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3ATAJIBHA XAPAKTEPUCTUKA POBOTH

AKTYaJIbHICTh TEMH

OmHMMH 3 OCHOBHHMX CYYacCHHMX 1 IEPCIEKTHBHUX 3ac00IB 3eMIICOTIIITY €
PaaioIOKaTOPH 3 CHHTE30BaHOIO anepTyporo anTeHu (PCA), sKi po3MinIyroThCs Ha
OopTy aBiamiiHUX 1 KOCMIYHMX HOCIiB. BOHHM 103BOJISIOTH  OTpHMAaTH
pazioyioKamiitHi 300paXkeHHs, K1 HaOIMKAIOThCS 3a JETaIbHICTIO 10 300pakeHb
ONITUYHUX CHUCTEM 1 TPU IBOMY MAaIOTh Psifl MepeBar. XapakTepHO OCOOIMBICTIO
PCA-300pakeHb € HasgBHICTh CHEKJI-UIYMy, SKAH YacTO € MPOCTOPOBO-
KOpETIbOBaHMUM, 1 3HAYHO YCKIaaHIOE iX aHam3. lllupoke BUKOpUCTaHHS IS
nocnabiIeHHs CHEKJI-IIyMy 3HaXOJWUTh BHYTPIITHHOSIEMEHTHE HEKOTePEHTHE
HAKOMHUYEHHs 300pakeHb OAHIET 1 Ti€T K AUISHKH MICIIEBOCTI, K1 HAa3UBAIOTHCS
PCA-nornsimamu. Opnak  kuibkicTe PCA-mormsiiiB  oOMexeHa JOMyCTHMHUM
MOTIPIIEHHSIM TPOCTOPOBOI PO3IIIBHOI 3MATHOCTI /0 MEXi, KOJH BTPAYa€ThCA
iHdopmariis po 00'ekT. TakuM YMHOM, 3 OTJIANY HA HHU3BKY SKICTh BUXITHUX
omHomorysiioBux PCA-300pakeHh Ta 1X OOMEXKEHOIO KUIBKICTIO BaXKJIMBE
MpaKkTUYHE 3HAYEHHS Ma€ po3poOKa alropuUTMIB 0araronorisioBoi (iuibTparii
PCA-300paxkenp, ski 3a0e3MeuyoTh NPUHHATHI MOKAa3HUKHU SKOCTi. BpaxoByrouun
HEOOXIHICTh OINEpPaTUBHOI OOPOOKM BEIMKUX OOCSTIB JaHMX, TakKl ajJrOpUTMHU
MOBUHHI OYTH a/IeKBaTHI MPUCTPOSM 3 MAPATEIbHOIO apXITEKTYPOIO 0OUNCIICHb.

Jlnst migBuimeHHS sKocTi OararororisimoBux PCA-300pakeHb CYMICHO 3
HEKOTePEHTHUM HAKOTMYEHHSM BHKOPHUCTOBYIOTHCS TAaKOXK METOMW (iTbTparrii.
OnmHak Ha CHOTOJIHI 3AJIMINAOTHCS BIIKPUTUMU IMUTAHHS, TIOB's13aH1 3 BUOOpOM abo0
PO3pO0OKOI0 HAWOLIBI €()EKTUBHUX METO[(IB, SIKI MOBHHHI OyTH 3aCTOCOBaHI Ha
eTarnax CIiJIbHOT 00pOOKH JEeKiIbKOX 300pakeHb Ta ix ¢inbTparii. Tak, TokamsHO-
afanTUBHI (QUTBTPU OPi€HTOBAHI Ha PO3IIILHY 00pOOKY 300paKeHb, CIIOTBOPEHUX
HEKOPEIbOBAaHUM CIEKJI-ITYMOM 1 HE BpaxoOBYIOTh iX B3aEMHY KOPEIIIIO.
AnropuT™M BIHEpIBCHKOI (UIBTpalii TakoX He MOKe OyTH 3aCTOCOBaHMM IS
00OpoOKH MOCHITOBHOCTI 300pa)k€Hb, a alropuTM OaraTOMIPHOI KaJIMaHiBCHKOI
¢inpTpaiii BUMara€ BeNWYE3HUX OOuMCIIOBaJIbHUX BUTpaT. KpiMm TOro, ¢iabtp
Kanmana € onTUMaabHUM y BUTIAAKY AJUTUBHUX 3aBa/.

Y pesynpTaTi 3acTOCyBaHHS T'OMOMOP(HOTO TMEPETBOPEHHS 3aBIaHHS
¢inbTpamii  300pa)keHHST 3a HASBHOCTI CHEKJI-IIYMY 3BOAMTHCS JI0 3ajadl
bimpTparii aguTUBHOI TMEPENIKOAM, IO JO3BOJIIE 3aCTOCYBAaTH MaTeMaTHYHHMA
amapar Teopii onTUManbHOI JiHIHHOI (inmbrpamii. Meron aBoeramHoi (imbTparii
300pakeHb, Ha TIEPHIOMY €Tami SKOTO BHUKOPHUCTOBYIOTHCS —OJHOBHMIPHI
QITOPUTMHU ONTUMAJILHOT JIHIAHOI (IbTpamii HE3aJeXHO Y3I0BX PSJIKIB 1
CTOBIIIIB 3 MOJAJBIINM 00'€THAaHHAM OOpOOJICHUX NAHWUX Ha JIPYroMy eTari, Jae
MOJIMBICTh 3HAYHO 3MEHIIMTH OOYMCIIOBAJIBHI BHTpPATH 1 3aCTOCOBYBATH
nepeBaru 004KCIIIOBAIbHOT €(PEKTUBHOCTI OJTHOBUMIPHUX QJITOPUTMIB, JOCITAIOYN
MPUAHATHOI TOYHOCTI pe3ysbrari. JlaHwil maxia Moke OyTH BHKOPHCTAHHWM IS
(biTpTparlii mocII0BHOCTI 300pakeHb 1 BpaXyBaTH iX B3aEMHY KOPEJIAIIIIO.

ToMmy akTyaabHOIO HAYKOBOIO 3ajiavelo € po3poOKa METOIiB TOMOMOP(HOI
nBoeranmHoi OararomorysiioBoi  ¢imsTparii PCA-300pakeHh TIpH  HAsIBHOCTI
HEKOPETHOBAHOTO 1 KOPEJIBOBAHOTO CIEKII-IITyMY, SIKi JO3BOJISIFOTH ITIABUIIUTH iX
SKICTB 1 € agekBaTHUMH EOM 3 mapaienbHO0 apXiTeKTyPOrO O0YHMCIICHb.
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3B's130Kk Ppo0OTH 3 HAYKOBHMHU NporpaMamu, miaHamm, temamu. Pobora
BHKOHaHa Ha Kadenpi «PamioTeXHIYHUX TPHUCTPOIB 1 CHCTEM» PaTiOTEXHIYHOTO
dakymprery KIII iMm. Irops Cikopchkoro Ta 3B’s3aHa 3 BHKOHAHHSAM ILJIAHOBOI
HayKOBO-A0CTiqHOT poboTH «P0O3poOKa aaropuTMiB JBOETAITHOT HEKay3ajdbHOT
bimeTpamii  MoCHiAOBHOCTI  OaraToKaHaIbHUX 300pakKeHb TP HASBHOCTI
KopenboBaHOT 3aBamu» (Homep aepxkaBHOi peectparii 0116U007862) y skiit
3100yBa4 OyB BUKOHABIIEM.

Meta poboru — migBuieHHs sSKOCTI OaratomoryisigoBux PCA-300paxeHb
MpY  HASBHOCTI HEKOPEIhOBAHOTO 1 KOPEIHOBAHOTO CICKI-IIYMY IIIITXOM
PO3pOOKH METO/IIB TOMOMOPGHO1 IBOETAMHOI OaraTonorisioBoi GiuIsTpalli, siki €
anekBaTHUMU EOM 3 mapanienbHOr apXiTeKTypOIO 00UYHCIICHb.

BianoBigHO 10 METH, OCHOBHMMHM 3a1a4aMH JOCJIIPKESHHS €:

1. Po3pobutu meroa romomopdHoi nBoeranHoi ¢pinbrpanii PCA-300paxeHHs
3a HassBHOCTI KOPEITHOBAHOTO CIEKII-TIIyMY.

2. Po3pobutn MeTo roMoMopdHOT JBOETAMHOT OaraTonorisaoBoi GinbTparii
PCA-300pakeHb 32 HassBHOCTI HEKOPEIHOBAHOIO CHEKII-IIyMY.

3. Po3po6utu Metoa romoMopHOT 1BOETAMHOI OaraTonorisiioBoi GpuibTpaiii
PCA-300pakeHb 32 HassBHOCTI KOPEIbOBAHOT'O CHEKII-IIyMY.

4. TlpoBecT aHaji3 CHUHTE30BAaHUX KBA3lONTUMAJIbHUX  QJITOPUTMIB
bimpTpallii Ha MOJACIBHHUX MPUKIIATAX 1 peaTbHUX 300paKEHHSX.

5. BukoHatu aHaNmi3 OOYMCIIOBAIBHUX BUTpAT 1 MOXJIMBOCTEH peamizarii
CHHTE30BaHMX KBa3iONTHUMAaJIbHUX aJITOPUTMIB (UIbTpalii 3 BHKOPHUCTAHHIM
Cy4acHOI 00YHCITIOBAIBHOI MiKPOTIPOIIECOPHOT TEXHIKH.

006'exToM aocuimkeHHs € 6araronorisioBe GopmyBanus PCA-300pakeHs.
IIpeameToM fociiskeHHss € Meroau OarartomoriisimoBoi  ¢imeTparii PCA-
300pakeHb 3a HAIBHOCTI CTICKJI-IIIyMY .

Metoau nociigxenHss. B po0OOTi BUKOPHCTOBYBAJIMCS METOIH TeOpil
HMOBIpHOCTEH, MapKIBCbKMX BHUIAJKOBUX MPOIECIB, JIHIAHOI 1 HeIIHINAHO]
¢inbTpanii B AUCKPETHOMY 4aci, CTATUCTHMYHOI Teopii NPUUHSATTS pILIeHb 1
CTaTHCTUYHOTO MozemtoBanHs Ha EOM.

HaykoBa HOBM3HA OTPUMAHHX Pe3yJbTATIiB

Brnepmie po3poGieno merton romomopdHoi nBoetanHoi (uibTpamii PCA-
300pakeHb MPH HASIBHOCTI KOPEIHLOBAHOTO CIICKJI-IIYMY, BIJIMIHHOK OCOOJIMBICTIO
SKOTO € Te, IO ICJII TOMOMOP(HOTO IEePETBOPCHHS BUKOHYIOTHCS CIIiJIbHA
bimpTpariis 300pakeHHsT 1 KOPEJIbOBAHOI 3aBajy B3JIOBXK PSAKIB 1 CTOBIIIIB Ta
00'eMHAHHA PO3PAaXOBAHUX OIIHOK B KOXHIM TOWYIll, IO JIO3BOJISIE I1ABUIIUTH
e(eKTUBHICTb OOpOOKM B TMOPIBHSAHHI 3 OJHOBUMIPHHUMU METOAAMH TpHU
HE3HAYHOMY 301IbIIIEHH] 00YMCITIOBAIBHUX BUTPAT.

Brnepire po3pob6ieno meton roMoMopdHOI BOETANHOi 0araTomorisaoBOl
dimeTpanii PCA-300pakeHp 3a HAsSBHOCTI HEKOPEIHOBAHOTO CICKJI-IIYMY,
BIJIMIHHOIO OCOOJIMBICTIO SIKOTO € T€, IO ITCISI TOMOMOP(MHOTO IMEepETBOPEHHS
BUKOHYIOTBCS OJHOMIpHa (UIbTpaIlis MiX 300paKCHHAMH 1 BCEpPEAWHI HHUX
(Y310BX PSIZIKIB 1 CTOBIIIIIB), @ TAKOK 00'€JHAHHS PO3pAaXxOBaHUX OI[IHOK B KOXKHIN
TOMYII, 1110 O3BOJISIE BpaxyBaTH B3aeEMHY Kopelsiiro Mixk PCA-norismamu.



Bnepmre po3pob6iieHo mMeToa ToMoMOpgHOI JIBOETAIHOI 0araTomoriisaoBOl
bimeTpamii  PCA-300pakeHh 3a HAasBHOCTI KOPEJIBOBAHOTO  CICKJI-IIyMY,
BIJIMIHHOIO OCOOJIMBICTIO SIKOTO € T€, IO ITCISI TOMOMOP(MHOTO IMEepETBOPEHHS
BHKOHYETHCSI OJTHOMIpHA QiIbTpariiss MiXK 300paKeHHIMH Ta iX CIIbHA QiabTparis
3 KOPEJIbOBAHOIO 3aBaJIOI0 Y3JIOBXK PSAKIB 1 CTOBIMIIIB 3 MOJAIBIITUM 00'€THAHHIM
pO3paxoBaHUX OIIIHOK B KOXKHIM TOYIN, IO JO03BOJISIE BpaxyBaTH B3aEMHY
kopesiito Mixk PCA-morisiaMu i mpocTOPOBY KOPEITbOBAHICTh CIICKII-IITYMY.

IIpakTnyHe 3HAYEHHS OTPHMAHHUX Pe3yJIbTATIB

[Ipu oOpob6ui onnonormsanoBux PCA-300paxeHs po3poOiIeHHl alropuTMm
romomMoppHoi  aBoeranHoi  ¢inbTpanii  PCA-300pakeHHs Tpu  HasBHOCTI
KOPEIhOBAHOTO CIEKII-IIyMy 103BoJisie oTpuMaru Burpam y BCII y nopiBHsSHHI 3
¢inpTpom JIi B gianazoni 3.6-2.75 nb npu pizaux BxigHaux BCII.

[Ipn 3HaueHHI Koe(ILIEHTY B3a€EMHOI KOpENslii MK He3allyMJIEHUMU
(HEYIIKO/DKEHUMH) 300paKeHHSAMH OJM3bKOMY JI0 OJIMHUIN, 3aIlPOIIOHOBaHI
anropuTMu romMoMmopdHOi aBoeramHOi OarartomorisgoBoi  dimbrparii PCA-
300pakeHb 3a HAsBHOCTI KOPEIhOBAHOTO 1 HEKOPEIHOBAHOTO CHEKI-IIYyMY Y
MOPIBHSHHI 3 QJITOPUTMOM HEKOT€PEHTHOTO HAKOMWYEHHS 3 TIOJAIIBIIOI0
o6pobkoro dinerpom JIi 3abe3neuyrors Burpam y BCHI go 3.6 n1b 1 2.8 nb
BiAMOBiAHO. Ilpu 1bOMY BUTpamr 3pocTae MpU 3MEHLIEHHI  KUIBKOCTI
OJTHOTIOTJISIJIOBUX 300pa’KeHb, III0 0OPOOISIOTHCS.

IIpn 3HadeHHI KOC(QIIIEHTY B3aEMHOI KOPEIAIii MiX He3alyMICHUMHA
300paXKCHHSAMH MEHIIIE OJWHUIN 3alpONOHOBAHI AJTOPUTMH TOMOMOP(HOT
nBoeranmHoi  OararomorisamoBoi  ¢imeTpanii  PCA-300pakeHh 3a  HasSBHOCTI
KOPEIhOBAHOTO 1 HEKOPEIBOBAHOTO CHEKJI-IIYMY Y TOPIBHSIHHI 3 aJrOpUTMOM
HEKOTEPEHTHOTO HAKONMUYECHHS 3 TOJalbIIo o0poOkoro  ¢iasTtpom  Jli
3abe3neuyroTh Burpam y BCI ve amxde 1.9-2.5 nb i 1.6-2.6 nb BignosigHO.

Po3pobneni anroputMu 3a0e3nevyroTh MnapajieibHy OOpoOKy JaHuX 1 €
a/ICKBaTHUMU TPUCTPOSIM 3 TApajebHOI apXiTEKTyporo obuucneHb. s m’atu
kaapiB po3mipom 1000x1000, mpu BUKOpUCTAaHHI TpadiyHOrO MPUCKOPIOBAYA
Nvidia GTX Geforce 1080 Ti, uac o6uucnenb cranoBuTh npudaN3HO 0.07 cekyH,
mo 3abe3nedye MOXIHMBICTH  ONEPATUBHOTO OTPUMAHHA  aePOKOCMIYHOI
1H(popMmalii.

Pe3ynbrati HayKOBHUX JMOCITIDKEHh MOXYTh OyTH BUKOPHCTaHI IMPU pO3po0OIIi
MEepPCIeKTUBHUX 1 MozepHizamii icHyrounx PCA st miaBUIIEHHS SKOCTI
OararomornsanoBux ~ PCA-300pakeHb TIPU  HAsBHOCTI  KOpPEIHOBAHOTO 1
HEKOPEITbOBAHOTO CHEKII-IIIyMY.

PesynbraTi pocmimkeHb BIPOBAHKEHO B PO3pOOKAaX HAyKOBO-BUPOOHUYOTO
nignpuemctsa “EKCIMMALIIL, a Takok B HaBYAJIBHUM MPOIIEC Y HAIIIOHATILHOMY
TEXHIYHOMY yHiBepcuteTi Ykpainu «KuiBCbKHI MONITEXHIYHUNA 1HCTUTYT 1MEHI
Irops Cikopcbkoro» Ha Kadeapi pamaioTeXHIYHHUX NPHUCTPOIB Ta CHCTEM, IO
MATBEPIKYETHCS aKTaMU BIIPOBAKEHHS.

Ocoductuii BHecok. OCHOBHI TCOPETHYHI TIOJIOKEHHS 1 pe3yabTaTH
MOJICTIOBAaHHS B JHCEpTalliiHii poOOTI OTpHMaHI aBTOPOM CaMOCTiiHO. Y
CIIBaBTOPCTBI 3 HAyKOBHM KEPiBHUKOM C(HOpPMYJbOBaHI MeTa 1 3aBJIaHHS
JIOCTKeHb, BUCHOBKM. (OCOOMCTHII BHECOK aBTOpa B HAYKOBHX MpaIsix,
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OomyOJIIKOBaHMX Yy CITIBaBTOPCTBI, Takuii: B [1], [4] po3poOisieHi anropuTMu
nBoeranHoi (imbTpanii OaraTokaHAIBHHX 300pa)kK€Hb 3 BHYTPINTHBOKAIPOBOIO
Kay3aJbHOI0, HAMiBKAay3aJbHOI Ta HEKay3aJbHOIO O0OpOOKOI TPH HAIBHOCTI
HEKopeaboBaHO1 3aBaau; B [2], [3] cuHTe30BaHI OoNTHUMaNbHI 1 KBa3ioNTHMabHI
aITOPUTMH JIBOCTAITHOI Kay3aJIbHOI, HaIliBKay3aJbHOI Ta HeKay3aabHOI (QimbTparii
OJTHOPIAHOTO 300paKCHHS TIpW HASBHOCTI HEKOPEJIbOBaHOI 3aBaau; B [5]
po3pobsieHo anroput™M ToMOMOp(HOI aBoeTamHOi (iNbTpaIii MOCIHITOBHOCTI
300pakeHb NPU HASIBHOCTI KOPEIIHOBAHOT'O CIICKII-IIIyMY.

AnpoOanisi pesyabraTiB aucepramii. Matepianu gucepranii Ta OCHOBHI
MOJIOXKEHHSI, OTpUMaHi B poOOTi, MPEICTaBISIMCS Ha: MIKXHAPOJHUX HAYKOBO-
TEeXHIYHUX KOH(pepeHuisx «PanioTexHiyHl nmoisi, curHaiu ta cucreMu» (M. Kuis,
2015, 2016, 2017); IX HaykoBO-TE€XHIUHIA KOH(EPEHILlii CTyJACeHTIB, acllipaHTIB Ta
Monoaux BueHux «Pamioenextponika B XXI cromitri» (M. Kuis, 2015); IEEE 13th
International Conference on Modern Problems of Radio Engineering,
Telecommunications and Computer Science (TCSET) (Lviv, Slavske, Ukraine,
2016); IEEE International Conference on Information and Telecommunication
Technologies and Radio Electronics (UkrMiCo) (Odesa, Ukraine, 2017).

Iyoaikamii. 3a pe3ynabTaTamu AuMcepTaliiiHOi poOoTH omyOmikoBaHo 11
HAyKOBUX poOIT, B TOMY YMCIi 5 cTaTell B IPOBIIHUX (PaXxOBUX BUIAHHSAX, 3 AKUX 4
y BUJAHHAX YKpaiHW BKJIIOYEHUX JI0 MDKHaApOJaHOI HaykoMmeTpuuHoi 6azu WEB
OF SCIENCE, 6 Te3 nonoBiaeH, 3 SKkux 2 B IHO3EMHUX BUIAHHAX, K1 BKIIOYEHI 10
MDKHapO HOI HaykoMeTpudHoi 6a3u SCOPUS.

CtpykTypa i obcar aumcepramii. Jlucepramisi CKiIamaeTbcs 31 BCTYILY,
JOTHPHOX PO3JILIIB, BUCHOBKIB, CITUCKY BUKOPUCTAHUX JHKEpEN, OJTHOTO JOAATKY.
Po6Gota mictuth 170 cTopiaku, B ToMy umcii 133 cTOpiHOK OCHOBHOTO TeKcTy, 120
pucyHkiB, 13 Tabmump. CHHUCOK BHUKOPHCTaHOI JIiTepaTypd BKIO4Yae &7
HalimMmeHyBaHb. JloJaTku po3mimieHo Ha 6 CTOpiHKaX.

OCHOBHMH 3MICT POBOTH

VY BCcTymi 0OrpyHTOBAHO aKTyaJbHICTh TEMH JUCEPTAllii, MPUBEICHI 3aBAaHHS
1 MeTa JIOCHTIDKEHHsI, 00’ €KT, MMPeAMET Ta METOAM JOCIIHPKCHHS, HaBEJICHI J1aHi
PO HAYKOBY HOBU3HY PE3yJIBTATIB Ta iX MPAaKTHYHY 3HAYMMICTh, BKa3aHi JIaHi PO
ocoOucTHii BHECOK 3700yBaya, BIPOBA/DKCHHS Pe3yJIbTaTiB, iX ampoOaliiro Ta
nmyOmikarii.

Y mepuiomy po3aiii mokasaHa akTyaldbHICTh 3aBHAaHHSA 0araToONOTIISAIOBOI
¢inbTpanii PCA-300pakeHb PU HASIBHOCTI CHEKII-IIyMY.

Jljisa onucy 3B'A3Ky MiX BIJUTIKAMU CIIOTBOPEHOI u(n,m,k) 1 HECIIOTBOPEHOI
s(n,m,k) mocmimoBHOCTI omHOMOTIAAO0BHX PCA-300pakeHh BHKOPHUCTOBYETHCS
MYJIbTHILTIKATHBHA MOJICTb Y BUTJISIL:

u(n,m,k):S(n,m,k)u(n,m,k), (1)
hi (o u(n,m,k) — BIJUTIK CTIEKJI-IIIYMY, IO BIIMBA€E B TOYII (n,m),n =LNm=1,M
B k -My 300paxkeHH1 k = 1K , sikuii Mae peNeiBChbKUI PO3MOLT 3 PIBHUM OJIMHHII

MaTeMATHIHIM O4iKyBaHHSM i AUCIEPCiero o> . B Tpauiiiuiii mocTaHOBI 3a1adi
n



BIUTIKM CHEKJI-IIyMy 3a KOOpPAMHAaTaMu n,m,k € HEKOpeIbOBaHUMHU. AJe, SK
BIJIMIYAETHCS B BIIOMIiH JiTepartypi, creki-iryM Ha PCA-300pakeHHsIX 4acTo €, y
TIH YM 1HIIHA Mip1 MPOCTOPOBO-KOPETHLOBAHHM.

[IpoBeneHo aHami3 ICHYIOUHMX METOJIB TJIOOAIBHOI Ta JIOKaJbHO-aalTUBHOL
bimeTpaIii CrIeKiI-ImyMy Ha OJMHOYHOMY 300pakKeHHI Ta Ha IOCIiJOBHOCTI
300pakeHb. [lokazaHa JOIIIBHICTE 3aCTOCYBaHHS TOMOMOpP(HOI aBOETAITHOT
bimpTparii ;s BUpimIeHHs 3aa4i 6araTormorisaoBoi ¢imeTparii PCA-300pakeHb
nmpu  HasgBHOCTI crneki-mmymy. CdopmyinboBaHa MeTra poOOTH Ta 3aBAaHHS
JOCTIKESHHS.

VY apyromy po3aijii 3 BUKOPHCTaHHSIM MAaTeMaTHYHOTO arapaTry HeJiHIWHOI 1
JiHIAHOT (inbTpalii po3pobiieH0 MeToa ToMOMOp(HOI JBOeTanmHoi (UIbTpaLii
PCA-300pakeHHs1 TpU HASIBHOCTI KOPEJIbOBAHOTO CIIEKJI-LITYMY.

Mopnenb PCA-300pakenHs, CIIOTBOPEHOT'O MYJIbTUILTIKATUBHUM

KOPEIbOBAHUM CIIEK/-ITYMOM MAa€ BHI:
u(n,m)=s(n,m)u(n,m). (2)

['omomopdHe  mepeTBOpeHHs  J103BOJsiE 32  JOMNOMOIOI  omeparii
norapuMyBaHHS IEPETBOPUTH BHPa3 (2) 10 BUTTISTY:

y(n,m)=1n(u(n,m))=In(n(n,m))+In(s(n,m)) =x(n,m)+z(n,m), (3)
Ta meperT 10 3a7a4i PiIbTparii KOPUCHOTO 300paKeHHS x(n,m) MIPU HAsIBHOCTI
aUTUBHOI KOPEIbOBAaHOI 3aBaju z(n,m). Jlnst ii BUPIIIEHHS] BUKOPUCTOBYETHCS
iIX11 Ha OCHOBI JBoeTamHoi (inbTparnii 300pakens. Ilicias oTpuMaHHS BiITiKIB
B1I()IITPOBAHOTO 300paXKEHHS fc(n,m), OLIIHKYU BIJUTIKIB BUXIJHOTO 300pakKeHHs

§(n,m) BH3HAYAIOTHCS 32 POPMYIIOH0:

$(n,m)=exp(x(n,m)). 4)

JUis omMcy CTaTUCTUYHMX 3B'A3KIB BIUIIKIB 300pa)K€HHS 1 KOPEJIbOBaHOI

3aBaJil Yy3[0BXK 7 -T0 psjKa 1 m-ro CTOBMOLS B pPOOOTI BUKOPUCTOBYIOTHCS

MapKiBCbKI TayCCIBCbKI MOJENI y BUTJISAAlI JUCKPETHUX JIHIMHUX JUHAMIYHUX

cucteM. Mozenb mporiecy, o mipiarae GuIbTpallii Ha IepuoMy eTari 1mo 7z -My
PAIKY Ma€ BHI:

x,0_[£ o]fx,G-n] [6r o]

NE . . (5)
z,0)] | o F|ZG-D] ] 0 ¢ |20

X
n O =LY 0,0 ©)

ne X, (i),Z,(i) — BeKTOpH CTaHy, [0 MICTATh BiUIIKK 300pa’keHHS 1 KOPETbOBAHOI
saBanm; F,G.,FS,GS — Bigomi matpumi; Q, (i), &, (i) — HeKopenbOBaHi mIymMu
30ymxkeHHs, v, (i) — BLUIKK crOCTepexeHb mo pankax; H . (i),H.(i) — Bigomi
Matpuii; v, (i) — HEKOPEIbOBaHi rayCiBChKi BENMUYUHH 3 UCTIEPCIEI0 G-

Otpumanuii Ha ocHOBI Mojeni (5), (6) anrOpuT™M OJHOBHUMIPHOI CyMICHOI
binpTpamii 300pakeHHST 1 KOpEIbOBAaHOI 3aBaJii Y3JIOBX PSAIAKIB 1 CTOBIIIIB
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BIIHOCHUTBCS JI0 KJacy alropuTMiB (inbTpamii raycCiBCBKUX MAapKiBCHKHUX
nporeciB. OnTUMaNbHUN TPUCTPi Ha puc. | BKIIFOYAE JaBAa KaHAIW OIIHIOBAHHS
BeKTOpiB X, (i) 1 Z, (i) BIANOBIOHO, SIKI € B3a€EMOIOB'I3aHUMH.

x.(D) Z,(i)

JU,(H;,(?_, K. (i) —.@—. _.(2T)—. K. (i) —p(gn V>

’_. HL(i) ’—» H (i) —

Z. (1) = z, (i) =

T

A

Fo{ii=1) |« Fr{i,i=1)

Puc. 1. CtpykrypHa cxema QinbTpy CyMiCHOI OJHOBUMIpHOT (hinbTpamii 300pakeHHs 1
KOpE€JIbOBaHO1 3aBagu
Anroput™M 00’€HaHHS OTPUMAaHMX HA NEPLIOMY €Tami pe3yJbTaTiB
¢biabTpaLii B KOXKHIM TOYIll 300pa)K€HHs] CAHTE30BaHO Ha OCHOBI TeOpii HEMIHIHHOT
¢bimeTparii 3 BHKOPHUCTAHHSM BIJIACTHBOCTI HE3QJICKHOCTI BIUIIKIB PSAIKIB 1
CTOBIIIIIB 300pa)K€HHS 1 KOPEIHLOBAHOI 3aBajy MPH YMOBI, IO BIJOMI BiJUTIKH B

Toukax ix meperuny. Ilokasano, mo amocrepiopra LI f(u | Y 1, 9.Y,1,Y,.Y,0)

BeKTOpY u = (x,z)!, 10 BKIIOYAE BiITIKK 300paXKEHHS 1 KOPEIbOBAHOI 3aBajy B

TOYIT (n,m), BU3HAYAETHCS IO POpMYIi:
f(u|YnlbyaYmI’Yn2’Ym2):f3c—Eu)f(u|Ynlﬂy)f(u|le)f(u|YnZ)f(u|Ym2)9 (7)

ae f(u‘ Ynl,y)f(u‘ le)f(u‘ Ynz)f(u‘ sz) — anocrtepiopni I Bektopy U,
OTpUMaHi Ha MepHIoMy ertani npu (GiTbTparii B3AOBXK 7 -TO PAAKA 1 7-TO CTOBIIIA
Bl iXx mowarky 1 kiHosg;  »,Y,.,Y,...Y,,.Y,, — CIOCTEpEKEHHs, IO

BHKOPHUCTOBYIOTHCS Y  BIAMOBIIHUX aJropuTMax OJHOBHMIPHOI (iapTparii,
pO3TalyBaHHs SKKX [0Ka3aHo Ha puc. 2; f(u) — anpiopsa LI Bexropy U ; ¢ —

HOPMYIOUH MHOXHUK.

Ha ocnoBi Bupa3sy (7) mpoBoAWTHCS 00'€THAHHS aNOCTEPIOPHUX PO3IMOALTIB
f(u‘ Ynl,y)f(u‘ le)f(u‘ Ynz)f(u‘ sz) BU3HAUEHUX Ha nepmomy erami. [lpu

oMy anoctepiopua I f (u‘ Y.y, le,Ynz,sz) BPaxoBYy€ BCl BUMIPIOBAHHS 71 -

ro paaKa i m-ro CTOBII, IO JO3BOJIAE PO3INIAAaTH 0OpPOOKy SIK HEKay3albHY.
Kay3anpHuii 1 HamiBKay3aJIbHHA aQJITOPUTMH  OO0'€JHAHHS  armoCTEPIOPHUX
pO3MOALIIB, 5IKI BpaXoBYyIOTh BuMiptosanns y,Y,.,Y, .Y , 1 »,Y .Y | BiamosigHo,

€ OKPEMHUMU BUIIaJIKAMHU HEKAY3aJIbHOTO aJITOPUTMY .
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Puc 2. BumiproBaHHS, 110 BUKOPUCTOBYIOTHCS TIPU 0OpOOIIi TOUKK Ha 300paskeHHI

OCKUIBKM Ha TepIIOMYy eTami JJjis CHiIbHOTo omucy 3o0paxeHHs 1 K3 mo
psAAKax 1 CTOBHIIIX BUKOPUCTOBYIOTHCS TayCIBCbKl MapkiBchbki Mozeni, U, mio

BXOJTh B MpaBy uactuHy (7) € rayciBeskumu: f(u|Y,,y)=N ( nl,Pnl)

SW/Y,)= N( mlﬂp;l) JWlY,)= N( n27R1*2) JW/Y,,)= N( m2’P1:2)
f(u)=N(u,P). B UbOMY BUIMAJIKY arocTepiopHa 10051
( ‘ 1V ml,Ynz,sz)zN(ii,P) € TakoXk TayciBchKolo, a il mapamerpu ii, P

MOKyTh OYTH 3HaiiieHi LIISXOM MepeTBOPEHHs MOKAa3HUKIB excroHenT 1M, mo
BXOJIATh B MpaBy 4dacTuHy Qopmyiu (7). BUKOHaBIIM 3a3Hau€Hl MEPETBOPEHHS,
OTPUMAHO TOCTIOBHICTh BHUPA3iB A PO3PaXyHKY OIIHOK 306pa>I<eHH5{ i
KOpPEJIbOBAHOT 3aBaN fi 1 KOPENAiHHOT MATPHIi MOXHOKH OLiHOK P

R=b, (Bl +B,) ®  K=B(P-P)"; (11)
ii = iy + K (14 =1y ); ©)  a=i+K(i-i); (12)
P=B,—RB,; (10) p=P-KP. (13)
K=pP 131*2+13)_1; (14) K':ﬁ(ﬁ—ﬁ)_l; (17)
i=a+K(uy, —i); (15)  w=a+K'(ai); (18)
P=P-KP; (16) P =p-KP. (19)
K'=P(Bl,+P) (200  K=p'(P"-P) " (23)
w'=u'+ K" (1w, —0); Q1) ii=u+K(@-u"); (24)
P"'=P -K'P (22) pP=P"-KP" (25)

Otpumanuii anroputMm 3ale3neuye HeKay3albHy OOpOOKy 300pa)KeHHsS B
KOKHINA TOYII.



AHaJi3 CHHTE30BAaHOTO AJTOPUTMYy TOMOMOPGHOI IBOETANHOI (iabTparii
PCA-300paskeHHSI TpU HASBHOCTI KOPEIHOBAHOTO CICKJI-ITyMY 1 MOPIBHSHHS 3
BIIOMUMH aJTOpUTMaM{ BHUKOHAHI 3a JIOMOMOTOI0 CTATHCTUYHOTO MOJICTIOBAHHS
Ha MOJEIbHUX 300paxkeHHsX. [IIupruHa TOJOBHOT METIOCTKH KOPEISIIHHOT (QyHKITIT
criekJI-imyMmy Ha piBHI 0.5 ckmamae 3 BIUIIKHA TO PSAAKY 1 CTOBMIO. Y Tabmwmmi 1
nmokazani BuximHi BCIHI g pizamx Bxigaux BCIHI g 3ampornoHOBaHOTO
AITOPUTMY Ta BIJIOMHUX aITrOpPHTMIB (PuUIbTpamii CHeKI-urymy. 3arporOHOBAHHMA
anroput™ 3a6e3neuns Burpam B BCI B nopiBHsiHHI 3 BigomuM ¢inbTpom Jli Bin
3.65 nb no 6.61 nb.

Tabmuis 1
Meton SNRin = 0 nb SNRin = 3 nb SNRin = 6 nb
3anponoHoBanui 9.80 11.33 12.87
ITOPUTM
Ounbtp JIi 2.22 541 8.60
®inbtp Kyana 1.99 3.33 4.18
®dinpTp Binepa 2.47 5.43 8.40

Ha puc. 4 Ta puc. 5 npencrapieHi pe3ynbTaTi cerMeHTanii anropurMom Oy
MOJIENIbHUX 300pa)KeHb, OTPUMAaHMUX 3a JOIIOMOTOI0 3alpONOHOBAHOTO aIrOPUTMY,
a TaKO 3 BUKOPUCTaHHIM (inbTpa JIi.

a Fr = .

el I PR r--. -

Lo o] s !
= r

- ' i T

LA d

Puc. 5. Cermenrartist 300pakeHHs
o0pobsienoro ¢inerpom Jli

Puc. 4. Cermenrartis 300paxeHHS
00pOOICHOTO 3aIPOITOHOBAHUM aJITOPUTMOM

3acTocyBaHHS PO3pOOJECHOTO AIrOpPUTMYy 3a0e3neuye KUIbKICTh MOMUJIOK
cermeHTaIli 300paxxenHs aiaroputmMoMm Omy B mianmazoni 2.53% — 7.58%, 1o
BIJIMOBIAHO B 4.6-6.8 pa3iB MeHIlE, HXK IPU BUKOPUCTaHH1 QuibTpa Jli.

Y TperbomMy Ppo3aiili BUKOHYETHCS pO3pOOKa METOAIB TOMOMOPGHOT
nBoeranHoi  OararomorisigoBoi  ¢uibTpamii  PCA-300pakeHh 3a HasBHOCTI
HEKOPEJIhOBAHOTO 1 KOPEJIIbOBAHOTO CIIEKI-ITyMY.

[TocnigoBHicTs ogHonorsaoBuXx PCA-300pakeHs omucyeTbes BupazoM (1).
[TepeTBOpeHHS, IO BUKOHYIOTBHCS TMPH TOMOMOP(QHIN aBoeTamHid QiabTparmii
TTOCJIIIOBHOCTI 300pa)keHb, TIOKa3aHi Ha puc. 6.
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v(nm.k)=x(nmk)+z(nmk) x(n,m.k)
JlBoeTarHa
- F'omomopodwue (iTpTpamis e 5( y
u(n.m.k) S| romomopgpme | 5(7.m, )
HePETBOPEHHS 0araTonorIsamoBoro
f TIEPETBOPEHHS
300pakeHHA

Puc. 6. IlepeTBopeHHs Tpu TOMOMOPQHIH JBOETANHIN (QiTBTpaIii MOCIiTOBHOCTI 300pakeHb

Yy BHUIIAJKY, KOJIX CIICKII-IOYM u(n,m,k) € HCKOPCJIIbOBAHHUM, Ha ICPIIOMY

eTamni Jyisi OAHOBUMIPHOI (IIbTpaLii MIX 300pa’kKeHHSIMU 1 BCEpEANHI HUX B3/I0BXK

PSAAKIB 1 CTOBIILIB BUKOPUCTOBYETHCS AJITOPUTMIB KaJIMaHIBChKO1 (ibTpalli.
OO0'enHaHHsi pe3ysbTaTiB MEpPHIOro eramy QunabTpamii B KOXHIA TOYI

(n,m,k) ©UpH HasBHOCTI HEKOPEIBOBAHOI 3aBaid, B 3aralbHOMY BHIIAJIKY

BHUKOHYETHCSI HA OCHOBI1 BUpa3y AJis anoctepiopHoi LIU:

f<x|Ynlay»Ym1»X12’Ym23)7c—1):% (xya};l)f(x|yml)f<x|YnZ)f(x|YmZ)f(x|Y;c—l)9 (26)

ae f(x‘ Ynl,y),f(x‘ le),f(x‘ Ynz),f(x‘ sz),f(x‘ Yk_l) — amnocrepiopsi 11U
BIJUTIKY 300paXKeHHS X, OTPHMaHI Ha TEPIIOMY eTami MpH (GimbTparii B3I0OBK 7 -
ro psjakKa 1 m-To CTOBMIM BiJ iX TOYATKy 1 KiHIM, Ta IO KOOpAHWHATI K ;

v.Y..Y, .Y, Y, »,,Y,_| — cliocTepexenHs, 110 BUKOPUCTOBYIOTbCSA Yy BIANOBIIHUX

aNIropuTMax OJHOBHMIPHOI (ilbTpallii, po3TallyBaHHs SKUX TMOKa3aHO Ha puc. 7;
f (x) — anpiopHa IIIH Bitiky 300paxkeHHs X ; ¢, — HOpPMYIOUHH MHOKHHUK.

\

1 k K

Puc. 7. BumiproBaHHS, 0 BUKOPUCTOBYIOTHCS MPH 00pOOIIi TOYKH Ha ITOCITIJOBHOCTI
300pakeHb
o f (x‘Ynl, v.Y,1,Y,5.7, 2,Yk_l) BKJIIOYA€ aroCTEPIOPHI PO3MOALIU, L0

m

BH3HAYAIOTHCS Ha TepmiomMy etari. [Ipu rayCciBChbKHX amocTepiOpHUX PO3IOJiIax
p(x|y9Ynl):N(5enl’6}211)’ p(x|Ym1):N(x:11»G:121)a p(x|Yn2):N(x:2,c5:22),
p(x|Ym2):N(x:12,G;22), P(X|Yk—1):N(xZaGZZ)» P(x):N(f’az)’
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TaKO)K € TayCIBChKOIO

anocrepiopsa 1A f(x‘ nl> Vs mI’YnZ’YmZ’YIc—l)
( ‘ VY 1. 0. Y0, Y 1) N(jc',t's ) [Tpu ibomy, 00'€THAHHS OTPUMAHHX TPH

OJTHOBUMIPHOI (piTbTpallii OIIHOK BUKOHYETHCS 3a (hopMyTamu:

2o f(Eead) e § :£n1+(x:nl—)€nl)62/0:;21; (28)
62——62—64/(62 ) @7 X =% (¥ -X) )&* [ (29)
&' =cp-05 /(67 +o5); 30)  ¥=%+(x-% )5 [oni; (32)
*=-5"-5'/(5*-5); G =% (% =X )o? /5% (33)
" =02 —c*m“z/(c’z + cf,fz); (34)  x"=x' +(x;;z -x' )G"Z/C’:lzz > (36)
5*=-5 -5 /(0" -5"); 35)  K=x"—(¥-x")& 57 37)
o’ =0 —o' [(6” +07); 38)  x=i+(x-x)0’/o}; (40)

e g /( &); (39)  i=x—(¥-x)5,/c 41)

Otpumanuii  anroput™M 3abe3nedye HeKay3albHy OOpOOKYy Yy cepeauHi
300pakeHHS 1 Kay3aJIbHy 00pOOKY MK HUMH.

VY tabmumi 2 nmokasani BuxigHi BCII SNRout, oTpumani micist oOpoOku
MOCJIIOBHOCTI TPhOX MOJIETLHUX 300pa)k€Hb 3alpPONOHOBAHUM aJTOPUTMOM Ta
aIropuTMaMu Ha OCHOB1 HEKOT€PEHTHOTO HAKOMMYEHHS 300pa)KeHb 3 MOJANbIIO0
00pobkoro BimomMuMu JiokanbHUMU ¢inbTpamu. Bxigne BCII cknagae -0.90 nb.
3anponoHoBaHuil anroput™m 3ade3neuns Burpaml B BCII B mopiBHSIHHI 3 BIJOMUM
dbimeTpom Jli Bix 4.79 nb no 8.37 nb.

Tadomuus 2
Meron 3obpasicenns | 3obpasicenns | 300padscenis
1 2 3
3anponoHoBanui 12.70 13.63 13.79
ITOPUTM
SNRout, | *~rOPHT -0.90 2.06 3.82
5 yCepeTHEHHSI

a ®inpTp Jli 4.33 7.27 9.00
®inpTp Kyana 3.76 6.76 8.54
dineTp Binepa 8.35 11.21 12.88

[Ipu po3pobmi meroxy TromMoMOpdHOI JBOECTANMHOI OaraToIorJIsI0BO1

¢inbTpanii PCA-300paxeHb 3a HassBHOCTI KOPEJIbOBAHOTO CHEKI-LIIYMY, 3 METOIO
YVHIBEPCAJILHOCTI 1 y3arajlbHeHHsI OTPUMAaHHUX PEe3yJIbTaTiB BBaXKAJIOCh, 110 3aBajia
0 KOOPJIHMHATI k € TaKOXX KOPEJbOBaHOK. B IIbOMY BHUNAJKy Ha MEpIIOMY eTarli
JUTSL OTHOBHMIPHOI (iabTpariii Mk 300paK€HHSIMH Ta BCEPEAWHI HHUX B3JOBXK
PSAIKIB 1 CTOBIIIIB BUKOPUCTOBYETHCS OTPUMAaHUN B PO3MiIl 2 HAa OCHOBI MOJEI
(4), (5) anroput™ rayciBChbKMX MapKiBChKHX IPOIIECIB puc. 1.
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Ha npyromy erami anoctepiopra I f ( ‘ 7570 S SN0 4PN 1) BEKTOPY

u=(x,z)" Ttouui (n,m,k) BU3HAUAETLCS MO BOpMYITi:
( ‘ I’y’ ml> n2’ mZ’Yk—l) ( ‘ nl> Vs ml’Ynz’ )f(u‘Yk—l)’ (42)

ne f ( ‘ V5720 4510 A9 A ) - anocrepioproi L[ BekTOpYy u, SIKa BH3HAYAETHCS
npu o0 ’€MHAaHHI pE3yNbTATIB OJHOBUMIPHOI (QimbTparmii BcepeawHi Kk -T0
300paKE€HHS Y3/10BX PSAIKIB 1 CTOBMIIB, f (u‘ Yk_l) — anocrepiopra 1I[1 BekTOpy
u, OTpUMaHa Ha TMEepIIOMYy eTami npu (QiabTparii B3JOBXK KOOPAWHATH K ; ¢

HOPMYIOUYH MHOKHHUK.
Y BuUNaAKy TayCiBCBKHX PO3MOJiIiB B TpaBii vactuHi dopmymn (42),

amoctepiopna 1111 f( V1,0, ml,Ynz,sz,kal)zN(ﬁ,f)) € TayCIBCBKOIO.
Tapamerpu ii, P anoctepioproi II[A 1 (

nl,y,le,Ynz,sz), 110 BXOJUTH B (42),

pO3paxoByIOThCs 3a Gopmynamu (8)-(25), B SKUX BpaxoBYIOTbCS OTpUMaHi Ha
NepIIOMY eTarl pe3y/ibTaTd (iIbTpaiii BCEpeauHi k-ro 300paKeHHs B3IOBIXK
PAAKIB i CTOBMIUIB. IX 00'€HAHHS 3 OTPUMAHUMH an OJIHOBUMIpPHIiH (inabTparii

MIXK 306pa)KeHH$IMI/I MaTEMAaTHYHUM O‘IIKyBaHHHM uk 1 KOpGJ’IHHlI/IHOIO MaTpUuncro

Pk M 7 (u‘Yk_l) , BAKOHY€TBCS IIIJITXOM 00YHUCIICHB 3a (hopmyamu:

~ . « e\~ 2 o~ ~ -1

K=PB(B +P) ; (43) K=P(P-P) ; (44)
i=ii+ K (uy —ii); (45) i=u+K(@-i); (46)
P=P-KP; (47) P=P—KP. (48)

3 BukopuctanusM Gopmyn (8)-(25) BUKOHYEThCS HEKay3aJibHa 00poOKa y
cepeanHi 300paxkeHHs, a (43)-(48) BiAMOBIIHO Kay3anbHa 00poOKa Mk HUMH.

[Ipr HExOpenbOBAaHOCTI BIJIIKIB 3aBajid Ha PI3HUX 300pKCHHSX, IS
OJHOBUMIPHOi (inbTpamii MiX 300paKEHHSIMH BHKOPHUCTOBYETHCS aJITOPHTM
KaJIMaHIBCHKOTO THITY, a JIJIsl 00'€THAHHS OTPUMAHUX OI[IHOK 3aMiCTh BHpa3iB (43)-
48) BUKOpHUCTOBYIOTHCS hopmyiu (38)-(41).

Y Tabmumi 3 mokasani BuxigHi BCII SNRout nns Tpbox KaapiB 3
MOCJIOBHOCTI 300paxensb, Bxigne BCII SNRin cknanae 1.61 nb.

Tabnums 3
MeTon Kaop 1 Kaop 2 Kaop 3
3anponoHosanui 10.59 10.99 11.36
aJITOpUTM
SNRout, | MUKKazpose 1.61 4.66 6.36
5 yCepeIHEeHHS
g PDinpTp Jli 3.91 6.92 8.62
®dinpTp Kyana 2.81 5.55 7.22
®dinpTp Binepa 4.04 7.03 8.72
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3anporoHoBanuii anroput™ 3abesneunB Burpam B BCII B mopiBHSHHI 3
BimomuM ineTpom Jli Bix 2.74 nb no 6.68 nb.

Y d4erBepTOMYy PpO3aijdi BHKOHAHO aHam3 €()EKTUBHOCTI PO3POOICHUX
pO3/iiax J1Ba i TPU METOJIIB IIJITXOM CTATHCTHYHOTO MOJiefoBaHHs Ha EOM.

TecToBi 300pakeHHS (DOPMYIOTHCS 3 PeaTbHOTO 300paKECHHS IepecideHol
MICIIEBOCTI, MpeACTaBICHOr0 Ha puc. 8. Y Tabmwuii. 4 mokasani BuximHi SNRout
st pisHEX  BXimHHX SNRin, OTpUMaHi Ticils OOpOOKH 3ampOnOHOBaHUM
anroputMoM romoMopduoi aBoeranHoi QinbTpanii  PCA-300pakeHHss npu
HAsBHOCTI KOpeJIbOBaHOTO crekia-mymi (8)-(25), a Takoxk s BIAOMHMH
BIKOHHUMH aJrOpUTMaMu (QUIbTpaLli CIEKI-IIyMY.

Tabaumg 4
Meton SNRin = 0 nb SNRin = 1.5 nb SNRin =3 nb
3anpornoHOBaHUN 4.85 553 6.16
ITOPUTM
Ounbtp JIi 1.85 3.26 4.12
®inpTp Kyana 0.81 2.33 3.86
®inpTp Binepa 1.86 3.10 4.26

JUIs  MOJEeNbHHUX TPHKIAIIB 3aCTOCYBAaHHS PO3POOJICHOTO aITrOPUTMY
roMoMopdHO1 aBoeTanmHOi (HUIBTpaIlii JO3BOIMIO OTPUMATH BHTPAIl B BHX1THOMY
BCIII Bix 5.62 nb no 8.61 nb. 3amporoHoBaHuii aarOpuTM 3a0€3IIEUYUB BUTPAIT B
BCIII B mopiBHsHHI 3 BimoMum ¢insTpoMm JIi Bix 3.65 nb 1o 6.61 n1b

AHaI3 epEeKTUBHOCTI METOTy TOMOMOP(MHOI ABOETAITHOI 0araTomorIsA0BOi
¢imeTpamii  PCA-300pakeHb 3a HAsBHOCTI  KOPEJIHOBAHOTO  CIICKJI-IIyMY
BHUKOHAaHWUH Ha TMOCTIAOBHOCTI 3 JEeCATH 300pakeHb, sKi (QopMyrOThCS 13
300paxkenus: puc. 8. KoedimieHT kopemsmii p MK CyCimTHIMH 300paKCHHSIMHU
noknamascs:1, 0.95, 0.9, 0.85.

Ha puc. 9 mokazane m’site 300payKeHHS 3 IOCIIJOBHOCTI 300pa)K€Hb IPHU
p=1, sKe CHOTBOpPEHE KOpeahoBaHWM cheki-mymoM. Bximae BCIL SNRin

CTaHOBUTH -2 1b.

Puc. 8. HecioTBOopeHe 300paskeHHs nmepeciuenoi  Puc. 9. IT’s1Te 300pa)keHHsI, CHOTBOPEHE CIEKII-
MICIIEBOCTI IyMOM
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Ha puc. 10 ta puc. 11 mokasani 3anexnocti Buximaunx BCI, orpumani

micis oOpoOKM  MOCTIMOBHOCTI 300paxkeHb K =1,T0 npu p=1 Ta p=0.85

pO3pO0JIEHUM  aJITOPUTMOM  TOMOMOp(HOI  ABOETamHOI  0araToIOIJISIOBOT
¢dimeTpanii PCA-300paxkeHb 3a HasBHOCTI KOPEIbOBAHOTO cHEKI-IIymy (8)-(25),
(38)-(41), a TakoX HEKOTEPEHTHOTO HAKOMHYEHHS 3 TMOJAJbIIOK 00pOOKOI0
¢inbTpoM JI i TUIBKM HEKOTEPEHTHOTO HAKOIMMYEHHS. 3alpOITOHOBAHUN aJrOPUTM
3abesneuye Burpam y BCII y mopiBHSHHI 3 aJrOpUTMOM HEKOT€PEHTHOTO

HAKOIUYEHHSI 3 MOJAIBIIOK 00poOKoto dinbTpom JIi ans yeix K =1,10.

10 " " 10
8| gl
6 61
[y
= 4} 4+
5
@
= & 2t /
7 /
0 .I'; 7 0r ,’ 1
»® *
—*— MNaHWi anropvTm —*—[laHuWin anropuTM
2 =% QinbTp [ | 27 —-%--OinbTp Ni |
YcepeaHeHHs YcepeOHeHHs
-4 : : ‘ ‘ 4 : ‘ : ‘
0 2 4 6 8 10 0 2 4 6 8 10
C C
Puc. 10. 3anexuicte BCHI npu o00po6mi Puc. 11. 3anexnicte BCII npu o006pobui
3alPOIIOHOBAHMMH aJITOPUTMaMH IIpu P = 1 3alpOIIOHOBAHMMHU ajroput™Mamu pu p = 0.85

Ha puc. 12-13 npencrabieni pe3yiabratd (popMyBaHHsS 0araTomoriisgoBOTO
PCA-300paxkennss mpu K =5 3a JOMOMOTOI0 3aIpPOMOHOBAHOTO AITOPUTMY Ta
HEKOTEPEHTHOTO HAKOIWYEHHS 3 MOAaNbBIIO 00poOkor dimsTpom Jli, a Ha pucC.
14-15 pesyabTaTn cerMeHTarii anroputMoM Oy 1TUX 300paKeHb.

Puc. 12. Baratonormisgose 300paxkeHHs Puc. 13. BaratonormsgoBe 300pakeHHs
OTpHUMaHe po3pOoOIEHUM aJITOPUTMOM OTpPHMaHE LUIIXOM HEKOT€PEHTHOIO
HaKOMUYEHHs 1 BUKopucTanus ¢inerpa Jli



E

Puc. 14. CermenTariist 0araTororjisiioBoro

300paskeHHs ipu K=5, OTpEMaHOT0

PpO3pO0IEHUM aNTOPUTMOM

14

Puc. 15. CerMeHTaLu;{ 6aFaTOHOFJ'I${,I[OBOFO

306p AXKCHHA, OTPUMAaHOTI'0 IIIJIAXOM

HEKOTEPEHTHOTO HAKOTIMYCHHS 1
BuKopuctanus QimsTpa JIi

Ha

TKCETiB 300pakeHHi,
cknagae 4.21%, a BimoMoro

Bincorok  moMmiakoBo  KilacuikOBaHHX
chOopMOBaHOMY PpO3pOOJICHHM aJITOPUTMOM
anroputmy s 16.11%.

Ha puc. 16 ta puc. 17 nokasani 3anexnocti Buxigaunx BCI, otpumani
micis  00poOku  mocmigoBHocTi 300paxkens K =1,10 mpu p=1 Ta p=0.85

pO3pO0JIEHUM  aNrOpUTMOM  TOMOMOP(HOI  JBOETANHOI  0araTomorisiIoBOi
¢dimeTpanii PCA-300pakeHb 32 HASBHOCTI HEKOPEJIHOBAHOTO CHEKI-IyMy (8)-(25),
a TaK0)X HEKOT€PEHTHOI'0 HAKOMHWYEHHS 3 MOJajiblloi 00podkoro ¢imsTpoM Jli 1

TIIBKH HCKOI'CPCHTHOT'O HAKOIMNYCHHS.

6

Puc.

—¥%—[aHWin anropuTm
—%--QineTp i
YcepenHeHHA

2 4 6 8 10
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16. 3anexunicte BCHI npu 06poOri

3alpOIIOHOBAHNMU aJITOPUTMAMU IIPU P = 1

Puc.
3aIIPOIIOHOBAHUMH aJaropuT™Mamu rmpu p = 0.85

—%— [laHuii anropuTm
—%--QineTp Mi
YcepenHeHHs

2 4 6 8 10
Cc

17. 3anexnicte BCII mnpu o06pobii
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Burpam y BCIII 3poctae mnpu 3MEHIICHHI KUIBKOCTI OJHOIIOTJISIOBUX
300paxkeHsb, mo o0poositoThes. [Ipu p =0.85 edheKTHBHICTH anTOpUTMIB 0OPOOKH

Ha OCHOBI HEKOTEPEHTHOTO HAKONMWYEHHS TMpu  30UTbIIEHHI  KUTBKOCTI
OJTHOTIOTJISI/TOBUX 300pa’KE€Hb MOTIPIITYETHCS.

Po3pobiieni  anroputmu  romomopdHOi  aBoerarmHoi  ¢inbrpamii  PCA-
300pa)KeHHS 32 HAsSBHOCTI KOPEJIbOBAHOTO CIICKII-IIIYMY, @ TaKOX TOMOMOP(HOI
nBoeranHoi  OararomorisigoBoi  ¢ubTpamii  PCA-300pakeHh 3a HasBHOCTI
HEKOPEJIbOBAHOTO 1 KOPEJIhOBAHOTO CIEKJI-IIyMy 3a0€3MeuyroTh IapaieibHy
00poOKy MaHMX 1 € aJCKBaTHUMHU MPHCTPOSM 3 TapalieTbHOI apXITEKTYpPOIO
obuncnens. Jlmsg mocmimoBHOCTI 300paxkeHb po3mipom 1000x1000x5, npwm
BUKOpHCTaHHI Tpadiunoro mpuckoproBada Nvidia GTX Geforce 1080 Ti, gac
obuncnens craHoBuTh npuOIM3HO 0.07 cexyHA, 10 3a0e3rmedyye MOKIUBICTH
OTICPAaTHUBHOTO OTPUMAHHS ae€pOKOCMIYHOT iH(OpMaITii.

BUCHOBKHA

VY aucepraiiii BupilieHa HayKoBa 3ajaya, sKa IMOJIATae B Po3poOIll METOIB
roMmoMophHOi  ¢iabTparii  MOCTITOBHOCTI  300pak€Hb TP HASBHOCTI
KOPEJIbOBAHOTO CIIEKII-IITYMY .

OCHOBHI HayKOBI 1 MPAaKTUYHI pe3yJbTaTH POOOTH MOJIATAIOTh B HACTYITHOMY:
1. VY cuHTE30BaHOMY airopuTMi romomopdHOi nBoeramHoi dinbrparnii PCA-
300pakeHHSI TP HASBHOCTI KOPEIhOBAHOTO CIICKJI-IITyMY, ITICJIsI BHKOHAHHS
TOMOMOP(MHOTO TEPETBOPEHHSI Ha TMEPIIOMY eTall, BUKOHYETHCS OIHOBHUMIpHA
cyMicHa @inbTpamis 300paK€HHS 1 KOPEIbOBaHOI 3aBagyl Y3IOBX PSAKIB i
CTOBIIIiB 3 MOJATBIIUM 00'€THAHHSM Ha JPYTOMY €Talli pO3paxoBaHUX OIIHOK, IO
JI03BOJISIE BPAaXyBaTH BCi CIIOCTEPEIKEHHS B PSAAKY 1 CTOBIIII, SIKi IEPETHHAIOTHCS B
MOTOYHIM TOYIl, 1 po3risaaTH 0OpoOKy SK HeKay3albHY. AJITOPUTMH 00'€THaHHS
OLIIHOK MpH HamiBKay3aJlbHIA 1 Kay3albHii oOpoOIl € CKIaJOBUMH YacCTUHAMU
HEKay3aJbHOTO aJTOPUTMY.
2. Hirounii Ha mepmioMy erami JJisi OJHOBUMIPHOI cyMmicHOI (imbTparii
300paKeHHSI 1 KOpEIbOBAHOI 3aBaJd Y3AOBXK PSAKIB 1 CTOBMIIB aJTOPHTM
BIIHOCUTBCS 1O KJacy ajroputMiB (uUIbTpamii TrayCiBChbKUX MapKiBChKUX
npoueci. ONTUMaIbHUM NPUCTPIM BKITIOYAE J1BA KaHAIMU (PUIbTpaLii 300paXkeHH 1
KOpPEIhOBaHOI 3aBa/lH, SIKi € B3a€MOIIOB'I3aHUMU.
3. VY cHHTE30BaHOMY alrOpUTMI TOMOMOP(HOI ABOETANHOI 0AraTonorisaoBoi
¢inpTpanii PCA-300paxeHb 3a HasiBHOCTI HEKOPEJIbOBAHOTO CHEKJI-IIyMY MicClis
BUKOHAaHHS TOMOMOP(HOTO TIEPETBOPEHHS HA TEPUIOMY €Talli BUKOHYETHCS
OJIHOBHMIpHA KaJIMaHIBCbKa (UIbTpaIisl MK 300paKCHHSAMH Ta BCEPEIUHI HUX
Y3I0OBXK PSAIKIB 1  CTOBIIIB 3 TOAAIBIIAM OO'€THAHHAM Ha JIPYyromMy eTari
pPO3paxoBaHUX OIIIHOK B KOXHIM TOYIN, IO J03BOJIIE—BpPAaxXyBaTH B3aEMHY
kopensiito Mk PCA-mornsimaMu 1 MJABUINATH  €(EKTUBHICTE OOpPOOKH B
MOPIBHSHHI 3 OJHOBUMIPDHUMH aJTOPUTMaMH TIpH HE3HAYHOMY 301IbIICHHI
00YHCITIOBATBHUX BUTPAT.
4. 'V CHHTE30BaHOMY alTOpUTMi TOMOMOP(]HOT ABOETANMHOI 6AraTONorIsAI0BOI
¢dineTpanii PCA-300paxeHs 3a HaIBHOCTI KOPEJIIbOBAHOTO CHEKII-IITYMY, CYMICHO 3
JIBOETAITHOIO HEKAay3aJIbHOIO O0OpOOKOI0 B  CepeiuHl 300paxeHb, TaKOX
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BHKOHYETHCSI OJHOBHMipHa Kay3ajdbHa (inmbTpamiss MDK 300paKeHHAMH, a
OTPHMaHI OIIIHKA BUKOPHCTOBYIOThCS MPU 00’ € JHAHHI HA IPYrOMY eTari B KOXKHIH
TOYIll, IO JO3BOJISE BpaxyBaTH B3aeMHy Kopemsimito Mk PCA-mornsmamu i
MIIBUIIATH €(EKTUBHICTH OOPOOKH Yy TOPIBHSHHI 3 aJITOPHTMOM TOMOMOP(HOT
nsoetarnHoi ¢insTparii PCA-300pakeHHs.

5. Jns  po3rIsSHYTHX peaJbHUX 300pakKeHb 3aCTOCYBAHHSA PO3POOJICHOTO
anroputMy ToMomopdHoi aBoeranmHoi (dimbrpamnii PCA-300pakeHHS TIpH
HAsSBHOCTI KOPEJThOBAHOTO CIEKJI-IIyMYy JIO3BOJIJIO OTPHUMATH BHIpall B
Buxiguomy 3CIII Bix 3.75 nb no 6.16 nb. 3anpononoBanuii anropuTM 3a0e3neynB
surpam B 3CII B nopiBHsHHI 3 BigoMuM ¢iasTpom Jli Bix 1.67 nb no 3.75 nb.

6. [Ipu 3HayeHHI KOE()ILIEHTY B3a€EMHOI KOpEJALIll MDK He3allyMJICHUMHU
(HEeYIIKOJKEHUMHU) 300paxKeHHsIMU OJIM3bKOMY IO OJIMHUII, 3alpOTOHOBAaHI
anroputMu romomopdHOi aBoeramHoi OararomorisigoBoi  (dinbTparii PCA-
300pakeHb 3a HASBHOCTI KOPEIHOBAHOTO 1 HEKOPEIbOBAHOTO  CICKI-IIyMYy Y
MOPIBHSHHI 3 alNTOPUTMOM HEKOT€PEHTHOTO HAKONMMYEHHS 3 IMOJAJBIIO0
o6pobkoro dinerpom JIi 3abe3neuyrots Burpam y BCHI go 3.6 n1b 1 2.8 nb
BIAIIOBIIHO.

7. [Ipu 3HayeHHI KOEPILIEHTY B3a€EMHOI KOpEJALll MDK HeE3allyMJICHUMHU
300paXKCHHSIMH MEHIIIE OJMHUII 3alpOINOHOBaHI aJITOPUTMH TOMOMOpPQHOI
nBoeranHoi  OararomorisamoBoi  ¢imeTpanii  PCA-300pakeHh 3a HasSBHOCTI
KOPEIhOBAHOTO 1 HEKOPEIBOBAHOTO CHEKJI-IIYMY Y TOPIBHSIHHI 3 aJrOpUTMOM
HEKOTEPEHTHOTO HAKONMUYECHHS 3 TOJalbIIo  o0poOkoro  ¢iasTtpom  Jli
3abe3neuyroTs Burpam y BCII we Hmxue 1.9-2.5 n1b 1 1.6-2.6 1b BiamosigHo.
[Ipn 1OMY €(EeKTHBHICTH aNropuTMiB OOpPOOKHM Ha OCHOBI HEKOTEPEHTHOTO
HAaKOIMMYCHHsSI TpW  30UIBIIEHHI  KUIBKOCTI  OJHOIOTIIAIOBUX  300pa)KeHb
MOTIPITYETHCS.

8. Po3pobneni anropurmu romomop¢Hoi nBoetanHoi ¢inbTpauii PCA-
300pakKeHHS 32 HAsBHOCTI KOPEIHOBAHOTO CHEKI-IIIYMY, a TaKOXK TOMOMOpPQHOI
nBoeranHoi  OararomorisagoBoi  ¢uibTpamii  PCA-300pakeHh 3a HasBHOCTI
HEKOPEIbOBAHOTO 1 KOPEThOBAHOTO CHEKI-IIyMy 3a0e3MeuyioTh NapaielbHy
00poOKy MaHWMX 1 € aJeKBaTHHUMH MPUCTPOSM 3 MMApaJICIbHOI apXiTEKTypOrO
oOumncnenb. [ns 300paxenns posmipom 1000x1000x5, mpu BUKOPHCTaHHI
rpadigyHoro mnpuckoproBada Nvidia GTX Geforce 1080 Ti, wac oOuunciaeHb
ctaHOBUTH NpuOm3HO 0.07 cexyHa, mo 3abe3nedye MOXKIMBICTh OIEPATHBHOTO
OTPHUMAaHHS aePOKOCMIYHOI iH(pOpMAITii.

9.  PesynpTaTé mOCIHiIKEHb BIPOBAKEHO B PO3POOKAaX HAYKOBO-BUPOOHUIOTO
nignpuemctsa “EKCIMMALIIL, a Takok B HaBYAJIBHUU MPOIIEC Y HAIIIOHATILHOMY
TEXHIYHOMY YHiBepcuteTi Ykpainu «KuiBCbKHI MONITEXHIYHUNA THCTUTYT 1MEHI
Iropss Cikopcekoro» Ha Kadenpi paalOTEXHIYHUX MPUCTPOIB Ta CHUCTEM, LIO
MATBEPIKYETHCS aKTaMU BIIPOBAKEHHS.
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AHOTAIII

Jamyk O.M. Meroanm romoMop@HOi ABOeTANHOI 0araTonorJisa0Boil
¢inbTpanii 300pakeHs paaioslokaToOpa 3 CHHTE30BAHOIO ANIEPTYPOIO AHTEHH. -
Ksamigikariiina HaykoBa poboTa Ha IIpaBax pPyKOIIHCY.

Huceprauiiina pobora Ha 3100yTTS HAyKOBOIO CTYINEHA KaHAWJaTa
TeXHIYHUX HayK 3a cremianbHicTioO 05.12.17 - PagioTexHiuHi Ta TeNeBi3iitHI
cuctemu - Kuis, 2019.

Po3pobneno meton romomopduoi aoeranHoi (inbrpaiii PCA-300paxeHb
MPH HASIBHOCTI KOPEIHOBAHOTO CIHEKJI-IIyMYy, B SKOMY ITCIII TOMOMOP(HOTO
MIEPETBOPCHHS BUKOHYIOTHCS CIIbHA (inbTpamis 300pakeHHS 1 KOPEIbOBaHOI
3aBajy B3JIOBXK PSJIKIB 1 CTOBMIIIB Ta 00'€THAHHS PO3PAaXOBAHHUX OIIHOK B KOXKHIM
TOYIl, IO JO3BOJISIE TIJIBUIMUTH €(QEKTUBHICT, OOpPOOKM B TOpPIBHSIHHI 3
OJIHOBHUMIPDHMMH METOJaMH TPH HE3HAYHOMY 3OLIBIICHHI OO0YHCITIOBATLHUX
BUTpar. Po3pobneHo wMeroawm ToMOMOPGHOI JBOETAMHOI 0araTomnorisaoBOl
dimeTparii PCA-300pakeHb 3a HAsSBHOCTI HEKOPEIHOBAHOTO 1 KOPEIHOBAHOTO
CHEKJI-IIyMYy, B SIKAX TIiCII TOMOMOP(HOTO TIEPETBOPEHHS BUKOHYIOTHCS
OJIHOMIpHA (iIbTpalis MK 300paKeHHSAMM 1 BCepeiarHI HUX (Y3I0BX PSJIKIB 1
CTOBMIIIB), @ TaK0oX OO0'€IHaHHSA PO3PAaXOBaHUX OI[HOK B KOXHIM TOYI, LIO
J03BOJISIE  BpaxyBaTH B3a€MHY Kopeisilifo MK ofHomorisigoBumu PCA-
300paxkeHHsAMU. O1IHKY €()eKTUBHOCTI CHHTE30BAaHUX QJITOPUTMIB 1 MOPIBHIHHS iX
3 BiJOMHMHU BUKOHAHO 32 JIOTIOMOTOI0 CTaTHCTUYHOTO MozentoBaHHs Ha EOM Ha
MOJICTIBHUX 1 pealbHUX 300pakeHHSAX. Po3po0ieHi aaropuTtMu € ajaeKBaTHUMU
MPUCTPOSIM 3 TApaIeTLHOI0  apXiTEKTypor oOuucieHb. [IpoBeneHo anHami3
MOXJIMBOCTEH 1X peanizalii Ha 6a3i cydacHUX OOYMCITIOBAIbHUX CHCTEM.

KarwuoBi caoBa: OGararonorisinoBi  PCA-300pa’keHHS,  CIEKII-IIYM,
roMmoMopdHe MNEepEeTBOPEHHS, JBOXETanHa QuIbTpallis 300paxeHHs, 00'¢IHaHHS
OLIIHOK, arocTepiopHa MUIbHICTh HMOBIPHOCTI.

Liashuk O.M. Methods of homomorphic two-stage multilook filtration of
radar images with synthesized antenna aperture. — Qualification manuscript.
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The dissertation for the scientific degree of candidate of engineering sciences
in the speciality 05.12.17 — Radio engineering and television systems — Kyiv,
2019.

The method of homomorphic two-stage filtration of SAR images in the
presence of correlated speckle noise was developed. Developed method uses joint
filtration of the image and correlated noise along rows and columns and the union
of the calculated estimates at each point after a homomorphic transformation,
which allows to improve the processing efficiency compared to one-dimensional
methods with a slight increase in computing costs. The methods of homomorphic
two-stage multilook filtration of SAR images in the presence of uncorrelated and
correlated speckle noise, in which, after homomorphic transformation, one-
dimensional filtration between images and inside them (along rows and columns)
is performed, as well as the combination of calculated estimates at each point that
allows to take into account the mutual correlation between single-look-up RSA-
images were developed. The evaluation of the effectiveness of the synthesized
algorithms and their comparison with the known algorithms was made using
statistical simulation on the computer models and real images. The developed
algorithms are adequate for devices with parallel computing architecture. The
analysis of possibilities of their realization on the basis of modern computing
systems is carried out.

Keywords: Multilook SAR images, speckle noise, homomorphic
transformation, two-stage image filtering, combining estimates, a posteriori
probability density.

Jamyk A.H. Meroasl romoMop@HOii ABYX3TAIIHOM MHOIOB3IISIA0BOI
¢puabTpanun n300paxkeHN PaguoJIOKATOPAa ¢ CHHTE3MPOBAHHOM anepTypoH
aHTeHHBbI. - KBasnukanronnas HayuHasi paboTa Ha paBaxX PyKOIUCH.

Jluccepraimonnas paboTa HAa COWCKAaHWE YUYEHOW CTETEeHW KaHAWIaTa
TEeXHHMYECKUX HayK mno crenuaibHoctd 05.12.17 — PanuorexHuueckue U
TeJIeBU3HOHHBIE cucTeMbl — Kues, 2019.

OnHuMH Y3  OCHOBHBIX COBPEMEHHBIX UM  NEPCHEKTUBHBIX CPEJICTB
3emsie0030pa  SBISIOTBCA  PAAMOJIOKATOPHl C CHHTE3MPOBAHHOW — amepTypou
aateHHbl (PCA), KoTOpBIe pa3MemarTcs Ha OOPTYy aBHAITMOHHBIX M KOCMHUYECKUX
HOCUTENIE W  TIO3BOJISIOT  TMOJYYUTh  PAJAMOJIOKAIMOHHBIE  U300pa)KeHUs,
NpUOMDKAIOTCS MO  JAETATbHOCTBU K M300pPaKEHUSM ONTHYECKUX CHCTEM.
XapakrepHoit ocooeHHOCTbI0 PCA-n300pakeHuil SBIsSETCS HAIUYUE CHEKII-IIyMa,
KOTOPBIA 4YaCTO SIBJISIETCS MPOCTPAHCTBEHHO-KOPPEIUPOBAHHBIM, M 3HAYUTEIILHO
ycnoxHseT ux aHanus. lllupokoe mcmonp3oBaHue s OCIabIeHUST CHEKI-ITyMa
HAXOJUT BHYTPUAJIEMEHTHOE HEKOTEPEHTHOTO HAKOIJICHHE M300paKeHUH OTHOTO
¥ TOTO K€ y4acTKa MECTHOCTH, KOoTophie HasbiBatoTcsi PCA-B3rmssmamu. OaHako
koiauuectBO  PCA-B3MIIAI0OB OrpaHUMYEHO  JOMYCTUMBIM  YXYJIUICHHEM
MPOCTPAHCTBEHHOI'O pa3pelleHus 10 Ipejesa, Korjga Tepsiercs uHdopmaius o0
oObekre. Takum  oOpa3oMm, yuMTBIBas  HHU3KOE€  KAauyeCTBO  MCXOJHBIX
onHoB3s110BUX PCA-u300pakeHHii U UX OTPAaHUYEHHOE KOJUYECTBO, BaXKHOE
MPaKTUYECKOE 3HAYEHUE HMeeT pa3paboTKa aJIropuTMOB MHOTOB3IJISIOBOM
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¢buneTparun  PCA-u3o0pakeHnid, KOTOpbIe  00ECIEUYMBAIOT  MPUEMIIEMBIC
MOKAa3aTeN Ka4eCcTBa.

Pazpaboran wmeron romomopdHON aByxdTanmHOW ¢uiasTparuun  PCA-
M300paXEHUI MPU HATMYUH KOPPEITMPOBAHHOTO CHEKJI-ITyMa, B KOTOPOM IOCIE
TOMOMOP(GHOTO  TPeoO0pa30BaHUS  BBITIOJHSIOTCS COBMECTHas  (UIbTpaIus
M300paXEHUSI W KOPPEIMPOBAHHBIX TMOMEXHW BAOJIh CTPOK W CTOJNOIOB U
00BEIMHEHNE PACCUUTAHHBIX OICHOK B KAKIOW TOYKE, YTO TO3BOJISET MOBBICUTH
3¢ (HeKTUBHOCTh OOpaOOTKM IO CPaBHEHUIO C OJHOMEPHBIMH METOJAMH NpHU
HE3HAYUTEJIbHOM YBEJIMYEHUU BBIYMCIUTENbHBIX 3aTpar. Pa3paboTaHbl METObI
roMOMOp(HOM ABYX3TanmHoON MHOroB3rysgaoBoi (uinbtpanyu PCA-u3zo00paxenuit
NpU HAJUYMKU HEKOPPEIUPOBAHHOIO U KOPPEIMPOBAHHOIO CHEKJ-IIyMa, B
KOTOpBIX TMOCJie TOMOMOPGHOTO MpeoOpa30BaHUsl BBINOJHAIOTCS OJHOMEpPHAs
bunbTpanus MEXy N300paKEHUSIMU U BHYTPU HUX (BIOJb CTPOK U CTOJIOLOB), a
Takke OObETWHEHHE DPACCUYNTAHHBIX OIICHOK B KaXKIOW TOYKE, YTO ITO3BOJISIET
Y4€CTh B3aUMHYIO KOPPEISINI0 MKy 0THOB3TISIIOBEIME PCA-1300pakeHUSIMH.

Onenka 3p¢PEeKTUBHOCTH CUHTE3MPOBAHHBIX AJNTOPUTMOB U CPaBHEHHUE HX C
W3BECTHBIMU BBINOJIHEHA C TIOMOIIbIO CTATUCTUYECKOTO MOjeNupoBanus Ha OBM
Ha MOJICJIbHBIX U PeaJIbHbIX N300paKEHUSX.

[Ipu  3HayeHun  kod(puUIMEHTAa  B3aUMHOM  KOPPEISIUU  MEXIY
HE3aITyMJICHHBIMH (HEMCKaQ)KCHHBIMHU) HM300paKCHUSIMA OJIM3KOM K €IUHUIIE,
MPEAJIOKEHHBIE AJITOPUTMBI TOMOMOP()HOTO ABYXAITAITHONW MHOTOB3IIISIOBON
¢buneTparun  PCA-m300pakeHUd NpH  HAIWMYMM ~ KOPPEJIHMPOBAHHOTO M|
HEKOPPETMPOBAHHBIX CIIEKII-IITyMa 10 CPABHEHHUIO C aITOPUTMOM HEKOT€PEHTHOTO
HaKOIUICHHUS ¢ Tocienyromeid o0paboTkoit ¢uiasTpoM Jlm obecreuynBaroT
Beiurpeil B OCII go 3.6 a1b u 2.8 n1b coorBeTcTBeHHO. IIpy 3TOM BBIUTPHIII
BO3pAcTaeT TMPU YMEHBIICHWHW KOJMYECTBA OJHOB3TISOBOM H300paXKeHUH,
KOTOpbIe 00padaThIBAIOTCSL.

[Ipn  3HayeHun  kod(puUIMEHTAa  B3aUMHOM  KOPPENSILUU  MEXIY
HE3aIIyMJIEHHBIMH U300paXKeHUSMH MEHbIIE €IMHULBI, PEJI0KEHbIE AT OPUTMBI
roMOMOp(HOMN ABYX3TanmHON MHOroB3rsga0oBoi (unbrpanyu PCA-u3zo0paxenuit
Ipy HAIMYUK KOPPEIUPOBAHHOIO U HEKOPPETUPOBAHHOTO CHEKJI-IIymMa IO
CPaBHEHHMIO C aJrOPUTMOM HEKOTE€PEHTHOTO HAKOIJIEHUS C MOCIeayomen
obpadotkoit pmreTpom JIu obecnieunBaroT Beiurpbeim B OCII He Hmke 1.9-2.5 nb
u 1.6 -2.6 n1b cooTBercTBeHHO. [IpH 3TOM 3D PEKTUBHOCTH ANTOPUTMOB 00PAOOTKH
HA OCHOBE HEKOTEPEHTHOTO HAKOIUICHWS TIPU YBEIMYCHHH KOJUYECTBA
OJIHOTIB3IJISIIOBBIX M300paXEHUHN yXyIIaeTCs.

Pa3paGotanHble anropuTMbl OOECIEUMBAIOT MapajUIesIbHYyI0 00paboTKy
JaHHBIX U aJI€KBAaTHBI YCTPOICTBAM C MapaljieIbHON apXUTEKTYpPOU BBIYMCICHHI.
Jia naru kaznpoB pazmepom 1000x1000, mpu ucnonb30BaHUM TpapUuecKOro
yckoputens Nvidia GTX Geforce 1080 Ti, BpemMs BBIYHCICHHH COCTaBJISET
npumepHo 0.07 cexkyHnm, dYro oOecrieunBaeT BO3MOXXHOCTh OIEPATHBHOTO
MOJTy9EeHHUS a9POKOCMUIECKON HH(DOpMAIIHH.

KiaroueBble cjoBa: mHOTOB3TIsioBeIe PCA-M300pakeHHs, CIEKI-IITYM,
romMmoMophHOE TpeoOpa3oBaHWe, AByXdTamHas (QUIbTpanus H300pakeHUS,
o0BeTMHEHNE OIICHOK, aroCcTepHOpHAs TIOTHOCTD BEPOSITHOCTH.
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