PELEH3IA
Ha AucepTaniiny poboTty
[lepeBep3eBa Onekcis AHIpiioBruYa
Ha TeMy «BiaxpuTi HEHpOHHI MEpeski B aITOpUTMaX po3IisHABaHHS Bi3yalbHOT
iH(pOpMaIIil U1 €JICKTPOHHUX CUCTEM OC3TEKN,

NpeACcTaBIeHy Ha 37100y TTsI CTyIIeHs JoKTopa ¢iocobii

B raity3i 3HaHb 17 «EnexTpoHika Ta TejeKoMyHiKawii»

3a crieniaibHicTIO 171 «EnekTpoHikay

AKTYaJIbHICTh TEMH AUCEPTALIl.

EnexktpoHHi cucteMn 0e3neku BUPILIYIOTh YUCICHHY KIJIBKICTh PI3HOMAHITHHUX
TEeXHIYHMX 3a/1a4, TOUNHAIOYH BiJT 3a0€3IMCUCHHS OXOPOHH MMPUMIIIEHE 1 3aBEPIIYIOUN
KOHTPOJIEM CEPEJOBUIIA HA BYJHULSX 3 MICBKOIO 3a0yZ0BOIO Ta LIIIBHUM JOPOIKHIM
TpadikoM. BogHouac SKICTh Ta MIBUAKOJIS TAKUX CUCTEM Ma€ OyTH Ha HAMBHIOMY
piBHI, 0COOJIMBO KOJNM YMOBH (ikcamii 300pakeHb 3 KaMep MOXYTh OyTH He
Halikpaii. /o 1MxX yMOB MOKHA BiJJTHECTH SIK ITOTOJIHI YMOBHU Ha BYJIMII, TaK i YMOBH
OCBITVIEHHA B HPUMIIIEHHI, 3aJIE)KHO BIJ TOTO 1€ BUKOPHCTOBYETHCS IS CHCTEMa
Oesneku. 3 1HIOro OGOKy, 0 poOOTH EIEKTPOHHUX CHUCTEM OE3MEKH BHCYBAIOTHCS
BUMOI'M OTPMMAaHHS YiTKOI SKICHOT KapTHHKH B PEXHMIi peaqbHOro yacy. OJHUM 3
aKTyQJIbHUX MIXOMAIB II0A0 3a0e3NeueHHs IUX YMOB, MOXKe OYTH 3acTOCYBaHHS
HEUPOHHUX MEpeX 1 Mojesedl Ha X OCHOBI. BpaxoByrouu CTpiMKe 3pOCTaHHS
NOIYJIAPHOCTI 1HHOBAIIMHUX TEXHOJIOTIH y cdepi Oe3rmeku, a TaKoK 3HAYYILIiCTh
PO3po0OKH CTIMKMX 10 CKJIAJHUX YMOB JIrOPUTMIB, TeMa BUKOPHCTAHHS HEHPOHHHUX
MEpeX JUIl aHali3dy Bi3yalbHO! iHpOpMalil 3 EIEeKTPOHHUX CHUCTEM O€3INeKH €
Ha/[3BUYAITHO aKTyaJbHOIO K Y HAYKOBOMY, TaK 1y MPaKTHYHOMY CCHCI.

Ouinka OoOrpyHTOBAaHOCTI HAayKOBHX pe3yJbTaTiB  aucepramii, ix
AOCTOBIPHOCTI Ta HOBU3HH.
HaykoBa HOBM3Ha pe3yJbTaTiB JUCEPTALIMHOTO JOCII/UKEHHS TOJSrae B
HACTYITHOMY:
- BIiepuie po3poOseHo MOAMGIKOBAHY CUCTEMY pPO3Ii3HABAHHS 300paeHb,
AKa J03BOJIA€ 11eHTH(IKYyBaTH 00’ €KTU X0J0HOT 30poi B iH(pauepBOHOMY PEKUMI
Ta B YMOBaX HU3bKO1 BUIUMOCTI.
- YAOCKOHAJIEHO po0OTy HEHPOHHOT Mepeski 3rOPTKOBOTO THITY, sIKa JI03BOJISIE
npu o0OpoOseHHI 300pa)keHb 3MEHIIyBaTH AaJUTUBHUN  SCKPABICHUN  IIyM



300paXkeHHs! y BUIA/IKY, KOJIM CaM PiBEHb LIYMy MOKE 3MiHIOBATUCH B IIPH aHaIi3i
CEeKBEHLI1T 300paKeHb.

- Y/IOCKOHQJICHO  ONTHYHY  CHCTEMY  pO3IT3HABAHHS  TEKCTy, sKa
XapaKTepU3YEeTbCs CTIKICTIO /10 3aBaKalounX GOHOBUX CIEMEHTIB y GopMi KpUBHX
bes’e.

- YAOCKOHAJICHO apXiTektypy Mozedi YOLO V7 3a paxyHOK J0/aBaHHS
KarcyJIbHOIO 1Iapy, BHACIIAOK YOT0, OTPUMAHO MOKPAILEHi pe3yIbTaTH BUSBICHHS
O0'€KTIB y CKJIaAHMX CLEHAaX i3 YaCTKOBMM MEPEKPUTTAM abo 3MiHOI0 Hopmu
OCTAHHIX, @& TaKO)K B yYMOBaX 3MCHIICHOI BHIMMOCTI 00 €KTiB 300pa)keHHS 3a
HAsBHOCTI Ta BIJICYTHOCTI OCBITJIEHHS.

HaykoBi nocumipienns 6yim BukoHaHi 3100yBauem Ha kadenpi AKyCTHYHHUX Ta
My IbTUMEAIRHUX  enekTpuanuXx cucteMm KIII im. Irops  Cikopchkoro B pamkax
IHILIATUBHOT HAYKOBO-/IOCITIHOT TeMU “ABTOMATU30BaHa cHCTEMa CY6’ EKTHBHOTO Ta
00'eKTMBHOIO OUiHIOBaHHs sIKOCTI MoByeHHs” (Ne neprkpeectparii 0116U008959).

Omxe, B aucepraumiiiniii poGoTi mMOCTaBIeHe HAyKOBE 3aBIAHHSA 00
PO3pOOJICHHS aIrOPUTMIB TOYHOT (ikcamii crierianbHuX 06’ €KTiB 300paKeHHs IS
CIEKTPOHHUX CHCTEM OC3IIEKH 3a DPi3HUX YMOB OCBITJIEHHS TIPU BHKOPHCTAHHI
[HCTPYMEHTApil0 HEMPOHHMX MEPEeXK BUKOHAHO MOBHICTIO, 3100yBay TOBHOKO MIpOrO
OBOJIOJIIB METO/I0JIOTI€0 HAYKOBOT J{iSIBHOCTI.

Ouinka 3micTy aucepranii, ii 3aBepieHicTs Ta A0OTpPUMaHHS NPHHUHUIIB
aKaJeMi4HOl 100pOoYeCHOCTI.

3a cBoiM 3micTom jucepramiiina poGorta 3m00yBaua IlepeBepseBa O.A.
MOBHICTIO  Bianosiznae CrangapTy BHIIOI OCBITM 31  CreMiagbHOCTI 171
«EnextpoHika» Ta HampsMKaM JOCIIUKeHb BIIIOBIIHO 10 OCBITHBOI Hporpamu
«EnexTponikay.

Huceprauiiina poGoTa € 3aBEpIICHOI0 HAyKOBOIO MpAIE0 i CBLAUMTH PO
HasBHICTb 0COOUCTOro BHecKy 3700yBaua y HAayKOBHHl HAmpsAM po3poGIICHHS
CJIEKTPOHHUX 3ac00iB cuCTEM Ge3IeKHU 3 MIATPUMKOIO HEHPOHHUX MEPEK.

PosrisnyBum 3BiT momiGHOCTI 3a pesysibTaTaMu MEpeBipKM MCEPTALIHHOT
pobOTH Ha TEKCTOBI CriBHAiHHA, MOXHA 3pOOMTH BHCHOBOK, IO JMCEpTalliiiHa
pobora IlepeBepseBa Omekcis AmjpifioBuYa € pe3ysNbTATOM — CaMOCTIHUX
AOCIKeHb  3100yBaya i He MiCTUTb enemeHTiB  (ambendikarii, KoM,
(pabpukarii, nariaty ta 3ano3ndens. Bukopucrani inei, pesyabTaTh i TeKCTH iHIIHX
aBTOPIB MaIOTh HAJIEKHI MOCHIaHHS Ha BIANOBIIHE JUKEPEIIO.

MoBa Ta cTHJIb BHKJIA/IEHHST Pe3yJIbTATIB.

Jucepraniiina poboTa HamicaHa yKpaiHCbKOI MOBOIO.

Poborta BUPI3HAETBCA JOCTYNHICTIO BMKIANEHHS OCHOBHHX IIOJTOYKEHb, CTHJIb
MOBJICHHSI € HAy KOBUM 3 BUKOPUCTAHHSM CTAHJAPTHOT TEPMIHOJIOTT, sika MpuiiHsiTa B
rary3i eJIeKTPOHIKH Ta TIPUKJIaHOT aKy CTHKH.



Jluceprauis CKIaiacTbes 3 BCTYIy, TPbOX pPO3/ALTIB, BHUCHOBKIB, CIUCKY
JiTepatypu Ta JBOX JojatkiB. Pobora wmictuts 39 pucynkiB ta 16 Tabamis.
3araneHuit 06car nucepranii cxiragae 140 cTopiHoK.

Y BCTyNi HAaBEJEHO AKTyalbHICTh TEeMU JOCIIIKCHHs, il METy Ta 3aBJaHHS,
BU3HAUYCHO HAYKOBY HOBM3HY Ta NPAKTUYHE 3HAYEHHS OJICPIKAHUX Pe3yJIbTATIB.

B niepromy posaini JociikeHHs 3a3Ha4eHO, HalOIIBII IOy IAPHI HA CHOTOTHI
QITOPUTMH  BUSBIICHHs O00’€KTIB Ha 300pa)keHi OCHOBaHI Ha JBOX KJIKOYOBUX
MiAXOJaX - aHajli3 BXiJIHMX JaHHX, 30Kpema OOpOOGJeHHs OKpeMHX IiKCelliB,
BUJIJIEHHA KIIOYOBHX TOYOK ab0 KiIacHdikaliio CyKyImHOCTe TiKcemiB, sKi
BI/JNOBINAIOTH 3a HeBHUE 00 ekt (Metox Optical Flow) Ta JuHaMiuHe OHOBIICHHS
MOJIEJICH, K1 37aTHI aJanTyBaTUCS 10 3MIH CEpeIOBHIIA, TAKMX SAK OCBITJIEHHS, PyX
YM YaCTKOBE MEPEKPUTTA 00’ €KTIB (HEHpOHHI Mepeiki). J{jis MOpIBHAHHA 3 METOLOM
Optical Flow aBropom posrasnHyto aiaroput™ Optical Flow, skuii ananisye 3minu
IHTEHCMBHOCTI TKCeTiB MDK KaJpaMH, 1 INMPOKO 3aCTOCOBYETHCS Ul 3a1ad i3
JIMHAMIYHUM PYXOM, ajle BUMarae 3Ha4HUX 00YHCIIIOBAILHUX PECYPCIB i € Uy TIMBUM
A0 wmyMmy. /lo1aTkOBO HABEJCHO INMOPIBHAHHA HEUPOHHUX MEPEXK i3 TpaauiiiHUMU
meTonamu 00pobku 300pakeHb. Tak HEMpOHHI MepexKi € GBI CKIAJAHUM | TOYHUM
IHCTPYMEHTOM Ul 00poOKU 300pakeHb, MPOTE€ BOHU JO3BOJIAIOTH ABTOMATHYHO
BUBYATH O3HAKHM OO'€KTIB i3 BEJMKUX HAOOPIB JaHUX I eEKTUBHO aJanTyBaTUCH IO
pisHuX yMOB (ikcauii 300paxkeHsb. SIK NPUKIaN NPAKTUYHOTO 3aCTOCYBAHHS
HEHPOHHUX Mepek oOpana mozenb YOLO, sika MIMPOKO BUKOPUCTOBYE€THCS B TAKUX
chepax, AK BileOCTIOCTEpEKEHHS, ABTOHOMHE BOAIHHSI, aHaJIi3 aepo(GOTO3HOMKH.

Jpyruii  po3fin  JOCHIPKEHHS OXOIUIIOE TMUTAHHS aHajli3y MOJKJIMBOCTEN
BUKOPUCTaHHS HEUPOHHUX Mepex Ta Mojeni YOLO juist quHaMidHuX 300pakeds sKi
MICTATH 00’€KTH 3 Pi3HMMM PO3MIpaMH Ta XapakTepU3ylOThCS CKJIAJHUM (HOHOM.
OKpeMo MoKa3aHOo aJlTOPUTM 3MEHIICHHS IIyMy 300paKeHHs Ha OCHOBi 3TOPTKOBHX
HCUPOHHUX Mepex. JlId boro camMa Mepeka Io/IijIeHa Ha TPU YaCTUHH 3a/JIs TOTO,
o6 peanisyBaTd BUJUICHHS 3 300payKeHHs €JI€MEHTIB LIyMy, NATTEPHHU KOO Aaji
MOMAIOTBCSl HAa €JICMEHT €JICKTPOHHOIO CyMaTopa, SKUM Tpaiioe B PEKHMI
“BiiHIMaHHA". BilOKpeMsIeHHs O3HAK HA MOBEPXHI 300pakeHHs peasizoBaHO Ha
OCHOBI IIJIKJIFOUEHHS 3rOPTKOBOro I1mapy 3 64 ¢inrsrpamu. J[01aTKOBO po3paxoBaHO
metpukn PSNR rta SSIM Ta ingexc crpykrypHoi nogionocti SSIM nis ouiHku
SIKOCTI OUMIIEHHS 300payKEHHS Bijl HIyMy. J[0aTKOBO, JIs cepii 300paxKkeHb 3 Pi3HUM
HAIOBHEHHsAM 00 €KTiB MNpOBEJEHa IepeBipka MOXJIMBOCTEH (YHKIIOHYBaHHS
mozeai YOLO v7 3 meBHumu Buaamu Moaudixauiii. B pamkax npakTHuHOIrO
CKCIIEPUMEHTY BU3HAYEHO JUId KOKHOro 3 10 300padkeHb OJUH 3 KjaciB 00’€KTiB i
MpOAHaIi30BaHoO, AKi 3HAYEHHs JIOBIPUMX OLIHOK XapakTepHi il UbOTO KJjacy.



Tpetiii po3ain JTOCIDKEHHS CHPSMOBAHUM Ha MPaKTUYHY IE€PEBIPKY Moeli
YOLO v.7 y Bumaaky, koju 00’€KT Ha 300pakeHHI HEBITOMUU Mepexi 1 €
crieriaiabHoi hopmu (xos101Ha 36pos). [Ipu 1bOMy, 3 METOI0 yCKIIaAHeHHs, (ikcarlis
1UX 00’€KTIB MPOBOAUTHCA 3a PI3HUX YMOB OCBITJCHHS Ta Ha PI3HUX BIACTAHAX BiJ
KaMepu €JIEKTPOHHOI cucteMu Oe3neku. J[0JaTKOBO HABEACHO CTPYKTYPHY CXeMy
pO3po0IIeHOT €IeKTPOHHOT cucTeMn Oesrneku 3 BHOopoM 00JaJHAHHS Ta BU3HAUYEHI
MOYKJIMBI MO (IKaLIT /1 TOKpaIlleHHS QyHKIIOHYBaHHS 1i€T CUCTEMH.

Huceprauiiina po6ora odopmieHa BiANOBIAHO 10 BUMOr Hakazy MOH VYkpainu
B 12 ciunst 2017 p. Ne 40 «ITpo 3aTBeppKeHHS BUMOT 10 0QOPMIICHHS IHCEPTALiT».

OnpuiaroHeHHsI pe3y/bTaTiB AUcepTaliiHHOT pOOOTH.

HaykoBl pesyinbraTé Jauceprainii BHUCBITICHI y 4 HayKOBUX ITyOJTiKaIisax
3n00yBava, cepe]l AKMX: 4 CTAarTi y HAayKOBUX BHJIAHHSX, BKJIIOYEHHUX Ha JaTy
oryOJIiKyBaHHS /10 Tepelliky HayKoBUX (axoBUX BuAaHb YKpainu. Takox
pesyJsbTaTu auceprauii Oyim anpoboBani Ha 1 HayKoBil ¢axoBiii KOH(epeHIlii.

Takum uMHOM, HAyKOBI pe3yJIbTaTU OMUCAHI B JUCEpPTAIiifHii pPOOOTI MOBHICTIO
BHUCBIT/ICH] y HAyKOBHX Iy Ostikaisix 3100y Bava.

Henonikn Ta 3ayBakeHHs 10 AUcepTaALiiHOT po0OTH.

1. B n.3.3 (ctop.82) npu HaBuaHHI HEHPOHHOT Mepexki B pamkax mozaeai YOLO
V7 aBTOpOM C(POPMOBAHO Creliani3oBaHUl JaTa ceT 3 Pi3HUX BHUJIIB XOJOHOI 30poi,
aJie IIpu LIbOMY B cCaMOMY TEKCTI IMcepTallil He 3a3Ha4eHO 00’ €M I[LOTO JaTaceTy.

2. Ilpu CTBOpEHHI CXeMU €JIEKTPOHHOI cucteMu Oesrneku Kpamie Oyio 6
BUKOPUCTATU TPUHIMIN YHi}ikamii obgagHaHHS 3 MiA00pPOM Ta HaAIITyBAHHIM
CKJIaJIOBUX CHUCTEMH BiJ OJIHOTO BUPOOHHKA.

3. Ha crop.58 poGotu HaBeAeHO NPUKIAJ BUKOPUCTAHHS BEHBIET-
MIEPETBOPEHHS Ul BUPIMICHHS 3aBJIaHHS aHaJli3y TEKCTOBUX CHMBOJIIB Ha
300pa)KeHHI IPU LLOMY 32 PUCYHKOM HABEJICHO aHIJIOMOBHI (pa3u. Y 3B°S3Ky 3 UM
HE 30BCIM 3pO3yMITO UYMW MOYKHA BHKOPHCTATH AITOPUTM JUIS PO3Ii3HABAHHS
YKpPalHOMOBHUX CJIiB @00 CJIOBOCITIOJIyUEHb.

4. Ilynkr 1.7.2 ne mictutbesa iH(OpMalis npo 0coOJMBOCTI BUKOPUCTAHHS
HEHPOHHUX MepeK Yy BIHCHKOBUX cucTeMax BapTo Oyji0 O TEKCTOBY YaCTHHY
JIOTNIOBHUTH J€KIJIbKOMa rpadiyHUMK 300pakeHHIMH.



BBasaro, 110 BUC/IOBIIEH] 3ayBaXKCHHS HE € BU3HAYAIBLHUMU i HE 3MEHIIYIOTH
3arajibHy HayKOBY HOBH3HY Ta NPAKTHYHY 3HAUMMICTh PE3yJIbTATiB TA HE BIUIUBAIOTh
Ha MO3UTUBHY OLIHKY AMCEPTAIiiiHOT pobOTH.

BucHoBok npo auceprauiiiny podory.

Bpaxaio, wo auceprauiiina poGora 3106yBaua ctynens gokropa dinocodii
[Tepeepsea Outekcis AmppiiioBrmua Ha Temy «BimkpuTi HeifponHi Mepexi B
QIrOpUTMaxX pO3Ii3HABAHHsA BisyanpHOI iHpOpMalii U  €IeKTPOHHUX CHCTEM
Oesrneku» BMKOHAHA Ha BHCOKOMY HAyKOBOMY DiBHi, He MOpylIye NPUHLHUIIIB
aKajieMiyHOT J0OpPOUECHOCTI Ta € 3aKiHYEHNM HAYKOBHM JOCIIIKCHHAM, CYKYITHICTB
TCOPETUYHHUX Ta NPAKTUYHHUX PE3YJILTATIB SKOTO PO3B'SI3y€ HAyKOBE 3aBJAHHS, IO
Ma€ iCTOTHE 3HaueHHs s raaysi 3uanb «EnekTpoHika Ta TemekoMyHikaiii».
HAuceprauiiina pobora 3a aKkTyanbHICTIO, MPAKTHYHOIO IWiHHICTIO Ta HAayKOBOIO
HOBHU3HOKO IIOBHICTIO BIJNOBIZa€ BUMOraM YMHHOTO 3aKOHOJABCTBA Ykpainu, 1o
nepeidaucHi B 1.6 — 9 «Ilopsanky npucypkeHHs CTyneHs A0KTOpa ¢binocodii Ta
CKaCyBaHHs PILICHHs pa30BOI CIICIiani30BaHOi BUEHOI paju 3aKJIaJy BUIIOI OCBITH,
HayKOBOI YCTaHOBH [IPO MPUCY JUKEHHSI CTyIIeHs 10KTopa Bitocodiiy, 3aTBeppKeHOro
Iocranosoro KaGinery Minictpis Ykpainu Bix 12 ciuns 2022 p. Ne 44

3no0yBau Ilepesepses Ouekciit AmnapilioBuy 3aciayroBye Ha HPUCY JHKEHHS
CTyneHs JlokTopa (inocodii B ranysi snans 17 «Enekrponika Ta TeaekoMy Hikarii» 3a
crenianbHicTio 171 «Enexrponika.
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