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Pe3tome: Paspaboman memoo onpedenenus Yucia HeupoHo8 GHympenHe20 Cios OJisk 6ePOSIMHOCIHOU HeUPOHHOU cemu
Ha OCHOBe ONpedeeHUsi KOTUYeCmea epynn OaHHbIX NymemM OYeHKU HApYUeHUusl T0KAIbHOU NIOMHOCMU PACHpedeneHus
Oannvix 6 A- npocmpancmee Ha OCHOBE NOMEXOYCMOUYUE020 CYO2PAOUCHNHO20 UMEPAMUEHO20 Memood
onmumuzayuy. Paspabomannvlii Memoo no360auUL YAPOCUMb CMPYKMYPY BEPOSMHOCMHOU HEUPOHHOU cemu u
CHU3UMb 8peMsi KIACCUupuKayuu.
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Abstract: The sub-gradient method of estimation of the number of the hidden layer neurons of a probabilistic neural
network is suggested. This method allows evaluating the data compactness violation in A -space. This evaluation based
on the noise stability sub-gradient iterative optimization method. This method allows reducing the number of the hidden
layer neurons and classification time.
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BBEOEHUE WCTIONB3YIOT Pa3HOBHUIHOCTH PaJnaibHO-0a3MCHBIX
HC - Bepostaoctaeie HC (BHC), peamm3yromiie
knaccudukarop baiteca, u muorocioitaeie HC c
o0yuyeHreM Ha OCHOBE 00paTHOTO pacipoCTpaHEHHS
ommOku [4, 8, 9]. OcHOBHBIE 0COOCHHOCTH
paspaboTku  Takux  MHOrocioWHeix HC  —
HEOOXOJMMOCTh HMTEPaTHBHOTO BbIOOpa  4ymcia
BHYTpPEHHUX CJOeB [9], 3HaUUTENbHAS JITUTEILHOCTh
oOyueHnss mpu pa3paboOTKe W JOMOJHUTEIHHOTO
o6yuennss HC mpu u3MEHEHHH TPOU3BOJCTBEHHOM
CUTyallul, OTHICKAHWE JIOKAIBHOTO  ONTHMyMa
(dhyHKIMOHAIA KadecTBa MpU 0O0ydeHUH. B oTiamyme
ot HuX BHC oOyuatorcss OBICTPO M UMEIOT TOJBKO
OIVIH BHYTPECHHUI CJIOM. MakcumanbHOe
KOJMYEeCTBO  HelpoHoB  »toro cnos BHC

ABTOMaTI/ISaHI/IH TCXHUYECKOTO AUArHoCTUpOBaA-
Hus (TH) mo MHOrOMepHBIM, KOPpPEIHPOBAHHBIM
Mexmy co0oil mapamMerpaM TpU  KOHTpOJIE
TEXHOJIOTUIECKIX MIPOIIECCOB MIPOU3BOJICTBA,
KOHTpOJIE Ka4yecTBa, JIMarHOCTUPOBAHUU
HEUCHpaBHOCTEH 171631 (07071 mpemnoiaraet
WCTIONb30BaHNE METO/OB KIIaCCH(HKAINH, KOTOPHIC
YacTO PEaJU3yl0T Ha OCHOBE HEWPOHHBIX CeTeil
(HC) [1-8]. D10 00ycnoBneHo THOKOH CTPYKTYpOM
HC wu BO3MOXHOCTBIO OBICTpO TIepeoOydaTh
KJIacCU(PUKATOp HAa WX OCHOBE MPH H3MEHEHHH
MPOU3BOJCTBEHHON CUTYaIUH.

Yame Bcero mns TakoW  KiaccU(UKAIUU
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OIIpENENsAeTC KOJMYECTBOM BEKTOPOB HCXOIHBIX
naHHbIX. Takoit Bapumant BHC otnuugaercs (B
ciyyae OonbIIMX HAOOpOB AaHHBIX AN OOydYeHHMs
HC) 3naunTenpHON CIOXKHOCTBIO CTPYKTYPHI CETH U
00JIBIIUM BpEMEHEM, HEOOXOTUMBIM JUTSI TIPUHATHS
auarHoctuyeckoro  pemenus.  Iloatomy — mpum
paszpaborke BHC BaxHO COKpaTHUTh KOJHYECTBO
TaKUX HEMPOHOB IyT€M IPYNIMPOBKHU OJU3KUX IO
3HAYEHUSIM JaHHBIX. OTO TMO3BOJSAET YIPOCTHUTH
ctpyktypy BHC u cokpaTuTh BBIYUCIUTEIbHBIC
3aTpaThl IPHU €€ IKCIUTyaTaryu [5, 8].

Jns  Takod TIpPYyNNUPOBKM U OINPEAEIICHHUS
KOJIMYeCTBAa TPYNN B JaHHBIX 4Yallle BCEro
HCIONB3YIOT Kiactepu3auuio [6, 8]. OcHOBBIBaeTCs
mpolenypa KJIAacTepH3allud, Kak IIPaBUIoO, Ha
TUIOTE3¢ KOMIAKTHOCTH, KOT/Ia JaHHBIE OJHOTO
Kjactepa COMMKEHBI, a Pa3HbIX KIacTEepoOB —
pa3HECeHBI B TIPOCTPAHCTBE NpH3HAKOB [6, 7].
IToMexoyCTOMYMBOCTE M TOYHOCTH IPOLIEIYPHI
TPYHIHPOBKH 00y CJIOBIECHBI cBOMCTBaMHU
HoKasarenei ONTUMAJIBHOCTH KOJIN4YECTBA
KJIAcTepoB [6]. DOTH CBOWCTBA OMPEACTAIOTCA
Ccrnoco0aMu  OLEHKH  KOMIIAKTHOCTH  JaHHBIX
KJIacTepa M PacCTOSHUS MEXOy Kinactepamu. llpu
OLIEHKE 3TUX I[apaMeTpoB 10  EJUHUYHBIM
MaKCHMAJbHO COJIMOKEHHBIM WM YIaJCHHBIM B
MIPOCTPAHCTBE NPU3HAKOB [AHHBIM — ITOHMKACTCS
[IOMEX0YCTOHYNBOCTb, eciu npu OLIEHKE
YUUTBHIBAIOTCS MapaMeTpsl Bcero Habopa JaHHBIX (C
pacueToM CpeAHEro 3HAueHHsl, MEIUaHbl U JAPYTUX)
—  IOBBILIACTCA MIOMEX0YCTOHYHNBOCTb, HO
CHIDKAeTCsl TOYHOCTb. [3-3a TNPOTHBOPEUMBOCTH
3TUX CBOWCTB JaXe B ClIy4yae KOMIIAKTHBIX,
yHAIEHHBIX OPYT OT IpyTa KJIacTepOB 3HAUYUTEIBHOE
YUCJIO 3TUX TOKa3aTesiel JaeT HEBEPHBIN pe3ysbTaT
[6, 7, 13, 14]. B cBsI3u ¢ 3THM C 1LIETIbIO 00ECTICUCHUS
KJIacTEpU3alliK B CIydae KjacTepoB OoJiee CI0XKHOM
(GopMBI TpeJIOKEHa TUIOTE3a A - KOMIAKTHOCTH,
MO3BOJIAIONIAsl ~ NPOBOAUTH  TPAaHULY  MEXKIY
KJlacTepaMH Ha OCHOBE OLCHKM H3MEHEHUS
JIOKAJIbHOW TIJIOTHOCTU pPAacloNOXKEHHUS [aHHBIX B
MIPOCTPAHCTBE MPU3HAKOB [15]. Onnaxo
(dbyaxmmronan [15]

F=h'"d, (1)

Ha OCHOBE A - KOMIIAKTHOCTH TO3BOJISICT MOJYYHUTh
KJIaCTEPhl C OJMHAKOBBIM KOJMUYECTBOM OOBEKTOB,
YTO HE OMNpPaBJaHHO NpPU TPYNNHUPOBKE NAHHBIX U
MOXeT ycnoxHuTh cTpyktypy BHC. Ilapametpsl B

(1) xapakrepusytor: d — paccrosiHHEe MEXIY
JaHHBIMH B TIPOCTPAHCTBE  MPHU3HAKOB, T -
JIOKAJIbHYIO HEOJTHOPOTHOCTh TJIOTHOCTH

MHOY€eCTBa; h - paBHOMOIIHOCTE KitacTepos [15].
B cBs13u ¢ 3TMM omnpezaeneHne KOJIN4eCTBa TPYIII
B JAHHBIX TpeAsaraercsi INpPOBOJAUTh, HCCIEAys

kpurepuit K = max(k,) [16],

=D e, @
f(1)
rne f(i) — cpenmee A — paccrosHue Ipu

N00ABJIEHUH 1 — 0 3HAYEHHUS K TPYIINE JAHHBIX.
[Tapamerp k. B (2) xapakrtepusyer HapyIueHHs
JIOKAJIbHOW OJHOPOJHOCTH PAacCIpe/leeHns] JaHHbBIX
B A- TPOCTPAaHCTBE ¥ YHCIO TPYIIl B HHUX.
M3MeHeHHe 3TOro mapamerpa B 3aBHCHMMOCTH OT 1
ONHKCHIBACTCS  TOJUMOAAIBHOW,  3allyMIJICHHOU
3aBHCHMOCTEIO. B pabGore [17] misg moucka
ONTHMyMa TaKWX 3aBUCHUMOCTEH NpH OIpeneleHnn
KOJIMYECTBA KJIACTEPOB IMPEIJIOKEHO HCII0JIb30BaTh
pa3paboTaHHBI aBTOpAaMH CYOTPaJUCHTHBIA METO]
ONTHMHU3AIlMA B  TPOCTPAHCTBE  BEWBIET —
npeoOpa3zoBaHus (BII), c TTOBBIIICHHOMN
MOMEXO0YCTOWYUBOCTHIO, HU3KHMH TIOTPEIIHOCTHIO U
YYBCTBUTENBHOCTRIO K JIOKAIBHBIM 3KCTPEMyMaM
[18]. Takoit momxom MO3BOJIAET PA3lCIUTh TaHHBIC
Ha JIBa KJIacTepa, TaK Kak MpH olleHke K; st Bcero

HaOopa [aHHBIX aMIUTUTYJa MOCIEIYIOMHX MO
MEHBbIIIE TIEPBOI MOJIbI B HECKOJIBKO JECSATKOB pa3. B
CBSI3M C 3THM B JaHHOH paboTe mpeisiaraercs mocie
[16, 17]

kpurepuss K = max(k;) ¢ momorusto storo merona

pacuera Kk, OTBICKUBATh MAaKCHMYMBI

ontuMmu3anuu [18] uTEepaTWBHO, HCKIIOYas IIPH
oleHKe K, MaHHbBIC, OTHECEHHbIC K MpEABLIyLICH

rpynmre.

Llenb paboThl — pa3paboTaTh METO. ONPeIEIICHHUSI
KOJMYECTBA TPYNN B [aHHBIX U  YIIPOLICHHUS
crpyktypet BHC. J[Ins nmocTwkeHuss STOW 1eiau
NPOBEJCH  AHANM3  CYIIECTBYIONIMX  METOJOB
IPYNIHPOBKH Ha OCHOBE METOJOB  OIICHKH
KOJIMYECTBA KJIACTEPOB; pa3paboTaH METOJ MOUCKA
koopauHatT ontumymoB kpurepus K = max(k,) u

Ha €ro OCHOBE — KOJHUYECTBA TPYIMIN B JAaHHBIX IS
obyuenus BHC.

1. AHAINTI3 METOOOB OLIEHKU
KOJIMYECTBA KITACTEPOB

Jns OLeHKM KOoJW4YecTBAa TIPYyNI B JaHHBIX
BBEJICHBI MTOKa3aTelld Ha OCHOBE OLIEHKH OTHOIICHUS
JUCTIEPCUH TaHHBIX BHYTPH KJIacTepa K pacCTOSHUIO
Mexay Kiactepamu [6, 14]. Otu mnoxazarenu
OTIIMYAIOTCS PSAAOM HeJocTaTkoB. Tak, mporemypa
omnpenencHus mokasarens ['yoepra [19] ormmgaercs
cnaboii  cremneHplo  QopmManuzalyu  (KOJIUYECTBO
KIJIACTEPOB OMpEENIeTCs 1O KOOpPAHHATE CaMoro
OCTpPOT0 yTila MEeXy OTPEe3KaMHu KyCOUYHO-JIMHEHHON
KpuBoi Ha Tpaduke). Pesymprar ompeneneHus
YHcIa KIACTepoB CyOTpakTHBHBIM MeTomoM [11]
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3aBUCUT OT HCCKOJIBKUX 3a/laBa€MBIX 3BPUCTUYCCKHU

napaMeTpoB. Y mnokazareneil JlaHHa u psga
noka3artesiei bexneka-Ilama — HU3Kas
IOMEX0YCTOUYUBOCTB, OHH B OCHOBHOM
OpPUEHTUPOBaHbl  Ha  pa3Jej€HUE  KIACTEPOB

runepchepuueckoir popmsl [6]. [dns ompeneneHus
KOJINYECTBAa KJIACTEPOB Oojee CIOKHOH (GOpMBI
pa3paboTaHbl METOIbI OLEHKM Ha OCHOBE aHaM3a
KpaTyailero He3aMKHYTOTO ITyTH, COEIMHSIOLIETO
TOYKH B MpocTpaHCTBe mpu3HakoB [20]. OgHako
TaKo MOJXOJl MOHIXKAET MOMEXO0YCTOMYHUBOCTh. B
pabote [6] oOlleHKa KOJIMYECTBAa KIACTEPOB ObLIa
NpoBeJieHa JUIsI  TECTOBOrO  Habopa  JAaHHBIX
X, (puc.1, a) ¢ momompio Gosiee YeM IBaALATH

HoKa3aTeJiel.
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Puc. 1 — /lanable (HemMeHOBaHHBIE) [6] mi1s1
omnpeaegeHus1 KOJU4YeCcTBa KiaacTepos (puc. 1, a);

snavenust Log(k;) (2) no meropuxe [16] (1 na

rpadguke) 1 1o npeaaaraemMoi Meroguke (2 Ha
rpaduke) (puc. 2, 6)

Otu panHeie (puc.l, a) HEUMEHOBAaHHBICE U
COCTOSIT M3 TPEeX KOMIIAKTHBIX TPYHI IO JAECATh
TOYEK B ABYMEPHOM MPOCTPAHCTBE MPHU3HAKOB.

B pesynbprare wuccienoBaHui, MPOBEAEHHBIX B
pabote [6] ee aBTOpaMu BEpHOE pa3JeicHUE Ha
KJIACTEPHI I MaHHBIX (puc.l, a) MoKa3ano TOJIBKO
oxono 50% moxazateneii [6].

B cBa3u ¢ stuMm B paboTre mpemiaraercs
OMPEIENATh KOJMYECTBO KIIACTEPOB, TEpeias B A -
IIPOCTPAHCTBO, OLIEHUBAs HAapyLICHUs JIOKAJIBHOU
IJIOTHOCTH PACHPENEIICHUsS JAHHBIX IIOCPEICTBOM
OTBICKaHUSI ONTHMYMOB Ha OCHOBE pa3padOTaHHOTO
aBTOpPaMH CyOIpaMEHTHOTO MTEPAaTUBHOTO METOJA.
IlockonbKy aMIIMTyJa BTOPOM M TMOCIEAYIOIIUX
MOJ MOXXET OBITh MEHBILE IEPBOH B HECKOJBKO
JIECATKOB pa3 B paboTe Ipeaaraercs Iocie pacuera

k. [16, 17] OTBICKMBATH MAaKCHMyMbI KPHTEpHS

K =max(k;)

CYMMHPOBaHUS

IoCJICA0OBATCIIbHO, MCKIHO4Yasa U3

oneHke k.

1

npu JaHHBIC,

OTHECEHHBIE K MpebIayIIel rpymnme (Kiacrtepy).

2.METO[ BbIBOPA YUCIIA TPYMN

Merton onpeneneHus 4nucia KiacTepoB (Tpymi) B
MaHHBIX I Kiaccupukanmum ¢ nomomsio BHC
MIpenoaraeT cIeaAyoe Tamsl.

Oran 1. OroOpakeHHe MapaMeTpOB MAaHHBIX U3
€BKJIMIOBA B A- MPOCTPAHCTBO: IOCTPOCHHUE
NOJAHOTO Tpada B EBKIMAOBOM HPOCTPAHCTBE;
pacueT HOPMHUPOBAHHOTO PACCTOSIHUA MEXIy BCEMHU

o..
mapamu  ero  BepmmH d, =—;  pacyer
"D
XapaKTEPUCTHKH JIOKATBHOM MIIOTHOCTH MHOKECTBA
B OKPECTHOCTH 1-ro pebpa T, = . (3mecn
imin’[max

O, - paccTostHHe MeXay 1-o0if mapoit BepumH; D n
Bimin -

KOPOTKOTO pedpa;

JJIMHa  caMoro JJJIWMHHOIro MW  CaMoro

T - HauOoJbIlee 3HAYCHUE

max

o.
T :B—’); pacuer JumH pebep Tpada B A-
npoctpancTee kak A, =1 xd, [15].

Dran 2. Iloctpoenne A- rpada Kpardaifmiero
HE3aMKHYTOrO0 IMyTH COTIAaCHO AP- alIrOPUTMY C
Y4ETOM BEpOSTHOCTH pa3phiBa ero pedpa [16]

A
Piz == 3)

T
Z xiz
=1

Oram 3. Pacuer mokasarens KadecTBa kj 2),

€CIIM BCE [aHHBIE CIPYIIIHUPOBAaHBI — IEPEXOJ K
sramy 5.

Oran 4. IMoumck makcumyma K =max(k;) ¢
MOMOIIBIO CYOTPaJIMEHTHOTO METO/a ONTHMHU3AIUH
[18]. B pe3ynbrare HCXOIHOE MHOXKECTBO OOBEKTOB
pasmensercss Ha nBa Kiactepa (rpynmsl). Pe6po,
COCJIMHSIONIEE TICPBYIO TPYNIy C OCTAIbHBIMU
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MAaHHBIMH,  pa3pbiBaeTcs. Ecimm  ocraBmuxcs
HECTPYIIUPOBAHHBEIMU JTAaHHBIX 00JIee€ OTHOTO —
BO3BpAT K dTamy 3.

Oran 5. [ng Kaxaoro Kiacrepa ONpelessitoTcs
KOOPIUHATHI ero [eHTpa (xak OlLICHKA
MaTeMaTHYECKOTO OXXUIaHUSA). [Tonyuyennsie
MaTeMaTH4eCcKHue OKUIAHUS HCIIONB3YIOTCS Kak
KOOPIWHATHI IICHTPOB paWabHBIX  3JIEMEHTOB
ckpeitoro  cimoss  BHC  [10].  Omnpenensiercs

KOJIMYECTBO KJIACTEPOB 1M, .

Oran 6. OnpenensitoTcs pPacCTOSHUS MEXAY
LEHTpaMu Kinactepos. Onpenensercs MakCUMaIbHOE

PacCTOAHUEC MCKAY HCHTPpaMH KIIACTCPOB dmax nu

LIMPHHA paJualbHOH Oa3ucHOM (QYHKUUHM Kak

G:—dmax [8].
A\/2m,

VYka3zaHHBI MeTox OBII MPOBEpEH Ha HpUMeEpe
OIICHKH Ka4ecTBa TMAasHBIX COCNWHEHWHA TIpH
MOHTaXe  WHTerpaidpHBIXx cxeM (MC) Ha
MOBEPXHOCTH IyTEM HCCIICIOBAHUS MX OTKJIMKA Ha
BO3JIEMICTBHE WMITYJILCHOTO JIA3€PHOTO H3IYy4YCHUS
[21]. Jlms BEIIBICHUS HEKAYECTBEHHBIX MAaSHBIX
coequHennii ¢ nomoipio BHC 6pl1a pemena 3agaua
KiIacCHpUKaMd W [OCTPOCHa  IMOBEPXHOCTH,
paszernstomas B TpocTpaHcTBe mnpuszHakoB HC ¢
Ka4eCTBCHHBIMM M JC(PEKTHBIMH  TasHBIMHU
coearHeHUsIMH (puc.2, 0).

B kadecTBe mpW3HAKOB IMPH pPACIIO3HABAHUH B
pabote [21] ee aBTopoM (Sheng) ObuM BBIOpPAHBI
nBa. IlepBblii mpHU3HAK — 3TO OTHOCHUTEIBHOE
OTKIIOHCHHE OTKJINKA Ha BO3JICHCTBHE IIA3€PHOTO
mirydeHnst dTaoHHOM MC ¢ KadecTBEHHBIMH
MasHBIMH COSOWHEHUsIMU U wucciaenyemor NC —
f(t) BO BPEMEHHON obmactu

[ -r(v)dt
Er =
j (r(t))*dt

TepMUHOJIOTHEH paboTel [21] 3TOT mapamerp
0003HaueH KaK MaKCHMaJbHBI YPOBEHb OIIHNOKH.
Bropoit mpusHak — mepBas COOCTBEHHas 4acToTa
BuOpamn MC ¢ TasgHBIMH ~ COEIMHEHUSIMH
(mpeobmanaroras 4acToTa Ha puc.2
(cooTBeTCTBEHHO 0003HAYCHHSIM paboTHI [21])).
[pu  wnaccudukanuu, TNPOBEACHHOW  TO
MeToquke aBTropa pabotel (Sheng) [21] kaxkmawiid
BEKTOp B TPOCTPAHCTBE MPHU3HAKOB COOTBETCTBYET
omHOMY HeipoHy ckpbeitoro cimosi BHC. Ilpu stom
JTaHHBIE, COOTBETCTBYIOLINE KaUYECTBEHHBIM MasHBIM
coeaunenusm [5,11 0; 5,05 0,1; 5,12 0,15 5,12 0,2]
[21] (mepBbIit mapamMeTp — MpeodIamaroas 4acToTa
BuOpammn HWC (B COTHSIX KWJIOTEpL), BTOPOM
mapaMerp — MaKCUMAIBHBI YpPOBEHb OIITHOKH)
MIPENICTABIAIOT COOOHW KOMIIAaKTHYIO TpYMIy B
HIDKHEH uactu puc.2, a. I[loaTtomy KoindecTBo

. Ha puc.2 B cootBeTCTBUM C

metiponoB BHC mms HMC ¢ kadecTBEHHBIMH
MassHEIMM COeAuHeHusMu coctaBuiio 4, mia WC ¢
HEKa4eCTBEHHBIMU MasHBIMU COeIUHEHUsIMH — 16.
Bpemsi moctpoeHns paszmensiomiell MOBEPXHOCTH
npu kiraccudukanuu st takoin BHC mo merosuke
paboTsl [21] cocTaBmiio 5,9 c.

Ilocne  rpynmupoBKHM — MCXOAHBIX  JAaHHBIX
IpeaaraeMbIM B 3TOH paboTe METOIOM KOJIUYIECTBO
HeliponoB BHC nmisi KaueCTBEHHBIX COCTUHEHUN —
IBa, C KOOpPAMHATAMHM B NPOCTPAHCTBE MPHU3HAKOB
[5.08 0.05; 5.12 0.175] m i HeKadeCTBEHHBIX
MasHBIX COEQUHEHHH — IIATh C KOOpAUMHATaMHU
[5.151.25; 5.0925 0.905; 5.097 0.55; 4.45 0.55; 4.43
0.88]. Bpems MIOCTPOEHUS pazzenstonieit
MIOBEPXHOCTH NpPH KJIAaCCU(PUKALUK B TOM Cllydyae
coctaBuio 2,56 c. BeposTHOCTHast HEMpoHHAsA ceTh
chopmupoBaHa Ha ocHoBe Meromuku [10] wm
CTaHIApTHBIX ITporpaMm makera MatLab [10, 22].

Pacuers mpoBenensl Ha KommbioTepe Intel
Celeron D 326, 2533 MHz, 1 Gb O3Y B cpene
MatLab 7.0 [10, 22]. C wucnoJb30BaHHEM
CTaHJIApTHBIX MPOTPaMM 3TOr0 MakeTa ObUIa TaKke
MIPOBEJIEHa IPYIIHUPOBKA JaHHBIX O KAYECTBEHHBIX U
HEKAUeCTBEHHBIX MAasHbIX COCOUHEHUSX JBYMS
METOaMHU: c [IOMOIIBIO CyOTpaKkTHBHOM
kmacrepm3aruu - [11, 22] ®w ¢ OMOIIBIO
arJIoMepaTUBHOTO HEepapXUUYecCKoro merona [6, 7].

IIpu CyOTpaKkTHBHOM KJIacTepu3aluu
MOCTIEIOBATENFHO MMl KaXXAOH TOYKM JAHHBIX B
MIPU3HAKOBOM TIPOCTPAHCTBE BBIUMCIAETCS Mepa
CHOCOOHOCTH MpPEACTABIATh LEHTP KiacTepa. JTa
Mepa MO3BOJISIET OLIEHUBAaTh IJIOTHOCTh
pacmonoXeHus TOYeK [JaHHBIX B IPOCTPAHCTBE
MPU3HAKOB BOKPYI HCCIeayeMol Touku. JlaHHBII
aJqTOpUTM, 000ONIAOIIMIA METOa KilacTepu3anuu P.
Arepa (R. Yager), ocHOBaH Ha BBHITIOJHEHUU
CIICAYIOMINX ACHCTBHUH: BBIOpATh TOUKY HAHHBIX C
MaKCHUMaJIbHbIM IOTEHLHUAIOM JUISI IPEACTaBICHUS
LIEHTpa TMEepBOro KiacTepa; YIalIUTh BCE TOYKH
JTAaHHBIX B OKPECTHOCTH ILIEHTpa IMEepBOro KiacTepa,
BeJIMYWHA KOTOPOH 3amaercsa mapamerpom radii [22],
YyTOOBl ~ ONpPENENUTh CIEAYIOIMI  KlIacTep W
KOOpAMHATHI €ro LEHTpa, MOKa BCE TOYKU AAHHBIX
HE OKaXXyTCS BHYTPU OKpecTHocTed paamyca radii
UCKOMBIX  LIEHTPOB  KimacTepoB.  Kommgecto
KJIaCTepOB MpPH 3TOM 3aBHCHT OT 3a/1aBaeMbIX
IBPUCTHYECKH MapaMeTpoB  options  QyHKIUH
subclust u radii [10, 22]. B aroii pabote Habop
options mpuHaT kak [1,25 0,5 0,15 1] mo
pekomeHnmanusaM [22], pammyc kiactepa radii
npuHAT paBHbIM 0,1.

IIpu KJIaCTepU3aLiU arJaoMepaTUBHBIM
uepapxudeckumM  MmerogoM [6, 7]  BHayane
NPEANoiaraeTcs, 4YTo KaXIbld KIacTep COACPKHUT
OJIHYy TOYKY JAaHHBIX B IPOCTPAHCTBE IPU3HAKOB.
O0benuHeHne JaHHBIX B TPYNIBl 3aKaHYMBAIOT,
MOJTyYUB HYKHOE YHCIIO KjacTepoB. B cranmapTHO

140



Galina Shcherbacova, Victor Krylov, Oleg Logvinov / Computing, 2012, mom 11, ewinyck 2, 137-144

nporpamme cluster makera MatLab [10, 22] gucmo
KJIACTEPOB ompeesieTCs myTeM 3a/IaHuS
MIOPOTOBOTO 3HAYCHHs TMapaMeTpa inconsistent,
OTpe/eNsieMoro JBpUCTHYecKH. B  pabote »TOT
napameTp IpuHAT paBHEM 0,7,

B pesyibTaTte npu CyOTpaKkTHBHON
KJIACTepU3alluil JaHHbIE pasfeneHsl Ha 13 Tpymm
crenyromuM o0pazoM. s KaueCTBEeHHBIX MasHBIX
COEMHEHNH — Ha TPH TPyNIBl ¢ HeHTpamu B [5,05
0,1; 5,11 0; 5,12 0,15] u s HEeKaYECTBEHHBIX — Ha
JecATh TPy ¢ TieHTpamu B [5,1 0,9; 5,12 0,55; 4,42
0,55; 4,3 1,0; 4,6 0,7; 5,15 1,4; 4,55 0,5; 5,15 1,1;
44 0,95, 5,05 0,6] coorBerctBenno. Ilpu
HMepapXUUYecKOr KIIaCTepU3alny MoiydeHo 14 rpymmn
MaHHBIX. J[71 Ka4ecTBEHHBIX MAasHBIX COCTUHEHHUU
OBUIO OIPENENICHO TPU TPYIIILI ¢ LeHTpamMu B [5,05
0,1; 5,11 0; 5,12 0,175] m ny1st HekKayecTBEHHBIX — 11
rpym ¢ reaTpamu [5,15 1,4; 5,1 0,91; 5,1 0,92; 4,55
0,5; 5,15 1,4; 4,35 0,975; 5,12 0,9; 5,05 0,9; 5,12
0,53; 44 0,57; 5,15 1,1]. Koopaunatel LeHTpa
TPYNIBl ONEHUBAINCH KaK CpeAHee M0 KaKIOMY
mapameTpy. BpemMs mocTpoeHus —pasmensiomieit
noBepxHoctu cocraBwio 3,8 ¢ u 3,85 c.
COOTBETCTBEHHO.

Taxum 00pa3zom, mociie TPYNIHUPOBKH HCXOTHBIX
JAHHBIX TIpeIjlaraéMbIM METOJIOM 10 CPAaBHEHHUIO C
METOJIOM,  TIpe[JIOKeHHBIM B pabore  [21],
kommiecTBo HeipoHoB BHC cokparuioch modtu B 3
pa3a, Bpems kiaccudukanuu — Oojee ueM B 2,3
pasa. Ilo cpaBHEHUIO C pe3yNbTaTaMy TPYIITUPOBKU
¢ momompi  cyOTpaktuBHOrO [11, 22] W
HepPapXUIECKOTO METOIO0B OINPEACICHUS KOIUIECTBA
KiactepoB  [6, 7] KOIMYECTBO  HEHPOHOB,
OTIpe/IeTICHHOE npeIaraeMbIM METOJIOM,
COKpaTHJIOCh B 2 pa3a, BpeMs KiIacCU(UKAIUN — B
1,4 paza.
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MakcHManeHsIR ypoBeHs oMbk Npeofaagarawme vactore (100 KMy

Puc.2 — Tannsie [21] (puc. 2, a) (mo ocu aéeuuce-
npeodaanaomasn yacrora Buopanuu UC (coTtHun
KHJIOTepI), M0 OCH OPIAMHAT — MAKCUMAJIbHBII
YPOBeHb OIIMOKH); pe3yJbTaT MOCTPOECHUS
pazaessiioneii Kiaacchl MOBEPXHOCTH MO
CTPYNNUPOBAHHBIM JAHHBIM (pHC. 2, 0)

3. BbiBOAbI

Takum oOpazom, B paboTe MpemIoKeH METOX
ompeseNeHnsT KOJIWYecTBa HEHMpPOHOB BHYTPEHHETO
cios BHC, koTopblii MO3BOJWI  yIPOCTHUTH
ctpyktypy BHC u 3a cder 3Toro — cokpaTuth BpeMs
KIIacCH(HKAINH, ¥ MOXKET OBITh PEKOMEHIOBaH IS
MPUMEHEHNS] B TMPAKTUYECKH BaXKHBIX 3a/Jadax
KJ'IaCCI/I(l)I/IKa]_II/II/I IIpyU KOHTPOJIC TEXHOJIOTMYCCKUX
MIPOLIECCOB  MPOU3BOJCTBA, KOHTPOJE KadecTsa,
JIMaTHOCTUPOBAHUM HEUCITPABHOCTEN U3JIEIHI.
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Abstract: The sub-gradient method of estimation of the number of the hidden layer neurons of a probabilistic neural

network is suggested. This method allows evaluating the data compactness violation in A -space. This evaluation based
on the noise stability sub-gradient iterative optimization method. This method allows reducing the number of the hidden

layer neurons and classification time.

Keyword: probabilistic neural net, clustering, compactness, neuron’s number, sub-gradient optimization method.

The diagnostics tasks in the modern plant are
solved by the automated classification in the base of
the neural networks (NN) [1, 2]. The probabilistic
NN (PNN) and multilayer NN has been used to
solve a diverse group of classification problems
successfully. In this classification PNN competes
with the back propagation algorithm [3]. Compared
with back propagation, the PNN offers the following
advantages. Firstly, the PNN rapid training has.
Secondly, with enough training data a PNN is
guaranteed to converge to a Bayesian classifier.
There is no such guarantee with the back
propagation, because long training periods can
terminate in a local optimum that may be
unsatisfactory solution. At finally, the PNN
algorithm allows data to be added or deleted from
the training set without lengthy retraining, whereas,
any modification to a back propagation training set
will generally require a repetition of the entire
training process. That’s characteristics of the PNN
makes it more compatible with many diagnostics
problems [3]. The major shortcoming of the PNN is
requirements of one neuron of inner layer for each
training vector. Approach to overcome this
drawback is clustering. Clustering can reduce the
number of training vectors by grouping with similar
characteristics and by representing them with the
cluster centroid. Such way allows to reduce of the
PNN structure complexity.

The clustering is based on the two compactness
hypothesis. First compactness hypothesis are
realized in case the one cluster data are placed at
short distance and data of another clusters are placed

far off in the sign space. Second hypothesis is A -
compactness one. This hypothesis allows to divide
the data by calculation of their local density in the
sign space change. For the number cluster estimation
the optimization of crisp cluster validity indexes are
used. This indexes estimation based on the
compactness or A-compactness hypothesis of data
in the sign space. The major shortcoming of the
properties of this indexes (a low noise stability or
low accuracy) are determined by the method of
estimation of data compactness of cluster and
distance between clusters [4]. Therefore these crisp
indexes of clusters validity may define number of
clusters erroneously about 50 % case, even in the
case data are grouping in compact, well separated
clusters.

Since a priory information about clusters forms
and correlation of the cluster dimensions is absent,
the number cluster are calculated by investigation of

the criteria K =max(k,) in the A-compactness
f(i+1)

fi)
the characteristics of the data local homogeneous,
f(i) - is the average A - distance on the i
algorithm step.

Parameter K, characterizes the violation of local
homogeneous for data distribution in the A — space
and number of clusters. This parameter has
multimodal, noised dependency. For such

dependency optimum search the authors work out
the sub-gradient iterative optimization method in the

base [5]. In this case k; = ie[l,n-1]is
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wavelet transforming domain [6]. This noise
stability optimization method has high accuracy and

low local extreme sensitivity. The K, dependency

optimum search by this optimization method allows
to estimate global maximum of this dependency, and
two clusters data has been separated. For number
neurons of PNN evaluation it is insufficiently. In
such dependency the amplitude of second and
following modes are smaller then first mode
amplitude about several dozens time. That property
makes the number cluster estimation difficult.

Therefore we suggest:

- data transforming in the A — space [5];

- k; calculation;

- optimum search of K =max(k;);

- previous group data except from addition;

- k; calculation without previous group data; .

- optimum search of K =max(k,) end so on.

The estimation method for inner layer neurons
number PNN is suggested. This method has been
applied in solder joint quality inspection task (fig.1).
This method allows to reduce almost three time the
neuron number for inner layer PNN and
classification time almost in 2,5 time in solder joint
quality inspection task as compared with data [7]
when grouping (clustering) are absent. As compared
with the hierarchical clustering method [2,4] and
subtractive clustering method [8] the sub-gradient
method of estimation for inner layer neurons number
allow reduce neuron number in 1,3 time and
classification time in 1,2 time.
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