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MIPAMIJAJIBHE IPOCTOPOBO-3B'SI3AHE IIPEITIAPYBAHHSA TA IOT'O
IMPUKJIATHA PEAJIIBALIA

NMAPAMUOANBHOE NPOCTPAHCTBEHHO-CBA3AHHOE
NPENAPUPOBAHME U ETO NMPUKNAOHAA PEANTM3ALINA

PYRAMIDAL SPATIALLY CONNECTED PREPARATION AND ITS
APPLIED REALIZATION

B KOHTeKCTi AocnigkeHHs npobemu po3rnizHaBaHHS 06pasiB, 3arporoHoBaHO Criocib nipamiga-
JIbHOIro y3arasjlbHeHOro rnpoCcTopOBO-3B'93aHOr0 rnperiapyBaHHsl Ta Moro arnaparHa peasnisdadis aas
06pobkn curHanis. Ha OCHOBI nNpoBeAeHUX AOCNIAXKEHb Ta OTPUMAHMX PE3Y/IbTATiB MOLEIOBAHHS
HaBOANTLCS MOPIBHSJIbHUY aHali3 3arporioHOBaHOro crocoby 3 BijOMUMM.

B koHmekcme uccnedogaHusi npobrembi pacrio3HagaHusi 0bpa3os, npednoxeH crnocob nupamudanbHO20
0606WeHHO20 POCMpPaHCMEEHHO-C8SI3HO20 MPenapuposaHus U e2o arnnapamHasi peasusayusi 0ns obpa-
bomku cueHanos. Ha ocHogsaHuu rpogedeHHbIX uccriedosaHull U rnosyYeHHbIX pe3yrbmamos Modesnuposa-
Husi npugodumcs cpasHUMEsbHbIU aHanu3 npedrnoxeHHO20 criocoba ¢ U3eeCcmMHbIMU.

In the context of images recognition problem research, the pyramidal method of generalized spe-
cially connected preparation and its hardware realization for signal processing is proposed. On the ba-
sis of scientific research carried out and results of modeling, the comparative analysis of the offered
method with already known studies is suggested.

Beryn

[aTenexTyanpHi iHGOPMAIIHHI TEXHOJOTII — 116 BUCOKI TEXHOJOTII, sIKi MOJCIIOIOTh Ta BiATBOPIOIOTH
SIIEMEHTH 1HTeNeKTy MoauHu. OTHUM 13 TPOSIBIB SAKICHO HOBOTO IMXOMy B CHCTEMI METOJOJIOTIi CyJacHUX
IHTENEKTyallbHUX CTPYKTYP € HayKOBi JOCTIIKCHHS B HANpPSAMKY CTBOPEHHS OOpa3HOro KOMII IOTepa.
Po3po0Ky Takmx KOMIT FOTEpIB, sSKi BUKOHYIOTh HE TUILKH OOYHCIICHHS, aie W MOICIIOIOTh 00pa3He CITPHiA-
HATTSA CBiTy, 0Opa3He TPHHHATTS PIMICHb 1 OPIEHTOBaHI Ha BHUKOHAHHS (DYHKITIOHAJIHHOTO MOJICITFOBAHHS
IHTENEeKTyalbHOI IisUTbHOCTI JIFOAMHY, BiJHOCSTD JI0 MPOPHBHHUX HANPSIMKIB Y HAYKOBO-TEXHIYHOMY MOCTYII
[1].

[paBunpHuUi BUOIp KOHKPETHUX 3aco0iB peaizallii ONTHUKO-CIEKTPOHHHUX apXiTeKTyp O0Opa3sHoro
KOMIT'10Tepa Ma€ OCOOJIMBO Ba)KJIMBE 3HAYEHHS AJIsI IOCSITHEHHS MOTPIOHMX TEXHIKO-€KOHOMIUHMX TTOKa3HH-
KiB. SIk mpaBuio, nepe;; po3poOHUKaMHU ONITHKO-EIIEKTPOHHUX apXiTEeKTyp 00pa3HOTro KOMIT 0Tepa MOCTa0Th
npo0JeMH, OB sI3aHi 3 HEOJHO3HAUHICTIO BUOOPY MOIIMBHX BapiaHTiB MOOYAOBH 0ararboX (hyHKIIOHAIb-
HUX OJIOKiB, SIKIi MOXYTb OyTH peali3oBaHi amapaTHUMHM, NPOTPaMHMMH ab0 amapaTHO-TPOTPaMHUMH
3acobamu [2].

Mertor0 IaHOTrO JOOCIIDKEHHS € PO3BUTOK TEOPETUYHHMX OCHOB JUISl BHUPILICHHS AKTyalbHOI HayKOBO-
TeXHIYHOI MPOoOIeMH — CTBOPEHHS1 HeHponomaiOHOi cxeMu oOpoOKH iH(opMalii Ha OCHOBI MapaielbHO-
iEpapXivYHOTO TIEPETBOPEHHSI 1 pearizalii HOBUX METOIIB, CIOCOOIB Ta MPOrpaMHO-arapaTHUX 3aco0iB s
e(eKTUBHOTO 0araToeTartHOTO CHPHIHATTS, 30epeXeHHs, YIIJIFHEHHS 1 po3Mi3HaBaHHs 00pasiB B iH(popma-
IHHUX CTPYKTYpax Ta OOYHCIIFOBATHHUX IPHUCTPOSX.

© B. II. Koxem’sixo, A. A. Sposuii, 2006
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BiamoBigHO 10 METH BUPIIIIEHO HA OCHOBI PO3POOJICHOT B MEXKaX HAYKOBOI KO KOHIICTIIIIT orucy iH}o-
pPMaIifHUX TIOJIIB Y BUIVISAI CIIEKTpa MPOCTOPOBOI 3B'SI3HOCTI CKIIAJIOBUX HOTO €JIEMEHTIB PO3POOHTH CIOCiO
y3aralbHEHOTO0 MPOCTOPOBO-3B'SI3aHOTO TMpENapyBaHHs 1 OaraTopiBHEBOI CErMEHTAllii HA OCHOBI aHaji3y
CIIEKTpa 3B’S3HOCTI HAIIBTOHOBHUX 300paXKeHb, IO JO3BOIIO O aganTyBaTH IOPIT A0 aHATI30BAHOTO
300pakeHHS 1 aIeKBaTHO OOYHCIIEHOMY ITOPOTY, peali3yBaTh OaraToeTarmHui MpoIiec MOILTY Ha OKpeMi HOTo
CErMEHTH.

BBepeHune

MHTennekTyanbHble MHPOPMALMOHHbBIE TEXHOMOMMM — 3TO BbICOKME MH(OPMAaLMOHHbBIE TEXHOMOMNM,
KOTOpble MOAENMUPYIOT K BOCCO3al0T ANeMeHTbl HTennekTa Yenoseka. OgHNMM 13 NposiBNEHUN KayecT-
BEHHO HOBOro NoAxoAa B CUCTEME MEeTOAOSMOMMN COBPEMEHHbIX UHTENNEKTyanbHbIX CTPYKTYP SABNSAOTCA
Hay4Hble nccneaoBaHus, KOTOPbIe OCYLLECTBASIOTCA B HanpaBneHun co3aaHns obpasHoro KoMmnbtotepa.
Pa3paboTKky TakMx KOMMbOTEPOB, KOTOPbIE BbIMOMHSAIOT HE TONbKO BbIYMCMEHWS, HO U MOAENUPYIOT 06-
pasHoe BocnpuaTMe Mupa, obpasHoe NPUHSATUE peLLeHUA U OPUEHTUPOBAHHbIE HA BbINOMHEHUS (OYHK-
LUMOHAaNbHOro MOAENUPOBAHMS UHTENNEKTyanbHOW AeATENbHOCTU YeroBeka, OTHOCAT K MPOPbIBHbLIM Ha-
npaBneHnsM B Hay4HO-TEXHU4YEeCcKom nporpecce [1].

MpaBunbHbIA BEIOOP KOHKPETHBLIX CPeACTB peanusauny ONTUKO-3MEKTPOHHBIX apXUTEKTYp obpasHoro
KoMnbloTepa UMeeT 0COBEHHO BaXXHOE 3Ha4YeHUe Anst OCTUXKEHUS HYXXHbIX TEXHUKO-3KOHOMMUYECKUX MO-
kasatenen. Kak npasuno, nepea paspaboTymkaMmy ONTUKO-3MNEKTPOHHbBIX apXMUTEKTYp 06pasHOro Kommb-
loTepa BO3HUKaOT Npobnembl, CBA3aHHble C HEOOHO3HAYHOCTLIO BbiOOpa BO3MOXHbLIX BapuaHToOB Mo-
CTPOEHUA MHOrMX pyHKUMOHamNbHbIX 6GNOKOB, KOTOpble MOryT OblTb peanusoBaHbl annapaTHbIMK,
nporpaMMHbIMU UKW annapaTHO-NporpaMMHbLIMU cpeacTBamu [2].

Llenbio AaHHbIX UccrnegoBaHWin eCTb pasBUTUE TEOPETUHECKUX OCHOB ANs PeLUeHNs akTyarnbHOW Ha-
YUYHO-TEXHMYECKOW NpobnemMbl — co3aaHue HelponogobHow cxembl 06paboTku nHopMaLmMmM Ha OCHOBE
napannenbHo-nepapxmyeckoro npeobpasoBaHus U peanu3aumMm HOBbIX METOAO0B, CMOCOGOB M MNpo-
rpaMMHo-annapaTtHbix cpeacTB Ans 3dEKTUBHOrO MHOrO3TanHOro BOCMPUATUS, COXpPaHeHue, YnmnoT-
HeHune 1 pacno3HaBaHve 06pa3oB B UHPOPMALMOHHbBIX CTPYKTYPaX U BbIYMUCTIUTENbHbLIX YCTPONCTBAX.

CoOTBETCTBEHHO Lenu Ha OocHOBe pa3paboTaHHOWM B npegenax Hay4YHOW LUKOMbl KOHUEeNuMm onuca-
HUSA MHAOPMALMOHHBLIX NOMen B BUAE CreKkTpa NpOCTPaHCTBEHHOW CBA3HOCTM COCTaBNALWUX ero ane-
MEHTOB peLleHo pa3paboTaTb cnocob 0006LLEHHOrO NPOCTPAHCTBEHHO-CBSI3AHHOIO NpenapupoBaHns 1
MHOrOYpOBHEBOW CErMeHTaLMu Ha OCHOBE aHanmsa CnekTpa CBA3HOCTW MOMYTOHOBbLIX U306pakeHuHn,
YTO paspeLumnno Obl aganTUpoBaTh NOPOr K aHanM3npyeMomy n3obpakeHuto U afekBaTHO BblYUCIIEHHO-
My MOpory, peann3oBaTb MHOIO3TanHbIN NPOLLECC AENEHNst Ha OTAENbHbIE ero CerMeHTbI.

Introduction

The information technologies are high information technologies, which model and reconstruct
elements of intelligence of the man. One of demonstrations of basically new approach in the sys-
tem of methodology of modern intellectual structures is scientific research, carried out in the di-
rection of pattern computer creation. Development of such computers, which carry out not only
calculations, but also simulate image perception of the world, pattern decision-making art and fo-
cused on performance of functional modelling of intellectual activity of man are breakthrough di-
rections in scientific progress [1].

The correct choice of realization means of optoelectronic architecture of pattern computer is of
paramount importance for achieving necessary technical and economic parameters. Generally,
the developers of optoelectronic architecture of the pattern computer face the problems con-
nected with ambiguity of choice of probable variants of many functional blocks construction, which
can be realized by hardware, program or hardware-software means [2].

The purpose of the given research is elaboration of theoretical fundamentals for the solution of
actual scientific and technical problem — creation of neurolike scheme of information processing
on the basis of parallel-hierarchical (PH) transformation and realization of new methods, direc-
tions and hardware-software means for effective multi-stage perception, saving, compression and
pattern recognition in information structures and computing devices.

According to the purpose of the research — on the basis of the concept of the description of
information fields as a spectrum spatial cohesion of composing elements, developed in scientific
school, it was decided to develop the methods of generalized spatially connected preparation and
multilevel segmentation on the basis of the analysis of spectrum cohesion of the grey-level im-
ages, which would permit to adapt the threshold for the analyzed image and adequately calculate
threshold to realize multi-stage process of division on its separate segments.
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Po3polka cnnocody mipaminajbHOro NpocTopoBo-3B'A3aHOTO NpenapyBaHHs

[Ipobnema posmizHaBaHHS 00pa3iB i aHAI3Y 300pakeHb Y pealbHOMY Yaci MoB's3aHa 13 HEOOXiAHICTIO
3a0e3medeHHs i1HBapiaHTHOCTI (TOOTO HEUIYTIIMBOCTI) a00 3HIKEHOT YYTIMBOCTI O TIOBOPOTY 00pazy abo
aHaJli30BaHOro 300paskeHHA. EQeKTHBHUM crmocoOOM AOCSITHEHHsS HEOOXiAHOi MpHU IbOMY BHCOKOI
MPOAYKTUBHOCTI € iH(opMaIliliHe CTHCHEHHS 300payKeHHS 3 OJTHOYACHUM BUJIIJICHHSIM iHBapiaHTHHX JIO
MOBOPOTY 03HaK [3, 4]. CyTh cioco0y y3arajbHEHOI0 IPOCTOPOBO-3B'13aHOTO MTPEMapyBaHHs € TaKOIO.

@opMyIOTh m 3aTpUMaHUX CUTHAJIB LIUIIXOM 3aTPUMKH BiI€OCUTHAIY Ha 4ac T; JUIA i-ro 3aTpUMa-

HOTO CHTHANy, ¢ 7= 1, m. OHOYaCHO (hOpMYIOTh /11 PI3HUIIEBUX CHTHAMIB 1 MEPIINH JBOrpamaIliiHuii
CHUTHAJI IIUTSIXOM JIBOPIBHEBOTO KBAHTYBAHHS IIIOJI0 3a3/aJIeTiIb ¢(hOPMOBAHOTO TIOPOTOBOTO CUTHAIY.

DOpMYIOTh TAKOXK /11 3aTPUMAHHX JIBOTPAJAIIHHUX CUTHAIIB MUITXOM 3aTPUMKH TIEPIIIOTO JIBOTPasa-
LII{HOTO CUTHANy Ha Yac T, AJ i-TO 3aTPUMAaHOI0 CUTHANY.

IIpoBoaATh OAHOYACHY NUCKPETH3allilo 3 mepiogoM auckpermsanii 7; chOpPMOBaHUX pPi3HHLEBHX
CUTHANIB 1 3amaM'sITOBYIOTb JUCKPETU30BaHI 3HaueHHs 3 nepiogoM 7. IlopiBHIOIOTH KOXHE 3a-
mmaM’ ITOBaHe 3HAYCHHS 3 JOJAATHUM 1 BiI’€MHHUM OIOPHUMH cHUTHajgamMu. DOpMYyIOTh 3a pPe3yNIbTaTaMu
MTOPIBHSHHS 3allaM’ ATOBAHE 3HAYEHHS i-TO JUCKPETH30BAHOTO PI3HHUIICBOTO CHUTHATIY 7 -TO ABOTpadarliii-
HOT'O MEPIIOro CUrHaly HOPIBHSHHSA 3 TPUBAIICTIO, PIBHOIO Hepiofy 7; W OJMHUYHOMY 3HAUEHHIO IpU
PIBHOCTI ab0 TepeBHINCHHI 3araM’ sITOBAHOTO 3HAYCHHS HAJl OJATHUM OIIOPHHUM CHTHAjIoOM abo HYJIbO-
BHUM 3HAYCHHSIM Y ITPOTHJICKHOMY BHITAIIKY. 32 pe3yibTaTaMH MOPiBHIHHS (OPMYIOTh TaKOX PI3HUIICBHMA
CHTHaJl i-r0 JABOrpafalliifHOro Apyroro CHUrHally HOpPIBHSHHSA 3 TPUBANICTIO, pIBHOI mepiony 7y, i
ONVHUYHAM 3HAYEHHSM TPHU HE TEPEBHUINECHH! 3amaMm’ ATOBAaHOTO 3HAYEHHA HAJA Bi €MHUM OIIOPHUM
CUTHAJIOM a00 HYJNLOBHM 3HAUEHHSM Yy TPOTWICKHOMY BUIIAJKy, a TaKOX [-T0 JBOTPaJaIliiHOTO
TPETbOr0 CUTHAIY 3 TPUBAIICTIO, PIBHOIO mepiogy 7y, 1 OJMHUYHMM 3HAUCHHSM, KOJIU 3alaM’ sTOBaHE
3HAYCHHSI MEHIIIE JTOJATHOTO OMOPHOTO CHUTHANY 1 OUTBINE Bill’€MHOTO CHUTHATYy, a00 HYJIHLOBHUM 3HAUCH-
HAM y TPOTHICKHOMY BHTAAKy. [loTiM mpoBomuThcs mopanbiie (HOPMyBaHHS BHUXIIHHX CHUTHAIIIB
JOJAaTHOTO, BiJl’€MHOTO 1 HYJIbOBOTO TpenapariB. BiaMiHHa puca 3anponoHOBaHOTO CIIOCOO0Y — OpraHi-
3aI1is mipaMigaabHOT 0OpOOKH, sSIKa € TaKOTO.

Ilepen ¢popMyBaHHSM PI3HUIIEBUX CHUTHAJIB i3 BXIMHOTO 1 /m-3aTPUMAHUX CHUTHATIB BUAUISIOTH 3ara-
JEHAW CHWTHAJ 1 /M-TIOPIBHIOBAHWX 13 HUM CHTHAJIB, a ()OPMYBaHHsS KOXXHOTO PI3HHIIEBOTO CHTHATY
3MIHCHIOIOTh MiX BUAIJICHUMH 3arajlbHUM CHIHAJIOM 1 OJHUM i3 HOpPiBHIOBaHUX cuTHamiB. [Ipudomy,
(hopMyBaHHS TIEPIIOTO JBOTPAJAIIMHOIO CUTHAIY 3IIHCHIOIOTH NIISIXOM JBOPIBHEBOTO KBAHTYBaHHS
BUJIJICHOTO 3arajbHOTO curHanmy. Jlami ¢GopMyroTh Tepmuil JOJATKOBHI ABOTpajalliiHUNA CHTHAI
OJIMHUYHOTO 3HAYCHHSI 32 YMOBH 30iTI'y OJIMHUYHUX 3HAYCHB MEPIIOTO 1 /1-3aTPUMAHMX JIBOTPaIaIliiHIX
curHaiiB a00 HYJILOBOTO 3HAYCHHS B MPOTHIICKHOMY BUMAAKY. OMHOYACHO 3 JUCKPETU3ALIEI0 Pi3HUIIC-
BUX CHTHANIB JMCKPETH3YIOTh 13 mepiofoM 7; NOAAaTKOBUH JBOrpajalliiHUi CHTHAI 1 3aaM'aTOBYIOTh
KOKHE HOro 3HaYeHHs Ha nepioj 7y, OJep:KyIo4YH IpHU LbOMY BHXIIHHMH CTpoOyroumii curnai. ®opmy-
I0Th TIEPIIUH, IPYTHi 1 TPETil CyMapHi CHTHAIIM IUISXOM IiJICYMOBYBaHHS 3HAYCHb /11 TIEPUINX CUTHAJIB
MOPIBHSHHS, /11 NPYTUX CUTHAJIB TOPIBHAHHS 1 /11 TPETIX CUTHAJIIB MOPIBHSHHSA BiAMOBimMHO. Takum
9UHOM, (DOPMYBAHHS CHTHATIB TOJATHOTO, BiJ’€EMHOTO 1 HYJIbOBOT'O y3araJIJbHCHHUX IpernapariB 3iHCHIO-
I0Th 13 3HAYCHHSM BIiAMOBITHO IMEPIIOro, JAPYroro i TPEThOIO CYMAapHOTO CHUTHATY MPH OJUHHUYHOMY
3HAauYeHHI CTPOOYIOYOro CHUTHATy, a00 HYJIHOBUM 3HAYCHHSM IPH HYJIHOBOMY 3HAY€HHI CTPOOYIOYOTrO

. . . . m o
CUTHaAJly B1AIIOBLIHO. SIk 3aranbHMII CUTHAI BUOUIAKOTH 3 3aTpUMaHUM CUTHAJ, a SK CUTHaliku, 10

MTOPIBHIOIOTHCS 13 HUM, — BiJICOCUTHAJ Ta 1HIII 3aTpUMaHi CUTHAJIH.
BinnosigHa amapatHa peatizamis CrocoOy MipaMiJadbHOTO MPOCTOPOBO-3B'SI3aHOTO IperapyBaHHS
3aIpoITIOHOBAaHA Ta pealli3oBaHa aBTOpamu B [5].

BapianTn peasizanii KopeJsiiiiHOro-eKcTpeMaIbHOI0 c1oco0y Ha OCHOBI c1IOCO0Y
y3arajbHeHOro NpoCTOPOBO-3B’3HOI0 NMpeNnapyBaHHsA

PeanbHi mano3amrymiieHi 300pakKeHHSI XapaKTEpU3YIOTbCS TIAIKICTIO 1 BIACYTHICTIO PI3KUX MEX.
Bracmimok 1ms0r0 B pasi MpaBWILHO 0OpaHOl YacTOTH IAUCKPETH3allli Mae Micie KOpesiis 3HadeHb
CYCIIHIX EJIEMEHTIB JUCKPETH30BAHOIO 300pakeHHS. 3 Ii€i MPUYMHH HE MOTPIOHO abCOIFOTHOIO
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cyMimeHHs nepudepifHuX €IeMEHTIB TP MMOBOPOTI 300paKCHHS 1 BUSABISETHCS 1HBAPIaHTICTh 0 HOTO
HIOBOPOTY.

VY 3araqpHOMY BHUINAJKy PO3TALIyBaHHS LEHTPAJIBHOTO i mepudepiitHOro eneMeHTiB Moxke OyTH 10Bi-
JBEHAM, Y TOMY 49HuCHIi ¥ acumeTpudHuM. [IpoTe, i3 BHKJIAJICHOTO BUIUIMBAE, IO CJIA0INa IyTIHBICT 0
MIOBOPOTY 300paskeHHsI Ma€ Micle TOIi, Konu nepudepiiiHi eneMeHTr 30irafoTbesl 3 BepIIMHAMH MPaBU-
JBHOTO 0araTOKyTHHKA 1 pIBHOBiJJANEH] Bi HEHTPAJbHOTO €IEMEHTa, IO 30iraeTbes 3 IEHTPOM LBOTO

. . m . D .
0araToKyTHHKa 1 BiJITOBIAHOTO > 3aTpUMaHOMY CHUTHANY, SKHH MoTpebye peasizamii CHemiaqbsHOTO

aHanizy. B pesynbraTi 61bI101 iHBapiaHTHOCTI IO TIOBOPOTY 300pakeHHsI 3alPOIMIOHOBAHUM CIIOCOOOM B
MOPIBHSAHHI 3 BimoMumu [3, 4] 71 HROTO TaKOXK iICTOTHO CIIPOIIYETHCS MpobiieMa BUOOpy HaboOpy dacy
3aTPUMKH, SIKHH BiJIIOBi1a€ LEHTPAILHOMY 1 IeprQepiitHuM eJeMeHTaM AUCKPETU30BAHOTO 300pasKeHHS,
Uit 3a0e3meueHHs (OpMYyBaHHS BHXIIHMX CHTHAIIB Y3araJlbHEHOro Ipemnapatry, ©()eKTHBHOTO s
HACTYIHOTO PO3Mi3HaBaHHs a00 aHali3y 300pasKeHHS.

BukopucToBYI0UH PO3IIISHYTHH BHIIE CIOCIO y3araJlbHEHOTO MPOCTOPOBO-3B’SI3HOTO IpeTapyBaHHS
s Bunaaky N = 0 (e OKpeMUM BHUIIaJKOM 3alPOIIOHOBAHOTO CHOCO0Y, IJIsl AKOTO B SIKOCTI 3arajlbHOTO
CHUTHAQJIy TIPUCTPI BHUIULIE BIIEOCUTHAT), TaKOXX HABOMATHCS BapiaHTH peami3allii KopemsIiiHo-
eKCTpeMalbHOTO crocoOly [4, 5] BU3HaUCHHS TOYHOI JIoKali3amii MpOTSHKHOTO HEOAHOPIAHOTO (POHOBOTO
00’exTa. Bkazanuii crmoci0 BiApI3HAETHCS BHCOKOIO 3aBaJIOCTIHKICTIO W aIaNnTHBHICTIO O HEMEBHOCTI i
MIiHJIMBOCTI 3aBaJOCHUTHANBHOI OOCTaHOBKHM 3a PaxXyHOK IIONEPEIHBOI0 KOHBEEPHOTO (OpMyBaHHS
3TOPTKOBHX CYM KOPEJIbOBAaHHX 300paKeHb. BUKOPHCTOBYETBCS TaKoX imes CKOpOYeHHS oO0csry
o0YMCIIeHp TIPH TPEJCTABICHHI 300pa)KeHHS Yy BUIVIAAI HEMOBHOTO W-creKkTpa 1 CHpOLICHHS HpHU
momepeIHii 00poOIli KOPEIbOBAaHUX 300pakKCHB 332 QAalITHBHUM CIIOCOOOM y3araJlbHEHOTO KOHTYPHOTO
npenapyBaHHA [4].

CyTHICTb BUKJIQIEHOTO CIIOCOOY MOJISIrae y BU3HaUCHHI (pparmMenTa 300paxKeHHs, sSIKUi BKIIOYA€ Haii-
HpOpMaTUBHIIY (BIIMOBIIHO 1O KpUTEpit0, SKAH BapifoeThCsl) IUISHKY (OHY, 1 KOpessimiiHO-
eKCTpeMallbHOMY BUMIPIOBaHHI MIKKaJpPOBOTO 3CYBY AHOTO (parMeHTa 3 HACTYIHHMM HpenapyBaHHIM
BHUMIPIOBAHOTO 3CYBY JI0 IIYKaHOTO 3CyBY (DOHY, TpU ILOMY po3Mipu (parMeHTa € MPOMDKHHUMHU MiX
PO3MIpOM TMHAMIYHOTO 00’ €KTa 1 MPOTSHKHOTO (OHY.

MaremaTiyHa MOJE/b JOKaJi3allli MPOTSHKHONO 00’€KTa 3 MOIEPEIHIM 3rOPTKOBUM ITiJICYMOBYBaH-
HSAM 300pa’keHHs 3BOJAUTHCS 10 BUKOHAHHS TaKUX Jiil:

2
. . o n
a) po30MBalOTh MOJIE Kaapy ABOBUMIPHOTO 300paXKeHHs, PO3MIpPOM 71 X 71 BiJUIIKIB Ha (—j ¢dparme-

HTIB, pO3MIpPOM M X m BiAJNIKiB 1 HAKOMUYYIOTh 3rOPTKU 32 (hparMeHTaMu (CEpeAHBOTO 3HAYCHHS CYyM
BIJIJTIKIB 3a (hparMEeHTAMH):

(D)2 =1 (k)2 1

m m ~ L
) > (i)
s J=1" =k
- m m 1
(£ 1) P (M
ne f (4, j) — umndposuil BimIiK 300paKeHHs 3 KOOPAMHATAMH 7, / (LM(POBON OTCHET U3OGPAKEHUS C

koopauHaTtamu i, j ; digital image counting with coordinates i,/ ); (k, ]) — HOMep (parMeHTa 300paKeHHS

(Homep dparmeHTa nzoGpaxeHus; number of image fragment) k= /= 0,£ -1
m

0) 3amaM’ITOBYIOTh HAKOIMYEHi 3rOpTKH [ (](, ]) moTouHOTO 300pakeHHs (I13) i BHKOPUCTOBYIOTH 1X
AK 3TOPTKH £, (&, /) 3atpumasoro 306paxeHHs (33) y HACTYIIHOMY Kazpi;

B) BUOMpPAIOTh (hparMeHT (](m, ]m) , IUTA SIKOTO MOIYJ1b pizHuLi 3ropTok [13 i 33 MiHiMansHUH
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by 1,) = min {[F(k ) -g(k D; k=0,2-1 /=021, 2
(k) mln{\wg( ) p ” } @

T') OOYHCITIOIOTH JIOKATBHUM PI3HHUIIEBHH MOPIT O, HEOOXITHWA B KOHTYPHOMY IIpelapyBaHHI BiJUTIKIB
00paHoro (parMeHTa MIIAXOM KOHBEEPHOTO HAKOMMYEHHS CyMH /  BiJIiKiB BEJIMKHX 3TOPTOK i CyMH

£ menumx sroprok £ (k /) 3a dparmentom (&, 1,)

6:%(?—?); 3)

1) GOpMYIOTh MacHB KOHTYPHHX IIpeTIapariB

n n n n
'7 '7 = ) ]{ 1__1, .:]—, ] 1)— -1
i, o= a2 ) r= 2 e 2

m m

LIIIXOM KOHBEEPHOTO HaKomudeHHs cyM S(7, /) 3a okonoM koxHoro Bitiky £ (1, /)

N L - N N
S¢ (4, ) :5[(1‘(1,]—1)+ f(1—1,j))—f(1+1,j)+ f(z,]+1)} 4)
i mopiBHIOI0OTH pe3ynbrar Sy (1, /) i3 TOKaJIbHUM Pi3HULEBUM IIOPOTOM 3 :

gr(4,j) ="+", sxmo (ecan; if) S, (7, /) > 8 — momaruuii mpemapar
(nonoxwuTenbHbIN Npenapar; positive preparation) ;

qr(4,j) ="-", sxwo (ecau; if) S¢(i,j) < -8 — Big'emuuii npenapar (5)
(oTpuuaTenbHbIV Npenapar; negative preparation) ;

gr(4,7) ="0", sxmo (ecimn; if) - 8 < Sy (4, /) < 8 — nymboBHil mpemapar

(HyneBoii npenapar; zero preparation) ;

€) 3amam’sITOBYIOTh MachB KOHTYpHUX nipenapatis {q,(7, )} 113 i Bupatots iioro sk macus {q, (i, j)}
33 B HACTYIHOMY KaJpi;

) poOIsTh Kopensuiiine nopisusiaus macusis {q(7, )} i {q,(i, )} | BU3HAYEHHS KOOPAMHAT MaK-
cuMyMy B3aeMHo Kopemuiitaol ¢ynkoii (BK®) X .o, Yrmaxs

3) mpoBOAATE 00poOKy KoopauHaT MakcuMmymy BK® mms 13 1 33 i BU3HauaroTh KOOpAMHATH 3CYBY
(hoHy, K1 MICTATHCSA B 00paHoMy (hparMeHTi, 3a Kazip
AX = Xr max = Xg maxs ©6)
AY = )/fmax - YdmaX'

IlopiBHAIbHA XapaKTePHCTHKA CIIOCO0IB NpenapyBaHHA
B mociimkeHHIX MOIETIOBABCS BIUTHB IIIYMOBHUX Bi/IJTIKIB Ha BiUTIKA OJTHOBUMIPHUX CHTHAJIB 00’ €KTa
i ¢ony. Posrmsmanucs 1Ba OCHOBHHX BHAM ILIyMYy: 3 PIBHOMIpHUM 1 HOpMaiabHHM (I"aycciBChbKHM)
PO3MOJLIAMYU IIIIBHOCTI HMOBIPHOCTI. AMILIITYJa UIyMOBOI'O BLUIIKY 7; IPU PIBHOMIPHOMY PO3MOALII
BU3HAYAIACS SIK

R
I;=——RND-N_., @)

100
ne R — cTymiHb 3alllyMJICHHS MacHBY BIIJIIKIB CHTHaly (CTeneHb 3allyMeHWsi MacCcuBa OTCYETOB
curiana; noisiness level of the array of signal counting) (%); N,,, — MaKkcUMallbHa aMILTITY/a BiJUIIKIB

curHany (MakcumarnbHas amnnuTyfa oTcY4eToB curHana; maximal amplitude of signal counting); RND —
BUMAAKOBE 4ucio B miama3oni 0...1, cdhopMoBaHEe PIBHOMIPHOIO BHMITAIKOBOI (yHKIIIEW (CrydaiiHoe
yncrno B gnanasoHe 0...1, cchopmmnpoBaHHOEe paBHOMEPHOW crnydariHon dyHkumen; random value of the range
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0...1, forming by the uniform random function).
3amrymiieHHs BiIJTIKY CHUTHAQJIy MPOBOAMIIOCS LUIAXOM JAOAaBaHHs BIIJIKY CHUTHAIY 3 BiJIOBIAHUM
BIITIKOM IIyMy. B HOpMaapsHOMY PO3MOIiIi MITEHOCTI HMOBIPHOCTI P( X) Mae MicIle Bupas

N 0
P(x)=——e in | (8)
2nc
JIe X — aMIUNTylda BHIIAJKOBOTO IIYMOBOTO BiITKY (aMnnuTyaa ChyyailHoro LuyMOBOTO OTCYETa;

amplitude of the random noise countings); 4 — MaTeMaTW4He OYiKyBaHHS IIYMOBHX BiUIiKiB (MaTemaTu-
yeckoe OXuIaHve LIYMOBLIX OTCHeToB; mathematical expectation of noise countings); ¢ — cepeqHBOKBa-
paTHYHE BiAXWICHHS IIYMOBHX BiJUTIKIB (CpefHeKBagpaTUYeCKOe OTKIOHEHME LUYMOBBLIX OTCYETOB; mean
square deviation of the noise countings).

CepenHbOKBapaTUYHE BIIXUICHHS BU3HAYAETHCA 32 TIPABUIIOM «TPHOX CHTM», TOOTO

o= GNIIIB.X , (9)
100 -3
ne G — CTymiHb 3alllyMJICHHS MAacHBY BIIJIIKIB CHUTHAJIY I'ayCCIBCbKMM IIYMOM (CTEMeHb 3allyMseHust
MaccuBa OTCYETOB CUrHama rayccoBCkuMM LUyMOM; noise level of the array of signal counting by Gaussian
noise) (%).
Jnsa mymoBHX BiumikiB, ammiitymoro x; =0,1,2,3,..., 1 MaTeMaTHYHOTO OYiKyBaHHS, PiBHOTO
HYJII0, BU3HA4YEH1 HMOBIpHOCTI

Xj+1 _ﬁ
[ e 4mdx (10)

1
o

1 chopMOBaHMI MacuB IIyMOBHMX BIIUIIKIB, Y SIKOMY KIJbKICTh LIYMOBHMX BIAJIIKIB 3 aMIUITYIOIO X;

P(X)

BianoBizae o6uncieniii imosipuocti A(x;) , TO6TO

_ N(xp)
Ax;) ~ Y (1D

z

ne N (X,-) — KUIBKICTh ITYMOBHUX BIAJIIKIB aMIUTITYZOI0 X; (KONMMYEeCTBO LUYMOBbLIX OTCHETOB amniuTyAou

X;; number of noise countings by amplitude x; ); N, — 3aragpHa KUIBKICT HIyMOBHMX BIiIJIKIB MacHUBY

(oBLuee KonMUecTBO LLYMOBbIX OTCYETOB MaccuBa; total amount of array noist countings).
BigHoIIeHHST CHTHAJI/IIIYM BU3HAYAJOCS SK BiIHOIICHHS iICTHHHOTO/XHOHOI'O IMIKIB MacHBY BIJTIKiB

panroBoi Bzaemokopessuiiinoi Gpyukuii (PBK®). 3nauennst icrunnoro mika R(x,) PBK® Busnauanoch
3a anpiopHO 3aJaHKM ICTUHHUM 3CyBOM (DOHY X, . 3Ha4E€HHA MaKCHMAaJIbHOTO XMOHOIO IiKa BU3HAYAETh-

Csl TAKUM YHHOM.
3 macuBy BimikiB PBK® BUKITIO9atOTHCS BIIUTIKH, IS STKUX

(0, if R(x,—)- R(X,-1-7>0
R(x, +1+1) = R(x, +(1i1') )else( ' ) i= 0, Xpux — X
u ) y

0, if R(x, i)~ R(X,~1-1)>0; _
Rix,—1—y= 000 ROu=0)=R(X,=1=0)>0 Gy
R(x,-1-1), else ,

(12)

3 BIWTIKIB, IO 3aTHIIAINCS, 3HAXOIUTLCS BIUIIK 13 MAKCUMAIBHOIO aMILIITYI0I0 R(X/). Lle makcu-

MaJIbHU XUOHHUH TiK.

VY T1abn. 1—4 nonano pe3ynbTaTH MOPIBHAHHS CIOCO0IB KOHTYPHOTO MpenapyBaHHs [5] 1 3anponoHoBa-
HHUX CIIOCOOIB MpeNapyBaHHS 3a KPUTEPIEM BiTHOIICHHS 1CTUHHOTO/XHOHOIO INIKIB JJIi MACHBIB BHIIAKO-
BUX 1 CHHYCOiJaJbHUX BiUTIKIB ()OHY IpU PIZHOMAHITHUX CTYIEHAX 3alIyMJICHHS MAaCHBIB PiIBHOMIpHHM i
raycCiBCHKHM IITYMOM 1 pi3HOMaHITHIH TOBXHHI PAHTOBOT'O BEKTOPA.
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Tabmums 1

IlopiBHsAIbHA Tab/KMLA C1IOCO0IB NpenapyBaHHs A5 BiAHOICHHS iCTUHHUIH/XUOHMII NiK NpH Pi3HOMAHITHHUX CTY-
NEeHAX PiBHOMIPHOIO 3alIyMJICHHS] MACHBIB BUIIAJIKOBUX BVIIKIB i 10B/KMHI PAHI0BOr0 BEKTOpa

CpaBHUTenbHasA Tabnuua cnoco6oB NpenapupoBaHUA ANA OTHOLEHUS UCTUHHbIN / OLUIMGOYHbIWA MUK NpU
pa3Hoo6pa3HbIX CTEMEHSIX PaBHOMEPHOrO 3allyMiieHUsi MacCUBOB CIly4YaliHbIX OTCYETOB U ANIUHE PaHroBoro

BeKTopa

Comparative table of the preparation methods for the relation of true / fault peak at various degrees of
uniform noise of arrays of casual countings and length of rank vector

) Cryninb saurymiensst (%)
JloB:XWHA PAHTOBOTO BEKTOPA Crioci6 06po6ku (CTeneHb awwymnennst (%)
(AnvHa paHrosoro BekTopa (Cnocob obpaboTku Noise ratio (%))
The length of rank vector) Processing method)
0 B 10 15 20
1 croci6 (cnoco6; method) 2,07 1,92 1,93 1,91 1,66
r=1 2 cnoci6 (cnoco6; method) 1,75 1,0 1,08 1,85 0,75
3 cmoci6 (cnoco6; method) 2,8 1,25 1,5 1,0 0,73
1 croci6 (cnoco6; method) 2,24 2,11 1,96 1,6 1,57
r=2 2 crmioci6 (cnoco6; method) 0,93 0,92 1,0 1,0 0,91
3 cmoci6 (cnoco6; method) 1,18 0,91 1,0 1,0 1,13
1 cmoci6 (cnoco6; method) 2,39 2,09 2,15 1,63 1,58
r=3 2 crmioci6 (cnoco6; method) 1,33 1,0 1,1 1,13 0,73
3 cnoci6 (cnoco6; method) 1,33 1,11 1,38 1,14 0,7
Tabmuws 2

IlopiBHAIbHA Tab/MLA c1I0CO0IB NpenapyBaHHsA A5 BiAHOLICHHS iCTUHHUI/XUOHMII NiK NpH Pi3HOMAHITHHUX CTY-
NeHsAX PiBHOMIPHOIO 3alIyMJICHHS] MACHBIB CHHYCOIAaJbHUX BilUIIKIB i 10B/KHHI PAHIOBOI0 BEeKTOpa

CpaBHUTenbHasA Tabnuua cnoco6oB NpenapupoBaHUA AN OTHOLIEHUA UCTUHHbIN/OWMGOYHBLIN NUK NPU pa3Ho-
06pa3HbIX CTENeHsAX paBHOMEPHOro 3allyMIIeHUsi MacCUBOB CMHYcOMAarnbHbIX OTCYETOB M ANUHE PaHrOBOro

BeKTopa

Comparative table of the preparation methods for the relation of true / fault peak at various degrees of
uniform noise of arrays of sinusoidal countings and length of rank vector

Crynins 3atrymiens (%)
JloBXXMHA PaHTOBOT'O BEKTOPA Crioci6 06po0ku (CTeneHb 3awwymnenusi (%)
(AnvHa paHrosoro BekTopa (Cnocob obpaboTkum Noise ratio (%))
The length of rank vector) Processing method)
0 5 10 15 20
1 crioci6 (cnoco6; method) 1,35 0,86 1,0 0,82 0,71
r=1 2 cmoci6 (cnoco6; method) 1,0 1,0 1,0 0,92 0,86
3 cmoci6 (cnoco6; method) 1,0 1,0 1,0 0,89 0,5
1 croci6 (cnoco6; method) 8,79 1,05 0,85 0,91 0,81
r=2 2 croci6 (cnoco6; method) 1,0 0,62 0,91 0,69 0,91
3 croci6 (cnoco6; method) 1,0 0,62 0,82 0,71 1,0
1 cmoci6 (cnoco6; method) 15,2 0,86 0,89 0,92 0,76
=3 2 cnoci6 (cnoco6; method) 5 1,0 1,0 1,0 0,85
3 cmoci6 (cnoco6; method) 1,0 1,0 0,91 0,78 0,7
1,0
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Tabmums 3

IlopiBHsAIbHA Tab/KMLA C1IOCO0IB NpenapyBaHHs A5 BiAHOLICHHS iCTUHHUI/XUOHMII NiK NpH pi3HOMAHITHHUX CTY-
NEHSAX raycciBCbKOro 3alIyMJICHHS MACUBIB BUIIQJIKOBUX BilUIIKIB i JOB/KHHI PAHT0BOI0 BEKTOpa
CpaBHUTenbHasA Tabnuua cnoco6oB NpenapupoBaHUA ANA OTHOLWEHUS UCTUHHBIN/OWNGOYHBLIN NUK NpUY
pa3HoO06pa3HbIX CTEMEHSIX FayCCOBCKOro 3allyMiieHUsi MacCUBOB Clly4alHbIX OTCYETOB U ANIMHE PaHroBoro
BeKTopa
Comparative table of the preparation methods for the relation of true / fault peak at various degrees of
Gaussian noise of arrays of casual countings and length of rank vector

Crymnins 3amrymiteHs (%)
HAlosxkuHa PaHIoBOro BEKTOpa (Crnoco6 o6paboTku (CTeneHb 3awymnenus (%)

(AnvHa paHroeoro BekTopa : - . o
The length of rank vector) Processing method) 5 - Noise "la(;'o (%)) = y

Croci6 00poOku

2,07 2,07 1,9 1,9 1,9
1,75 1,56 1,0 1,0 1,0

1 croci6 (cnoco6; method
r=1 2 croci6 (cnoco6; method

)
)
3 croci6 (cnoco6; method) 2,8 1,75 3,5 1,56 1,11
1 cmoci6 (cnoco6; method) 2,24 2,02 1,98 2,02 1,89
r=2 2 croci6 (cnoco6; method) 0,93 0,92 1,0 1,17 0,92
3 cnoci6 (cnoco6; method) 1,18 1,09 1,2 1,17 1,0
1 croci6 (cnoco6; method) 2,39 2,42 2,09 1,93 1,9
r=3 2 croci6 (cnoco6; method) 1,3 1,2 0,82 1,11 1,0
3 cnoci6 (cnoco6; method) 1,3 1,2 0,82 1,11 1,0
Tabmuug 4

IopiBHsIbHA Ta0IMLS CIOCO0IB NpenapyBaHHs /Il BiTHOLIEHHs iCTUHHUI/XUOHMIA MK IPH Pi3HOMAHITHUX CTYIEHSAX
raycciBCbKOro 3auryMyIeHHs MACHBIB CHHYCOIATBLHUX BiVIIKIB i J0B/KIHI pAHI0BOr0 BeKTOpa
CpaBHUTenbHaA Tabnuua cnoco6oB NpenapupoBaHusi ANt OTHOLWEHUS1 UCTUHHBLIN/OLWMGOYHLIN MUK NpU
pa3Hoo6pa3HbIX CTeMeHAX rayCCOBCKOro 3allyMneHUs MacCUBOB CUHYCOMAANbHbIX OTCHETOB U ANNHe
paHroeoro BekTopa

Comparative table of the preparation methods for the relation of true / fault peak at various degrees
of Gaussian noise of arrays of sinusoidal countings and length of rank vector

1 (V)
JloBXHHA PaHTOBOT'O BEKTOPA Crioci6 06po0ku g;?::::;:i%ﬁf;laz((&))
(AnvHa paHroeoro BekTopa (Cnoco6_ 06paboTku Noise ratio (%))
The length of rank vector) Processing method) 0 5 10 G 20
1 coci6 (cnoco6; method) 1,35 1,23 0,89 0,80 1,03
r=1 2 cnoci6 (cnoco6; method) 1,0 1,0 1,0 1,0 1,0
3 cnoci6 (cnoco6; method) 1,0 1,0 1,0 1,0 1,0
1 coci6 (cnoco6; method) 8,79 1,32 0,94 0,94 0,8
r=2 2 cnoci6 (cnoco6; method) 1,0 1,0 0,82 1,2 0,57
3 cnoci6 (cnoco6; method) 1,0 1,0 0,82 1,22 0,57
1 croci6 (cnoco6; method) 15,25 8,15 0,97 0,97 0,92
r=3 2 cnoci6 (cnoco6; method) 1,0 1,0 1,0 1,0 1,0
3 crnoci6 (cnoco6; method) 1,0 1,0 1,0 1,0 1,0

Ilpumimka: 1 cnoci6 — croci® KOHTYpHOTO IpenapyBaHHS; 2 CHOCI6O — 3alpOIOHOBAaHMI CIIOCIO NpenapyBaHHS; 3
CIOCi0 — 3ampONOHOBAHUM CIIOCIO IpenapyBaHHs 3 KOPEKIIEIO.
lpumeyaHue: 1 cnocob — cnocob KOHTYPHOro nMpenapupoBaHus; 2 cnocob — npeanoXeHHbI crnocod npenapu-
poBaHus; 3 cnocob — NpeAsnoXeHHbIN cnocob npenapupoBaHns ¢ KOPPEKLEN.
Note: 1 method — contour preparation method; 2 method — offered preparation method;
3 method — offered preparation method with correction.

Paspa6oTka cnoco6a nMpaMuaanbHOro NpocTPaHCTBEHHO-CBA3aHHOIO
npenapupoBaHus

Mpobnema pacnosHaBaHus 06pa3oB U aHanu3a n3obpaxeHuin B pearnbHOM BPEMEHU CBsi3aHa C He-
06Xx0aMMOCTbIO 0becneyveHuss MHBapPUAHTHOCTU (T. €. HEYYBCTBUTENBHOCTU) UMU CHUXEHHOW YyBCTBU-
TENbHOCTW K MOBOPOTY 06pasa Unu aHanuanpyemoro m3obpaxeHust. OPPEKTUBHLIM cnocobom AocTu-
XeHus1 HeobxoaMMOW npuM STOM BbLICOKOW MNPOU3BOAUTENBHOCTU €CTb WHAOPMAaLMOHHOE cxaTune
n306paxeHnst ¢ OAHOBPEMEHHbBIM BblAENEHNEM UHBAPUaHTHbLIX K MOBOPOTY npusHakoB [3, 4]. CyTb cno-
coba 0606LLeHHOro NPoCTpaHCTBEHHO-CBA3aHHOIO NpenapupoBaHus cneaytowas.
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56

d)OpMMpy}OT m 3a[epXXaHHbIX CMTHanoB nNyTemM 3aA€epXKn BUAeOCUrHarna Ha Bpemsa T; Ans i-ro 3a-

AepXaHHOro curdana, rae i = 1,_m O,D,HOBpeMeHHO d)opMley+oT m pPa3HOCTHbIX CUrHanoB KU NepBoro
ABYyXrpagauMoHHOro curHana nytemMm OAByxypoBHEBOro KBaHTOBaHNUA OTHOCUTESIbHO 3apaHee Cd)OpMI/IpO-
BaHHOIo NOPOroBoro curHana.

(DOpMI/Ipy}OT TakKke m 3afgepXxaHHbIX OABYyXrpagaulMOHHbIX CUrHaNoB nyTemM 3adepXXKu nepBoro AByx-
rpagaunoHHOro curHana Ha BpemMsa t; And i-ro 3adepXXaHHoro curHana.

MpoBoAAT OAHOBPEMEHHYIO AWCKPETM3aLMIO C MEPUOAOM AMcKpeTusauum T, chopMUPOBaHHbIX
Pa3HOCTHBIX CUTHamNOB M 3aroMWHAIOT JUCKPETU3MPOBaHHbIE 3HaYeHus ¢ nepuogom T, . CpaBHuBaloT

KaXxxgoe 3anoMHeHHOoe 3Ha4veHue C NoNoXuUTerbHbIM U oTpuuaTtesribHbIM ONOPHbIMU CUTHannamu. (DOpMVI-
pylOT Mo pesynbTatamM CpaBHEHUA 3arnOMHEHHOro 3Ha4deHud i-ro ANCKPETU3NpoOBaHHOINoO pa3HOCTHOIo
CuUrHamna /-ro gsyxrpagaunoHHOro nepBoro curHamna cpaBHEHUA C NpoAOoJNKUTENIbHOCTbIO, paBHOU ne-
puoay Td n eguHUNYHOMY 3Ha4vYeHul, Npu paBeHCTBE UK NpeBbllleHUN 3anNOMHEeHHOro 3HadeHua Hapg
oTpuuaTenbHbIM ONOPHbLIM CUTHANOM UK HyneBbiIM 3HA4YeHMeM B NMPOTUBOMNOJSIOXHOM Clly4vae. Mo pe-
3ynbTatamMm CpaBHEHUA QDOpMVIpyIOT TaKkxke pa3HOCTHbIl7I curHan i-ro AByxrpagaunMoHHOro BTOporo curHa-
la CpaBHEHUA C NPOAOITKUTENTbHOCTLIO, paBHOVI nepuony Td! n eQuHNYHbIM 3Ha4YeHuem npu He npe-
BbILLEHUWX 3aNMOMHEHOro 3Ha4yeHua Hag oTpuuaTesribHbIM ONOPHbLIM CUTHANIoOM Unn HyneebiM 3Ha4eHNEM B
NPOTUBONOJIOXXHOM Cliy4dae, a TakKke /-ro AByXrpagauuoHHOro TpeTbero curHamna c npoaosiKUTEsNIbHO-
CTblO, paBHOIZ nepuony Td , W €JUHNYHbIM 3Ha4YeHueMm, Korga 3arnoMHeHoe 3Ha4YeHne MeHbLUe NOJI0XU-
TeJ1bHOro ONMopHOro curHana u bonbLie oTpuuaTtenbHOro curHana, nnn HyneebiM 3Ha4eHnemM B NpoTuB-
HOM cny4yae. Motom npoeBogunTca crniegywilee (pOpMVIpOBaHVIe NCXOOHbIX CUTHANoOB MOJIOXUTENBbHOIO,
oTpuuaTenbHOro n HyneBoro npenapartos. OTtnnuntenbHas oCOGEHHOCTb npeanoXXeHHoro crnocoba —
opraHusauma nmpaMle,aanoPl 06pa6OTKM, KOTOpasa 3akrvaeTcd B criegyloLliem.

I'Iepe/J, QDOpMVIpOBaHVIeM PAa3HOCTHbLIX CUTrHarioB M3 BXOOHOIo U m-3agepXaHHblX CUrHanoB Bblaena-
10T 06LWKMI curHan m m-CpaBHMBAaEeMbIX C HAM CUITHAoB, a QDOpMVIpOBaHVIe KaXaoro pa3HOoCTHOro curHa-
na OCyLWEeCTBNAKT MexXay BblOAENTeHHbIMU obWnmM curHamnom uM ogHuUM u3 CpaBHMBAEMbIX CUTHanoB.
anI‘-IeM, (*)OpMVIpOBaHVIe nepBoOro AByxrpagdauMOHHOIoO CurHana ocywecTBAT nyTeM OBYXYPOBHEBOIoO
KBaHTOBaHUA BblgeneHHoro obuwero curHana. Janbue (bOpMVIpleT I'IepBbIVI OOMNOMHUTENbHbIN OByxrpa-
OAUMOHHBIN CUTHaN eAMHMYHOrO 3HaYeHus npun ycnosmnn cosnageHuna eguHUYHbIX 3Ha4YeHun nepBoro n
Imn-3afgepXxaHHblX AByxrpagauMoHbIX CUrHaNoB UM HYNEeBOro 3Ha4YeHus B NpPOTUBHOM cliyyae. OaHo-
BPEMEHHO C ﬂ,VICerTVI3aU,VIel7I Pa3HOCTHbIX CUTHaNoOB ONCKPETU3INPYKT C nepnogom Td ponofHnTenb-

HbIN ,D,ByXFpa,D,aLI,I/IOHHbIﬂ CurHan un 3anoMnHaroT Kaxgoe ero 3Ha4dyeHme Ha nepuopn Td’ nony4yasa npu

9TOM UCXOAOHbIN CTPOOMPYOLWMIA curHan. ®opMupyrOT NEPBLIA, BTOPOA N TPETUIA CYMMapHbIE CUrHarnbl
nyTeM CYMMWUPOBAHWUsSI 3HAYEHUIN M MEPBbIX CUrHANOB CPABHEHUS, M BTOPbLIX CUrHANOB CPaBHEHUS U
m TPeTbUX CUTHaNOB CPaBHEHUS COOTBETCTBEHHO. TakMM 0bpa3oM, hopMUPOBaHUE CUTHANOB MOMOXN-
TENbHOTO, OTPULLATENBHOIO U HYNEBOro 0600LLEHHbIX NPenapaToB OCYLLECTBAIOT CO 3HAYEHMEM COOT-
BETCTBEHHO MEPBOro, BTOPOro U TPETLENO0 CYMMapHOro curHana npu eguHMYHOM 3HavyeHun CTpobupyto-
Lero curHana, WnvM HyneBbiM 3HAYEeHWEM TMpU  HYNEBOM 3HAa4YeHWM CTPobUpyloLEero curHana

. m o
COOTBETCTBEHHO. Kak obwunin curHan BblgensitoT E 3afepXXaHHbIM CUrHan, a Kak CcurHanbl, KOTopble

CpaBHMBAKOTCSA C HUM, — BUAEOCUIHAN 1 Apyrue 3aaepXaHHble CUrHanbl.
CooTBeTcTBylOWAs annapaTHasa peanusauus crnocoba nupamMuaansHoOro MpOCTPaHCTBEHHO-
CBA3aHHOro NpenapupoBaHusa NpeanoXxeHa U peanusosaHa aBTopamu B [5].

BapuaHTbl peanu3aumm KoppenaunoHHO-3KCTPEMaNIbHOro cnoco6a Ha OCHOBe
cnocob6a 06006LLEeHHOro NPOCTPaHCTBEHHO-CBA3HOro NpenapupoBaHuns

PeanbHble Mano3alluyMreHHble M306paxeHUs XapakTepusyrTcsa rMaaKkoCTbio U OTCYTCTBUEM PE3KMX
rpaHuy. BcneacTtsue aToro npu BepHO M3GpaHHOW YacToTe AUCKPEeTU3aLuuM MMeeT MecTo Koppenauus
3Ha4YeHun coceaHMX SNEMEHTOB AUCKPEeTU3UPOBAHHOIO M306paxeHus. Mo 3Toi NpuYMHe He HyXHo ab-
COINIOTHOIO COBMELLEHUS NepudepuiiHbIX 3NeMeHTOB Npu NoBOpOTe U3obpaxeHns 1 HabnogaeTcs UH-
BapVaHTHOCTb K €ro NnoBopoTy.

B o6Liem cnyyae pacnonoXeHne LeHTpanbHOro 1 nepudepuiniHoro aemMeHToB MoXeT GbiTb MpPouns-
BOMbHbIM, B TOM Y/CME U acUMMeTpuyeckuM. TemM He MeHee, U3 U3MOXKEHHOro BbiTeKaeT, YTo Gonee
cnabasa 4yBCTBMTENBHOCTb K NMOBOPOTY M306paxeHUs MMeeT MecTo Toraa, korga nepudepuiiHbie ane-
MEHTbl COBMafaloT C BepLUMHaMU NPaBUIIbHOrO MHOTOYrofibHUKA U PaBHOOTCTOAT OT LEHTpanbHoro

o m
anemMeHTa, KOTOopbli coBnagaeT C LeHTPOM 3TOro MHOroyrosfibHMkKa u cooTBeTCcTByroLlero E 3aaepXKaH-
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HOMY CUrHany, KOTophbIil HyXXgaeTcs B peanvsaumm cneumanbHoro aHanusa. B pesynbtate 6onbLuein nH-
BapMaHTHOCTU K MOBOPOTY M300paKeHnsi NpeanoXeHHbIM cnocoboM B CpaBHEHWUU C U3BECTHbIMM [3, 4]
AN Hero Takxke cyllecTBeHHbIM 06pa3om ynpolaetcd npobnema Bolbopa Habopa BpemMeHW 3adepXKKu,
KOTOPbIN OTBEYAET LeHTpanbsHOMy 1 nepngepunHbiM arneMmeHTamMm ANCKPETU3NPOBAHHOIO N306paxeHus,
anst obecneveHnsi GOPMMPOBaAHNST UCXOAHBIX CUrHanoB 0bo0bueHHoro npenapaTta, 3deKkTMBHOroO Ansi
nocriegyoLero pacno3HaBaHus Uy aHanuaa n3obpaxeHus.

Mcnonb3ys pacCMOTPEHHBIN Bbile cnoco® 0606LWeHHOro NpoCTPaHCTBEHHO-CBSA3HOMO Npenapupo-
BaHus, ans cnydyas N = 0 (oTAenbHbIii criyyai nNpeanoXxeHHoOro crnocoba, Ans KOTOPOro B KayecTse
obulero curHana npubop BblAENAEeT BUAEOCUIHar) Takke NPpMBOAATCA BapuaHThbl peanvsaunn Koppens-
LIMOHHO-3KCTpemanbHoro cnocoba [4, 5] onpeneneHnsa ToYHOM nokanuaaumm NPoTsHKHOro HEOAHOPOLHO-
ro ooHOBOro 06bekTa. YkasaHHbI cnocob OTNMYaeTcst BbICOKON MOMEXOYCTONYMBOCTLIO U aaanTUBHO-
CTbI0 K HEYBEPEHHOCTU W W3MEHYMBOCTU MOMEXOYCTOMYMBON OOCTAHOBKM 3a CYeT NpeablayLlero
KOHBENEPHOro (hopMMPOBaHMSA CBEPTOYHLIX CYMM KOPPENMPOBaHHbIX WU300paxkeHwun. Kcnonbayetcs
Takke maes cokpawleHuss obbema BblYMCIEHMI NPU NPeACTaBreHMn M300paxeHus B BUAE HEMOSHOro
W -cnekTpa u ynpolieHve npu npegbiaywen obpaboTtke KoppenmpoBaHHbIX M300paXxkeHU No aganTme-
HOMY crnocoby 0606LLEeHHOro KOHTYPHOro NpenapupoBaHns [4].

CyLWwHOCTb U3NOXEHHOro crnocoba CoCTOWUT B onpedeneHny dparmMeHta n3obpaKeHusi, KOTOopbIi
BKMOYaeT Hambornee MH(OPMATMBHBINA (COrNMacHO KPUTEPUIO, KOTOPLIN BapbUpyeTcs) y4yacTok ¢oHa, 1
KOppEensiLMOHHO-3KCTPEMArbHOM W3MEPEHUN MEXAyKkagpoBOro CABWra LaHHOro dparmeHta co cne-
OYHOLWNUM NpenapMpoBaHMeM U3MEPEHHOTO CABUra K UICKOMOMY CABWUIY doOHa, Npu 3TOM pa3mepbl dpar-
MEHTa SIBNAOTCA NPOMEXYTOUYHBbIMU MEXAY pa3sMepoM ANHAMUYECKOrO 06beKTa 1 MPOTSXKHOrO dhoHa.

MaTtemaTtudeckas Mogenb fiokanusaunm NPoTsHKHOro obbekTa ¢ npeablayWwmM CBEPTOYHLIM CYMMM-
poBaHMeM n3obpaxxeHns CBOAUTCS K BbINONIHEHWIO CNeaYyOLWMX OEUCTBUN:

2
n

a) pasbuBaloT none Kagpa ABYXMEPHOro M306paXeHusl, pasmepoM N xn OTCYETOB Ha (—j dpar-
m

MEHTOB, pa3aMepoM mxm OTCHETOB W HakannueBalT CBepTKN 3a dparMeHTamu (CpeaHero 3HayeHus
CyMM OoTcYeTa 3a pparmeHTamu): (1);

6) 3anOMMHAIOT HaKOMMEHHbIE CBEPTKU f(k,/) Tekywero nsobpaxenuns (TU) n Mcnonb3yoT UX Kak
CBEpPTKM fg (k,/) 3agepxaHHoro n3obpaxenus (31) B cnegytoLem kagpe;

B) BblOMpatoT oparmeHT (km,/m), Ons KOTOPOro MoAynb pasHocTy cBepTok TU n 3U muHumans-
HbI (2);

r) BbIYMCNAIOT NOKanbHbIA PasHOCTHLIA Nopor &, HeobGXoAMMBbIN NPY KOHTYPHOM MpenapupoBaHMu
OTCYETOB M3BPaHHOrO hparMeHTa MyTeM KOHBEMEPHOTO HAKOMMEHUs! CyMMbl f~ OTCYETOB GONbLUMX
CBEPTOK M CyMMbi < MeHbLuMx ceepTok f(k,I) no doparmenty (ko,l,) (3);

4) OPMMPYIOT MacCUMB KOHTYPHbIX NpenapaTtoB ggi, j) NyTeEM KOHBEMEPHOro HaKOMMeHUs Cymm
S;(i,j) MO OKPECTHOCTM Ka[doro otcyeTta f(i,j) (4) v cpaBHuBaloT pesynbTaT S;(i,j) C NokKanbHbIM
pa3HOCTHLIM noporom & (5);

€) 3anoMMHaloT MaccuB KOHTYPHbIX npenapaTtoB {g;(/,j)} TV v BblaaloT ero kak maccus {q4(i,j)} 3U

B creayloLleM Kkagpe;
X) NPOBOAAT KOppensaunMoHHoe cpasHeHne maccuneoB {g¢(/,j)} v {g4(i,j)} , v onpeageneHve koopau-

HaT MakcuMyma B3auMHO KOppenaumnoHHon dyHkumn (BK®) X¢ oo, Yi max s

3) npoBoasaT 06paboTKy koopanHaT Makcumyma BK® ana TW u 3M 1 onpepensitoT koopauHaThl cABW-
ra ooHa, KoTopble cogepxartcs B usbpaHHom dparmeHTe, 3a kagp (6).

CpaBHMTeNIbHas XxapaKTepucTuka cnocoooB npenapupoBaHus

B uccrnenoBaHusiXx MOOENUPOBANOCH BIUSIHWE LIYMOBBLIX OTCYETOB Ha OTCYETHI OOHOMEPHbLIX CUTHa-
noB oGbekTa U coHa. PaccmaTpuBanuch [Ba OCHOBHbIX BuAa LWyMa: C paBHOMEPHbLIM U HOpPMasibHbIM
(FayccoBckuM) pacnpefeneHusiMi MroTHOCTU BEepPOSITHOCTW. AMNNMTyda LWYMOBOro oTcyeTa r; npu
paBHOMEPHOM pacrnpefernieHun onpeaensnacs kak (7).

3alwymneHne oTcyeTa curHamna npoBOAUNOCh NyTem AobaBfieHUst oTcyeTa CurHamna c COOTBETCT-
BYIOLMM OTCYeTOM Lyma. Mpyu HOpManbHOM pacnpefeneHnn NroTHOCTM BeposTHOCTU P(x) umeeT

MEeCTO COOTHoLLeHue (8).
CpepHekBagpaTuyeckoe OTKIIOHEHUE ONpeaenseTcsi No npaBuny «Tpex curm» (9).
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[na wymoBbIX oTcyeTos, amnnutygon x; =0,1,2,3,... 1 MatemMaTU4ecKoro OXuaaHus, paBHOro Hy-

nio, onpegeneHsl BeposaTHocTh (10) n chopmMupoBaH MaccuB LLYMOBbBIX OTCYETOB, B KOTOPOM KONUYECT-
BO LLYMOBbIX OTCHETOB C aMMNUTY4OM X; OTBeYaeT BblYMCIEHHON BepoaTHOCTU P(x;) (11).

OTHoLeHne curHan/wym onpeaensinock Kak OTHOLIEHWE NCTUHHOTO/OLWMBOYHOro NMKOB MaccmBa OT-
CYETOB PaHroBoOW B3aVMHOKOPPENALMOHHOW dyHKUnM (PBK®). 3HayeHne nctuHHoro nuka R(x,) PBK®

ornpefensanocb No anpuopHO 3adaHHOMY MCTUHHOMY caBury doHa X,. 3HauyeHue MaKkcMMarbHOro

OLUMBOYHOro N1Ka onpeaenseTca Takum obpasom.
M3 maccuBa otcuetoB PBK® ucknoyaoTca oTcHeThl, AN KOTopbIX (12).
N3 ocTaBLUMXCA OTCHETOB OMpeaensieTcs oTcHeT ¢ MakcuMarnbHOM amnnutygon R(x;). OTo Makcu-

ManbHbIA OLUIMBOYHBIV NKUK.

B 1abn. 1—4 npencraBneHbl pe3ynbTaThl CpaBHEHWUS CNOCOBOB KOHTYPHOro npenapupoBaHus [5] u
npeanoXeHHbIX cnocoboB nNpenapupoBaHns NO KPUTEPUIO OTHOLLEHWS MCTUHHOMO/OLWMBOYHOro NUKOB
AN MacCUBOB CllyYalHbIX U CUHYycOouAanbHbIX OTCHETOB (hOHa Npu pasHoobpasHoW CTeneHn 3allym-
NEeHHOCTN MacCMBOB PaBHOMEPHBLIM U FayCCOBCKUM LLUYMOM U pa3HOOBpa3HoOW ANWHE paHroBOro Bek-
Topa.

Development of the method of pyramidal spatially connected preparation

The problem of pattern recognition and image analysis in real time is connected with the ne-
cessity to provide invariance (i.e. non sensitivity) or reduced sensitivity to the turn of the pattern or
analyzed image. The effective direction to achieve high efficiency is information compression of
the image with simultaneous allocation of attributes invariant to the turn [3, 4]. The essence of
generalized spatially connected preparation method is following.

m delayed signals are formed by the video signal delay on time r; for i-th delayed signal,

where i=1m.

Simultaneously m of residual signals is formed and first two-gradation signal by two-level
quantization relatively of prior generated threshold signal.

m delayed two-gradation signals are formed by delay of the first two-gradation signal on time
1; for i-th delayed signal.

Then, simultaneous discretization is carried out, the period of discretization being T of differ-
ential signals forms, and memorize of discretization values, having period T, .

Each memorized value is compared with positive and negative reference signals. By the re-
sults of comparison of memorized value of i-th discretized differential signal of i-th two gradation
first signal comparisons having the duration equal to period T, and single value in case of equal-

ity of memorized value or if this value exceeds negative reference signal or zero value in opposite
case are formed.

By the results of comparison differential signal of i-th two gradation second signal of compari-
son with duration equal to period T, and single value not exceeding memorized value over nega-

tive reference signal or zero value in opposite case is formed, as well as i-th two gradation third
signal with duration equal to period T, and single value, when memorized value is less than posi-

tive reference signal and greater than negative signal or zero value in opposite case is performed.
Then the following formation of initial signals of positive, negative and zero preparations is carried
out.

The characteristic feature of the suggested method is implementation of pyramidal processing,
performed in the following way. Prior to formation of differential signals from input and m-delayed
signals common signal and m-compared with it signals are allocated, and formation of each dif-
ferential signal is carried out between allocated common signal and or of the signals being com-
pared. Formation of the first two-gradation signal is performed by means of two-level quantizing of
allocated common signals.

Further, the first additional two-gradation single value signal on condition that single values of
the first and m-valued two gradational signals coincide or in case of zero value in opposite case.
Simultaneously with discretization of differential signals additional two-gradation signal is discre-
tized with T, period, each value is memorized for period T;, obtaining initial gating signal.

First, second, third total signals are formed by means of addition of m-values of first signals of
comparison, m-second signals of comparison and m-third signals of comparison respectively.
Thus, formation of signals of positive, negative and zero generalized preparations is performed
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with values of the first, second, third total signal at single value of gating signal or zero value at

. . . . m .
zero value of gating signal correspondingly as a common signal we allocate ) delayed signal,

and as signals being compared with it we allocate video signal and other delayed signals.
Corresponding hardware realization of the method of pyramidal spatially connected prepara-
tion is suggested and implemented by the authors in [5].

Variants of implementation of correlation-extreme method based on the me-
thod of generalized spatial-connected preparation

Thus, if frequency of discretization is selected correctly correlation of values of neighbouring
elements of discretized image takes place. For this reason there is no need in absolute matching
of peripheral elements in case of image turn and invariate to its turn is observed.

In general case location of central and peripheral elements can be random, even asymetric.
Nevertheless, it follows from the above mentioned material, that weaker sensitivily to the image
turn takes place when peripheral elements coincide with peaks of regular polygon and are equi-
distant from the central element, which coincides with the center of this polygon and corresponds

to % delayed signal which requires special analysis, as a result of greater invariance to image

turn of the suggested method as compared with known methods [3,4], the problem of selection of
delay time set, is considerably simplified, which corresponds to central and peripheral elements of
discretized image, to provide the formation of initial signals of generalized preparation, efficient for
further recognition or analysis of the image.

Using the above-mentioned method of generalized spatially connected preparation for N = 0
case (separate case of the suggested method, for which the device allocates video signal as a
general signal) the variants of realization of correlations extreme method are given. The given
method is characterized by high noise immunity and adaptability to uncertainty and changeability
of noise immune environment at the expense of previous pipeline formation of convolution sums
of correlated images.

The idea of reduction of computation volume while image presentation in the form of noncom-
plete W -spectrum and simplification while previous processing of correlated images applying
adaptive method of generalized contour preparation is used [4].

The idea of the stated method consists in definition of the image fragment, which includes
most informative (according to changing criterion) background area, and correlation-extreme
measurement of interframe shift of the given fragment with the following preparation of the meas-
ured shift to required shift of background, thus the sizes of fragment are intermediate between the
size of dynamic object and extended background.

The mathematical model of extended object localization with previous convolutional summa-
tion of the image is reduced to performance of the following actions:

2
a) Decompose frame field of the 2-D image, size of nxn countings on (ij fragments, by
m

the size mxm of countings and accumulate convolutions of fragments (average value of the
counting sums by fragments): (1).
b) Memorize accumulated convolutions f(k,l) of the current image (Cl) and use them as con-

volutions l?g (k,l) of the delayed image (D) in the following frame.

c) Choose a fragment (k,,./,,), for which module of the Cl convolutions difference and DI is
minimal (2).

d) Calculate the local differential threshold &, necessary for contour preparation of selected
fragment countings by pipeline accumulation of the sum f> of countings of large convolutions
and the sum < of smaller convolutions f(k,l) by fragment (K ,./,,,) : (3).

e) Form the array of contour preparations g4/, j) by pipeline accumulation of the sums S;(i, j)

by the region of each counting ?(i,j) : (4); and compare the result with local difference threshold
3 : (5).

f) Memorize the array of contour preparations {g;(/, j)} of Cl and issue it as the array {q,(i,/)}
of DI in the following frame.
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g) Correlation comparison of arrays {q;(i,j)} and {q,(i,/)} , and definition of maximum coordi-
nates of cross-correlation function (CCF) X; ax, Yrmax IS carried out.

e) Processing of coordinates of maximum CCF for Cl and Dl is performed, and coordinates of
background shift, which are contained in selected fragment by the frame (6) are defining..

The comparative characteristic of the preparation methods

In research the influence of noise countings on one-dimensional signals of object and back-
ground counting was modeled. Two basic kinds of noise were considered: with uniform and nor-
mal (Gaussian) distributions of probability density. The amplitude of noise counting 7; at uniform

distribution was defined as: (7).
The noise of signal counting was performed by addition of signal counting with the appropriate
counting of noise. At normal distribution of probability density P(x) the relation (8) occurs.

The mean square deviation is defined by the rule of «three-sigma» (9).
For noise countings, amplitude x; =0,1,2,3,... and expectation value, equal to zero define,

probabilities (10) and array of noise counting is formed in which the quantity of noise countings
with amplitude X; corresponds to calculated probability P(x;) (11).

The signal-to-noise ratio was defined as the relation of true / fault peaks of the array of count-
ing of rank cross-correlation function (RCCF). The value of true peak R(x,) of RCCF was defined

by a priory set true background shift x, . The value of the maximal fault peak is defined in the fol-
lowing way (12).

The countings, for which (12) are excluded from the countings array of RCCF.

From countings, which remained, the countings with maximal amplitude R(x;) is determined.

It is the maximal fault peak.

In Tab. 1—4 results of comparison of the contour preparation methods [5] and suggested
preparation methods by criterion of the relation of true / fault peaks for the arrays of random and
sinusoidal countings of the background at various degrees of array noise by uniform and Gaus-
sian noise and various length of rank vector are presented.

BucHoBKH

B maniit po6oTi Ha OCHOBI KOHIIEIIIi ONMUCY 1HGOPMAIIMHNX OB y BUTIISAII CIIEKTpa MPOCTOPOBOI
3B'SI3HOCTI CKJIQJIOBHX HOTO €JIEMEHTIB NPEACTAaBICHO CIOCI0 y3arallbkHEHOTO MPOCTOPOBO-3B'SI3aHOTO
npernapyBaHHsa. Ha OCHOBI OO CIOCOOY Ta MapajielibHO-1€EPAPXiuHOr0 MEPETBOPEHHS O0UYHCIIIOIOTHCS
(YHKIIT MOPIBHAHHS, Y TOMY YHCII KOPENALiiHA, 3 IIiJABHIIECHON TOYHICTIO, 3aBaJOCTIHKICTIO Ta
1HBapiaHTICTIO 0 MOBOPOTY, IO O3BOJISIE B MOAAIBLIOMY peati3alild MPOCTOT0 METOLY CerMeHTamii
300pakeHb. B TOCHIKEHHSIX YIOCKOHAJICHO TMipaMigallbHUNA TPHWHIMIT y3araJIbHEHOTO IPOCTOPOBO-
3B'S3aHOTO TPETAPYBaHHS, SIKUA JIO3BOJIE JTOCATHYTH e(eKTy iHBapiaHTHOCTI 10 (piKCOBaHHX KyTIiB
MOBOPOTY 300pakeHHsI AJI1 PI3HOMAHITHHX BapiaHTIB JUCKpeTH3alii Ta BUOOPY BENWYMH MOPIIKOBHX
3Ha4YeHb Yacy 3aTPUMKH, MPOTPaMHE MOJICIIOBAHHS SIKOTO MPH 00pOOIli OJHOBUMIPHUX MACHBIB JICMOH-
CTPYE BHCOKY 3aBaJIOCTIMKICTh

tad METOAYy y pasi 3amyMIEHHOCTI
5 J s {qgi 7 rayccopuM 1my-mom g0 20 %
(hoHOBOTO 00'€KTA.
Xmax Jlns IpoBeNIeHHS eNEeKTPOHHO-
U 12} (1) v e IO MOJIC/IOBAHHS CHHTE30BAHMX
E)ix ) 3 L)y g » cnocoQB 3aIpOIOHOBAHO
Ax npucTpii  [5], cxema  sKOro
Ay MoKa3aHa Ha  PHUCYHKY, Je:

1 — Bimeomatumk; 2 — ALIL; 3

Puc. 1. CrpykTypHa cXeMa IPHUCTPOIO aHATI3Y JIOKaJi3alil MPOTHKHOTO
— 0ok BubOpy (hparmenTa; 4 —

o0'exra [5]
Puc. 1. CTpykTypHas cxema npmbopa aHanmaa nokanusaumnm npoTsSHKHOro 070K OOYHCIICHHSI JIOKAJIBHOTO
obbekTa [5] I3HHULIEBOTO IIOPOTa; — K
Fig. 1. Block diagram of the device of localization plangent object analysis [5] PISHHIICBOTO TIOpOTa, 3 6o
kojepa; 6 — Omok BHOOpY

eTanoHa; 7 — OJIOK KopensTopa; 8 — OJIOK 00UHCIIeHHS pe3yIbTaTy.
Koopaunatu 3cyBy (oHY 3a JOIOMOIOI0 CUCTEMHOI'0 KOHTposepa GOpMyIOTh KOMaHy Ha 3CyB Kaapy
I13 B Gmomi momepenHboi 0OpoOKKM Ha 3HaYeHHS OOEpHEHE OTPUMAaHOMY 3CyBY. B 0ol momepenHboi

60 BicHuk BiHHMLBKOrO noniTexHiYHoro iHcTutyTy, 2006, Ne 4



IHPOPMAL|IIHI TEXHONOT Ii TA KOMITIOTEPHA TEXHIKA

00pOOKH BHKOHYETHCS BimHiMaHHS 3MimeHux kaapiB E3 i II3, B pesynbraTi 4oro Gopmyerbes Kaap
300pakeHHsI, B IKOMY € 00’€KT Ha HylIhOoBOMY (poHi. DparMeHT MAHOTO Kanpy, SIKHA MICTUTH 00’ €EKT,
HAJXOAMTH JI0 CHEUiani30BaHOTO MpoLecopa ¢ 3HaXOAAThCs KOOPIUHATH 3CyBY 00’ €KTa.

TakuM 4YMHOM, MOJICIIIOBAHHS 3alPOIIOHOBAHUX CIIOCOOIB MpenapyBaHHs Py 00poOIli OMHOBUMIPHUX
MAacHBIB JIEMOHCTPYIOTh BHCOKY 3aBaJOCTIHKICTh CITOCOOY IPH 3allyMJICHOCTI TayCCOBHM ITyMOM
¢onoBoro o0’exrta [4, 5]. Pe3ynpraT MOAETIOBaHHS CHCTEMH KODEJSLIHHOTO aHaii3y 300pakeHb Ta
HOro CKJIaJOBUX YACTHH [6] MiATBEpAMIX MPABUIIBHICTH MipaMiJalbHUX METOMIB 1 CXEMOTEXHIYHHX
pillieHb, sKi 3a0e3MeUyIOTh BUMIPIOBAHHS KOOPIWHAT 300pa)KCHHSI €TaJoOHYy B BiJICOKaJpi B yMOBax
HEBU3HAYEHOI 3aBaJIOCUIHAIBHOI 00CTAaHOBKH 3 MOXHWOKOK BUMIPIOBaHHS ~5 %.

OCHOBHI pe3y/bTaTH BKa3aHUX HAYKOBHX JOCII/DKEHb JOMNOBIJAIUCH Ta MPOWIIIM OOTOBOPEHHS Ha
MDKHapoJHUX HaykoBux cummosiymax «Optical Science and Technologies», mo mpoBoaunucs B M.
Cietn, CHIA B 2002 p. Ta M. Can-/liero, CILIA B 2003 p. [7].

BbiBOAbI

B pnaHHO paboTe Ha OCHOBaHWMM KOHLEMNUMU ONucaHusi MHOOPMAaLMOHHbBIX MOMNen B BMAe CNeKTpa
NPOCTPAHCTBEHHOW CBA3HOCTW COCTaBMSAOLWMX €ro 3femMeHToB npeacTasneH crnocob o0606LeHHoro
NPOCTPaHCTBEHHO-CBA3AHHOMO npenapupoBaHusa. Ha ocHoBaHun 3Toro cnocoba u napannenbHo-
nepapxudeckoro npeobpasoBaHus BbIYMCASIOTCS DYHKLUN CPAaBHEHUS, B TOM YUCrie KOpPensauUMoHHas ¢
MOBbLILUIEHHOW TOYHOCTBIO, NMOMEXOYCTONYMBOCTBIO M MHBApPUAHTHOCTLIO K MOBOPOTY, YTO MO3BOMSET B
JanbHerleM peanusaumio NpPocToro MetToAa cermeHTauun nsobpaxeHui. B uccneposaHusx ycosep-
LeHCTBOBaH nupamuganbHbli NpUHLMN 0606LLEeHHOro MPoCTPaHCTBEHHO-CBA3aHHOMO NpenapupoBaHuns,
KOTOpbIN pa3pellaeT AoCTUYb ahdekTa MHBApUAHTHOCTM K (DMKCMPOBAaHHLIM yriiaMm nosopoTa u3obpa-
XeHus ana pasHoobpasHbiX BapuaHToB AMCKpeTM3aumm u Bblbopa BenuyvH MOpSAKOBbLIX 3HAYEHWUN
BPEeMeHW 3a4epXKu, NporpaMMHOEe MoZenupoBaHue KoToporo npu obpaboTke OAHOMEPHbLIX MacCMBOB
OEMOHCTPUPYET BbICOKYH0 MOMEXOYCTOMYMBOCTL METOAA NPV 3aLlyMIEeHHOCTU rayccoBbiM Wwymom o 20
% doHoBOro obbekTa.

[ns npoBeAeHMs aNeKTPOHHOrO MOAENNPOBAHNSA CUHTE3NPOBaHHBLIX CNOCOBOB NPeAoXKEHO YCTPOW-
CTBO [5], cxema KOTOpOro NpuBedeHa Ha pucyHke, rge: 1 — Bugeogatynk; 2 — AL, 3 — 6nok Beibopa
parmeHTa; 4 — BNOK BbIYMCIEHMS NOKANbHOIrO pa3HOCTHOro nopora; 5 — 6nok kogepa; 6 — 610K Bbl-
Oopa sTanoHa; 7 — 6nok koppensTopa; 8 — OnoK BblYUCIEHNS pe3ynbTaTa.

KoopauHatbl caBura oHa C MOMOLLLI0 CUCTEMHOTO KOHTpornnepa hopMupyoT KOMaHay Ha CABWP
kagpa TU B 6noke npegplaywenn o6paboTkM Ha 3HayeHne obpaTHoe nonydeHHomy casury. B 6noke
npeabigywien o6paboTkM BbINOMHAETCA BblMMTaHME CMeLLeHHbIX kagpoB 3 n TW, B pesynbtaTte 4ero
dhopMupyeTcs kagp n3obpaxeHus, B KOTOPOM eCTb 0BBLEKT Ha HyrneBoM oHe. dPparMeHT AaHHOro Kaj-
pa, KOTOpbI coaepXnT o6beKT, MOCTyNaeT B cneunanuampoBaHHbIA NpoLeccop, B KOTOPOM HaxoasTcs
KoopamHaTbl caBura obbekTa.

Takum obpasom, MogenupoBaHUS NpeafnioXeHHbIX cnocoboB npenapvpoBaHus npu obpaboTke oa-
HOMEPHbIX MacCMBOB AEMOHCTPUPYIOT BbICOKYHO MOMEXOYCTOMYMBOCTbL crnocoba mpu 3allyMIeHHOCTH
rayccoBbIM LyMOM POHOBOro obbekTa [4, 5]. PesynbTaTbl MOgenmMpoBaHus CMCTEMbI KOPPENSILLMOHHOIO
aHanusa n3obpaxeHui N ero cocTaBHbIX YacTen [6] noaTBepAnNM BEPHOCTb NMpaMuaanbHbIX METOO0B
N CXEMOTEXHUYECKUX peLLeHnin, KoTopble obecneynBaloT nsMepeHne KoopamHaT n3obpaxeHus aTanoHa
B BUAeoKaape B YCrOBUSAX HeonpeaeneHHoN NoMexoycTon4YMBon o6CTaHOBKM C NOrpeLLHOCTLIO n3Mepe-
HUs ~5 %.

OcHoBHble pe3ynbTaThl yka3aHHbIX Hay4YHbIX UCCNeaoBaHUN AoKNaabiBanmch 1 Npowwnn obeyxaeHne
Ha MeXxayHapoaHbIX HayyHbIX cumnosnymax «Optical Science and Technologies», KoTopble npoBoAn-
nuce B 1. Cuatn, CLWWA B 2002 r. u r. Can-Awnero, CLWA B 2003 r. [7].

Conclusions

In the given work on the basis of the concept of the information fields description as a spec-
trum of spatial cohesion of composing elements, the method of generalized spatially connected
preparation is offered.

On the basis of this method and parallel - hierarchical transformation the functions of compari-
son are calculated, including correlation function, with improved accuracy, noise stability and in-
variancy to turn, that allows further realization of simple segmentation method of the images.

In the given research, the pyramidal principle of generalized spatially connected preparation
has been improved. The suggested method enables to achieve the effect of invariance regarding
fixed turn angles of the image for various versions of discretization and selection of time delay
values, programming modeling of which during processing of 1-D arrays demonstrates high noise
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stability of the method if the content of Gaussian noise in background object reaches 20%.

To carry out electronic modeling the device is suggested [5]. The scheme of the device is giv-
ven in Fig. : 1 — video sensor, 2 — analog-to-digital converter, 3 — block of fragment selection, 4
— block of calculation of local differential threshold, 5 — coder block, 6 — block of reference se-
lection, 7 — block of correlator, 8 — block of results computation.

Background shift coordinates by means of system controller form Cl frame shift command in
the block of previous processing by the value, inverse to obtained shift. In the block of previous
subtraction of DI and Cl frames which are shifted is carried out, as a result image frame is formed
where there is an object on zero background. The fragment of the given frame, which contains
the object, enters specialized processor where shift coordinates of the object are located.

Thus, modeling of the suggested preparation methods in the course of processing of 1-D ar-
rays demonstrate high noise stability of the method if the background object contains Gaussian
noise [4, 5]. The results of modeling of the system of image correlation analysis and its compo-
nents [6] proved the correctness of pyramidal method and circuit salutations, which provide
measurements of reference image coordinates in video frame in case of uncertain noise proof
environment, measurement error being ~ 5%.

Basic results of research were reported and discussed at the International scientific confer-
ences held in Seattle, USA in 2002 and San Diego, USA in 2003 [7].
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