dH

¢

Hwxeropoackum rocyaapctBeHHbIn yHuBepcutet nm. H.U. JlobauyeBckoro

Pa3pabomka MmynbmumeOQuliHbIX MPUsIoXeHUU
¢ ucnosib3oeaHuemMm 6ubnuomek OpenCV u IPP

JTabopatopHasa paboTa
MawunHHoe obyyeHune B bubnunoteke OpenCV

Opyxkos '.H., kadbeapa maremartmnyeckou
Nnorukn n Belcwen anredpsl, dakynsret BMK



CoaepxaHue

Q Uenwn n 3agayn paboTl.
Q KpaTknn o063o0p Bo3moxxHocTen moayns ML onbnmnotekm OpenCV.
— MalunHa onopHbIX BEKTOpOB (SVM).
— JlepeBo pelueHun.
— Cny4anHbin nec.
— ['pagneHTHbIN DOYCTUHI AEPEBLEB PELLUEHNN.
Q Knactepusauyma B bubnmoteke OpenCV:
— K-means.

0 PaspaboTka npunoXxeHua Ans peweHns 3agad knaccudukaumm ¢
MOMOLLbIO PACCMOTPEHHbIX anropuTMOB.

O Pas3paboTka npunoxeHus ans peleHns 3agad Kknacrepusaumm
anroputMmom K-means.

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV



Llenn paboTbl

Q lNo3HakoMUTbCA ¢ 6a30BbIMM BO3MOXHOCTAMU Moayna ML
6nbnuoTekn KomneroTEPHOro 3peHns OpenCV.

A HayunTtbcs ncnonb3oBaTb HEKOTOPbIE anropmTMbl MalLMHHOIO
oby4eHus, peannsoBaHHble B bubnmnoteke OpenCV, ans peweHuns
3agayJ Knaccumdukaumn.

A Hayuutbca ncnonb3oBaTtb anropmTtm Knactepmsaumm K-means,
peann3oBaHHbIN B bubnnoteke OpenCV.

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV



3agauu paboTtbl (1)

A N3yuynTb npuHUMN paboTbl anropuTMOB peLLEeHNs 3adauun
Knaccuukaumu:

— MalUMHa ONopHbIX BEKTOPOB (SVM),

— JepeBO peLleHnH,

— CNnyYauHbIN Nnec.

— rpagueHTHbIN BYCTUHI AepeBbeB pPeLUEeHUN.

Q N3yunTb npuHUMnbl paboTbl anropnutMa Knacrepmnsaumnm
K-means.

Q PaccmoTpeTb NpoToTunbl PYHKUMK, peanu3yowmx 6a3oByto
dYHKUMOHANbHOCTL NepeYvYncrieHHbIX ariropuTMoB B
bnbrnmoteke OpenCV.

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV



3agayuu paboTbl (2)

0 PaspaboTtaTtb npunoxeHue onsa pelieHns 3agad
Knaccudukaumm ¢ NOMOLLbI PacCMOTPEHHbIX anropuTMOB.

0 MN3yunTb BNUAHME NapaMeTpoB PaCCMOTPEHHbIX anropuTMoB
Ha Ka4yecTBO 0Oy4yaemMon MOOENIM Ha OCHOBE MOAENbHbIX
NPUMEpPOB.

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV



KPATKUU OB30P
BO3MOXHOCTEU MOOYNA ML
EI/IEJWIOTEKI/I OPENCV
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3apadum oby4vyeHus C yyuTternem

Q X — MHOXXeCTBO O0NyCTUMbIX BXO40B (NPOCTPaHCTBO
NpPU3HaKoB).

A Y — MHOXeCTBO A40MYyCTUMbIX BbIXOO0B (LlefieBon npusHak).
a Mexay anemeHTamn X U Y cyLlecTByeT 3aBUCUMOCTD.

Q Mo gaHHbIM KOHEYHOro Habopa npumepos (NpeueaeHToB)
{(xW),yW), (x@,y@), ., (x™),y(M))} BoccTaHoBUTL faHHYO
3aBUCUMOCTb.

Q X MOXET UMETb CITOXHYIO CTPYKTYpPY, Oyaem paccmaTpuBaTthb
X = R4,

O Y = R — 3agadva BOCCTaHOBJIEHUA perpeccumn.

QY ={1,2,.., K} - 3apada knaccupumkauumm.

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV



AnNropntMbl OOy4YeHUs € yunTernem

HopmanbHbIn bainecos knaccudgukaTop
MeTtoa k onmxanwmnx cocenemn
IckyccTBEHHaa HEUPOHHAs ceTb
MawwunHa onopHbIX BeKTopoB (SVM)
HOepeBo peweHun (anroputm CART)
ByCTUHT

— Adaboost (Discrete, Real, LogitBoost, Gentle)
— NpaAneHTHbIN OYCTUHT

Q barrnHr

— CnyyvyanHbIu nec

— JKCTpemMarnbHO Cry4vanHbin nec

C OO0 0 0O O

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV



MawwuHa onopHbIX BekTopoB (SVM). Anroputm (1)

Q Npoea anroputma MmallnHbl OMOPHbIX BEKTOPOB (Support
Vector Machine, SVM) 3aknto4aeTca B NOCTPOEHUM
onTMMarnbHoOn noBepxHocTn Bh(x) + B, = 0,
npeacrasnarowen codbom rmnepnyiockoCTb B CIPSAMMSIOLLEM
npoctpaHcTBe H = h(X), pasgensioLen Toukmn x &
pPasfinyHbIX KIaccoB U3 oby4vatoLlen BbIOOPKA.

0 lMNpu aToM peluaeTcs OI'ITI/IMI/I3aLI,I/IOHHaFI 3ajaya

min — +Cz
Join - IIﬁII $i

yO(Br(x®) + Bo) =1 -, ; >0, i =1,N.

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV



MawuHa onopHbIX BekTopoB (SVM). Anroputm (2)

Q OTtobpakeHne h 3agaeTcst HeABHO C NOMOLLLIO siAapa
K(x,x") = h(x)h(x)

0 Pelatowasa dyHKUMA 3anmucbiBaeTcs B BUae
N

f(x) = sign(h(OB + o) = sign| ) iy OK(x®,x) + iy
=1

Q DOYHKUMSA 3aBUCUT OT HEKOTOPbIX Todek x () 13 obyyatoLei
BbIBOPKM, Ha3blBAEMbIX OMOPHBLIMU BEKTOPAMM.

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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SVM. Aapa (1)

Q JlnHenHoe
K(x,x) = (x,x")

Q NonnHomunanbHoe

K(x,x") = {x,x") + coef,)®edree
Q [ayccoBO unu paguanbHaa OYyHKLUS

K(x,x") = exp(—y |lx — x'||*)

a CurmomganbHoe

K(x,x") = tanh(y (x,x") + coef,)
a ...

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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| SVM. Appa (2)

Q [ns nony4YeHusa moaenu ¢ xopoluen oboobLatoLemn
CNOCODHOCTbLI BaXXHO HE TOMbKO BblIOpaTh noagxoasiiee
4p0, HO U NogodbpaTb ero napameTpsl.

\___.//"-

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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CvSVMParams

Q Onsa npeacraesneHna napametpos SVM B OpenCV
NCNOoNb3yeTcHA CTPYKTypa CvSVMParams

struct CvSVMParams

{

int svm type;
int kernel type;
double degree;
double gamma;
double coefO;
double C;

CvTermCriteria term_crit;

Y

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV



CvSVM (1)

0 dyHKUMoHan no oby4eHnto SVM 1 ee ncnonb3oBaHMIO AN

npeackasaHum CogepXXnuTca B Krnacce CvSVM:

class CvSVM : public CvStatModel

Knacc cogepXnt nepeymcrnieHna Ang sagaHusa NCrnonb3yeMou
Mogmndukaumm anroputma SVM n aoep:

enum { C_SVC=100, NU SVC=101, ONE CLASS=102,
EPS SVR=103, NU SVR=104 };

enum { LINEAR=0, POLY=1, RBF=2, SIGMOID=3 };

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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CvSVM (2)

O O6y4yeHue moagenu Npon3BoAUTCS C NMOMOLLbIO MeToda train

bool train(const Maté&
const Maté&
const Maté&
const Maté&

trainData,
responses,
varIdx=Mat (),
sampleIdx=Mat (),

CvSVMParams params=CvSVMParams () ) ;

O trainData — MaTpuua BXOOHbIX NPU3HAKOB, NOCTPOYHO

cogepxatwasa xM, x3) .
responses — MaTpuua 3Ha4YeHUN LiennieBoro npusHaka.
varIdx — MacKka UCNonb3yeMblX NPU3HAKOB.

O O

,x W),

A sampleIdx — Macka Unu nepevncrneHme NHOeKkcos
MCNOJSib3yeMbIX NMpeLeaeHToB oby4atoulen BoIOOPKM.

A params — napameTpbl SVM.

rlHl
‘L H.Hosropoga, 2013 r.

MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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CvSVM (3)

Q lNpepckasaHne SVM-moaenu nponsBoamnTCA C MOMOLLbIO
MeToda predict

float predict (const Maté& sample,
bool returnDFVal=false) const;

A sample — MaTpuua-cTpoka, cogepxallias npusHaku
KnaccudonumpyemMmom TOYKU x.

Q returnDFVal — KOHTPONUPYET TN BO3BpaALLAEMOro
3Ha4YeHUd, ecnn returnDFVal=true N peLllaeTcd 3agava
buHapHON Krnaccugukaummn, To BO3BpaLlaeTcsa 3Ha4YeHne
dyHKUMKN Y a;v; K (x;, x) + By, nHa4e BO3BpaLLlaeTcs HOMEp
Kracca.

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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SVM. NMpumep

3.2

2.4

1.6

‘L H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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HepeBo pewweHuun (1)

Q lNpocTpaHcTBO NpM3HaAKoB pa3dbuBaeTcs
Ha nNapannenenuneabl CO CTOPOHaMK, NapannesribHbIMN OCAM
KoopauHar.

O Pa3bueHune onucbiBaeTcda B BUAE AepeBa.

Q Kaxxgomy y3ny gepesa COOTBETCTBYET obnacTtb
NpoCTpaHCTBa NPU3HaKoB (B BUAe napannenenunega).

Q BHyTpeHHUM y3riam Takxe NPMCBOEHO npaBurio pasbneHus,
COOTBETCTBYHOLMX UM obniacTent. JINCToBbIM y3nam — MeTKa
Kracca, npucsanBaemMas BCEM To4kaM gaHHon obnacTtw.

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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| HepeBo pelwieHnU (2)

rIHl
‘L H.Hosropoga, 2013 r.

MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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HNepeBo peweHnn. ANroputm odyyeHus

A VMcnonb3yoTcs XXaaHble anropuMTMbl NOCTPOEHUA AepeBa
PeLLEHNN.

O B kaxxgom y3re BbINOMHAETCS NOUCK pa3bneHus,
MaKcMMarsnbHO YMeHbLUaKLWero Heo4HOPOAHOCTb
(3arpasHeHune, impurity) Todek obyyaroLen BbIOOPKU
B COOTBETCTBYHOLLEN 0DacTu.

Q Pas3buneHne nponssBoanTca Ao TexX Nop, Noka B BEPLUMNHbI
nonagaeTt 4oCTaTOYHOE KONMMYECTBO TOYEK 0Dy4atoLLen
BbIOOPKK (DOnMbLUe 3a4aHHOro 3Ha4YeHUs ), U1 0o Tex nop,
noka He OyaeT NOCTPOEHO AepeBO 3aaHHON BbICOTh
(rnyOuHbl).

Q C uenbto 60pbObI C NepeodbydeHnem, nocrie NoOCTPOEHNSA

NPUMEHSIOT Npoueaypy orcevyeHus (pruning) nogoepeBbeB.

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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CvDTreeParams

Q [Ona npeacraBneHna napamMeTpoB AepeBa pelleHuin B
OpenCV ucnonb3yeTtcqa CTpykTypa CvDTreeParams

struct CvDTreeParams
{
int max depth;
int min sample count;

int cv folds;

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV



CvDTree (1)

0 OyHKUMOHAN No oby4yeHuto AepeBa peLleHnin u ero

NCNOJIb30BaAHUIO ONA rlpe,El,CKaBaHl/lI?I COO4epXUTCHA B Kracce
CvDTree

class CvDTree : public CvStatModel

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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CvDTree (2)

O OOyyeHue mogenu NpPon3BOANTCS C MOMOLLBbIO MeToAda train

bool train(const Maté& trainData,
int tflag,
const Mat& responses,
const Maté& varIdx=Mat (),
const Mat& samplelIdx=Mat (),
const Maté& varType=Mat (),
const Mat& missingDataMask=Mat (),
CvDTreeParams params=CvDTreeParams()) ;

O trainData — MaTpuua BXOOHbIX NPU3HAKOB.

QO tflag — NPUHMMAET 3Ha4YeHne CV ROW SAMPLE, €CIM TOYKU
xW x@) . x®™) cooTBETCTBYIOT CTPOKaM MaTpuLbl trainData,
CV_COL SAMPLE — ecnu ctonouam.

0 responses — MaTpuua 3Ha4YeHUI LieneBoro npusHaka.

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV



CvDTree (3)

O varIdx — Macka Ucnosfb3yeMbliX NPU3HAKOB.
O sampleIdx — Macka unu nepevymcneHne NHOEKCOB UCNONb3yeMbIX
npeueneHToB ody4aroLlen BbIOOPKM.

QO varType — MaTtpuua pasmepa 1x(d + 1), 3agaroLiaa Tvnbl NPU3HaKOB:
nepsble d 3NeMeHTOB OTBEYaloT 3a TUM BXO4HbIX MPU3HAKOoB, NocnegHnn —

TMN uenesown nepemeHHon. [Ins yoobctea B OpenCV onpeneneHol
KOHCTaHTbl CV_ VAR ORDERED U CV_ VAR CATEGORICAL.

O missingDataMask — Macka nponyLleHHbIX 3Ha4YeHnI
O params — napameTpbl anroputmMma odbyveHus.

O [llo ymonyaHuio uenesoun NpuU3HaK CYNTaeTCs KaTeropmanbHbiM (pellaeTcs
3agadva knaccudukaummn), Bce octarnbHble NPU3HAKU — KOJSTMYECTBEHHbIE.

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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CvDTree (4)

Q I'Ipe/:lCKa3aH|/|e Npon3BOONTCA C MOMOLWbIK MeToda predict

CvDTreeNode* predict (const Mat& sample,
const Mat& missingDataMask=Mat (),

bool preprocessedInput=false) const;

d sample — MaTpuUa-cTpoka, cogepxalwiasa npusHaku
KrnaccudpmnumpyemMmom ToO4YKU x.
A missingDataMask — Macka nponyLeHHbIX 3Ha4YeHUN.

Q preprocessedInput —onpeaensaeT Nopsiaok paboTbl ¢
KaTeropmalibHbIMU Npn3HakaMn B Xo4e npencka3aHng.
O PYHKUMA BO3BpALLAET yKa3aTellb Ha CTPYKTYpY,

onucbiBatoLLyto NUcT aepesa. lNpeackasaHHoe 3HaYeHune
LileNneBOro npmuaHaka HaxogmTcsa B nore value.

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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| HepeBo peweHun. NMpumep

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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Cny4yauHbiu nec (1)

d

Q

U

OOuH 13 anropmMTMoB, OCHOBaHHbIX Ha FPYNMMPoOBKe Moaenen
(0Bby4eHun aHcambnsi).

OTHOcuTCA K KaTteropun bagging-anroputMmos, T.€. NbITAaeTCcH
CTPOUTb MHOIO HE3aBUCUMbIX MOENEWN.

Oby4yaeTcs 3agaHHOE KONMMYeCcTBO AepeEBLEB PELLEHUN.

Kaxxgoe oepeBo pelleHnn CTpouTcsa Ha MoanuumpoBaHHON
oby4atoLlen BbIboOpKe: Mo cxeme Bbibopa ¢ BO3BpaLLEHNEM
criyqamHblM 0bpasom reHepupyeTcsi HoBasi BbIDOpPKa.

[1pn NOCTPOEHUN KaXXaoro yana gepesa UCMosb3yTCA He BCe
NPU3HaKkKu: criydyanHolM 0bpa3om BblOMpaeTcs 3agaHHoe
KONM4YeCcTBO MNPU3HAaKOB.

OTceyeHune (pruning) AepeBLEB PeELLEHUN He
OCYLLIeCTBIAETCS.

H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV 27




| CnyyaunHbin nec (2)

Knaccundukauua npons3soantcd
Ha OCHOBE rosIoCoBaHUA
OepeBbeB peLleHun.

l

O

HE.
‘ lv, H.Hosropoga, 2013 r.

MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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CvRTParams

Q [Onsa npeacraBneHns napamMeTpoB Cly4YyaunHOro feca B
OpenCV uncnonb3yeTtca CTpyktypa CvRTParams

struct CvRTParams : public CvDTreeParams

{

int nactive vars;
CvTermCriteria term crit;

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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CvRTrees (1)

O OyHKUMOHAN No 0by4YeHUto cry4anHoro fneca un ero

NCNOJIb30BaAHUIO ONA rlpe,El,CKaBaHl/lI?I COO4epXUTCHA B Kracce
CvRTrees

class CvRTrees : public CvStatModel

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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CvRTrees (2)

aQ OOy4deHne moagenu NPon3BoANTCS C MOMOLLLIO MeToaa train

bool train(const Maté& trainData,
int tflag,
const Mat& responses,
const Maté& varIdx=Mat (),
const Mat& samplelIdx=Mat (),
const Maté& varType=Mat (),
const Mat& missingDataMask=Mat (),
CvRTParams params=CvRTParams()) ;

Q [MapameTpbl MeTOAA NOMHOCTbLIO aHaNOrM4YHbI NapameTpam
CvDTree: :train.

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV



CvRTrees (3)

Q I'Ipe/:lCKa3aH|/|e Npon3BOONTCA C MOMOLWbIK MeToda predict

float predict (const Maté& sample,
const Mat& missing = Mat()) const;

d sample — MaTpuya-CcTpoKa, cogeprkawaa Nnpu3Haku
KrnaccudounumpyemMmon ToOUKU x
0 missing — MacKa NponyLweHHbIX 3Ha4YeHnmn

0 dyHKUMA BO3BpaLLaeT npeacka3aHHOe 3HaYEeHMeE.

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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| CnyvyauHbin nec. NMpumep

0.6

40.5

40.4

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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(pagoneHTHbIN OYCTUHI AepeBbeB peweHun (1)

Q CTtpout moaenb B BUAe cymmbl 6a3oBbIx (cnabbix) Moaenen.

O B kayectBe 6a30BbLIX MOAENEN UCMONb3YIOTCH AEPEBLS
pPeLLEeHUN.

O HoBble cnaraemble-gepeBbs 406aABNAIOTCA B CYMMY U3
coobpaXeHui xagHomn MMHUMMN3aLUN SMIUPUYECKOTO PUCKa,
3afjaHHOTO HeKoTopoW oyHkumen noteps L(y,y") = L(y, f(x)).

Q Anroputm 6e3 cepbe3Hon MmognduKkaLmm MOXeT

npUMeHATbLCS Ans nodon andpdepeHumpyemon pyHKLNN
noTepsb.

Q Kak npasunno, ncrosnb3yrTcs AepeBbst HEOOSbLLION BbICOTHI,
OoTCeyeHme (pruning) He OCyLLECTBIAETCA.

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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(pagoneHTHbIN OYCTUHI AepeBbeB peLlieHuu (2)

BxoaHble u

MCXO4HbIE
—

LLeNeBOW NMPU3HaKKU

I

1
-
=]
+

___ i
BXoZHble MPpU3HaKK

MCXOAHbIE, LIeIEBOM
3aMeHAeTCA Ha

NnCeBaoOCTaTOK

vT: + + v Ty

!

—_ I
e I

BXoAHble MPU3HaKK
MCXOOHbIE, LLe1EBOM
3aMeHAEeTCA Ha
nces400CTaToK

rlHl
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CvGBTreesParams (1)

0 [nsa npeacraBneHns napameTpoB rpagMeHTHOro OycTuHra

nepesbeB peweHnn B OpenCV ncnonb3yeTtcsa CTPYKTypa
CvGBTreesParams

struct CvGBTreesParams

: public CvDTreeParams
{
int weak count;

int loss function type;
float subsample portion;
float shrinkage;

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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CvGBTreesParams (2)

a

a
g

rlHl
‘L H.Hosropoga, 2013 r.

loss function type — TN Ucnonb3dyemMon pyHkummn notepb. CNMcok

peann3oBaHHbIX WTPpadHbIX PYHKUMW NpeacTaBneH nepeymcrieHMeEM B
Knacce CvGBTrees.

enum {SQUARED LOSS=0, ABSOLUTE LOSS,
HUBER LOSS=3, DEVIANCE LOSS};

SQUARED LOSS, ABSOLUTE LOSS, HUBER LOSS npeaHa3HaYeHbl A
3aady BOCCTaHOBIEHUA perpeccun, DEVIANCE LOSS — And 3agad

Krnaccudpmkauymu.

weak count — KONMYECTBO ObyyaeMbIX AEPEBLEB.
shrinkage — CKOPOCTb ODy4YEeHUS.

subsample portion — 00N BbIOOPKK, UCMoNb3yemMas
Ons obyyeHust Kaxkgoro gepesa.

MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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CvGBTrees (1)

Q PyHKUMOHaN No 0by4YyeHnto Mmoaenu rpagueHTHoOro BycTmnHra
OepeBbEB pPeLleHN U ee NCNOSIb30BaHUIKO ANA npeackasaHun
COOEPXKNTCA B Knacce CvGBTrees

class CvGBTrees : public CvStatModel

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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CvGBTrees (2)

aQ OOy4deHne moagenu NPon3BoANTCS C MOMOLLLIO MeToaa train

bool train( const Maté&
int tflag,
const Maté&
const Maté&
const Maté&
const Maté&
const Maté&

CvGBTreesParams params=CvGBTreesParams(),

trainData,

responses,
varIdx=Mat (),
sampleIdx=Mat (),
varType=Mat (),
missingbDataMask=Mat (),

bool update=false );

Q [lapameTpbl MeTO4A aHanorM4Hbl napameTpam CvDTree: :train U
CvRTrees: :train. [lapameTp update PUKTUBHbBIW.

rlHl
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CvGBTrees (3)

a

Q

O

MNpeackasaHne NPon3BoaMUTCA C NMOMOLLbIO MeToaa predict

float predict (const Maté& sample,
const Mat& missing=Mat (),
const Rangeé& slice=Range::all(),
int k=-1) const;

sample — MaTpuULa-CTPOKa, coaepxallada npusHaku Krnaccmgpunumpyemou
TOYKM X.

missing — Macka nponyLeHHbIX 3Ha4YeHUN.

slice — amanasoH UCnonb3yeMblX JepPEBbLEB.

k — aKkTyaneH TonbKo Ana PyHKUMN noTepb DEVIANCE LOSS, ecnu
0 < k < K, TO QoyHKLMSA BO3BpaLLaeT CyMMY AepeBbeB A K-ro knacca.

®OyHKUMS BO3BpaLLaeT npeackasaHHoOe 3HaYeHNe.

H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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pagneHTHbIN OYCTUHI OepeBbeB PeLleHUMN.
Mpumep

H.Hoeropog, 2013 r. MawwnHHoe oby4veHne B Gubnunoteke OpenCV
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KINIACTEPU3ALUNA B
BUBJIMOTEKE OPENCV

kt/!, H.Hosropoga, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV



3agada Knacrepusauuu

O Pa3butb BbIODOPKY 0OBEKTOB, 3aaHHbIX C MOMOLLbIO UX
NMPU3HAKOBOro OnMcaHus, Ha NoAMHOXeCTBa (KrnacTepbl).

Q O6BbekTbl BHYTPM OOQHOrO Knacrtepa CXOXMW.
O OObeKTbl pasHbIX KNacTepoB CYLWECTBEHHO OTINYAKOTCA.

Q OagHnm 13 crocoboB hopmannaaunm NMOHATUS NOXOXECTU
SABMNSETCSH UCMOSIb30BaHNE PaCcCTOSAHUA MeXay ToYKaMu B
NPOCTPaHCTBE MPU3HAaKOB, T.€. OSIN3KO PacnofIOXXEHHbIE TOYKU
NOXOXWN, JaneKko — HeT.

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV

43



K-means (1)

Q lNycTb BbIDOPKA yXe pa3duta Ha K 4YacTen, T.e. KaxXaomy

0OBLEKTY x; NOCTaBMEH B COOTBETCTBME HOMeEP KnacTtepa C(i).

Q [1na KaXxaoro BblMMCNSAETCS LLEeHTP Macc
ZC(i)=t Xi

[{i: C(i) = ¢t}

Q BbinonHaeTcsa MUMHMMM3aUMA CYMMbl KBaOpaToB PacCTOSHUN
BCEX TOYEK A0 LUEHTPOB COOTBeTCTBy}OLLI,I/IX MM KNnacTepoB

mmanl me

mt:

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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K-means (2)

Q NooyepeaHo BbINONMHAEM MUHUMU3ALUMIO Mo m U C .

— [lnsa 3agaHHOro pasbneHusi BblMMCIAEM LEHTPbI
KnacTepoB.

— [1ns 3agaHHbIX LLIEHTPOB pa3brBaeM TOYKN Ha KnacTepsbl.

Q Npobnemsbl:
— He rapaHTupyem HaxoxaeHue rnobanbHOro MMHUMYyMa.
— Kak BblOupaTb Ha4vanbHoe pa3dueHne?
— Kak BbIDpaTb YNCIo KractepoB?

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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| PyHKUMAa kmeans (1)

double kmeans (InputArray data,

(]

int K,

InputOutputArray bestLabels,

TermCriteria criteria,

int attempts,

int flags,

OutputArray centers=noArray())
data — maTtpuua ¢ BblIbopkon. Kaxkaas CTpoka COOTBETCTBYET OOBLEKTY
BbIOOPKN.

K — KONU4YEeCTBO KacTepoB.
bestLabels — maTpuua, cogepxallias ansi Kaxaoro obbekta BbIbOpKu
HOMEp KrnacTtepa, K KOTOPOMY OH OTHECEH.

criteria — KPUTEPUN OCTAHOBKU NTEPALIMOHHOW Npoueaypbl.
[1To KonnyecTBy UTepauUnn UnNu No BenMYNHe CMeLLEeHNda LLeHTPOB
KracTepos.

H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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PyHKUMA kmeans (2)

0 attempts — KONMMYECTBO 3aMyCKOB anroputMa ¢ UCNOoNb30BaHUEM
pPa3nN4YHbIX Ha4YanbHbIX pa3bueHni.

O flags — onpeaensieT BUA HavarnbHOro pasbneHuns:

— KMEANS RANDOM CENTERS — LEHTPbl FeHEpUpPYITCS CrlyvarHbIM
obpasom;

— KMEANS USE INITIAL LABELS — UCMOMb3yeTcs 3afaHHOe
C NMOMOLLIbIO NapameTpa centers HavanbHoe pas3bneHue;

— KMEANS PP CENTERS — LIeHTPbl FEHEpPUPYHOTCA C NOMOLLIbIO
anroputm k-means++.

O centers — MaTpuubl LEHTPOB KIMAaCTepoB.

Q DyHKUMA BO3BpaLLaET HaUMy4yLLIMK U3 NOSTyYeHHbIX NokasaTesnien
2
komnaktHocTn Y, || — meeo ||

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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PASPABOTKA NMPUITOXEHUA
aJA PELULEHUA 3A0AYN
KJ'IACCI/ICDI/IKALI,I/II/I
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TpeboBaHUA K NPUNOXEHUIO

Q PeweHue 3agayn knaccudpukaymm c nomowbo SVM, oepesa
peLleHnn, criy4anmHoro fneca n rpagueHTHoro bycTmHra
OEPEBLEB pPeLLUEHUN.

Q Oby4yeHue BbIOpaHHOW MOAENU C 3aJaHHbLIMU NapamMeTpamu.

Q BbluncneHue owndku knaccudurkaumm Ha oby4vatroLen u
TECTOBOW BbIDOpPKaX.

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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CTpyKTypa npuUnoxeHus

Q B npegoctaBneHHOM NPOEKTE yXe peann3oBaHbl PYHKLNN:
— YTeHust HabopoB aAaHHbIX N3 YAML-cannos;

— rpaduyeckoro otobpakeHns pesysibtatoB paboThl

anropuTMOB B CIly4ae ABYMEpPHOro NpocTpaHCcTBa
NPU3HaKOB;

— obuwasa noruvka o6yqu|/|;|, TECTUPOBaAHUNA N BN3Yyarindauunun.

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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3apaHusa (1)

A Peanunaynte doyHKUMU, Bbi3biBatoLWNE anroputMbl 00y4YeHns u
npenckasaHus:

— trainSVM U getSVMPrediction
(cpann cvsvm.cpp);

— trainDTree N getDTreePrediction
(cbann cvdtree.cpp);

— trainRTrees N getRTreesPrediction
(dbawnn cvrtrees.cpp);

— trainGBTrees U getGBTreesPrediction
(dbann cvgbtrees.cpp)

A Peanusymnte yHKUMIO BbIYMCNEHUA OLLUNOKKM Kraccndumkaumm Ha
HEKOTOPOW BbIDOPKE:

- getClassificationError (dpann main.cpp).

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV



3apaHusa (2)

O [MpuMeHnTe paccMOTPEHHbIE anropuUTMbl C PasnUYHbIMU

g

O

napamMmeTpamMun K MoaesibHbIM AaHHbIM (Y>Xe pa3duTbl Ha
oOy4aloLyo 1 TECTOBYHO YacTn):

— datasetl.yml,

— dataset2.yml,

— dataset3.yml,

— dataset4.yml,

— datasetMulticlass.yml,
— datasetHighDim.yml.

*[Ana SVM peannaynte pyHKUUIO getSupportVectors (ann
CVSVM.CPppP) ANA NonyyYeHnUsa MmaTpuLbl N3 OMOPHbLIX BEKTOPOB

no obyyeHHon mogenu. Ncnonb3ymnte metoabl

get support vector count Mget support vector Krnacca
CvSVM.

H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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PASPABOTKA NMPUJTOXEHUA
anA PELLUEHUA 3AO0AYN
KJ'IACTEPI/I3ALI,I/II/I METOOOM
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CTpyKTypa npuUnoxeHus

Q lNepeMeHHble:
— points — MaTpuua 06 bEKTOB BbIOOPKM.
— labels — HOMepa KNnacTepoB 0OBHLEKTOB BbIOOPKM.
- centers — maTpuua nosly4eHHbIX LEHTPOB KNacTepos.
— K — KONUYECTBO KIacTepos.

Q B npenocrtaBneHHOM NpoOeKTe yxe peann3oBaHbl yHKLUN
BU3yanusauumn.

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV



3agaHuvs

A Hanunwnte BbI3OB PYHKUMU kmeans B dpansie main.cpp.

QO MNMpuMeHnTe paccMOTPEHHbIE anropUTMbl C Pas3fINYHbIMK
napamMmeTpamMn K MOgenbHbIM JaHHbIM:

— datasetl.yml,
— dataset2.yml,
— dataset3.yml,
— dataset4.yml.
Q lNpoaHannanpymnte nonyyeHHole pe3ynbraThl.

‘Ll' H.Hoeropog, 2013 r. MawwunHHoe obyyeHne B 6ubnmnoteke OpenCV
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ABTOPCKUN KOJNJEKTUB

Q Opyxkos [laBen Hukonaeswuy,
acnupaHT Kajpeapbl MateMaT4eCckou NIOrMK1 1 BbiCLLEW
anrebpbl gakyneteta BMK HHI'Y

druzhkov.paul@gmail.com
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