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KOPPEKTHbIE MOAENN ANTOPUTMOB PACMO3HABAHUA

Bukrop KpacHonpowwuH, Bnagumup O6pasuos

Pechepam: Paccmampusaemcs 3adaya pacnosHasaHus obpa3oe ¢ o0byyeHuem. Onpedensiomesa obujue
YCII08USI CyuiecmeosaHUsl KOPPEKMHbIX aneopummos, U Nokasbieaemces, Ymo UX NocmpoeHue ceooumcs K
PELIEHUI0 CLUCMEM JTUHEUHbIX MamPUYHbIX HEPABEHCM.

Knroyesbie cnoea: 3adaya pacnosHagaHus 06pa3oe C 06y4eHUEM, KOPPeKkmHble MOOenU aneopummos
pacno3HasaHus, ycrnosusi KoppekmHocmu modeneli pacnosHagaHus.

Knroyeeble cnosa ACM-knaccupukayuu: Categories: |. Computing Methodologies; 1.5 PATTERN
RECOGNITION; 1.5.1 Models; Subject descriptor: Models Deterministic

BBepgeHue

[MOHSITME KOPPEKTHbIX anropuTMOB B TeOpUM pacrio3HaBaHiv obpasoB Obino BBegeHO B KoHUe 80-bix rofos B
pabote [Kypasnes, 1978]. Pe3ynbTathl 1x uccnegoBaHuii NOABENM, B HEKOTOPOM CMbICAE, YepTy B BOMpocax
NOCTPOEHNS OMTUMANbHBIX anropuTMOB NS PeLUeHns 3adady pacnosHaBaHus ¢ 0ByyeHuem. dakTnyecku Bbino
nokasaHo, YTO ONTUMAnbHOCTb (KOPPEKTHOCTb) anropuTMOB Ha Nto60i KOHEYHOM BblOOpKE HOCWT NOKamnbHbIN
XapakTep 1 JoCTUxMMA B anrebpanyeckmx pacluMpeHsix LUMPOKOro Knacca 3BPUCTUYECKIX anropuTMOB.

CBs3b nOKamnbHbIX M rnobanbHbIX XapakTepUCTWK 3afayyM pacrno3HaBaHUs Ha s3blke TEOpUM KaTeropui
nccneposanack B [Pygakos, 1989]. AHanmornyHble 3aBUCUMMOCTM, HO YXE Ha $3blke TEOPUM MHOXECTB,
ycTaHoBneHbl B [Krasnoproshin, 2006]. Bbino nokasaHo, 4TO 3Ta CBs3b HE MOXeT ObiTb KOHCTPYKTUBHO
peann3oBaHHO, Tak kak Mpu MobbIX YCIOBUSIX MPUPOAa 3afaum pacro3HaBaHWs 0CTaeTCs HAYKTUBHOM.

YTto xe kacaetcst npobnem NoCTPOEHNS KOPPEKTHBIX anropuTMOB, TO 3[eCh MO-MPEXHEMY OCTAOTCS HEKOTOpbIe
BOMPOCHI. B 4acTHOCTU, C NpaKTUYECKMX MO3WLMIA BaXKHO 3HATb KAaKOBbI MPaHMLbl CIIOXHOCTM MOCTPOEHUS TaKuX
anroputMmoB. B paHHoM paboTe nokasbiBaeTcs, YTO B 0OLieM cryyae 3ajaya NOCTPOEHUS KOPPEKTHbIX
anropuTMOB CBOAWTCA K PELUEHMI0 CUCTEM TNWHEMHbIX MATPUYHBbIX HEPaBEHCTB. W, criegoBaTenbHO, HUKHSS

rpaHnLa cnoxHocti pasHa O(n®) .

MoctaHoBka 3agaun. OcHoBHbIe MoHATUA U Onpepenexus

PaccmoTpum 3agady pacnosHaBaHusi 00pa3oB ¢ obydyeHnem [Kypaenes, 1978]. TlycTb B HekoTopom
MpOCTpaHCTBE 3afaHO MPOM3BONIbHOE MHOXECTBO AomycTuMblX 06bektoB {S}. [Mpegnonoxum, uyto {S}

i
MOKPBIBAETCS KOHEUHBIM YMCTOM MomMHOXecTB (knaccoB) Ky,...K, (T.e. {S} < JK;) takux, uto K; =
i=1

ans seex i=12,.,/. Mpn atoM nogmHoxecTBa K; onpefeneHbl He MOMHOCTLIO — UMEETCH NMULLb KOHEYHOE
4MCII0 [OMYCTUMBIX 0BBEKTOB {Sy} M3BECTHOM KnaccudmkaLmuy.

Ha mHoxectse {S} BBeaem cuctemy npegukatos P;(S)(j =12,...,1) Takyio, uTo
1,ecnuS eK i

S =
0,unHave.

Torga wHdopMaLMio O MpUHaANEeXHOCTM nponssonbHOro obbekta S e{S} k knaccam Kj,...,K, MOXHO
npeactasuTb B Buge Bextopa a(S) =((S),...(S)), rae «;(S)=P,(S). CornacHo npesnonoxeHusm, Ans

obbekToB S € {S,} BekTOpbl (.S) C4MTAIOTCA 3aAaHHBIMI U HA3BIBATCANH D OPMaL MO HHbBI MK .

*) 1 — uncno o6bEKTOB KOHTPOIbHOW (TECTOBOW) BbIOOPKM.
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B mHoxecTBe {S,} BblAENMM HEKOTOPYO COBOKYMHOCTb AOMYCTUMbIX 0ObEKTOB §m ={S,,...,S,,} Takyio, uto
(SuN\K; = D)Vi e {12,...1}

YnopsigoyeHHbln - Habop  (S;,a(S)),....S,,a(S,)) obpasyeT Tak HasbiBaeMylo CTaHJapTHYW

HayanbHyl MHpopMalymio oknaccax Ki,... K, , 06osHaumm ee yepes [ (Kj,...,K,) (unm Iy)7.

C y4yeToM BBedeHHbIX 0003HAYEHWII OCHOBHYIO 3afayy pacnosHaBaHus 0b6pas3oB C ODyY4eHMEM MOXHO
cchopmynuposath cnedytowum obpasom. lNycTb 3agaHa HekoTopas MHGopmauus I, U NpousBonbHLIN Habop

JONyCTUMbIX 0ObEKTOB §‘7:{S1,...,Sq}. TpebyeTca ykasaTb anroput™m (MeTOA, NpaBuro), KOTOPbIA Ha

ocHoBaHMn wHchopmaumn [, ans mioBoro obwbekta S’ e SY(i=12,..q) onpedenseT MPUHAANEXHOCTH
nocnepHero k knaccam Kj,...,K, . O6osHaumm aTy 3agady yepes Z, v B aanbHeilem Gynem OTOXAECTBNATL ee C
napot (1,,S%),1e. Z=(1,,S%).

Anroputm A, peLuatowpii chopMynMpoBaHHYl0 3adady, HasbiBaeTcad pacno3Halo W u M. PesynsTatom
paboTbl TAKOrO anropuTMa Npu pacro3HaBaH1 NPOM3BONLHOMO A0MYCTUMOrO 06bekTa S SBNSETCS BEKTOP

a’(S)=(]\(S),...a/(S)), rae (S) e {12,..1},
nnu matpuua

Jeis

gx/ ’

B Crlyyae, €CrM KnaccuduumpyeTcsi COBOKYMHOCTb obbektoB S?={S'...S’}. BexTop aﬁ(S) Ha3blBaEeTCS!

Knaccu@UKaLUmMOHHbIM,ero 3HauyeHUs! UHTEPMPETUPYIOTCS CrieayoLLmm 06pasom

0,ecnu AHe 3aHocum S8 knace K i

A

a; (S)=41,ecnu Asanocum SeknaccK,

2,ecnu Aomkasarics omeblucreHust P(S).

MoHATHO, YTO anropuTM A MOXHO paccmaTpuBaTh kak 0TobpaxeHue, onpeaeneHHoe Ha MHoxecTse I, x{S}, T.e
VS e(S}(A:l,xS — (a(S),...a(S))). (1)

Pa3paboTaHo 3HauMTENbHOE YMCIO NOAXOAO0B K PELUeHno CHOpMYNMpOBaHHO 3afayun. PaccMOTpM oauH n3
HUX, NpeanoxeHHbIn BPKypaenes, 1978].

Myctb 3afiaHo NpOM3BONbHOE CEMENCTBO (MO € nb) anropuTMOB pacrnosHaBaHus {A} W HekoTopas
CTaH@apTHas HauanbHas WHpopmaums [,. Mpeanonoxum, 4to B MHOXecTBe({S,} HekoTopbiM 0Gpa3om

BblAeleHa KOHe4YHaa COBOKYMHOCTb 00beKTOB §q (q € N) , ANA KOTOPbIX UMEET MECTO
(§mﬂ§q = @),
(STNK; % D) Vie{12,..1}.

Takas Bblbopka Ha3blBaeTCs KOHTPONbHO . MaTpuly ee WHhopMaLMOHHbIX BEKTOpoB 0603Haunm (S7).

CyTb paccmaTpvBaeMoro Mofxofa 3akNYaeTcsl B MOCTPOEHUM anroputMoB (1), TouHbix Ha Z = (/,,S7) B

*) OTMETUM, 4TO CYLYECTBYKOT 1 pyIVe CTIOCOBbI 3aAaHNs HAYaIbHOM MH(POPMALWY O Kriaccax. B aHHoM cryyae BbiGopka S, 0BbI4HO
HasblBaeTcA0 b yyYato we it .
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cMbicrie crnegytowero onpegenenvs. AnroputM A< {A} HasbiBaeTcd KOppeKTHbIM Ha Z ecnu
A(Z)=1(S?) . Mogenb {A}, KoTopasi COAEPXT TaKoil anropuTM, Takke Ha3bIBAETCAK O PP EKTHOM .

MOHSATHO, YTO B 3TOM MOAXOAE OCHOBHOI NPOGNEMoii SIBNSETCS onpeaeneHne yCnoBuii Ha 3afady Z v Moaenb
anroputMoB {A}, Npu KOTOPbIX NOCNEOHSs KOppeKkTHa Ha Z. Tpexae, YeM MepeiTn K ee pelleHito, YTOYHUM
MHOXECTBa paccMaTpuBaeMbIX B anbHeiillieM anropuTmMoB 1 3aaau.

Mycte RY, BY - npocTpaHcTBa MaTpul pasMepHOCTM Qx| Haj NoneMm BeljecTBeHHbIX uucen R
MHoxecTBoM B, ={01,2} cooTBeTcTBeHHO. B PKypasnes, 1978] nokasaHo, uto noboii anroputm A € {A} Bupa
(1) npeactasum Ha Z B BUAE Cyneprosunyum
AlZ)=(c-B)(2),
T.€. KOMMYTaTWBHa Anarpamma
A

Z A(Z)

\ 4

B(Z)
rpe B(Z)eRY, A(Z) e B . Mopanroputmbl
Bem (B:(1,,S) > RY,ceC (c:RY - BY,

Ha3blBalOTCA COOTBETCTBEHHO pacno3Haw WMy onepatopamu (M) pewarwwmnmu
npasunamu (C). Takoe npefcTaBneHue NO3BOMSET NPW PACCMOTPEHWUM anrOPUTMOB OFPaHUYNTLCS
MHOXeCTBOM

Ay =CoIN,
MOPOXAEHHBIM Cynepro3nL1en NPoM3BOMbHbIX pacno3HatoLwux onepatopos It u pewatowmx npasun C.
Mycte BY - npocTpaHctBo MaTpui pasmepHoctn qx/ Hag B, ={0,1}. HeTpyaHo sameTuTb, 4to npu
(MKCMPOBAHHBIX HAYarbHOIM MHGOPMaLMKM [, 1 KOHEYHOM pa3mepe g KOHTPONbHOM BbiGopku S?  (BenmmunHa
q <400 MPUHUMMMANBHOTO 3HAYEHWs He WMeeT), MHoxecTBo 3agay Z = (/,,S?) MOXHO OfHO3HauHO

onpezenuTb no Matpuue /(S?) . B coOTBETCTBUN C 3TM BBEAEM MHOXECTBO

2§ ={(1,8)IU1(S*) = BY)
Sq

1 pacCMOTPUM YCMOBWS KOPPEKTHOCTY MPOU3BONBbHON Moaenu Ay, Ha MHOXeCTBe 3adad Z g’ .
Myctb 9T - HEKoTOpPasi COBOKYNHOCTL (M O A € 11 b ) pacno3HatoLLMX OnepaTopoB 1 Z - Npou3BosibHas 3agadya 13

Z9 . OuesngHo, uTo peweHns 9N(Z) sapaum Z onepatopamn Be 9t obpasyeT NOAMHOXECTBO B
npoctpaHctee R, Te. M (Z)c R . 3admkcupyem pewatowee npasuno ¢ e C. Mo matpuue
NHEOPMALMOHHBIX BEKTOPOB l(§‘7), COOTBETCTBYHOLLMX KOHTPOIbHOW BblBOpKe S9 sapaw Z, 8 NpoCTpaHCTBe
RY MOCTPOMM MHOXECTBO

R(Z)={RIR R c(R)=1(S)},
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M HasoBeMeroobnacThbto KOPPEeKTHOCTHN pelwatwero npasuna ¢ € C Ha 3agave Z.

C y4eTOM NMpoBefEeHHbIX NOCTPOEHMIT NOMy4aeM, YTo Mofenb A, KoppektHa Ha Z € Z g’ B TOM W TOMNbKO TOM
crnyyae, ecrnm
MZ)R(2) =D . (2)
HeTpyaHo nokasaTb, Y4TO AaHHOE YCMOBWE NO3BONSET (PAKTUYECKM UCKMIOYMTbL W3 PAacCMOTPEHWs peluatoLee
npasuno ¢ € C . [lefCcTBUTENLHO, 3 HEro C HEOOXOAMMOCTbIO CrieayeT
R(Z2)= .

Ho nocnegHee cnpaBeanvBo Ha BCEM MHOXECTBE qul B TOM W TONMbKO TOM Clyyae, ecnu Ang peluaroLlero
npaesuna ¢ € C uMeeT MeCTO

vbeBY IReRY (c(R)=b). 3)

Pewatowlee npaBuno ¢ € C, yAOBMETBOPSsitOLLEe YCHOBMIO (3), Ha3biBaeTCs KO p p e K T H bl M . Hanpumep,
NMHeVHbIe MOPOroBbIE peLalolLye NpaBuna, onpeaeneHHbIe B npoctpaHcTee RY

VR=r;| € RY (c(R) =|c(r;)| € B ., rae (i.j) € 12,...q}x {121},

0,ecnur; <c,,
c(ry) =41ecnur; > ¢y,

2,ecnucy <r; <cy,

SBNSETCSH KOPPEKTHBIM NpU YCHOBUM Cy < C; (rAe C,,C; € R ). MHOXeCTBO Takux peluatoLLmx npasun 0603HauMm
C(cy,cq) - Nerko ybeamTbCs, YTO NpU UCCNeA0BaHM BOMPOCOB KOPPEKTHOCTU MOXHO OFPaHUYMTbCH MOZEnsmMu
anropuTMOB, KOTOpble MOPOXAAKTCA OnepaTopami 13 HEKOTOpol Modenu T W pellaoLmMK npasunamu 13
MHoxecTBa C(c,,¢;) .

Takum 06pa3om, NpoBeAeHHbIE PACCYXAEHUS MO3BONSIOT CHOPMYNMpoBaThL Criedylolyto 3agady. Tpebyetcs
onpenenvTb YCroBna Ha 3aaady Z € ZJ' v Mofens pacrosHatowx onepatopos T, npu KOTOPbIX NOCReaHss
YAOBMNETBOPSET YCMOBMIO (2) ANSt HEKOTOPOTO peLuatoLyero npasuna ¢ € C(¢,,¢y) .

O6wwue Ycnosus KoppektHoctn Mogenein AnroputmoB Pacno3HaBaHus

Myctb R,(Z) - obnacTb KOppeKTHOCTU (hMKCMPOBaHHOMO peluatollero npasuna ¢ < C(c,,c;) Ha 3apave

Z=(1,,S%) . Nokaxem, 4to R,(Z) npeactasnsieT cO6O MHOXECTBO PELLEHNI CUCTEMbI CTPOTUX NIMHERHbIX
HepaBEHCTB.

B cootBeTCTBMM C MaTpuLUEn WH(OPMALMOHHBIX BEKTOPOB l(§") =||oc,-j||qxl KOHTPOMbHOW  BbIOOPKA §q,
MHOXeCTBO uHaekcoB [ ={1,2,...,q}x{12,...,/} pasobbem Ha nogMHOXecTBa

M, ={(i.))(i.j)el.a; =t}.
Tk I(§q) eB? T0te {0,1} n ons BBEAEHHBIX MOAMHOXECTB UMEKT MECTO COOTHOLLEHMS

My M, =1,
My(M, =1,

Mokaem, uTo R, (Z) obpasyeT BbiNyknoe NOAMHOKECTBO B NpocTpaHcTee RY , To €cTh
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VR, = ||r,.jk|| eR.(2)(k=12)VA [0 (AR, +(1- A)R,eR.(2)).
[JencteutenbHo, nyctb R, n R, - npou3BombHble Matpuubl 13 R, (Z). YunTbiBas onpeneneHns MHOXeCTB
C(cy,cq) M R,(Z), nmeem
(i, j) e M,V A € [011(Ar] + (1= A)r7 > A, + (1= A)e, = ¢,),

V(i,j)eM,V A e [0,1](/1r +(1- /I)r <Acy+(1=A)cy =¢y)-

O6beauHss nocnegHue HepaBeHCTBa, nornyvaem
VAe[0](AR, +(1- )R, eR,(2)).

B cuny Beibopa matpu R, 1 R,, 13 JAHHOTO BKITIOYEHUS CNeAyeT BbINyKnocTb 0bnacTi koppektHoctn R, (Z).
Ho aT0, B CBOI 04epefb, 03Ha4aeT, YTo R, (Z) ABNSAeTCS pelueHnemM HeKOTOPOI CUCTEMbI HEPaBEHCTB.

Y6eaumcesl, YTo aTa cucTeMa nuHeitHa. Mo aHanoru ¢ BEKTOPHbIM CMyYaeM, BBEAEM CKansipHOe Mpou3BeaeHue
maTpuL B npocTpaHctBe RY cnepyowmm o6pasom

VR,R, e RY ((R,,R,) = Sri-

(1)) el
PaccmoTpum MHOXeCTBO
H(R()’a) = {X € qu | <R0’X> = a} )
rme acR, R, € RY. Mlerko BiumeTh, 4T0 Npu (hUKCUPOBAHHBIX @ 1 HEHYNeBol MaTpuLe R,, OHO NpeAcTaBnaeT
cobol MaTPUYHbIA aHanor rMNeprnocKOCT/ BEKTOPHOTO MPOCTPaHCTBA. B CBOK ovepefb, MHOXECTBa
H*(Ry,a)={X e RY [(Ry,X) >a}, H (Ry.a) ={X e R" | (R, X) <a},

0Bpa3yIoT OTKPbITbIE MOMYNPOCTPAHCTBA, Ha KOTOpbIe rnepnnockocT H(R,,a) pasaenseT npocTpaHctea R .

ObosHaumm {E;}; ., - kaHoHM4eckuit Gasuc B RY 1 paccMOTPUM MHOXECTBO

=( ) HYEpe)N NH (Ejen)),
(7.f)eM; (i.f)eMy
roe C,,C, - moporu pelatowero npasuna ¢ € C(c,,c,) . HeTpyaHo npoBepuTb, 4To H, - BbIMYKIOE 1 HEmycToe
NOAMHOXECTBO B NpocTpaHcTee RY .
Bribepem Hekotopyto Matpuly R e R (Z). U3 onpepenenuin mHoxectsa C(c,,c;) W 0Bnacti KOpPPeKTHOCTH,
“meem
V(i,j) e M, ((E;R)>c) = ReH"(E;c), V(ij) e My ((E;.R) <o) = ReH ().

Ho 310 o3Havaer, uto R € H,,. OTkyaa, ¢ y4eTom Npon3BombHOCTY Bblbopa MaTpuLbl R cnegyet

R.(Z)cH,.
HeTtpyaHo ybeantbes v B obpaTHoM. Takum obpasom,

Ri(Z)=Hy,

T0 ecTb R, (Z) 06pasoBaHo nepeceyeHmneM -/ OTKpbITIX NOMynpocTpaHcTe B8 RY .
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/13 npuBedeHHbIX BbiLLe paccy»(ueHMVl 1 onpegeneHna MHOXecTBa HO nonyvyaem, 4to obnactb KOPPEKTHOCTU

R.(Z) npn dmkcnposarHom ¢ e C(Cy,¢,) U Z € Z3 aBnseTcs peligHnem crieayloLei cuCTeMbl MHEIHbIX
HepaBeHCTB

(E;.X)>c,, V(i j) e M,
(E5.X) <o, V(1.]) € My,

ij?

(4)

TaK Kak nocrnefHAa OQHO3HA4YHO onpeaendaeT MHOXeCTBO HO' OTMETUM, YTO AaHHAs CUCTEMa eOMHCTBEHHA C

TOYHOCTBIO 10 M30MOpdM3Ma Basncos B npocTpaHcTee RY . B pesynbTaTe Hamu fokasaHa crieayiollas
Nemma. Myctb 9 - npowsBorbHas MOLEMb PaACMo3HALLMX OMepaTopoB U C - PeLualoLlee MpaBuio 13

C(cy,cq) - Mogenb 9T ynoeneTBopsieT ycrosuio (2) Ha Z € Z g’ B TOM W TOJIbKO TOM CIlyyae, ecnu CyLLlecTByeT

Takomn onepatop B e M, uto matpuua B(Z) sBnseTcs pelleHnem cuctembl (4).

Monyynm ycnoeus, npu koTopbix Matpuua B(Z) € R? sBnsetcss pelueHnem CUCTEMbI CTPOTUX SIMHENHbIX

HepaBeHCTB (4). Mepeiinem K cuUCTEME, B KOTOPOi BCE HEPaBEHCTBA MMEIOT OAMHAKOBbIA CMbICT U HYNEBYto
MpaByto YacTb.

Mo maTpuLie MHAOPMALMOHHLIX BekTopos /(S?), cooTeeTcTBylowelt 3apave Z € Z¢, B npoctpaHcTee R
BBEZIEM OHOMECTHYIO OMepaLnio @ Takyto, 4To

vR=|;;|eR" (R =|r¢

re

I

),

roe

s

_r,]’

ecnu a; =1,

ecnu o = 0.

Onpeaenim Takke B npoctpaHcTee RY matpuuy R, ¢ anemeHTamu

¢y, ecnu o =1,

ly=
Co, €CIU =0.

Toraa, 04eBMAHO, CUCTEMY HEPABEHCTB (4) MOXHO 3anucaTh B BUAE

<E.. X —Rg>>o, v(i,j)el.

,]l
Teopewma 1.Myctb 9 - nponsBonbHas MOAEMNb PACcMo3HALMX ONepaTopoB U € - peLLatLLee npasumno 13
C(cy,C;) ¢ noporamn 0<c, <c,. Toraa mogens 9N yaoBNETBOPSET YCroBuio (2) Ha Z € Z§' B TOM 11 TONbKO
TOM Cyyae, ecnu

IBeMVReR? (R=0R=0)((RRY)=0=(RB"(2))>0). (5)

OtmeTtum, yTo ycrosue (5) SBNSETCH KOHCTPYKTUBHBIM, Tak kak MOXET ObiTb HEMOCPEACTBEHHO MCMOMb30BaHO
Mpyu MOCTPOEHWUM KOPPEKTHbIX anropuTMoB. [ns paspaboTku COOTBETCTBYIOLMX METOAOB HEOBGXOAMMO
KOHKPEeTU3WpOBaTb BWA MOLENM pacro3Haiollux onepatopoB It M BOCMONb30BATLCS anmapatoM Teopuu
CUCTEM KOHEYHbIX HEPABEHCTB.

MHoxecTBO

R'={ReR"| (R>0,R ¢0)&(<R,R§‘> =0))
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MOXHO OMpeAenuTb aHanuTUYeckW, UCMoNb3ysl CBOWCTBA CKaNSpHOrO Mpou3BedeHus U Bug matpuubl R
[lenAcTBUTENBHO, PACCMOTPUM

RO=(ReR™ | (1,20, X5 =N&(( r)-( X" =(c)-(co) ™).

(i,))el (uv eMO (i,f) eM1

¢

o NOCTpOeHMo NOCeSHEro MHOXECTBA nory4aem

VR eR’ (<R,R§‘> =0).
HeTpyaHo Takke 3ameTuTb, 4T0 R° B3aWMHO-OAHO3HAYHO (C TOYHOCTBIO A0 MONOXUTENBHON YMCTIOBONA
KOHCTaHTbI) OnpeaensieT BCe MHOXECTBO R’ . D70 MO3BOMSET CYLLECTBEHHO YNPOCTUTL NPOBEPKY Ycnosus (5).

Cneactsue.B ycnosusx Teopemsl 1 Mogenb 90t ynoenetsopseT (2) Ha Z € Z3 B TOM 1 TOMbKO TOM
crnyyae, ecrnu

IBeM VR eR’ (<R,B“(Z)> >0).

Teopema 1 1 crieacTBue n3 Hee CrpaBeanmBbl Ans pelwatollyx npasun ¢ € C(c,,c;) ¢ noporamm 0<c, <c,. B
TO ke BPeMs,, MCMonb3ys OTAENMMOCTb BbINYKIOrO MHOXecTBa R,(Z) B npoctpaHctBe RY, MOXHO nomyuuTs
WHble YCTIoBNS, MU KOTOpbIX Moaenb 9T yaosneTsopseT (2)Ha Z € ZJ .

W3 noctpoenus wmHoxectBa H, creayet, uyto runepnnockocte  H(E;c,) npu (i,j)eM, otpenser
nonynpoctpaHctea  H™(E;.c;) WH'(E;.c;), a runepnnockocte H(E;.c,) npu (i,j)eM, otpenser

nonynpoctpaxctea H (E;,¢,) u H'(E;,c,) . Ho a0 o3Havaer, uto noamHoxectso matpuy R, (Z)=H, v

[/l
TOMbKO OHO yjoBNeTBOpseT B RY ycnosuio
min{(R.E; )| (i,/) € M} > ¢, = ¢, > max{(R,E; )| (i, ]) € Mo},

rie R - npoussonbHas MaTpuua B RY .

Teopema 2 Myctb 9T - HekoTOpas MOZENb PaACMO3HAOLLMX OMEPATOPOB M C - peluatoliee NpaBumo K3
C(cy,C;) . Torna ana Mt umeeT mecTo (2) Ha Z € ZJ' B TOM 1 TOMbKO TOM CRly4ae, ECIIN CyLL|eCTBYET OnepaTop
B € 90 Taxoi, yto matpuua B(Z) =|| b; || ya0BnETBOPAET OAHOMY 13 CTIEAYIOLUMX YCTIOBHIA:

min b; >¢;>¢y > max b,
(7.j)eM; (uv)eMy

V(i,j) € M (u,v) € My (c, > 0) (b H(c) "> by, - (eo) ),

V(i) € My W (u,v) € My (6, # ¢ ((by — )~ (6, &) ' > 1) &((¢, ~b,,) - (¢~ ¢) "> 1).

3akntoyeHue

B pabote nonyyeHbl obLume ycroBus KOPPEKTHOCTU MOAENelt anropuTMOB pacno3HaBaHns Ay, Ha MHOXeCTBe
samay ZJ . HetpyaHo BMaETb, YTO 9TW YCMIOBMS MO3BOMSIOT CBECTM MPOGNEMy MOCTPOGHMS KOPPEKTHOMO

anroputMma B Am K PeLleHnto CMCTEM HEPABEHCTB B MaTPU4YHOM MPOCTPaHCTBE R? . PelueHue Taknx cucTem

Jaxe B Cnydvae IWHeiHon mogenu 9T ABNSETCH HeTpUBMAnbHbIM. A Tak Kak 3BpUCTWYECKME MOLenu B
OCHOBHOM HENHENHble, TO NOCTPOEHWS KOPPEKTHOTO anroputMa CTAHOBMTCS NPaKTUYECKW HepaspeLuyMoi
3apavei. Moatomy Bo3HWKaeT npobriema noHmKeHns TpebosaHni k aBpucTke T . Takas 1 HEKOTOpble Apyrue
npobrembl peLLaoTcs B MOZENsX, 0CHOBaHHbIX Ha NpuHLMNeE koppekTuposki [Zhuravlev, 2010].
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METOA BbIAENEHUA NPU3HAKOB HA OCHOBE COBMECTHbIX BEKTOPOB
MOMEHTHbIX ®A30BbIX PACMNPELENEHWA U MOMEHTOB 3EPHUKE

A.H. YepHopny6

AnHomayus: [Mpednazaemcss HOBbII Memod NOMy4eHUs 8eKMOPO8 NPU3HAKO8 Ha OCHOBE UHBAPUAHMHbIX
MOMEHMO8 Ha3biBaeMbIX 8eKmopaMu MOMEHMHbIX (ha308bix pacnpedeneHull 0na peweHus 3adaqu
pacnosHagaHusi 08yMEPHbIX NOITYMOHO8bIX 300paxeHull. Mpugodsimes OaHHbIe YUCTEHHBIX 3KCNEPUMEHMO8 No
Kraccugukayuu 08yMepHbIX 300paxeHul, UMEKWUX pasHbili pasvep U MeHsIoWUlcs yaon nogopoma
OMHOCUMENLHO (hpoHmansHol ocu. Mccrnedyemes yemoliyugocmes npednazaemoao Memooda K wymy.

Knroueenle crnoea: pacnosHasaHue o6pa3os, obpabomka 306paxeHull, meopus MOMEHMHbIX UH8APUaHMO8,
NOSTUHOMb I 3€pHUKE

ACM Classification Keywords: |.4 Image Processing and Computer Vision, 1.4.7 Feature Measurement,
Moments, Invariants.

|. BBepgeHue

Teopusi MOMEHTHbIX MHBApPUAHTOB AN ABYMEpPHbIX M300paxeHuit BosHUKNa ¢ BbixogoM pabotel M.K. Xy [Hu,
1962], B KOTOpOI NpeanoxeH cnocod BbIYNCIEHUS BEKTOPOB MPWU3HAKOB AMNS MOMYTOHOBbLIX M300paxeHui, He
MEHSIOLLMXCA Npu npoussedeHnn aduHHbIX npeobpasoBaHWin Hag M30DpaKeHWeM: W3MEHeHUM pasmepa,
noBopote W cABure. bbina AokasaHa Teopema YHWKANMbHOCTW, rapaHTUpyloLlas B3aMMOOAHO3HAYHOe
COOTHOLUEHME ~ MEXZY  WCXOOHbIMM  W300PaXEHUAMW U TEHEPUPYEMbIMM  BEKTOPaMM  MPU3HAKOB,
‘TeOMETpPUYECKMMU  MHBApWUaHTHBIMM  MOMeHTamu”  (“geometric moments invariants”). OHu ¢ ycnexom
MPUMEHSANUCb AMNsl pacno3HaBaHWs MevaTHOro TeKCTa, Knaccudpukauum cumysToB kopabnel M camoneTos.
Moaxe, M. Tur [Teague, 1980] npeanoxun cnocob BbIMUCIEHUS MHBAPUAHTHBIX K atMHHBIM NpeobpasoBaHmsm
MOMEHTOB MyTEM Pa3noXeHNs (hyHKLM MHTEHCMBHOCTI 300paXeHnsl M0 OPTOroHanbHbIM NONMHOMaM 3epHUKe.
Bbino gokasaHo, YTO MOMEHTbl 3epHUKE CBOLATCS K reOMeTpuYeckMM MOMEHTaM, Takke Obina BbiBegeHa
¢hopmyna, no KOTOPoN MOMEHTbI 3epHuKke MOryT BbiTb MOMyYeHbl U3 rEOMETPUYECKMX MOMEHTOB, W HAaobopoT.
MpogomkeHnem Bbino onpoboBaHWe ApyrMx MHOXECTB NONMHOMOB B kavecTe 6asncHbix dyHkumi. Y. X. Tex u
P. T. YuH npepnoxunu B kayecTBe GasnCHBIX (DYHKLWA MCMONb30BaTb OPTOrOHANbHbLIE MOMAMHOMBI MCEBLO-
3epHuke 1 nonuHombl Jlexangpa [Teh & Chin, 1988], 10. WeHr u J1. LeH BBENW OpPTOrOHanbHbIE MOMEHTHI
Oypbe-Mennuua [Sheng & Shen, 1994], P. MykyHgaH v Ap. NpeanoXunM MOMEHTbl Ha OCHOBE MONWMHOMOB
Yebbiwera [Munkundan et. al., 2001], M.T. An u Ap. NpPeanoXunu MCMONb30BaTb MOMEHTbI Ha OCHOBE
nonuHomoB Kpasuyka [Yap et. al, 2003], X.K. Xy v gp. ssenu B obpalleHne momeHTbl Paka [Zhu et. al., 2007].

B Hawen pabote Mbl npegnaraeM HOBbI CMOCOO BbIYUCNEHWS BEKTOPOB MPU3HAKOB HAa OCHOBE TEOpUU
VHBAPUaHTHbIX MOMEHTOB, Ha3blBaEMbIil MOMEHTHbIMW (Pa30BbIMI pPacrpeaeneHnsMu, KOTOpbIi NOAXOAUT Af1s
BCEX 3epHuKe-nofao6HbIX MOMEHTOB. byayun fobaBneHHbIMK K BbIMMCTIEHHBIM OObIYHBIM CMOCOBOM MOMEHTaM,
MOMEHTHbIE (Da30Bble pacnpeaeneHns CnocobHbl ynyylwaTh Ka4yecTBO pacno3HaBaHWs 0OBHEKTOB [4BYMEPHbIX
n3obpaxeHmn npu  HebonblIOM COOCTBEHHOM pasMepe, a TaKKe He3HaunTenbHbIX TpeboBaHUsSX K
[ONOSTHUTENBHBIM BbIYUCIIUTENBHBIM pecypcam.

Il. UHBapuaHTHbIE MOMEHTbI 3epHuKe

HecmoTps Ha CBOK AOMryi0 MCTOPUIO, MOMEHTHI 3EPHIKE OCTAOTCS OYeHb NONYNSAPHbIMA. Ha 0CHOBE MOMEHTOB
3epHuKe CO3AAKTCS MPaKTUYECKME MPUIOXKEHWS MO pacno3HaBaHMKO 00pa3oB, a WX CBOWCTBA MPOAOITKAT
aKkTMBHO uccnegosatbes [Zhenjiang, 2000], [Rodtook & Makhanov, 2005], [Rouze et al., 2006], [Kim & Kim,
2008]. B cBsisn ¢ 3TM, Mbl UCMOMb3yEM MMEHHO MOMEHTbI 3epHuKe Ans OmuUcaHusl mpeanaraemoro cnocoba
BbIYMCNEHWS JOMOMHUTENBHOTO BEKTOPA NPKU3HAKOB, MOMEHTHbIX (ha30BbIX pacrnpeaeneHuil.



