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YHUBEP3UTET ¥ IPULLITUHHU
DOAKYJITET TEXHUYKUX HAYKA YHUE . A
KOCOBCKA MUTPOBHIIA KA

HACTABHO-HAYYHOM BERY
DAKYJITETA TEXHUHYKHUX HAYKA Y KOCOBCKOJ MUTPOBHIIH

IIpeamer: Mseemraj Komucuje 3a mnpernen, oueHy u oa0paHy ypaheHe OOKTOpcKe
nuceprauMje kanauaara Banaaumupa Makcumosuha.

Ha ocHoBy umana 55. ctaB 1. tauka 16) Craryra ®akynrera TEXHHUKHX HayKa y
KocoBckoj Mutposuny, a y ckiaay ca oapeadama IIpaBuiHHKA O JOKTOPCKUM CTyaHjaMa,
HacraBro-Hayuno Behe @akynrera TexHW4KHX Hayka y KocoBcko] MHTPOBHIIH, HA CETHHIH
oapxanoj] nana 30.12.2021. rogune, noxneno je Oanyky nog opojem 1605/3-2 o uMeHOBamby
Komucuje 3a mHcame H3BELITaja 3a IMperien, OUeHy M oadpaHy ypaleHe IOKTOpCKe
JHCepTalnje 0/l Hacl0BoM ,,HOBH NpHCTYN 32 NPOLeHY BPEIHOCTH HPAara NpH AeTeKIuju
HBHIA CJHKAa pa3sIHYHTOr CTeMeHAa KOMIUIEKCHOCTH H KOMIIpecHje’, KaHAM1ara
Biagumupa Makcumosuha, y cacrasy:

1. np Ilerap Cnanesuh, pea. npod. ®TH-a y K. MuTtpoBuim — npesiceiHuK,
2. ap Mune I[letposuh, pexa. npod. ®TH-a y K. Murposuiu — meHTOp,
3. nap Cawa Hukonuh, pea. npod. Enexrponckor dakynrera y Humy — wian.

Ha ocHOBY npersieja U aHaau3e J0CTABIbeHE JOKTOPCKE JucepTaiuje u apyre nparehe
nokymeHnTauuje, Komucuja je caunHuna cienehu

U3BEILNITAJ

0 OLICHH ypaheHe TOKTOpCKe aucepTanuje kanauaata Bnagumupa Maxcumosuha.

1.1 buorpagcku moaauym KaHAUAATA

Brnagumup Maxkcumosuh je poher 1992. rogune. OCHOBHY IIKOTY je 3aBpILMO Y
['pavanuum, a cpeamy Enexkrporexuuuky mkony y Cymmnu Ha cMmepy Enexkrtporexnuyap
pauyHapa. dakynrer TexHU4YKHX Hayka y KocoBckoj Murtposunu ynucao je 2011. roaune Ha
CTYIHJCKOM riporpamMy ENeKTpoTeXxHMYKO M padyHapcKko HHXKCHEPCTBO Ha MOy
EnekrpoHuka W TesnekoMyHukauuje. OcHoBHe cryadje 3aBpumo je 2016. roauHe M CTCKAo
3Babe MH)KEHep EJIeKTPOTEXHHKEe W padyHapcTBa. MacTep CTyIHjeé Ha HCTOM CTYIH]CKOM
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nporpamy 3aBpiuuo je 2017. roguHe U CTEKao 3Bame JUIIOMUPAHU HHKEHEP eIeKTPOTEXHHKE
M pauyHapcTBa. McTe rofguHe ymucao je JOKTOPCKE CTyAMje Ha CTYAH]CKOM HpOrpamy
ENEeKTPOTEXHHYKO H PaYyHaPCKO HHKEeHePCTBO Ha DakynTeTy TeXHUYKUX HayKa y KocoBCKoj
MHUTpPOBHIIH H 10 Ca/1a j¢ TI0JI0KHO CBE HCIIUTE IpeaBU)CHE HACTABHUM IJIAHOM H IIPOIPAMOM.
On 2017. roaune paau Ha PakyaTeTy TEXHHYKUX HAyKa Kao CTPYYHHU capaJHHK — T1abOpaHT y
TeJEBU3H]CKOM CTYHUjy dakynrera. AyTop u koayTop je 18 HaydHUX pagoBa o0jaB/bEHUX Y
MehyHapoHHM 1 JoMahuM JacomucHMa, Kao U Pe3eHTOBaHUX Ha MehyHapoHUM 1 1oMahum
koHbpepenuunjama. Takohe, koayrop je jeaHOr mpakTHKyma M3 mpeamera TeneBusuje.
VYuecTBoBao je Ha jaBa EpMasMyc+ mpojekrta v JBa HallMOHATHA MPOjeKTa (HHAHCHpaHa O
ctpane Brane Peny6muke CpOuje. Unan je IEEE 3ajeanuue.

1.2 Bepudukanuja Hay4HHX JONPHHOCA

Kao ayrop Bnagumup Makcumoruh je ykynHo o0jaBuo 18 panosa H TO: IIE€T pajosa y
MehyHapoHHM 4acOoITHCHMa ca UMITaKT (pakTopoM (JIBa pajaa y Jacomucuma Kareropuje M22
U TpH paja y 4vaconucuma karteropuje M23), aBa paga y HCTaKHYTHM HallMOHAJIHHM
qacomucKMa Kareropuje M52, jenan paa y HaMOHAIHOM Yaconucy kareropuje M53, kaou 10
panoBa Ha MmehyHapoaHum KoHepeHuujama kateropuje M33. Ox ykynHo 18 ofjaB/beHHX
pazoBa, 8 pajoBa cy y JMPEKTHO] Be3H Ca JIOKTOPCKOM JHMCEPTALIM]OM H TO:

e 2 pana kareropuje M22,
e 2 pajna kateropuje M23,
e | pax kateropuje M52,

e 3 pana xateropuje M33.

V HacTaBKYy je 1aT cnucak 00jaB/beHUX pajioBa KaHIu/1aTa KOJU CY JUPEKTHO BE3aHU 3a
TeMy JOKTOPCKE JUcCepTallije.

Heraknyru mefiynapoaun yaconuc (M22):

1. Vladimir Maksimovic, Branimir Jaksic, Mile Petrovic, Petar Spalevic and Mirko
Milosevic, Analysis of Edge Detection on Compressed images with different complexity,
Acta Polytechnica Hungarica, Vol. 17, No. 4, pp. 123-143, 2020. ISSN: 1785-8860. DOTI:
10.12700/APH.17.4.2020.4.7 [M22].
http://acta.uni-obuda.hu/Maksimovic_Jaksic_Petrovic_Spalevic_Milosevic_101.pdf

2. Vladimir Maksimovic, Mile Petrovic, Dragan Savic, Branimir Jaksic, Petar Spalevic,
New Approach of Estimating Edge Detection Threshold and Application of Adaptive
Detector Depending on Image Complexity, Optik, Vol. 238, pp. 166476, 2021. ISSN:
0030-4026, DOI: https://doi.org/10.1016/.1jle0.2021.166476 [M22].
https://www.sciencedirect.com/science/article/abs/pii/S0030402621002072

Mehyuapoauu yaconuc (M23):

3. Vladimir Maksimovic, Predrag Lekic, Mile Petrovic, Branimir Jaksic, Petar Spalevic,
Experimental Analysis of Wavelet Decomposition on Edge Detection, Proceedings of the
Estonian Academy of Sciences, Vol. 68, Iss. 3, pp. 284-298, 2019. ISSN: 1736-6046
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(print), ISSN: 1736-7530 (electronic), DOL https://doi.org/10.3176/proc.2019.3.06
[M23]. http://www.kirj.ee/32245/?tpl=1061&c_tpl=1064

4. Vladimir Maksimovic, Branimir Jaksic, Mile Petrovic, Petar Spalevic, Stefan Panic, New
Approach to Edge Detection on Different Level of Wavelet Decomposition, Computing
and Informatics, Vol. 39, No. 5, pp. 1067-1090, 2019. ISSN: 1335-9150, DOL
10.31577/cai_2019 5 1067 [M23].
http://www.cai.sk/ojs/index.php/cai/article/view/2019_5_1067/984

MceTakHyTH HAMOHAJIHM yaconuc (M52):

5. Vladimir D. Maksimovié, Jelena M. Todorovi¢, Branimir S. Jaksi¢, Mile B. Petrovic,
Petar Lj. Spalevié, The Impact of Successive B Frames on TV Signal Using Different
Compression Techniques and Video Resolution, Telfor Journal, Vol. 11, No. 1, pp. 25-29,
2019.  ISSN: 1821-3251  (Print  Issue) ISSN  2334-9905  (Online),
DOI:10.5937/telfor1901025M [MS52].
https://journal.telfor.rs/Published/Vol11No1/Vol11Nol_AS5.pdf

CaonmTema Ha MehVHADOAHMM CKYIOBMMA WiTaMnaHa v ueaoctn (M33):

6. Vladimir D. Maksimovic, Jelena M. Todorovic, Petar Lj. Spalevic, Mile B. Petrovic,
Branimir S. Jaksic, The Impact of Successive B Frames on Video Using H.264 and H.265
Compression Techniques, Proceedings of 26th International Scientifics Conference
Telecommunications Forum TELFOR 2018, Belgrade, Serbia, 20-21 November 2018,
DOI: 10.1109/TELFOR.2018.8611854 [M33].

https://ieeexplore.ieee.org/document/8611854

7. Vladimir Maksimovic, Mile Petrovic, Petar Spalevic, Branimir Jaksic, Ivana Milosevic,
Analysis of the Effect of White Balance and Color Temperature on Image Compression
Using Different Algorithms, Proceedings of 5th International Conference on Electrical,
Electronic and Computing Engineering IcETRAN 2018, Pali¢, Serbia, 11-14 June 2018,
pp. 1195-1199 [M33].
https://www.etran.rs/common/Zbornik%20ETRAN%201C%20ETRAN-18-final.pdf

8. Vladimir Maksimovic, Mirko Milosevic, Branimir Jaksic, Mile Petrovic, Petar Spalevic.
Impact of Brightness and Complexities to Edge Detection with Roberts and Canny
Operator on Compressed Images, Proceedings of International Scientific Conference
UNITECH 2020, Bulgaria, Gabrovo, 2020, pp. 279-284 [M33].
https://unitech-selectedpapers.tugab.bg/images/papers/2020/Unitech_2020_SP.pdf

V HACTABKY je JaT CIHCaK 00jaB/beHHX PaJoBa TOKOM HCTPaXKHBaba KaHIHIaTa KOJH
HHUCY Y IMPEKTHO] BE3H Ca TEMOM JOKTOPCKE JMCEPTaLHje allu Cy OJIMCKO Be3aHH €a caapixajem
ucre:

Mehvyuapoaaun yaconuc (M23):
1. Branimir Jaksic, Dragisa Miljkovic, Vladimir Maksimovic, Mile Petrovic, and Branko

Gvozdic, Satellite Television Transmission in the World - Broadcasting Systems and
Standards, Acta Sci Technol, Vol. 42, No. 1, pp. e44957, Feb. 2020. ISSN: 1806-2563




(print), ISSN: 1807-8864 (electronic), DOLI:
https://doi.org/10.4025/actascitechnol.v42i1.44957 [M23].
http://periodicos.uem.br/ojs/index.php/ActaSciTechnol/article/view/44957

Herakuvru HAanHoHaJ Hu yaconuc (M52):

2;

Branimir Jaksié, Vladimir Maksimovic¢, Jelena Todorovi¢, Mile Petrovic, Petar Spalevic,
Sistemi emitovanja i standardi satelitske televizijske transmisije u Evropi, Tehnika, Vol.
67, No. 6, pp. 827-835, Decembar 2018, ISSN 0040-2176. UDC: 621.391.812, DOI:
10.5937/tehnikal 806827J [M52]. http://www.sits.org.rs/include/data/docs24 14.pdf

Hauuonanuu yaconuc (M53):

3.

Vladimir Maksimovic, Branimir Jaksic, Mirko Milosevic, Mile Petrovic, Petar Spalevic,
Bitrate Analysis of Satellite Television Transponders for Europe and Western Balkans,
International Journal of Electrical Engineering and Computing Vol. 4, No. 1, 2020. ISSN:
2566-3682 [M53].

CaoniuTerna HA Me)yHAPOIHHM CKYIOBHMA INTaMIIaHa v uejaoctu (M33):

4.

Vladimir Maksimovic, Mile Petrovic, Branimir Jaksic, Ratko Ivkovic, Ivana Milosevic,
Effect of lllumination in Chroma Key Effect in the Realization of Virtual Television Studio,
Proceedings of International Scientific Conference on Information Technology and Data
Related Research - Synthesis 2018, Singidunum University, Belgrade, Serbia, April 20,
2018, pp. 182-188. DOI: 10.15308/Sinteza-2018-182-188 [M33].
http://portal.sinteza.singidunum.ac.rs/Media/files/2018/182-188.pdf

Mirko Milo$evi¢, Vladimir Maksimovié¢, Mile Petrovi¢, Branimir Jaksi¢, Petar Spalevic,
Model povezivanja televizijskih studija i mobilna ukljucenja koriscenjem RTP/TCP
protokola, Proceedings of International Scientific Conference on Information Technology
and Data Related Research - Synthesis 2019, Singidunum University, Novi Sad, Serbia,
April 20, 2019, pp. 519-525. DOI: 10.15308/Sinteza-2019-519-525 [M33].

http://portal.sinteza.singidunum.ac.rs/paper/711

Branimir Jaksic, Jelena Todorovic, Vladimir Maksimovic, Petar Spalevic, Ratko Ivkovic,
Terrestrial Digital Radio Services in Europe, Proceedings of International Scientific
Conference on Information Technology and Data Related Research - Synthesis 2019,
Singidunum University, Novi Sad, Serbia, April 20, 2019, pp. 498-504. DOI:
10.15308/Sinteza-2019-498-504 [M33].

http://portal.sinteza.singidunum.ac.rs/paper/708

Ratko Ivkovic, Mile Petrovic, Ivana Milosevic, Dejan Djukic, Vladimir Maksimovic,
Inverse filtering method for Super-Resolution digital imaging, Proceedings of
International Scientific Conference on Information Technology and Data Related
Research - Synthesis 2019, Singidunum University, Novi Sad, Serbia, April 20, 2019, pp.
491-49. DOI: 10.15308/Sinteza-2019-491-497 [M33].
http://portal.sinteza.singidunum.ac.rs/Media/files/2019/491-497.pdf

Vladimir Maksimovi¢, Branimir Jaksi¢, Mirko MiloSevi¢, Mile Petrovi¢, Petar Spalevic,
Analiza bitskog protoka transpondera za satelitsku televiziju, Proceedings of 19th
International Symposium Infoteh, Jahorina, 18-20 March 2020, pp. 92-97. [M33].




https://infoteh.etf.ues.rs.ba/zbornik/2020/radovi/P-1/P-1-2.pdf

9. Branimir Jaksi¢, Poko Bandur, Vladimir Maksimovi¢, Jelena Todorovié¢, Branko
Gvozdié, Struktura TV kanala satelitskih operatera i DTH platformi u Evropi, Proceedings
of 19th International Symposium Infoteh, Jahorina 18-20 March 2020, pp. 98-103. [M33].
https://infoteh.etf.ues.rs.ba/zbornik/2020/radovi/P-1/P-1-3.pdf

10. Vladimir Maksimovic, Mirko Milosevic, Mile Petrovic, Branimir Jaksic and Petar
Spalevic, Digital Multimedia Television System, Proceedings of 12th International
Symposium on Advanced Topics in Electrical Engineering ATEE 2021, Bycharest,
Romanio, 25-27 March, 2021, pp. 1-5. DOI: 10.1109/ATEES52255.2021.9425092 [M33].
https://ieeexplore.ieee.org/document/9425092

HomohHu VUIOEHHK:

1. Mile Petrovié, Jelena Todorovié¢, Vladimir Maksimovi¢, Praktikum iz Televizije, Fakultet
tehni¢kih nauka, Kosovska Mitrovica, 2019. ISBN 978-86-80893-92-1. COBISS.SR-ID
276462092

2. OCHOBHH NOJALM O AUCEPTALHjH

JlokTopcKa aucepTalMja noj HacaoBoM ,,HOBH MpHCTY 3a POLEHY BPEAHOCTH Ipara
IIPH JETEKIIHjH HBUIIA CIIMKA PA3IHYUTOr CTelIeHa KOMILIEKCHOCTH U KoMnpecuje” caapku 153
HyMEPHCAaHHX CTpaHMIa TEKCTa, OcaM IIOTJIaB/ba M 9 J0JAaTHHMX CTpaHMIA Ca HCOMXOIHHM
nonauuMa. Jucepranuja caapxu 130 cnuka u 46 Tabena. Y nomnucy kopuiiheHe aureparype
kauuaar je Haseo 121 pedepenity. ITo bopMu U CTpYKTYpH 0KTOpPCKa JUCEPTALMja OAroBapa
ONIITHM NpaBUIMMA 3a MHCAke W OONHKOBaEkEe JOKTOPCKE IMCEpTalHje, Yy CKIaay ca
Craryrom Yuusep3utera, [IpaBHIIHHKOM O IOKTOPCKHM CTy/IHjamMa Ha YHHBEP3HTETY H
TTpaBUIHUKOM O JOKTOPCKHUM CcTyaujama Ha PaxkynTeTy TeXHMHYKMX HayKa. TEKCT JOKTOpCKE
JMcepTalHje je moe/beH Y ocaM rnornassba: 1. Yeox; 2. [Ipuniunu nerexumje usuia; 3. Mepe
3a o/ipehuBame KBATUTETA IeTeKIHje uBHIa; 4. JleTekunja HBHIIA Ha/l CTMKaMa ca pa3IniuTHM
Gpojem metasba kommpecoBane nomohy JPEG, JPEG2000 w SPIHT anropurma; 5. HoBu
IIpHCTYII ,E[eTeKLlI/IjC HBHIAa Hal CJIIHKaMa pasjIH4YHuTC KOMILICKCHOCTH KOMIIpEeCOBAaHC HOMOBY
wavelet Tpancpopmaunje; 6. HoBu npucTyn 3a NpoieHy BPeIHOCTH NMpara ACTCKIN]¢ HBHIA H
HpHMeHa aJalTHBHOT IE€TEKTOpa y 3aBUCHOCTH 0J1 KOMILIEKCHOCTH cauKe; 7. [Ipumena HoBor
IpPHCTYIa MPOILIEHe BPEJHOCTH Ipara MBMIA Hal CIMKaMa pas3jJv4uTe KOMIUICKCHOCTH H
WHTEH3UTETa IyMa U 8. 3aKibyyax.

Ha kpajy cy aatu cnucak kopuiihieHe JTuTepatype, CIHCAK CIMKa M CrMcak Tabena.
JIokTOpcKa auceprauuja Npumnaza no/by TeXHMYKO-TEXHONOIIKMX Hayka M o0nactu
EJIeKTpOTEXHHUUKO M padyHapCKO HHXKEHmEPCTBO, a yiKa HaydHa obnact je TerexoMyHHKanuje
¥ HHQOPMAILIMOHH CHCTEMH.




2.1 Kparak npuKa3 nojeJHHa4YHHUX N0IJIaB/ba

V yBo@y AucepTamije MpeacTaB/beH je TpeMeT, XUIOoTe3e U LIUIbEBH JUCEpPTalH]eE.
Takohe, mpeacTaB/beHA je METOJOJIOTHMja M AaTH MCTPaXKMBaWka Kao M CTPYKTypa H
OpraHH3aluja JucepTaluje.

VY apyrom 1oriaB/by TPEICTAB/bEHU CY eJIeMEHTAapHU NMPUHLMUITA JCTEKIH]e MBHUIIA,
aKTyenHu MpoOieMM Yy [IUTUTAIHO] 00paau CIMKE, TPEHYTHO CTamke J10Cafalliber
UCTPaXKUBamka y OBOj 00JacTH, MPEAHOCTH M MaHe KOpHITheHHMX ajropuraMa M MeToaa 3a
JIeTeKIH]y UBHIA Y CIHULIH.

V tpeheM IOrIaB/by Cy MPEACTaB/HEHH MaTEMAaTHUKH MO Mepa neppopMaHCH 3a
npoueHy kBamurera ciuke (Peak Signal Noise Ratio — PSNR w Structure Similarity Index
Measure - SSIM), xBajuTETa TAYHOCTH JCTEKTOBaHMX uBHUA (F Mmepa, FoM - Figure of Merit
u Performance Ratio - PR) 1 Mojenu 3a NpoleHy KOMIUIEKCHOCTH ciHke (Discrete Cosine
Transformation - DCT, Discrete Wavelet Transformation - DWT u SI - Spatial Information).
Ha ocHoBY aHanu3e QOOHjEHMX BPEIHOCTH OBHX Mepa MpPEUIOKEH jé HOBM IPHCTYI 33
NeTeKIHjy uBuia y cauuu. Takofje, mpukasane cy 0ase ciuka ca peepeHTHHM HICATHHM
uBunama. KopuinheHu cy pa3nu4yuTH THIIOBH CITHKa 33 aHAIU3Y, O/ peaTHUX U CTBAPHHX CIIMKA
710 KOMIT)YTE€PCKH F'€HEPHCAHHX.

Y 4eTBPTOM IMOIJIABJbY je aHAJIM3HpaH YTHLA] KOMIIpECHje Ha JETeKLUH]y HBHLA Y
cmunn. Hajnpe cy oapeliene kareropuje xommiekcHoctd nomohy DCT u DWT TexHuKe,
OZIHOCHO CJIMKE Ca MAJIMM, CPE/ItbUM U BEIMKUM OpojeM AeTaba NoMolly METOJa ONMCAHUX Y
JMTEPATYPH, OJTHOCHO Malla KoMIutekcHocT (Low Details - LD) cnyuke, cpemba KOMIUIEKCHOCT
(Medium Details - MD) cnuke u Bemuka KoMIulekcHOCT (High Details - HD) cimke. Han
KaTeropucaHuM cIMKaMa H3BpIIeHa je Kommpecujanomohy JPEG (Joint Photographic Experts
Group), JPEG2000 (Joint Photographic Experts Group 2000) w SPIHT (Set Partitioning in
Hierarchical Trees) anroput™Ma M TO 3a pazauyuTH Opoj Outa mo muxceny. Han TakBum
CIIMKaMa M3BpIIICHA je TeTeKIlHja HBHLA IPHMeHoM reT onepatopa: Canny, LoG, Robets, Sobel
U Prewitt U aHalu3upaHu Cy noOujeHu pesyiratu. Takohe, ucnurtaH je yTHuaj wavelet
TpancopManije 10 HUBOA JEKOMIIO3HIIHje U3 KOr ce Mory u3eyhu kopucHe uHpopManmje,
OIHOCHO /10 CTETeHa KOMIIPECHje 10 KOjer ce MOKe BPIIUTHU Jajba 00paja 1oj1aTaka y CIHLH.
Kopumheno je Hekonuko Tpanchopmanuja u3z wavelet haMuiMje M MCOHUTAaH je YTHLA]
JeTeKI[dje MBHUIIA HaJ KOMIIPECOBAHMM CIIMKama 3a cBaky TtpaHchopManujy. Mcnurtan je
YTHIIaj IPOMEHE OCBET/bEEhA HA IETEKIH]y HBHIIA H TO y TPH HUBoA. HakoH Tora u3spuieHa je
aHaIn3a YTHIIaja IPOMEHE OCBET/bEHbA Ha/l CIMKaMa Pa3JIHYHTE KOMIUIEKCHOCTH U Pa3IHYUTOT
CTerNeHa KOMIIpEcH]e.

V meroM TmoOriaeky je TMpeNTokeH HOBH TPUCTYN JETEKUMJE€ HBHMIA Ha
KOMIIPECOBaHHM CIIHKama wavelet TpanchopMalijoM U TO HaJ CIMKaMa KOje Ce cacToje Ol
pasnmumTor 6poja AeTasba y CIHIM (MalIH, cpeamby U BenukH). [Ipuctyn ce cacToju U3 Tora ia
NPHIMKOM TpPHMEHE MPBOT HUBOA JIEKOMIO3HLMje wavelet TpaHcdopmarmje Kpeupajy ce
duaTpyu koju he GenexuTH NO3ULKje THKCETa KOje MOTy OMTH moTeHUHjanHe uBHie. HakoH




Tora, kpeupanu ¢puarap he GunTpHpaTH caMo Te NUKCENE M 0CaM HheroBUX CyCeHHUX MUKCena.
Ha ocHOBY 00jeKTHBHUX Mepa AeHHICAHUX y NOITIaB/bY TPH, H3BPIICHA j€ KOMIIApaTHBHA
aHanu3a nocrojehnx u 1o0ujeHux pesynTaTa noMohy HOBOI IPHCTYTIA.

V eCTOM MOrJaBiby jé MPEACTaB/beH HOBH MMPHCTYI ACTEKIMje MBULA 3aCHOBAH HA
NPUMEHH aJanTHBHOT airopuTMa 3a JETeKIHjy HMBHIA Y 3aBHCHOCTH O KpHTEpHjyMa
KOMIUIEKCHOCTH ciuke. Hajmpe ce ozapelyje KOMILIEKCHOCT CJHKE MOMohy MpPOCTOPHHX
vHpopManMja y cauud U GOpMHpA TPH KaTeropuje CIMKa: MajiH, CPEIbH H BETHKH Opoj
netasba. JIoGHjeHH pe3yNTaTH KOMILIEKCHOCTH Cy yriopehenn ca cyGjekTuBHOM MepoM Beher
Opoja UCTUTAHHKA M 00JeKTHBHOM MPOLIEHOM KOMIUIEKCHOCTH MPEACTABI/bEHE Y TUTEPATYPH.
HoBH HPHCTYNI Ha OCHOBY JOOHMjeHMX pe3yiTaTa NPUMEHYje€ METOJ JETeKIUHje HMBHLA Y
3aBHCHOCTH 0J] KOMIUIEKCHOCTH CJIMKe. Y JIpYroMm jeiy [OITaBjba, NMpPeACTaB/beH je HOBH
MPUCTYN 3a MPOLEHY BPEIHOCTH IIpara JETEKLHMje MBMLA Koja ce 0a3snpa Ha NMPUHLUMIMMA
MALIHHCKOT ydela M TO TpuMeHoM ciyuajHe (Random) w wmpexacre (Grid) nperpare.
Kpenupana je 6asa ca BpeIHOCTHMA NIpara y KOjoj MMa 32 CBAKHM JICTEKTOP HBHIA HAJMAbC 300
BPEJHOCTH TIpara ca IOTEHUMjaHHM pacToM Kako O anropuram Ouo e(heKTUBHH]H.
Kopumihena je BSD (The Berkeley Segmentation Dataset and Benchmark) 6a3a ca ciukama 1
wixoB oxroBapajyhu GroundTruth. OBa Gasa ca cIiMKaMa TOJIE/bEHa je 110 KPHTEePHjyMHMa
KOMILICKCHOCTH JIe(MHHMCAHHM Ha OCHOBY NpPOCTOPHHMX MH(popmanuja y ciuun. Ha ocHosy
00jeKTHBHMX Mepa M3BpILCHA je aHaIH3a U MPolleHa ePUKaCHOCTH MPEIOKEHOT TIPUCTYTA.

Y CceZIMOM IIOT/IaBJbY je MpecTaB/beHa IIPMMEHA HOBOT IPHCTYTIA HaJl CIMKama Koje cy
HacTaJle y Pa3IHYHTHM YCTOBHMA. AHAIM3UPAHH CY PasIHYHTH THIIOBH CIIMKa M mymosa (Salt
and Pepper, Gaussian, Speckle). Y 1pyrom 1emny mornasba pasMmarpana je NpakTHIHA
MMIUICMEHTAIIMjA TIPE/UIOKEHOr TIPUCTYNa M NPHMCHA HaJ CIMKama Koje Cy HacTaie y
ycnoBuMa InyMa. TecTupaHa Cy TPH THIA IIyMa 3a TPH Pa3lM4MTe BPEIHOCTH MHTEH3HTETA
myma: 0.01, 0.05 u 0.1. Couke u3 BSD 6a3e 3axaheHe cy pasiMYHTHM THIIOBHMA LIymMa H
MHTEH3UTeTa IIyMa M HaJ TaKBHM CIHKaMa M3BpILIEHA je JETEKLHja MBHLA CTaHIApIHHM
TIPUCTYTIOM M TPEIOKEHHM IPHCTYIIOM.

HaxkoH ceMor noriasba JaT je 3ak/bydak ca OCBPTOM Ha MPEUIOKEHM MPUCTYTI Kao U
Ha LEJIOKYIHO CIIPOBENEHO HMCTpakuBame. lIpeicTaB/beHa cy pellema 3a yHanpeheme
noctojehux U MpeaIokKeHHX MPHUCTYIIa Kao H 1pasiu Oyayhux uctpaxusamba. Takohe, je nat
npernex kopuiuhese nuTeparype, Ouorpaduja kKaHamaara, cnucak o0jaB/bCHHX PaloBa
nparehe u3jase koje cy npensuhere nponucaHoM GopMoM aHcepTaLHje.

3. OueHa quceprauuje
3.1 IIpeamer U UM/bEBH HCTPAKHBAKHA

IIpenMer MCTpaKHBama AOKTOPCKE JMcepTaluje ce 0asipa Ha MpOHATAKEHY HOBOT
MpHCTYNa 3a JAETEKUHjy MBHUA IMIHTalHE CJIMKE, Ka0 M 33 M00OJbIIAmE nocrojehux.
JleTeKiuja MBHLA jeJaH je 0] OCHOBHUX IpobsieMa y JMIHTAIHO] 00paiH CIIHKE, Al 1 jenna
o HajkopucHHjux u Hajuemhe xopmmhennx onepanmja Ha ciuuu. Cimka ce MoOke
MIOCMATPaTH Kao ABOAWMEH3HOHAIHA GyHKIM]a F(X,y), TA¢ Cy X H y IPOCTOPHE KOOP/AMHATE, 4
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F amnunTya (MHTEH3UTET) HAa KoopauHaTama (x,)). AKo ¢y x, v U F KoHayHe BpeJHOCTH OHIa
ce TakBOM (YHKIHMJOM MOMKE TIpeJCTaBHTH JUrUTanHa ciuka. [lakie, civka ce MOKe
nedbHHUCATH Kao 1BOIUMEH3MOHAIHY HU3 ca NedhUHUCaHUM pefoBUMa (x) 1 KonoHama (). Ha
CBaKOj CIIUIIH ce MOoske Hahu KoHauaH Opoj eneMeHaTa, CBaKH elIeMeHT uMa oapeheHy BpeTHoCT
Ha oapeheHoj nokauuju. OBU eIeMEHTH Ce YeCTO 30BY €IEMEHTH CIIMKe WM MuKceTH. OBakas
HauuH 1ocMaTpama CIMKE Kao JBOIMMEH3HOHalHe (YHKIHje UCKOpHIIheH Cy 3a aHaIu3y
CIMKa M WHUXOBY Jaby o0paxny. IlpomeHe uHTeH3uTeTa H3Mel)y cycenHHX mHKcena
NpPEICTaB/ba UBUILY Y CIMIM. Y TUCEPTALMjH Cy aHATW3MpaHW rpaavjeHTHe u Jlammacoe
METO/E 32 JETEKIH]y UBHLA Kao wTo ¢y Canny, Sobel, Prewitt, Roberts u LoG, u Ha Taj HAa4UUH
JIOLUIO Ce JIO HOBOI IPHCTYNA W yHanpehewy nocrojehux. McnutaH je yTHIaj pa3iHuyuTHX
yclI0Ba CIHKE, OJHOCHO CIHKe Ho0MjeHe y creuu(HYHUM YCIOBMMA KAao LITO CYy LIYMOBH,
CIMKe KOMIPECOBaHE pa3IHYMTHM MeTOoJaMa, YTHIIA] OCBEeT/belha H KOMILUIEKCHOCT CIIHKE.
O063upoM Ha nopact ynorpede ,Manux~ padyHapa kao wrto je Rasppbery Pi n Arduino,
ypabeHa je onTumH3anMja IpOrpaMcKor k6/a 3a HMILIEMEHTAllH]y pa3BHjEHOr MPUCTYyNa Ha
OBHM padyHapuMa H oOpana HHpopMallHja y pealHOM BPEMEHY.

[ ucTpaxuBama je 6MO a ce ynorpeboM eKCrepHMeHaTa U KOpHIINemeM HOBUX
TeXHWKa aHaJM3e pa3BHje HOB U eduKacaH MPUCTYI 3a AeTeKUH]y UBULA ciauke. [la ce TokoM
pa3Bujarka HOBOT NPHUCTYMNA, KOPUCTH BEIITAYKA MHTEIMICHIMjAa U MAIIMHCKO yuewe. U na
noOujeHu pe3ynTaTu Hal)y IpHMeHy y pasHUM peallHHM YCIOBHMA U J]a MOTY MPaKTHYHO 1a Ce
UMIUIEMEHTHPA]Y.

OBM LM/BEBH UM pe3yaTaTH OCTBapeHH cy nomohy ciexehe Mertomonoruje
UCTPaXKUBambA;

® aHaJIHM3a M IIPErJie]] HayyHe IUTepaType U3 0Be 001acTH, HAPOYHTO OHE KOja HMa BHCOK
CTEIEH IUTHPAHOCTH H KOja je 00jaB/beHa Y BPXYHCKUM HayYHHUM YacOIUCHMA;

® IIPUMCI-HBALE TGOijCKHX, AHAIIUTHYKHX H EKCIECPUMEHTAITHHUX METOA4,

® pa3BOj MOJENA U aIropuTama 3a cumynauujy npobiema nomohy crelujaau30BaHUX
nporpama M MporpaMcKHX je3uka;

e BepudHKaIMja pe3yiaTara;
® TecTHpame M Bepu(HUKallMja NPUMEHEHHX METO1a U MPUCTYIIA;

- IIpaKTHIIa HMHHGMCIIT&HHja.

3.2 /lonpHHOCH HCTPAaKHBAKHA

[To ouenn wiaHoBa KomwucHje, Haj3HAYajHU]H HAYYHH JONMPHHOCH JIOKTOPCKE
nucepranMje kanauaara Bnagumupa Makcumosuha cy:

® BpPEMEHCKO-(PEKBEHIINjCKa aHATHM3a CIIUKE;

® aHamM3a YTHLAja PA3IHYUTe KOMIUIGKCHOCTH M KOMIIPECH]Ee CIIMKE Ha IOETeKIH]Y
UBHILIA;

® aHanu3a yTHLaja BPeAHOCTH [para NpHIMKOM ACTEKLU]C UBHLA Y CIHLIH;




W3BpIUIEHO je nopehemwme pe3yarara Mepa rnepGopMaHCcH 3a KBATHTET CIHKE T00H]eHHX
IPUINKOM JeTeKlUHje UBULAa KopHihermeM HOBOI IIPUCTYINA 33 MPOIEHY BPEIHOCTH
npara Koje ce 6asupajy Ha Grid u Random npertpasu;

KOMIIapaTHBHA aHAJIU3a Pa3IMYUTHX OMEPATOPA 33 ACTEKLHU]y UBHIA CIIUKE H MEPEHE
BHXOBUX MNeppOpMaHCH HaA pa3IHYHTHM THIIOBHMMAa CIIMKa (KOMIIjJYTEPCKH
TeHEePHUCaHMX, CJIMKA PealTHUX CUTYaIlHja, MEIUIIMHCKHX, CAaTETHTCKUX, HT/);

aHaJIM3a yTHIAja KOMIIPECH]e 3aCHOBAaHEe Ha JHCKPETHO] KOCHHYCHO] TpaHcdopMallHjH
(DCT) u nuckperHoj wavelet tpanchopmaiiju (DWT) Ha qeTeKIH]y UBHIIA CITHKE;
TMporieHa KOMIUIEKCHOCTH cuke Ha ocHOBY DCT, DWT u npocTopHHX HH(popMaIlmja y
CIIUIH U HOpMHUpaE TPHU KaTeropuje KOMIUIEKCHOCTH;

pa3BHjEH je& HOBH IPHUCTYI 3a ACTEKIIH]y HBHIA HA OCHOBY KOMIUIEKCHOCTH CIIHKE U
[IOHallIaka 1ocTojehux Mojiena neTekiuje UBMIIA,

pasBHjeH je HOBH IPUCTYH 3a JAETeKUMjy HMBHLA MOMONY MPHUHLHMIIA W JIOTUKE
MAIHHCKOr Y4ea, M ypaheHa je beroBa onTHMHU3allMja 3a pajl y PealHoM BPEMEHY H
y peaaHUM aruihKalujama;

ypaeHa je KoMIapaTHMBHAa aHajlu3a JeTeKUMje MBHULA 3a CIUKe pa3IHyuTe
KOMIUIEKCHOCTH Ca pa3JW4YMTHM BpCTaMa H HMHTEH3UTETOM LIyma ca nocrtojehum
MeTo/1aMa U NPEAI0KEHHM HOBHM TIPHCTYTIOM.,




3AK/bYYAK

Ha ocHOBY M3BpIICHOT YBHAa Y JOKTOPCKY [AMcepTanujy KaHauaata Bramummupa
Makcumosuha, Komucuja je MUIILbeRa 1a JUcepTallija CapKu HA3 OpUTHHATHUX JONPHHOCA
y obnactu murutaiHe odpane ciuke. [Ipemioixken je HOBH MPUCTYI 3a NMPOLEHY BPEAHOCTH
npara NpH JeTeKIHjH HBHIA CIHKa Pa3IHYUTOr CTENeHa KOMIUIEKCHOCTH H KoMIpecHje. Y
Mmporecy AeTeKIHje MBHLA CJIMKe NPOLEHa Mpara Mrpa BaKHY YIOTY M y 3aBUCHOCTH O/
MPUMEREHHX A/ITOPUTaMa M MOJIeJIa 3a IIPOLICHY HCTOT 3aBUCH KBAJIMTET IETEKTOBAHMX MBHIIA.
[IpeaioXkeHu MPHCTYN ympaBo oMmoryhyje mnpoleHy ONTHMaiHe BPeIHOCTH Ipara, KOjH
HpoHala)emwe BpeAHOCTH Oasupa Ha Random u Grid npetpasy. M3Bpiiena je ananusa yTuuaja
KOMILTEKCHOCTH CJIMKE Ha JeTEKIIH]y UBHLA H Ha OCHOBY JOOHjeHHX pe3yJITaTa IpeUIOKeH je
MPUCTYI AJANTHBHE celIeKIMje omepaTopa 3a jAeTekuujy uBuua. Takobe, je npemtoxeH
MPUCTYIl JETeKlHje HMBHIA HAA KOMIIPECOBAHHM CJMKama wavele! TpaHc(opMaiujoM.
[TokasaHO je Ja HpeUIOKEHH MPHUCTYI OCTBapyje Oosbe pelyiTare y NETEKUHjH HBHIA Y
nopeherby ca cTaHIapIHUM IPUCTYIIIIHMA H3 THTEpAType H J1a Hajla3| IPUMEHY U Pa3THYMTHM
pearHHM CHTYyal[ijaMa Yak | y CHTyal[ijama Kaja je HapylleH KBaJlHuTeT CIHKe.

CBH pe3y.ITaTH NPHKA3aHU y AMCEpTalliji Bepu(HKoBaHH Cy 00jaB/bUBambEM pajioBa y
mehyHapoaHuM u goMahnuM yacomucuma M KOHGEpeHIMjaMa | TO: J[Ba paja y 4aconucHMa
M22 kareropuje, ABa pana y daconucuma M23 kateropwmje, jenaH paa y udaconucy MS2
KaTeropuje U TpH paja Ha MehyHapoJIHUM KoH(pepeHIMjama kaTteropuje M33.

JlokTopcka auceprainuja je ypaheHa npema caBpeMEHHMM CTaHIAapAMMa Hay4dHO-
HCTPaKMBAYKOI pajga M HCIYHaBa CBE YC/IOBE KOjH ¢y npeaBHheHH 3aKOHOM O BHCOKOM
oOpazoBamy, CtanaapauMa 3a akpeauTainjy, kao u Ctaryrom @akyirera TEXHHYKHX HayKa
u Craryrom VYuusepsutera y llpumrunu ca npuBpeMmeHHM ceaumteM Yy KocoBckoj
MutpoBuLH.

Ilpema Tome, umanoBn Komucuje npeanaxy HactaBHo-nayuHom Behy Paxynrera
TeXHMYKHX Hayka y KocoBckoj MUTpOBHIIH 1a MPHXBATH M3BeIITaj 0 ypaheHoj JOKTOPCKO]
aMceprauyju Kanauaarta Brnagumupa Makcumosuha, mox nacinosom . Hosm mpueryn 3a
NpoHeHyY BpeIHOCTH mNpara MpH JeTeKIHjH HBHUA CJIHKA PpPa3sJHYUTOr CTereHa
KOMILIEKCHOCTH H KOMIpecHje~ U Jla UCTH YIIYTH YV Jajby IpPOLEIypy.

V Kocosckoj Murtposuuu Komucnja:
¢ .02. 2022. rog. % /
ok oo CGar

1p Herap CrianeBrh, pes1. mpod — npe/iceTHIK
dakynTeT TeXHHYKHX Hayka y Kocosckoj MHTpoBHUM

Vi Qﬁfﬁm\_j
ﬁp Miine] [Terposuh, pea. npod. — menTOp

dakynTeT TeXHHUKUX Hayka y KocoBckoj MuUTpoBHLH
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EnexktpoHcku dakyntet y Humy
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