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[Ipu pemeHnu 3a7a4, CBA3aHHBIX C HEOOXOTMMOCTHIO ITPOBEAEHUS HAYaIbHOTO aHa-
JIN3a JIAaHHBIX, TIOJIyYaeMbBIX B Pe3yJIbTaTe IMPOBEIEHUs BBIUMCIUTETbHBIX SKCIIEPUMEHTOB
WIN B pe3yJIbTare HAOIIO[EeHN PAa3ITUYHbBIX IIPOIECCOB U SIBJIEHUH, UCIIOIB3YIOT METOABI U
aJITOPUTMBI KJIaccuuKanuu OOBEKTOB M PaCIO3HABaHUs 0Opa30B. BOJIBIIMHCTBO TaKuX
METO/ZI0OB M JITOPUTMOB PeaIn30BaHO B MH(GOPMAIIMOHHBIX CHCTEMaX KIacCUPUKAIUN U
pacro3HaBaHUsA 00bEKTOB, HEOOXOAUMBIM 3JIEMEHTOM KOTOPBIX SIBJISIETCA UeJIOBeK (ucciie-
noBaresib). OCHOBHASI QYHKIIHS UCCIEA0BATENS 3aAKJII0UAETCS B yIIPaBJI€HUH MIPOIIECCOM pa-
OOTBHI aJITOPUTMOB, TO €CTh 33/IaHUE U KOPPEKTUPOBKA CBOUCTB KJIACCOB (TPAHUIIBI, MAKCHU-
MaJTbHO BO3MOXKHO€ KOJIMUECTBO KJIACCOB, BBIZIEJIEHUE OJTHOTO OOBEKTA B OTAEJTbHBIA KyIace
KaK IIPEIeJIeHT, U.T./I.), UTO IIPUBOAUT 3TOT BUJ] CUCTEM K KJIACCy aBTOMATH3UPOBAHHBIX.

Ha puc.1 orobpakeHa cxemMa (YHKIIMOHAIBHOH CTPYKTYPhl IPOrPaMMHO-
AJITOPUTMUYECKOH CHCTEMBI KJIACCU(PUKAIINU U PACIIO3HABAHUSA 00pPa30B, KOTOPAs PeEIIaeT
CJIeyIONUE 3aaUn:

1) zagaua 06pabOTKU BXOAHON MH(POPMAIINY;

2) 3agaua kiaaccuUKamuu 00bEKTOB;

3) 3as1aua pacrio3HaBaHuA 00pa30B;

4) 3aa4a OIEHKH YCTOMINBOCTH PabOThI AJITOPUTMOB;

5) 3ay1aua BU3yasm3aiuu pe3yJIibTaToB PabOThI AJITOPUTMOB.

CrpykTypa BbIllosIHEHA B Bule SADT aAuarpaMmbl.

Ha pwuc.1 oTpakeHa MOACUCTEMA, BBIMOJHAIOIMAA QYHKIIUIO ONEHKH yCTONYHUBOCTH
paboThI AITOPUTMOB, TIOJIyYasi BHIXOHBIE JaHHBIE KOTOPOH HCCIIE0BATEIb TMEET BO3MOMK-
HOCTHh IPUHUMATH PEIIEeHNE O JJAJIbHENIIIEM HCIIOIb30BAaHUHU PE3yJIbTaTOB pabOThI aJITOPUT-
MOB KJIacCHU(pUKAIIUN 0O'BEKTOB U PACIIO3HABAHUA 00Pa30B.

[Toacucrema 06pabOTKU BXOAHON MH(POPMAIINU BBITIOTHSIET CeAYIONHe (PYHKITHH:

1) obpaboTku mHpOPMAIUHU C KJIaBHATYPhl U 3aHECEHUE ee B TaOJIUIy CBOMCTB 00b-
€KTOB;

2) nmpuema c KJIaBUATyphl IapaMETPOB KIacCUpUKAIUA 00BbEKTOB U PACIIO3HABAHUS
00pa3oB;

3) OTKpHITHA U 00pabOTKHU TabIUIBI CBOUCTB 00bekTOB U3 dbf —daiina;

4) BpIOOpA TPU3HAKOBOTO IIPOCTPAHCTBA U3 Hanbos1ee MH(GOPMATHUBHBIX PU3HAKOB.

IToacucrema BU3yau3anuu pe3yabTaToB pabOThHI AJITOPUTMOB BBITIOJTHSIET QYHKITUIO
MIOATOTOBKH OTYETa, KOTOPBIH COMIEPKUT HH(OPMAIHMIO O pacupeAeJeHUN OOBEKTOB II0
KJIaccaM B TaOJIMYHOM BHJIE, €CJIH KOJIMYECTBO MPU3HAKOB OostbIle ABYX. Eciiu KosmaecTBo
IIPU3HAKOB OO'BEKTOB PaBHAETCS JBYM, TO OTUET MOJKET COAEPIKaTh TOUEYHBIN rpaduk pac-
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npezieyieHnst 0ObEKTOB T10 KJIaccaM, IIPU YeM OOBEKTHI OT/IEJIPHOTO KJIacCa OKPAIIINBAIOTCS B
oIpe/ieJIeHHBIN IIBET.

IToacucrema kaaccupUKAU OO0BEKTOB COJEPIKUT aBTOMATHYECKYIO IIPOIIe-
ZIypy, PEaTU3YIOIIyI0 BaDUAIIMOHHBIA aJITOPUTM.

[Ipu peanu3anuu aBTOMATHYECKUX MPOIEAYP KIacCUUKAIMU BO3HUKAET HEOOXO-
JIUMOCTD KOJIMYECTBEHHOH OIleHKU (KpUTepusi) KauecTBa pazdouenus [1,2].

Takoit KpuTepuil 10 HEOOXOAUMOCTH I0JIPKEH YUUTHIBATh MHOTO (haKTOPOB, KOTOPBIE
OTIHCBHIBAIOTCS HA SBPUCTHYECKOM YPOBHE C UCIOJIb30BaHUEM BEPOAIBHBIX (KaueCTBEHHBIX)
Mojieseit [3].

MeToaonorus npeameTHOW 06nacTy u
oGwne TpeGosanus

ArperaTu 06bekToB

Bxoante + HOBLI 06 beKT

Rannbe

Matpuua csoitcTs
06bekToB

ArperaTu
06bekToB

MNapameTps knaccud nkauun

l NapameTpw pacnoskasanus

rotosoe Arperatu
cwenue 0GseKTos rorosoe
: peuei Buxonnse

naHHb e

anHbe 06
cTounsoCTH

Arperat
06beKkToB

F

T weonenosaren

Puc. 1 Cxema GyHKIMOHAJIBHON CTPYKTYPBI IPOIPAMMHO-aJITOPUTMUYECKOH
cHCTeMBI KIaccu(pUKaIIy U PACIIO3HABAHUA 00pa30B

B pabore [4] oTMeuaeTcss Ba)KHOCTh OJHOPOJHOCTH (PaBHOMEPHOCTH) pa3OHeHUs
HCXOHOTO MHO’KECTBA Ha KJIACChl KAK B CMBIC/IE OTCYTCTBHS CKAYKOB “TIJIOTHOCTH DJIEMEH-
TOB BHYTPH KaXKJ0TO KJjIacca, TaK U B CMbIC/IE IIPUMEPHOTO PaBEHCTBA KOJIMYECTBA DJI€MEH-
TOB B KaKJ0M KJIacce.

B pamkax HacTosiIeil paboThl IPU Pa30UEHNH 3JIEMEHTOB IIPEJIaraeTcsi KpoMe 3TO-
ro obecreurBaTh pAaBHOMEPHOCTh B CMBIC/IE OJHOPOIHOCTH PACCTOSHUU MEXKAY T€OMETPHU-
YEeCKHMHM [IEHTPaMHM TsKECTEH KJIaCcCOB M OAHOPOAHOCTH MAaKCHMAIBHBIX PACCTOSIHUH MeK-
Jly 00bEKTaMH OJTHOTO M TOTO 2Ke Kyiacca (pa3MepoB KJ1acCcoB).

YTOYHMM MOCTAHOBKY 3a/auu Kaaccudukaiuu. IIycTh HCX0IHOE MHOXKECTBO COZEP-
kUT M 251eMeHTOB, KOTOpbIe HeoOxoauMo pa3buts Ha K kiiaccoB. B manpueitmem Mg o3Ha-
YaeT MOII[HOCTH (J-OTO ITOAMHOKECTBa, TaK UTO

K
d M, =M D
gq=1
,Z[JISI XapaKTEpUCTUKU OAHOPOAHOCT. paS6I/IeHI/I$I BBEAEM (I)YHKLII/IOHaJI
D-H
L=—->, 2
G.R ()

rae D - mepa OAHOPOIHOCTH PACCTOSIHMH MEXKAY IEHTpaMU TsKecTel KjaccoB; H - mepa
OTHOPOJHOCTH KOJIMYECTBA 2JIEMEHTOB B Kj1accax; G - Mepa OHOPOIHOCTH PACCTOSTHUI Me-
JKIy DJIEMEHTaMH OJHOTO M TOTO 2Ke Kjacca; R - Mepa ofHOpOAHOCTH MaKCHMAaJIbHBIX pac-
CTOSIHMH MeXy 00beKTaMU OTHOTO 1 TOTO 7Ke KJiacca.

MakcumanbHOe 3HaueHune GyHKIHoHama (2) OyeT COOTBETCTBOBATh HAWJIyUIIIEH
CTEeIeHH KauecTBa pa3OreHns HCXOITHOTO MHOKECTBA Ha ITOAMHOKECTBA.

IToatomy misa mepsl D mipesyiaraeTcss Ha OCHOBe paboTHI [5] MCoib30BaTh Ipe/CcTaB-
JIeHue BUaa
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z ZHqJ 'Ln(HqJ)

D __ g=1I=g+1 (3)
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uq,l

rae Yq,| - paCCTOAHHUE MEXAY T€OMETPUIECKNMHU EHTPAMU TsKeCTeln g-orou | - oro kiac-

COB.

Bynet umers MmecTo Dmax = 1 Kor/ia Bce pacCTOSTHUA MEXAY T€OMETPHUUECKUMHU IeH-
TpaMH TS?KECTH KJIaCcCOB OyAyT paBHBI, U CJIEAOBATEJIHLHO Oy/ieT uMeTh Mecto Dmin = 0 ko-
rma K=1.

Jg mepsl H mpepjiaraeTcd MCO0Jb30BaTh IPEACTABIIEHIE

K
> m,-Ln(m,)
g=1

T LK) ®)

Mq
e m, =—-.

M
Byner umers Mecto Hmax = 1 koryia KoJimuecTBa 3JIEMEHTOB B KJlaccax Oy/IyT paBHBI,
U CJIeJIOBATeIbHO OyzieT uMeTh MecTo Hmin = 0 kKorzia B oJlHOM Kij1acce OyZyT comeps:KaThCs
BCE 2JIEMEHTHI MCXOTHOTO MHOKECTBA , @ B OCTAJILHBIX HU OJTHOTO.
Mepa G onpeziesigeTcsa COOTHOIIIEHHEM

Mq-1

1 K Zpiq ’ Ln(piq)

G :1+_z i=1 ’ (6)
K4&| LnM,-1)

rae
liq

Pig = R_q (7)
Mg-1
> =R, ®
i=1

Rq - 0bmias yinHa BHYTpEHHUX pebep g-To MOMHOMKECTB, a I, - JyIMHA i-0ro pebpa B g-oM

noaMHOKecTBe (i=1,...,Mq-1). Pebpa mosyuaroTcs myTeM IMOCTPOEHHUS MUHHUMAJIBHOTO OCTO-
BOTO JiepeBa /IJ1d KaK/I0T0 Kjacca.

BBumy toro, yro G HaxoauTcsA B 3HaMeHaTesle (GyHKIMOHANA OyZeT MMeTh MECTO
Gmax = 1 Tpu MaKCUMaJIbHOU HEOTHOPOJHOCTH BHYTPUKJIACCOBBIX paccTossHUM 1 Gmin =0
KOT/Ia OHOPOHOCTH BHYTPUKJIACCOBBIX PACCTOSTHUH Oy/ie HaWJTydIIed.

Mepa R 1o ananoruu ¢ Mmepoii G umeert mpeJicTaBlaeHNe

K
D 2q-Ln(2,)
=1

Ln(K)

=1+ (9)

e
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Rmax,q
8 (10)

9~ K '
z R max, i
i=1
rae Rmax,q - MaKCUMaJIbHOE U3 paCCTOSIHI/Iﬁ MEXAy CaMbIMU OJAJIBHUMH 3JIEMEHTAaMHU ( - Oro

KJjIacca .

Bynmer mmeThr MecTo Rmin = 0 Korja MakCHMaJIbHbIE PACCTOSHUS MEKy CaMBbIMH
JIAJIbHUMU 3JIEMEHTaMHU KayKJ0T0 M3 KJIaCcCOB OY/yT paBHBI, U CJI€J0BATEILHO Oy/IET UMETh
MecTo Rmax = 1 Koryia B 0JTHOM KJj1acce Oy/iyT cojiep;KaThbCsl BCe 3JIEMEHThI UCXOHOTO MHO-
JKECTBa, a B OCTAJIbHBIX HU OIHOTO.

Ha mpakrtuke npenesnbpHble caydaun Mep (3), (5), (6), (9) mpu OOJIBIIOM KOJIHYECTBE
00'BEKTOB B ICXOTHOM MHOKECTBE BCTPEUAIOTCS JOBOJIBHO PEIKO.

Tak kak HawIydlleMy pa30OHeHHI0 NCXOJHOIO0 MHOYKeCTBa 0OBEKTOB OYAEeT COOTBET-
CTBOBaTh MaKCHMaJIbHOe 3HaueHue (GYHKIHOHaMa (2), TO IS peayn3alud IIPOIeIyPhbl
Kk1accupuKaud HeoOX0MM BapHUaIlMOHHBIM aJITOPUTM, OCHOBAHHBIM HA pa3pe3aHUU Tpa-

da.

VcxoaHble TaHHBIE JAHHOTO aJITOPUTMA, KaK U JJIs MHOTUX aJTOPUTMOB KJaccudu-
KalluH, IIPEJICTABJISIOTCS B Buie TabauIbl « O0bekThI-cBorcTBa» (TOC).

BrIxogHbBIE JAaHHBIE AJITOPUTMAa MPEACTABIAIOT COOOH CTPYKTYPHUPOBAHHYIO TaOIHILY
«OOBEKTHI — CBOHCTBA», TO €CTh C YKa3aHUEM ITPUHA/IJIEXKHOCTH KaXKI0T0 00BhEKTa K OJHOMY
13 KJIaCCOB.

Takum 0O6pa3oM, Ha OCHOBE UCXOAHON TaOUIbl « OOBEKTHI — CBOMCTBAa» BBIUHCIISAET-
cs MaTPHUIlA PACCTOSTHUM C UCIIOJIb30BaHUEM paccTosTHUA EBKna.

Ha ciemytoriem atarme mo MaTpHIle PACCTOSTHUM OCYIIECTBIISAETCS OObeIMHEHNE dJe-
MEHTOB JPYT C APYTOM IO IPUHIUITy OJIMKAUIIEro coceza. B aToM ciydae Ha HMCXOZHOM
MHOKECTBe IIpH oMoty ajaroputma P.Ilpuma cTpouTcst KpaT4aluid He3aMKHYTHIH ITYTh
(KHII) wiu, mo-apyroMmy, MHHHUMAaJIbHOE OCTOBOE JiepeB0. MUHHUMA/IbHOE OCTOBOE JIEPEBO
IpejicTaBssieT coO0U B3BellIeHHbIH Tpad 0e3 meTesb, BEpIIHHAMH KOTOPOTO SIBJISIOTCS arpe-
THpyeMble 3JIEMEHTBI, a pedpa MPOBeeHbl TOJBKO MEXKIy OMMKAUIIUMU OTHOCHUTEIBHO
ApyT zpyra sneMmenTamu. B pesyabsrate KHII coequusaeT Bce 31€eMEHTHI HCXOLHOTO MHOXKe-
CTBa, W IIPU 3TOM cymMMa AjauH Bxoasmux B KHII pebep sBiseTcsi MUHUMAaJIbHON U3 BCEX
BO3MOKHBIX. Ha puc.2 npezcrasiieH pe3ysbraT paboTsl anroputMa P.IlpuMa B 1ByXMepHOM
IIPHU3HAKOBOM IIPOCTPAHCTBE.

IIp.1

IIp.2

Puc. 2. PesyspraT paborsiaaropurma P. ITpuma

Janee HEOOXOIUMO IIPEAYCMOTPETh OIleHKY T'PAaHUYHOTO CjIy4asi, IIPU KOTOPOM Bce
00'BEKTBI MMPUHA/UIEKAT OJHOMY KJIAcCy, TO €CTh BCE€ OOBEKTHI B 3aJJaHHOM ITPHU3HAKOBOM
MIPOCTPAHCTBE HAXOAATCA APYT OT ApyTa HA OAWHAKOBBIX PACCTOSHUAX.

B takux ciyuasx Bce pebpa KHII paBHbI. [[j1s1 3TOTO c1eAyeT BBIYUCTIUTD U 3all0OM-
HUTH 3HaueHUe pyHknuonana L (2) mpu D=H=R=1, a 3HaueHue Mepbl G BBIUUCIISIETCSA T10
BBIPAXKEHUIO

Z_: pi-Ln(p;)

G=l+Lt — (11)
Ln(M -1)
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pi ==, (12)

2N =Ry, (13)

rae Ry - obmas ayinHa BHyTpeHHuX pebep KHII, a I, - niuHa i-oro pebpa B KHII (i=1,..,M-1).

CrnemyromumM sTarioM paboThl airopuTMa Oy/ieT IMoucK U «paspesanue» B KHII camo-
ro AauHHOTO pebpa. Takum o6pasom, Mbl moryduM u3 ucxoguoro KHIT nBa mogmepesa, co-
OTBETCTBYIOIIHX IBYM KJ1accaM ( cM. puc.3).

IIp.1
Knacc Nel

IIp.2

Puc. 3. Ia nogaepeBa, COOTBETCTBYIOIIIE IBYM KJIaccam

Ha ocHoBe moJyiydeHHOTO pa3bueHus BhIYMCIUM (QyHKIUOHaI L (2), comeprkarmui
koMmnoHeHTsl D, H, Ru G.

Mepa D BrrumciseTcs coryiacHO BhIpaxkeHu# (3) u (4), rae Y,, ompeeserca Kak

pacCcTosiHUE MEXKAY reOMETPUUECKIMH [IEHTPaMH TSKECTEN MeXAy 1 ¥ 2 KiaccaMu (CM. puc.
4). Ha narnom mare mepa D OyzeT paBHa HyJTIO, TAK KaK PACCTOSTHHUE MEXKAY KaaccaMu Oy-
JleT OAHO (MpUrpaHUYHbIN crydait). [IoaToMy B JaHHOM ciiydae MoJIoKuM D=1 Ay uckitio-
YeHUs BJIUSHUSA 5TOU Mepbl Ha 3HaueHue (PyHKIIHOHAJIA.

Puc. 4. Jauuble 7714 BeIUncAeHU QYHKIIMOHATIA

Mepa H BpIUHC/IAeTCA ¢ MOMOIIBIO BbIpaKeHUA (5) IpU H3BeCcTHBIX Mi u Mo:
(cm. puc. 4).
Mepa R BhIYHCIIA€TCA COIVIACHO BhIpaXkeHus (9) npu u3BecTHbIX R o1 R, 5.

Mepa G ormpejiesisieTcst COTIacHO BbhIpaxkeHut (6), (7) u (8).

Takum 0Opa3oM, BBIUHCIEHHOE 3HaUYeHWe (QYHKIHOHaa L cpaBHUBAeTCs ¢ IpPeJIbI-
JIyIlieM 3HAaYeHUEeM, U eCJIM HacToslIee 3HaueHue OOoJIbIlle MPEeAbIAYIIEero TO MPUHUMAETCs
pasbueHne Ha /IBa MOJJIepeBa, a €CJIU HeT, TO IIPOUCXOAUT Iepedbop MaKCUMaIbHBIX pebep 1
pasbueHre Ha IOAAePEBBS /10 TEX MOP, IIOKA He YBEJTUIUThCS 3HaUeHNe (PyHKITMOHAJIa Kavue-
cTBa pa3buenus. Eciau yBesimueHne GyHKIMOHAIA HE ITPOU30IILIO, TO IIPOUCXOAUT OTKA3 OT
pa3OHeHNs U AJITOPUTM IIPEKpaIaeT CBOIO paboTy.
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Tp.1 Kmacg Ne 3

Kmace Ne2

Kmace Ne 1l @

Knace Ned
p.2

Puc. 5. Pe3ysprar paboTs! anroputma

CrnenyomuyM IaroM ajropurMa Oy/ieT IIOUCK CPeH IOJiZIepeBbeB MaKCHMAaJIbHOTO
pebpa 1 ero mocjeayoInee «pa3pe3aHre» ¢ OIeHKOH QYHKITMOHAIa KauecTBa pa30ueHusl.

AJITOpUTM IPEKPaTUT CBOIO PabOTy ITOCJIe TOTO KaK OyeT Hal/ieH IJI00aJIbHBIA MaK-
cuMyM (QYHKIIMOHAIA U TOCJIEIyIOIIe MOIBITKH pa3pe3aHusa pebep IMo/iiepeBbeB HE MPHU-
BeNyT K yBenmdeHwuio 3Hauenus L. /[yt KHII, mpeacraBieHHOTO B Ka4ecTBe MPUMepa, MaK-
cUMaJIbHOE 3HaUeHue (GYHKIIMOHAIA KauecTBa pa30oueHus OyIeT COOTBETCTBOBATh CUTyalluU
n300pakeHHOU Ha pHC. 5

PazpaboTtaHHbIe B paMKax HACTOSIIEeH paOOThl BApUAIIMOHHBIN aJITOPUTM aBTOMAaTH-
YeCcKOU KIaccupUKAIMK U HOBBIM (PYHKIIMOHAT KauecTBa KjaacCU(PHUKAIUU OOBEKTOB, KaK
IIOKa3a/Id MPOBEAEHHbIE SKCIEPUMEHTHI, HAWIYUIIIUM 00pa3oM KJIacCHUIIUPYIOT HCXO/-
HbIE MHO?KECTBA 00BEKTOB C TOUKH 3PEHUS YETOBEUECKUX ITPEAIIOUTEHUH.

JIaHHBIA aJTOPUTM OBUI Peajin30BaH C IIOMOIIBIO CPebl MporpaMMupoBanus DEL-
PHI 7 u 3apeructpuposas B OtpacieBoM ¢GOH/Ie aJITOPUTMOB U IIPOTPaAMM.

ITogcucrema pacmozHaBaHUs 00pa3oB. B o0mieM ciydyae 3azadeil pacrio3HaBaHUs
00pa3oB sABJIsIeTCS 3a/1ada OTHECEHUsI 00'beKTa UCCIeOBAHUSA, XapaKTEPU3YIOIIETr0Cs BEKTO-
pOM 3HaUeHUU MPU3HAKOB, K OJJTHOMY M3 allPHOPHO 3aJJaHHBIX KJIACCOB OOBEKTOB, CYIIIECT-
BYIOIIIMX B HEKOTOPOM IIPHU3HAKOBOM IIPOCTPAHCTBE.

OfHUM U3 3TANoOB PEIIeHHs BCEX BUJIOB 3aJia4 pacliO3HABaHHUsS 00Pa30B SBJISETCS
¢dopMupoBaHUEe IPU3HAKOBOTO IIPOCTPAHCTBA, TO €CTh €r0 KaueCTBEHHOTO COCTaBa U pas-
MepHOCTH. O HEOOX0AUMOCTH (OPMHUPOBAHUSA JOCTATOYHO UH(POPMATHBHOTO CJIOBAPS MPHU-
3HAKOB U3Jiaraercs B pabore [6]. [[pu3HakoBOe IPOCTPAHCTBO IOJIKHO ITOA0HUPATHCA TAKUM
oOpazoM, uTOOBI KaXKABIN MPU3HAK 00J1a71aJ1 JOCTaTOYHOM JIJIA PEIIeHUs 3ajaud pas/iesu-
TEJILHOHU CITOCOOHOCTHIO IMPU KaK MOKHO MEHBIIIEH pa3MepPHOCTH JAHHOTO IIPOCTPAHCTBA.
YMeHbIIIeHHEe pa3MePHOCTH ITPU3HAKOBOTO IIPOCTPAHCTBA MPU COXPAHEHUH €ro Pa3Indu-
TEJILHOU CIIOCOOHOCTHU B II€JIOM HEO0OXOIMMO JIJIST OCYIIECTBIEHUs PeaTU3aluU aJITOPUTMOB
pacrno3HaBaHHs 00pa30B Ha BBHIUYMC/IUTEBHBIX MalllMHAX. B HEKOTOPHIX CIydasx pasMep-
HOCTb ITIPOCTPAHCTBA IPU3HAKOB SIBJISETCS KPUTHYHOU IIPU MAIIMHHON peain3aIiuy Ipolie-
Jyp pacno3HaBaHus. Hampumep, mpu pean3aliii BCEBO3MOKHBIX BApHUAIMOHHBIX METO/I0OB
WM TIPU Peain3aIiy aJITOPUTMOB OCHOBAHHBIX Ha pa3pe3aHuu rpados.

Ha mpakTuke BcTpedaloTcs CIydau, KOT/ia allpUOPHBIN CJIOBaph IIPU3HAKOB HEU3BEC-
TEH, a MPEJCTABIAETCA BO3MOKHBIM IMOJIyIUTh TOJIBKO HEKOTOPYI) COBOKYITHOCTh pean3a-
IIMH CUTHAJIOB, XapAaKTEPU3YIOIIUX SIBJIEHUS WJIN ITPOIlecchl. B JaHHBIX c/lyyassx BO3HUKAET
ceayroIias 3a/iaua;: Ha OCHOBE COBOKYITHOCTH CHTHAJIOB, XapaKTEPU3YIOIIUX HEKHE KJIACChI
00'BEKTOB, OIIPEJIEJIUTh U YIIOPSAOYUTh IMPU3HAKK, MPUITHUCHIBasA OOJIBIINN BeC IPU3HAKY,
HecylieMy 0oJibllle WH(pOPMAIUM MpU pasimdyeHur 00beKToB. TakuM oOpa3oM, 3Hasl WH-
(bopMaTHBHOCTH Ka3KI0TO MPHU3HAKa MOXKHO ¢c(pOPMUPOBATH CJI0BAPh MPU3HAKOB, BKJIIOUAS B
HETO TOJIPKO IIPU3HAKU ¢ HAOOJIBIITUM BECOM.

Takum 00pa3oM, B paMKax HACTOSIIEH pabOThI IpeiaraeTcs OIpeaesisiTh HHPOpP-
MaIlIOHHbBIE BECa KOJIMUYECTBEHHBIX IIPU3HAKOB UCXO/IS U3 CJIEAYIOMINX COOOpaKeHUH.

[Tpusnak Oyzer Hanbosee HHPOPMATHBEH B TOM CJIydae, KOT/a JUIs KJIaccoB (Kak-
JIBI M3 KOTOPBIX IPECTaBJIEH OJHUM OOBEKTOM-IIPENEAEeHTOM) BCE €ro 3HaueHus OyayT
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OTCTOAATh ZPYT OT JApyra Ha paBHBIX paccTosHUAX. WMHOpMaTHBHOCTH MpH3HAKa Oyaer
YMEHBIIIAThCA 10 XOAy HapyIIeHHs PaBHOMEPHOTO pacIlpeeeHHs 3HaYeHWH Ipu3HaKa.
Ecsiu mpu3HaK OIMMCHIBAET KJIACCHI, B KAXK/IOM U3 KOTOPBIX OyzeT 00JIbliie YeM OUH OOBEKT,
TO caeAyeT o0paTUTh BHUMAaHME Ha PACCTOSHUA MEXKAY IEHTPaMH KJIACCOB OTHOCHTEIHHO
9TOr0 mpusHaka. MHGopManHOHHbIA Bec IpHU3HaKa OyaeT HauOOJIbIINM IIPU OAUHAKOBBIX
PACCTOSTHUAX MEXKAY IEHTPAMU KJIaccoB, U OyleT yMeHbIIAThCs MPH HapylIIeHHW pPaBHO-
MEPHOTO PACIIOJIO}KEHHS [IEHTPOB KIaccoB (IO IEHTPOM KJIacca, BHIUUCIEHHOTO OTHOCH-
TeJIbHO KOHKPETHOTO IIpU3HaKa, CAeAyeT MOHNMATh cpeiHee 3HaUYeHHe IIPU3HaKa II0 BCEM
00BEKTaM JJAHHOTO KJIacca).

Takoe cyxzaeHre 06 MHGOPMATHBHOCTH IIPU3HAKA MOKHO 000CHOBATDH CJIEAYIOIHUM
obpazom.

PaccMoTpuM JiBa MpH3HAKa Ha PHUC. 6, OIMH U3 KOTOPHIX UMEET PaBHOMEPHOE pac-
IIpeJieJieHre IEHTPOB KiaccoB “IIpu3Hak 17, a ipyroii HepaBHOMepHoe “IIpu3Hak2”.

l'—’l IIpHsnak 1

2 3
mk Ok Ok 0K K I

T
IlpHsHak 2
123 4 3 6 '
K IK 1K

- - I'panMI(L] KTaccoR, ITK - ITeHTPERI KITACCOR ,
T - BeHYHHA HHTePEaTa OMIHOKH .

Puc. 6. ITpusHaku, XapaKTepU3YIOIIHe 00'bEKTHI

[Ipenmonoxkum, 9To 111 0OBEKTa 1-0r0 Kyiacca ObLIH IOJIydYeHbl 3HAUEHUs ITPU3Ha-
koB P1 u P, (bsim3kue k meHTpaM KiaccoB) ¢ Hekotopou omubkoit ¢ (T=(Pi+C) - ( Pr- §)
=(Po+C) - ( P2- §) = 2 (), Torma mo 1-My Npu3HAKY OOBEKT OyZleT TPaBUJIbHO OTHECEH K 1-My
KJIaccy, a 1o 2-My MPU3HAKY OH MOJKeT ObITh OTHECEH KaK K 1-MYy, TaK B KO 2-My, U K3-My
KJIaccaM.

Taxkum 006pa3oM, MpeACTaBIIsAETCA BO3MOXKHBIM CyJIUTh O TOM, uTo “IIpu3Hak1” 6osee
nHbopMmaTtuBeH yeM “IIpusdHak2”, u ero MHGOPMATUBHOCTh HAMPSMYIO CBSI3aHA C PaBHO-
MEpPHBIM pacIIpe/ieJIeHUeM 3HAUeHUH.

B cBsi3u ¢ 3THM, TIpeIaraeTcs UCIOJIb30BATh CIIEAYIOMIUI TOIX0 A1 OIPEAeIEHU
BeCOB MH(POPMATUBHOCTH KOJIMYECTBEHHBIX IPU3HAKOB.

Ilyctb X, X5,..., X, 3HAUEHHs IIEHTPOB KJIACCOB IPHU3HAKA, KOTOPble N3MEHSIOTCS
IIpU IIEPEX0/Ie OT OJTHOTO KJ1acca K JIPyroMy, TOTZa MOXKHO BBIYMC/IUTD CJIEAYIOIINE BEJTHIN-
HBI:

Ay

=aT—
2 A
k=1

rae Akj - paCCTOAHHE MEXAY COCEAHNMHU 3HAYCHUAMMN LIEHTPOB KJIACCOB IIPHU3HAKaA

S, , K=1,..,M-1, (14)

_C c
A =X, =X (15)
CJIe]_IyeT 3aM€ETUTDb, YTO BBIIIOJTHAETCA PaBEHCTBO
M-1
D6, =1. (16)
k=1

,Z[JIH BBIYUMCJIEHUA BE€Ca IIPU3HAKA IIpejiaracTcAd NCII0JIb30BATh CJIEAYIOIIEE BhIPpAKEHUE

V:—“fcskln&klln(M -1. (27)

k=1
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Crnenyer moJluepKHYTbh, YTO IIPU NIPUMEHEHUU BbIpakeHUs (17) 3HaueHue V Oyjer
MaKCHUMaJIbHBIM U PABHBIM 1 TOJIBKO TOTAQ, Koraa A, = CONSt, T.e. 3HaYeHUA IIEeHTPOB KJjac-

COB IIpU3HAKA pacnpeziejieHbl paBHOMEPHO, COOTBETCTBEHHO V—0 MPHU BBIIIOJIHEHUU YCJIO-
BUA :

5, —0, k=1..,M-1 k=m, 5, —1, (18)

r7ie m-J11000¥ 13 HOMEPOB UHTEPBAJIOB.

Takoe mmoBefeHe V COOTBETCTBYET UHTYUTHBHOMY ITPEACTaBIEHUI0 00 HH(POpMaI-
OHHOMU pazjnyalolei cuie Ipu3HaKoB.

I[ToMuMO 3HaUEHHUH BECOB MPU3HAKOB B HEKOTOPHIX aJITOPUTMAax pacno3HaBaHUS KC-
MIOJIB3YIOTCS 3HAUYEHHsI PENPE3eHTaTUBHOCTEN KJIacCcoB, HAIIPUMED B aJITOPUTMAaX BhIUHCIIE-
HUA oneHOK. Ciie/lyeT 3aMeTUTh TO, YTO BhIOpPaHHAsA JJIA HUCCJIEA0OBAHUS CIyYalHBIM o0Opa-
30M W3 reHepaJIbHON COBOKYIHOCTHU TPYIIIa BEJIMYHUH Oy/leT Ha3bIBaThCSA pelnpe3eHTaTHB-
HOH, €CJIM OHA HAWIYUYIINM O0pa3oM IIPE/CTaBJIsIeT BCIO T€HEPAJIbHYI) COBOKYITHOCTH B
CMBICJIE COOTBETCTBHUS BRIOOPOYHBIX ITapaMETPOB ITapaMeTpaM reHepaJbHON COBOKYITHOCTH.
B ocHOBHOM ISl OTIpe/ieIeHusI YHCJIEHHOCTA PeNpe3eHTaTUBHOU BBIOOPKU HCIIOJIb3YIOTCS
ImapaMeTphl TeHepaJbHOU COBOKYITHOCTH, HO ITPU PEIIEHNN 3a7]a9H OIpeie/IeHHs pelpe3eH-
TaTUBHOCTEMN KJIACCOB B aJITOPUTMAX BBIUKC/IEHHA OlleHOK (ABO) mHpOpMaIus o reHepasib-
HOM COBOKYIIHOCTH IIpaKTH4ecKH oTcyTcTByeT. IloaTomy, onpeznenuts Beca W penpeseHTa-

THUBHOCTH (IIPE/ICTaBUTEIbHOCTH) KJIACCOB B paMKaxX JaHHOW pabOThI IIpejijlaraeTcs cJie-
JIyIOIITAM 00pa3oM.

PenpeseHTaTUBHOCTD Ky1acca OyZleT TeM BBIIIE, YeM OOJIbIIIE OOBEKTOB OH COAEPIKUT
U TIPU 3TOM PACCTOSTHUS MKy OMMKaUIIIMU OObeKTaMH B KJIacce JOJIXKHBI ObITh HauOo-
Jiee oHOpOoHBIMU. HampuMep, Takoe yTBEP:KAeHHE CITPaBEeIJIUBO JJIST TBEP/BIX TEJI HEOP-
TaHUYECKOU HpUPOJbL. J[eHCTBUTEIBHO, KaXK/I0€e Telo (KjIacc) MMeeT CBOK KpHCTasLIhde-
CKYIO PellleTKy B y3JIaX KOTOPBIX HaX0ATCsA aToMbI (00bekThl). Hasimuume CTpyKTYpbl — KpH-
CTAJUTMYECKOU PeIIeTKd TOBOPUT O TOM, UTO aTOMbI HAaXOJATCA HA PaBHOMEPHOM PacCTOsI-
HHUU JIPYT OT Apyra. EcrecTBeHHO ueM 0oJIbIlle aTOMOB B TeJjle, PACIIOJIOXKEHHBIX B OIIpeie-
JIEHHOH I10CJ/I€I0BaTeILHOCTH, TEM OOJIBIIIE BEC CAMOTO TeJIa.

JI71s1 OIleHKH PaBHOMEPHOCTH PACCTOSTHUN MeKJy OObeKTaMH B Kjacce CJIeAyeT I0-
CTPOUTH B BHIOPAHHOM IIPHM3HAKOBOM IIPOCTPAHCTBE KOHEUHBIN He3aMKHYTHIH myTh (KHIT)
WIN TI0 JIDyTOMYy MHHHMAaJIbHOE OCTOBOE JiepeB0. 3Hasl PACCTOSTHUS MEXKAY O0BEKTaMH, TO
ecTh ynHBI pedep KHIT M03KHO OIpeieTuTh pENpe3eHTATUBHOCTD K1acca 0ObEKTOB.

Takum 06pa3oM, perpe3eHTaTUBHOCTS i-0ro Kjacca OyZieT paBHa

Ki-1
W, =->"n,Inn, (19)
r=1

rae K, - kosimuecTBo 0GBEKTOB B | — OM KJIacce, a

M= K= 1K (20)

>R

r=.

rae R - pe6bpo KHIT i-oro kiacca.

Cnenyer orMeTuth B (19) OTCyTCTBHE HOPMHPOBOUYHOro 3HameHaresst Ln(K-1), uro
JlaeT BO3MOKHOCTb YUECTh He TOJIbKO paBHOMEPHOCTH (omHOpOoHOCTH) pebep KHII, HO n ux
KOJIMYECTBO.

TakuMm 00pa3oM, HCIOJIb30BaHHE BhIpakeHUH (17) U (19) MO3BOJIUT peaTu30BaTh
ABO c omnpeziesieHHEM BECOB IIPU3HAKOB U PENIPE3eHTaTUBHOCTEN KJIACCOB, UTO B CBOIO OUe-
peZlb IPUAACT JAaHHBIM aJITOPUTMaM OIpeeIeHHYI0 THOKOCTh M IT03BOJIUT PEaIn30BaTh aB-
TOMaTHYECKHE IIPOLeAYPhl Paclio3HaBaHUSA 00pa3oB, TaK KaK IPUCYTCTBUE DKCIIEPTOB JJIs
oIpe/ieJIEHUs BECOB IIPU3HAKOB U PEPe3eHTaTHBHOCTEN KJIacCOB Oy/1eT UCKIIOUEHO.

B pamkax HacrosIel paboThl ObLT MTPOBEAEH BBHIYMCIUTEBHBIH SKCIIEPUMEHT, Iie-
JIBI0O KOTOPOTO SIBJISJIACh JEeMOHCTpPAIUsA PabOThl aJITOPUTMOB BHIYUCJIEHUS OIIEHOK C HC-
II0JIb30BAaHHUEM BECOB IPU3HAKOB U PENpPE3eHTATUBHOCTEN KJIACCOB, BHIYMCJIEHHBIX 110 BbI-
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pakenusaMm (17) u (19), u 6e3 UX UCIIOJIb30BaHUsA. PaboTa aJIrOpUTMOB OIleHHUBAJIaCh OTHOCH-
TEeJIbHO KPUTEPHUS, KOTOPBIA MOKHO Ha3BaTh OIIUOKOU paclio3HaBaHUs.

Pabora anropuTMOB BBIYHCIIEHUS] OIEHOK C HCIIOJIb30BAaHHEM BECOB IIPU3HAKOB M
peIpe3eHTaTUBHOCTEN KJIACCOB, BBIUMCJIEHHBIX IO BhIpaxkeHUsAM (17) u (19), u 6e3 ux uc-

IMIOJIb3OBAHUA IIPHU KOS(I)(I)I/II_II/IQHTQ KOppeJysdnuu Rk =0,7 U C pa3HbIMH 3HAYEHUAMHU JIHC-

nepcun O, = O mokazaHa B Tabsuiie NO1.

Bo/IBIIMHCTBO aJITOPUTMOB M METO/IOB KJlaccupUKAIMH 00BEKTOB U PAaCIIO3HABAHUS
00pa30B OCHOBaHbBI HA HBPUCTHYECKUX IpHUHIUIIaX. Hampumep, pe3yabraT KiaccuduKauu
Oyzer syuiiie, ecid OyZleT IOCTUTHYTa MaKCUMAaJIbHO BO3MOXKHAsi KOMITAKTHOCTh OOBEKTOB
BHYTPH KJIACCOB, U KJIACCHI OYAyT HAXOAUTHCSI Ha MaKCHUMAJILHO BO3MOKHOM PaCCTOSTHUU
JIpyT OT zipyTa. JIJif MHOTHX YacTHBIX 3a7jay JaHHbIE€ IIPUHIUIIBI MOTYT OBITh M IDYTUMH, B
BU/Iy HAJIMYHSI BCEBO3MOIKHBIX al[PHOPHBIX OTPAHNYEHUH B UCXOHbBIX JaHHBIX.

Tabauya 1

PesyabTar padoThl AJITOPUTMOB BHIYHCIEHHUA OIEHOK C NCII0JIb30BAHHEM BECOB
NPU3HAKOB U Penpe3eHTaTUBHOCTEH Ki1accoB (1) 1 0e3 uX UCIoJIb30BaHusd (2)

3HaueHud jgucnep- |1 2 3 4 5 6 7 8 9 10
cuu

8y = 0), npum

R,=0,7

Kon.  mpaBuibHO
paci. 06’beKTOB (1) 350 350 350 350 350 350 349 | 347|344 | 338
Kos.  mpaBuibHO
pact. 06’beKTOB (2) 350 350 350 350 348 346 344 | 340 | 337 | 333

[IpencrasiisieTcsi BO3MOKHBIM TOBOPHUTH O TOM, YTO IPUMEHSTh AJITOPUTMBI KJIACCHU-
dukanuy 06beKTOB HEOOXOAMMO JIJIA MOCJIeYION[ero pelleHus 3a7ja4u paclo3HaBaHus 00-
pasoB, T.e. OIIPeNeIATh KJIAacChl IIOX0XKHUX JIPYT Ha JIpyra o0BEKTOB, 3aTEM OIHCHIBATH 0000-
II[EHHbIE XapAKTEPUCTUKU KJIACCOB M, HAKOHEII, HEPACIIO3HAHHBIA 00BEKT OTHOCHUTH K TOMY
WM UTHOMY KJIaccy.

Ha ocHOBe MHGOPMAITMOHHBIX TEXHOJIOTHH, UCIIOIB3YIONUX aJITOPUTMBbI KIaccudu-
KaI[U¥ ¥ Pacro3HaBaHUs, CTPOATCA WH(POPMAIIMOHHBIE CUCTEMbI, KOTOPbIE HAa3bIBAIOT CHC-
TeMaMU pacllo3HaBaHUA ¢ O0yUeHUEM.

Ecsim paccMaTpuBaTh Takve CHCTEMBI ¢ TOYKH 3PEHUs CTPATHUIMPOBAHHOTO TO/I-
X071a, TO UX CTPYKTYPY MOKHO IIPEJICTABUTH B BUJIE PHUC. 7.

B ctparte N© 1 pertaeTcs Bompoc 00y4eHHs CUCTEMBL, a B cTpaTe N22 Helmocpe/iCTBeH-
HO pelraeTcs 3a7jaya pacro3HaBaHUsA. DTH CTPAThI BbIZEJEHBI 10 (GYHKIIMOHATIBHOMY ITPHU-
3HaKy.

CnesyeT OTMeTUTDH TO, YTO HA KaXKJOM cTpaTe MOKeT UCII0JIb30BaThCSA CBOE OIMCA-
HUe, CBOU aJITOPUTMBI, CBOM MOJIeJId, HO cucTeMa Oyzier ob6s1azaTh S3MMepAKEHTPOCTHIO 10
TeX I0P, II0Ka He U3MEHSTCSA ee CBOMCTBA, IPUHITUIIBI U KOHIIENIHU HAa BEPXHEH cTpare.

B nacrosmeil paboTe mpejiiaraeTcs UCIOJIb30BaTh CBOMCTBO OTHOPOJHOCTU (paBHO-
MEpPHOCTH), B 000HX CTpaTax pacCMaTPUBAEMOU CUCTEMBI, JJIs ITO//IEPKAHUS [IEIOCTHOCTH.
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i
i CHCTeMa-pacIozHARAHHA ¢ 0Oy eHEeMY
i

Bxonf | Brroaq
; Crpara-Ne2| !
———* PacnosuaranHe 00pazony  E—
Bxony i Bexonf
i Crpara-Ne 1y ;
————— Knaccudmkagrt oGpexTon >

Puc. 7. CtpatuduiiapoBaHHOe IPeCTaBIeHNe CUCTEMbI PACIIO3HABAHUS
00pazoB c 00yueHnEM

To ecThb B paMKax JaHHOH PabOThI MOCTPOEHO AHAJIUTHYECKOE BHIpayKeHHE (YHK-
IMOHAJIA KauyecTBa pa3OHeHUs, TIO3BOJIAIONIEee KOJIUUECTBEHHO OIeHUBATh CBOMCTBO OJTHO-
poaHocTU. /[aHHOE BhIpaskeHHe MPUMEHEHO B IIPOrPaMMHO-aJITOPUTMHYECKON HHdopMa-
IIMOHHOM TEXHOJIOTHUH, HCIOJIb3YIOIIel CO3/JaHHbIN B paMKax JaHHON pabOThl BapHAIIUOH-
HBIM aJITOPUTM aBTOMATUYECKOU KJIacCU(HUKAIIUU OOBEKTOB C HCIIOJIb30BAaHHEM, ITPEAJIO-
JKEHHOTO aBTOpaMu paboThl HOBOTO (DYHKIIMOHA/IA KauyecTBa pa30HeHHsl, OCHOBAaHHOTO Ha
Mepe OTHOPOZTHOCTH. Takike B paMKax JJaHHOW pabOThI paCCMOTPEH BOIIPOC PeaTM3alluy aJi-
TOPUTMAa BBIYMCJIEHUS OIEHOK C HCIIOJIb30BaHHUEM BECOB MPU3HAKOB U PEINpPe3eHTaTHBHO-
CTEeH KJIacCOB.

Jluteparypa

1. Tropan, H. Knacrepusiii anamus [Tekcr] / H. Hiopan, I1 Oxest; mox o6m. pexn. H./lropana.
— M.:Cratucruka, 1977. — 128 c.

2. Kpomoros, /I.B, MeToa rpynnupoBKH 0OBEKTOB, OCHOBAHHBIN Ha ONITUMAJIBHBIX Pa30HeHH-
sx [Texer] / 1.B Kpomoros, O.B.Cennko // oxnanpl Becepoccuiickoit koHdepeHnnun «MartemaTuye-
CKHe MeTOIbl paciio3HaBanusa o0pa3os», MMPO — 10: 1za-so BI] PAH, Mocksa, 2001. ¢c. 77 — 79.

3. Mangens, N.J1. Knacrepusiii ananus [Tekcr] / U.JI. Manaens, MockBa: ®HUHAHCH U CTaTH-
CTHKa, 1988.

4. 3aropyiiko, H.I'. Anroputmbl 06HapyKeHUs 3MIUPUUYECKUX 3akKoHOMepHocTrel. [Tekcr]/
H.I'.3aropytiko, B.H.Enxuna, I'.C. JI6oB. — HoBocubupck : Hayka, 1985 — 111c..

5. XKwakos, E.I. 06 ABromatuueckoit kiaccupukarnmu oobektoB [Texer] /E.I. XKuisakos,
E.M.MamatoB // MaremaTiyeckoe MoO/IeJITUpOBAaHKE B HAYYHBIX HCCIeNOBaHUsAX. /| MaTtepuasnsl Bee-
poccuiickoi HayaHo! kKoHPepeHuu. Y.1. — CraBponoss: Uza-Bo CIY, 2000. c. 36-38.

6. Berpos, J.I1., O MUHMMH3aIUN IPU3HAKOBOTO MIPOCTPAHCTBA B 33JlayaX paclo3HaBaHUA
[Texcr] / A.I1. Betpos, B.B. Psazanos // Joxnaasr Beepoccuiickoit koHdepeHInuu «MareMaTuueckue
MeTOABI pacro3HaBaHus o6pazos», MMPO — 10: Uzn-Bo BI] PAH, Mockga, 2001. c. 22 — 25.

AUTOMATI C CLASSIHCATION OF OBJECTS AND PATTERN RECOGNI TIONWITH
THEUSAGEGOF HEATURES WH GHTS AND CLASSES REPRESENTATIVES

In the present article a software information technology which
employs a variational algorithm for automatic classification of objects
with the use of a new functional of quality partitioning based on uni-

EM. Mamatov formity measure is described. The realization of algorithm for calcula-
tion of estimation using feature weights and representatives of classesis
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