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HACTABHO-HAYHHOM BETiy
<DAKyJITETA TEXHHHKHX HAYyKA 'y KOCOBCKOJ MHTPOBHH.H

npeaMer: H3BeuiTaj KoMHcnje 3a nperueA, opeHy h o0,a6paHy ypal)eHe ~OKTopcKe
AHcepTapHje KaHzinziaTa BuaziHMHpa MaKCHMOBNha.

Ha ocHOBy Hliana 55. CTaB 1 TaHKa 16) CTaTyTa <I>aKyjiTeTa TexiiHHKHX Hayxa y
KocoBCKoj Mhtpobhuh, a y CKlialiy ca o/ipefléaMa npaBHJiHHKa o aoKTopcKHM CTyanjaMa,
HacTaBHO-HayHHO Behe OaKyjrreTa texhhhkhx Hayxa y KocoBCKoj Mhtpobhhh, Ha ceaHHUH
0"p>KaHoj ziaHa 30.12.2021. ro"HHe, “OHegjio je OziJiyKy no/i SpojeM 1605/3-2 0 HMeHOBaiby
KoMHCHje 3a nHcaite H3BeuiTaja 3a nperueA, oueHy h oziépaHy ypal)eHe ~OKTopcKe
.HHcepTapHje no” HacuoBOM ,,H obh npHCTyn 3a npoueHy BpeHHOCTH npara npn aeTeKHHjH
HBHua cJiHKa pa3JiH«iHTor CTeneHa komhjickchocth h KOMnpecHje”, Kan/iH/iaTa
BjiaAHMupa MaKCHMOBUha, y cacTaBy:

1 /ip lleTap CnajieBnh, peji. npoij). <J>THay K Mhtpobhhh - npe/ice/iHHK,
2. jip Mnjie neTpoBHh, pea. npocji. OTH-a y K. Mhtpobhuh - MeHTop,
3. up Cauia HuKOJiuh, pea. npoij). EjieKTpoHCKor cliaKyjiTeTay Huiuy - ujiaH.

Ha ocHOBY nperjie/ia h aHajiH3e AOCTaBlbeHe zioKTopcKe AncepTauuje h Apyre npaTehe
aoKyMeHTamije, KoMncuja je cauHHHJia cjie”ehu

H3BEUITA J

0 oueHH ypal)eHe noKTopcKe AncepTaunje KaHnnnaTa BuaAHMHpa MaKCHMORBIiha.

1.1 EHorpa(])CKH no/tarui KaH/jnnaTa

Bjia HMHp MaKCHMOBNh je poljeH 1992. ronHHe. OcHOBHy uiKQJiy je 3aBpiuuo y
TpauaHHHH, a cpe/iiby EjieKTpoTexHHUKy uiKQJiy y CyiuuuH Ha CMepy EjieKTpoTexHHuap
pauyHapa. OaKyjiTeT tcxhhhkhx Hayxa y KocoBCKoj Mhtpobhhh ynncao je 2011. roziHHe Ha
CTynHickKOM  nporpaMy  EjieKTpoTexHHHKo h panyHapcKo HHKeHepcTBO Ha  Monyjiy
EueKTpOHHKa h TejieKOMyHHKaijHje. OcHOBHe CTynHje 3aBpuiHO je 2016. roziHHe h CTeKao
3BaHe HHiKeibep eueKTpoTexHHKe h panyHapcTBa. MacTep CTyziHje Ha hctom CTynnjcKOM
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nporpaMy 3aBpuiHOje 2017. roAHHe h CTeKao 3BaH.e AHnnoMHpaHH HHHceaep ejieKTpo TexHHKe
h panyHapcTBa. HcTe roAHHe ynncao je AOKTopcKe CTyAiije Ha cTy”njcKOM nporpaMy
EjieKTpoTexHHLKO h paHVHapcKO HH/KeTtepciBO Ha OaKyjiTeTy texhhhkhx Hayxa y KocoBCKoj
Mhtpobhhh h jto caAaje nojio)KHO CBe ncnHTe npeABHIjeHe HacTaBHHM nnaHOM h nporpaMOM.
Oa 2017. ro™HHe panH Ha OaKYyjiTeTy TexHHHKHX Hayxa Kao cTpynHH capaAHHK - jiaOopaHT y
TejieBH3njcKOM CTyziHjy (J)aKyjiTeTa. AyTop h KoayTop je 18 HayHHHX pa/ioBa o6jaBji>eHHX y
MeljyHapoAHHM h aomblihm HaconncHMa, Kao h npe3eHTOBaHHx Ha MeljyHapoAHHM h AOMahnM
KOH(j)epeHHHjaMa. TaKolje, KoayTop je je/iHor npaKTHKyMa H3 npe™MeTa TejieBHa3iije.
ynecTBOBao je Ha Asa EpMa3Myc+ npojeKTa h aea Hau,HOHajiHa npojeKTa (JiHHaHcnpaHa oa
ClpaHe BjiaAe Peny6jiHKe CpSnje. HjiaH je IEEE 3ajeAHHue.

1.2 BepM*HKaunja HayHHHX nonpHHOca

Kao ayTop BjiaAHMHp MaKCHMOBHh je yKynHO 06jaBHO 18 paAOBa h to: neT paAOBa y
MeljyHapoAHHM naconHCHMa ca HVnaKT (J)aKTopoM (abb pa™a y naconHCHMa KaTeropnje M22
h Tpn pa™a y HaconncHMa KaTeropnje M23), ABa pa™a y hctbkh”thm HapHOHajiHHM
naconHCHMa KaTeropnje M52, jeaH paA 'y HapHOHgjiHOM naconHcy KaTeropnje M53, Kao h 10
paAOBa Ha MeljyHapOAHHM KOH(J)epeHHHjaMa KaTeropnje M33. Oa yKynHO 18 o6jaBJbeHHx
paAOBa, 8 paAOBa cy y AHpeKTHoj Be3H ca aoktopckom AHcepTaunjom h to:

e 2 pa™a KaTeropnje M22,
e 2 pa™a KaTeropnje M23,
 1paA KaTeropnje M52,

« 3 pana KaTeropHje M33.

y HacTaBKyje ast cnncakK o06jaBJi.eHHx paAOBa KaHAHAATa Kojn cy AHpeKTHO Be3aHH 3a
TeMy AOKTopcKe AHcepTau,Hje.

HcrakKHVTn MeljVVHapoaHH naconHC (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. DOI:
10.12700/APH. 17.4.2020.4.7 [M22J.
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/j.ijlc0.2021.166476 [M22J.
https://www.sciencedirect.com/science/article/abs/pii/S0030402621002Q72

MeljvHapojHH Haconnc (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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http://acta.uni-obuda.hu/Maksimovic_Jaksic_Petrovic_Spalevic_Milosevic_101.pdf
https://doi.Org/10.1016/j.ijlco.2021.166476
https://www.sciencedirect.com/science/article/abs/pii/S0030402621002Q72

(print), ISSN: 1736-7530 (electronic), DOI: 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, DOI:
10.31577/cai_2019 5 1067 [M23].
http://www.cai.sk/ois/index.php/cai/article/view/2019 5 1067/984

HcTaKHVTM namuma.iHn MaconHC (M52):

5. Vladimir D. Maksimovi¢, Jelena M. Todorovi¢, Branimir S. JakSi¢, Mile B. Petrovic,
Petar Lj. Spalevi¢, The Impact of Successive B Frames on TV Signal Using Different
Compression Techniques and Video Resolution, Telfor Joumal, Vol. 11, No. 1, pp. 25-29,
2019. ISSN: 1821-3251 (Print  Issue)  ISSN  2334-9905  (Online),
DOI: 10.5937/telfor 1901025M [M52].
https://ioumal.telfor.rs/Published/VollINol/Voll INol A5.pdf

CaoniHTeH>a Ha MelivHapo/iHHM CKvnoBHMa unaMnaHa Y hcjiocth (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 Intemational Scientifics Conference
Telecommunications Fomm 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,
Analvsis of the Effect of White Balance and Color Temperature on Image Compression
Using Different Algorithms, Proceedings of 5th Intemational Conference on Electrical,
Electronic and Computing Engineering ICETRAN 2018, Pali¢, Serbia, 11-14 June 2018,
pp. 1195-1199 [M33],
https://www.etran.rs/common/Zbomik%20ETRAN%201C%20ETRAN-18-final.pdf

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

y HacTaBKy je jyat cnncaK o6jaBJbeimx pa”*oBa tokom Hcerpa>KHBaifaa KanaHaaia Kojn
HHcy Y ~HpeKTHoj Be3H ca tcmom ~oKTopcKe AHcepTapHje ajin ¢y Giincko Be3aHH ca caz”*majeM
HCTe:

MehvHapojHH naconHC (M23):
1 Branimir Jaksic, Dragisa Miljkovic, Vladimir Maksimovic, Mile Petrovic, and Branko

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


https://doi.Org/10.3176/proc.2019.3.06
http://www.kirj.ee/32245/?tpl=1061&c_tpl=l064
http://www.cai.sk/ois/index.php/cai/article/view/2019_5_1067/984
https://ioumal.telfor.rs/Published/VolllNol/Voll_lNol_A5.pdf
https://ieeexplore.ieee.org/document/8611854
https://www.etran.rs/common/Zbomik%20ETRAN%20IC%20ETRAN-18-final.pdf
https://unitech-selectedpapers.tugab.bg/images/papers/2020/Unitech_2020_SP.pdf

(print), ISSN: 1807-8864 (electronic), DOl:
https://doi.org/10.4025/actascitechnol.v42il.44957 [M23].
http://periodicos.uem.br/ois/index.php/ActaSciTechnol/article/view/44957

HcTaKHVTH HaunoHa.iHH naconHC (M52):

2.

Branimir Jaksi¢, Vladimir Maksimovic, Jelena Todorovi¢, Mile Petrovi¢, 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/tehnikal806827J) 1M52], http://www.sits.org.rs/include/data/docs2414.pdf

HauHOHajiHH naconHC (M53):

3.

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

CaoniHTeit.a Ha MehvHapojHHM CKvnoBHMa lii iaviiiana y hcjiocth (M33):

4,

Vladimir Maksimovic, Mile Petrovic, Branimir Jaksic, Ratko lvkovic, lvana Milosevic,
Effect oflllumination in Chroma Key Effect in the Realization ofVirtual Television Studio,
Proceedings of Intemational Scientific Conference on Infonnation 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 MiloSevié, Vladimir Maksimovi¢, Mile Petrovi¢, Branimir Jak3i¢, Petar Spalevic,
Model povezivanja televizijskih studija i mohilna ukljufenja koris¢enjem RTP/TCP
protokola, Proceedings of Intemational 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 Intemational Scientific
Conference on Infonnation 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, VIadimir Maksimovic,
Inverse filtering method for Super-Resolution digital imaging, Proceedings of
Intemational 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 Petrovié, Petar Spalevic,
Analiza bitskog protoka transpondera za satelitsku televiziju, Proceedings of 19th
Intemational Symposium Infoteh, Jahorina, 18-20 March 2020, pp. 92-97. [M33].


https://doi.org/10.4025/actascitechnol.v42il.44957
http://periodicos.uem.br/ois/index.php/ActaSciTechnol/article/view/44957
http://www.sits.org.rs/include/data/docs2414.pdf
http://portal.sinteza.singidunum.ac.rs/Media/fiIes/2018/182-188.pdf
http://portal.sinteza.singidunum.ac.rs/paper/711
http://portal.sinteza.singidunum.ac.rs/paper/708
http://portal.sinteza.singidunum.ac.rs/Media/files/2019/491_-497.pdf

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

9. Branimir JakSi¢, Boko Bandur, Vladimir Maksimovié, Jelena Todorovi¢, Branko
Gvozdi¢, Struktura TV kanala satelitskih operatera i DTH platformi u Evropi, Proceedings
of 19th Intemational Symposium Infoteh, Jahorina 18-20 March 2020, pp. 98-103. [M33].
https://infoteh.etf.ues.rs.ba/zbomik/2020/radovi/P-1/P-1-3.pdf

10. Vladimir Maksimovic, Mirko Milosevic, Mile Petrovic, Branimir Jaksic and Petar
Spalevic, Digital Multimedia Television Svstem, Proceedings of 12th Intemational
Symposium on Advanced Topics in Electrical Engineering ATEE 2021, Bycharest,
Romanio, 25-27 March, 2021, pp. 1-5. DOI: 10.1109/ATEE52255.2021.9425092 [M33],
https://ieeexplore.ieee.org/document/9425092

llomolihh VUheHHK:

1. Mile Petrovié, Jelena Todorovi¢, Vladimir Maksimovié, Praktikum iz Televizije, Fakultet
tehnickih nauka, Kosovska Mitrovica, 2019. ISBN 978-86-80893-92-1. COBISS.SR-ID
276462092

2. Ochobhh nojjaiiH o ancepTaHHjH

/loKTopcKa AncepTaitHja noti HacnoBOM ,,Hobh npncTyn 3a npoiteHy BpettHocTH npara
npn AeTeKHHjn HBHua cjiHKa pa3JiHHHTor CTeneHa komhjickchocth h KOMnpecnje” canp>KH 153
HyMepHcaHHx CTpaHHpa TeKCTa, ocaM noraaBJLa h 9 AOAaTHHx CTpaHHita ca HeonxonHHM
nottaitHMa. ~“HcepTauHja cafl,p>«H 130 cjiHKa h 46 TaSejia. Y nonncy KopnmheHe jiHTepaType
KaHttHttaT je HaBeo 121 pe<])epeHHy. llo (jiopMH h CTpyKTypH uoKTopcKa AHcepTaunja ottroBapa
onuiTHM npaBHJiHMa 3a nHcame h o0SjiHKOBaite noKTopcKe “HcepTaHHje, y CKliany ca
CTaTyTOM YHHBep3HTeTa, llpaBHJIHHKOM 0 JIOKTOpCKHM CiyjlHja\ia Ha YHHBep3HTeTy H
[IpaBHJIHHKOM 0 "OKTOpCKHM CTyjmjaMa Ha OaKyjiTeTy TexHH4KHx HayKa. Tckect noKTOpCKe
HHcepTaiiHje je nojteibeH Y ocaM norjiaBJba: 1 yBOjt; 2. IlpHHLiHNH jteTeKHHje HBHiia; 3. Mepe
3a ojtpeljHBaibe KBajiHTeTa neTeKmije HBHua; 4. /jeTeKunja hbhhu Han cjiHKaMa ca pa3JiHHHTHM
OpojeM jierajba KOMnpecoBaHe noMohy JPEG, JPEG2000 h SPIHT anropHTMa; 5. Hobh
npncTyn neTeKiiHje HBHua Han cjiHKaMa pa3JiHHHTe KOMnjieKCHOCTH KOMnpecoBaHe noMohy
wavelet TpaHCiJiopMaHHje; 6. Hobh npHCTyn 3a npoueHy BpeAHOcra npara neTeKunje HBHiia h
npHMeHa ananTHBHor neTeKTOpa y 3aBHCHocra on KOMnneKCHOcra cjihkc; 7. npHMeHa hobot
npHCTyna npoiieHe Bpejinocra npara HBima HaT cjiHKaMa pa3JiHHHTe KOMnmeKCHOcra h
HHTeH3HTeTa myMa h 8. 3aKJbyqgaK.

Ha Kpajy cy nara cnncaK KopnmheHe jiHTepaType, cnncaK cjiHKa h cnncaK Ta6ejia.
/1,OKTopcKa nncepTauHja npnnajia noiby TexHHHKO-TexHOJiomKHx HayKa h o6jiacTH
EjieKTpoTexHHHKO h paHynapcKo HHJKemepcTBO, a y>Ka Havnna o6jiacT je TejieKOMyHHKau,Hje
H HH(J)OpMaHHOHH CHCTCMH.


https://infoteh.etf.ues.rs.ba/zbomik/2020/radovi/P-l/P-l-2.pdf
https://ieeexplore.ieee.org/document/9425092

2.1 KpaTaK npHKa3 noje,aimaHHHXx norjiaBJta

Y yBOAy AHcepTaiiHje npejiCTaBJLeH je npejjMeT, xnnoTe3e h HHIbeBH jiHcepTauHje.
Taicof)e, npeacTaBJbCHa je Mcroao.Tornja h aaaTH HCTpaKHBaHa Kao h cTpyKTypa h
opraHH3auHja AHcepTapnje.

y ApyroM noraaBJby npeACTaBjbeHH cy eneMeHTapHH npHHHHNH ~eTeKHnje HBHua,
aKTyejiHH npoSjieMH y  jinrHTajiHoj oSpajjH cjiHKe, TpeHyTHO CTaibe jtocanamiber
HCTpaacHBama y OBoj oSjiacra, npenHOcra h MaHe KopnmheHHX anropHTaMa h MeToaa 3a
jieTeKiiHjy HBHiiay cjihph.

y TpeheM norjiaBJby cy npeACTaBJbeHH MaTeMaraHKH moacjih Mepa nepcjiopMaHCH 3a
npoiieHy KBajiHTeTa caHKe (Peak Signal Noise Ratio - PSNR h Structure Similarity Index
Measure - SSIM), KBajiHTeTa TaHHCOcra jicte ktobahnx HBHua (F Mepa, FOM - Figure ofMerit
h Performance Ratio - PR) h moacjih 3a npopeHy KOMnjieKCHCOcra cjihke (Discrete Cosine
Transformation - DCT, Discrete Wavelet Transformation - DWT h SI - Spatial Information).
Ha ocHOBy aHajiH3e AobnjeHHX BpejiHOcra obhx Mepa npeAlJioiKeH je hobh npncTyn 3a
AeTeKi;Hjy HBHija y cjihhh. TaKol)e, npiiKa3aHe cy 6a3e cjiHKa ca petJjepeHTHHM naeajiHHM
HBHiiaMa. KopnmheHH cy pa3JiHHHra ranoBH cjiHKa 3a aHanH3y, on peajiHHX h CTBapHHX cjiHKa
jio KOMnjyTepcKH reHepncaHHX.

y neTBpTOM norjiaBJby je 3HajiH3HpaH yrapaj KOMnpecnje Ha aeTeKuiijy HBima y
cjihiih. Hajnpe cy onpef)eHe KaTeropnje KOMnjieKCHOcra noMohy DCT h DWT TexHHKe,
oahocho cjiHKe ca MgjiHM, cpeAmMHM h bcjihkhm 6pojeM AeTajba noMohy mctoab onncaHHX y
JiHTepaTypH, oahocho Mana KOMhneKCHOCT (Low Details - LD) cjihke, cpeAma KOVhjieKCHOCT
(Medium Details - MD) cjiHKe h BenHKa KOWVhjieKCHOCT (High Details - HD) cjiHKe. Hau
KaTeropncaHHM cjiHKaMa H3BpmeHaje KOMnpecnja noMohy JPEG (Joint Photographic Experts
Group), JPEG2000 (Joint Photographic Experts Group 2000) h SPIHT (Set Partitioning in
Hierarchical Trees) aaropHTMa h to 3a pa3JiHHHra 6poj OHTa no nHKcejiy. Ha;i TaKBHM
cjiHKaMa H3BpmeHa je AeTeKiiHja HBHpa npHMEHOM neT onepaTOpa: Cannv, LoG, Robets, Sobel
h Prewitt h anha.inbmpahh cy AoonjeHH pe3yjiTara. TaKoffe, ncnHTaH je yraiiaj wavelet
TpaHdjjopMaiiHje ao HHBoa AeKOMno3HiiHje H3 kot ce Mory H3ByhH KopncHe imijiopMaLiHje,
oahocho ao CTeneHa KOMnpecnje ao Kojer ce moke BpmHTH naiba o6paAa noAaTaKa y cjiniih.
KopHiuheHO je hckojinko TpaHCijiopMaiiHja H3 wavelet cjiaMHliHie h ncnHTaH je yraiiaj
AeTeKiinje HBHpa HaA KOMnpecoBaHHM cjiHKaMa 3a CBaKy TpaHC(j)opMaiiHjy. HcnHTaH je
yTHiiaj npoMeHe ocBeTJbeiba Ha neTeKiiHjy HBima h to y Tpn HHBoa. HaKOH Tora H3BpmeHa je
aHajiH3a yrauaja npoMeHe ocBe ubeiba naji caHKaMa pasjiHHHi e KOMnjieKCHOcra h pa3JiHHHTor
CTeneHa KOMnpecnje.

y neTOM norjiaBJby je npeAJio>KeH hobh npncTyn AeTeKiinje hbhhb Uuaji
KOMnpecoBaHHM cjiHKaMa wavelet TpaHcijiopMaiiHjoM h to Hau cjiHKaMa Koje ce cacToje oa
pa3JiHHHTor 6poja AeTajbay cjihiih (ManH, cpeAitH h BejiHKH). 1IpHCTyn ce cacTojn H3 rara jya
npnjiHKOM npHMeHe npBor hhbob AeKOMno3HiiHje wavelet TpaHcijiopMaiiHje Kpenpajy ce
CjitHIiITpH Kojn he 6eJie>KHTH no3HU,Hje nHKceaa Koje Mory 6hth noTeHiiHjajiHe HBiiiie. HaKOH



Tora, KpenpaHM (HHIiTap he (H)HIiTpHpaTH caMO Te nHKcejie h ocaM H>eroBHX cyceAHHX nHKcejra.
Ha 0CHOBy 06jeKTHBHHX Mepa ne(j)HHHcaHHX Yy norjiaBJi>y TpH, H3BpuieHa je KOMnapaTHBHa
aHajiH3a nocTojehnx h no6HjeHHx pe3yjiTaTa noMohy hobot NpHCTyna.

Y uiecTOM norjiaBlty je npeACTaBjbeH hobh npHCTyn AeTeKHHje HBHiia 3acHOBaH Ha
npHMeHH aAanTHBHor anropHTMa 3a AeTeKUHjy HBHpa y 3aBHCHOCTH oa KpHTepnjyMa
KOMnjieKCHOCTH cjiHKe. Hajnpe ce OApel)yje KOMnjieKCHOCT cjihkc noMohy npocTopHHXx
HH”opMapnja y cjihuh h (jjopMiipa Tpn KaTeropnje cliHKa: mojih, cpeAH>H h bcjihkh 6poj
AeTajta. ,Zjo6HjeHH pe3yjiTaTH KOMnjieKCHOCTH cy ynopel)eHH ca cy6jeKTHBHOM MepoM Beher
6poja HcnHTaHHKa h 06jeKTHBHOM npoueHOM KOMnjieKCHOCTH npeACTaBjbeHe y jiHTepaTypn.
Hobh npncTyn Ha OCHOBy Ao6njeHiix pe3yjiTaTa npHMeH>yje mctoa AeTeKiiHje HBima y
3aBHCHOCTH oa KOMnjieKCHocTii cjiHKe. Y ApyroM Aeny norjiaBjba, npeACTaBjbeH je hobh
npncTyn 3a npoiieHy BpeAHOCTH npara AeTeKiinje HBHpa Koja ce 6a3Hpa Ha npHHHHnHMa
MauiHHCKor yneiba h to npHMeHOM cjiynajHe (Random) nh Mpe>KacTe (Grid) npeTpare.
KpenpaHa je 6a3a ca BpeAHOCTHMa npara y Kojoj nMa 3a CBaKH AeTeKTop HBnua HajMatbe 300
BpeAHOCTH npara ca noTeHunjaAHHM pacTOM KakKo 6h aAropHTaM 6ho eijjeKTHBHiijn.
KopHiuheHa je BSD (The Berkeley Segmentation Dataset and Benchmark) 6a3a ca CAiikaMa h
hhxob OATOBapajyhH GroundTruth. OBa 6a3a ca cuiikaMa noAejbeHa je no KpHTepnjyMHMa
KOMnAeKCHOCTH Ae(j)HHHCaHHM Ha OCHOBy npOCTOpHHX HH(j)OpMaHIlja y CAHIIH. Ha OCHOBy
06jeKTHBHux Mepa H3BpuieHa je aHaAH3a h npoueHa e(j)HKacHOCTH npeAAQJKeHor npHCTyna.

Yy ceAMOM norAaBJby je npeACTaBJbeHa npHMeHa hobot npHCTyna haa CAHKaMa Koje cy
HaCTaAe y pa3 AHHHTHMyCAOBHMA. AHaAHzlipaHH cy pa3 AHHHTH THnOBH CAHKa 11 UiyMIOBa (Salt
and Pepper, Gaussian, Speckle). Y ApyroM acav norAaBlba pa3zMaTpaHa je upaKTHmia
HMnAeMeHTaiiHja npeAAOHceHor npHCTyna h npHMeHa h"a CAHKaMa Koje cy HacTaue y
ycAOBHMa uiyMa. TecTHpaHa cy Tpu THna iuyMa 3a Tpu pa3AHHHTe BpeAHOCTH HHTeHsHTeTa
uiyMa: 0.01, 0.05 h 0.1. Cahkc H BSD 6a3e 3axBaheHe cy pasAHHHTHM THnoBHMa uiyMa h
HHTeHsHTeTa uiyMa h HaA TakKBHM CAHKalVa HiBpuieHa je AeTeKiiuja HBHua CTaHAapAHHM
npHCTynoM h npeAAC>KeHHM npHCTynoM.

HaKOH ceAMor noraaBJba ast je 3aKJbyuaK ca ocbptom Ha npeAAonceHH npncTyn Kao h
Ha peAOKyNnHO cnpoBeAeHO HCTpancHBaibe. npeACTaBjbeHa cy peuieiba 3a yHanpeljeibe
nocTojehHx h npeAAC>KeHHX npncTyna Kao h npaBii,H 6yAyhnx HCTpa>KiiBaiba. TaKolje, je ast
nperaeA KopiuuheHe AHTepaType, 6norpa(j)iija KaHAHAaTa, cniicaic o6jaBJbeHHx paAOBa h
npaTehe H3jaBe Koje cy npeABntjeHe nponncaHOM (jjopMOM AncepTapnije.

3. OueHa "HcepTauHje
3.1 llpe/jMeT h HHjbeBH neTpa>KHBaH>a

lIpeAMeT HCTpa>KHBaH>a AOKTopcKe AncepTaiiHje ce 6a3Hpa Ha npoHaAa>KeH>y hobot
npHCTyna 3a AeTeKHHjy iiBHiia AiirHTaAHe cahkc, Kao h 3a no6ojbiuaH>e nocTojehnx.
/jeTeKunja HBHua jeAaH je oa ochobhhx npo™AeMa y AnruraAHoj 06paAH cahkc, bah h jeAHa
oa HajKopHCHHjnx h Hajueiuhe KopiuuheHHx onepaipija Ha cahah. Cahka ce MOKe
nocMaTpaTH Kao ABOAHMeH3HOHaAHa (j)yHKpHja F(X,y), TAe Cy X h V npocTopHe KoopAHHaTe, a



FaMnjiHTyaa (HHTeH3HTeT) Ha KOOpuHHaTaMa (X,y). Ako cy X, ¥ h F KOHaHHe Bpe"HOCTH OHijta
ce TaKBOM (PyHKHHjoM MO*e npe"CTaBHTH aHTHTanHa cjiHKa. ”~aKlie, cjiHKa ce MOKe
fle(j)HHHCaTH Kao JtBOJtHMeH3HOHajIHH HH3 Ca Jje(j)HHHCaHHM pe”OBHMa (X) H KQIOHaVB (v). Ha
CBaKgj cjihhh ce MD>Ke HatiH KOHanaH 6poj ejieMCHaTa, cBakKH eneMeHT HMa onpet)eHy bpchhoct
Ha onpel)eHoj JiOKaunjH. Obh ejieMeHTH ce necTO 30By eneMeHTH cjiHKe hjih nHKcejiH. OBakaB
h3hhh nocMaTpaita cjihnke Kao nBonHMeH3HOHgjiHe (J)yHKHiije HCKopHiuheH cy 3a aHajiH3y
cjiHKa nh HHXOBy najty o6pauy. rtpoMeHe HHTeH3HTeTa H3Mel)y cyceuHHx nHKcejia
npencTaBjfca HBHily y cjihlih. Y nHcepTaiiHjH cy aHajiH3HpaHH rpauHjeunie h JlannacoBe
MeTO"e 3a neTeKiiHjy HBHiia Kao oito cy Canny, Sobel, Prewitt, Roberts h LoG, h Ha Taj HaHHH
WQuijio ce N0 hobot npncTyna h yHanpel)eifcy nocTojehHx. HcnHTaH je yTHuaj pa3JliHHHTHX
ycnoBa cliHKe, oahocho cjinke uo™HjeHe y cnemi(j)HHHHM ycjiOBHMa Kao uito cy uiyMOBH,
cjiHKe KOMnpecoBaHe pa3JliHHHTHM MeTouaMa, yTimaj ocBeTjfceita h KOWVhjieKCHOCT cjihkce.
063npoM Ha nopacT ynoTpe6e ,MajiHx” panyHapa Kao uito je Rasppbery Pi h Arduino,
ypal)eHa je onTHMH3apnja nporpaMCKor Kona 3a HMnjieMeHTauujy pa3BnjeHor npncTyna Ha
obhm panyHapHMa h o6pa”a HHtjjopMaunja y peajiHOM BpeMeHy.

LjH}fc HCTpa>KHBaifca je 6ho ua ce ynoTpe6oM eKcnepHMeHaTa h KopHiuheifceM hobhx
TexHHKa aHanH3e pa3Bnje hob h etjmKacaH npncTyn 3a AeTeKunjy HBHija CliHKe. ce tokom
pa3BHijaita hobot npncTyna, kophcth BeuiTanKa HHTejiHreHunja h MauiHHCKO yHeu>e. H na
Ho6njeHH pe3yjiTaTH Hat)y npHMeHy y pa3HHM peajiHHM ycjioBHMa h ua Mory npakKTHHHO zia ce
HMnjieMeHTHpajy.

Obh mufceBH h peldyjiTaTH ocTBapeHH cy noMohy cjieuehe MeTono.Tornje
HCTpe>KHBaita:
e aHajiH3a h npernen HaynHe jiHTepaType H3 OBe o6nacTH, HapoHHTo oHe Koja HMa bhcok
CTeneH uHTHpaHOCTH h Kojaje o6jaBli>eHay BpxyHCKHM HayHHHM HaconncHMa,;
* npiiMeibHBaifce TeopnjcKHx, aHjiHTHHKHX h eKcnepHMeHTajiHiix MeToua;

e pa3Boj MOAgjia h auropHTaMa 3a CHMyjiaiiujy npo6jieMa noMohy cneriHjajiH30BaHHx
nporpaMa h nporpaMCKHX je3HKa;

*  Bepn(j)HKaiiHja pedyjiTaTa;
» TecTHpaite h Bepn(j)HKaiiHja npHMeiteHHX MeTona h npucTyna;
*  npaKTHHHa HVhjieMeHTaiiHja.

3.2 ~OnpHHOCH HC i pa/KIIBHIfci)

no oiieHH HjiaHOBa KoMncnje, Haj3HanajHHjH HaynHH nonpHHocn uoKTopcKe
AHcepTaiiHje KaHHHnaTa BjiauHMHpa MakKCHMOBnha cy:

*  BpeMeHCKo-(j)peKBeHiiHjcKa aHajiH3a cjiHKe;

* aHgjiH3a yTHiiaja pa3JiHHHTe KOWVhjieKCHOCTH h KOMnpecnje cjuike Ha “eTeKmijy
HBHua,

» aHajiH3a yTHu,aja BpeaHOCTH npara npujiHKOM ueTeKijHje HBiiua y cjihiih;



H3BpineHo je nopeljeEbe pe3ynTaTa Mepa nep<j)opMaHCH 3a KBanHTeT cjihke jionjeHHx
npnjiHKOM aeTeKunje HBHpa KopHmheH>M hobot npncTyna 3a npopeHy BpeuHOCTH
npara Koje ce 6a3Hpajy Ha Grid h Random npeTpa3H;

KOMnapaTHBHa aHajiH3a pa3HHHHTHX onepaTopa 3a jieTeKu,Hjy HBHiia cjiHKe h Mepeite
HHXCBHX  neptjlOpMaHCH  Hajl  pa3)'HHHTHM  THhOBHMET  ClIHKa  (KOMInjy TepCKH
reHepHcaHHX, cjiHKa peajiHHX CHTyaimja, m6jihuhhckhx, caTejiHTCKHX, htji);

aHajiH3a y ™ uaja KOMnpecnje 3acHOBaHe Ha jmcKpcTHoj KocHHycHoj Tpahccjiopmahhjh
(DCT) h jjHKpeTHy wavelet TpaHogjiopVEHHH (DWT) Ha jjeTeKHNjy hbhh3 gjihkc;
npoueHa KOWhjieKCHOCTH cjiHKe Ha 0GHOBy DCT, DWT h npocTopHHX HHijiopMauHja y
cjihhh h (jjopMHpame Tpn KaTeropnje KOVhjieKCHOCTH;

pa3BiijeH je hobh npncTyn 3a jieTeKHHjy HBHpa Ha ocHOBY komhjickchocth cjihkc h
noHamaifca nocTojehHx Mojiedia jieTeKHuje HBHug;

pa3BHjeH je hobh npHCTyn 3a jjeTeKu;Hjy HBHija noMohy npHHpHna h jioniKe
MamHHCKor yueifca, h ypal)eHa je tteroBa onTHMH3au,Hja 3a pau Y peajiHOM BpeMeHy h
y peanHHM anjiHKauujaMa;

ypaljeHa je KOMnapaTHBHa aHajiH3a jieTeKiiHje hbhiib 3a cjiHKe pa3JiHHHTe
KOVhjieKCHOCTH ca pa3)!H4HTHM BpCTaMa H HHTeHSHTeETOM myMa ca nOCTQj'ehHM
MeTojiaMa h npejiJioaceHHM hobhm npHCTynoM.



3AKJfcYHAK

Ha 0CHOBy H3BpmeHor vbh"b y aoKiopcKV ;mcepTanHjy KarmH/iaia BjiaAHMHpa
MaKCHMOBnNha, KoMHcnjaje MHmjfceH>a Aa AHcepTannja caapacH hh3 opHTHHajiHHx zionpHHOCca
y o6nacTH AHTHTajme o6paae cjiHKe. llpejiJio>KeH je hobh npHCTyn 3a npopeHy BpejmocTH
npara npn /jeTeKiiHjh HBHpa cjiHKa paajiHHHTor CTeneHa KOMnjieKCHOCTH h KOMnpecnje. Y
npoiiecy neTeKiinje HBHiia cjihnkc npoueHa npara nrpa Ba>KHy yjiory h y 3aBHCHOCTH on
npHMeibeHHX ajiropHTaMa h Monelia 3a npoiieHy hctot 3aBHCH KBajiHTeT neTeKTOBaHHX HBHiia.
ripendiO/KeHH npHCTyn ynpaBo OMorvhvje npoiieHy onTHMajiHe BpemiocTH npara, Kojn
npoHajia”ceibe BpenHOCTH 6a3Hpa Ha Random n Grid npeTpa3H. H3BpmeHaje aHajiH3a yTHD,aja
KOMjieKCHOCTH cjiHKe Ha neTeKiiHjy HBHiia h Ha ocHOBY no6HjeHHX pe3yjiTaTa npenjio>KeH je
npncTyn ananTHBHe cejieKiinje onepaTopa 3a neTeKiiHjy HBHiia. TaKolje, je ripe;uio>KeH
npncTyn jieTCKUHje hbhiib naA KOMnpecoBaHHM cjiHKaMa wavelet Tpanc(liopmanhjom.
lloKa3aHO je na npeAlic>KeHH npncTyn ocTBapyje 60jbe pedyjiTaTe y zieTeKiinjH HBHiia y
nopeb5eiby ca CTaHnapnHHM npHCTymiHMa H3 jiHTepaType h Aa Hajia3H npHMeHy h pa3JliHHHTHM
peajiHHM CHTyaiiHjaMa naK h y cHTyaiiHjaMa Kana je HapymeH KBajiHTeT cjihkc.

Cbh pe3yjiTaTH npHKa3aHH y HHcepiaiiHjH BepmliHKOBaHH cy o6jaBjbHBaibeM pajioBa y
Meb5yHaponHHM h noMahHM HaconncHMa h KOH(J)epeHiiHjaMa h to: aaa paaa y naconHCHMa
M22 KaTeropnje, abb pajia y HacoiiHCH.via M23 KaTeropnje, jenaH paT y Haconncy M52

/joKTopcKa HHcepTaiiHja je vpaljena npeMa caBpeMeHHM CTanjiap/iHMa HavHHo-
HCTpa“cHBanKor pajia h ncnyibaBa CBe ycjioBe Kojn cy npe;iBHt)eHH 3aKOHOM 0 bhcokom
06pa30Baiby, CTaHHapnHvia 3a aKpe;iHTauMjy, Kao h Ctht*tom OaKVJiTeTa tcxhhhkhx HayKa
h CTaTyTOM YHHBep3HTeTa y npnmTHHH ca npHBpeMeHHM ceAHuneM y KocoBCKoj
MHTpOBHIIH.

npeMa TOMe, HliaHOBH KoMHcnje npe;uia>Ky HacTaBiio-navHiioM Behy OaKyjiTeTa
TexHHHKHx HayKa y KocoBCKoj M htpobhiih Aa npHXBaiH H3BemTaj 0 ypal)eHoj ,TOKTopcKoj
AHcepTaiiHjn KaH.THjiara B.aa, THMHpa MaKCHMOBHha, noA HacnoBOM ,,Hobh npHCTyn 3a
npoueHy BpeAHOCTH npara npn AeTeKiinjH iiBHiia cjiHKa pa3JiHHHTor CTeneHa
KOMnjieKCHocTH h KOMnpecHje” h Aa hcth ynyTH y Aalby npoiieAypy.

Y KoCOBCKOj MHTpOBHIIH KoMchja'
0L .02. 2022. toa.

Ap lleTap CnajieBnh, peA. npoij) - npeAceAHHK
OaKYyjiTeT texhhhkhx Hayxa y KocoBCKoj Mhtpobhhh

Ap MHJie lleTpoBHh, peA. npoij). —MeHTop
OaKyjiTeT tcxhhhkhx HavKay KocoBCKoj Mhtpobhhh

Mlu N/ujl g
AP Cama HHKOQJinh, peA. npoij). —HjiaH
HieKTpoHOKH g)akyjiTeT y Hnuiy
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