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HeuiTka HelipoHHA Mepeka s aHaj13y TOIOJIOr]
IHTErpAJIbHUX MIKPOCXEM

B crarbe paccmarpuBaercs 3agada MICHTU(QHUKALNHM OO0BEKTOB TOMOJOIMH MHTEIPAJIBHBIX CXEM HAa OCHOBE
HelpoCeTeBoro nojaxoja k oopadboTke m3o0pakeHuil. [IpeanoxkeHa HOBasi CTPYKTypa HEYETKON HEHpOHHOI
CeTH, KOTOpas TMpeacTaBiIseT co00M MoAu(UKANHUI0 HEOKOTHHTPOHA, OpUEHTHPOBAaHHYI0 Ha
I/I}IGHTI/I(I)I/IKaL[I/IIO 00BEKTOB TOIIOJIOTHHM Ha IMOJIYTOHOBBIX 1/1306pa>1<eH1/1;1x C HCKaXCHUAMU SPKOCTU U
CMeIIeHNA. JKCIEpUMEHTAJIbHO TI0KAa3aHO, YTO pa3paboTaHHas HEHPOHHAs CETh II03BOJIAET IOBBICHUTH
TOYHOCTbh I/IZ[CHTI/I(I)I/IKaHI/II/I.

KaioueBble cioBa: HHTErpajibHasl CX€Ma, TOMOJIOTHS, HeUeTKasi HeHpOHHasK CETh, NACHTH(UKALINSI.

In the article the task of identification of layout object is considered based neural network approach for image
processing. A new structure of fuzzy neural network is proposed that is a modification of the neocognitron
intended to identification of layout objects having shape defects and brightness distortions on halftone layout
images. It was shown experimentally that proposed network allows to increase the recognition accuracy.

Key words: integrated circuit, layout, fuzzy neural network, identification.

Y crarTi po3risanaeThes 3aqada ineHTudikamii 06'eKTiB TOMOOTI] iHTErpaTbHUX CXEM Ha OCHOBI HEHPOHHAr0
miaxoay 10 06poOKu 300paXkeHb. 3alIPOIIOHOBAHO HOBY CTPYKTYpY HEUiTKOI HEHpPOHHOI Mepexi, AKa SBIIE
c00010 Momu(iKaIiro HEOKOTHITPOHA, OPIEHTOBaHY Ha ileHTU(IKaIlil0 00'€KTIB TOMOJOTI Ha HAIIIBTOHOBUX
300paKEHHSAX 3 CIOTBOPECHHSMH SICKPABOCTI 1 3CyBy. EKcnepuMeHTaabHO TOKa3aHO, MO0 po3pobieHa
HelpOHHA Mepeka J03BOJISIE MiABUIINTH TOYHICTD 11eHTH(iKaii.

KoiouoBi cjioBa: iHTerpasbpHa cxeMa, TONOJIOTIS, HeYiTKa HeHpOHHA Mepexa, iJeHTH]IKaLis.

BaxkHoil uacThro mpolecca IPOU3BOJCTBA HMHTETPATBHBIX MHKPOCXEM SBIISIOTCS
IIPOLIECCHI KOHTPOJISL KauecTBa (POPMUPYEMBIX TOMOJOTUYECKUX CTPYKTYP U COOTBETCTBHUS
TOMOJIOTUM 3JIEMEHTOB NPOEKTHOM AoKyMeHTanuu. CIO0XHOCTh Ipolecca KOHTPOJI
CBsi3aHa C OOJBIIMM KOJIMYECTBOM OYEHb MAJEHBKHUX 3JIEMEHTOB Ha (DOTOIIA0IIOHE U
HEUETKUM HU300paKEHHEM 3JIEMEHTOB, C(OPMHPOBAHHOM B CHCTEME aBTOMATHUYECKOTO



KOHTPOJISI TONOJOIMM MHTETrpalibHBIX CXEM, KOTOpas IpelCTaBisieT COoOO0H cucremy
TexHIUYeckoro 3peHus [1]. [ToaToMy nmepcreKTHBHBIM HANpaBICHUEM SBIISICTCS pa3padoTKa
METOJIOB MHTEIUICKTYaJIbHOTO aHajau3a naHHbIX (data mining) [2,3]: HEHpOHHBIE CETH,
JIEPEBbsI PELIECHUN, TEHETUUECKUE AITOPUTMBI, HeueTKas jJoruka u jap. Cpeau HeHpOHHBIX
ceTell B HACTOsILEe BpeMsl IIPU aHAIM3€ N300paK€HUM TOMOJOTMH MHTETPAIIBHBIX CXEM B
data mining uCnoab3yIOTCA HEHPOHHBIE CETH MPSIMOTO PACIIPOCTPAHCHHUS.

B ocHOBe HeueTKkHnx HEMPOHHBIX CeTel JISKUT Ues UCIOIb30BaHUS CYLECTBYIOLIECH
BBIOOPKM NTaHHBIX JJISi OMpEACTCHUs MapamMeTpoB (PYHKUUN MPHUHAMIC)KHOCTH, BBIBOJBI
JIeNIAl0TCSl Ha OCHOBE almnapaTa HEYeTKOW JIOTMKH, a Ul HAaXOXKACHUS HapaMeTpoB
(GYHKIMIA TPUHAIUICKHOCTH HCIIOIB3YIOTCS aIrOPUTMBI 00yYEeHUs] HEHPOHHBIX cerei [4].
OCHOBHBIM ~ JTOCTOMHCTBOM  MCIIOJIb30BaHMsI ~HEYETKOW JIOTMKM B~ pa3paboTke
MHTEJJICKTYaJIbHBIX CUCTEM SIBJISIETCS TO, YTO PEIIECHUS HEYETKOH JIOTMKH, KaK IpaBuiIo,
HPOCTHI JUISI IPOBEPKH U ONITUMH3ALIUU.

B cratee mpemiokeHa MOJAENb HEYETKOM HEMPOHHOM CETH Ha OCHOBE
HEOKOTHUTPOHA [yl aHaJIW3a IOJYTOHOBBIX M300paKEHUN TOMOJOIMHM HHTErpaJbHBIX
MHUKPOCXEM, UMEIOIINX UCKa)KEeHUs1 (POPMBI U LIBETA.

PaccmarpuBaemoe n300pakeHue HpeCTaBiseT coboi HEKOTOpoe
CTPYKTYpUpOBaHHOE omnucanue oObekra. OObekTamMu Ha Tomojormueckom cioe UC
ABJISIIOTCSI  KOHTaKTHasl — IUJIOLIAJKa, KOHTAKTHOE  OKHO, AU(DQPY3UOHHBIH WM
METAJIJIM3UPOBAHHBIN MTPOBOAHUK, JPYTUE 3JIEMEHTHI TOonouornu. OHU XapaKTepU3yroTcs
BeToM, (opmoil n pazmepom. B oOuiem ciydae, HCKaXeHHs MOTYT OBbITh JBYX THIIOB:
M3MEHEHHUE 1[BeTa MUKcelel JIM00 U3MEHEHHE MOJIOKEHUS TUKCETIS.

ITpu stom s >¢pdexTuBHON Kiaccudukanuu HeoOXOJUMO YYUTBIBATh MEPAPXHIO
MH(OPMALIMOHHBIX TpPHU3HAKOB 00BbekTOB. Hambonee mnoaxomsmuM s STOW LenH
ABJIIETCS. HEOKOTHHUTPOH, KOTOPBIM =~ MMEET HEpapXU4EeCKyl0 CTPYKTYypy CIIOEB,
OPHEHTHPOBAHHYIO Ha MOJICIMPOBAHUE 3PUTEIIBHON CHCTEMBI YeioBeKa [5].

[TpyHIMIT HEYETKOro MPECTABICHUS SPKOCTH IMHUKCEIOB M300pa’keHUs OCHOBaH Ha
HEHPOPU3HOIOTUN 3pUTENIBHOM CHUCTEMBI YelloBeKa, a B YAaCTHOCTH, Ha TOM (pakTe, 4To
HEHUpOHBl JAaHHOM cuUcCTeMBbl  JAUPPepeHuupyloTcs Ha JB€ TIPYHIbl, KOTOpbIE
IPOTHBOIOJIOXKHBIM 00pa3oM pearupyroT Ha oOcBelleHHe M 3aTeMHeHHe. CyIiecTBYIOT
KJIETKH, BO30YKJatoUIMecs IPU OCBEILEHUU U TOPMO3SIINECS MPU 3aTEMHEHUHU, U KIIETKH,
BO30YKJaroIIKecs IPY 3aTEMHEHUH M TOPMO3SIIMECS IPU OCBELICHUH. Takoe pasjeneHue
COXpaHsieTCs Ha BCEX YPOBHAX 3pUTENbHOM CHCTEMbI, 0 KOpBl BKJIIOYMUTEIBHO, U
COCTaBIISIET OCHOBY MEXaHWU3Ma Ul BOCHPHSTHS JIBYX IPOTHBOIIOJIOKHBIX KJIACCOB
3pUTENBHBIX 00pa30B: CBETJIBIX OOBEKTOB Ha TEMHOM (OHE M TEMHBIX OOBEKTOB Ha
cBeTJIOM (oHE.

Jlisi HeYeTKoro Mpe/CcTaBiIeHUs] SPKOCTH MHKCENIEeH IOIYTOHOBOTO H300pa)KeHUs
BBeZeM Tpu mnapamerpa Bmin, Bmid u Bmax, koTopsle COOTBETCTBYIOT 3HAU€HHUIO
MUKCeJIe MUHUMAJIbHOM, CpeHel U MaKCUMaJdbHOU sipkocTU. TakuM oOpazom, SpKOCTH
IIUKCEJIE MOYKHO pa3[eNUTh Ha [JBE KaTE€rOpuM — CBETIble U TeMHble. DyHKIUA
IIPUHAJJIEKHOCTH THKCENe CO «CpeqHeil» SpKOCThIO OMNpEeIeNsercs CleIyIolUM
obpazom:

_(X—Bmzid)z
fig =€ ™, 1)
rme X — SPKOCTh 3aJaHHOTO MHUKCeNs, D - HekoTopas 3ajaBaeMasi IOJb30BaTelIeM
OKPECTHOCTb Ul KaX10To nukcens. ['paduk naHHON (yHKIMU NpeacTaBieH Ha puc. 1.
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Puc. 1. @yHKIMS NPUHAIICKHOCTH ITUKCETIEH CO «CpeIHeH» SIPKOCTBIO

AHaJIOrMYHBIM 06pa30M OIIPCACIIAOTCA q)YHKIII/II/I MMPUHAAJICIKHOCTH OJId «TCMHBIX»
M «CBETJIBIX) ITMKCEIICH
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max

[TapameTpsl (QyHKIIMM MPUHAVICKHOCTH MOTYT BapbUpPOBATHCS B 3aBUCUMOCTH OT
APKOCTHBIX IapaMeTPOB HCXOJHOro u300paxeHus. [lpeanoxkeHHas Mojenb HeHpoHa
ONepHUpyeT He APKOCTSAMM MUKCEeH, a 3HAaUeHUAMHU (DYHKIMH NPUHAUIEKHOCTH MUKCETeH
K ONpPEJENIEHHOM Tpymme spkocTh. CTpyKTypa HEUETKOro HEHpoHa COJAEPKUT TpU OJI0Ka,
OTBEYAIOIIUX 3a O00pabOTKYy HCXOJHOTO H300pPAKEHHS C TOUKHM 3PEHUS «CBETJIBIX»,
«CpeHUX», W «TEMHBIX MHKCeNnel», W 0000mamui 00K, KOTOPBIA aHAJIU3UPYET
pe3ysbTaThl, NOTY4YEHHBIE U3 IPEABIAYIINX TPEX OJIOKOB.

Jnsa  u300paxeHWs TONOJOTMH, KaK TPaBUJIO, XapaKTEpHbl BBbIPaKEHHBIE
CTPYKTYpHBIe ocobeHHocTu. Kak BuaHO M3 puc. 3, pa3aeieHue IO AMANa3oHy SIPKOCTH
M300paX€HMs TMO3BOJISET BBIACIUTh CTPYKTYpPHBIE JIEMEHTHI TONOJOIMYECKOTO PHUCYHKA
IUIaCTHHBI (00JIee CBETIIBIE YYAaCTKU M300pa’k€HUs] COOTBETCTBYIOT OOJBIIEMY 3HAUYEHUIO
GyHKIMY DPUHAAIIEKHOCTH) U MTO3BOJIUT YIIPOCTUTH MPOLECC aHaIN3a U300pakeHHUS.

Ha puc. 2 uzoOpaxkeH ¢parMeHT TONOJOIMM HMHTErpalbHOM MHKpocxeMmbl. Kaxk
BUJIHO, pa3JelieHHe 10 Juarna3oHy SpPKOCTH H300pakeHUs TIO3BOJSET BBIIEIHUTH
CTPYKTYpPHBIE 3JIEMEHTHI TOMOJOTHYECKOTO PUCYHKA IJIACTHUHBI (00Jiee CBETIIbIE YYacCTKU
M300paXeHHUs] COOTBETCTBYIOT OOJbIIEMY 3HAUY€HUI0 (QYHKIUM MPUHAJIEKHOCTH) H
MO3BOJIMT YIIPOCTUTh MPOILIECC aHATM3a U300paKEeHUSI.



Puc. 2. Hewerkoe mpecTaBieHne sIpKOCTEN TIMKCEIEH:
a) ICXOIHOE N300paXxeHue, 0) N300paKeHHUE C BBICICHHBIMU CBETIIBIMHI YIACTKAMH,
B) M300paKEHHUE C BHIICICHHBIMU YIaCTKaMH «CPEIHEI» IPKOCTH,
T') n300paKeHHe C BBIICJICHHBIMUA TEMHBIMH Y9aCTKaMHU

OO0miasi CTpyKTypa HEYETKOrO HEHpOHa TMpejAcTaBlieHa Ha puc. 3. B manHOM
CTPYKTYpE BBIJIEJIEHO TpH 0JIOKa, OTBEUAIOIIUX 32 00pabOTKy MCXOIHOTO M300pakeHUs C
TOYKHA 3PEHUS «CBETIBIX», «CPEIHUX», M «TEMHBIX IHKCeJei». 3a HHUMH CIeayeT
0000IAtONINI OJIOK, KOTOPBIN aHANM3UPYEeT Pe3ybTaThbl, MOJYYEHHBIX U3 MPEAbIIYIIUX
Tpex 0J0KkoB. TakuM 00pa3om, MpeATIOKEHHAS MOJIETh HEUPOHA OTIEPHPYET HE SIPKOCTSIMH
OUKCeNeH, a 3HaueHUsAMH (DYHKIMH MPUHAAIEKHOCTH MHUKCENIeH K OMpeieeHHON IpyIne
SPKOCTH, paccMaTpuBas H300pakeHHE C Tpex Touek 3peHus. [lapamerpsl (QyHKINH
MPUHAJISKHOCTH MOTYT BapbHpPOBAThCSI B 3aBUCHMOCTH OT SIPKOCTHBIX IapameTpoB
HCXOHOTO N300paxeHHsl.
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Puc. 3. O600meHHass MOJENTs HEYETKOTO HelipoHa

B crarbe nmpeanaraercs moauduKanys MHOTOCIOWHOW HEHMPOHHOW CETH HAa OCHOBE
HEOKOTHUTPOHA, MPEUIOKEHHON ISl KIACCU(PHUKAIMIO OOBEKTOB, UMEIOIINX HCKAKCHHS
dopmer u nBeta [6]. s sToro ObuM BBeIeHBI JBa mapamerpa B u R, koTopbie 3agator
JIMaIla30Hbl HEYETKOCTH paznnuud. [lapamerp B — 3TO nMaMeTp SPKOCTHBIX HCKaKCHUHN
M300paxeHusl, OMPEACNAIOMUNA MaKCUMAIbHO JIOMYCTUMOE PACCTOSHUE MEXKIY IBYMS
MUKCEISIMU U300pa’keHusl, KOTOPbIE CUNTAIOTCA IKBUBaJeHTHbIMU. [lapamerp R — paaunyc
TEOMETPUUECKUX HCKAKECHUM, ONMpEeACNSIOUMd MaKCUMAIbHO JOMYCTHUMOE CMEIECHUE
MIUKCEJIeH 3TaoHa Ha n300pakenun (oopaze). Heuerkas HelipoHHas cethb (puc. 4) COCTOUT
U3 JIByX OCHOBHBIX dYacTeil — OJloka HEeYeTKMX IpaBWJ, BKJIIOUaromero cioid Fp
¢dazuduxanuu u cnoil Fy cBepTKU - QYHKIUN NPUHAAICKHOCTH (7-HOPMUPOBAaHHUSA), U
MHOTOCJIOHON CETH THUIIa HEOKOTHUTPOH.

Heuerkue npasuna Heiiponnas cetpb

/ I'pymmer HeiipoHOB B
OJIHOM CcJI0e

Croit Croii cBepTKU

bazudukanuu CI)yHKLIlIf/'} - 1|

~

—

=~
|~

~
Fl - FZ : /
PenenTopHble | / S1 BoIxoqHOIM
nojs HeHpoHa : BHYTpEHHHE CIIOH ClI0ii ceTH

Pucynok 4 - CtpykTypa HEUeTKOW HEHPOHHOU ceTH



CylHOCTh adropuT™Ma HEYETKOW HJIEHTH(PUKALUMU OOBEKTOB MOXHO IPEJICTABUTH
CIEeIYIOIUM 00pa3oMm:

1. 300paxeHus, KOTOpble HYXHO HAEHTHQULUUPOBaTh, (azuduuupyrorcs. Takum
o0pa3oM, M300pa’keHUE MPEICTABISCTCS B BUJEC CTENEHEH MPHUHAICKHOCTH THKCEIIOB
HEUETKUM (PYHKIUAM SIPKOCTH.

2. Ilpu3Haku pasfenseTcss Ha MPOCThIe, KOTOPBIE XapaKTEPHbI Uil BCEX OOBEKTOB,
TaKHe KaK JIMHMM, TOYKH, IIEPECEUEHUs JIMHUM M T. A.; U KOMIUIEKCHBIE, KOTOpBIE
NPECTaBISIIOTCS B BUAE ONMPEACICHHON MPOCTPAHCTBEHHO-T€OMETPHUECKON KOMOMHAITNH
IPOCTHIX IPU3HAKOB, XapaKTEPHOU MJIs OIIPEJEIEHHOI 0 Kilacca U300pakeHu .

3. @opmupyeTcsi uepapxusi MPU3HAKOB, B KOTOPOH KaXJblii YpPOBEHb OOBEIUHSET
IIPU3HAKU OJHOM CTENEHU CIIOKHOCTH. [Ipu 3TOM, MEpBBIi YpOBEHb COCTOUT U3 MPOCTHIX
MPU3HAKOB, a KXKIBIA TOCICAYIONIMA BKJIIOYAaEeT B ceOs Ooiee CIOKHBIC HPH3HAKH,
KOTOpbIE 00Pa3yOTCs MyTeM MPOCTPAHCTBEHHO-T€OMETPUUECKON KOMOMHALIUK TPU3HAKOB
HPEbIIYILIErO YPOBHS.

4. Crpourca mHorocnoiHas HC, Konm4ecTBO CII0EB KOTOPOM PaBHO KOJIMYECTBY
ypOBHEH clI0KHOCTH. HelpoHBI B cl10€ ceTH AeATCS Ha FPYIIbL, IPYU 3TOM KaXKaasi rpymnmna
COOTBETCTBYET HEKOTOPHIM IpPHU3HAKaM, KOTOPbIE JOJDKHBI OBITh BBIAEICHBI Ha JAHHOW
cinoe. DyHKUMA OTAEIBHOW TIpPYMHIbl 3aKJIIOYAETCS B OOHApYXEHUM (BbLACICHUM)
COOTBETCTBYIOLLIETO IPU3HAKa Ha BCEeM H300pKEHUM, TakuM o0pa3oM, 3HaueHHE
AKTUBHOCTH HEWPOHOB Trpymmbl (GOPMHPYET KapTy pacHpeieiieHHs IpH3HaKa Ha
nzo0paxkenuu. [l oOecrieyeHHs: WHBAapUAHTHOCTH CETH K HEOOJBIIUM CIBUIaM
MPU3HAKOB (MCKAKEHUSIM THUIIA «CMelleHuey) B npemioxxennoin HC BmecTo o0obmarommx
C-ciioeB, CBOMCTBEHHBIX [l HEOKOTHUTPOHA, KOTOPbIE 1yOIUPYIOT KapThl pacrpeieieHus
MPU3HAKOB COOTBETCTBYIOUIMX MM MOJCIOEB, Mpeayaraercd Moaudukanus S-ciaoeB, Npu
KOTOPOH KaXkJblii OOHApYKEHHBIM MPU3HAK «Pa3Ma3bIBACTCS» 110 HEKOTOPOH OKPECTHOCTH,
YTO MO3BOJIIET YMEHBIIUTH KOJIUYECTBO CIOEB CETH.

5. OOydeHHwe CeTH CBOJMUTCS K TMOCJIEI0BATEIbHOMY OOYUYEHHMIO CEeTeH-CII0eB
(omHOCTOMHBIX ceTell). BecoBbie KO PUIIMEHTHI, MOTyueHHbIE IpH 00yueHnu Takux HC,
COOTBETCTBYIOT BECOBBIM KO3()(DUITIEHTAM COOTBETCTBYIOLIETO CIIOSI HEOKOTHUTpPOHA. J[iist
UX O0Y4eHHUs UCIOJb3YeTCsl alrOPUTM HEUYETKOW KIIacTepHu3alu [7], MpU 3TOM Kaxabli
KJIaCTEp COOTBETCTBYET OJaHOMY HeWpoHy. Ilocme oOydenus, Ttakas HC Oyner
MCIIOJIb30BaThCS AJIsl [TOCTPOECHUSI COOTBETCTBYIOLIETO CJIOSI B MHOT'OCJIOMHOM CETH, IIPH
TOM KOJIMYECTBO HEHPOHOB B CETU-TIPOTOTHUIIE OYAET COOTBETCTBOBATH KOJUYECTBY
Ipyni, a  BecoBble KOI(D(UIMEHTHl HEHPOHOB M3 CETU-NPOTOTHIIA — BECOBBIM
K03 ueHTaM HEHPOHOB U3 COOTBETCTBYIOIIUX TPYIIIL.

6. IlpousBoautcs uaeHTuguKanus oOpa3a IMyTeM IMOCIEA0BaTeNbHOW aKTUBAIUU
cinoeB HC: ot ¢1os1, BBIAENSIONIEr0 MPOCThIe MPU3HAKH, /10 CJIOS, BBIIEISIOUIET0 IPU3HAKU
Bcero obpasa B 1enoM. IIpu 3TOM, BBIXOJIHOW CJIOH CEeTH TreHepupyeT OTBET, K KaKoMy
KJIACCy OTHOCHUTCSI BXO/IHOE M300pa’keHue, B BUJI€ MAKCUMAJIbHON aKTUBHOCTU OJTHOTO U3
CBOMX HEMPOHOB.

TecTtupoBaHue NpeIOKEHHON MOJEIN HEYETKON HEWPOHHOW CETH BBIIIOJIHEHO INPU
pa3IMYHON KOH(Urypanuu ceTH (C pa3IMYHBIMU 3HAYEHUSMHU MapaMeTpOB SPKOCTHBIX H
reOMETPUYECKUX HCKaxeHuit B m R) Ha u300pa)keHHSIX TOMOJOTHH HHTETPATbHBIX
MHKpPOCXEM, TOIy4eHHbIX Ha obOopynoBannun «KBTOM-OMO» [8]. B xkauectBe
oOy4aromux JaHHBIX HMCIONb30BAIOCH 3 THUMa (QparMeHToB Tomojoruu. IlpenmoxenHas
CeThb CPaBHHUBAJIACh C HEHPOHHOU CETBIO, PEATU3YIOLIEH CTaHAAPTHBIA KOPPEIALUOHHBII
METO]l MICHTU(HUKALINH, U HEHPOHOI CEThIO0 Ha OCHOBE HEOKOTHUTpOHA [6] (Tabum. 1).



Ta6ymma 1 — ToyHOCTh pacrio3HaBaHUS

He
Yucno Pacno3znano
Tun cetu OBLEKTOB (%) pacmo3HaHo
(%)
Koppemsiust 95(81,9%) | 21(18,1 %)
Certs [5] 116 103 (88,8 %) | 13 (11,2 %)
Heuerias 114 (983 %) | 2 (1,7 %)
CeTh

Kax BHUJHO, HCYCTKasd CCTh IIOKasajla JIy4dInlHu€ pPE3YyJIbTAThl I/I,I[CHTI/I(bI/IKaHI/II/I 110

CPaBHEHHIO C IPYTHMH MPEACTABICHHBIMU TUTIAMU ceTeil. TakuM 00pa3om, MPeaioKeHHAs
MOJieJIb HEYETKOW HEHPOHHOM CeTH MOXKeT OBbIThb KCIOJb30BaHa JJS KOHTPOJIS
TOIOJIOTHYECKUX CTPYKTYP HMHTETPAJIbHBIX MHKPOCXEM, YTO MO3BOJIUT CHEJIATh CUCTEMY
KOHTPOJII MHBAPUAHTHOU K BO3MOKHBIM T'€OMETPUUYECKUM UCKAKEHUAM TUIIA CMEILCHUE U
SPKOCTHBIM UCKKEHUSIM H300pa)KEHUS TOMOJIOTHH.
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RESUME
A. A. Doudkin

Fuzzy neural network for integrated circuit layout analysis

This article provides a method of calculating the membership functions to identify
layout objects in images of topological layers of integrated circuits, which allows to
calculate the fuzzy parameters and make the analysis invariant to brightness distortions and
geometric distortions such as bias.

A structural model of fuzzy neural network is proposed that is based on the concept
[3] and neocognitron [6]. Testing of the model on images of real chip layouts was showed
a high degree of identification of the proposed neural network: the average identify
accuracy is equal 98.3%, which is 16.4% higher than this one realizing the correlation
algorithm, and 9.5% higher than neocognitron [6].

Using the proposed model of fuzzy neural network makes it possible to improve the
efficiency of complex manufacturing of defect-free photomasks for submicron integrated
circuit technology.

A.A. /lyokun
Heuemrkas HBZZPOHHCZ}Z cems 0JIs. AHAAU3A MONOJI02UU

unmezcpailbHovlX MUKPDOCXEM

B nanHOl cTathe MpensioKeH CIOco0 BhIUUCICHUS (PYHKIUNA MPUHAIJICKHOCTH IS
UJIEHTU(DUKAIIMN TOTIOJIOTUUECKUX OOBEKTOB HAa M300paKEHUAX TOIMOJOTHYECKUX CIIOEB
MHTETPAIbHBIX MUKPOCXEM, YTO TIO3BOJISIET BBIYMCIUTh HEYETKUE MApaMETPhl U CAENATh
aHAJIM3 TOIOJOTUU - MHBAPUAHTHBIM K SIPKOCTHBIM MCKaKEHUSIM U TE€OMETPUUYECKUM
HCKa)XCHUSIM TUIIA CMELICHUSI.

Ha 6a3e npemiosxxenHoi B padote [3] KoHuenuu pazpadoTaHa CTPyKTypHast MOJIEIb
HEYETKOW HEeHPOHHON CETH Ha OCHOBE HEOKOTHUTpoHa [6]. IIpoBemeHo TecTHpoBaHue Ha
M300paKCHUSIX PEAThbHBIX TOMOJOTUHA MHUKPOCXEM, KOTOPOE MOKAa3aj0 BBICOKYIO CTEIICHb
UACHTH(QUKAIMA TI0 CPaBHEHUIO C IPYTMMH HEHUPOHHBIMU CETSMHU: CPEIHSS TOYHOCTH
UACHTUGUKAIIMY Ui TpeACTaBICHHOW HedeTKo cetu paBHsercs 98,3%, uto Ha 16.4%
BBIIIE, YEM Y CETH, PEATH3YIONIEH KOPPEISIUOHHBIN anropuT™, U Ha 9.5% BhIIIe, YeM y
HEOKOTHHUTpOHA [6].

Hcnonb3oBanne mNpenoKeHHOW MOJENIe HEYeTKOWM HEWpPOHHOM CEeTH JaeT
BO3MOXXHOCTh TOBBICUTh 3((HEKTUBHOCTh KOMIUIEKCOB 0€31e(EeKTHOr0 H3TOTOBIICHUS
¢ oTo1abI0HOB AJI UHTETPATLHBIX MUKPOCXEM CYOMUKPOHHOM TEXHOJIOTHH.





