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Onwncanune 3ana4qu

BxogHble gaHHbie
Nzobpaxenue I nan Bugeo S ={I}, k=1,2,3,...

BbixoaHbie gaHHbie
{R;}, i=1,n, roe R; — orpaHu4mnsatownii
NPSIMOYTOJILHUK, 1 — YNC0 ODHaPY>XeHWiA, uin
{Outk |Ik S S} Outk = {Ri}: 1= ].,le, roe ng —
YNC/IO BblAeNEeHHbIX 0OBEKTOB Ha k-TOM Kagpe.
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3aa4m pacno3HaBaHus

Knaccudmkauns nsobparennii (ImageNET):

mite — container ship motor scooter Ieopard

14 munnunoHos nsobpakeHuii, 20 TbiCAY KIaCCOB.
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3aa4m pacno3HaBaHus

Beigenerne (nokanmsauus™ obbexTos):
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3aa4m pacno3HaBaHus
CermeHTaumsa NpeAcTaBAEHHOW CLEHbI:




[leTekTopbl 06BEKTOB

PaHHsas knaccudukauus:
— knowledge-based;
— appearance-based.

Ceifyac BbIAEINTb TP OCHOBHbLIX HanpaBIEHNS:
— Ha ocHoBe uHTerpanbHbix kaHanos (ACF/ICF);
— pedopmupyembie mogenn yacteii (DPM);

— raybokne ceepTouHble HelipoHHble ceTn (CNN).
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1 HTEMPaJibHblE KaHallbl

HeTtekTop nuy, Brnona-IyxoHca:
— PUNLTPLI Ha NPSMOYrOJIbHBIX 0bNACTsAM;
— bycTuHr cnabbix npusHakos (AdaBoost);

— Kackaj brHapHbIX KNaccudrkaTopos.

Bbigenenne 0bbekTOB CBOANTCSA K BUHAPHOI
KJaccuuKkaumm.
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1 HTEMPaJibHblE KaHallbl

Kak knaccudpukaTop ncnoab3yetcst Hernybokoe
AEPEBO PELLEHN HA OCHOBE OTKMKOB (DULTPOB Ha
VHTErpasbHOM N30DpaXkeHnu.

D B
P Rl S
®) =216, )
T 5
S=A-B-C+D
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1 HTEMPaJibHblE KaHallbl

AdaBoost:

— CTPOWT JINHEHbLIA KnaccudrukaTop us
«CNabbIx» KIaCCUMUKATOPOB;

— nociefoBaTeNbHO f0baBAsET HOBbIA (Ny4LLnii)
KJilaccmdmkaTop;

— WCMOJb3YyeT Beca ANs NpUMepoB 13 obyyvatoLuel
BbIbOpKN.
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1 HTEMPaJibHblE KaHallbl

KaCKa,EI, MO3BONAET YMEHBLUNTDb 0bbeEM BbIYNCNEHWIA:

All Sub windows

Further processing
Objec
No object | | I

Re}ected Sub- mndows
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Deformable Part Model

[Monck 0bBEKTOB C MOABUMHOW MOAENLIO YaCTENA.
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Image Root filter Part filters  Deformation
[Coarse {Fine Models
resolution) resolution)

B kauvecTBe npusnakos ncnonbsyetcs HoG.
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Deformable Part Model

lcnonb3yetca ckonb3siliee OKHO, Npy 3TOM IS
KaXKAoro KaHamaaTa:

Score(pos..py) = D 1A= Zd -def (Ax;, Ay;) +b

i=0
def(Ax, Ay) = (Ax Ay, AX?, Ay?)

d; — nacTpausaemsble Beca, Hanpumep, (0,0,1,1).
[ns Beibopa Hanbonee MOAXOASALIErO NPEACTaBIEHUS
NCMONIb3YETCs BLIDOP MaKCMMyMa.
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HelipoHHble ceTu
1960-1970: nepuenTpoH, ofHOC/OlHbIE CETH:

1,>0 wx;+b=>0
0, otherwise

-]
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HelipoHHble ceTu

1970-1990: mHorocnoiitble ceTu, BoIbop yHKLMiA
aKTMBaLWKM, MeTog 0bpaTHOro pacnpocTpaHeHus
OLLINOKMN.

1998: Yann LeCun: onncbiBaeT CBEPTOYHbIE CETU A
pacro3HaBaHUsi PYKOMUCHBIX Luddp

2009-2012: coszpaHue ImageNET, Bbicokune
nokasatenu deep cnn.
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HelipoHHble ceTu

Croxactudeckuii rpagnenTHsiii cnyck (SGD):
JE

w; — w; — 7)5
w,’

roe E — dyHkums notepb, W; — napaMeTpbl CETH.

SGD ¢ ucnonb3osaHnem mMomenTa (momentum):

OE
veyv+n5;

W; «—w; —V
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HelipoHHble ceTu

SGD:

JOE
VVi““Vi“77E§;;f
1

Perynsipnsauns (3aTyxaHue Becos):

A
EWOZEWO+§W2
OE
Wi = wy— N5 —NAw;

ow;
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CeepTo4YHast HelipOHHAsH CeTb

C 5 C S iy n;
mput feature 1 maps  feature maps feature maps feature maps output
32x31 0 28x28 x4 10x10 355
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N 1 = N \ \ \ . \ .
e 1 ——f= \
. weEH . == \ N\ \ O;:--s
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5x5 2x2 5x5 (s)
convolution \ subsampling convaluton x2 \ \ (‘} fully \

subsampling \\ connected A
feature extraction classification
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[Tpobnembr DCNN

— vanishing/exploding gradients;
— pasMep AaHHbIX U BbIbOp Mozenu;
— MHUUMAAN3auNs BECOB;

— BblbOp dyHKLUMM NoTepsb.
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[lBu>xeHne K BblAeNeHNto 0D bEKTOB:

KiaccudpmKkaums n3obparkeHnii, «boratoie»
NpU3HaKU;

BHELLIHSSI reHepaLust runoTes 1 KnaccuukaTop;
KaCKaZHbIl HElipOCeTEBON KIacCUUKaTop:;

HelipoceTeBoli renepatop runotes (RPN);
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Def-pooling layer

DPM moxHo npeactasuts B Buge CNN.

- e
. J
' i
def __ party ., . T d;d;
Fp - dl»,djg{l—e}{),(...,R}{Fp [pl + dup] + d]] apdp }

To ecTb, oby4yaem MaTpuubl WTpadoB 1 KX Beca.
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Region-based CNN

R-CNN: Regzons thh CNN features

aeroplane" no.
\
4
> person‘7 yes.
|

1. Input 2. Extract region 3. Compute 4. Classify
image proposals (~2k) CNN features regions

[eHepauns runoTes Yepes BHELWHWA anropuTMm:
selective search, edgeboxes.
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Spartial Pyramid Pooling

fully-connected layers (fcg, fc;)

fixed-length representation

e I —
Y 16x256-d 4 4x256-d "56-d

i MY

~

spatial pyramid pooling layer

feature maps of convs
(arbitrary size)
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Spartial Pyramid Pooling

R-CNN: 2000 nets on 1 image SPPnet: 1 net on 1 image

feature feature
feature feature
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Fast R-CNN

Outputs: beX
softmax FEERESEa

Rol = EC

Rol feature
vector

For each Rol

lcnonb3yeTcs BHewHNi reHepaTop rnnoTes.
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Faster R-CNN

| 2k scores I | 4k coordinates | «pmm  kanchorboxes
cls layer ‘ t reg layer .
| 256-d |
t intermediate layer

sliding window

conv feature map

CoBmecTHOe 0byyeHmne knaccrudurkaTopa v
renepatopa runotes (RPN). 26/31



KackagHble HelipoceTy

Kackag 13 nocnefoBaTeNbHOCTU HEAPOHHBIX CeTel
napamu: buHapHbIli KnaccuukaTop 1 Kaaubpyrouas
ceTb (n3obpaxenus 12x12, 24x24, 48x48)

Pa3mep n cnoxHocTb ceTeli BO3pacTaeT;
KNacCUUKaTopbl 0OTOPACLIBAtOT YaCTb NMPUMEPOB.
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Knaccundpukatop

12-net
: Input Convolutional Max-pooling Fully-connected Label .
v Image layer layer layer cle :
3 channelz 16 3x3 filtere  3x3 kernel 16 outputs 2 clagees !
. 12x12 stride 1 gtride 2 face / non-face
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KannbpaTop

12-calibration-net

X Input Convolutional Max-pooling Fully-connected

' Image layer layer layer Labels
: 3 channelz 16 3x3 filters  3x3 kernel 128 outputs 46 claszes
. 12x12 stride 1 stride 2

29/31



OTpenbHble NHTEPECHbIE TEMbI:
— residual learning, ResNet, FractalNet;
— adversarial examples;
— weakly supervised learning;
— data-dependent initialization;
— difficulty control, self-paced learning.
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PazpabaTbiBaeMble TeMbI

— MpeAcTaBfeHNe Kackada U3 CloeB ceTu ¢ bbox
KakK AaHHbIMU;

— WCMNONb30BaHNe rNobaNbLHOrO KOHTEKCTA CLUEHDbI
ONA YNpaBaeHNA CBEPTKAMU,

— HenosHas pa3MeTKa ANS BblAeNeHUs NtoLeN Ha
Kamepax;

— pPa3BUTNE UCNOJSIb30BAHNA HENOCPEACTBEHHOIO
KOHTEKCTa.
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