250 OTTEHKOB CEpPOro

(kopoTKO 0 pacno3HaBaHUU OOpa3oB)

BoromonoB AHTOH




test lenna image

NeHa Cénepbepr

L. Sooblom. Swedish accent. Playboy, 11:135-141, 1972
https://rb.ru/opinion/istoriva-pervoj-ledi-interneta/



https://rb.ru/opinion/istoriya-pervoj-ledi-interneta/

TpyAHOCTM aHanu3a nsoopaxeHnu
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MOHOXPOMHbIE U300paXXeHNa — ABYMEPHbLIN MacCUB YnCen y 4 )

3eneHbin Y KpacHbl



Pacno3HaBaHue obpa3oB

Pacno3HaBaHne o06pa3oB — OTHECEHME WCXOAHbIX [OaHHbIX K ONpedeneHHoOMYy Kraccy C
MOMOLLIbIO BblAENEHNS CYyLLECTBEHHbIX MPU3HAKOB U CBOWCTB

Knacc — MHOXXeCcTBO 0OBbEKTOB, MetoLL e obLne CBOMCTBA.

Knaccudmkauma — npouenypa NpUHATUS pPeLLeHUst O NPUHAANEXHOCTM o0bekTa K OAHOMY U3
KINacCcoB COrMacHO N3MEPEHMUIO OTNIMYUTENBHbLIX MPU3HAKOB (XapaKTepPMUCTUK) oObekTa

KoLuka
[NTnua
BbluncneHue
Knaccmndgoumkaums
NpU3HaKoB 0ObEKTa
MCXO,EI,HOE M306pa)KEHMe Ix. Ty, P. l'oHcanec MpuHumnel pacno3HaBaHusa obpasos. 1978

J1. Wanupo, x CtomaH. KomnbtoTepHoe 3peHue. 2005
M3ob6paxeHue - https://bit.ly/2mbYa30



TpyQHOCTM aHanu3a n3oopaxeHnmn

N30b6pakeHne ogHuX 1 Tex e 00beKTOB MOTyT CUITbHO PasnuyaTbCs NPy pasHbIX YCITOBUSAX.

dopma 06bEKTOB [BuxeHne



TpyAHOCTM aHanu3a nsoopaxeHnu

l/l306pa>|<eH|/|e OOHUX N TEX e 0OBLEKTOB MOTYT CJIbHO pa3iindaTtbCA Npwn pa3HblX yYCI1OBUAX.

®oH [lepekpbiTHe

BHyTpI/IKJ'IaCCOBaFI M3MEHYNBOCTb



OcobeHHOCTN pacno3HaBaHUA OOBLEKTOB YeNTOBEKOM

w bonbLoe KonnyecTeBo NpMMepPoB OQHOrO Kracca
(boraTbln ONbIT pacno3HaBaHUS)

KoOHTEeKCT

Camonet? Her, BUg, 4/3 KPYKKY
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Please protect the water resources to save the JOHN ALL
environment

Video source: Team Coco, https://www.youtube.com/watch?v=UT7h4nRcW






KapuoTtunupoBaHue

[NAa aHann3a KapnoTuna YenoBekKa - 3TO OTHECEHMUE
XPOMOCOMbI K 0AHOMY 13 25 KnaccoB (22 ayTocombl,
NO/10Bble XPOMOCOMbI M K/acc BbIbpocoB)

‘ ManHep n gp. KomnnekcHasa gnarHocTMka XpoOMOCOMHOM NaTonornm —
invdup (13 or 14 or 15 or 21 or 22) JepuBaTa XpOMOCOMbI 4 U Mario CBEPXYNCIIEHHOW MapKepPHOM
xpomocowmsl. // Meg. NeHeTuka 2017



O6wan cxema aHann3a n3oopaxeHNm XpoMoCcoMm

[ [MpenobpaboTka ] E> [ Cermenraums ] E> [ "oacuer ]E>[ Knaccudukaymsa ]
n3obpaxeHus XapakTePUCTUK

Nair R. M., Remya R. S., Sabeena K. Karyotyping
techniques of chromosomes: a survey // International
Journal of Computer Trends and Technology. 2015



Tvnbl NPU3HaKoB OO BLEKTOB

[ [Mpn3Hakn 0OBHLEKTOB ]

I
v v

[ [leckpmnTopbl rpaHuy ] [ [eckpuntopbl obnacteu ]

- Dypbe AeckpunTopbl I ) 1

-  KpuBu3Ha

- CurHaTypa [ LiBeT ] [eomeTpuyeckune

- LlenHo# koA XapaKTepUCTUKM

- (Tat. xapakTepucTuky [ TekcTypa - TMCTOrPaMMa MHTEHCMBHOCTM

| - CTAT. XapaKTepPUCTUKN -naowanb
-KOMMNAKTHOCTb
1 1 1 -4mncno slinepa

-ckenet

[ CraTtunyeckue ] [ CTpPYKTYypHble ] [CﬂeKTpaﬂbele]

- rmcrorpamma MUHTEHCNMBHOCTHU - CDypbe AECKPUNTOPDLI

P. MoHcanec, P. Byg Undposas o6paboTka nsobpaxexumin 2005



[ [Tpn3HaKn 06BLEKTOB ]

! }

[eomeTpuyeckme OcoBeHHOCTb [ Liger ]
XapPaKTEepPUCTUKN pacnpegeneHme 63HO0B

- [nnHa xpomocombl

- LleHTpomepHbIN MHAOEKC > $ A
-

Length of

the short

- arm
Centromere —y» Wl i

a Total chromosome
length

.

Pravina V.A. Survey on techniques used for M-FISH image segmentation for classification of chromosomes // Middle-East Journal of Scientific Research. 2015.
MoHoxpomMHoe n3obpaxeHue: Cho A Hierarchical Artificial Neural Network Model for Giemsa-Stained Human Chromosome Classification 2007



[NogrotoBKa K BblYMCIEeHUIO npodguna 6aHA0B

MNocTpoenne MocTpoeHue
cepeanHHou NnHnn nepneHanKynspoB K
XPOMOCOMBI cepeauHHOM NUHUN
BPY4HYIO

baHp - Y4aCTOK XPOMOCOMb, OTJ'IVI‘-I3I-OU.I,MVICFI no
MHTEHCUBHOCTU OKPaWNBaAHUA OT COCEAHUX

CepeguHHasna (UeHTpanbHaA) IMHUA - NpeacTaBAseT
cobon reomeTpmn4eckoe MecTo TOYEK NAOCKOCTH,
PaBHOYAANEHHbIX OT rPaHULbl 06beKTa

N300paxeHus:

Khan et al. Robust Band Profile Extraction Using Constrained Nonparametric Machine-Learning Technique // IEEE TRANSACTIONS ON BIOMEDICAL ENGINEERING, 2010

Sethakulvichai et al. Estimation of Band Level Resolutions of Human Chromosome Images // JCSSE 2012



Npodunu nnotHocTn, chopmbl N 63HAOB

Mpodunb NNOTHOCTH —+— Grignal Poe_
(density profile)

P(y) = (Z;;:lgi) /n,

g- UHTEHCMBHOCTb CUTHANA B TOYKE i
N- KOIMYECTBO TOYEK B NepneHaAnKynape

Intensity
3 B

8

Chromosome length

NMpodunb cpopmbl (shape profile) — konnyectso nukcenei B

nepneHankynspe
—> [1pochunb 63HA0B (band profile) 5 i
N(y) = [P(y — 1), P(y), Py + 1)]; 1L - .
DIFMAX = MAX[N(y)] — P(y); E
= |:| L .
DIFMIN = P(y) — MIN[N(y)]; @
i L 1
P(y)+ DIFMAX £ DIFMAX < DIFMIN
ID(y) = NF[P(y)]= pIeRiN
Py-—=x [DIFMIN < DIFMAX 200 2 30 a0 50 &0 70 8 90 10 110

Chromosome length

Sethakulvichai et al. Estimation of Band Level Resolutions of Human Chromosome Images // JCSSE 2012
Wang et al. A rule-based computer scheme for centromere identification and polarity assignment of metaphase chromosomes // Computer methods and programs in biomedicine. 2008



[eomeTpuyeckKkmne xapakTepucTuku

OnuHa XPOMOCOMBbI — KOJIMM4eCTBO TOYEK B Cepe,D,MHHOVI JINHUN (O6b|‘-IHO pacCcMaTpuBaeTCA OTHOCUTESIbHAA
OINnHa paccMaTpmBaeTCAd Kak OTHOWEHE AJTIMHbI AEJTEHHOE Ha O6Ll.l,yl-0 O1MNMHY XPOMOCOM )

LleHTpoMepHbIN MHAEKC — OTHOLLEHME KOPOTKOro nreya K obuen AfMHbl XpOMOCOMbI

T A
Length of
' the short

arm

v

Total chromosome
length

Centromere »




[Touck ueHTpomMmepbl

AHanus3 KpUBU3HbLI NMouck Ha ocHOBe
rpaHnubl npodgpunsa cpopmbl

B

MeToa npoekuun

&

.

|

-

Mohammadi 2014 Wang et al. 2008 Moradi et al. 2003

Wang et al. A rule-based computer scheme for centromere identification and polarity assignment of metaphase chromosomes // Computer methods and programs in biomedicine. 2008
Mohammadi M. R. Accurate localization of chromosome centromere based on concave points //Journal of medical signals and sensors. — 2012
Moradi M., Setarehdan S. K., Ghaffari S. R. Automatic locating the centromere on human chromosome pictures //16th IEEE Symposium Computer-Based Medical Systems, 2003.



MpuHuun conyopecueHTHOM rMbpunamnsaumm in situ (FISH)

N

co3gaHue
OHK-npoOGbl

77

aeTekuus
meyeHon OHK

rubpuaunsaumus in situ
(FISH)

OHK-npobbl - MmeyeHHble dparmeHTbl OHK

PucyHok cgenaH Ha ocHoBaHun ctaTbu [Wippold, Perry, 2007]



Moy 2
™ ™Y I

OTKypa AononHUTeNbHbIN
XPOMOCOMHbIN MaTtepuan?

OtBeT gaet FISH




IBapguaTnyetbipexuBeTHaa FISH

24-uBeTHas FISH — kombnHaTopHoe medeHune, npu kotopom [HK-npobbl MeETATCA HE OOQHUM
driyopoxpomMmom, a ux KomonHaumen.

McTouHnk naobpaxeHuin: Anderson R. Multiplex Fluorescence in situ Hybridization (M-FISH) 2010



LiBeToBas uHpopmauus

- VIHTEHCMBHOCTb cuUrHana Kaykaoro otaensHoro doriyopoxpoma B nNuKcene

n3obpaxxeHms

- CpegHasa MHTEHCUMBHOCTbL CUrHamna Kagoro oTaesisHoro priyopoxpoma B

NnMKcenax oobekTa

- CTaH,EI,apTHOG OTKIMOHEHUE UHTEHCUBHOCTWN CUTHAl1a Ka>Ka0ro otaesribHoro

dnyopoxpoma B NnKcensix oobekTa



MeToabl Knaccudukaumm

OGOy4yeHuMe no nogooduto - MeToabl, NCNOMNbL3YHOLKWE NPUBNMXEHNE N PaCcCTOSIHNE
-memo0 briuxautuwezao coceda
-MemoO0 OropPHbIX BEKMOPOB8

CtaTuctnyeckue Mmetoabl — OCHOBAHbI Ha BbIYUCITIEHNN BEPOSATHOCTU NPUHAANEXHOCTU Knaccy
-batiecosckuu Knaccugbukamop

HenpoHHbIe ceTn



OOy4yeHuMe No NnogoobUIo - Tbl TO, HA YTO MOXOX

OOG1BLEeKT = BEKTOP NMPU3HAKOB (TOYKa B MPOCTPaHCTBE NPU3HAKOB)

3afadya NocTpouTb peLuaroLyo PyHKUMIO, KOTopada Nno 3aJaHHOMY BEKTOPY AaBara OTBET KOMY
NpPUHAONEXUT OObEKT




OOy4yeHue no nogobmIo

. MeToAdbl ONMXauwunx coceneu
MeTtopg 6nuxanwmx coceaen — O0ObLEKT
OTHOCUTCS K TOMY Knaccy, KOTOpoMy

npuHagnexar bnumxanime K Hemy oO0beKTbI
oby4atouen BbIOOPKN.

MeTop k-Onumxauwmnx cocenem -
Kraccuuumnpyetca nytem HaxoxgeHus k-
brnvkanmnx cocegen, KoTopble Nocrne 3Toro
FOSTIOCYIOT.
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OOy4yeHuMe No nogoobuID. MmeToa ONMOPHbLIX BEKTOPOB

\ ® ®
MeToa ONOpPHbLIX BEKTOPOB — BbIONpPAETCs NIIOCKOCTb, AN . °
KOTOopas MakCUMM3npyeT 3a3op M/ay Habopamu gaHHbIX. \\ ® . ot
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Ctatuctnyeckme metoanl. banecoBckumn knaccudumkartop

P(Mpu3Hak 1| Knacc A)P(Mpu3Hak 2| Knacc A)...P(knacc A)
P(Mpwu3nak 1)P(MpusHak 2)

P(knacc A | NMpusHak 1,MpusHak 2 ...) =



Moaenb HenpoHa (MepuenTpoH )

Henoput
—
TENO
Bxon 1 Bec]  KNETKM AKCOH
Bxop 2 1 —
Bec 2 Buixopn
ﬂ —
Bxon n Becn

H=) BxogBec



MHoOrocrnovHblie HeMPOHHbLIE CeTU

BxogHown cnow CKpbITbIW Crnou BbixogHow crnown



Anroputm obpaTHOro pacrnpocTpaHeHus OoLnOKU
F\\\\\\\\\\\\,///”//////T = [MpenckasaHHoe Oxnpgaemoe

B 3HayeHune =~  3HayeHune

BecoBoii BeKTOp, 1a0LIUA
W, MHUHHMMAJIBbHYI OIIHOKY



ToyHOCTb Knaccucdunkaumm Ha G-oKpalleHHbIX N300paXXeHnsAX

Mehdi, Setarehdan, 2008; Lerner, 1995

100- 98% Goienetxea et al., 2012 Somasundaram et al., 2018
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To4yHOCTb Knaccudpukaumm Ha MFISH nsobpaxeHusx

Schwartzkopf et al., 2005

92- 91.9%
° == Sampat et al., 2005
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Kpatkas ncropma HempoHHbIX ceTen

Anroputm obpaTHOro

MNepuenTtpoH
pacrnpocTpaHeHns OLNOKK

[myBokoe oby4yeHune

1969 MepeobyyeHune

MapsuH MuHckmt n Cenmyp
MNennept



Y10 nuameHunocs ¢ 90-x rogos?

y
YTO M3MEeHUNochb ? //////// MaciTab

g YBENUUUNNCH BbIYUCNNTENBHBIE MOLLIHOCTU

BonbLloe KonM4ecTBO pa3mMeyeHHbIX JaHHbIX

‘Instagram

Y




HeunpoHHble ceTn — BO3BpaLleHne

I M dn G E N ET - 6a3bl AaHHbIX aHHOTUPOBAHHbLIX N306paXxeHui

C 2010 roga Begétcsa npoekt ILSVRC (ImageNet Large Scale
Visual Recognition Challenge — KamnaHnusa no

ImageNet Classification with Deep Convolutional

Neural Networks LUMpOKomacLTabHomy pacno3HaBaHuio obpasos B ImageNet) —
CopeBHOBaHMe B knaccmudukaumm n pacno3HaBaHnm 0ObEKTOB U
Alex Krizhevsky Ilya Sutskever Geoffrey E. Hinton CL'.eH B 6a3e D.aHHbIX ImageNet
University of Toronto University of Toronto University of Toronto

kriz@cs.utoronto.ca 1lya@cs.utoronto.ca hinton@cs.utoronto.ca

B 2012 rogy nobeguna HeMpoHHas ceTb SuperVision
Abstract

We trained a large, deep convolutional neural network to classify the 1.2 million
high-resolution images in the ImageNet LSVRC-2010 contest into the 1000 dif-
ferent classes. On the test data, we achieved top-1 and top-5 error rates of 37.5%
and 17.0% which is considerably better than the previous state-of-the-art. The
neural network, which has 60 million parameters and 650,000 neurons, consists
of five convolutional layers, some of which are followed by max-pooling layers,
and three fully-connected layers with a final 1000-way softmax. To make train-
ing faster, we used non-saturating neurons and a very efficient GPU implemen-
tation of the convolution operation. To reduce overfitting in the fully-connected
layers we employed a recently-developed regularization method called “dropout™
that proved to be very effective. We also entered a variant of this model in the
ILSVRC-2012 competition and achieved a winning top-5 test error rate of 15.3%,
compared to 26.2% achieved by the second-best entry.

Krizhevsky A., Sutskever I., Hinton G. E. Imagenet classification with deep convolutional neural networks //Advances in neural information processing systems. — 2012
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Krizhevsky A., Sutskever I., Hinton G. E. Imagenet classification with deep convolutional neural networks //Advances in neural information processing systems. — 2012



Pacno3HaBaHue N1y HEMPOHHbLIMU CETAMMU

Labeled face in the wild — 13 000 ¢doTorpadpum
TOYHOCTbL pacno3HaBaHUA

99.2%
ObpesaHHble n3obpaxeHna— 97.53%

Deepface - 97.35 (Taigman et al., 2014)

99.15 (Sun Y. et al., 2014)

http://vis-www.cs.umass.edu/lfw/

Huang G. B. et al. Labeled faces in the wild: A database forstudying face recognition in unconstrained environments. — 2008.
Taigman Y. et al. Deepface: Closing the gap to human-level performance in face verification //Proceedings of the IEEE

conference on computer vision and pattern recognition. — 2014
Sun Y., Wang X., Tang X. Deep learning face representation from predicting 10,000 classes //Proceedings of the IEEE

conference on computer vision and pattern recognition. — 2014


http://vis-www.cs.umass.edu/lfw/

TeHAEHUMSA B MAaLLMHHOM OOYy4YeHUM

(11

Mbi He onuckieaem aneopumm peweHus 3adaqu u rpouedypy ee
8bIrnoriHeHuUs. Mbi cmasum 3adady u rpednazaem mawuHe camou
Hay4YumbCs ee pewame. 5y

CebpaHT A.1O., OMpeKkTop N0 MapPKETUHTY
CepBMNCOB KOMMaHUN «AHOEKC»

Jlekumsa CebpaHTt A.FO. KTo ByaeT yuntb komnbioTepbl yuntbea // JKH-2017



Gatys et al., A Neural Algorithm of Artistic Style 2015



