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2016

CasyeHko AHgpen Bnagummuposuy

CTapluvi Hay4HbIW coTpyoHuK: HIY BLUS B HikHem Hosropoae / NlaGopatopus anropuTMos 1
TEXHOMOMIn aHanuaa ceTeBblX CTPYKTYP

Mpodpeccop: HANY BLUS B HuxkHem Hoeropoge / ®akynereT MHopMaTUKL, MaTemMaTuki 1 KOMMBTEPHbLIX
Hayk / Kacheapa MHOPMaUMOHHBIX CUCTEM WU TEXHOMOMMIA

Havan pabomams e HHY BIII e 2008 200y.
HayuHo-nedazozuveckuil cmaxc: 10 aem.

L GITETTEEE N ERTTITEN MMpenogaBaHune My6nukauwm v uccnegoesaHna OnbIT pabothl Mpoyee

B HoBOCTAX

O6paszoBaHune, y4EHbIE CTEMEHU U YUYEHBIE 3BAHUS

Joktop TexHudeckux Hayk: TOY BIMNO Huxeropodckuii rocygapcTBeHHbIN TEXHUHECKUIA
yHuBepcuTeT UMm. P. E. Anekceesa, crieumansHocTb 05.13.01 «CUcTeMHbIM aHanua, ynpasneHue un
obpaboTka uHhopmaummy», Tema gucceptaumn: MeTogbl Knaccuukaumm ayamosnsyarnbHOM
WHoPMaUMKY Ha OCHOBE NOCerMeHTHOro aHanusa oAHOPoAHOCTH
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s tc © ddafty: Avww i se.rulsraff/avsavchenko

BnageHue A3blKaMu

aHIMUACKUIA

KoHTakThbI

TenedoH:
8(831) 4169800

OneKkTpoHHas novTa:
avsavchenko@hse.ru

Agpec: r. Hmkrnia Hoeropog, b.
Mevepckas yn., 4. 25/12, kab. 301
Bpemsa npucyTcTBUA: B
3aBMCHMMOCTM OT pacnucaHus
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(https://nnov.hse.ru/bipm/amd/)

At omf sL dzOdz®@fy W slsscEtcOW d W dgYBasdsHOj f.SHH j oy OdzO Gt
ltejLdH]dESO A HEZY BsiH' n HEBCIststtse dzOEC
AtomfsL dz0sOdzdj tojyd o MdMmlsj &30n cEtdzsmMsesets Iz
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Altsdz hdj HOdedz j. SCUWWjCldoe dzOv € dzOMMmdW¥ dsSoydw
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SPRINGER BRIEFS IN OPTIMIZATION

TN
E1N, :ﬂ?’g;},

Andrey V. Savchenko

Search
Techniques

in Intelligent
Classification

T

Pattern Recognition
Letiers

T

L B L

@ Springer
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Samsung-PDMI Al Center (https://samsung.pdmi.ras.ru)

Deep Learning research at Steklov Institute, St. Petersburg, Russia 1 tc s | Uslsr Preference Prediction in Visual Data
1 e h * ¢ 'Y ¢ ho 'Y c o TE

Home Projects Publications  Staff < < * .

N
N
Staff 4 I I ™
Sergey Nikolenko Andrey Savchenko () walki
alkin
Laboratory Head Senior Researcher 9 Baseball
) \ Figure Japanesy
Elena Tutubalina Alexandr Rassadin
Researcher Researcher ) / \
[ ] J_ J_
Ukulele Beauty
Valentin Malykh Ekaterina Arkhangelskaya
Researcher Researcher
) Travel Japaney
N N
Anton Alekseev Ivan Grechikhin J_
) Researcher Researcher Drone Golf
Lego Drama/
7
J
6
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https://www.mathworks.com/help/wavelet/examples/denoising-signals-and-
images.html

TMPA School 2018 Kostroma il 8



t OMf sL dzZOo OdzdJ dL 5B OY J dzd 2

(a) Siberian husky (b) Eskimo dog
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building  grass tree cow sheep
classes

bicycle = flower SIEN bird book chair
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cat body boat




[ isjSdsoaOdzdj B©BI jClises dzO dL sBteOY j dad W

person

‘nerson

motorcycle
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Classification Instance

Classification /' " . .., Object Detection Segmentation

CAT. DOG. DUCK  CAT, DOG, DUCK
P N )
e s ~
Single object Multiple objects

https://leonardoaraujosantos.gitbooks.io/artificial-
|nteI|ence/content/object localization_and_detection.html
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Somewhat related to the image

A person riding a A skateboarder does a trick A dog is juping catch a
motorcycle on a dirt road. on a ramp. frisbee.

A refrigerator filled with lots of

A little girl in a pink hat is
blowing bubbles. food and dilake:

Two hockey players are fighting
over the puck.

A group of young people
playing a game of frisbee.

A yellow school bus parked in
a parking lot.

A red motorcycle parked on the
side of the road.
Tel |

A close up of a calaylng
AShow and

on a couch.

A herd of elephants walking
across a dry grass field.

http://arxivorg/ abs/ 1411. 4555
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Kumar et al, TPAMI, 2011
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Anger 0.02838
Contempt 0.01186
Disgust  0.00047
Fear 0.09209
Happiness 0.00659
Neutral 011634
Sadness  0.00001
Surprise  0.74426

“positive” “neutral” “negative”

TMPA School 2018 Kostroma i
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{ Mdztso dzts?2 d dzMmis tc z d3j dzls

Intel 1922

./‘D )
w KomnaHus

9 HosI6ps 2016 B 14:52

Itseez, psaxkabl Intel Company

MNporpammuposBaHne™®, ObpaboTka usobpaxeHnin™*, bnor komnaHum Intel

- Open Source Computer Vision Library

- BSD license

- C++, C, Python, Java

- Windows, Linux, Mac OS, iOS and Android

TMPA School 2018 Kostroma = 21
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Image via Wikipedia
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Solem ¢Programming Computer Vision
with Pythone

r__ ! ! /
OpenCV: cvtColor() Y’ = 0.299R' +0.587G’ + 0.114B

Y' =0.2126R' + 0.7152G’ + 0.0722B'

TMPA School 2018 Kostroma i 23
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Ponce ¢Computer vision: models, learning and inferencee
OpenCV: normalize()

TMPA School 2018 Kostroma i 24



PRy
;

SRAIN
f= ? \\r;
In LdMssctcOBBO fsdzklssdtsosets L BBtLOY j dzd W

30000

25000

20000

15000

10000

5000

(]!~ =
0 50 100 150 200 250 300

OpenCV: calcHist() Muhammad ¢OpenCV Android Programming By Exampleé
____TMPA School 2018 Kostroma 25



Il T tcOQodzd o Odzd J ¢ hjshptydsrcegual dzdiin)

1
I J
e =)  dlpi; — k]
i=1 j=1
L = 2?:1 hy
IJ

Tij = Kcp,,

Cumulative Proportion

Ki 50 fd BOdz dzts j
d dzls j dzf d o dzts fiy Is P56

90

0

0 255

Gray level intensity

OpenCV: equalizeHist() Ponce ¢Computer vision: models, learning and inferencee
26



[ i HdOdedzr 2 W ddz' Isto

OpenCV: medianBlur() Muhammad ¢OpenCV Android Programming By Examplee
____TMPASchool 2018 Kostoma_______________
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J ddz 2 dzOW W@ IstE@OWwt®] tcdzr 2 Mdc dzOdz

g 9 J telsdoivol(tion)
s=3i(t-a) K(@) .,

0.6

0.8

0.6
0.4

0.2

os | Kernel

Stotsiffptots j dzw ..l
s(t)=za:I(t+a)-K(a)

0.0
02| Input

-0.4
0.3

-0.6

Qutput Of Convolution

=-0.6

-1.0
5 10 15 20

Ketkar i D e egarningwithPy t hon o
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Input Values
X B7 | B8 | B9
Filters
http://intellabs.github.io/RiverTrail/tutorial/ Output
OpenCV: filter2D() DLI-Teaching-Kit
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m2 + n2
202

f(m,n) = exp {—

2mro?

Ponce ¢Computer vision: models, learning and inferencee

OpenCV: GaussianBlur()
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G—k)2+G -0 |fG3) — flkD)]? o 2k f(R Dw(i, 5, kD)
T_T) 9(6,7) = Do w(i, g k1)

w(t, j, k,1) = exp (—

Domain kernel Range kernel

OpenCV: bilateralFilter() Wikipedia
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{ OmMh dtoj daeflfn J dedj J S Isdy OCtr sdj
(Dilation) (Erosion) (Opening) (Closing)

* 1 37

Szeliski ¢cComputer Vision: Algorithms and Applicationsée

OpenCV:
erode(),
dilate(),
morphologyEx() /MORPH_OPEN, MORPH_CLOSE

TMPA School 2018 Kostroma B 32
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LR

Iil:j1 +Ii0,j0 _I’ilafio _I":O:jl — (A+B+C+D)+A_(A+C)_(A+B) =D

Ponce ¢cComputer vision: models, learning and inferencee

TMPA School 2018 Kostroma




[ sC Odzt dz" §

8 d dzO tc dzocgl Bina® Pattesrdz’ LBR)

199

129

4
177

0

https://habrahabr.ru/post/280888/

Uniform patterni ydmdzs fm O
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) ted 3j t6'0:0111100¢@,
cl11111dgaeriialil

Non-uniforms patterns

0 BB]JHC{dZWBISﬁ]W 9 BHq
1284+32+8=168 ¢10100000e d ¢0101
LBPpg
o % g
o= o= = 9|
e P ™ J \,
7 \ { y f X
I 2 b it :
et .\o e o’ .\. S
Nelg0"
(P=8L=10) (P=12,R=15) (P=16,R=20)

Ponce ¢Computer vision: models, learning and inferencee
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I T ydmdzj dedj fjteor n HtesdL otsHdZ A

C).

PR M
’, «1“ ‘»"' ‘ |
ATV WY

Original image Prewitt (vertical) Prewitt (horizontal)

Ponce ¢cComputer vision: models, learning and inferencee
36



\/ Isster | ftosdLoHdy j. Add lstc [ Of zOMO.

Original image Laplacian
-1 0
-1

0

Laplacian of Gaussian Difference of Gaussians

2 1

LoG(z;0) = (5 — 2)\G(x;
OpenCV: Laplacian(), 0G(z;0) = (3 — —)G(z;0)
filter2D

TMPA School 2018 Kostroma
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Ponce ¢cComputer vision: models, learning and inferencee
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OpenCV: getGaborFilter()

TMPA School 2018 Kostroma
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f)Non-maximal suppression:

Fectsdz € 9 Offals A Is, M

90 ,135 }) , O &

d dzd d3j dz' M j1dE2s

fdSmddzy?2 (]

CGtcOHdj dzskz

9 8 O { EHejSAZ'O) { ¢

orhj BOS M d30Od

CtcOMmaize pdz! BB dzd B3O dz! dzts G 5

h) Hysteresis thresholdingi ey Bjdz' j HdSMjdzd d Mmew L Odadz |

OpenCV: Canny() Ponce ¢Computer vision: models, learning and inferencee
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Interest points

.......

Muhammad ¢OpenCV Android Programming By Exampleée
___ TMPASchool 2018 Kostoma 41



rjlsjClste kcdss

Image structure tensor

i+D  j+D 0
Sy= Y E:“%”himm Mégm cii = AAa — k(A2 + A2) = det[Si;] — & - trace[Si]

m=i—D n=j—D

Vi, 1 B818€ dzd € d

dz' Istets o

tedL Bdzls Odz! dz" =/
telsd € Odz! dz" =~ Yy«
sdL otsHAz =~

mn?

)\1 3 Az small

— O @ 2= T

q
s
J

te

R I A o

- = ——

s A1, Ag large
Ponce ¢cComputer vision: models, learning and inferencee
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OpenCV: cornerHarris()
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Muhammad ¢OpenCV Android Programming By Exampleée

FastFeatureDetector ()
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Muhammad ¢OpenCV Android Programming By Exampleée
44



SIFTH j Is jJ Y®c@&delinvariant Feature Transform)

1. 1 5dMydeOoddry { CMmiste) B3O dzdaz’ <izmld B dzsMls -
Btsdz! M j/ d3j dz' BI3R3adlfPHAtsfgy HJ 2)

2.l teso JC O EmMdzsod?2 HJjIs] Clsstc® mOteted MO

3.1 smMstesjdzdj] G dMmMlssctcOBRBAE tsted j dzglsOYydd ctcOH
sCtcj Mis daSPledaf ¢ (s BEOBOH ZMtse) d o' Btste tSH dzs G

o cdmlstsctcOdd,]

O.pen CV: Ponce ¢Computer vision: models, learning and inferenceé
SiftFeatureDetector ()
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