AHOTAIIA

Konopamves C.b. Meroau ynOCKOHAJICHHS KAapTH TJIMOWMH JUISI CHUCTEM
TeXHIYHOTO 30py. — KBamidikariiina HaykoBa mpaiisi Ha MpaBax pyKOIUCY.

Hucepramisi Ha 3700yTTS HAyKOBOTO CTyIEHsS JOoKTopa ¢iumocodii 3a
crnemianbHicTio 122 — Komm'torepHi Hayku. — Harionansauil yHiBepcurer «Onechka
nonitexuikay, MOH VYkpainu, Ogeca, 2025.

VY Berymi OOIpYHTOBAHO aKTyajbHICTh POOOTH, IIO MOB’si3aHA 3 PO3POOKOIO
METO/IB yJIOCKOHAJIEHHS MOOYJOBH KapTH TJIMOWMH JJI1 CUCTEM TEXHIYHOTO 30pYy.
Buznaueno o00'ekt, mpeamer, MeTy, 3ajlaul Ta METOAM JOCIIJKCHHS; HaBEJICHO
HAyKOBY HOBH3HY Ta MpaKTHYHE 3HAYCHHS OTPUMAaHUX pPE3YyJIBTATIB; BHUCBITICHO
0COOMCTHI BHECOK 3700yBaya, HaBEIEHO OCHOBHI JlaHl IIOJ0 ampolarii poOoTH,
myOJTiKaIii, BiJIOMOCTI MPO CTPYKTYPY Ta 3arajibHy XapaKTEPUCTUKY THUCEPTAILIHOT
pobOTH.

B mepmomy po3aiji gucepraiiitHoi poOOTH TPOBEACHO aHa3 MPOOJIEeMU
noOyI0BH KapTH TJTUOUH JIJIsi CUCTEM TEXHIYHOTO 30DY.

[IpoananizoBaHO OCHOBHE NPHU3HAYEHHS Ta MPUHLUNU TOOYJOBU CHUCTEM
TEXHIYHOTO 30pY, PO3TISHYTI BUAM CUCTEM Ta 3a/1adl, sIKi BUPIIIYIOTh TaKli CUCTEMH.
Busnadeno, 1o 3aja4ya OLIHKK TJIMOWHU CLIEHU € KIFOUOBUM KOMIIOHEHTOM CHCTEM
TEXHIYHOTO 30py, W0 3a0e3leuye TPUBUMIPHE CIPUUAHATTS HABKOJIUIIHHOTO
cepenoBuia. lle m03BoisiE CTBEP/KYyBaTH, IO OJHIEID 3 TEPCHEKTUBHUX TEM
JOCIIKEHb B 00J1aCTi MOOYIOBU CUCTEM TEXHIYHOTO 30PY € YIOCKOHAJIICHHS METO/IIB
moOyI0BU KapTH TIUOWH.

Busnadeno, o meToau mody10BH KapTH TITUOWH MOKHA PO3/ITTUTH Ha aKTHUBHI
Ta NMacuBHI. BCTaHOBIIEHI MepeBard Ta HEJOJIKM KOKHOI'O THITy METOJIB, a TaKOX
BHU3HAYCHI MPUKIIAHI CUTYaIlil, B AKX JOLIbHIIIE 3aCTOCOBYBATH T1 UM 1HIIII METOAU
noOy10BU KapT TJIMONHH.

JleTanpHUN aHaII3 MACHMBHUX METOJIB AO3BOJIMB BHU3HAUMTH, IO 1[I METOAU
TaKOXX MOAUISIOTHCS Ha JIOKaJIbHI Ta I100alibHI METOAU B 3aJIEKHOCTI BiJl IPUHITUIIIB

poOOTH aNroOpuTMy CTEpPEO 3ICTaBJIEHHS, HA SIKOMY BOHHU 0a3yroThecs. HalOimbin
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MEPCIEKTUBHUM TMIJIXOJIOM IMaCUBHOTO OTPUMAHHS KapTH TJIWOWH BBAXKAIOTHCA
JIOKaJIbH1 METOIM HA OCHOBI aganTUBHOI Baru. He3Bakarouu Ha BIJHOCHO 3a0BlJIbHI
PEe3YIbTATH, Kl TaI0Th METOJM Ha OCHOBI aJIAIITUBHOT Baru, MOIMKCEIbHE 00YHCIICHHS
Baru Ta OIlIHKA TJIUOWHU € JYyXK€ TPYJAOMICTKUMH 3aBIaHHSMH, TOOTO BOHU MArOTh
BHUCOKY OOYHMCITIOBAJILHY HaIMIPHICTb. JIJIsT yCYHEHHSI IbOTO HE0JIIKA Ta TTiBUIIICHHS
IIBUAKOCTI TMOOYZOBH KapTH TIUOWMHU OYJI0 3amMpONOHOBAHO MACHBHHM JIOKAThLHUN
METO/ MOOYMOBM KAapTHW TJIMOWHW HAa OCHOBI aJaNTHBHOI Barm 3 BUKOPHCTAHHSIM
MPOIEAYPHU aITaNITUBHOIO 31CTABJICHHS Ta a)iHHO-1HBAPIAHTHUX O3HAK.

Takox mopanplIMii aHaNI3 MACUBHUX METOJIB OTPUMAHHS KApTU TIMOUHH
MOKa3aB, 1110 KapTH TIHOWHM Ui TUHAMIYHOI OIIHKKA HABKOJMIITHHOTO CEPEIOBHINA
OyyIOThCSl TTOKQJAPOBO, IO MPU3BOAUTH J10 MOSIBU apTe(akTiB, BHACIIAOK TOTO, IO
3HAYEHHS MNMOUHU CTATUYHUX 00'€KTIB OBUHHI 3aJIUIIATUCS OJHAKOBUMHU y CYCITHIX
KaJpax, aje 4YacTo BOHU OIIIHIOIOTHCS SK Pi3HI 3HA4YCeHHS (1 TpoljieMa dYacTo
HA3MBAEThCS YAaCOBOK HEY3TO/DKEHICTIO). Taki MOMMJIKH 3HAYHO MOTIPIIYIOThH
BI3yalIbHY AKICTh CHHTE30BAaHOTO MPEACTABJICHHS, a TAKOK €EKTUBHICTh KOJIyBaHHS
MOCJI1IOBHOCTEH KapT riauOuH. Jist mogoaHHs 1[bOTO HEJOJIKY OyJI0 3anpOornoHOBaHO
METO/I MTOKPAIICHHS YaCOBO1 Y3TOJIXKEHOCTI JIJIs IOCI1IOBHOCTEH KapT rITMOMHU Ha 06a3i
MOKa3HUKA HAJIHHOCTI TTMOMHY Ta TUHAMIYHUX aTpUOYTIB PETiOHIB.

AHaJli3 akTUBHUX METO/IIB OTPUMAaHHS KapTH IITMOMH T0Ka3aB, 110 TakKi METOIU
9acTO MPOAYKYIOTh KapTH TJIMOWH 3 HU3bKOIO PO3/IIJILHOIO 3/IaTHICTIO, 3aITyMIICHUMU
3HAYCHHSAMH TJIMOWHU Ta MPOTAIMHAMH Ha 300paKeHHI KapTH, TOMY OTPUMaH1 KapTH
IIMOVHUA  TIOKPAIIYIOTHCS 32 JIONMIOMOTOI) HAsBHOTO BHXITHOTO KOJBOPOBOTO
300pakeHHs (TaKli METOAM TOKPAIEHHS Ha3WBAIOTHCS KepoBaHnMu). O HAK, 1CHYIOU1
KEpOBaHI METOAM TOKPAIIEHHS KapTH TIUOWMHU HE OIIHIOIOTH B SBHOMY BHIJISAIL
HEY3rOJKEHICTh KpaiB MIDXK KOJBOPOBUM 300paXEHHSM 1 OTPUMAHOK KapTOkO
IMMOWHA, TOMY BOHH HE MOXYTh aJallTUBHO KEpPyBaTH IIPOIIECOM 3iCTaBICHHS
KOJBOPOBOTO 300paXeHHS 1]l Yac MOKpalleHHsl KapTh rnmubuH. Lle nmpusBoauts A0
MOSIBU apTe(akTiB KOIMIIOBAaHHS TEKCTYpU Ta PO3MUTTS KpaiB Ha KapTi rinuOunu. Jlis
MOIOJIaHHS IIHOTO HEMOJIIKYy OYyJIO 3ampOIOHOBAHO KEPOBaHI METOIM TOKpPAIICHHS

KapTy TIMOMHU Ha 0a31 MapKOBCHLKOTO BHUIIQJIKOBOTO TIOJS, 3 BUKOPUCTAHHSIM
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MIPOIICAYPH OIIIHKK HEY3TOJKEHOCTI KpaiB BHXIJHOTO KOJIHOPOBOI'O 300pa)K€HHS Ta
OTPUMAHO1 KapTH TJIMOWH 3 JKOPCTKUM Ta M'SIKUM TIPUUHATTSAM PIlICHb.

KpiMm Toro anamiz KepoBaHHUX METOJIB TMOKpAIIEHHS KapTh TIHOWHM Ha 0asi
KOJTBOPOBOTO 300pakKeHHS TIOKa3aB, IO CIOPIAHEHICTh KpaiB KOJIHOPOBOTO
300pakeHHsI Ta KapTH TJIMOWH 3a3BUYail OOYMCIIIOETHCS JIUIIE HAa OCHOBI PI3HUIN B
KOJIbOP1 Ta TJIMOMHI MK TIKCEJIeM Ta HOro CyCiIHIMHU MIKCEISIMU Ha KOJIHOPOBOMY
300pakeHHI Ta KapTi INMOWHHU, BIANOBIAHO. Taka cxeMa 00YUCIIeHb ITHOPYE JTOKAIbHY
CTPYKTYpPY KapTu riuOunu. ToMy, y BUNIQJKy BEJIMKOro KoediIlieHTa JTUCKpPETU3alll
KapTu IMUOUHY, MIJCYMKOBA KapTa OyJie MaTH HaJMIPHO 3TJIa/KeHI1 Kpai rauouH. [l
MOJI0JaHHSI LOTO HEAOJIKY Ta 30€peKeHHS CTPYKTYpHU Ha KapTax TJIUOMH JyXKe
HU3bKO1 SKOCT1 OyJIO 3aMPONOHOBAHO KEPOBAHUN METOJ] MOKPAILIEHHS KapTH IITUOUHU
HU3BKOI SIKOCTI Ha 0a3l MapKOBCHKOT'O BHITQJKOBOIO TOJI, 3 BUKOPUCTAHHSIM
MPOLENYpPH OIIHKA HEY3rOUKEHOCTI KpaiB 3 M'SKUM MPUUHATTAM pIllIEHb Ta
MPEACTABICHHIM JIOKAJIbHOI CTPYKTYpU KapTH TIHOMH 3 BUKOPUCTAHHAM
MIHIMaJIBHOT'O KICTSIKOBOTO JICY.

3a pesynbTaTamMu MPOBEACHOTO aHali3y C(hOpMyIbOBAHO METY Ta 3aBJaHHS
JIOCJTIJIKEHb.

B napyromy po3aini gucepramiitHoi poOOTH 3amponoHOBaHI MIAXOAU 0
YAOCKOHAJIEHHS TACUBHUX METO1B MOOY0BH KapT TITUONHHU.

JIJisl miIBUIIIeHHS IIBUAKOCTI MACMBHUX METOiB MO0OYA0BH KAPTH IIHOMHMA
3a I0MOMOT'0I0 MHOKHHH KOJIbOPOBHX 300paskeHb OyJIO 3alIpOIIOHOBAHO MACUBHUIA
JOKAJIbHUM MeToa TOoOYIOBH KapTH TJIMOMHU Ha OCHOBI aJanTHBHOI Baru 3
BUKOPUCTAHHSAM TMPOIEAYPH aJalTHBHOTO 3ICTaBJICHHS Ta adiHHO-1HBapIaHTHUX
O3HaK.

3anponoHOBaHUN METOJ CKJIAJIA€ThCS 3 IBOX €TAIllB:

1. IlouaTtkoBa ouiHka riauOuHU. [ns ii OTpUMaHHS BHKOHYIOTHCS HACTYIHI
KPOKHU: arperaimisi BHUTpaT, $Ka BHUKOHYETHCS 3a JOMNOMOIOKO 3alpONOHOBAHOI
OpoLEeAYpPH aJanTHUBHOTO 31CTABICHHS; YTOYHEHHS BHUTpAT ISl TJIAJKUX PETIOHIB;

noOy10Ba KapTu TJIMOMHU 3a JOTIOMOT OO MIIX01Y «IIEPEMOKELb OTPUMYE BCEY.
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2. YTouHEeHHs KapTu TIHOUHM (KOPEKIls KapTH JJIA TJIaJKUX Ta HETJIaJIKUX
perioniB). [y KopekIii KapT IS TIAJAKAX PETIOHIB BUKOHYETHCS MOMIIYK B OKOJI
KO’KHOI HEHaIIMHOI I1aakol 007acTl, a BCl HaOiMHI I'JIaaki 00JacTi 3aHOCATHCS M0
CIUCKY KaHAuAariB. SKmio cepemHe 3HadeHHs KomipHux kaHamiB RGB oOmacti y
CIUCKY 3HAYHO BIJPI3HIETHCS BiJ CEPEAHHOTO 3HAYCHHS IMOTOYHOI HEHAIIMHOI
3rIaJKeHoi obnacti, To oOjacte Oyae BuaaneHo 31 cmucky. [lami BigOyBaeThCs
OHOBJICHHSI TJIMOMHU OOJIACTl y CIHUCKY, KOJIp SKOI € HalOmmkuuM Ao Hei. Jlid
HEIJIaJIKUX pErioHiB, 3HAYEHHA 1XHbOI MIMOWHU YTOYHSAETHCS 3a JOMOMOIOIO
O0araTocTopoHHBOI PiIbTpallii. ¥ mporieci GuIbTparlii Baru mikcesiB, siki HaIeXarh 10
HEHAJIMHUX 3IIaJI)KEHUX 00JacTel Ta HeHaAIMHUX MIKCENIB y 3IIa/)KEHUX 00JIacTsX,
MPUPIBHIOIOTHCS A0 HYJIA.

ExcnepumeHTanbHi JOCHIKEHHS Ha pI3HUX Habopax JaHUX TOKa3aiu
3MEHILIEHHS Yacy Ha 1moOyaoBy KapTu riaubunu Ha 19,9% — 24,1% y nopiBHsSHHI 3
METO/I0M-aHaJIOTOM.

CdopmynboBaHo mnepumiMii NYHKT HAYKOBOI HOBHM3HU: YOOCKOHANEHO
NAaCUBHUN JIOKAJIbHUM METOJ MOOYJ0BH KapTH TJIMOMHU 32 PaxyHOK BUKOPUCTaHHS
IPOIIeYPH aJalTUBHOTO 31CTaBICHHS Ta apiHHO-1HBAPIAaHTHUX O3HAK, 110 JTO3BOJIUJIO
M1 IBUIIUTH IIBUKICTH MOOYIOBH KapTH TJIMOUHH.

JlI1 3MeHIeHHs1 KUIbKOCTI apredakTiB mpu mnoOyaoBi BipTyaJbHOro
300paxeHHs] 3 BUKOPUCTAHHAM MOC/JiI0BHUX KAPT INIMOUHHU, OyII0 3aITPOIIOHOBAHO
METOJI MOKPAIICHHS YacOBO1 y3TrO/KEHOCTI ISl MOCHIIOBHOCTEH KapT TJIMOWHHU 3a
paxyHOK BIIPOBQ/DKCHHS TOKAa3HWKA HAMIMHOCTI TIMOWHM Ta BUKOPHUCTAHHS
JTUHAMIYHUX aTpUOYTIB PETiOHIB.

3anpornoHOBaHUI METOJI CKIIAJIA€THCS 3 IBOX €TAIliB:

1. OuiHka BIPOTiTHOCTI TOrO, IO MEBHA 00JACTh 300pa)KEHHS HAJEXHUTh 10
CTaTUYHOTO perioHy. ba3yrounch Ha CHOCTEpPEKEHHI, 110 CTaTUYHI 00JacTi MaroTh
OJIHAKOBHI KOJIIP MIK CYCITHIMHU KaApaMH, JUIsl OLIHKY TOTO, YU HAJIEKATh MIKCEIl 0
CTaTHYHUX OO0JacTel, BUKOPUCTOBYETHCA 3HAYCHHS CEPEIHBOTO aOCOIIOTHOTO
BigxwieHHs. OIiHIOBaHHS BHUKOHYETHCS y MEXaX JIOKaJhHOTO BiKHA 3 IICHTPOM Y

MKcel, SKUH OIIHIOETHCS.
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2. Orminka HaIIHHOCTI 3HAYEHb TTMOUHU — Yepe3 HASBHICTh IIIyMYy B OI[IHOYHHUX
KapTax TJIUOuH, IOCTOBIPHICTh 3HAYEHB TJIMOWH CJIiJl BpaXOBYBaTH B SBHOMY BUTJISII,
0 Ja€ OUIbINy Bary OiJbIN JOCTOBIpHIM IMOMHI. [ KOXKHOTO IiKCeNsl Ha KapTi
TIMOWHU TTOTOYHOTO PaKypcCy, HAAIMHICTh TTTMOWMHA MO>KHA OI[IHUTH 4epe3 3HAUYCHHS
CepeNHhOr0 aOCOTIOTHOTO BIAXUJIEHHS MK JIOKAITBHAMH BIKHAMU 3 TIEHTPOM Y TaKii
napi mikceniB. J{Js BpaxyBaHHs OKJIIO311 OLlIHKAa BUKOHY€ETHCS Ha CYCI/IHIX BHIaX 3J11Ba
Ta CIpaBa, IPA IIbOMY BUOMPAETHCS MEHINE 3HAYEHHS CEPEAHHOTO aOCOIIOTHOTO
BIIXUJICHHS.

[IpoBeneHi ekcnepUMEHTaNbHI JOCHIKEHHS Ha PI3HUX HaOOpax NaHuX, SKi
MoKa3aau 30UIbIIEeHHS 4acoBoi y3romxkeHocTi Ha 10,3% — 44,75% Ta mokpanieHHs
e(eKTUBHOCTI KoayBaHHsI Kaptu TiubOunu Ha 13,3% — 51,6% y mopiBHAHHI 3
PO3TIITHYTUM METOJ0M-aHaJI0TOM.

CdopmyiboBaHO APYTHii MYHKT HAYKOBOI HOBHU3HM: YOOCKOHANEHO METOJ
MOKPAIICHHs YaCOBO1 Y3TO/PKEHOCTI ISl MOCIIIOBHOCTEN KapT MIMOMHM 3a PaXyHOK
ypaxyBaHHSl TIOKAa3HUKA HaAIMHOCTI TIMOMHM Ta BUKOPUCTaHHS JAWHAMIYHUX
aTpuOyTiB PEriOHIB, IO JO3BOJIUIIO MOKPAIIUTH YACOBY y3T0/KEHICTh Ta MOKPAIIUTH
e()EeKTHUBHICTh KOJIyBaHHS KapTH IJTUOWHHU.

J1st nigBUIIEHHSI TOYHOCTI TA 3MEeHIIEHHS 00YMCII0BAJILHUX BUTPAT NPH
no0y/a0Bi KapTH rJIMOMH 3aMponoHOBaHO MoAubikoBaHuil MeTon StereoBM-Mod 3
BEUBIIET-TIONIEPEIHBOI0 00pOOKOI0. MeTon 103BOIIsIE JIOKaNli3yBaTH 1H(OpMATUBHI
00J1acTi Ta 3BY3UTH 30HY IOIIYKY BiJIMOBITHOCTEN. EKCIeprMeHTaIbHO T0BEIEHO, 10
StereoBM-Mod 3a6e3mneuye Butnry TouHicTh (Ha 1.5-2.4 nb 3a PSNR) nopiBusiHO 3
kiacnayHuM StereoBM, 30epiraroun HU3bKE €HEPrOCTOKMBAHHS Ta MPHUIATHICTH 0
poOoTH B peasibHOMY 4aci. Bid mepeBepiirye CKkiaaHimm MeToau 3a 6aJaHCOM TOYHOCTI,
IIBUJIKOIIT Ta e€HeproepeKTUBHOCTI. MeToa PEeKOMEHIOBAHO Il BUKOPUCTAHHS Yy
BOYZIOBaHUX Ta MOOUTLHUX CUCTEMAaX TEXHIYHOTO 30DY.

CdopmynboBaHo TpeTiii NMYHKT HAYKOBOI HOBU3HH: Ha0Y8 NOOATbULULL
PO36UMOK METOJI JIOKAJIBHOTO cTepeosicTaBieHHss StereoBM muisixom i1HTerparii
HAaOMKEHOTO  BEHBJICT-TiepeTBOpeHHsT [aapa [ TMONEpPEIHBOTO  BUAUICHHS

KOHTYpPHHMX O3HaK Ta JIOKaji3alli eKCTpeMyMiB. BUKOpHUCTaHHS 3ampONOHOBAHOIO
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METO/IY JO3BOJIMIIO 3MEHIITUTH 00YUCITIOBAIBHY CKIAIHICTh MPOIECY MOOYI0BU KapTH
rOWHU, 30epiraroyu Mpu IbOMY TOYHICTh y CTa0KO TEKCTypOBaHUX 30HAX.

B Tperbomy po3aini nucepTariiiHoi poOOTH 3ampoOTNOHOBaHI MIAXOAH O
YAOCKOHAJIGHHS KapT MIMOWHHU, IO OTPUMAHI 3a JIOMTOMOTOI0 aKTHBHUX METO/IIB.

JlIf1  moKpamieHHs] TOYHOCTI KapTu TrJu0OuMHU, O mno0yaoBaHa 3a
J0TIOMOI 010 KEPOBAHUX METO/IiB MOKPAIIeHHSI KAPTHU ITUOMHU 3 BAKOPUCTAHHAM
AKTHUBHHMX METO/iB, 3aIIPOTIOHOBAHO KEPOBAHUI METOJ] TIOKPAIICHHS TOYHOCTI KapTh
rMOvHU Ha 0a3l MAapKOBCHKOTO BHUIIQJKOBOTO MOJS 3a PaxXyHOK BIPOBAKEHHS
MPOIEAYPU OIIIHKU HEY3TOJPKEHOCTI KpaiB BUXiJHOTO KOJIHOPOBOI'O 300pa)K€HHS Ta
OTPUMAHO1 KapTH TJIMOWHU 3 JKOPCTKUM Ta M'SIKUM MIPUAHSATTSM PIllICHb.

VY skocTi 6a30BOr0 METOAY BUKOPHUCTOBYETHCS METOJ| MOKPAIEHHS TOYHOCTI
KapTy TIUOMHM Ha 0a3l MapKOBCHKOTO BUMAJKOBOIO TOJIS, JO SIKOTO JIOJA€ThCS
Mporeaypa OIIIHKM HEY3TOMKEHOCT1 KpaiB MK KOJbOPOBUM 300pakKeHHSM Ta
OTPUMAHO1 aKTUBHUM METOJIOM KapTH TJIMOUHH.

Hey3sromxeHi kpai MOYKHA pO3AUIMTH Ha J[Ba THIIH: MEPII OJepKaHl BHACIIIOK
rpy0oi 1HTEpHoJsAlii, ajge MOXYTh OyTH YTOYHEHI 3a JIOTIOMOI'OK0 HAaBEJCHHS Ha
BHUCOKOSIKICHI KOJIbOPOBI I'paHUIll, a APYrl — BHACIIJIOK HEY3roKeHocTl kpaiB. [Ipu
BUKOPHUCTAHHI >KOPCTOKO MPUMHATTS PillIeHHs, BiAOyBaeThcs Kiacu(iKalls mux JBOX
BUMAJKIB. Buxoasuum 3 TOro, mio KuIbKICTh MOMUJIOK Ma€e OyTH MEHIIOK 3a
MO>KJIMBOCTI KOJyBaHHS 3 BUIIPABJICHHSIM MOMUJIOK, MPUITYCKAETHCS, 0 TIMOWHHUN
Kpai MOTipITy€EThCS TPYyOO0 THTEPIOJIAIIIEID, KOTH 3MIMICHHS MK HUM 1 HAHOIMKIIM
KOJILOPOBUM KPAEM € MEHIIINM 3a MOPOTOBE 3HAYCHHS. [HIIMIT BUIMAIOK TPAKTYETHCS
SK CTIPaBKHs HEY3TO/KCHICTh KpaiB.

Xova miaxim Ha 0a3i JKOPCTKOTO TPUMHATTS pIMIEHHS Ja€ 3al0BUIbHI
pe3yNbTaTH ISl MATUX KOE(ILIE€HTIB JUCKPETU3aLlli, TPOIYKTUBHICTh METOAY CYTTEBO
MOT1PIIYETHCS ISl BEIMKUX KoeiuleHTIB Auckperu3auii. [Ipuunna nossrae B Tomy,
10 BHUMIPIOBAaHHSI HEY3rOJKEHOCTI KpaiB 3 KOPCTKOK JHUCKPETH3ALIEI0 HE MOXKE
00pe mpaltoBaTH, KOJIM AKICTh TPy00 IHTEPIIOILOBAHOI KAPTH TNIMOUHM JTyKE HU3bKA.

TakuM 4YMHOM, IPONOHYETHCS MIX1A HA 0a31 M’ IKOTO MPUIUHATTSA PILLIEHb, IKUA O1IbIII
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TOYHO BUMIPIOE CTYIIHb HEY3TOJKEHOCTI, 1[0 BUHUKAE MK TTTMOMHHUMU KpasiMHU Ta
BIJIMOBIIHUMH KOJIbOPOBUMH KPAsIMU Y YUCIIOBOMY BUTJIS]II.

ExcniepuMeHTanbHi TOCTIIKEHHS 3aIIPOTIOHOBAHOTO METOY Ha PI3HUX Habopax
JTaHUX TIOKa3ajau 30UTBIIEHHS TOYHOCTI MiJICYMKOBOI KapTw riauOwHu Ha 4,3% —
22,19% nns koeirieHTiB IHTEPIOMSIT 2 — 8 I MAXO0AY 3 JKOPCTKUM MPUUHSTTIM
pilieHb, Ta 30UTBIIIEHHST TOYHOCTI MiICYMKOBOI KapTu TmoOunu Ha 5,4% — 7,7% nns
Koe(diieHTIB iHTepnosiLii 8 — 16 1 maxoay 3 M’ SIKUM NPUUAHATTAM PIIIEHb.

CdopmyiboBaHO 4YTBEpTHIl NYHKT HAYKOBOI HOBM3HHU: )YOOCKOHANIEHO
KEpOBaHUU METOJ MOKPAIEHHS TOYHOCTI KapTh IMHMOMHM Ha 0a3l MapKOBCHKOIO
BUIIAJKOBOTO TOJISl 32 PAXyHOK BIIPOBAKEHHS MPOLEAYPH OIIHKU HEY3TOKEHOCTI
KpaiB BUX1JHOTO KOJIbOPOBOTO 300pakKeHHS Ta OTPUMAHOT KapTH IITUOMHU 3 )KOPCTKUM
Ta M'IKMM MPUHAHATTSIM PIillIeHb, 1110 JTO3BOJMIO TTOKPAIIUTHA TOYHICTh KapTH TJTMOWHHU.

JIJIf MOKpalLeHHA TOYHOCTi KAPTH IJIMOMHM, MOOYI0BAHOI 32 J0IIOMOI0I0
KEePOBAHMX METO/JiB MOKPAlleHHS] KapTH INIMOMHU, IKA OTPUMAHA AKTUBHUMU
MeTOoaMM, 3 BeJHMKHUM KoedimieHToM auckperu3aunii Oyjo 3anpornoHOBaHO
KEpOBaHMI METOJI MOKpAIICHHS TOYHOCTI KapTH TJIMOMHW HU3bKOI SIKOCTI Ha 0asi
MapKOBCHKOI'O BHITaJIKOBOT'O TOJIA 32 PAaXyHOK BIPOBA/KEHHS MPOLEIYPHU OI[IHKH
HEY3T0JPKEHOCT1 KpaiB 3 M'SIKUM MPUUHSTTSAM PIIICHb Ta MPEACTABICHHIM JOKAIbHOI
CTPYKTYPH KapTH TTTUOWH 3 BUKOPUCTAHHSIM MIHIMAJIBHOTO KICTSIKOBOTO JICY.

3anponoHOBaHUI METOJ BUKOPHUCTOBYE MIHIMAJIIbHUM KICTSKOBHM JIIC Y SKOCTI
GIIBTPY, KU BUKOPUCTOBYETHCS JJII aBTOMATUYHOTO BHJIAJICHHS JBOX HECXOMXKHUX
IMKCEeNIB, K1 3HAXOIATHCS OJU3BKO OJUH JI0 OJHOTO B IPOCTOPOBIH 001acTi, IO
poOUTH BIACTaHB MIXK JEpPEBaAMHU METPHUKOIO, sKa BpaxoBye pebpa. st 3amobiranHs
mpoOJeMU «IPOTIKaHHS  KpaiB» 3ampONOHOBAHUNA METON Oyaye MiHIMaTbHUMA
KICTKOBUMA JIIC JJI1 KOXKHOIO CYIEpHIKCENss Ha KOJbOPOBOMY 300paKeHHI,
3r€HEepOBAaHOMY HaJMIPHOIO CErMEHTALIEIO.

ExcnepumMenTanbHi JOCTIKEHHS 3aPOTIOHOBAHOTO METOLY Ha Pi3HUX Habopax
JAHUX TMOKa3ajly 301IbIIEHHS TOYHOCTI MIJACYMKOBOI KapTu riaubuHu Ha 2,8% —

11,87% nns xoediuieHTiB 1HTEpHnoysii 8 — 16 y TNOpIBHSAHHI 3 HAHOUIbII
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e(eKTUBHUMHU METOJaMU-aHAJIOTaMH, BKJIIOYAIOUX 3aIIPOIIOHOBAHUHN paHiIle METO 3
M’ SIKUM MIPUAHSATTSIM PillICHb.

ChopmynboBaHo MW’ATHH NYHKT HAYKOBOI HOBM3HH: YOOCKOHANEHO
KEpOBAaHUW METOJ| MOKpAIICHHS TOYHOCTI KapTu TIMOWHM HU3BKOI SKOCTI Ha 0asi
MapKOBCHKOTO BHUIAJKOBOTO TOJS 32 PaxXyHOK BIIPOBAKEHHS MPOLEAYPH OLIHKH
HEY3T0JKEHOCT1 KpaiB 3 M'SIKUM MPUWHSTTSAM PIIICHH Ta MPEACTABICHHIM JOKAIHHOT
CTPYKTYpPU KapTH TJIMOMH 3 BHKOPHUCTAHHSIM MIHIMAQJIBHOIO KICTSIKOBOTO JIICY, IO
JO3BOJIMJIO TMMOKPALIUTH TOYHICTh KAPTH TJIMOMHU 3 BEJIMKUM KOe(DilieHTOM
JMCKpETHU3allii.

B 4erBepromy po3aini auceprauiifHOi poOOTH NTPOBEIECHO amnpodaliro
3apONOHOBAHUX METO/IB TOOYAOBH KapTH INMHMOMHM Yy CKJIaAl CTEpe030pOBOi
MIJICUCTEMU MOOUIbHOI poOoToTeXHIYHOI miardopmu. Ha ocCHOBI po3pobiieHOro
eKCIIEPUMEHTAJIBLHOTO CTEHAY, [0 BKIIOYAE OIHOIIATHUNA KOMII IOTEp, MOIYJb
kamepu Ta ToF-ceHncop, Branocs peai3yBaTv TOBHUM UK TIMOMHHOT PEKOHCTPYKITIT
— B 00pOoOKHU BX1THMX 300pa)KeHb 10 OTPUMAHHS KapTH IITUOMHU B peabHOMY Yacl.
Ile 3a0e3medmio MOXKJIUBICTh MEPEBIPUTH €(DEKTUBHICTH PO3POOJICHUX METOMIIB HE
JIUIIIE B TEOPETUYHOMY 4YH JaOOpaTOPHOMY KOHTEKCTI, a i B yMOBaX, HAOJIMKEHHUX J10
MPaKTUYHOTO 3aCTOCYBaHHS B 3a/ladyaX aBTOHOMHOI HaBirarfii.

Ampo0ariist mpoBoMIACS HA IaHUX, OTPUMAHUX SK 31 CTAHJAPTHUX HAOOPIB, TaK
13 peaJTbHOTO CEHCOPHOTr0 00aHAHHS, 110 JAJI0 3MOTY OLIIHUTH POOOTY ajJrOpUTMiB
3a KPUTEPIIMH TOYHOCTI, CTaOlIbHOCTI, €HEProCIOXMBAHHA Ta OOYHCITIOBAIHHOI
CKIIQHOCTI. Ycl MeToau OynM peasli3oBaHl 3 ypaxyBaHHSIM OOMEXEHb BOYJOBaHUX
CUCTEM, 30KpeMa II0/I0 BUKOPUCTAHHS anapaTHUX PecypciB, eHeproePeKTUBHOCTI Ta
BHUMOT J10 OOpOOKH B peaIbHOMY 4aci.

3aranom, pe3yJbTaTd amnpodamii cBiAYaTh NOPO MPAKTHYHY MPHUAATHICTb
3aMpOMOHOBAHUX METO/IIB 0 BIIPOBAKEHHS B CUCTEMH pPEaIbHOTO Yacy. BHCHOBKH,
OTpPHMMaHI Ha OCHOBI €KCHEPUMEHTAJIbHUX BHUMIPIOBAaHb Ta MOPIBHSAHB 13 0a30BUMU

M1JIX0AaMU, MIATBEPIKYIOTh JOIIIBHICTh iX BUKOPUCTAHHS B CUCTEMaX TEXHIYHOTO

30py.
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ABSTRACT

Kondratiev S.B. Methods for improvement of depth map for technical vision
systems. — Qualification scientific work in the form of manuscript.

Thesis for the PhD degree in specialty 122 Computer science. — Odessa
Polytechnic National University, Ministry of Education and Science of Ukraine,
Odesa, 2025.

The introduction shows the relevance of using a depth map for technical vision
systems. Particular attention is paid to the process of building a depth map. The object,
subject, tasks and methods of the study are defined; the scientific novelty and practical
significance of the results are presented; the personal contribution of the applicant is
highlighted.

The first chapter of the thesis analyzes the problem of building a depth map for
technical vision systems.

The main purpose and principles of building technical vision systems are
analyzed, the types of systems and tasks that such systems solve are considered. It is
determined that the task of estimating the depth of a scene is a key component of
technical vision systems that provides three-dimensional perception of the
environment. This allows us to assert that one of the promising research topics in the
field of building technical vision systems is the improvement of methods for building
depth maps.

The task of constructing a depth map is analyzed. It is determined that depth
mapping methods can be divided into active and passive methods. The advantages and
disadvantages of each type of method are determined, and the situations in which it is
more expedient to use certain methods of depth mapping are identified.

A detailed analysis of passive methods has made it possible to determine that
these methods are also divided into local and global methods, depending on the
principles of the stereo matching algorithm on which these methods are based. Local
methods based on adaptive weight are considered to be the most promising approach

to passively obtaining a depth map. Despite the relatively satisfactory results provided
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by adaptive weight-based methods, pixel-by-pixel weight calculation and depth

estimation are very time-consuming tasks. They have a high computational redundancy
because depth maps are always smooth.

To overcome these shortcomings and increase the speed of depth map
construction, a passive local method of depth map construction based on responsive
weight using an ad hoc matching procedure and affiliative invertible features was
proposed.

Further analysis of passive depth mapping methods has shown that depth maps
are constructed frame by frame for dynamic environmental assessment. Frame-by-
frame construction of depth maps often leads to artifacts, due to the fact that the depth
values of static objects should remain the same in subsequent frames, but often they
are valued as separate values (this problem is often called transient mismatch). Such
errors significantly degrade the visual quality of the synthesized representation, as well
as the efficiency of encoding depth map sequences.

To overcome this drawback, a method for improving temporary coherence for
depth map sequences based on the depth accuracy index and dynamic features of
districts was proposed.

An analysis of active depth mapping methods has shown that such methods
often produce depth maps with low resolution, noisy depth values, and gaps in the map
image, so the resulting depth maps are enhanced using the available source color image
(such enhancement methods are called supervised methods). However, existing
supervised depth map enhancement methods do not explicitly evaluate the edge
mismatch between the color image and the resulting depth map, so they cannot
adaptively control the color image matching process during depth map enhancement.
This results in texture copying artifacts and edge blurring in the depth map.

To overcome this disadvantage, we propose controlled methods for improving
the depth map based on a Markov random field, using a procedure for assessing the
mismatch between the edges of the original color image and the resulting depth map

with hard and soft problem solving.
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A further analysis of supervised methods for color image-based depth map
enhancement revealed that the edge similarity of a color image and depth map is
usually calculated only based on the difference in color and depth between a pixel and
its neighboring pixels in the color image and depth map, respectively. This calculation
scheme ignores the local organization of the depth map. Therefore, in the case of a
large depth map sampling ratio, the final map will have excessively smoothed depth
edges.

To overcome this drawback and conserve the structure in very low quality depth
maps, a supervised method for improving a low quality depth map based on a Markov
random field, using an edge mismatch scoring procedure with soft solution and
representation of the local organization of the depth map using a sparse skeleton forest,
was proposed.

Based on the results of the analysis, the goal and objectives of the research are
formulated.

The second chapter of the thesis proposes approaches to improving passive
depth mapping methods.

To improve the speed of passive depth mapping methods using a set of color
images, a passive local depth mapping method based on responsive weight using an ad
hoc matching procedure and affiliative invertible attributes was proposed.

The proposed method consists of two stages:

l. Primary depth assessment — at this stage, the primary depth map is
obtained. The first step of this stage is cost estimation, which is performed using the
proposed predictive mapping scheme, followed by cost adjustment for smooth regions,
and then depth map construction using the winner-take-all approach.

2. Correcting the depth map — at this stage, the map is corrected for smooth and
non-smooth regions. To correct the map for smooth regions, a search is performed in
the vicinity of each not reliable smooth region, and all trustworthy smooth regions are
added to the candidate list. If the average value of the RGB color channels of a region
in the list differs significantly from the average value of the current non-trusted smooth

region, the region is removed from the list. The next step is to update the depth of the
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region in the list with the color closest to it. For non-smooth regions, their depth is
updated using multipath filtering. In the process of filtering, the weights of pixels
assigned to non-reliable smoothed regions and non-reliable pixels in smoothed regions
are set to zero.

Experimental studies on different datasets have shown a 19,9% to 24,1%
reduction in the time required to build a depth map compared to the analog method.

The first point of scientific novelty is formulated: the passive local method of
depth mapping was improved by using an adequate matching procedure and affiliative
indifferent attributes. The use of the proposed method made it possible to increase the
speed of depth map construction.

To decrease the number of artifacts in the construction of a virtual image
using sequential depth maps, a method for improving transient stability for depth
map sequences was proposed by introducing a stability measure and using a dynamic
feature of areas. Using the proposed method allows to improve timing stability and
improve the efficiency of depth map compression.

The proposed method consists of two stages:

1. Estimation of the probability that a certain segment of the image belongs to a
stationary domain - based on the observation that stationary domains have the same
color between neighboring frames, the average absolute difference is used to estimate
whether pixels belong to stationary domains. The estimation is performed within a
local window centered on the pixel being estimated;

2. Assessing the confidence of depth scores — due to the presence of noise in the
estimated depth maps, the confidence of depth scores should be explicitly considered,
giving more weight to more reliable depths. For each pixel in the depth map of the
current view, the reliability of the depth can be estimated by the average of the absolute
difference between the local windows centered on such a pair of pixels. To take into
account occlusion, the assessment is performed on neighboring views to the left and
right, and the smaller average value of the absolute difference is selected.

Experimental studies on different datasets have shown an increase in temporal

consistency by 10.3% - 44.75% compared to the analog method and an improvement
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in depth map encoding efficiency by 13.3% - 51.6% compared to the analog method

under consideration.

The second point of scientific novelty is formulated: a method for improving
timing coherence for depth map sequences was improved by introducing a measure of
the depth confidence and using regional dynamic features. The use of the proposed
method allowed to improve the time coherence and improve the efficiency of depth
map compression.

To improve the accuracy and reduce computational costs of building a
depth map, a modified StereoBM-Mod method with wavelet preprocessing is
proposed. The method allows localizing informative areas and narrowing the search
area for correspondences. It has been experimentally proven that StereoBM-Mod
provides higher accuracy (by 1.5-2.4 dB in terms of PSNR) compared to the classical
StereoBM, while maintaining low power consumption and suitability for real-time
operation. It outperforms more complex methods in terms of the balance of accuracy,
performance, and energy efficiency. The method is recommended for use in embedded
and mobile vision systems.

The third point of scientific novelty was formulated: the method of local
stereo matching StereoBM was further developed by integrating the approximate
wavelet transform of Gaar for preliminary selection of contour features and localization
of extremes. The use of the proposed method made it possible to reduce the
computational complexity of the depth mapping process while maintaining accuracy
in weakly textured areas.

In the third chapter of the thesis, approaches to improving depth maps obtained
using active methods are proposed.

In order to improve the reliability of the depth map constructed using the
supervised methods for improving the depth map obtained by active methods, a
supervised method for improving the accuracy of the depth map based on the Markov
random field was proposed by implementing a procedure for assessing the mismatch
between the edges of the original color image and the resulting depth map with hard

and soft problem solving.
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As a basic method, we use a method for improving the accuracy of the depth
map based on a Markov random field, to which we add a procedure for estimating the
edge misalignment between the color image and the depth map obtained by the active
method.

Unmatched borders can be divided into two types: the first is made worse by
brute force interpolation but can be corrected by pointing to high quality color
boundaries, and the second is edge inconsistency. When using a brute force decision,
these two cases are classified. Based on the assumption that the number of errors should
be less than the capabilities of error-corrected editing, it is assumed that a deep edge is
worsened by brute-force interpolation when the offset between it and the nearest
colored edge is less than a threshold value. Otherwise, it is interpreted as a true edge
mismatch.

Although the tight decision approach produces favorable results for small
sampling rates, the performance of the method suffers significantly for large sampling
rates. The reason is that the hard-sampling edge disparity estimation cannot work well
when the quality of the roughly interpolated depth map is very low. Thus, we propose
a mild resolution approach that more precisely measures the degree of mismatch that
occurs between depth edges and the corresponding color edges in quantitative terms.

Experimental studies of the proposed method on different data sets have shown
an increase in the accuracy of the final depth map by 4.3% - 22.19% for interposition
coefficients 2 - 8 for the hard decision-oriented method, and an increase in the accuracy
of the final depth map by 5.4% - 7.7% for interposition coefficients 8 - 16 for the softer
solution.

The fourth point of scientific novelty was formulated: a supervised method
for enhancing the precision of a depth map based on a Markov random field %as been
improved by implementing a procedure for evaluating the mismatch between the
boundaries of the original color image and the resulting depth map with rigid and
flexible problem solving. Using the proposed method, we improved the accuracy of the

depth map.
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To improve the precision of a depth map constructed using supervised
methods for enhancing a depth map with a coarse sampling ratio obtained by
active methods, a supervised method for improving the prediction accuracy of a low-
quality depth map based on a Markov random field was proposed by implementing an
boundary misalignment assessment procedure with gentle decision making and
representing the local structure of the depth map using a sparsity forest. Using the
proposed method, we can improve the accuracy of the depth map with a large sampling
rate.

The proposed method uses a minimal skeletal forest as a factor filter, which is
used to automatically remove two unrelated pixels that are close to each other in the
spatial domain, making the distance between trees an edge-aware metric. To prevent
the «edge bleeding» problem, the proposed method builds a minimal spanning tree for
each superpixel in the color image produced by the excessive segmentation.

Experimental studies of the proposed method on different datasets showed an
increase in the accuracy of the final depth map by 2.8% — 11.87% for implication
coefficients 8 — 16 compared to the most effective analogous methods, including the
previously proposed method with mild problem solving..

The fifth point of scientific novelty was formulated: a controllable method for
increasing the accuracy of a low—quality depth map using a Markov stochastic field
was improved by introducing an boundary misalignment assessment procedure with
mild problem solving and representing the regional structure of the depth map using a
minimal skeletal forest. Using the proposed method, we improved the accuracy of the
depth map with a large sampling rate

In the fourth chapter of the thesis, the proposed methods for constructing a
depth map as part of the stereo vision subsystem of a mobile robotic platform were
fully tested. Based on the developed experimental stand, which includes a single-board
computer, a camera module, and a ToF sensor, it was possible to implement a full cycle
of depth reconstruction - from processing input images to obtaining a depth map in real

time. This made it possible to test the effectiveness of the developed methods not only
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in a theoretical or laboratory context, but also in conditions close to practical
application in autonomous navigation tasks.

The testing was carried out on data obtained from both standard sets and real
sensor equipment, which made it possible to evaluate the performance of the
algorithms in terms of accuracy, stability, power consumption, and computational
complexity. All methods were implemented taking into account the limitations of
embedded systems, in particular, the use of hardware resources, energy efficiency, and
real-time processing requirements.

In general, the results of the testing indicate the practical applicability of the
proposed methods for implementation in real-time systems. The conclusions drawn
from experimental measurements and comparisons with basic approaches confirm the
feasibility of their use in vision systems.

Keywords: depth maps, technical vision systems, computer vision, image
processing, spatial analysis, 3D reconstruction, stereo vision, depth sensors, depth

estimation.
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