHne 3Ha4YeHNN OLLEHOYHON OYHKLUNN) —
thresholdFunctionalScore.

a [na nonyyvyeHua 3Ha4YeHUU OLLEHOYHOU (OYHKLNU
ncnosb3yeTtca nporpammHas yHKUMa convolution, koTopas
OTBeYaeT 3a BblYMNCIEHNE 3HAYEHNN CBEPTKN MaTpuLbl
NPU3HaKoB 1 dounbTpa No onpeaeneHuto.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB 36
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PYyHKLUUM MOAYIISA MOUCKA NOJTOXEeHUU (2)

Q [Ona BblMMCNEHNSA CBEPTOK C ucnonb3oBaHuem bld
pa3paboTaH Habop byHKLUNN, HEODXOONMBIX C TOYKN 3PEHUS
anropuTMma:

— fftimagesMulti — doyHKUMA BblYUCIIEHNS NPOU3BEOEHNS
obpasoB Pypbe,

— rot2PI1 — pyHKUMA noBOpOTa MaTpMUbl PUnbTpPa,

— getFFTImageFilterObject — oyHKUMA BbIYUCNEHUSA
obpasa dypbe anga ouneTpa,

— getFFTImageFeatureMap — pyHKUNA BblYUCTIEHNS
obpasa dypbe ang maTpuibl MPU3HAKOB,

— convFFTConv2d — pyHKUNSA BbIMUCIIEHUA CBEPTKU
cpeacteamm bl1o.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB 37
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PYyHKLUUM MOAYIIAA NOUCKA NONoXeHUu (3)

O BbliaeneHne Hanbornee BEPOATHLIX MOMNOXEHUN 0bbEKTA.

Q lMocTpoeHne NPAMOYroSfibHUKOB, OKaUMMSALWNX OOBEKT, Ha
OCHOBaHWU MOJTy4YEeHHbIX MOJTIOXEHUN.

0 OTceyeHne YacTen NPSIMOYIrofibHUKOB, BbIXOASALLINX 3a
rpaHuLbl N300paXkeHns, — nonMaximumSuppression.

Q OTobpaxeHne n3obpakeHnss U OKanMnsItoLLMNX
npsamMmoyronbHukos cpegcrteamm OpenCV — showBoxes.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB 38
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BbluncrneHne ceepTtok

ONTUMUN3ALINA
N PACNAPAINIEJIMUBAHUE BIN®

il

ij, H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM



AHanu3 nocrneagoBaTesibHOU peanusauun

Q lNpoBecTn aHann3 adPdPEKTUBHOCTU NocneaoBaTenibHOM
peanusauus, B KOTOPOW Ans BbIYUCNEHNS CBEPTOK MaTpuLy
BEKTOPOB NPU3HAKOB ¢ UNbTpamMmn UCMonb3yeTcsl ABYMEPHOE
BrN®. [1na aToro HeE06xo04MMO BOCMNOS1b30BaTbLCSH
nHctpymeHTtom Intel Parallel Amplifier B pexxume “Hotspots™.

Q PesynbTaTtbl TakOro aHanusa no3BonsdT YCTaHOBUTb, YTO
dyHKUMA BbldMUCNeHna ogHomepHoro bId (fft) BbinonHAeTcS
npumMmepHo 95% BpemMeHn OT 0bLLEro BpEMEHWN NMOUCKA,
NoaTOMy ee HeobxoaMMo ONTUMN3NPOBATb.

Q MNMpocmoTp Bonee geTanbHOM TPACChl MOKAXET, YTO
Hanborbllee BpeMa TpaTUTCS Ha BblYUCIIEHNE CUHYCOB U
KOCUHYCOB. [1BymMepHoe DObicTpoe npeobpasoBaHne dPypbe
peanmayeTcs Yepe3 OHOMEPHOE.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM
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Ontumusauua o

Q Tak Kak usMeHeHue apryMmeHToB OYHKLUN CMHYCa N KOCUHYCa
nog4YnHAETCAa onpenerieHHOMY 3akOHYy, MOACHET KaXaoro
nocneayrLwero 3Ha4eHna TPUroHOMeTpMYEeCKon PyHKUNK
MOXHO BbINOJIHUTb HA OCHOBaHWW nNpeablayLiero 3Ha4YeHus.

Q BenunuuHa yrna Ha kaxgou utepaunm nsmMeHaeTcs No 3aKoHY:

Yi = Vo'l

Q Takmm o0bpa3oMm, BblHMUCINEHUE CUHYCA N KOCUHYCA CBOAUTCS K
OOHOKpPATHOMY UX BbIYUCIIEHUIO, Sin Yy, COS Yy, a
nocreayrowine 3Ha4eHusa BblYUCNAKTCA 3a CHET yXKe
NMMEKLLINXCA AAHHbIX C MOMOLLbI NMPOCTbIX
TPUrOHOMETPUYECKUX POPMYI:

siny;,1 = sin(y; + Yg) =siny; cosyy + cosy; siny,
COSYi+1 = cos(y; + ¥o) = COSY; COSYy — Siny; siny,

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB 41
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PacnapannenunBaHue ogHomepHoro bIN®

Q BbInonHUTL pacnapannenmeaHne pekypcuBHOW peanusauunm
ogHomepHoro bINd ¢ nomoulbo MmexaHmnama 3agad (task)
bubnunotekn TBB.

A OueHnTb MacwTabmnpyemMocTb pa3paboTaHHON
napannernbHon peanusaunn. [1na aToro Heodbxoanmo
NMPOBECTU 3KCMNEPUMEHTHI MO 3anycKy napanfenbHOon
peanuni3aunmn B pasHoe KONIMYeCTBO NOTOKOB HA HEKOTOPOM
Habope n3obpakeHnu.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM
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PacnapannenuBaHue gpymepHoro blN®

Q BepHyTbca K nocnegoBatefibHOM ONTUMU3NPOBAHHON BEPCUN.
BbinonHUTL pacnapannenmeaHne asymepHoro bllo.

A OueHnTb MacTabmnpyemMocTb pa3paboTaHHON
napannenbHou peanunsauyun.

Q lNpoBecTn aHanun3 npoaernaHHon paboThl.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM
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BbluncrneHne ceepTtok

ONTUMUN3ALINA
N PACNNAPATJIEJIMBAHUE
BJ'IO)KEHHbIX LI,I/IKJ'IOB

Y

H.Hoeropog, 2013 r 3aumda 1 pacnapan
HHHHH 6pa>i<eHMﬂx C MCMONb30BaHNEM anropMTma Latent SVM
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AHanu3 adbdeKTMBHOCTU nocnenoBaTefibHOU
peanunsauuu

Q lNpoBecTn aHann3 adPdPEKTUBHOCTU NocneaoBaTenibHOM
peanu3aunmn, B KOTOPOU A11s1 BbIMUCNEHUNSI CBEPTOK MaTpuL
BEKTOPOB MUCMNONb3yeTcsa HAbop BNOXEHHbIX LINKMNOB.

Q Kak n Ha npeablgyllem atane npeafaraeTcs
BOCMOJSIb3oBaTbCs MHCTpyMeHTOoM Intel Parallel Amplifier B
pexnme “Hotspots™.

O PesynbTaTbl TAkoro aHanun3a OOJTKHbI BbIABUTb, YTO
Hanboree TpyaoeMKON (PYHKUMEN ABNAETCH PYHKUUS
BblYMCIIEHNS CBEPTOK — convolution.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM
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YnpowieHue n passopaymBaHue LUKIOB

Q BbINONHUTL yNpoLLlEHME BIIOXXEHHOIO LUMKa — gobaBrieHme
pesynbTarta odepegHoro YMHOXEHNST OCYLLECTBSIATL BO
BPEMEHHYI0 NepeMeHHyo, pesynbTupyloliee 3Ha4YeHne
KOTOPOW COXpaHUTb B MaccunB cBepToK. OUueHnTb NpuUpocCT
NPON3BOAUTENBLHOCTM.

A BbinonHUThL pasBopaymBaHme BHYTPEHHero uukna. [posectu
9KCNEPUMEHTHI C pa3BopaymMBaHUEM Ha 2, 3, 4 U 5 utepayun.
OueHnTb 3PdDEKTUBHOCTb PaboTbl MPUNOXKEHUS ONSA KaXXaoro
BO3MOXXHOIo 3Ha4YeHUA pa3BEPTKN.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM
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PacnapannenuBaHue cBepTOK

Q BbinonHuTb pacnapannenneaHne onTMMmM3npoBaHHON BEPCUU
CBepTOoK ¢ ucnonb3oBaHnem OpenMP. NogobpaTb
onTUMarbHOE 3Ha4YeHne pasmepa nopLum rnpu
doopmMrpoBaHUKN pacnmcaHus.

Q lNpoBecTn aHann3 macwTabnpyemoctu paspaboTaHHON
napannenbHOu peanusauun.

Q BeinonHuTb pacnapannenuBaHue rnocriegoBaTesibHOM
ONTUMN3NPOBAHHOW BEPCUN CBEPTOK C UCMOSIb30BaAHNEM
cpeacts bnonnotekn TBB. NogobpaTb onTumanbHoe
3Ha4YeHue pasmepa nopumn npm OPMmMPOBAHUN PaCrMCaHus.

Q lNpoBecTu uccrnegoBaHne MmaclITabnupyemMocTm
pa3paboTaHHON NapannenibHOW peanusauunu.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM
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CpaBHeHue peanusauumn

Q BbinonHWUTL aHanu3 pe3ynbTaToB, MNOMNYyYeHHbIX NPU
pacnapannennBaHnn CBEPTOK, KOTOPLIE BbIMUCTIANIUCH C
ncnonb3oBaHmem blIN1® n Hanpamyro Yyepes Habop BNOXKEHHbIX
LIMKMNOB.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM
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PACMNAPANMNENVUBAHUE
BbIYMUCINNEHUU MO YPOBHAM
I'II/IPAMI/IJJ,I:I I'IPI/I3HAKOB
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AHanus cteneHu napannenusma npegbiayiieu
napannenbHOWU peanusauum

Q OueHnm cTeneHb napannenMama peanusauum,
MCNonb3yrLen napannerbHoe BblYNCIEHME CBEPTOK Yepes
Habop BMOXEHHbIX LIUKITOB.

Q [aHHas peanusauua Obina paspaboTaHa Ha npegbiayLem
Lare onTuMm3auum n pacnapannenmBaHus.

Q [ns oueHKu cTeneHn napannennama obpartmmcs K
pe3ynbtatam Concurrency-aHanumsa, KOTopble MOXHO
nony4nTb ¢ nomowbio Intel VTune Amplifier XE.

0 O6patute BHUMaHWE Ha anarpaMmmy pacnpeneneHus
Harpy3kn mMexagy notokamu, U3 Hee BUAHO, YTO NMOTOKM
nepunoanyeckn Bo3obHOBNAKTCS, Korga Heobxoanumo
BbI4MCINTb CBEPTKU, N 3acCbINatoT, KOraa B OCHOBHOM MOTOKE
BbIMONIHAETCA apyras pabora.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB 50
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PacnapannenuBaHue BbIYUCIIEHUN NO YPOBHAM
nupamMmugbl npusHakos (1)

Q BepHyTbca K nocnegoBaTtenbHOM ONTUMU3NPOBAHHOM
peanun3auunn, B KOTOPOWN CBEPTKU BbIMUCIIAKOTCH C
NCrONb30BaHNEM BJIOXEHHbIX LIMKIIOB.

A BbinonHUTbL pacnapannenuBaHne Lukna nocTpoeHnsd
OLEHOYHON (PYHKLUNM Ha YPOBHAX NMpamMuabl Nnpu3Hakos. Ha
OaHHOM aTane npepnaraeTcd UCnosib3oBaTb AMHAMUYeECKoe

pacnpeneneHne Harpy3ku mexay notTokamu.

Ll H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB
Ha N300paxxeHusIX c Ucrnonb3oBaHnem anroputma Latent SVM
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PacnapannenuBaHue BbIYUCIIEHUN NO YPOBHAM
nupamMmuabl NPU3HaKkoB (2)

Q BepHyTbca K nocnegoBaTtenbHOM ONTUMU3NPOBAHHOM

peann3aunun, B KOTOPOW CBEPTKU BbIYMUCHSAIOTCH C
MCMONb30BaHNEM BIIOXKEHHbIX LUKMOB.

BbinonHMTL pacnapannenneaHue LmKna nocTpoeHuns
OLEHOYHON (PYHKLUNM Ha YPOBHAX NUpamMuabl NPU3HaKOB C
MCMOoNb30BaHMEM CTaTUYECKOro pacnmucaHus.

Q [ns atoro Heobxoammo paspaboTtaTb PYHKLMIO

pacnpegeneHnusa ypoBHEU NMpammnabl NPU3HAKOB MexXAay
NOTOKaMU C TOYKU 3peHNs Ymcna onepaunn. MoxHo cuntaTb,
4yTO ObLLEee Yncno onepauunin, BbINONMHAEMbIX MPU OLEHKE
BO3MOXHbIX NOMIOXXEHNN Ha YPOBHE NUpamMuabl NPU3HaKOB,
onpenendaeTcs UCKMIYNTENbHO YUCITIOM YMHOXEHUN U

CIOXEHUMN, KOTOpPbIE BbIMNOJTHAKTCA MNP BblIMUCITIEHNN CBEPTOK.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM
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PacnapannenuBaHue BbIYUCIIEHUN MO YPOBHAM
nupamMmmabl NPU3HaKoB (3)

A CpaBHUTb BpeMeHa paboTbl NPUIOXKEHUI MPU

NCMNoJib30BaHNMN ONHaAMNYECKOIo N CTaTU4ECKOro pacrimCaHum4.

BbibpaTb Hanbonee apdekTnBHoOE.

Q lNMpoBecTn aHann3 macwtabupyemoctn bonee adppekTuBHOM
napannenbHon peanusaunn. OBbACHUTb MPUYNHBI
OTCYTCTBUSI IMHENHOIO YCKOPEHUSI.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM
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OLEHKA KAHECTBA NMOUCKA
OB BbEKTOB PA3HbIX KITACCOB

ij, H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB



TecTtoBas 6a3a nsodpaxxeHun

Q lNpepnaraeTcs BbINOSIHATb MAcCoOBbIE SKCMEPUMEHTLI Ha base
PASCAL VOC 2007 v oueHUTb Ka4eCTBO AETEKTUPOBAHUSA
Latent SVM Ha kaxxgom Knacce o6bekToB, BXOAALLMX B
coctaB VOC.

O basa paHHbIX coaepXXnT n3obpaxeHnsa obbEKTOB ABadLAaTU
KrnaccoB (aeroplane, bicycle, bird, bottle n gp.).

Q lNpegctaBneHHble poTorpadun pasnnyaroTca pasmepom
N306pakeHHbIX Ha HNX OOBEKTOB, NX MOJSIOXKEHUEM Ha CLIEHE,
PaKypCOM U CTeneHb OCBELLEHHOCTU. YKa3aHHble dpakTopsbl
OKa3blBalOT 3HAYNTENbHOE BIMSHME Ha TOYHOCTb
NOCTPOEHHOW Moaenu.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM
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CpenHsisi TOYHOCTb NnpeacKasaHus

O CpeoHsas TOYHOCTL NpeackasaHusa (average precision):

1 _
AP = — E p(r), p()=maxp(r)
11 r,r2r
r€{0;0.1;...;1}

_ a —
roe p(r) = —— — TOYHOCTb, 7— MPOLIEHT NEPEKPLITASA

OEeTEKTUPOBAHHOIO OKaMMMSALWEro NnpssMoyrofibH1Ka u
NPSAMOYrosfibHMKa, KOTOPbIX Dbl pa3aMeyeH Ha UCXO4HOM
n3obpaxkeHun kak okammnawwmn r € {0;0.1; ...; 1},

a — KONU4eCTBO OOBLEKTOB, A1 KOTOPbIX NPOLEHT
NepeKkpbITUA HE MEHbLUE, YEM 1 (T. €. CHYUTAETCH, YTO OOBLEKT
OEeTEKTUPOBaAH MNpaBUIbHO),

Cc— KOJIMYECTBO ODOBLEKTOB C MPOLLEHTOM NEPEKPLITUS,
MEHbLUNUM, YeM 1 (0ObEKT HanaeH OoWnBOYHO).

Ll H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB
Ha N300paxxeHusIX c Ucrnonb3oBaHnem anroputma Latent SVM
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WHCTPYMEHT Ansl BbIMUCNEHNA cpeaHen
TOYHOCTU NpeAcKa3aHust

Q [1na BblMUCeHnsa cpegHen TOYHOCTU HA OCHOBAHUM
MHopMaLMN O NPOAETEKTUPOBAHHBLIX MPAMOYronbHUKaX
npeanaraeTcya Bocrnosib3oBatbcst UHCTpymMeHTOM VOC
Development Kit.

A WHcTpykumsa no pabote ¢ VOCdevkit Haxoantcs B
npunoxeHuu (MNpunoxenue B. VIHCTpyKUMS No 3anycKy
naketa VOCdevkit).

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM
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JononHuTtenbHble 3agaHua (1)

Q PaspaboTtanTte n BCcTponTe peanmnsaumio QyHKLNN
BbluMcrieHnsi ceepTok ¢ ncnonb3osaHnem NVIDIA CUDA
SDK. OueHunte addekTMBHOCTL pa3paboTaHHOM peanu3auum
No CpaBHEHUIO C peanu3aumamm, npeanoxXeHHbiMn B paboTe.

O PaspaboTtante n BCTponTe peanunsaumio dyHKUUN
BblYNCIIEHUA CBEPTOK C ncnonb3osaHueMm Intel® OpenCL
SDK. OueHunTe addPeKkTUBHOCTb pa3paboTaHHOM peanusauunm
MO CPaBHEHMUIO C peanu3aunsamMmu, npegnoXXeHHbIMn B paborTe.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM
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JononHuTtenbHble 3aaaHunA (2)

Q PaspaboTtanTte n BCTponTe peanmnsaumio QyHKLNKU
BbI4MCNEHUA CBEPTOK C MCNONb30BAHMEM ObICTPOro
npeobpasoBaHus Pypbe, metroerocs B oubnumoteke Intel®
Math Kernel Library. OueHnte apdekTUBHOCTb
pa3paboTaHHON peanu3aunm rno CpaBHEHUIO C
peanun3aunsiMm, npeanoXXeHHbIMn B padoTe.

O PaspaboTtante napannenbHyo peannsaunio pyHKUUn
BblYMCNEHUA CBEPTOK, MCMNOMb3YOLLEN BNOXEHHbIE LMKIbI, C
nomoubto Intel® Cilk Plus. OueHute addeKTUBHOCTb
pa3paboTaHHOW peanu3aunm No CPaBHEHUIO C
peanusauuamMmu, npeanoXxeHHbiMn B paboTe.

‘Ll' H.Hosropoga, 2013 r. OnTumusaunsa n pacnapannenvMBaHne BblYUCIEHNIA B 3afa4e AEeTEKTUPOBAHNSA 0ObEKTOB

Ha n306pakeHnsx c ucrnonb3oBaHmeM anroputMa Latent SVM
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