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INPUMEHEHUME KJACTEPHBIX CTPYKTYP IJisd HPEACTABJIEHUA KJIACCOB
IHPU TIOCTPOEHUHN CUCTEM PACIIO3HABAHUA
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Peanmzanus cucTeMbl pacrio3sHaBaHMS HAUYMHACTCA C ONpEeNeHUs ai(aBuUTa KIacCOB, (POPMHUPOBAHUSA AMPUOPHOTO
CJIOBaps MPHU3HAKOB M IOCTPOCHUs oOyuarome BIOOpKH. BHYTpH 3TOI BEIOOPKH KaXKIbIil OOBEKT NPENCTaBIACTCS B
BUJIE MHOTOMEpPHOTO BEKTOpa B INPOCTPAHCTBE, c(hOPMHPOBAHHOM HAa OCHOBE ampuopHOro cioBaps. IlpumeHenne
KJIaCTEPHBIX CTPYKTYp MO3BOJISAET (OPMann30BaTh INPOLEAYPY NPEACTaBICHUS 00pa30oB KJIACCOB M IPOU3BOAUTH
OLICHKY B3aHMHOTO pa3MEeNIeHHUsI 00pa30B 1 3TAJIOHOB KIIACCOB IPH NOCTPOESHUH CHCTEM PACIIO3HABAHHS.

KaroueBble c10Ba: MHTEINICKTyalbHas CHCTEMa, paclo3HaBaHHE 0Opa3oB, aa(aBHT KJIACCOB, CIOBaph IPHU3HAKOB,
ki1accuduuupoBanHas o0y4arolnas BEIOOpKa, KiacTepHas CTPYKTypa.

BBEJEHUE

IIporecc mocTpoeHUs] CUCTEMBI PAcIO3HABaHMS Ha
OCHOBE aHa/IM3a HAOIIOMA€MbIX MaHHBIX NPEIoIaraet
BBINTOJIHEHHE TPEX OCHOBHBIX 3TamoB. IIepBbIA M3 HUX
ABIACTCA ~ NOO20MOGUMENbHLIM W CBI3aH  C
ornpezeneHreM andaBHTa KIJIAccoB, (HOPMHUPOBAHHEM
alpUOpPHOTO  CJIOBapsl MPHU3HAKOB U  MOCTPOCHUEM
HWCXOJTHOM KIaccu(UIIPOBaHHON oOydJaromieit
BBIOOpKH. BTopoii sram  sBAsSETCS LEHTpPaIbHBIM U
HalpaBlIeH Ha peajM3alfio HpPOLENyphl 00yueHus
[BacunbeB, 1989]. B pesyabrare BBIMOIHEHUS U3
arpuopHoro ciosaps npusHakoB (ACII) uckimrogarTcs
BCE MaJOMH(GOPMATHBHbIE TPHU3HAKH, KOTOPHIE HE
obecrnieunBaloT pasgeneHne (QopMalbHBIX  00pa3oB
STAJIOHOB = KJIACCOB B TPH3HAKOBOM IIPOCTPAHCTBE
OPYHATHS PeIIeHUHA. 3aKIIOuUTENbHBIN TpeTuil 3Tam
CBSI3aH C  BBINOJIHEHHEM IIPOLEAYPBl  NPUHAMUSA
pewienus,  Korma — HcciemyeMmblii  obpa3  ymbo
Ki1accuuIupyercss K OZHOMY M3 HPEILyCMOTPEHHBIX
KJ1acCOB, JIM0O BBIJEISIETCS B OTIEIBHBIN JKOKEP-KIIacc
[Pomuenko, 2006].

®opManbHO BeCh MPOLECC PaclO3HABaHUS MOXKET
ObITh  peanm3oBaH B  PE3YJIbTare  BBIMIOJTHECHUS
CIIEAYIOMIEH TTOCIeI0BAaTeIHbHOCTH IPe0Opa30BaHMA:

S—hEyC—P AR TR A5 3E_ B4R

rae S — andasur kiaacco; C — clIoOBaps HaOIIOIACMBIX
(m3MepsieMbIX)  XapaKTepUCTHK; A arpPUOPHBII

R
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CIOBapb  NPHU3HAKOB; | KJIacCH()UIIMPOBaHHAS
oOyuaromas BeIOOpKa; A” — yTOYHEHHBIH CIIOBaph
MPU3HAKOB JUISl IOCTPOEHHSI IPOCTPAHCTBA penteHuil; E
MHOXECTBO 3TAJIOHOB Kiaccos; R MHO>XECTBO
pemiennii; F1 — anroputM momydeHus HaOIHOIaeMBIX
XapaxkTepucTuk; Fo aJrOPUTM  TIOCTPOCHHA
aIpUOPHOTO ClIOBaps MpPH3HAKOB; F3 aJITOpPUTM
dbopmupoBanust  KiIacCUGUIMPOBAHHONH — 00ydJaromeit
BbIOOpKH; F4 — anroput™ cenapupoBaHus NIPU3HAKOB U3
AIIPUOPHOTO cioBaps 1o CTETICHH ux
MH(GOPMATHUBHOCTH Ul IIOCTPOEHHS IPOCTPAaHCTBA
pemienuii; Fs QITOPUTM TIOCTPOEHHSI 00pa3oB
STAJOHOB KJIACCOB B MPOCTPaHCTBE pemeHni; Fs —
AITOPUTM TIPOLEY Pl IPUHATHS PELICHUS.

st popmanbHOTO TIpenicTaBieHuss 00pa3oB KIaccoB
WIH 3TAJOHOB KIIACCOB B MHOTOMEPHOM IPU3HAKOBOM
MPOCTPAHCTBE MPELIATacTCsl HA OCHOBE HUCIIOIb30BaHUS
BCEX HK3EMIUIIPOB KJIaCCOB CTPOUTH COOTBETCTBYIOIIUE
KJIACTEPHBIE CTPYKTYPHI.

ITocTpoeHune KIaCTEPHBIX CTPYKTYP

[TpenmnonoxuM, 4To omnpeneneHsl aadaBUT KIacCoB
S={51,S>,....5¢} ¥ anpuUOpHBIIl cIOBaph MPU3HAKOB
A={A1,A2,...,An}.

ITycte  KaxAplii  OTHENBHBIH  OOBEKT — KJlacca
onmchiBaeTcss N mpusHakamu u3 ACII B Buae BekTop-
cronbua X'=(X1,X2,...,Xn), TA€ Xi — 3HAYEHHE i-TO

IIpU3HaKa, U OJHO3HAYHO aCCOOMUPYETCSA C OAHHUM U3
KJIaCCOB.
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HaGop 00BekTOB OTHEIHHOTO KiIacca oOpasyeT
WCXOHOE OTMCAaHHE »JTOTO KJacca B aNpPHOPHOM
npu3HakoBoM TpocTpancTtBe. OObemWHEHHE  BCeEX
00BEKTOB u3 BCEX KJIaCCOB obpazyer
KJaccu(UIMPOBAHHYIO 00YYAOIIYI0 BBEIOOPKY, KOTOpas
ONMHUCHIBACTCSI B BUAC TAOMUIBI THOA  “00beKkm-
ceoticmeo” ® (POpPMAaJTbHO TPEACTABIICTCS B BHUJC
Marpuipl  Xn m, A€ m=mp+My+...+Mg, a M -
KOJIMYECTBO OOBEKTOB i-r0 Kiacca.

X

Jus hopmansHOTO TIpencTaBiIeHus 00pa3oB KIaccoB
IpearaeTcs Ha OCHOBE BCEX 3K3EMIUIIPOB Kiacca
CTPOUTH COOTBETCTBYIOIYIO KIACTEPHYIO CTPYKTYDY.
IlockonpKy Kaxabli OTHENBHBIA HK3EMIULIp Kiacca
npeAcTaBiIsier coboil BekTop B TpocTpanHctBe R" C
KOOpIMHATaMH BEPUIMHBI  (X1,X2,...,Xn), TAE X
3HaUeHWe 1-r0 TMpHU3HaKa, TO OOBEOUHEHHE BCEX
BEKTOPOB OJHOTO Kjacca B KIACTEpHYIO CTPYKTYpYy U
Oyaer mpencTaBiIsITh CcO00W (GopManibHOE OMUCAHUE
Kiacca.

[TocTpoeHue  KIACTEPHBIX  CTPYKTYP  MOXKHO
OCYIIECTBUTh Ha  OCHOBaHWU  YHHBEPCAILHOTO
aNropuTMa, TPETyCMATPUBAIOIIETO BBINONHEHHE 4
TI1aroB:

1. HavanpbHash WHHOUANIH3alHs LCHTPOB KIACTEPOB
(Hampumep, MOXHO 3aJaTh HaYalbHBIC 3HAYCHHS
CIIy4ailHO BBHIOpaHHBIMH TOYKAMH M3 IPOCTPAHCTBA, B
KOTOPOM  OMpE/CNCHB JaHHBIC; MOXHO BBIOpaTh
crydaifHple TOYKM M3 BXOJHOTO MAcCCHBA MAHHBIX H
T.J.).

2. E-mmar (expectation): mpoucXomaumT —accouuanus
MEXIy DJIEMEHTaMH MaHHBIX M KIACTePaMH, KOTOPBIC
[PEACTABICHBI B BUIE CBOUX LEHTPOB (LEHTPOHIAMH).
3. M-miar (maximization): mepecuuTHIBAIOTCS LIEHTPHI
KJIACTepOB, KaK CPEHUE 3HAYCHHUS OT AaHHBIX, KOTOPBIS

OBUTH BKJIFOYEHBI C COOTBETCTBYIOIIHU  KIIacTep
(mpyruMu  cioBaMH,  MPOMCXOMUT  MOAU(HUKAIHS
mapaMeTpoB ~ MOJCITH  TakuM 00pa3oM,  YTOOBI

MaKCUMM3UPOBATh BEPOSITHOCTH TIOMAJaHuUsl JIEMEHTa B
BBIOpaHHBIN Kiactep). B ciyuae, eciau Kiactep mocie
mara 2  oOKazajcs  IYCTbIM, = TO  IIPOUCXOJMT
MHHIHATIU3aUs] KAKUM-JIA00 IPYTrHM CIIOCOOOM.

4. Illaru 2-3 MOBTOPSIFOTCS JI0 CXOAUMOCTH, JINOO MOKa
HE  BBIIOJHUTCS  JPYIoil =~ KpUTEpUH  OCTaHOBKU
anropuT™Ma  (HalpuMep, = NPEBBILICHHE HEKOTOPOTo
YKCITa UTEPALHiA).

O,HHaKO HUCIIOJIB30BAHUE JAaHHOI'0 Imoaxoga MMECT U
Pt HEIOCTAaTKOB, B YaCTHOCTH.

e ANTOpPUTM HE rapaHTUPYET ONPEIENICHUs JIyYIlEero
M3 BO3MOXKHBIX PAacCIOJIOKEHUH LEHTPOB rurepchep
(moctmkenne TIOOATFHOTO MHHHMYMa CYMMAapHOTO
KBaJpaTUYHOTO  OTKJIOHEHHWS), HO  TapaHTHpPYeET
CXOAMMOCTh K KakOMY-TTHOO DEIICHHIO0, T.e. WTeparuu
HE 3aLUKJIISATCS.

e Pe3ynbTaT NOCTPOEHUS KIJIACTEPHOH CTPYKTYpbI
3aBUCHUT OT BBIOOpA MCXOIHBIX LIEHTPOB runepcdep.

00 oxHoI1 peanu3anyuu 0011€ro MOAX0AA

IIpomiecc mocTpoeHMS KIACTEPHOH  CTPYKTYpPHI
HAYMHAETCS C MMOWCKa HanbOollee yIaJIeHHOTO OT APYTHX
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BEKTOpa. 3areM  OmpeeNsseTcs  OmmKalmuid K
HalJICHHOMY BEKTOpY IpeICTaBHTENb Kilacca, M OH
BKJIIOYAETCS B COCTAB KJacTepa. 3aTeM BBIYHUCIIOTCS U
3alIOMHMHAIOTCS 3HAYECHUS KOOp/AMHAT
BCIIOMOTATEJIbHOTO BEKTOpPa, KOTOPBIA yKa3blBaeT Ha
CepenuHy OTpe3Ka, COEIMHSIONIEr0 JBa OYEPEIHBIX
JK3eMIUIIpa Kiacca. B pesymbrare  Qopmupyercs
“ckerner” KIACTEPHON CTPYKTYPHI MJIsl IOCTPOCHUS
(opmanpHOTO 00pa3za Kiacca, KOTOPBIA COOEPXKUT 2*m;-
1 BEeKTOpPOB, U3 KOTOPBIX M; BEKTOPOB-3K3EMILISIPOB i-TO
Kiacca (TJe mj - KOJIHYECTBO OOBEKTOB i-TO Kjlacca) U .
mi-1 BcroMmorarenbHbIX BEKTOpOB. B manmpHeilmem
KaXIBI HK3EMIULIP “‘CKeneTa’” BBICTYNAeT B KadecTBE
neHTpa runepcdepsl IpH MOCTPOCHHM  KIACTEPHOM

CTPYKTYpBI, TIPEACTABISAIONICH CO0OW OObeIWHCHHE
oOnacreif, 00pa30BaHHbBIX MePECEeKAIONINMUCS
runepchepamu.

1. Bospmem Hambosee yHAJIGHHBIH OT BCeX
sx3emmap knacca XU u HaiineM s Hero GminKarmImit
sxsemmaap X@, u paccTosHEE MEXTy HUMH 0003HAYUM
o,

2. Moctpoum rumepcdeps! (mamee cepsl) pamgmyca

&)
r(l):T ¢ uentpamu B X®, X@ O6o3nauum Touky

Kacanus JByX = cdep OW ¢ koopauHaTamu
(019,...,00Y) u mocTpoum chepy paauyca r' ¢ nenrpom
B 00,

3. Jlna osxsemmuspa X@  maiinem  Gnuskaiuimii
sxsemmiap X©, u paccTosHrE MeXTy HUMH 0003HAUMM
I®@ | mpuuem u3 moucka uckiodaem X®. Tloctpoum

12

2):7 ¢ meatpamu B X®, XO® y

cepsl pammyca 1l
nonyuyuM Touky kKacanus chep 0@=(0,9,...,00?).
[octpoum cepy pammyca @ ¢ uenrpom OO,
[Mocxonpky X® snserca neHTpoM ABYX cep pammyca
rO u 1@, o ana naEHOrO YK3EMINIAPa BHIOHpPaeM chepy

C MaKCUMAJIBHBIM PaJI1yCOM.

Pucynoxk 1 - Cdepsi ¢ nenrpamu X, OW, X@, 0@, X®

AHaNOrMYHO TIPONODKUM ITocTpoeHue chep st
OCTaJIbHBIX APK3EMIULIPOB Kjacca. OnuiueM pe3ysbTar
TAKOTO TIOCTPOEHHS C IOMOIIBIO TaOJIHIBI, B KOTOPOH
MIEPBEIA CTOJIOEI] COACPKUT MOPSAAKOBBEIE HOMEpa cdep,
BTOPO# CTONOEI] CONEPKUT KOOPAUHATHI IEHTpa chepn
C paxmycoM, 3HaYeHHE KOTOPOTO B TPEThEM CTONOIIE.
UYerBepThii CTONOEN] NMpUHUMAeT 3HaueHWe | — ecim
HEHTPOM cdepbl sBisgeTcs Xi 1 0 — ecliu IEHTPOM
chepbl OKa3pIBAETCS TOYKA ITEPECEUCHU 0.

Ne LenTp Panuyc IIpusHak

X® r® 1




2 oo r® 0
3 X®@ @ 1
2m-2 om1) r(m-1) 0
2m-1 X (m) r(m-1) 1

Dxsemmusapsl XU u XM gpnsores “kpaitaumu”, a
NOTOMY /ISl HUX B TaOMUILy 3anuchkiBaeM paauychl 'Y u
r™Y, ns xaxmoro skzemmispa kmacca X@,... XM g
TAaGNMIly — 3alMCHIBAEM  MaKCHMAlbHOE  3HAuCHHE
panuyca, CBSA3AHHBIX c NOCTPOEHHEM
COOTBETCTBYIOIMMX chep. B pesynsrare momyuaem, uTo
obnmacte, oOwbenuHsAOIIAs Bce cdepbl, U Oyaer
TIpe/IcTaBaATh co00i KmacTep Kimacca.

[lpy  moCTpoeHMHM  KJIACTEpPOB  HMCHOJB3YHOTCS
rurepcepsl, A KOTOpbIX o0veM V pamuyca I B
non
22 72
—rn

npoctpancTBe R" paBeH mims N getHBIX V = T
n::

u

n-1

n+l o n=
22 g2
n!

HEYETHBIX V = COOTBETCTBECHHO

[Posendenn, 1966].

OO0BeM MMOCTPOECHHOTO KJIacTepa MOXKHO BBIYHCIIUTH
2m-1
mo ¢opmyne V = ZV(D —U, rne U mpexacrapnsier
j=1
coboit o0bem mnepeceueHus cdep, 00Opa3yrOUMX
kinactep. Jlna Boruumcnennst 3HadeHnss U MOXKHO
BOCIIONIb30BaThCsl MeToioM MoHTe-Kapito.

Paccmotpum obnacth nepeceuenne G nByx ctep Ci
C LIEHTPOM B Touke M1 1 paguycom 11, 1 Cp C IEHTPOM B
Touke M2 M pajycoM r2 B mpocTpancTse R".

A~

Puc.2. ITepeceuenue chep Ci u Co

Hnst Beraucienus oovema Vg. Bo3bMeM chepy Ciy,
obbem koTopor Vi. Beibepem N cimydallHBIX TOUEK,
paBHOMEpHO pacnpeeneHHbix B Ci, M 0003HAYMM
yepe3 N’ kommuectBo Touek, momaBmux B G Touka

Mg € G Torna M TONBKO TOIZA, KOraa |M1 — I\/IG| <nm
M, —Mg|<T,.

OLICBI/IHHO, 4YTO IIpH OompiioM 3HaueHuud N y

N' V N’
— ~~% | a3maunr Vg zvlﬁ . Torna o6pem obmacTu

~ s

N V,
obwsenuuenus nByx cep Ci m Cp paccuuThiBaeTcs 1O

tdopmyne V=V1+V-Ve umu V =V, +Vl(1_%j_
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Temepsr mepeiimeM K BbUHcIeHHI0 o0bema U
nepecedeHuss cdep KIacTepHOW CTPyKTyphl. Haiimem
st j-oit cdeps, toe j=12m-—1, Bce chepsl ¢
KOTOPBIMH OHa IEPECEKaeTCs], IPUUEM K PACCMOTPEHHIO
Oymem Opatb cepsl, y KOTOPBIX MOPSAKOBBIH HOMEp
6onbure j. Iocme yero omeHum o6beM MO (opmyrie

u zV(j)N—J . JAns mocnenneit cdepsl, mopsAKOBBINA
j
HOMep KoTopoii paBen 2m-1, umeem UP™Y=0. Torma
CyMMapHBIH 00beM TmepecedeHHst cdep KiacTepa
am-1
BeIYHCIIAETCS 0 hopmyne U = ZU(’) .
j=1

[Toncrapnsiem nonyyenHoe 3Hadenue U B dhopmyny
mit V. u monmydaeM HMCKOMOE 3HadeHHe oObema
2m-1 2m -1

V ~ v ) _ U
=k

[T10THOCTE KIACTEPA  p MOMKHO BBIYHCIUTL 10
dopmynne p=VIK, tme k KOIHYECTBO SK3EMILTIPOB
Kiacca.

3AKJIOUYEHUE

IIpuy  mocTpoeHMM  CHUCTEM  PAacHO3HABAHUS
MEePBOHAYATIBHO KaXIbI OTJENBHBIA 3K3eMIUIIp Kiacca
(hopMabHO MOXKET OBITH MPEICTABJIECH B BHJIE BEKTOpa
B/ MHOIOMEpPHOM  IPHU3HAKOBOM  IIPOCTPAHCTBE.
dopmainbHOE e onucaHue o0pasa Kiacca MpeayiokeHO
peasm3oBaTh B BHAE  KJIACTEPHBIX  CTPYKTYD,
MOTy4aeMBIX IIyTeM OOBEIUHEHHS COOTBETCTBYIOIINX

rarepcdep.

B craree ommcan METOMI, KOTOpBIﬁ IIO3BOJIACT

NpEeACTaBUTh 00pa3 Kjlacca B BHAE KJIACTEPHOH
CTPYKTYpBI,  TIOJIydaeMOH  IIyTeM  OObeAMHEHHUS
runepcdep B MHOTOMEPHOM MIPU3HAKOBOM
MPOCTPAHCTBE.

Peanu3oBaH OpUrMHAJIBHBIN AJITOPUTM IOCTPOECHMS
KJIACTEPHBIX CTPYKTYP, KOTOPBIM IIPENyCMaTpUBACTCS
BO3MOXKHOCTh BBIYHCICHHS 00beMa M IUIOTHOCTH
KJIACTEPHOH CTPYKTYphl, YTO IO3BOJISIET IPOU3BOAUTH
OLICHKY €€ KOMIIaKTHOCTH.

[IpennoxeHHbIi MOJIXO., Oasupyercst Ha
MPUMEHEHUU ammapara KJIacTepHOro aHaiu3a, a JJis
BEIUUCIICHUsT oO0beMa TmepecedeHus rumepchep B
MHOTOMEPHOM MIPU3HAKOBOM MIPOCTPAHCTBE
ucnomabiyercs Mmero Monte-Kapiio.
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The construction of the recognition system begins with
the definition of the alphabet classes, the formation of a
priori dictionary features and builds a learning sample.
Within this sample of each object is represented in the
form of multidimensional vector in the space, formed
on the basis of a priori dictionary. The use of cluster
structures allows to formalize the procedure of
submission of patterns classes and to assess the mutual
placement of patterns and etalons classes when building
of the recognition systems.

INTRODUCTION

At building of real systems on the basis of use of
pattern recognition theory apparatus there is a necessity
of formal representation of classes in corresponding
multidimensional feature space. Such space is built on
the basis of a priory feature vocabulary, or on the basis
of the specified feature vocabulary.

For formal representation of pattern class in
multidimensional ~ feature  space  building = of
corresponding cluster structure on the basis of all class
standards is suggested. Each class standard represents a
vector in space R" with top coordinates (Xz, X2, .., Xn),
where x; — i feature value. Association of all vectors of
one class in cluster structure also will represent the
formal description of a class in multidimensional
feature space.

MAIN PART

Cluster structure  building process begins with
search of such example class which is the most
removed from others. Then the nearest to a found
example representative of a class is defined, and it joins
the cluster structure as a following element. Besides,
are calculated and if necessary are remembered
coordinates values of an auxiliary vector which
indicates the midpoint, connecting two next class
examples. As a result cluster "skeleton” for building of
pattern class is formed.

Let to a priori feature vocabulary be formed
P={P1,P,,...,Pn}, and every class example is described
on the basis of n features from this vocabulary.
Formally each such example is represented in the form
of vector-column XT = (X1, Xz,...,xn), Where Xj — i
feature value.

We will begin cluster structure building with search
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of the most remote from all class examples. We will
designate it XM, The given example will be the first
element of formed cluster structure.

Then we will find for X® the nearest example X@,
the distance between them will be designated as 14, We
will build hyperspheres (further spheres) of radius r®,
where r® =1®/2with centers in X®, X@. We will
designate the contact point of two spheres — OW with
coordinates (0:%,...,0i") and we will build radius
sphere r™D with center in O®, Further for the example
X@ we will find the nearest example X® and distance
between them will be designated as 1?9, and is excluded
X®, We will build radius spheres r®, where
r@ —1@ /2 with centers in X®@, X® and we will get
the sphere contact point 0®@=(0,?,...,0,?). We will
build radius sphere r® with center O@. The example
X@ is a center of two radius spheres r®¥ and r@, the
maximum radius is chosen for the cluster structure
description.

As a result we received that the area uniting all
spheres will represent cluster structure which is subject
of a formal pattern class in multidimensional feature
space.

For cluster structure characteristics estimation the
possibility of cluster structure volume and density
calculation is provided.

CONCLUSION

In the article the method which allows presenting a
pattern class in cluster structure, received by association
of hyperspheres in multidimensional feature space, is
described.

This method can be used at designing and building
of recognition systems for procedure performance of
the analysis of mutual placing of class patterns and
standards in multidimensional feature space.
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