YHuBep3uTeT y beorpany
Enextporexauuku (pakyaTeT

HACTABHO-HAYUYHOM BEhY
Ipenmer: Pedepar o ypaljenoj oKTOpcKoj rucepranuji Kagqunara Avese 3exosuh.
Omykom 6p. 5045/08-3 o1 30.06.2015. rojuHe, IMEHOBAHE MO 3a unaHoBe Komucuje 3a nperies,
OllEHyY M 010paHy JOKTOPCKe JIHcepTanyje Kauaunara Amene 3exosuh Mo HacIoBoM

,PpakTanna u MyJaTagpakraana kapaxrepusanuja 3D Bugeo popmara®,

[locne mpersesa poctasibene Jlucepramuje ¥ Apyrux mnpaTehux MmaTepujana W pasroBopa ca
Kanmuparom, Komucuja je cauramia cinegehn

PEGEPAT

1. YBOJI

1.1. XpoHonoruja onoOpasarma 1 H3pajie AUcepTalnie

V janyapy 2009. romune, Amena 3exouli je ymucana JOKTOpCKe CTyauje Ha EieKTpOTeXHHEKOM
(axynrery, Yuusepsurera y beorpany, Ha cryamjckom Monyny Tenexomynmkaumje. Toxom
CTy/Hja TOJIOYKMIIA je CBE HenuTe ca rnpocednom oneroM 10,00 u ofpamuna cre obaBese Be3aHe 3a
CTYAM]CKH HCTPAKHBAUKH paJl IpeJBUEHE IPOrpamMoM.

Temy JOKTOpCKe AUCEPTAIMjE IO HACTOBOM ,,DpaKTalna i MyATH(paKTaiHa kapakrepusaiyja 3D
BuIeo (popmata” npujasmia je 27.06.2014. Carnacroct Karenpe 3a Tenexomynuxanuje gobujeta
je 02.07.2014. Komucuja 3a crymmje Tpeher cremena EneKTpoTeXHHUKOT Qaxynrera je jgana
carnacHoct 09.07.2014. ropune.

Y cxiafy ca 3aKOHOM O BHCOKOM 00pa3oBarby, OXHOCHO IIpaBUTHHKOM O JIOKTOPCKMM CTYAHjaMa
Enexrporexuuuxor (axynrera y beorpamy, HacraBro-mayuno sehe daxynrera je Ha CB0jO]J
cennur oapxanoj 02.09.2014., na npemwior Komucuje 3a ctyauje Tpeher crenera, HMEHOBAIIO
KomrcHjy 3a OleHY ycloBa M TpUXBATame TeMe MOKTOPCKE JMCepTaimje KaHmiara Amene
3exoBuh y cacraBy:

1. np Muomup Mujuh, penosur npodecop, YuusepsureT y beorpamy, EnekTpoTeXHHHKH
(axynrer,
2. np Asgpeja Camuosuh, saupemuu mpodecop, Ymupepsuter y beorpany, Caobpahajuu
(axynrer,
~y . ., -
3. ap Mapxo bapjaxraposuh, souent, Yuusepsurer y beorpany, Enexrporexuuyxn (axyirer.
3a MeHTOpa je MMeHoBaHA np Vpunn Pemin, penouu mpodecop EmextpoTexumtkor dpaxyirera
Yuupep3ureta y beorpany.




Vemena onbpana Teme je oapxana Ha EnextporexuuuxoM gakynrery y bBeorpamy 10.10.2014.
OnGpana je mouena y 18:00, a saspuieHa je y 20:00, y3 mpecycTBO CBHX WIaHOBAa KOMMCH]E.
OnGpana je yxibyumiia Mpe3eHTaldjy MpeaMera, b U 3Havaj MpeUIOKeHe TeMe, Y3 HaBoheme
MOJNIA3HUX XHUIOTe3a, KOpHUIReHHX HayyHHX MeToJa M O4YeKMBaHMX gonpuHoca. Hakon
fpe3eHTalyje ycJequia Cy MuTama YWiaHoBa KOMUCHje Ha KOje je KaHAMAAT yCHelHO OArOBOpPHO,
wto je Komucuja noTBpauia OLEHOM ,,3310BOJBHO".

Behe nayunux o6jacTd TeXHHYKHX HayKa je Ha CBOjoj CeJHMLM ojpxaHoj 22.12.2014. roauue,
JIOHEJIO OJIYKY JIa C€ [aje CarjlaCHOT Ha IIPEeIor TeMe JOKTOpcKe auceprauuje Amerne 3exosuh,
nox HasusoM: ,,dpakTanna u MyntadpakTaaHa kapakrepusaudja 3D Buneo dopmara®.

Y criangy ca 3aKkOHOM O BHCOKOM 00pa3oBamy, OTHOCHO [IpaBHITHMKOM O JOKTOPCKUM CTY/HjaMa
Enexrporexuunukor Qaxynrera y beorpany, HacraBHo-nayuHo Belie ¢akynrera je Ha CBOjOj
cennmiy onpkanoj 23.06.2015. na npeanor Komucuje 3a cryauje Tpeher creneHa, uMEHOBajo
Kowmucujy 3a npersien u oneHy ypaljeHe JOKTOpCKE AUcepTalyje Y cacTaBy:

1. np Hpunu Pesmun, penoBHu mnpodecop, YHusepsureT y beorpany, EnexTporexHHUKd
¢axynrer,

2. np Mwuomup Mujuh, penoenn npodecop, YHusepsureT y beorpanmy, EnexkrporexHuuku
baxynrer,

3. mp Angpeja Camuosuh, Bampemun npodecop, Yuusepsuter y beorpany, Caobpahajuu
¢axynrer,

4. np Mapko Bapjakraposuhi, fouent, YHusepsutetr y beorpany, EnextpoTexHnuku dakynrer,
ap [Mparana Illymapau [laBnoeuh, BaHpemnu npodecop, YHuBep3uTeT y beorpany,
EnexrporexHUYKU (aKynTeT.

Mo ucTeKy 3aKOHCKOT pOKa 3a 3aBpLIETaK MOKTOPCKUX aKaJeMCKHUX CTy[Hja, Ha 3aXTeB CTy/IEeHTa,
ofo0OpeHo je MpoayXKeme poKa 3a 3aBplleTak OBHX CTy[Mja 3a joll ABa CEMECTpa, carjlaCHO 4iaHy
92. ctaB 4 Cratryta YHuBep3urera y beorpany.

1.2. Havuna ofnact aucepranuie

Hayuna o6nact mOKTOpCcKe JuicepTalMje MOA HaciaoBoM ,PpaxTanHa U MyJTHppakTajiHa
Kapakrepusandja 3D Bupeo ¢opmara“ kaupmmata Amene 3exkoBuh je EnexTporexHuka u
pauyHapcTBo, a yxa Haydna obnact TenexkomyHukanuje. 3a HasefeHe oOnacTH MaTv4aH j€
Enexrporexunuxy axynrer, YHuBep3utera y beorpany.

Hucepranuja je ypahena mox meHropcrBoM JAp Mpuau Pessun, pefnoBror npodecopa
Enextporexuuukor ¢akynrera YHusepaurera y beorpagy. MeHTOp MMa HayuHe pe3ynTaTe U3 yxe
HayuHe oGJacTH Koja je mpeaMer aucepraudje kaHaupata. [lopex Tora, MEHTOp Mpejaje BHULIE
npeamera Ha Kareapu 3a  TelekOMyHuKauMje W MHGOpPMAaLMOHE TEXHOJOTHje  Ha
EnexTpoTexHHUKOoM (hakyJTeTy KOju Cy Y BE3M ca NpeaMeToM AucepTauuje. PeneBaHTHH pagoBu
MEHTOpa Cy HaBeJCH! NPHJIMKOM TpHjaBe TeMe JOKTOPCKe AUCepTalije KaHANAaTa.

1.3. Buorpadeku nogauy o KaHAUAATY

Amena 3exosuh je poljena 5. nHosemGpa 1983. rogune y I1pu6ojy. OcHoBHy mkony ¥ I'uMHasyujy je
sappumiia y I[puGojy, 1998. u 2002, pecnexruBHo. Hocunan je Bykose aumiome. buma je
nonasHuk Merpaxuaukor neHrpa [letHuna 3a GU3MKy U €lEKTPOHUKY.

Enexrporexuuuxku ¢daxynter, YHuBep3uteta y beorpanmy je saBpumia 2008. ropumne, 1o
METOTOMIIELEM MNporpaMy, Ha ojceky Enextponuka, TenexomyHukauuje, Ayromaruxa (ETA),
cmep Tenexomynukanuje ca npocekom 8,67. umiomupara je kox npod. ap Anronuja Bophesuha
ca ouenoM 10, ca TeMoM ,,AHTeHe 3a OeXXUIHE MpPEXKe MaJlor JoMeTa™.




TokoM cTynupama 6uia je moma3HHUK HEKOJIMKO KypceBa Ha HHOCTpaHUM (aKy/TeThMa:
e npakTH4YHU Kypc U3 Ontoenekrponuke y benruju ( Vrije Universiteit Brussel, VUB),
e Kypc u3 Aynnorexnuke y Ilomckoj (AGH University of Science and Technology Krakow) n

e Kypc u3 ONTHUKMX TesrekoMyHukauuja y Pycuju (Bauman Moscow State Technical
University).

V janyapy 2009. roamHe ymucana je JOKTOPCKe CTy[uje Ha EJIEKTpOTEXHHYKOM (axyiTery,
Vuusepsurteta y beorpany, cryaujckn momyn Tenexomynukauuje. [Tonoxwmnia je cBe ucrure Ha
JIOKTOPCKHM CTyaujama ca mpoceynoM onenoM 10,00.

IMoxahana je u crekia guIIoMe 3a TpH online Kypca Be3aHa 3a JOKTOPCKY JUCEpTaLu]jy:

o  Coursera online course, Fundamentals of Digital Image and Video Processing, by Aggelos
K. Katsaggelos, Northwestern University, March 31st 2014 — Jun 23rd 2014,

e Santa Fe Institute online course, Introduction to Complexity, by Melanie Mitchell, Santa Fe
Institute, March 31st 2014 - Jun 16th 2014,

e Coursera online course, Python - Programming for Everybody, by Charles Severance,
University of Michigan, Oct. 6th 2014 — Dec. 26th 2014.

OG6jaBuna je BuIle paZioBa HAIIMOHAJIHOT U MeljyHApOIHOT 3HayYaja, KaKO y 4acOMMCHMA Tako U Ha
KoH(pepenijama. buna je peuensenr 3a wacomuc na SCI nucrw.

Y BHCOKOj HIKOJIH €IEeKTPOTEXHUKE M pauyHapCcTBa CTPYKOBHUX cTyauja y beorpany je mouena na
panu HoBemOpa 2008. roxuHe Kao XOHOpapHU capagHHK, JOK je of HoBeMOpa 2009. mpumbeHa y
pajHu OJHOC ca IyHUM DPaJHHUM BPEMEHOM Y 3Balby acHUCTEHTa. AHTa)KOBaHa je Ha CTYJHjCKOM
nporpamy EnexrpoHmka W TenekoMyHHKallMje, Tpe CBera 3a TeJeKOMYHHKALMOHE Npeamere,
TenexomyHukanuje, JururanHe TtenexoMyHHKandje, MoOwiHe TejeKOMyHuKUHje, JIUrHUTanHn
CHUCTEMM IIpeHOca, TeNeKOMYHHMKalUMOHH CEpPBUCHM M TEXHOJIOTHje. AHraxkoBawe je Takole
obyxBaTuiio M ydeihie y HacTaBHOM Ipolecy 3a mpeaMere AHanu3a Kosia, AHajiu3a CUrHana,
Jurutanna ofpaja ayAudo M BUAEO CHrHaja, EneKTpoHMKa, Kao M MaTeMaTHUKe IpeiMeTe
Maremartuka 1, MaremaTuka 2, BepoBatHoha u ctatucTuka, JluckpeTHa MaTeMaTHKa U anrOpUTMH.

VY okBupy HacTaBe aHra)koBaHa je Ha pauyyHCKMM BexOama, snaGopaTopujckuM BexOama u
eJeKTPOHCKUM BekbaMa (y OKBHpY mporpaMa 3a CTy[AHje Ha JAaJbMHY). Y4ecTBOBala je Ha
MOKpeTawy IpBUX JabopaTopujckux BexOM (3a mnpeaMere MoOwiHe TeleKOMyHHKalHje,
JlurutanHu cucreMu TnpeHoca M TeNeKOMYHHKAlMOHH CEpBHCH M TEXHOJIOTHje), Kao W Ha
yHanpehemwy nocrojehux, ysohemeM y HaCTaBY HOBUX XpaJBepCKUX U COPTBEPCKUX MaTepujara. Y
OKBHpPY HACTaBHOI Mpolieca CcTeKJa je M HacTaBHe pedepeHLe y BHAY KOayTOpPCTBa Ha
npupy4YHUIMMa 3a nabopatopujcke Bexx6e v myOImMKOBaHUX pajoBa.

2. OIIMC JUCEPTAITJE

2.1, Canpoka) aucepranyje

Jokrtopcka aucepraumja caapxu 145 crpaHa Tekcta obpahenor y LaTlex cucteMy M je3uKy 3a
npunpeMmy AokyMmeHara. JlucepTaudja caapxu 56 wiycTpaudja u rpaduka, KOjH cy y BehUHH
cityyajeBa, rjae je To Moryhe, ypalieHu y BekTopckoj rpaduuu. 3a wiyctpauuje cy kopuuifieHu
NPOrpaMcKH jesuk Python, xao u copTBepcku anatu Inkscape u XCircuit. Jlucepranuja caapxu 16
tabena ypaljenux y LaTex cucremy. Jluceprauyja caapixi 6 npuiora y BUAY OPHIHHAIHUX KOJIOBA
3a KopulllheHe MeToJie UCITUTHBAA MoAaTaka Hanucauux y Python-y u Matlab-y. Ha xpajy pana
nata je Jlutepatypa ca 115 xopumhennx pedepeHum.

JloxTopcka JucepTaliija caapiku 7 Morjaesba;
1. VYBog
2. 3D Bugeo dopmatu




Bupeo cao6pahaj momohy Buaeo Tpejcopa
TeopHja kKOMIUIEKCHIX cHCTEMa

Ananmusa camocnmuHoctd 3D Buzeo gopmara
Myntudpaxranna ananusa 3D Buneo dhopmara
. 3akJpyqak
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2.2. KpaTak npuxas [ojeJHHAYHHIX NOMIABIba

Y yBOAHOM IOrJIaB/by AOKTOPCKE AHCEpTaldje W3JIOKeH je 3Hayaj U yTHUuaj Buiaeo Qopmara Ha
OpeHoC Yy KOMYHMKALMOHMM CHCTEMUMa M HaBeJeHa Jocajalliiba HCTpaxkuBamwa 3D BuIeo
¢popmara. Kpatko cy omucann ucnutuBanu 3D dopmatu u HaGpojane xopuinheHe merome 3a
HCIIMTHBAKE CAMOCIMYHOCTH U MYJATH(paKkTaIHUX 0cOOMHA Y3 HarjallaBame Mojga3HUX XHUIIoTe3a.
3aBpIIHM Jle0 YBOJHOI TMIOTJIaBJba MPEACTaB/ba OCBPT Ha [IJlaBHE pesyirare 00aB/bEHOT
UCTPaKMBaKa U IbUXOB 3HA4aj.

Hpyro mornaBjbe AOKTOpcKe Aguceprauuje caapxu npernedq 3D Bumeo dopmara. Omucanu cy
rnaBuu 3D Bupeo dopmarn: multiview (MV) Buzmeo ¢opmar, ¢pejM cexksenumjanuu (Frame
Sequential, FS) dopmar u ¢pejm xomnarubwinu (Frame Compatible, FC) side-by-side (SBS)
penpeseHTaLMOHN (opMaT y TOTJIelly CTPYKTYpe H OCHOBHHX KapaktepucTuka 3D ¢opmara.
HonaTtHo, y 0BOM MOrjaBjby JaTH Cy AeTa/bu O KoMIuieTHoM 3D Bueo JiaHIy OJ Kpeupama Jo
NPUKa3HBama, a KOjU je y BENMKOj Mepu oxpelieH KapakTepucTUKama M napamerpuma 3D Buaeo
dopmara.

Tpehe mornaB/be paje mpBe pesynrate ucTpaxuBamwa 3D Bumeo (popmarta OBe TOKTOPCKE
Aauceprandje. Y nuTamy je cratuctvuka aHamu3a 3D Bugeo Qopmarta, BeIMUHMHE W KBAajMTETA
¢pejMoBa, Koja je 0OyxBaTHIa HCIIUTHBAaA OCHOBHUX MapameTapa Kao LITO Cy Cpejha U BpIIHA
BpexHoCT npoToka 3D Buaea W xoedULHUjeHT BapHjallije Bequ4yMHe (QpejMOBa, ald U mapaMeTpe
KapakTepUCTH4YHE 3a BUACO caipiaj KOju ce o3HauaBajy kao Rate Distortion (RD) xpuBa u
Variability Distortion (VD) kpuBa. McnuruBamwe je 00yxXBaTHiIO M YTHIA] pasIHUMTHX [PUCTYIIA
arperalju M pasjuuHTe Sfreaming TeXHHWKe. Y OBOM IOIVIABJ/bY M3JIOKEHE CY M OCHOBE BHIEO
TpejcoBa yomute M AaTd Aetasbu o kopuimhenum 3D Bujeo tpejcosuma. Kopuinhenu sumeo
TpejcoBU Cy 3a jemaH 3D Bumeo dopmar 3a jemaH ceT BpeJHOCTH KBAaHTU3ALMOHMX Mapamerapa
ykJpyuuBanu oko 100000 ¢pejmosa ca no 6 napaMerapa o jenHom dpejmy.

Metone xopumhene 3a ucnutuBawme 3D Bumeo Qopmara crajajy y obaacT KOMIUIEKCHHX CHCTEMa,
1a je YeTBPTO MOTNABJbe JUcepTalHje noceehieHo ocHoBaMa TeopHje KOMIUIEKCHUX cucTema. Jlatu
Cy MPUMEPH KOMIUIEKCHUX CHCTEMa, IHXOBE OCHOBHE OCOOMHE M ONHUCAaHa je AWHAMUKa CHCTEeMa U
xaoca. Iloceban neo je moceehien ¢pakranuma u MynTH(paKTanuma, BUXOBOj KapaKTepU3aluju u
MeTpHLHY noMoly AMMEH3HMja M MyJTHUdpakTanHor crekrtpa. [lociefmH Jeo OBOr MOINIABJbA
noceelieH je nmpuMeHaMa HeNMHEapiiHUX AHHAMHYKHX cucTeMa, (paktasa W myatudpakrana y
IIMPOKOM PacrioHy o0nacTy, Koje YKJby4yjy GHOJIOTHjY, €KOHOMH)Y, eJIeKTPOTEXHUKY, re0JIoTH]Y,
XeMH]Jy, MEJUIUHY, METEPOJIOTH]Y.

OpuruHanHy Hay4yHH pe3yaTaTu y obylacTu aHanuse camocinynoctd 3D Bujeo Gopmara usnoxenu
Cy y TETOM MNOrnassby. Y NOIJIABJbY CY OMUCAHU rpa)MuKH U PUTOPO3HH CTATHCTUUKH MapameTpH
32 UCNUTHBaWke caMociauyHocTH. OOjaiumeHe cy KkopuimheHe MeTofie 3a HCIHUTHBAHE
CaMOCJIMUHOCTH, puMemeHo Ha 3D Buaeo ¢gopmare. JleTasbHy pe3ynTaTi aHaIM3a CaMOCTHYHOCTH
M3JI0XKEHH Y OBOM IIOTJIaBJby OOYXBAaTW/IM CYy M MCTIIMTHBaWE YTHLAja Pas/IMUUTUX IOjeAUHAYHHMX
norneaa 3D Buzea, nopehewe paznuuuTHX (opMaTa M UCIUTHBAKA YTULIaja KBaJMTETa BUICA,
noMohy BpeHOCTH KBaHTU3aLMOHUX MapameTapa, Ha CaMOCIHYHOCT.

Pesynratu myntndpaxtaaHux aHanusa 3D Buaeo ¢opmara npecTaBibeHd ¢y Y [IECTOM IONIaBJbY.
[Moctynax ecrumanuje myntudpakranHux ocobuHa noMohly MeTo[ie MOMEHTa U XUCTOTpaM METOJIE
WIYCTPOBaH je IceymokomoM. Pesynratu MyntudpaxramHue KapakTepusaiimje nomohy mertone
MOMEHTa 00YXBaTHIIM CYy MYJITH(paKTalHe CIIEKTPe U reHepain3oBane AuMeHsuje. Hanpasibena cy
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netabHa mopehema ocobuna 3D Buzeo ¢opmara, MmoceGHO Yy MOTJIEAY MPOMEHIBMBOCTH H
€KCIUIO3UBHOCTH KOJH CY OJ BEJNHKOI 3Hayaja pH MPEHOCY BHAea. YOueHa je M HM3JI0KEHa Be3a
u3Mel)y KJacHMYHMX CTATHCTHYKHMX mapamerapa (Keo]uIMjeHTa Bapujaluje) M BPEOHOCTH
reHepanu30BaHMX IMMeH3Hja. MynThdpakraaHa KapakTepusaldja noMolly XHCTOrpaM METOJe
noTBpAMNa je ocobuHe u nopeljersa BapujabunHoctn 3D BHaeo dopmara, a 0AaTHO MOMORY OBE
KOMIUIEKCHHjE METOJe MOoKa3aja MPHCYTHE aiMTHBHE MpolLece Yy BHAeY M oMoryhuya MHBEp3HY
MyntudpakTanHy —aHanusy. M3noxeHo je u3ABajame  JieNioBa Buaea ca  M3abpaHuM
KapakTepucTuKama MyJATH(paKTaJHUX NapaMeTapa MoMolly WHBEp3He MYJITH(paKTalIHe aHaju3e.
Honarno, nomohy o6e MeTone 3a MynTH(pPaKTAIHY KapaKTepU3allnjy NaTH CY U pe3ysITaTH yTUlaja
Tuna ¢pejMa U BPeJHOCTH KBAaHTH3ALMOHUX MapaMerapa Ha MyATH(QpaKTaHe KapaKeTPHCTHKE M
ocoOMHe NpeHoca M HarJIIeH 3Hadaj ¥ Moryha npuMeHa 3a pas3soj MoGoJbIIAHMX METOAa 3a
MYJITHIUIEKCUPALE U YpaBHaBamwe (smoothing) caobpahaja. V3noxeHu cy u pe3ynraTi HCITUTHBAA
yTULAja sfreaming TeXHUKa Ha MynTUdpakTanne kapaktepuctuke 3D Bugeo popmara.

Y cenMoM IOryaB/by JaTe Cy 3aBpIIHE HaNOMEHE y3 noce0aH akLeHAT Ha OCTBAPEHMM Hay4HUM
NOTPUHOCHMA pajia ¥ MOTYRHM npuMeHaMa pe3yiiTaTa 06aBJbEHOT HCTPAXKUBAKLA.

3, OIIEHA JICEPTALIVLIE

3.1, CaBpeMEHOCT U OPUTHHAIHOCT

OBa pmokTOpcKa AMcepTallija Yy BENMKOj MepH MNpaTH CaBpeMeHa HCTPaXKMBama, OMIIO Ja ce
mocMaTpa M3 yria HCNUTUBAaHOr curHana—3D  Bugeo, wid u3  yriaa  kopuinheHux
meToza — (hpakTanHa U MynTidpakTanHa aHaIn3a.

Kako Buzeo marepujan KapakTepulue BejMKa KOJNMYMHA MOJATaKa, HEroB yTUNaj Ha caobpahiaj
KOMYHHKALMOHUX CHUCTEMa je BeoMa 3HauajaH. Kapakerpusauuja caobpahaja Bugeo Matepujana je
BEOMa aKTyejlHa M MOJEPHA TeMa, a ca nobehambeM MOTYRHOCTH y BUAY pasiMYUTHX BPCTa MpeikKa
KOje MoJpiKaBajy BUIEO CaipXKaj, yThlaj BHAeo caobpahaja ce LMpH, IITO CE OrJIefa H Y BEJTUKOM
Opojy ucTpaxkuBama M MyOJMKalMja ca OBOM TeMaTHKOM. Buueo (opMaTH HOBUjHX TeHepaluja,
kao mro ¢y 3D Bupeo Gopmarti 3ay3umajy moceGHO Ba)KHO MECTO Y CABPEMEHMM UCTPaXHBAHUMA
BHUJIEO CHTHaJA.

Ca gpyre cTpane, MaTeMaTHiKe MeToze kKopululieHe y OBOj IMCEpTalMjH Takolje npeacTaBbajy A0
jenHe o HOBHX CaBpeMEHMX OONacTH MmareMaTHKe ¥ (pU3HKe, O6NACT KOMIUIEKCHHX CHCTEMA.
Konxkperno y oBoj qucepraLujy, peaquzoBaHe cy ¢paxtanHe ¥ MyJTHOPaKTATHE METOAE aHaIN3e
BuJeo curHaja. OBa akTyelHa MaTeMaTHuKa o0acT ce JlaHac YKJbydyje y BHAY HOBOYBEIEHMX
KypceBa Ha (akynTeTHMa, a U Y OKBUpY KoH(epeHLuja goaaje ce sehin 6poj Tema 3a aHanuse U3
06J1aCTH KOMILIEKCHUX CHCTEMA.

Y 0BOj nucepTaLMju JaTH Cy pe3yJTaTH OpPUrHHAJIHOI HAYYHOT HeTpaxkusama 3D Bugeo dopmara
xopumhemeM QpaxtanHe ¥ MynTH(pPAKTATHE aHAIM3E M HCTIMTAHU [apaMeTpu BapujaGUIIHOCTHA 1
€KCIIIO3MBHOCTH BHJIEA KOjH Y BENTMKO] MepH yTH4y Ha caobpahaj y KOMYHUKAIHOHUM CHCTEMHUMA.

3.2. OcBpT Ha pedhepeHTHY U KopHIIAEHY JTUTEpaTypy

V pany je xopumheHo 115 peneBaHTHHX pedepeHLr H3 PEHOMUPaHHUX Yacoruca, 360pHUKa pagoBa
1 KibKra u3 obnacty Bujiea, Buaeo cabpahaja, KoMIiecHiX cucteMa, (pakraia U Myiatadpaxrana.
Benuku 6poj nybnukaluja je HOBHjer naTyma, ajid Cy YK/bYYEeHH W INpPErJIEAHH 3HA4ajHH
MCTOPHjCKH pajloBH, omoryhapajyhiu NOTIyHH]y CITUKY TEMATHKE,

Kopuurhene pedepeHie yxibydyjy U 7 pajioBa KOju MpeACcTaBsbajy OPUTHHAIIHE Hay4He pe3y/rare
JI0 KOJHX je KaHIHJATKUiba A0l Y TOKY NPUIpeMe OBe JIOKTOPCKE AUCEpPTalHje.




3.3, Onyc ¥ aieKBATHOCT NPHMEEEHUX HAYUYHHX METOoAa

Kanmupatkuma je y pagy yCremHo KOPUCTHIIA BUIlE Pa3IMYATHX MeToAA. JleTalbHuM TIperyieaoM
nutepatype y o61acTH KapakTepH3aliije BUAeO MaTepHjaia i lMXOBHX KAPAKTEPUCTHKA IPHIIMKOM
npeHoca, Jomuio ce go norpebe 3a oaroeapajyhioM KapakTepH3aldjoM OBAaKO BapujaGUIHOT
canpxkaja. 360r rocrojama (GpPaKTAIHUX H MYITHPAKTATHAX OCOGMHA CAMUX MYJITHMEIHjaTHUX
CHrHajla, Kao M HHUXOBOr caobpahaja, m3abpaHe cy ¢pakranHe U MyNTU(pPAKTAIHE METOAE M3
0071aCTH FeOMETPHje KOMIIEKCHUX CUCTEMA,

Kapaxrepuzanmja Qpaxtanmaux ocoOuHa  06yxBaTWia je BH3YeJIHYy METOAy M pPHIOPO3HE
CTAaTHUCTHYKE METOle: METOHAYy arperauje BapujaHce (aggregated variance method), R/S
CTaTHCTUYKY MeTomy (R/S statistic method) m wMerony Buuie ckana (multiscale method),
KopuinhemeM KoJ0Ba pean3oBaHUX roMohy nporpama Matlab u Python.

Kapakrepusauuja MynTudpaktaqHuX KapakTepucTuka OOyXBaTWIa je JIBe TMPHUCTYNa: METORY
MOMEHTa M Xucrorpam meroay. ITomohy oBux MeToza peanu3oBaHu ¢y MYJITH(PAKTAIHU CHEKTPH,
MHBEp3Ha MyNTU(paKTaiHa aHaIM3a, OApeljeHe reHepann3oBaHe JUMEH3Mje. 3a peanu3alujy
MeTo/ia KaHIUAATKUIbA j€ pean30oBajla alropuT™Ma i 'y caMoM pajly NpejcTaBuia IceyaoKoy 3a obe
MeToze. Y mpuiio3uMa JucepTaliije JaTH ¢y KOMIUIETHH KOJOBH, KOje je KanauAaTKHiba pa3Bua 3a
peanmzalyjy HaBeICHUX METO/a.

Tlopex rmaBuux MeTOA KOje Cy OpPHTHHAIHO KopuiuhieHe 3a HCIUTHBAMmE U KapakTepusauujy 3D
BUfeo (opMarta, y pagy Cy AOJATHO MPHMEHEHE M OCHOBHE CTATHCTHYKE METOJE 33 AHAIU3Y
caobpahaja Buzea, Kao To ¢y Koeduuujent sapujaruje, RD u VD kpuse. OBU KOJOBH CY Takohje y
LEJIOCTH aTH Y TIPUIIO3MMa JUcepTaluje.

Kopunmhene meroze cy omoryhmne yenewny kapakrepusauujy pasauuutux 3D Bugeo gopmarta, us
yria oGjeKTHBHUX KapaKTepPUCTHKa KBAIUTETa, BapHjaGUIHOCTH, yTHIaja opMaTa BHea, THIIOBA
(bpejmoBa Buzea, nokasyjyhu sokanHe u riobanHe paxranHe 0coGMHE BUJea, BApHjaGUIHOCT U
SKCIUIO3UBHOCT BUJea, KOpUCTehH KJacHYHE CTaTHCTHUKE METOAEe W MYNTH(paKTajHe MeTOfe
MOMEHTa M XUCTOrpama.

Ha ocnoBy manoxenor Kommucuja KoHCTaTyje [a NpUMEHEHE HAYYHE METOJE Y IMOTIYHOCTH
OJIroBapajy IHM/bEeBUMa JOKTOPCKE JHUCEPTALIHjeE.

3.4. IlpuMeHJbUBOCT OCTBAPEHUX PE3YJTATA

Pesyaratu koju cy patm y oOBOj AMcprauMju mokasyjy (pakTaiHe M MyiTH(pakTanHe
KapakTepucTuke pasamuutux 3D Bupaeo dopmara, mokasyjyhu wHxoBa (pakraiHa CBOjCTBA U
KapaKTepUCTHKE BapHjabUITHOCTH OBHX BUJeo (opmara. J[0OHjeHu pe3ynraTd MOTy ce KOPUCTHTH
3a yHanpehewe MeTo/la 3a cMameke BaprjabuiHocTH caobpahaja v 3a 1u3ajH e(PUKACHUJUX METOAA
MYJITHIUIEKCHpaba.

[octynak cmamemwa BapujabuiiHOCTH nomoliy arperauuje ¢pejMosa Ha HUBOY noraeaa 3D Buaeo
cajpkaja M Ha HUBOY TpyIie CIIMKA je JaT y AOKTOPCKO] aucepranuju, OBU pe3yaTaTH ce MOTY Aajbe
KOPUCTHTH 3a yHanpelieme TeXHNKa 3a cMametse BapijabunHocti caobpahaja, y ammkauujamMa Kao
WTO je ypaBHaBame caobpaliaja ca NPETXOAHMM ClameM [ejia CHUTHaNa, y CMHUCIY TpOLEHE
eKCIJI03uBHOr caobpahaja, kao 1 npoleca ynpasibama U KOHTPOJIE Hal HHM.

Mynrugpaxranau napameTpu oapelieHs y 0BOj AMCEpTaLMju MOTY Ce KOPMCTHTH 3a YHampeheme
MeTojla MynTuiieKcupama., Ha mnpumep, cTaTucTHuKe MeToAe MYNTHIUIEKCHpama MOry [a
yHanpeze nepdopmance uMajyhu y Buay MyatidpaxragHe ocobHUHe pasiHunThX TUMOBaA PpejMoBa
KOje Cy NPeJCTaBJbeHE Y OBOj AUCEPTALM]H.

Hobujenn pesyarati Mory 6uti xopuinheHH u 3a pas3soj edukacHUX Mojena caobpahaja 3D Buaeo
(popmara umajyhin y BUIy HBHUX0BE ppakTaiHe U MyaTH(paKTaIHe 0COOHHE.




Pesynrati ocTBapenu y JOKTOpcKoj AucepTaimjn 6uhe o KOPUCTH M 3@ MCTPAXKUBaa y 00JIacTH
4k cucrema, jep ce mokasano Ja HOBHM COQMCTHLMPAHM aNaTH Mpy)Kajy ¥ HOBO OKpYyXeme 3a 3D
BUJIE0, IITO fie GUTH BenuKu MOACTPEK 3a Aasbi pa3soj 3D Tenesusnje.

3.5. OneHa NOCTUIHYTHX CIIOCOOHOCTH KaHANAATA 32 CAMOCTAJIHH HAYYHHU paj

Kanpunat Amena 3exoBumh je Kpo3 aHraxoBame Ha CHCTEMATHIHOM IIperjefy aKkTyejHe
NUTepaType, Kpo3 pasBoj KIACMYHHUX METOZA 3a CTATHCTMYKY aHAJU3y BHAEA, KPO3 TeMesbaH
npucTyn o6acTv HOBUjEer JaTyMa KOMIUIEKCHHM CHCTEMHMa M IeOMaTepujcKoj aHanusu momohy
¢pakrana u myntudpaxrana, Kpo3 passoj coTBepa 3a aHaIM3y, HErOBOI TECTHpPAmka H PasBoja,
Kpo3 IUIaH M MOTpary Ka HOBUM casHawuMma u Oyayhem pasBojy y obsactu 3D Bupeo ¢opmata
T0KAa3a0 BPJIO BUCOK HMBO CAMOCTAIIHOCTH TIPH HAYYHOM pajy.

4. OCTBAPEHU HAVUYHU JOTIPHHOC

4.1. Ilpykas ocTBapeHHX HAYYHHX JAONIPHHOCA

OpurvHaaHA Hay9HU IOTPHHOCH AucepTaluje ¢y caeaechn:

® MOKa3aHo je Aa Bujeo cexseHle 3D Bugeo popmara nMajy QppakraiHa caMociuyHa CBOjCTBa
ca pyrotpajHom 3asucHowhy (Long-Range Dependent, LRD), xao u na wuMajy
My NTHDPaKTAIHY CTPYKTYpY;

e Jjara je KapakTepusauuja (pakramHux ocobuna 3D Bumea, Koja je IOKa3ana BHCOKeE
BpeaHOCTH Hursi-oBor mapameTpa MHAMKYjyhn BHCOK HMBO €KCIIO3uMBHOCTH caobGpahaja u
LRD xapakrepucruke;

® Jnare cy MyntudpakTanHe ocobuHe pazmuuutuX 3D Bumeo ¢opmara, MyITH(pPaKTATHH
CIIEKTPH M reHepajiM30BaHe AMMEH3Hje, Koje Cy rokasalie Haju3paXKeHujy MyaTadpaKkTainy
CTPYKTYpy 3a multiview (MV) Bumeo ¢opmar, a Hajmame u3paxeHy 3a ¢pejm
cekBeHunjanuu (Frame Sequential, FS) ¢opmar;

® JaTH Cy pe3y/iTaTH HMHBEp3He MyinTudpaktanHe ananuse 3D Bumeo Qopmara, Koju
omoryhaBajy u3JiBajarbe CHHT'YIapUTETa U3 CUIHAIA;

e gnata je xnacuduxampja 3D BHAEO penpe3eHTAMOHMX W KOMIPECHOHMX (opmaTa
y3uMmajyhu y o63up BpPEeJHOCTH KBaHTH3AaLMOHWX IapameTapa M TUNOBE (ppejMoBa, Kpos
rnobaine ¥ JoKanHe MyaTudpakTajaHe ocobuue, ykibydyjyhu, anu He orpanuuasajyhiu ce,
Ha CKCIUIO3MBHOCT BHJEa, MOCEOHO 3HA4ajHOr MpPH MPEHOCY Y KOMYHHKALMOHHMM
CHCTEMHMa,

e nare cy (paxtanHe u MyaTH(pakTanHe ocobune 3D BHaeo pernpeseHTaUMOHHX dopmaTa Y
ciiyuajy arperauuje (gpejMoBa M y pasM4MTHM YCJIOBMMa eMHUTOBama 3D Bujea ca LH/beM
yTBphuBama edukacHujer npeHoca. [lokasano ce /Ja NOCTOjH CMameme H3PAKEHOCTH
BapujaGUIHOCTH aKo ce mocMatpajy caMo ojpeljeHe reHepaau3oBaHe JUMEH3Mje MM
¢pakranna caMmocMYHOCT, aji U NoBehatbe eKCIUIO3UMBHOCTH Ha MaeM JIENY CHTHaja Koje
ce youapa 3axBasbyjyhin MynTH(paKTaNHOM COEKTPY;

e MpPOHAIAXKCHE BE3a M OJHOCA KIACHYHMX CTATHCTHUYKHMX MapaMeTapa 3a BapHjabHIHOCT Mpu
IpeHocy curHana (Bugea moceOHO), Kao INTO je TO KoeHUMjeHT Bapujaluje, ca
MyNTA(pPaKTATHIM NapaMeTPHMa, Kao IITO Cy eHepaii30BaHe JUMEH3MUje.

4.2. KpuTHuka againsa pe3yaTaTa HeTPaXKHBamha

Habpojann HayyHH IONPUHOCH MPEACTaBIbajy 3HaYajaH AONPUHOC y OOACTH UCTPAKHBaa BUJEO
¢opmara HoBHje reHepanuje, 3D BueO penpeseHTALMOHUX U KOMIPecHOoHuX popmata. Pesynratu
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OBe MHMCepTalje MpeACTaB/bajy IOMak y o00JacTH MpeHoca BHea, KapaKTepU3aluju
BapujaCMIIHOCTH M EKCIUIOBMBHOCTH BHIEa 4YMjH je KBAIUTET MO OGjEKTUBHMM METpHKaMa
npubIKHO KOHCTaHTaH. HayuHn IONpHHOCH OCTBapeHW y OBOj AMCEPTALMH HMajy M LIHPOKY
MOryRHOCT MpUMeHe y JlajbeM YcaBpIUaBakby MeTOAa 32 e)UKACHO YNpaBibame H KOHTposy 3D
BHAEO dopmara,

CucTeMaTH4Hy U J€Ta/bHH pe3yiITaT GpakTaiHe U MynTudpakTaiHe aHaau3e BepHBHKOBAHH CY
00jaB/bMBabEM pe3ysiTaTa QUCEpTaLije y YaconucHMa MeljyHapoIHOT M HAIMOHAJTHOT 3Hayaja, Kao
¥ 300pHMLKMa NPU3HATHX MeljyHapoaHux U gomahinx KoHdepeHmuja.

4.3. Bepuduxanuja Hay4uHHX JONPUHOCA

Hay4nu nonpunocu auceprauuje BepudukoBanu cy ciegehnm pagosnma:

Karteropuja M23:

[1]1 Zekovi¢ A., Reljin I.: Multifractal analysis of 3D video representation formats,
EURASIP Journal on Wireless Communications and Networking, Vol. 2014, No 181, pp. 1-
14, d0i:10.1186/1687-1499-2014-181, IF14 = 0.72, (ISSN: 1687-1499); M23

Kareropuja M33:

[2] Zekovi¢ A., Reljin 1.: Self-Similar Nature of 3D Video Formats, Presented at 7th
International Workshop on Multiple Access Communications (MACOM), Halmstad,
Sweden, 27-28 August, 2014, Proceedings published by Springer in the Lecture Notes in
Computer Science series, Vol 8715, pp. 102-111, doi:10.1007/978-3-319-10262-7 10,
(ISSN: 0302-9743); M33

[3] Zekovié¢ A., Reljin I.: Comparative Analysis of Multifractal Properties of H.264 and
Multiview Video, Presented at Ist International Conference on Electrical, Electronic and
Computing Engineering IcETRAN 2014, Vrnjadka banja, Srbija, 2-5 June 2014. EKI1.7. 1-3;
M33

Kareropuja M50:

[4] Zekovié A., Reljin 1.: Multifractal analysis of multiview 3D video with different
quantization parameters applying histogram method, Serbian Journal of Electrical
Engineering, Vol 11, No 1, 2014, pp. 25-34, doi:10.2298/SJEE131130003Z; M51

[5] Zekovi¢ A., Reljin I.: Inverse Multifractal Analysis of Different Frame Types of
Multiview 3D Video, TELFOR Journal, Vol 6, No 2, 2014, pp. 121-125, (ISSN: 2334-
9905); M53

Karteropuja M63:

[6] Zekovi¢ A., Reljin I.: Multifractal and Inverse Multifractal Analysis of Multiview 3D
Video, Proceedings of 21st Telecommunication Forum (TELFOR 2013), Belgrade, Serbia,
November 26-28, 2013. pp. 753 — 756, (ISBN 978-1-4799-1419-7); M63

[7] 3exoBuh A., Pesmun W.: Myntudpaxranda ananusa multiview Bumea XHCTOrpam
MeTonoM, Enexmponcku 36opnux paoosa 57. kougepenyuje ETPAH 2013, 3natu6op,
Cpbuja, 3-6. jyn 2013. EK1.8-1-4; M63




5. BAKJbYYAK U IIPEIJIOT

Ha ocroBy cBera usnosxenor, Komuchja je 3akpydmia 1a JOKTopcka Auceprangja AMene 3exosuh,
JUIJIOMHPAHOT HHXKEHEPa €NEKTPOTEXHHKE, MO HacioBoM ,,PpakranHa M MynTH(pakTanHa
kapaktepusanuja 3D Bugeo Gopmara“ ucnymasa cBe GopManHe U CYIITHHCKE YCIIOBe Npeapuljene
3akoHOM O BHCOKOM oOpasoBamy, Kkao M IIponucuMa YHHBep3uTeTa Yy beorpamy un
Enextporexuaunuxor ¢axynrera.

V nmucepranmju je wu3BpiieHa Kapaktepusamuja 3D Bugeo ¢opmara kopucrehm ocobune
KOMIUIEKCHMX CHMCTEMa M3 yIia (pakTaiHe ©u MyiTadpakTamHe TeopHje, KiIacu(uKalnuja
pasmuuntux 3D BEaeo gopmara y3 MOryhHOCT mpuMere OBHX OCOOHHA HA AW3ajH M peallu3aliyjy
eukacHHjuX MeToza mpeHoca 3D BHJea y pasiMuiTM KOMYHHKAIMOHUM cucTeMuMa. JlobujeHn
HAyYHH Pe3yJTaTH UMajy IOTEeHIIHjalHe MPUMEHe Ha MofieoBare caobpahaja 3D Buneo ¢opmara,
pasBujame MeToja 3a eduKacHHje ypaBHaBame caoOpahaja, kao u edHKacHHje METOIE
MYJNTHIUIEKCHparba. PesyiraTe, [MPOUCTEKIIE U3 HCTPa)KHBarba CIPOBEACHOT Yy OKBUPY HOKTOPCKE
JMcepTangje, Kagauaar je objapmia y BogehuM MehyHapoIHHM M HAIMOHAIHEM 4YacONHCHMA U
IPE3EHTOBANIA CTPYYHOj jABHOCTH Ha Mel)yHApOIHUM ¥ HallMOHAIHAM KoHbepeHnHjama. Ha ocHoBy
YBHJA Y JOKTOPCKY AUCEPTAIH]y H PajioBe KaHAuAaTKumbe, KoMucHja KOHCTaTyje [ia Aucepranyja
TIpe/IcTaB/ba OPUTHHAJNAH U CaBpPEMEH HAay4HM JONpPHHOC y obnacTé TeleKoMyHHKaIuja, a Ja je
KaHJUIAT CIocob6aH Ja YCIEIHO IPUMEEhYje METOIOIOIHjY HAyYHO-HCTPAXKHBAYKOL pajia.

Komucuja npemnaxe HactaBro-nayunom Behy Enexrporexmmuxor ¢akynrera aa ce JOKTOPCKa
JUcepTalyja IoA HacioBoM ,,PpakranHa W MyiatadppaxkranHa KapakTepusanuja 3D Bumeo
¢dopmata“ xammugara Amene 3exosuli, IUINIOMUPAHOT HHXKEHEPA €IEKTPOTEXHUKE, M3JIOXKH HA
YBHJ jaBHOCTM ¥ YIOYTH Ha KOHAa4HO ycBajame Belly HaydHHX oOIacTH TeXHHUKHX Hayka
VuausepsuteTa y Beorpany u JaBame 0106pemha KaHAUIATy Aa IPUCTYIH YCMEHO] OA0PaHH.

¥ beorpany, 30.06.2015. ronune

np Vpunu Pemsun, peopHu mpodecop
Yuupepsurer y beorpany — EpexTpoTexpudKn daxyiarer

s

ap Muomup Mujuh, penoBHH nﬁpo@ecop
Vuusepsurer y beorpany — Enexrporexauuxn daxynrer
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np Anppeja Camuosuh, BaHpeJHE podecop
Yuusepsurer y beorpany yOGpahaj HY akynrer
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ﬂp/ Map% BapjalcTapOBHh, JIOTICHT
Vuueepsutet y beorpany — EnexrporexHuuxu axynrer
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np Jparana Illymapan ITapnosuh, Banpemau npodecop
Vuusepsurer y beorpany — Enextporexauuku dhakynreT






