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AHHOTauun

OnHOM 13 BaXKHBIX YACTHBIX 33/1a4 MALIMHHOTO 3PCHHS SBIISCTCS
3ajaya pacro3HaBaHHWs OOBCKTOB Ha H300paKeHHsX. 3axaya
COCTOMT B  ONpPEACNICHHH, SIBISCTCS JIM  NPEAbSBICHHOEC
n300pakeHne M300paKeHHeM HHTepecyromero Hac obobekra. K
3ajaye PACMO3HABAHUS CBOJAATCS 3aJaudl  OOHapyXeHUsl H
JIOKJIM3alM OOBEKTOB: OOHApy)KEHHE pPAKOBBIX KJIETOK Ha
CHHMKaX C MHKPOCKOIA, OOHApyXCHHE IMEIICXOA0B  HIIH
aBTOMAIIMH B CHUCTEMax BHICO HAOIIOJNCHHS, M, yXKE CTaBIIas
KJIaCCHYECKOM, 3ajaya [OHMCKAa  YeNOBEYCCKMX  JIHI Ha
H300paKCHHSX. Iocnennue HCCIIeIOBaHUS HOKa3aJlu
3¢ (eKTHBHOCTH 00yYaeMbIX METO/OB JUIS PCIICHUS JaHHOM
3ajaud. B crarthe paccMaTpHBAIOTCS  Pa3MYHbIE  METOJBI
KI1acCU(PUKAIUU c 00yueHHeM o MpereICHTaM,
NPUMCHSIIOIIMECST K 3a/Ja4e paclo3HaBaHHs OOBEKTOB Ha
n300pakeHusX. [IpOBOANTCSI CpaBHEHHE, W aHAIN3 NPHYUH TEX
WITH MHBIX [T0Ka3aTeneil paboThl paCCMOTPEHHBIX METOJIOB.

Knrouesvie cnosa: pacnosnasanue 06veKmos Ha U300padlCeHusx,
Kaaccugpuxayus, obyuenue no npeyeoeHmam, MawuHa ONOPHbIX
8eKmMopos, ycunenue crabuvix kraccuguxamopos, SNoW.

1. BBEOEHUE

OpHOIT U3 BaXKHBIX YaCTHBIX 33724 MAMIMHHOTO 3PEHUS SBISETCS
3aJjaya pacro3HaBaHUs OOBEKTOB Ha H300pakKeHUsAX. 3azada
COCTOMT B ONpPEAENCHHH, SBISETCS JU TPEABbSIBICHHOE
n3o0pakeHne W300pakKeHHEM HHTepecylolmero Hac oobekra. K
3ajadye pAcIo3HABaHUS CBOAATCA 3amadud  OOHApYXKCHUS U
JOKaIM3alul OOBEKTOB: OOHApY)KCHHE pAKOBBIX KIETOK Ha
CHUMKaxXx C MHKDPOCKONa, OOHapyXKeHHE IICIIEXOJ0B HIN
aBTOMAIlMH B CHCTEMax BHJIEO HAONIOACHMS, W YXKE CTaBIIas
KIACCHYECKOH, 3afadya IIOMCKa YeIOBEUECKMX JIMI  Ha
n3o0paxeHusx. Pacmo3HaBaHue OOBEKTOB SBISETCSA, B 0OLIEM
cIy4ae, HEKOPPEKTHO  IIOCTaBICHHOW  3ajgadeil  (JIerKo
MPEACTaBUTh JABAa OOBEKTa pPa3HOH MNPHUPOABI, OAUHAKOBO
BBITVBAIINX Ha m3o0paxeHun). HecMoTps Ha TO, 9TO 4elmoBEeK
3a4acTyl0 C JETKOCTBIO CIpaBIIE€TCS € O3TOM 3amaued, s
BBIYHMCIUTENIFHOM  CHCTEMBI  Takas 3ajada  I[PEACTABIACT
CIIOKHOCT.

MOXHO BBIACTUTh TPU OCHOBHBIX moaxona [1] Huxke k ee
pelieHuto:

1. DBpucrunyeckue meroasl [2][3]:

a. Hoanas IBPUCTHYECKASA MO/ €JIb. DKcnepToM
COCTaBIISICTCS HAOOP MPaBWII, OMHCHIBAIONINX H300paXKCHUE
00beKkTa  (CTPOUTCS ~ MOJENB), COTJAaCHO  KOTOPBIM

MIPOU3BOAUTHCA 06Hapy)KeHI/Ie;

b. Ilouck XapakTepHbIX HWHBAPHAHTHBIX IPU3HAKOB.
OBPUCTUYECKN OIHUCHIBAIOTCA HE H300pa’KCHHE HCKOMOTO

o0beKkTa B II€JIOM, a €ro XapakTepHble IMPH3HAKH,
WHBapUAaHTHbIC OTHOCUTEJBHO BO3MOXHBIX HCKaKCHUH
(M3MeHeHne OCBEIeHUs], TIOBOPOT, MacIITAOMPOBaHYeE);

2. Merton cpaBHeHus ¢ madaoHoM. CocTaBisieTcs MaOIoH IS

U300paKeHHs BCEro OOBEKTa MM €ro XapaKTepHBIX
HOpU3HAaKoB.  Taxke  BBOAWTCS ~ (YHKIMSA  IIPOBEPKH
COOTBETCTBHS;

3. Mertoapl ¢ o0y4yeHHEeM 1O mpenegeHTaMm. Mozens
aBTOMAaTHYECKH CTPOHUTCS Ha OCHOBe Habopa H300pakeHHH
00BEKTa, COCTABICHHBIX 3apaHee M3 BO3MOXKHBIX BXOJHBIX
JaHHBIX cucTembl [6][12][19][26].

1.1 3BpucTUUYeCKHne MeToAabl

JlaHHBIC METOMBI SIBJSIFOTCS HCTOPUYECKH CaMBIMH pPaHHUMH,
MMCHHO OHHM TPUMCHSINCh B CaMbIX IEPBBIX CHCTEMax
MalIMHHOTO 3peHus. CHUCTeMbl, OCHOBAaHHbIC Ha dBPUCTHUKE, ObLIH
JOCTaTOYHO MPOCTHI B peann3anuy ¥ padoTaau C BBICOKOM
CKOPOCTBIO, OJIHAKO IKECTKO 3alporpaMMHUpPOBaHHBEIC IPaBHIIA
JMIIATA CHCTeMy T'MOKOCTM M ycrolumBoctu. Kak mpaswuio,
IBPUCTHYECKUE CHUCTEMBl OpPHEHTHUPOBAHBI HAa OTHOCHTEIIBHO
y3kuid  kmacc 3amad.  Hampumep, Kakoe-To — XapakTepHOe
OCBEILIEHHE, PaKypC, OTPAaHMYECHHBI Kjacc W300pakeHUi He
SBISIOIMUXCS 00BeKTOM © T.JO. Ha »3Tom Kkiacce 3amad
IBPUCTHYECKUE CHCTEMBI MOTYT JIOCTHUIaTh BBICOKOTO YpPOBHS
TOYHOCTH W HH3KOH 4acTOTHI COOEB, HO NPH ITOM OUYEHB ILIOXO
HOAJAIOTCS OOOOLICHUIO ¥ IPAKTUUECKH HE IPHUMEHUMBI IS
00BEKTOB MHOI MPUPOJIBI, YeM M3HAYAJIbHbIC. IHBAPHAHTHOCTD K
HPOCTPAHCTBEHHBIM IPE0OPA30BAaHUsIM U OCBEIICHUIO 3aBHCUT OT
KadecTBa IMOJ00paHHOI BpUCTUKH. J{aHHBIH HOAXOI AOITyCKaeT
peanu3anuio B peaabHoM Bpemenu [30][31][32].

1.2 MeTopA cpaBHEHMA C LWABNOHOM

Orto Oojnee yHUBEpCAJIbHBIA MMOIXON, B CMBICIE 000OIICHHS Ha
IpyTUe BUIBI 00BEKTa, OJHAKO TPeOYeT HATHIHE BEChMa TOYHOTO
mabiona n3o0paxeHnus oobekra. [11abmoH MOKET OBITH CI0KHOM
CTPYKTYpOi H  JONMyCKaTh pasziW4yHble JIedopManud U
npeoOpa3oBaHus, TAKMM 00pa3oM, CIIOCOOCTBYSI HHBAPHAHTHOCTH
CHUCTEMBl K TPOCTPAHCTBEHHBIM HCKAXCHUSIM H300paKCHUS
00beKTa M U3MCHCHHSM OCBEIIEHHOCTH. CHCTEMBI, OCHOBAHHBIC
Ha CpaBHEHHE C IIA0JIOHOM, 3a4acTyl0 WCIONB3YIOTCS JUIS
pelieHus 3aJad  OTCICKHMBaHHS OOBEKTOB B  BHUIEO C
MHUIHAAIN3AIHEH Ha IEpPBOM KaJIpe — JI0 Havasla paboThl CHCTEMBI
CyIIecTBYeT oOmIasi MoJeNb mablioHa, P WHUIHATU3AINN OHA
YTOYHSICTCS U KOPPEKTUPYETCS BO BpeMs pabOThI CHCTEMBI.

ITpu xoporo 3agaHHOM IIAGJIOHE JOCTUTAETCs BEICOKAsi TOYHOCTD
U OYeHb HU3KUH ypoBeHb cOoeB. IHBapuaHTHOCTH K
MPOCTPAHCTBEHHBIM HCKQKEHUSIM U HM3MEHEHMIO OCBELICHHS
3aBHCUT OT CJIOXHOCTH IIa0iioHa. JIaHHBIM MOIXOJ HOMyCKaeT
peanu3anuio B peaJbHOM BPEMEHHU.



1.3 MeToabl c 06y4eHUeM no npeueneHTam

Orto Haubosee oOmMiA MoaAX0/. 3a71a4a pacro3HaBaHUS 0OBEKTOB
Ha M300pakeHnue CBOJUTCS K 3ajade KiaccHPUKauuu U 1t Heé
MIPUMEHSIETCS. XOpOLIO pa3paboTaHHBIH MaTeMAaTHYECKUH anmapaT
MOCTPOeHUsT Mozenu (oO0ydeHHs) IO TpeleneHTaM. Mogenb
CTPOUTHCSI aBTOMAaTHYECKH IO 3apaHee cOOpaHHOMY Habopy
MIPELEACHTOB - U300paKEHHH, TSI KOTOPBIX U3BECTHO, SIBJISIFOTCS
M OHM M300pakeHHMsMHM OObekTa win HeT. HaOmonenueM, B
JAHHOM CIly4ae, SIBJISICTCS HEKOTOPBIH «BEKTOp IPU3HAKOBY,
MONYyYSHHBI M3  HCXOZHOTO  W300paKEHHsT  HEKOTOPBIM
npeobpa3oBaHUEM, 0TOOPaXKAIOIIMM HU300paKEeHUS B
[POCTPAHCTBO JeWCTBUTENBHBIX BEKTOPOB. I'nnotesa,
MoJJIekKaIasi IMPOBEPKE - MPUHAJICKHOCTh H300paXKEHHS K
KJ1accy M300paXCHUIT HCKOMOTO 00BEKTA.

TakuM 00pa3oM, cHUcTeMa pacragaeTcsi Ha JBa MOAYJISL: MOZYJIb
npeoOpazoBaHusl W300paKEHUs] B BEKTOpP MPU3HAKOB M MOAYJb
Kinaccupukanuy. 3agadeid MoAyJs IMpeoOpa3oBaHUS SIBISETCS
HanOojee  TONHOE W  WMHPOPMATHBHOE  MpPEACTAaBIICHHE
n300paXKeHUsI B BUAE YHMCIOBOTO BEKTOpa. 3amadeld MomyJis
KJ1acCH(HUKALMY SBIISIETCS NIPOBEPKA TUIIOTE3bI IPHHAICKHOCTH
n300pakeHUsT KiIacCcy H300pakeHni O00bEeKTa Ha OCHOBAaHHHU
HaOJIOACHHUS, KOTOPHIM SBIISETCS BEKTOP MPU3HAKOB.

Moaynp TmpeoOpa3oBaHHs M MOJIYJIb KIaCCH(DUKAIMH TECHO
cBsi3aHbl. [1aBHAs 11e1b MOIYJIS NPeoOpa3oBaHuUs — IPECTaBUTh
n3obpaxxenue B QopMe Hambonee YIOOHOW Ui MOMYJIS
knaccupukanuud. OCHOBHBIC TpPeOOBAaHUS, MPEIABABIICMBIC K
MOZYJIIO TpeoOpa3oBaHUs: CKOPOCTh, Hauboiee IOJHOE |
WHPOPMATHBHOE TMPEACTABICHUE IaHHBIX, MAaCIITAaOUPYyEeMOCTh
(npeobpa3oBaHe KOPPEKTHO PabOTaeT ¢ M300paKCHUEM pa3HbIX
pa3MepoB, pa3MEpHOCTh BEKTOpa IPHU3HAKOB HE MEHSETCS).
Taxke sBISIETCS  JKENATCIBHOM  MHBAPUAHTHOCTH  MOJYJIS
npeobpazoBaHusi K JaehopManusM M MPOCTPAHCTBCHHBIM
HCKaXKeHHsIM oObekTa. HecMmoTps Ha BaXHOCTH MeTona
npeoOpa3oBaHus, €ro MoJAPOOHOE PACCMOTPEHUE BBIXOAUT 3a
paMKH 3TOi paboTHI.

2. METOObl KINACCU®UKALIMM C OBYYEHUEM
NO NPELUEOEHTAM

Ilenbio 0030pa sBISETCS IPOAHAIM3UPOBATH CYIIECTBYIOIINE
METOABl KiIaccH(UKamUKM C OOydeHHEeM TI0 TIpelelCHTaM,
OpUMEHHMbIE K  33jaue  paclo3HaBaHUs  OOBEKTOB  Ha
n3o0paxkeHusx. JlaHHBIe MeTOOBI BBIOPAHBI K PAaCCMOTPEHHIO,
BBHIY HX OOIIHOCTH M MHOroOOCHIAIONINX pE3yJbTaTOB B
pEATbHBIX CHCTEMAX.

BHauane OyneT npuBenecHa MaTeMaTHYCCKas MOCTAHOBKA 3a71a4H,
omnpeJelieHbl 0a30BbIC MOHATHS U BBeJIcHA HoTarwus. [lanee OyayT
ClCTaHbl ~ HEKOTOpPBIC  OOIIME  3aMEYaHHUs, COOTHOCSIIHE
MaTeMaTHYECKYyI0  TOCTAaHOBKY  3aJaud  C  MPAKTUYCCKOU
peanuzanueit cuctembl. DOpMyIMPOBKAa KPUTEPHEB CPaBHCHHS
pa3In4HBIX METOAOB Oyner mnpuBeneHa B cekuuu 2.3. 3atem
MOCJICyeT OCHOBHAS YacTh 0030pa.

2.1 dopmanbHaa NOCTaHOBKA 3agaum,
onpeageneHusd n HotTauusa

OnumeM (QOpMabHYIO TIOCTAaHOBKY 3afaddl Ui MOMYJIS
Ki1acCH(HUKALMK U BBEIEM HOTALHIO.

n
BekTop mnpu3zHakoB X € X c R" - smnstercs ormcanmem
00BEKTa, KOTOPOE IMOCTABIIICTCS MOJYJIEM IIPEOOPa30OBaHMUS.

Kaaccom  Oynem  Ha3pIBath

K, =feX|y' =y

ye YcZ - wmnoxecrso MapKepoB  KJaccoB, Oyaem

HEKOTOPOE IIOAMHOXECTBO

MHOXecTBa X .  Ilycts

paccMaTpuBaTh Cciy4ail OWHapHOW KiacCH(pHUKAalWU, TO €CTb
Y= {— 1,+1}. ITpuMeHHUTENPHO K 3aJa4e pacro3HABaHUS

00BEKTOB HOJpPa3yMeBaeTCs JiBa BapHUAHTa — M300paKEHUE eCTh
n300pakeHHe HCKOMOTO O0OBEKTa MM H300pakeHHE ecTh

Jpyroro. X—2>Y -

0T06pa)KeHI/Ie, OHpeZ[eJ'IéHHOG g Bcex X € X, 3aaro1Iece

H300paKeHUEe  4ero-imoo
pasGuenne X Ha noaMuHoxectBa K » - Muoxecrsa K b

B006H.Ie TOBOpsi, MOT'YT IEPECCKATbhCA. HpI/I‘{I/IHa BO3MOXKXHOCTH
nepeceyeHuss KJacCoB, 3aKIOYacTCcad B TOM, UYTO BEKTOD
NPU3HAKOB €CTh BCETO JIMIIb OIMMCAHUC 06'I>CKT8., a He caM O0BEeKT
— OIUCAaHHE MOXKET OBITh HETOYHBIM U A ABYX pPa3HbIX
00BEKTOB OIMUCAHUS MOT'YT COBIIaJlaTh.

OOyuaromeit BbIGOpPKOW HaspiBacTcs Habop map (Habop

MPELEICHTOB) T:(xl,yl ),...,(xl,y,), IS KOTOPBIX

y* (xi) =) = l,l , TO €CTh 3TO M3BECTHAs HHpOPMAIHA 00

orobpaxennn X —L Y.

ﬂﬂﬂ MPUMCHCHUS aJITOPUTMOB KHaCCI/Iq)I/IKaL[I/II/I " paClio3HaBaHUs
06pa3013 NPpUHUMACTCA ClIEAYyIolias runoTe3a:

Iunote3a: Muoxecteo X X Y smmsercs BEPOSTHOCTHBIM
MIPOCTPAHCTBOM C  BEPOSTHOCTHOM MepoﬁP . Ilpeuenentsl

()Cl,y1 ),...,(xl,y,) MOSIBJISIIOTCS CIyyallHO M HE3aBUCUMO B
COOTBETCTBHUH C pactpesienenuem P .
3agaua KkaaccHUKAMH — TIOCTPOUTH OyHKImIO F (x),

*
KJaccu(ukarop, TIPUOTMKAIONIY IO oToOpakeHNe vy,

OCHOBBIBAsICh Ha 00y4Yaromiell BEIOOpKe (xl >V ),..., (x 1>V )

BBenéM HECKOIIBKO TOTOJIHUTENBHBIX ONPEIeIICHUIH:
IMIUPUYECKUM

P (F (x)#y| (x, y) el ), TO €CTh BEPOATHOCTH HEBEPHOMH

paboTel  kiaccupukaTopa Ui BEKTOPOB  MNPU3HAKOB U3
o0yyaroIei BHIOOPKH.

PUCKOM Oynem Ha3bIBaTh

OO0ummM puckoM OyzieM Ha3bIBATH P(F(x) Yy ‘ X e X), TO

€CTb BEpPOSATHOCTh TOTO, YTO Kiaccudukarop omubercs Ha
JAHHBIX, HE BXOAMBILINX B 00y4alollyto BeIOOPKY. [IoHATHO, uTO
OCHOBHOH ILIe/bI0 IIPU IOCTPOCHUM KiaccH(HUKaTOpa SBISETCS
MHMHMMH3aLMsd MMEHHO obmero pucka. Tak Kak Ha MIpsAMYIO
BBIUHCIIUTh BEJINYMHY OOILEr0 PUCKA HEBO3MOXKHO, VIS IPOBEPKU
KadyecTBa KJIacCU(UKATOpa HCIOIB3YeTCs] OLCHKAa OLIMOKM Ha
KOHTPOJILHOW BBIOOPKE, KOTOPasi COCTOMT U3 IPELEICHTOB, He

BXOIIMX B  oOywaromyro  BbIOOpKy.  [oBopsT,  4TO
KJ1accuuKaTop obnazmaer Xopolei o0o0maromeit
CIHOCOOHOCTBIO, ccau Tpu  OOydeHHH  KIacCH(PHKATOP

95G(GEKTHBHO yMEHbIIAET OOWMIA PHCK, OLEHEHHBIA Ha
KOHTPOJIBHOW BBIOOpKE.

OOyyeHue WM TPEHHPOBKA — TIIPOLECC  IOCTPOCHUS

K1accu(UKaTOpa 0 TPEHHPOBOUHOI BEIGOpKe 1 .



T'0BOPAT, YTO AJITOPUTM IOCTPOCHHS CKIIOHEH K IepeodyueHuIo,
€caM TpU MHUHUMH3ALMH SMIMPUYECKOTO PUCKA, OOLIMHA pHCK
HauMHAeT BoO3pacTaTb. OJTOT (EHOMEH CBs3aH C TEM, YTO
KI1acCU(UKATOp HAYMHACT 0000IIaTh IPH3HAKNA CBOHCTBEHHBIE HE
JaHHBIM B IIJIOM, KOHKPETHO IpeleAeHTaM U3 olydaromieil
BoIOOpkH.  [lepeoOydeHHIO  CHOCOOCTBYET  HEBBIIIOJHCHHE
HPHUHATOI THIIOTE3bI, IyMm, BBICOKAs CJIO)KHOCTb
KIaccupuuupyomeil GpyHKIun (BbICOKast pa3MepHOCTh BarmHuka-
Yepsonenkuca [16]).

2.2 OO6OLiune 3ameyaHus

Jns nanpHeHIIero u3nokeHus, TpeOyeTcss caenaTh HECKOJIBKO
3aMevaHHH, CBSI3BIBAIOIINX MPaKTUIECKYIO 3amaqy
pacro3HaBaHHs OOBEKTOB Ha H300PAKEHHSIX U TEOPETHYECKYIO
MOCTaHOBKY 3a/1aul 00y4eHHUs MO MpeleJeHTaM.

OOyuaromasi BBIOOpKa, OCHOBAa Oyaymiero KiaccugukaTopa,
COCTaBIISICTCSl Pa3pabdOTUMKAMM CHCTEMBI. B He€ moinkHBI BOMTH
IIpUMepBl H300pa’keHUH, ¢ KOTOPHIMU OyzneT paboTaTh cHCTeMa.
BaxHo, 4T0OBI BEIOOpKAa MaKCHMaJbHO OTBEYaja THUIIOTE3E O
CITyJ9alfHOCTH 1 HE3aBHCHMOCTH TIPELEICHTOB.

OOyueHHe B peajbHBIX CHUCTEMaX MOXKET 3aHUMATh HECKOJIBKO
JIECSITKOB, @ MHOTZA M COTEH, yacoB. TakuMm o0pasoMm, B ciiydae
CKJIOHHOCTH  KjaccuukaTopa K 1mepeoOydyeHuIo, TOHKas
HACTpOWKa MapaMeTpoB OOY4YEHHS MOXKET CHJIBHO 3aMEIJIHTh
Hpolece pa3padoOTKH CUCTEMBI.

3a COCTaBJICHUC BEKTOpa IPU3HAKOB OTBCYACT MOIYJIb
HpeO6pa30BaHI/I$I, HOIIpO6H0€ pPacCMOTPEHUC KOTOPOI'0O BBIXOAUT
3a paMKHu paGOTBI, OJIHaKO Tpe6yeTc;1 OTMETUTHL HCKOTOPLIC
CBOﬁCTBa, pUucCymue BCEM npe06pa3OBaH14$1M, UCIOJIb3YIOIHUMCSL
Ha IIpaKTHUKE:

e BaxHoe CBOICTBO BEKTOpa IPU3HAKOB — €r0 Pa3MEpHOCTh
3a4acTyr0 MHOTO OOJIbILE, YeM pa3Mep o0ydaromui BEIOOPKH

[ << 1, 1o ects 3aaa mwI0X0 06YCIOBNCHA;

e BxomHoe wm300pakeHHE MOXKET OBITH 3alIyMJIEHO H, Kak
CIIEACTBHE, OyAyT 3allyMIICHBI BEKTOPHI IPU3HAKOB, OJHAKO,
XapakTep ITyMa B BEKTOpax NPH3HAKOB OyJeT HEW3BECTEH,
T.K. IIyM TOe MpOIIET depe3 MOayIIb MpeoOpa3oBaHus;

° HeCMOTpSI Ha TO, YTO BEKTOP IMPU3HAKOB COCTABJIACTCS TaKUM
06pa30M, YTOOBI MAKCUMAJILHO TOJIHO OIUCATh O6’I>€KT, MOryT
BO3HHUKATh Cliy4dau, KOrja Ajisd pas3jaIndHbIX 00BEKTOB BCKTOPLI
MIPU3HAKOB 6yIIyT OYeHb OJIU3KH WIIH BOO6H.[C UACHTUYHBL.

2.3 Kputepuu cpaBHEHUA anropuTtMoB
Knaccudpukaumm

Jns  panpHeiimero u3noXeHHs TpeOyeTcs BBECTH UETKHE
KPUTEPHH CPaBHEHUs MeTooB Kiaccudukanuu. CpaBHEHUE
MIPe/IaraeTcs MPOBOIUTH 10 CIETYIOIUM KPUTEPUSIM:

1. Ommbku TEpBOro © BTOPOrO poOJAa HA KOHTPOJBHBIX
BBIOOpDKAaX B  3ajlauax  paclOo3HaBaHHs OOBEKTOB  Ha
HU300paKCHUSX;

2. YCTOWYHMBOCTD K IIyMY;
3. CKIOHHOCTb K NepeO0yICHHIO;
4. BbluucaHTEIbHAS CIIOKHOCTD M CKOPOCTH PEAIbHBIX CHCTEM.

YucneHnsie JaHHBIC, KOTOPLIC 6yIIyT HNPUBOAUTBCS HUIKE, B3SATHI
u3 Hy6HHKaHHﬁ aBTOPOB COOTBETCTBYIOIIUX CUCTEM n
HE3aBUCHUMBIX 0630p0B. Bcee CUCTEMBbI OPUCHTHUPOBAHDBL
KOHKPCTHO Ha 3aja4dy pacrno3HaBaHHUA JIUL, OAHAKO, NOIIyCKaroT

MpUMEHEHHe K 3a]adaM pacro3HaBaHus JIOOBIX  JPYTHX
00BEKTOB.

2.4 BawnecoBckue metToabl Knaccudukaumm

IIpyHIMI MaKCHMyMa aNoOCTEPHOPHOH BepoOsITHOCTH [5]
OCHOBBIBAaeTCS Ha TPEX TUIOTE3aX:

X XY sBusercs

IIPOCTPAHCTBOM C BepOSITHOCTHOﬁ MepOﬁP . HpeHeZ[eHTI)I

1. MHoOXecTBO BEPOSITHOCTHBIM

(x 12N ),..., (x 1V ) TOSIBJISIFOTCSL CITy4aifHO ¥ HE3aBUCUMO

B COOTBETCTBUMU C pACIIPCACICHUEM P 5

2. W3BecTHBI TUIOTHOCTH pacnpeneneHus KJIacCOB

p, (x) = p(x | Ky ),y €Y, wuaswiBaembie byHKIMAMU
MPaBIONOA00uS;
3. U3BecTHBI BEpPOATHOCTH MOSBIEHUS OOBEKTOB KaXKIOro M3

KJ1accoB Py =P (K ¥ ),y eY , Ha3pIBACMbIC aNPUOPHBIMU

BEPOATHOCTAMMU.

IIpy nDpuHATMH [aHHBIX THIOTE3  pEIIAalomiee  MPaBHIIO
3aIICHIBACTCS B AHATNTUYECKOM BHJIE:

F(x) = argmax P(Ky | x) =argmax p, (x)Py
ye ye
®opmyaa 2.1. lpunyun maxcumyma anocmepuopHou
6EPOSIMHOCMU.

JlokazaHo [5], 4To Takoil BEIOOp pEIIAOIIECro MpaBHiia SBIISCTCS
ONTHMAJIBHBIM C TOYKH 3PEHHs MHUHHMMH3AIMH OOILIEro pHCKa.
Pazpenstomas noBepXHOCTh B JAHHOM ClIy4ae HE UMEET KaKoii-
160 YETKOU reOMeTPHYECKON CTPYKTYPHI.

OcHoBHas mpobJsieMa, 3aKJIIOYaeTCsl B TOM, YTO Ha IpaKTHKE
TUNOTE3Ll 2 ¥ 3 IOYTH HUKOrAA HE BHIIOIHSAIOTCH. IlombITKM
OILICHUTH 3TU (YHKIUH PACTPEACICHUS MO 00ydaroieil BHIOOpKE
MOIJIM Obl MPHUBECTH K HEKOTOPOMY pe3yJbTaTy, €CId Obl HE
wioxas OOYCIOBICHHOCTh 3aJaud, KOTOpas MPUBOAUT K
BBIPOXICHHBIM PEIICHUSIM.

CyIlecTByIOT ~ CHUCTEMBI oOHapy KeHHUs O00BEKTOB  Ha
H300paKeHHUsIX OCHOBaHHbIC Ha «HAUBHOM» baiiecoBCKOM MeToze
[33]. MHauHblif  METOJ  OCHOBBIBaeTCI Ha  MOCTPOSHUH
SMIIMPUYECKON  IUIOTHOCTH  PACIpelesieHUs]  BEpOSTHOCTEH
KJIacCoB IO oOyuyaromieil BBIOOpKE B IPEINOJIOKEHUH O
HE3aBHCHMOCTH KOMIIOHCHTOB BEKTOPA MPU3HAKOB.

IpobGnema cnaboii 00yCIOBIEHHOCTH pelIaeTcs 3a cYeT BbIOopa
KOMIIAKTHOTO TIPEICTAaBJICHHUS BEKTOpPAa IPHU3HAKOB. JlaHHBIH
NOAXOJX  SBJISETCS  aNlNpOKCHMAaIMeil MeToja MaKcHuMyMa
arnloCTEpPHOPHOM  BEPOSATHOCTH M TI0ITOMY He obiagaer
OINITHMAaJIBHOCTBIO C TOYKH 3pEHHsI 00Liero pucka. MeToJ o4eHb
CHJIBHO 3aBHUCHT OT BbIOOpa MOAyJsl mpeoOpa3oBaHus, OOBIYHO
NpU3HAKAMU SIBIISIIOTCSL JIOCTATOYHO CJIOXKHBIE XapaKTEPUCTUKH
n300paxxeHuss 00beKTa HHTEpeca, MoJ0UpaeMble IBPHCTHIECKH.

IpakTHyeckue pe3yIbTaThl CIeAYIONHE:

1. B 3amaue pacnosHaBaHus Ml npuMepHo 91% BepHbIX
obHapy>xeHuii 1 nopsiaka 0.2% JoxHbIX cpabateiBanuii [1];



2. Anropurm TIOCTPOCHHUSA «HAUBHOT'0» BaiiecoBckoro
KJIacCU(UKATOPa CKIIOHEH K Mepeo0yICHUIO;
3. Anroputm TIOCTPOCHHUSA «HAUBHOI'0» BaiiecoBckoro

Knaccn(bHKaTopa YYBCTBUTCJICH K IIYyMY, T.K. OCHOBBLIBAC€TCs
Ha SMIIUPUYICCKUX (1)yHKI_[I/I$[X IIJIOTHOCTH pacCIIpeaCICHUS

4. CxopocTh paboThl caMoro KiraccupukaTopa KpaifHe BBICOKa,
OCHOBHOE BpeMsl MOXET 3aHHMaTh BBIUNCIEHHE BEKTOPA
MIPU3HAKOB.

BaiiecoBckne cerm (cetu aoBepusi) [7] — 3To moaxon K
KIacCU(pUKAalUK, OCHOBAaHHBIA Ha cOBMeIIeHHH baliecoBCKOro
nmoaxona u teopun rpados. CTpoutbes rpad, Kaxnas BepIINHA
KOTOPOTO COOTBETCTBYET KAKOW-THOO KOMIIOHEHTE BEKTOpa
MPU3HAKOB, OyTW 0003HAYAIOT HPHIMHHO-CICICTBEHHYIO CBS3b.
IMoctpoenne cetn MOXeT OBITH OCYIIECTBICHO aBTOMATHIECKH 3a
CYeT aHaNn3a KOPPeIsIUI KOMIOHEHT BEKTOpa MPU3HAKOB.

Taxoi#t moxxox He TpeOyeT CTOJIb CHIBHBIX MPEANOIOKCHUH, KaK
MIPUHIUI MAKCUMyMa alloCTePHOPHOH BEPOSTHOCTH, OJHAKO U HE
o0y1aiaeT TEOPETHYECKON IPHUBIEKATENbHOCTBIO, TO €CTh HPH
OTCYTCTBUM aNPHOPHBIX JaHHBIX MOCTPOCHHAs CeTh He OynaeT
JIOCTaBIISATh MHHIMYM OOIIEMY PHCKY.

ITnoxast 00yCIOBICHHOCTD, TEM HE MEHEe, SBISCTCS MPOOIeMOn 1
s OaifecoBckoil ceTd, T.K. OONbIIas pPa3MEPHOCTH BEKTOPa
NPU3HAKOB AeaeT rpad) CBs3el 0UYCHb CIOKHBIM I HOCTPOCHHS
U aHauM3a. TakkKe CHIBHO BO3pACTAaeT  BBIYHCIUTEIbHAS
ciokHOocTh. OJIHUM M3 BapHaHTOB PEIICHUs NaHHOH HpoOIeMbl
SIBJISICTCS COKPAILCHHE Pa3MEPHOCTH BEKTOpa IIPU3HAKOB, YTO
MIPUBOIUT K yXYIIIECHUIO 0000IIAroIeii CHOCOOHOCTH.

IIpuMeHHUTENPHO K 33jade pacro3HaBaHUS OOBEKTOB Ha
n300paxkeHusx OaiiecCOBCKHE CETH HAIOT CICAYIOLINE PE3yIbTaThl

[6]:

1. 90% npaBunbHEIX 00HapyskeHui npu 0.4% ommboK BTOPOTO
pola 1uis 3a1a4u pacro3HaBaHus ju [1];

2. VYTBepxkmaercs, uro OalecOBCKHE CETH  JOCTaTOYHO
YyBCTBUTENBHEI K IIymy[8], omHako Oonee TiIyOOKHX
HCCIIeJOBAHUI 3TOr0 BOIPOCA HE IPOBOMIIOCH;

3. VTBepKaaeTcs, 9TO METOJ YCTOHUMB K mepeoOydenuto[7];

4. BeluncnurenbHas ~— CIOKHOCTh  JHHEHHO  3aBUCUT  OT
pa3MEepHOCTH BEKTOpa NPHU3HAKOB. [laHHBIE IO CKOPOCTH
PeaTbHBIX CHCTEM HE OITyOJIHMKOBAHEIL.

2.5 Knaccu4yeckue HeMpPOHHbIe CeTn

Ilon TepMuHOM HEHpPOHHBIE CETH CKpBIBAaeTCsA LENbI Kiacc
anroputMoB [9]. OcHoBHas ujes Jiexauasi B OCHOBE HEMPOHHBIX
ceTeil - 9TO IoOCIeNOBaTeIbHOE IpeoOpa3oBaHUE CHUTHAIIA,
napajjieaIbHO paboTaromumMu 2JIEMEHTaPHBIMU
(GyHKUMOHANBHBIMM ~ 3JeMeHTaMH, HeiipoHamu.  OCHOBHOM
IPUHIMI ~ HAacCTPOMKUM HEHpPOHHOH ceTH  3akiro4aercss B
NPUMEHEHHH ONTHMM3AIMOHHBIX METOJOB K MHHHUMH3ALUH
CpeHeKBaAPaTHYHOW OMIMOKM, KaK CIEACTBHE — CKIOHHOCTb K
nepeoOydeHuto. [1aBHOE MPEUMYIIECTBO HEHPOHHBIX CeTel —
rHOKOCTh.  BO3MOXXKHOCTM ~ 2IBpPHCTHYECKHX  MoauduKanmii
HelipoceTell moutn Oesrpanuunbi[10]. Helipocetn oTHOCSTCS K
KJIACCUYECKUM METO0JlaM MAIIMHHOIO 3PEHMs, XOTs B IOceJHEe
BpEMsI CTaJIN TEPATH OIYJISIPHOCTb.

I'eomerprueckw, pasnensromias KIIACCHI MOBEPXHOCTb
mpezncTaBisieT co0ol MHOXKECTBO TUIepIuiockoctei. Kaxnas u3

06HaCTeﬁ, Ha KOTOPBIC TUIEPIIIOCKOCTH pa36HBa}0T

IPOCTPAHCTBO HPU3HAKOB X OTHOCHTCS K OJHOMY M3 KIIACCOB.
CymiecTByeT MHOXECTBO METOJIOB 00yUeHUs HepoceTel, 0JHaKO
BCE OHM CBOJATCA K MHUHUMH3ALUU CPEAHEKBAJAPaTUYHOU
ommOku. BakHO OTMETHTH, YTO HAMJECHHBIH MHUHHMYM, Oyner
JoKanbHbIM.  Takke  ciaegyeT  OTMETHTb, 4TO  BEpHO
KIacCH(GUIUPOBAHHBIE MPENEASHTHl HE BHOCAT  HHUKaKHX
U3MEHEHUH B ONTHMH3HpYyeMbli (yHKImoHan. TakuMm obOpasom,
HaliJieHHas1 pa3JeNdIomasl MOBEepXHOCTh He OyIeT SBIATbCS HU
€IMHCTBEHHBIM, HH ONTUMAIBHBIM PEIICHUEM.

CucteMbl pacro3HaBaHHS OOBEKTOB Ha u3o0pakeHusax [11][12]
OCHOBAHHbBIE Ha HEHPOHHBIX CETAX UCIOIB3YIOT UEPAPXHUECKYIO
apxuTeKTypy. BHawane BekTOop mnpu3HaKoB oOpabaThIBaeTCs
rpy0oii CeTbi0 ¢ BBICOKMM YpPOBHEM OIIMOOK BTOPOTO poja,
Jajnee, eclii BEKTOp He ObUl KiacCH(UIMPOBAaH Kak HE OOBEKT,
peleHne KOppekTHpyercst Oojee TOYHOM W Oosiee MeIJICHHOU
ceTblo. Takol noaxon AaéT BIOJIHE IPUEMIIEMBIE PE3YJIbTATHI:

1. 92% mnpaBuinbHEIX 0OHapyskeHui npu 1.3% omubok BTOporo
pona [12] mnst 3agaym pacno3HaBaHMUS JIUL,

2. VYtBepxnaaercs [13], 9To HEHPOHHBIE CETH B LEJIIOM CKJIOHHBI
K Mepeo0yUYeHHIO, XOTS U CYIIECTBYIOT HEKOTOPBIC METOMIBI,
KOTOPBIE B YACTHOM CJIy4ae MOTYT PELIUTh 3Ty HpodiIeMy;

3. VYCToW4YMBOCTh K INyMy CHJIBHO 3aBUCHT OT KOHKPETHOH
apXUTEKTYpel ceTd. B oOmem cmydyae, HeHpoceTb
JyBCTBUTENbHA K IIyMY;

4. BpluncnuTenbHAs CI0KHOCTh KBaJPAaTHIHO 3aBHCUT OT YHCIIA
HEHpPOHOB B CKpbITOM cioe. Kaxnaslii HelpoH Tpedyer
BBIYHCIICHUS (PyHKIMM akTUBanuy. JJjist 3a1ad pacno3HaBaHUS
00BEKTOB HA M300PAKEHUSAX CKOPOCTh B PEANIbHBIX CHCTEMax
HEJOCTaTOYHAa JUI TPAMEHEHHS CHCTEM B pEaIbHOM
BPEMEHH.

2.6 MeTtoa onopHbIx BekTopoB (SVM)

OpUruHaIBHEIH METOJ OIOPHBIX BEKTOPOB OBLI Ipe/ioxkeH B.
Bannukom B 1963 romy [14], xak Meron Juid IOCTPOEHMS
OINITHMAJILHOTO JIMHEHHOTO KJIaccugpukaTopa. Xors,
HPEIIoNIOKEHHE O JIMHEHHOW pa3lelIMMOCTH KJIACCOB MEHee
CWJBbHOE, 4YeM, HampuMep, IPEANONOKECHUS  IPHHIMNA
MaKCUMaJIbHOH alloCTEpHOPHON BEPOSITHOCTH, Ha HMPAKTUKE OHO
penxo BoionHseTcs. B 1992 6but npeioxkeH cocod 06001meHus
METOJ]a OIOPHBIX BEKTOPOB Ha JIOCTATOYHO MIMPOKHI Kiacce
HeJIMHENHBIX 3a1a4 [15].

Kinaccuueckuit anroputm 3akiodaercss B MOCTPOCHUU JTMHEHHON
paszaensgronield HOBEPXHOCTH (THIIEPILIOCKOCTH), PaBHOY JaIEHHON
OT BBIITYKJIBIX 000JIOYEK KJIACCOB, BBITYKJIAas 000JIOYKA CTPOHUTCS
10 MpeneAeHTaM. YTBEp)KHAeTCs, YTO Takas pasZeNsiomas
THIIEPIUIOCKOCTh OyJeT ONTMManbHa, C TOYKH 3pEeHHs 00IIero
pHCKa, OTHOCHTEIIBHO mOOBIX  IPYTHX BO3MO>KHBIX
THIIEPIIOCKOCTeH. Ecimu Takas rHmepmiocKocTs HE CyIIECTBYET
(xmaccel NTMHEHHO HE pa3geNuMbl) TO IS OCYIIECTBIICHUS
HEJTUHEHHON KIIacCU(PUKAIUU MIPUMEHSETCS SIIPOBOE

peobpasoBaHue, IPOELUPYIONIHE HCXOIHOE IPOCTPAHCTBO X B
MPOCTpaHCTBO  eml¢  OonbIneii, BO3MOXHO  OECKOHEYHOIA,
pasmepHocTH. JIuHeliHas  pazjensdmomas  IOBEPXHOCTb B
HMHIYIUPOBAHHOM SIPOBBIM IIPe0oOpa3oOBaHUEM IPOCTPAHCTBE
SABIISIETCS HEIMHEHHOW B McXogHOM. Takum oOpa3oM, 4acTUYHO
peraercs mpodieMa HeTMHEIHOW KIacCHU(pHUKAIIUH.

Cam AJIFOPUTM IMOCTPOCHUSA Knaccn(anaTopa CBOJUTCA K 3a1a4ye
KBaApaTUYHOTO HOPOrpaMMHUpOBaHHsA U PEIIACTCA H3BECTHBIMU



ONTUMM3AUUOHHBIME MeTogaMmu [16]. Criemyer OTMETUTH, 4TO
pelieHue 3ajadM KBaAPAaTHIHOIO IIPOTpaMMHUpOBaHME OyrIer
€AMHCTBEHHBIM M HalICHHBII SKCTPEMYM TTI00aIbHBIM.

MeTo/1 ONOPHBIX BEKTOPOB ObUI YCICHUIHO MPUMEHEH VIS 3a/laun
pacnio3HaBaHus 00beKTOB Ha u3zoOpaxenusx [17]. Iloxxox maér
CIIEYIOLINE PEe3YJIbTATHI:

1. IIpn mopsaxa 72% BepHbIX OOHapyxeHmit mopsaka 0.6%
JIOXHBIX cpabaTbIBaHUil, IS 3804 pacro3HaBaHus Jui [1].

2. O4eHb BBICOKAsl yCTOMYMBOCTD K TIEPEOOYICHHIO

3. UyBCTBHUTEIBHOCTh K IIYMY MOXXET PETyJIHPOBATHCS, 3@ CUET
YMEHbIIEHHsT ~ TOYHOCTH.  OOBIYHO  CTaparoTcs  HaWTH
KOMIIPOMHCC MEX]Y YCTOHYMBOCTBIO M TOYHOCTBIO.

4. BeraucnuTenbHas — CIOKHOCTh — JIMHEHHA OT  CIIOXKHOCTH
BBIYHCIICHUS] CKAJISIPHOTO IPOM3BEICHHS BEKTOPOB MPH3HAKOB
B HHJTYyITHIPOBAHHOM SIIEPHOM npeoOpa3oBaHIEM
MpocTpaHcTBEe. B cmcremax pacrmo3HaBaHUS OOBEKTOB Ha
HN300paKEHUSIX METOA JAa€T YCKOPEHHE B HECKONBKO pas3, MO
CPaBHEHHMIO C HEHPOHHBIMH CETSAMH.

2.7 SNoW - paspexeHHas npocenBaroLas ceTb

SNoW (Sparse network of Winnows) — ocoOblif Bux HeHpOHHOH
cetn [18]. Bekrtop mnpusHakoB mosaraetcs OuHapHbM. CeThb
COCTOMT M3 JABYX (IO YHCIy BO3MOJKHBIX KJIACCOB) JIMHEHHBIX
HEWPOHOB, CBS3aHHBIX C KOMIIOHEHTaMH BEKTOpa IPHU3HAKOB.
Kraccngukanus npoxoaut 1o MpUHIMIY IoOexuTens 3adupaer
Bc€ [10].

I'eomerpuyecky, SNoW MpeICTaBISACT coboit niBEe
THIEPIVIOCKOCTH B MPOCTPAHCTBE BEKTOPOB IPHU3HAKOB. Bekrop
OTHOCHUTCS K TOMY KJIAcCy, COOTBETCTBYIOIIAs I'HMIIEPINIOCKOCTD
KoToporo Ommke Bcero. Takum o00pa3oMm, pe3ydbTHPYIOMIAs
paszensiomas  MOBEPXHOCTb SIBISCTCS THICPIUIOCKOCTBIO B

ucxoaHoM mpocTpancte X . OIHO M3 JOCTOMHCTB IAHHBI
apXUTEKTYpbl —  BO3MOJKHOCTb  «IIPOPEKUBATH»  BEKTOP
MPU3HAKOB, Ha OCHOBE OOydJaromiell BBHIOOPKH — KOMIIOHEHTHI
BEKTOpa, He HecyIne HHPOPMAIHH, OTOPACKIBAIOTCS.

SNoW cumraercs nocraTouyHo J()(EKTUBHBIM METONOM JUIS
peuieHus 3a1a4u 00Hapy)KeHHs1 00BEKTOB Ha M300pakeHusx [19].
CornacHo HeKOTOpbIM uccienoBanusM, [20] SNoW npeBocxoaur
[0 CBOMM IapaMeTpaM METOJ OIOPHBIX BeKTOpoB. Ha mpaktuxe
MeToz 00a/iaeT CIeayOMUMHI CBOHCTBAMU:

1. Tlopsinka 94% BepHbIX oOHapyxeHui, mpu mopsaaxa 0.12%
JIOKHBIX cpabaTbiBaHui [1], U1 3a1a4n paco3HaBaHUS JIHLI;

2. CKIOHHOCTh K mepeoOydyeHuio He uccienosana. Crexyer
OTMETHTh, 4YTO 3@ CUYeT MPOCTOH KJIACCUPUIUPYIOLIECH
(yHKUUM (IBE THIIEPIUIOCKOCTH), COTJIACHO TeopuH BamHuka
MOJKHO OKMIATh XOpOUIeH YCTOHUMBOCTH K EpeoOydeHHIO;

3. YcroH4MBOCTh K IIYMy HE HCCIEIOBaHA, HO TEOPETUYECKH
JOJI)KHA OBITH IOCTATOUHO BBICOKOIA;

4. 3a cuér mnpoceMBaHHMSA KOMIIOHEHT BEKTOpa IPHU3HAKOB
JOCTHIaeTCs BBICOKAs CKOPOCTh — CJIO)KHOCTb JIMHEHHA
OTHOCHUTENBHO  KonuyecTBa  3(GQEKTUBHBIX ~ KOMIIOHEHT
BEKTOpa NpH3HAKOB. CKOPOCTb pEabHOH CHUCTEMBI BbILIE,
4YeM y CHCTEM Ha OCHOBE METO/1a OTIOPHBIX BEKTOPOB.

2.8 Metoa ycuneHus cnabbix knaccudukaTopoB
(classifier boosting)

VYcunenne cnabbIx KIAacCH(PUKATOPOB - 3TO MOAXOA K PEIICHUIO
3ama4n KIaccuduKanuy, myTéM KOMOMHUPOBAHUS HPUMHUTUBHBIX
KJIaccu(UKaTOpoB B OIWH Oojee CHIBbHBIN komuTeT. OCHOBHAsS
uaes MeToJa 3aKIoyaeTcs B HUTCPATUBHOM MHUHUMU3ALUM
BBIYKJIOTO  (pyHKIMOHAMA OMMOKK —KJIAacCH(UKALMU, ITyTeM
J00aBIeHUsI B KOMUTET OYePEeTHOTO CIIaboro KIaccH(UKaTopa.

@DaKTUYeCKH, TOTOBbIH KOMHUTET OCYILIECTBIAET JIMHEHHYIO
KJIacCU(HUKALMIO B IIPOCTPAHCTBE BBIXOAHBIX 3HAYCHMiT ClIaObIX
kiaccupukaTtopoB. MOXHO cKa3aTh, 4TO boosting mbITaeTcs
CIIPOENUPOBATh UCXOAHbBIE JAHHBIE B MPOCTPAHCTBO 0COOOTO BHAA,
rje Kiaccel OymyT JIMHEHHO pasjenuMmbl. B Merome omopHBIX

BEKTOPOB  [UI1  O3TOM  LENIM  MCIONB30BAIOCH  SIPOBOE
npeoOpa3zoBaHue, 31ech xKe HCTIONB3YIOTCS cralble
Ki1acCH(UKaTOPBbI.

CymiecTByeT MHOXKECTBO Pa3HOBHIHOCTEH 0a30BOro alropuTMa
[25][27][28]. BaxueiMm BexamMu B pa3sBUTHH MeToga ObUIM
o0oOmenne Ha Cilydal  BEIIECTBEHHO3HAYHOTO  CIaboro
KJIaccu(UKaTopa M IMOJTyYeHHE BEPXHEH OLCHKH OOIIero pucka
[28], noka3aTenbCTBO CBS3M IMOJAXOAA C  JIOTUCTHUECKOM
perpeccueit  [25] ®  peryispU30BaHHOM  MHOTOMEPHOH
ontuMuzaunueii [29].

OrmeruM, uTo boosting HCIOJB3yeT JKaaHBI — aJrOPUTM
MUHAMH3aUUM  (YHKIUOHANa  OUIMOKH, TakuM  0o0pasoM,
HAalJICHHBII MMHMMYM He OyneT TIJo0aJbHBIM, a pelICHHE
€IIMHCTBEHHBIM.

Jlns  TpUKIAamHBIX  CHUCTEM  paclo3HaBaHUS OOBEKTOB Ha
H300paKeHUsIX moaxon Obul ycmemuo npumenéH B 2001 romy
Viola, Jones [26]. IMu ObUI IOCTPOEH KacKal U KOMHTETOB
cialbbIX  KJIACCU(HKATOPOB,  pabOTaBIIMA IO  HPUHIHILY
TIOCJIEI0BATEBHBIX TIPUOIIKEHHIA.

Kackan coctoutr u3 K crymeHei, kaxnas CTyHEHb — KOMHTET
HPOCTHIX  KJIACCH(MKATOPOB  IOCTPOCHHBIH  aJIrOpHUTMOM
AdaBoost (B 0osee MO3IHMX BapHaHTAaX WCIIOJIB30BAJach €ro
Moxubukauuu). Ecnu cTyneHb NpUHUMAET peleHHe O TOM, 4TO
BEKTOpP IPHU3HAKOB OTHOCUTCS K KJAcCy OOBEKTa NMPUHUMAETCH,
TOJIBKO €CJIM BCE CTYNEHH KacKala 3TO IMOATBEPAWIIH, HHaue
BEKTOP MPU3HAKOB KiIacCUHUUpPYyeTCcs, KaK He HCKOMBIH 00BEKT.

Kackaguerii mopxonx OBIT CHEOUANbHO CO3MAH UL 33a9
pacro3HaBaHUsI OOBEKTOB Ha H300pakeHmsx. Ero mokaszarenn
[26] mpeBocxoIAT Bce OCTAIBbHBIC CUCTEMBI:

. -3
1. 95% Bepubix obHapyxenuii, mopsaka 1-107 % noxmsix
OOHapy>KeHUH [UII KOMHTETa, IOCTPOCHHOTO METOIOM

. -4
AdaBoost. 94% BepHBIX 00OHApYKCHUH, TOPSIKA 1-107%
JIOXKHBIX OOHApYXEHUH uid Kackama [26], mia 3agadu
pAacro3HaBaHUs JIHLL;

2. Meton AdaBoost B HEKOTOPBIX CHy4asx CKIOHEH K
nepeoOydenuro [25], s Kackaga WCCICOOBaHHHA He
MPOBOJMIOCH, HO HET MPUYHUH ITI0JIaraTh, 9TO CKIOHHOCTH K
Mepeo0yUYeHUIO CTyNeHe He NPHUBENET K CKIOHHOCTH K
nepeo0yIeHHIO KacKasia B IETI0M;

3. Meron AdaBoost wyBcTBUTENEH K Imymy, A Kackazaa
UCCIIEJOBaHUII HE NPOBOJMIOCH, HO HET NPHYMH MOJIArath,
YTO YyBCTBUTEIBHOCTh K IIYMYy CTyICHEHl He NpuBenéT K
HEYCTOWYMBOCTH KacKaJia B LIEJIOM;



4. BebluucnuTenbHas CIOXKHOCTh JIMHEHHA IO  KOJIMYECTBY
uTepanuii o0ydeHHs1 (HE 3aBHCUT OT Pa3MEpHOCTH BEKTOpa
npusHakoB). Camas OblcTpas CymIecTByIOIas CHCTEMa -
CKOpPOCTb B pEaJIbHOM BPEMEHH.

3. OBCYXAEHUE

ITo nokazarensiM pabOThI B PEAIbHBIX CHCTEMaX PaclO3HABAHHS
00BEKTOB Ha M300pa’keHUAX Haubojee yHAaYHBIMU OKa3aJIHCh
aNropuTMbl boosting (ycuieHHs cinabblx KIacCU(PHUKATOPOB) H
SNoW. O6a mnoaxoma o0ecrneuynBalOT BBICOKYIO CKOPOCTb,
BBICOKHH YpPOBEHb OOHAPYXEHUH M HHU3KHH YPOBEHb OIIMOOK
BTOPOTr'0 poja.

Tabnuya 1. — ceo0Hble Oanuble cucmem

Mertonsl IIpouent Omnbka
BEPHBIX BTOPOr'O poja
oOHapy KeHUH

«Hausnslil» baiiec ~91% ~0.2%
baiiecoBckas ceTb ~90% ~0.4%
Heiiponnsle cetn ~92% ~1.3%
Mertoz OOPHBIX BEKTOPOB ~12% ~0.6%
SNoW ~94% ~0.12%
Ycunenue cmabbIx ~94% ~0.00001%
KIIacCH(UKATOPOB

JloCTaTOYHO MHTEPECHBIE PE3YJIBTATHl y CHCTEMBI, OCHOBAHHON HA
«HauBHOM» baifecoBckom oOyueHne. ENMHCTBEHHBIM CepbE3IHBIM
HEOCTaTKOM CHCTEMBI SBISIETCSI CHJIBHAS 3aBHCHMOCTH OT
KavecTBa MOLyJs mpeobpazoBanus. DakTndecku MOAXox TpedyeT
MepecMoTpa MPENCTABICHUS M300pakeHHs OOBEKTa HWHTEpeca B
BEKTOpE HPHU3HAKOB IS KaX/10M KOHKPETHOH 3a1a4H.

HeiiponHble ceTd M METOJ OIOPHBIX BEKTOPOB JIOCTATOYHO
CWIBHO YCTYyHalOT [0 II0Ka3aTelIsM BBIIEIEPEUUCICHHBIM
noaxojaM. I'1aBHBIM HEJOCTATKOM HelpoceTell ABIseTcs HU3Kas
CKOpPOCTh M 0OOJIBIIOE YHCIO OMMOOK BTOpOro poxa. Merox
OIOPHBIX BEKTOPOB BBI'OJHO OTJIMYAETCS CKOPOCTHIO U HU3KUM
ypOBHEM OIIMOOK BTOPOr0 poja, HO HMMEET O4YeHb HH3KUii
IIPOLICHT BEPHBIX OOHAPYIKEHHH.

Jlnst Toro 94ToOBl MPOAHAIU3HPOBATH ITOIYIHUBIIUECS PE3YIbTATHI
chopMynIHpyeM METOJbI, OCHOBAaHHBIE Ha HEHPOHHBIX CETSIX,
METOA OMNOpPHBIX BeKTopoB, SNoW mu boosting B HEKOTOpOM
obmeMm Buge. Mbl omyctunu baiiecoBckue MeTOABI, TaK KaK HX
MPUHIMI PabOTHl JOBOJIBHO CHIBHO OTIMYAETCS OT OCTANIBHBIX,
HO CKakKéM O HHX 4YyTh HIKe. lTak, Bce dYeTslpe Meroja
OCHOBBIBAIOTCSI HA ONTHMH3AIMH HEKOTOPOro (yHKIMOHAIa

omu6xu £ (T , W), KOTOpBIf, B CBOIO OYEpenb, 3aBHUCHUT OT
obyuaromeil BeIGOpKkH M | mapamerpoB Knaccudukatopa W .
Tak xak oOydwaromass BBIOOpKa (HKCHPOBaHA, MapaMerp
T moxuo onycturs ¥, (AKTHUECKH, 3aJauya CBOJMTCA K
onrummzanyn (w) mo W. Takum oOpa3oM, pelIeHHeM,
TOTOBBIM KJIaCCU(PHUKATOPOM, Oyzmer

w= arg min F' (T , W). Jna  melipoceTn W sBIseTCA
w

SBJIATHCA

HabopoM e¢ BecoB, ainst SNoW U MeToJa OIOpPHBIX BEKTOPOB

W HpeACTaBIIieT  HaNpaBIIOIUM  BEKTOp  pasjelsrolnei
runepruiockocty. s boosting W sBIsieTCst BEKTOPOM BECOB
JUISL BCEX BO3MOJKHBIX IPOCTHIX KIIaCCH(HUKATOPOB, TO €CTh, €CIIN
KaKoOW-TH00 TpocTOd KiaccHu(UKAaTOp He BOIIEN B HTOTOBBII
KOMHTET, €r0 BEC II0JaraeTcs paBHBIM HyI0. BaxHO 3ameTuTs,
4To /I boosting ¥ HEKOTOPBIX BHJOB METO/a OIIOPHBIX BEKTOPOB
(3aBHCHT OT HCHOJIB3YEMOTO SIICPHOTO  IpeoOpa3OBaHUs)

weR”.

Cekper ycrexa METOJOB, MMOKA3aBIINX HAWIYYIIHE PE3yJIbTaThl,
MOXKET 3aKJII0YaThCs B OJHOM HX o0uieM cBoiicTBe. [leno B TOM,
yro SNoW wu boosting Npou3BOAAT IOCTATOUHO «pPa3peKCHHBIE
PCILICHHUS», TO €CThb W COAEPKHT MHOXECTBO HyJeil. B To ke
BpeMsI, HSHPOHHBIE CETH W METOJ[ OIIOPHBIX BEKTOPOB MOIYYAIOT
JOCTATOYHO «IUIOTHBISY PEIIeHHs — OONBIIAs 9aCTh KOMIIOHEHTOB
W He paBHa HymO. MaTeMaTHYeCKH OTO O3HAYaeT, 9YTO
Hamtyuiee 00oOIeHne NalT KiIacCH(UKATOPbl ¢ HAHMMEHBIIEH

ll HOpMOﬁ. DTO MOXET O3HayaTb, 4YTO JIAHHBIC B 3aJa4dyax

pacro3HaBaHUs IMEIOT 0COOYI0 CTPYKTYPY, HAHITydIIUM 00pa3oM
NPEeCTaBUMYIO «pa3pekeHHOW» Mozenbto. Ha mpakrtuke 310
03Ha4yaeT, 4TO, HECMOTPS Ha BBICOKYIO Pa3MEpPHOCTb BEKTOpa
MIPU3HAKOB, KOJIMYECTBO PEAIILHO 3HAUUMBIX KOMIIOHEHT B HEM HE
BeIMKO. B mpeanonoxkeHue o Haluyue IIyMa «pPa3peiKCHHBIC)
METOJIbI TaK JK€ MOTYT UMETh IIPEUMYIIECTBO, TaK Kak Hauboiee
3alIyMJIEHHbIE KOMIIOHEHTHI BEKTOpa INPHU3HAKOB OYyIyT HMETh
HyJICBOI BEC U HE BIMATh Ha pelieHUe. Bblcokoe Konu4yecTBO
(UKTUBHBIX TIEPEMEHHBIX SBISETCS CIEICTBHEM OOIIHOCTH
noaxonoB. JIIsi KOHKPETHOH 3aJadd pa3sMEpHOCTb MOXKET OBITh
COKpAILIEHA, YTO U JEeJIAeTCs HEBHO «Pa3pPEKEHHBIMUY) METOAAMH.
Iloxoxne BBIBOIBI OBUIM CHETAHBI IPH CPaBHEHHUH MeETOJa
onopHbIX BeKTopoB 1 SNoW [20].

Merton, ocHOBaHHBIH Ha «HauBHOM» baliecoBckoM oO0ydeHue,
JA€T Tak)Ke O4eHb Xopolue pe3ynbraThl. Ha camom nene, meron
NpeAcTaBIsseT co00i KOMIPOMHCC MEXAY 3BPUCTUKOH U
oOydeHHeM MO MpeneAeHTaM. AKKypaTHO CKOHCTPYHPOBAaHHBIH
MO KOHKPETHYIO 3afady MOJIylb IpeoOpa3oBaHUSI BMECTE C
OpoCThIM, HO J(deKTUBHBIM 00y4aeMbIM METOJOM. Takoii
MOAXOA MOXET INMPOKO HCIHONb30BAaThCS TPU  CO3JAHUH
crelu(pUUECKUX CUCTEM.

Meron, ocHoBaHHBIHM Ha ballecOBCKUX CETsIX JOBEpHs, HE IoKa3all
BBICOKMX pe3yibTaroB. BO3MOXHO, €ro CTpykTypa IIJIOXO
MOJIXOMIUT K 3a/1a4e Paclo3HaBaHUS OOBEKTOB Ha M300PKCHHUSAX.
Ha naHHbIi MOMEHT ATOT MOAXO0J HE Ka)KETCs! IePCIEKTUBHBIM.

4. 3AKNIOYEHUE

B craThe ObIIM PaCCMOTPEHBI OCHOBHBIC METOABI KIAacCH(HKALINK
c oOydeHHeM II0 HpeleleHTaM, HNPUMEHMMbIE K 3agade
pacmo3HaBaHHA OOBEKTOB Ha u300paxeHwsx. Ha ocHoBe
pe3yJbTaTOB  CpaBHEHHMs  ObUIM  CHENAHBI  BBIBOABI O
MIEPCIEKTUBHOCTH MOJXO0/I0B, JAIOIINX «PAa3pPEKEHHBICY PEIICHUS.

Tak ke ormeuaercss xopomas 3((GEKTUBHOCTH METOJa
OCHOBaHHOTO Ha «HAWBHOM» baiiecoBckoM o0Oy4yeHHH W
AKKypaTHOM BBIOOpE IPEICTAaBICHHUS BEKTOPOB IPU3HAKOB IS
KOHKPETHOM 3a1a4u.
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6. Ob ABTOPAX

Bexneser Anexcannp IlerpoBud ctyneHT daxynsrera
BBEIYHCIIUTEIIFHON MaTeMaTHKH U KHOepHETHKH MOCKOBCKOTO
I'ocynapcrBennoro Yuusepcurera uM. M.B. Jlomonocosa. K
OCHOBHBIM Hay4HBIM HHTEPECaM OTHOCSTCS MALIMHHOE 3pEHUE,
obpaboTka n300paxeHnH, KiIacCH(HUKAIHS, MaTeMaTHIeCKast
CTaTUCTHUKA.

Anpec: Mockaa, 119899, Bopobsess! ropel, MI'Y, 2-ii yueOGHbIHA
kopiyc, Gakynsrer BMuK, maboparopus Mammuuoii I'paduku
u Mynsrumenua E-mail: vezhnick@gmail.com

Machine Learning Techniques in
Task of Visual Recognition

Abstract

Task of visual recognition is an important subproblem of
computer vision. Visual recognition is widely used in practical
applications in medicine, human-computer interface etc. Recent
developments show the effectiveness of machine learning
techniques in application to visual recognition. In this paper we
provide an overview of applicable machine learning techniques.
We make some conclusions about described algorithms
performance and properties.

Keywords: visual recognition, classification, machine learning,
Support Vector Machine, Classifier Boosting, SNoW.
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