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Desired output
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Another desired output
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Application

Semantic image and video search
Human-computer interaction (e. g., Kinect)
Automotive safety

Camera focus-by-detection

Surveillance

Semantic image and video editing

Assistive technologies

Medical imaging

A. M. F'payes (BMK MI'V ) Object Detection 26 Hos16pst 2013 r. 5/ 28



High-level structure

0 CunbHble HU3KOYPOBHEBbLIE NMPU3HAKWN HA OCHOBE rMCTOrpamMmbl
HaNpaBJIEHHbIX TPagneHToB

Q JdbekTuBHLIA anroputm obbeanHstowmii part-based mogens
(pictorial structures)

© Ob6yuenue c ucnonssosanuem latent SVM
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Features

[ paauneHT n300pa>keHus

Onpegenexne

pagmeHT n30bpakeHnss — HampaBieHne MaKCMMaNbHOrO U3MEHEHNs!
APKOCTMN N300parkeHunst

of Of
vh= [a’@]

r(x,y) = [|VFf|| = \/ <§—i)2 + <§—;>2 bx,y) = tan™} <§_i/ %)

r(x,y) — cuna, 0(x,y) — HanpaBnexme rpagueHTa
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Features

['McTorpaMma HampaB/ieHHbIX FPAaAVEHTOB

@ Bbluncanm HanpaBA€HNE rpagneHTa B KaXXJO0M NnKcene

@ Pa3sobbem HamnpaBfeHnsi rpaMeHTOB Ha CKOILKO-TO rpynn (OCHOBHbIX
HanpasJieHniA)

@ [Ins 610KOB hMKCMPOBAHHBIX Pa3MEPOB MOCHUTAEM FUCTOrpamMmmy
pacnpefeNieHna HanpaeBJieHN TPagNeHToOB
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score:ZF[x/,y’} G x4+ X, y+y] (1)
/7y/
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score:ZF[x/,y’} G x4+ X, y+y] (1)
x'y!

Mycte F — 370 dunbTp pasmepa w X h , H — nupamunga npusHakos
Yepes ¢ (H, p, w, h) byget obosHaunm BekTop npusHakos, rae p = (x,y, /)
onpegensier nosuumio (x,y) Ha |l-Tom ypoeHe nupamungbl. Torga

score = F' - ¢ (H,p, w, h) (2)
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Feature pyramid

HOG feature pyramid

Puc. 4.
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M = (Fo, P1,...,Pn,b)
Pi = (Fi, vi, d;)

3/J.er Vi — KOOPAWHATbl TOYKN NpukpenneHnsa 4actm K OCHOBHOMY
(bl/lﬂpry, d,‘ — BEKTOp BECOB, KOTOprI7I OTBE€YAET 3a pPaCCTOAHMNE OT 4HacCTun
00 TOYKWN KpenneHns

z:(p07"'7pn)
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score(po, - - - Pn) = Z Fl-¢(H,pi) — Z di - ¢a (dxi, dyi) + b (3)
i=0 i=1
¢d (dx, dy) = (dx, dy, dx?, dy?) (4)

dx; = xi — (2xo + vj)
dyi = yi — (2y0 + vi)
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score(po, - - - Pn) = Z Fl-¢(H,pi) — Z di - ¢a (dxi, dyi) + b (3)
i=0 i=1
¢d (dx, dy) = (dx, dy, dx?, dy?) (4)

dx; = xi — (2xo + vj)
dyi = yi — (2y0 + vi)

score = 3 - (H, z)

B=(F....Fl.dy,... dnb)
w(H)Z) = (qb(vaO)v"')qb(Hapn)v_qbd (dxlvdyl)"'v_gbd (dxnvdyn)vl)
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score(pg) = prl'naig score(po, - - -, Pn)
+er-Pn

] |/|CI'IOJ'Ib3yeM ANHaMnN4eckKoe nporpamMmmMmmnpoBaHune.

@ Mcnonbayem obobuyeHHoe npeobpasosaHue pacctosiHus (generalized
distance transform).

@ Pesynbtupytownii metog gaet O(nk), roe n — KoNMYecTBO HacTei
mMoaenn, k — KoNMYeCcTBO JIoKaLuuii B Nupamuie npusHakos
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R,‘,/(X,}/) = Fi/ : ¢(H7 (X7y7 /))
Dii(x,y) = max (Rii(x + dx,y + dy) — d; - ¢ (dx, dy))

n
score(x0, Y0, o) = Ro,ip (X0, ¥0) + > _ Dijp—r (2(x0, ¥0) + vi) + b
i-1

Pi i(x,y) = arg max (R,-J(x +dx,y +dy) — d; - ¢4 (dx, dy))
dx,dy
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The matching process

responsc of root filtter

color encos
respo!

low value high value

g of filter

combined score of
root locations

Pnc. 5.
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Mixture model

M= (M, ... M,) (5)
3pece M. — 3To Mofenb Anst C-TOW KOMMOHEHTHI.
Teneps z = (¢, po, - - -, Pn.) W 0603Ha4MM Yepe3 2/ = (po, ..., Pn.)-
B=(B1,---Bn)

¢ (H,z)=(0,...,0,%4 (H,2'),0,...,0)
5¢(H,Z) :/Bc'w(Hvzl)
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Mixture model

\
~
>
~

Puc. 6.
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Latent SVM

fi = mgx 60 (x.2) (6)
D= ((X17Y1) LA (men))
yi={-1,1}

Lo (8) = SIIBIP + €3 max (0,1~ yifi(x))
i=1
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Latent SVM

[NlonyBbinyknocThb

Lo (5) = SlI8I7 + €3 max (0,1~ yifi(x))
i=1

Warning!
Latent SVM npuneoant K HEBLINYK/ON ONTUMU3ALNOHHONR 3aga4e. J
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Latent SVM

[NlonyBbinyknocThb

Lo (5) = SlI8I7 + €3 max (0,1~ yifi(x))
i=1

Warning!
Latent SVM npuneoant K HEBLINYK/ON ONTUMU3ALNOHHONR 3aga4e. J

Q Ecnn y; = —1, 1o dynkums max(0,1 — y;fz(x;)) sbinykna no .

@ PaccmoTtpum latent SVM, B KOTOPOM BO3MOXXHO TOJIBKO OfHO CKPbITOE
3HaYeHNe OJ151 KaXKAOro nosiokuTesnbHoro obbekta. B Takom cnyyae
f3(x;) cTaHOBMTCS NIMHERHOW ANS NONOXKUTENBHOTO ObbeKTa.
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Latent SVM

© Ontumusupyem Lp(f, Z,) Ha MHOXecTBe Z, Bbibnpas, CKpbITble
3HaYEHUA TaK YTODLI OHM AABaAN MaKCUMasbHbIN OTKJINK Ha KaXkAOM
MONIOKUTENBHOM MPUMEPE Zj = arg MaX ¢ 7(y,) 3 - d(x;, z).

@ Ontumusupyem Lp(f, Z,) no nepementoii 3, pewwas Bbinykyto
3apady onpegenentyto Ha Lp(z,)(8).
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Stochastic gradient descent

Myctb zi(B) = argmax 3 - ®(x;, z), Torpa fz(x;) = 5 - P(xi, zi(B)) n
z€Z(x;)

Vip(B) =B+ C>_ h(B.x )

i=1

0 if yifs(xi) > 1

h (/B,Xi,yi) = { _yi¢(Xi7zi (/B)) otherWiSe
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Stochastic gradient descent

© [llycTb oy — 3TO CKOPOCTL 0Dy4YeHUst Ha t-OM Lwuare.
Q lyctb i — cayvalinbili 06beKT
© MNyctb z(B) = argmax 3 - O(x;, )

z€Z(x;)
Q Ecnn yifs(x) = yi (Bi - ®(xi, 2)) > Lset B:= 3 — a3
Q Wnaue B =B — a; (B8 — Cnyi®(x;, z))

A. M. F'payes (BMK MI'V ) Object Detection 26 Hosibpst 2013 r. 22 /28



Initialization and training

S7an 1. Hnymanusauns ocHOBHOro usibTpa

Input.
P = (I, B) — nonoxutensHble 06beKTbI
N — coHoBblE 0OBEKTDI

© [enum Bce 0bbeKTbI Ha M rpynn NpPUBAN3UTENBHO OAUHAKOBOrO
pasmepa P;... P,

© Ob6yyaem m paz3inyHbIX OCHOBHLIX PUNLTPOB Fi ... Fp, ucnonb3ys
0bbiuHbIi SVM
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Initialization and training

Otan 2. ObbegnHeHne KOMMOHEHT

© Ob6benuHsieM OCHOBHbIE (PUILTPLI B CMELIaHHYO Mogesnb. [Moka uTto
6e3 vacrei.

@ Obyyaemcst Ha nonHol BeIbopke

Q CKprTaﬂ nepeMEHHaA 34eCb — 3TO METKAa KJiaCCa
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Initialization and training

O7an 3. NHnymanusauns punbTpoB HacTeii

© VHnumanusmpyem HacTu KaXK4OW KOMMOHEHTbI.

© ®Pukcupyem KOAMHECTBO HacTel U pasMep st KaXKAOoW KOMMOHEHTbI
© Pacnonaraem ux, nokpbiBasi permoHbl C BbICOKOIW 3Heprueli

© MMonaraem d; = (0,0,1,1)
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Bounding box prediction

Y70 ncnonb3oBaTh B KavecTBe pMHANLHON rpaHMLbl U30bpaxeHus? )

Bapuant 1

Camelii npocToii cnocob — 3To UCNoIb30BaHME B KaYecTBe (PUHANLHON
rpaHnubl 0bbekTa KOpHeBOW hUnbTp.

BapuaHT 2

MycTb y Hac ecTb dyHkums g(z) — rpaHuLpbl BCeX 4acTeii N KOPHEBOTO
unbTpa. Takxke ecTb HacTosiwme rpaHmubl. Oby4num YeTbipe JIMHERHBIX
byHKLMN ANs NpefcKasaHns KOOPAUHAT X1, Y1, X2, Yo rpaHuL, obbekTa.
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Bounding box prediction

[0 P Felzenszwalb, D. McAllester, D. Ramanan
“Object Detection with Discriminatively Trained Part Based Models.”
— |IEEE Conference on Computer Vision and Pattern Recognition
(CVPR), 2008.

[ P Felzenszwalb, D. Huttenlocher “Distance transforms of sampled
functions”
— Cornell University CIS, Tech. Rep. 2004-1963, 2004.

[ P. Felzenszwalb, D. Huttenlocher “Pictorial structures for object
recognition”
International Journal of Computer Vision, vol. 61, no. 1, 2005.
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Bounding box prediction

@ N. Dalal and B. Triggs
“Histograms of oriented gradients for human detection”
— |IEEE Conference on Computer Vision and Pattern Recognition

(CVPR), 2005.

@ R. Girshick
“From Rigid Templates to Grammars: Object Detection with
Structured Models”
— Ph.D. dissertation, The University of Chicago, Apr. 2012
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