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\4 BPEJTHOBAIGE NOJEJUHHUX JEJOBA JOKTOPCKE JUCEPTAIINJE:

VY okxBupy moriaBjba YBOA JaT je Npemie] paja U UCTpaxuBama y OBOj JIOKTOPCKO] qucepTanuju ca
ONMCOM 3Hayaja TEONPOCTOPHUX TEXHOJIOTHja y e(QUKAacCHOM YIIpaBijbamy BojaoMma. JlepuHucaHun u
JIOKyMEHTOBAaHHU Cy IMJBEBH HCTPaKMBamba y OKBUPY oBe J[OKTOpCKe aucepanyje, ca HariackoM Ha pa3Boj
nmpouenypa, OasupaHmx Ha BemrTauko] mHTeureHimju (BM), 3a ayromarnszoBany oOpamy mopaTaka
JTAJbUHCKE JIETEKIHj€ Y PeaTHOM M OJIMCKO PeaslHOM BpeMEHY M TeHepHucame CBeoOyXBaTHUX MH(pOpMaIyja
0 BOIMM pecCypcuMa YKJbYdyjyhm reoMmeTpHjcke, TONOJIONIIKE W aTpuOyTHBHE KapaKTEPHCTHKE BOIHOT
pecypca Kao reonpoCTOPHOT 00jeKTa.

[Mornarme CraTyc BOAHUX THjeda Jaje JAeTajbaH Ipervie]l TPEHyTHOT CTaTyca BOIHMX pecypca Ha
CBJE€TCKOM HHMBOY Ca aKTyeJHIM MEXaHH3MHMa yTpasJbarkha BOAHUM pecypcuMa. Ilopes ananmse KBaHUTETa
W KBaJMTETa BOJE, HAIJIAIICH je M T'€ONPOCTOPHM acleKT BOJHHMX pecypca. AHAIM3WpaHH Cy LBEBU U
WHAMKATOpH ATEHJE 3a OJPXKHB PaBOj, KA0 U 3Ha4aj M yJIOra TeOHOPCTOPHUX TEXHOJIOTH]jA Y YIIPABIbAbY
BOJHHMM pecypcuMa M OJpKMBOM pa3Bojy. [Ipmkasana je oGasesyjyha Mmeromornoruja kmacudukarmje
cTaryca BOJHUX Tela y ckiaxy ca OKBUPHOM JAMPEKTHBOM O Bojama EBporicke yHHje y3 mocebaH ocBpT Ha
MOHHUTOPHUHT, IapaMeTpe KBAIUTETa KOjU cy Ae(UHMCAHM 3a KONHEHa BOJHA THjena (pexe W jesepa),
MUHMAMAJIHA YYECTaJIOCT MOHHTOPHMHIA 32 pa3iMuUTe NapaMeTpe KBaJMTETa, IPOLEC H3BEUITaBama MU
TeonpocTopHe MH(pOpMaNHje Koje Cy HEONXOJHE 3a MMIUIEMECHTAlHWjy JUPEKTHBE. 3aTHM j€ NpHKa3aHa
anamm3a INSPIRE nupekTuBe M pesieBaHTHHX aHEKca y OBOj oOsacTu. V3BpIIeH je Npuka3 aHaim3e
3aKOHCKE peryJiaTuBe cTaTyca BOAHHX THjena y Pemyommnu Cpouju.

[ornasme UT m T'HC TpenaoBu nokasyje AeTajbaH U CUCTEMATCKU MIPHUKA3 aKTyeJIHOT CTama y 00J1acTh
IIPUMEHE TEONPOCTOPHUX TEXHOJIOTHja U CEPBHCA, Ca HAIJIacCKOM Ha TEXHOJIOTHje JAJbMHCKE JECTeKIHje Y
MpUKYIUbalky HMHPOpManMja O BOAWM pecypcrMa M OrpaHHYea Koja C€ jaBjbajy NPH EKCTPAKIHjH
nHpopManrja. AHalIM3UpaHa je NMpHUMjKeHa ONTHYKHX, pagapckux M LiDAR monmartaka 3a nmeTexuujy
reoMeTpuje, TOINoJOoTrHWje W aTpudyTra BOAHMX Tena. Jlocajamma HCTpakMBaHa Cy aHalM3WpaHa ca
CTaHOBHIITA KOpHIITheHEe METOAOJIOTH]jE, THIIA ¥ aTPUOYTHBHUX KapaKTEPUCTUKA BOJHOT TeJa, Kopuuthene
CEH30pCcKe IIaThopMe M TAaYHOCTH NOOMjeHnX pesynrata. [lopen aHanmse akTyeiqHOT CTama y 00JacTH,
IIpUKa3aHa je BaKOCT U MoryhHoCTH yrmoTpeGe ayToMaTH30BaHHMX Hpoleaypa oOpaje nojaraka JaJbHHCKE
JIeTeK1uje kKao 1 npenHoctd BU y ogHocy Ha KilacMuHe ajlropuTMe MallMHCKOT yuema. [IpeacraBibene cy
OCHOBE KOHBOJIYLIMjCKUX HEYPOHCKUX MpEXa, apXUTEKTYype KOje ce KOPUCTE 32 CEMaHTHUYKY CETMEHTALN]Y
Kao ¥ MpoOJieMH KOjH Ce jaBJbajy HPHIIMKOM TpeHHpama dyOOKHX Mpeka, a KOje Ce MOTY KOPUCTUTH Y
obmacTn reornpocTopHUX cucteMa. Ha kpajy je mpeacTaBjbeHa Ba)KHOCT 4UyBama M o0pajle Iojaraka y
obmaky (enr. cloud computing) y ynpaaBbamy BEIMKHM KOJHMYMHAMA IT0JAaTaKa JAJbUHCKE NETEKIH)e
(eng. big remote sensing data), ka0 ¥ UMIUIEMEHTAIMOHN OKBHP KopuuiheH y 0BOj TE3H.

[Mornasme MyJTHANMEH3HOHAJHH MOJeJ je [EHTPAIHO IOINaBbe y 0BOj JJOKTOpCKO] mucepranuju u
CaApKH JeTaJbaH ONHC MYJITHIAMMEH3MOHAIHOT MOfena KopHuinhema IojaTaka JaJbMHCKE NETEKIHje U
T€ONPOCTOPHHUX CEpPBHCA Y yIIpaBibamy BogHUM pecypcuma carsiacHo INSPIRE n O/IB cnenmndykanmjama.
VY 0BOM NOIIaBJbY JlaTa je apXUTEKTypa peliera ca JeTaJbHUM ONMCOM KOMITIOHEHTH y cucteMy. JleTasbHo
je TpHKa3aHO M OOpa3JIOKEHO IOCMAaTpame BOJHOT Tejla Kao TEONPOCTOPHOT O0jeKTa, HMHTETpanuja
INSPIRE u O/IB mozena moparaka, KOHIENTYaJIHO Mamupame u3Mely BHX Kao M €JIEMEHTH 32 OLEHY
KBayuTeTa. JaTm Ccy netasbu Be3aHM 3a MMIUIAMAHTAIMjy ayTOMAaTH30BaHMX MoOJeNla 3a EKCTPAKIH]y
reoMeTpuje, TOIoJIoTHje W aTpuOyTa BOJHMX Tela Ha OCHOBY jaBHO JOCTYITHHX ONTHYKHX U paJapCKHX
cHnMaka, pesynrara LiDAR n UAV cHuMama ca Bepu(HKaLMjoM KOMILIETHOI Mojefia Ha oxabpaHoM
noapyyjy. Omucane cy cBe kopumiheHe apXHWTEKType MOjeNa BELITAYKe WHTEIUTEHIWjEe W MapameTpu
KopuIIheHH NMPUIIMKOM EUXOBOT pa3Boja. Y OKBHPY OBOTI MOIVIajba jaCHO M MHAMKATUBHO Cy IpPUKa3aHU
pe3yiTaTH JoOWjeHn OIMcaHuM MojennMa. [IpecTaBibeHa je meppopMaHTHOCT arTOpUTMa Oa3MpaHuX Ha
BU 3a exctpakumjy BoauHX Tena ca ontHukuxX (Cenrtmnen 2) m pamapckux (Centunen 1) cHumaxa.




Harnmamren je 3Hauaj pa3BHjeHE METOAOJIOTHje Koja oMoryhyje MOTHyHy ayToMaTh3alujy mporece O
Kpenpama MacKy 3a TPEHUHT JI0 OlleHEe TayHOCTH. IIpefcTaBibeH je adropurtam 3a JAETeKINjy BOAHUX Tela
Ha ocHOBY LiDAR mnopnaraka. Kao cacTaBHUM 10 OBOT alnropuT™a, pa3sBHjeH je ¥ aIrOpUTaM 3a ayTOMATCKy
knacuukanujy LIDAR n UAV ob6naka Tauaka W Kpenpame JUTHTAIHOT Mojena TepeHa. [IprukasaH je u
anroputaM 3a npaheme pena OHONOIIKMX M (U3WYKO-XEMHUjCKUX IIpaMeTapa KBaJMTETa BOJIE,
JneduHuCcaHNX y ckiaay ca 3axreBuma WFD. Anropuram je 6a3upaH Ha BEeIITAYKUM HEYPOHCKHM MpeKama
(ewr. artificial neural network) u narerpanuju Jlanacar 8 u 1aboparopujckux Mepema y neproay oxa 1998-
2018 na monpyyjy dynasckor ciusa. [Topen mapamerapa kBasmtera aepunucannx y O/1B, pa3Bujena je u
mpoueaypa 3a JeTeKIujy IuryTajyher miuactuuHor otrnaza Ha ocHoBy UAV cHmmaxka u anropurama B
[ToToM je mpuka3aH MOJEN 3a ayTOMATCKy €KCTPAKIMjy TOIOJIOTHjE peUHE MpPEKe Ha OCHOBY JIETEKTOBAaHMX
BOJIHMX TeJa. Y 3aBPIIHOM JEJTy OBOT [OTJIaBJba IPHKa3aHe Cy MPEIHOCTH MYJITHIMMEH3HOHAIHOT MOJIENa
y mopehemy ca TpamunmoHanHUM mpuctynoM. [loceOHa maxkma je mocBeljeHa amcKycwju I0OMjeHHX
pesynrata. Pesynratu cy ymopehenu m ca pesyiratnMma M 3anakamuMa JPYTHX ayTopa, YAME Cy jOIl
JjeIHOM IOTBpl)eHE TOCTAaB/LEHE XHUITOTE3E.

VY okBHpy moriaBjba 3ak/bydHa pasMaTpama KaJIuJaTKUba je NpHKa3aja jacHe, KOHKPETHE 3aKJbYUKe
W3BEJICHE HAa OCHOBY pe3yiraTa Jo0ujeHnx y okBupy oBe J[loktopcke auceprammje. IIpeseHToBaHM
3aKJbYUIM MIPEACTaBIbajy KONM3aH CKYIl YMbEHHIIA 10 KOJUX je KaHAWIAaTKUba I0ILIa EKCIIEPUMEH TATHAM
myreMm. Takole, jacHo je nedumnmcana m MmoryhHocT mnpakThyHe ynoTpeOe pa3BHjeHOT MoJela Y
nmmiementanju O/IB n Arenze 3a oApXuB pa3Boj, Ka0 M €BUACHTAH IONPHHOC OBE JWCEpTalHje y
Iponecupamy n Kopuihemy reornpocTOpHIX HHPOpManHja y peasHoM U OJICKO PEaTHOM BPEMEHY.

Kopumhena Jlureparypa oOyxBaTuia je BeJMKH Opoj HAyYHHX W CTPYUHHX ITyOJMKalMja KOjU ITOKasyje
Jla KaHJUIaTKHba BaJlajia TEOPHjCKUM 3aHambuMa U3 oBe obactu. Hajsehu Opoj murtupannx mybivkaryja
j€ Yy IocJbe AIUX HEKOJIMKO TOIMHA 00jaBJbeH y IPECTXKHUM Mel)yHapoaHuM HaydHUM Yacomnrcnma ca SCI
JICTe.

Ha ocnoBy cBera HaBeneHor, Komucuja no3uTHMBHO olemyje CBe HaBe/JeHe [ejiOBe JOKTPOCKe
Jucepraunmje

\4 EVALUATION OF PhD THESIS CHAPTERS:

The Introduction contains an overview of research and dissertation content, stressing importance of
geospatial technologies' in effective water management. The main objectives are defined and documented,
emphasizing the development of procedures, based on Artificial intelligence, for automatic processing of
remote sensing data in real or near real-time resulting in comprehensive information about water resources,
including geometrical, topological, and attributive characteristics of water bodies as geospatial objects.

Chapter Status of water bodies presents water resources' current status at the global level and overview of
water resource management mechanisms. In addition to water quantity and quality analysis, the geospatial
aspect of water resources was also emphasized. The analysis of the main goals and indicators of
Sustainable Development Goals in the area of water management was made, and the importance and role of
geospatial technologies in water management were defined. The overview of the methodology for the
classification of water status following the European Union Water Framework Directive is presented, with
particular attention paid to review of monitoring methodology, demanded water quality parameters for
inland waters (rivers and lakes), the minimum frequency of monitoring of different parameters, reporting
process, and geospatial information necessary for the implementation of Directive. An analysis of the
INSPIRE directive and it's annexes related to the management and distribution of information on water
resources is presented. At the end of the chapter, the analysis of laws and the current status of water
resources in the Republic of Serbia was preformed.

The multidimensional model represents the central chapter of this Ph. D. It contains a detailed description
of the multidimensional model of remote sensing data and geospatial services in water management
according to INSPIRE and WFD directive. In this chapter, the proposed architecture of solutions is
represented with a detailed description of systems components. The representation of water resources as a
geospatial object, integration of WFD and INSPIRE data model, the conceptual mapping between them, as
well as elements for quality control, were described. The details related to the implementation of models
for automatic extraction of geometry, topology, and attributes of water bodies based on open sources




optical and radar images and LiDAR and UAV data with verification of complete model on the selected
study area were provided. Also, a description of the architecture of Al models and parameters used for their
development was provided. This chapter contains an exact and indicative presentation of the results
obtained by the described models. The performance of Al-based algorithms for extraction of water bodies
form optical (Sentinel 2) and radar (Sentinel 1) images was presented. The importance of complete
automatization of processing procedures was emphasized. Also, an algorithm for the detection of water
bodies based on LiDAR data is presented. As an integrated part of this algorithm, an algorithm for
automatic classification of LIDAR and UAV point cloud and creation of a digital terrain model has been
developed. An algorithm for monitoring part of biological and phisico-chemical water quality parameters,
defined following WFD, is also presented. The algorithm was based on the artificial neural networks and
integration of Landsat 8 and in-situ data, collected between 1998-2018 over the Danube river basin. In
addition to the water quality parameters defined in WFD, the procedure for the detection of floating plastic,
based on UAV images and Al algorithms. Then, a model for automatic extraction of river network
topology based on detected water bodies was presented. In the final part of this chapter, the advantages of
multidimensional model compared to the traditional approach are presented. The discussion of obtained
results has received particular attention. Within this chapter, analysis and interpretation of all obtained
results were made concisely. Also, the obtained results were compared with other authors' results, which
once again confirmed the established hypotheses.

Within the chapter Conclusion remarks, the candidate has presented clear and concrete conclusions based
on the results obtained within this Ph.D. thesis. The conclusions represent a concise set of facts that were
derived from experimental results obtained by the candidate. Moreover, the possibility of using developed
models in the implementation of WFD and SDG is clearly defined, as well as the evident contribution of
this dissertation in the processing and use of geospatial information in real and near-real time.

Literature includes numerous scientific publications that indicate that the candidate understands the
theoretical background of the studied topic. Most of the cited scientific publications in this Ph.D. thesis are

up to date and published in international scientific journals with impact factors.

After detailed analysis, the committee rates positively all aforementioned parts of this Ph.D. thesis

VI CIIUCAK HAYYHUX U CTPYUYHUX PAJTOBA KOJU CY OBJAB/BEHH NJIN
IIPUXBAREHU 3A OBJAB/BUBAILE HA OCHOBY PE3YJITATA HCTPAXKUBAIBA 'Y
OKBHUPY PAJJA HA TOKTOPCKOJ JUCEPTALINIJN

TakcaTMBHO HaBeCTH Ha3MBE pajoBa, e W Kaxa cy oOjaBibeHH. [IpBO HaBecTH HajMame jelaH paj
o0jaBipen win npuxsaheH 3a o0jaBJpMBame y yaconucy ca ISI mucre ogHOCHO ca JicTe MUHHCTapcTBa
HQJIEKHOT 3a HayKy KaJa Cy y NUTamy JPYIITBEHO-XyMaHUCTHYKE HAayKe WM DPaZioBe KOjH MOTY
3aMeHnTH 0Baj ycioB 1o 01.janyapa 2012. rogune. ¥V ciyuajy panoBa npuxsaheHHxX 3a o0jaBJbHBambE,
TAaKCaTUBHO HABECTU HA3MBE PaJ0Ba, I1ie U Kajaa he Ont 00jaBIbeHH U MIPUIIOKUTH TIOTBPAY O TOME.
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VI 3AK/bYYIIN OJHOCHO PE3YJITATHU HCTPAKUBAIBA

Jloktopcka agucepranMja Jaje 3HadajaH JIONPUHOC NPUMEHH IIoJaTaka MJaJbHHCKE JETEKIHje W
T€ONPOCTOPHHUX cepBUca y obmacTn ympasibama Bogama cartacHo INSPIRE u O/IB cnemmdykanujama.
Pa3BujeHn MynTHIMMEH3WOHANIHM Mofen omoryhaBa mporecupame Hu Kopumheme KOMITIEKCHHX
T€ONPOCTOPHUX MH(OPMAIHja y PeaHOM U OJIMCKO peaTHOM BPEMEHY Ha ITOTITYHO ayTOMAaTH30BaH HAYMH.
[Ipumjena caBpeMeHUX apXMUTEKTypa M ajlropuTaMa BelITauke MHTEJIHWICHIM]je y OBOM Mojely oMmoryhyje
MOTHYHY ayToMmarh3aunujy oOpaje T[ojaTaka ca pa3IMudTHX CEH30pa JaJbHHCKE JIeTEKIHje.
AyTtomaTtn3oBaHe 1 J100po neduHucaHe Hpoueaype obpane u caBpemene UT texnornoruje, ykipydyjyhn
ClaJuIITelhe W mpouecupame y oOmaky, omoryhyjy ekcrpakumjy 3axteBannx INSPIRE u O/IB
nH(pOpManrja n3 BEIMKUX KOJMYMHA I10/IaTaKa ca passIndMTHX CEH30pa JaJbUHCKe neTekuuje. OcTBapeHn
pe3yiITaTH yKasyjy Ha 3Ha4yajHO moBehame TauHOCTH y mopehemy ca pesyiraTiMa JpYTHX ayTopa y
001acTUM ca UCTHM HHBOM KOIIJIEKCHOCTH,

WuTterpanyja pas3BUjeHOr MyJITHIMMEH3WOHAJIHOT MOJEJIa M jaBHO JOCTYIIHHMX IOJaTaka IaJbHHCKE
neTeknmje omoryhyje Op30, ayToMaTcKo W EKOHOMHOYHO mpaheme cTama BOTHHX Tella ca CBUM
€JIEMEHTHMa TE€OMETpHje, TOMOJIOTHje W aTpulyTa YaK M Ha BEJIMKHM Teorpa)cKuM IOApyYjuMa Kao U
MOHHUTOPHHT IIPOMEHA Ca BUCOKOM BPEMEHCKOM pe3oymiujoM. [Ipumena Moena y mpakcu MoXe 3Ha4ajHO
na nomorHe y umiuteMentauuju OJIB. Pesynaratn noOujeHHM OBUM MOJEIOM MOTY CE€ KOPHUCTHTH My
mpouecy npahema WHAMKaTOpa M3 ATeHIE O OJIPXHMBOM pa3Bojy (umib 6) m to MuHmukaropa 6.3.2.,
Wnpuxatopa 6.4.2., InaqukaTopa 6.6.1. u MnmukaTopa 14.1.1.

ExcnepumMeHTanHu pe3yiaTaTd Ccy y MNOTIYHOCTH NOTBPAWJIM IOCTABJbEHE XUIOTE3€ W 3aJ0BOJBHIIU




IIOCTaBJbCHE LIMJBEBE.

v CONCLUSIONS RELATED TO THE RESEARCH RESULTS

This Ph. D. thesis made a significant contribution to the application of remote sensing data and geospatial
services in water management following INSPIRE and WFD specifications. The developed
multidimensional model provides automatic processing and application of complex geospatial information
in real or near real-time. The application of modern architectures and artificial intelligence algorithms in
this model enables complete data processing automation. Automation and clearly defined processing
procedures, modern IT technologies, including cloud storage and cloud computing, enables the extraction
of the required INSPIRE and WFD information from big remote sensing data obtained by various sensors.
Obtained results represent state-of-the-art accuracy compared to results of other authors in areas with the
same environmental complexity.

Integration of developed multidimensional model and open-source remote sensing data enables accurately
and free of charge, automatic near-real time water body monitoring, including geometry, topology, and
attributes with high frequency over large areas. The application of the developed model in practice can
significantly improve the implementation of WFD. Additionally, resulting information can be used for
monitoring of process towards the achievement of SDG, including Indicator 6.3.2., Indicator 6.4.2.,
Indicator 6.6.1., and Indicator 14.1.1.

The experimental results fully confirmed the set hypotheses and satisfied the set goals.

VIII OHLEHA HAYHNHA ITPUKA3A U TYMAUYEIbA PE3YJITATA HCTPAXKUBAIbBA
ExcnnunuTHO HaBeCTH MO3UTUBHY UJIM HETATHBHY OLEHY HAYMHA MIPHUKA3a U TyMadema pe3yiaTara
HUCTPaKUBAA.

Pesyntatin ncTpakuBama, OCTBapeHM y OKBHpPY OBe JlOKTOpCKe IucepTanyje, IpPEACTaBJbeHH Cy U
TyMadeHH Ha jacaH M CHCTeMaTH4aH Ha4ynH. JIOKTopcKa qucepTalnuja capku cBe OMTHE eJIeMEeHTe KOju CY
npensueHH MeTojamMa HaydHO HCTpakMBadkor pazna. KopuimmhemeMm Benwkor Opoja HaydyHHMX pasoBa
KaHINJATKUbA je jJaCHO MPEACTaBHiIa JOCalallibe pe3yaTare u npobdieMe y o0sacT, KOju Cy JOBEIH 10
MOCTABKM OCHOBHUX XHIIOTe3a. Peanmn3oBaHM MoOJeNl M EKCIEPUMEHTAIHH pE3yNTaTd Cy JeTaJbHO
aHAJM3UPAaHU U JaCHO M CHUCTEMATCKH NIpejacTaBibeHu. Jluckycuja pesynrata je mpahena oarosapajyhum
o0pasnokemrMa M KPUTHYKAM OCBPTOM Ha FMXOBO BPEJHOBAWE y CKIAAY ca pe3yiraThMa JpyTHX
aytopa. Pesynraty cy y NOTITyHOCTH 3a/10BOJBIIIN TTOJIA3HE [IMJBEBE NCTPAXKUBAbA.

Papx je mpoBepeH y codTBepy 3a Aerekunjy miardjapusma iThenticate, y bubmmorern ®@TH-a.

Komucuja oM nmyTemM KOHCTaTyje 1a je HAYMH HA KOjU Cy Pe3yJITaTH y OKBHPY oBe JlokTopcke
AucepTanMje NPUKA3aHU U TYMA4eHH Y MOTIYHOCTH OAr0Bapa HAa NMOCTAB/beHe NMpodieme.

VIII ASSESSMENT OF PRESENTATION AND INTERPRETATION OF THE
RESEARCH RESULTS

Explicitly indicate a positive or negative assessment of how research results are presented and
interpreted.

The research results, obtained within this Ph.D. thesis, have been presented and interpreted clearly and
systematically. The Ph.D. contains all essential elements which are predicted by scientific methods. By
using numerous credible references, the candidate has clearly described previous researches and research
problems, which led to the definition of the hypothesis. The realized model and experimental results have
been studied in detail and clearly and systematically described. A discussion of the results is followed by
appropriate descriptions and critical review in line with the results of other authors. The results fully met
the initial research objectives.

The work was checked in the iThenticate plagiarism detection software, at the Library of Faculty of
Technical Sciences.

The committee hereby has concluded that the outcome of this Ph.D. thesis is presented and




interpreted in the way to answer all research questions

IX KOHAYHA OHEHA JOKTOPCKE JUCEPTAIINJE:

ExcrnimnmTHO HaBeCTH 1a JIM IEcepTalyja jecTe WM HUje HallMcaHa y CKJIady ca HaBeACHUM
00pasnokemeM, Kao 1 J1a JIM OHA CaJp KU WM HE CaJpXu cBe OuTHe eneMeHTe. [laTh jacHe, Mpenu3He u
KOHIIM3HE OATOBOpE Ha 3. U 4. MUTAKE!

IX FINAL ASSESSMENT OF THE PhD THESIS:

Explicitly indicate whether the dissertation is or is not written in accordance with the above explanation
and whether it contains or does not contain all the essential elements. Provide clear, precise and concise
answers to questions 3 and 4:

1. Jla nu1 je nqucepranyja HanMcaHa y CKJIaly ca 00pa3iiosKemheM HAaBeICHUM Y NPHjaBU TEME

VY npujaBu TeMe onmcaH je npeaMer (mpobieM) HCTpaXUBamkba KOjH j€ IeTaJbHO 00jalllibeH, IOCTaBJbeHHU CY
LMBEBU KOJU CY IIOCTUTHYTH, HAaBEJCHU CYy OYEKMBAHM PE3YJTATH KOjU Cy jaCHO IIPHKa3aHH Yy TEKCTY
JcepTanyje.

JlokTopcka aucepranmja je HaMCAHA Y CKJIaAy ca 00pa3JioxkeheM HaBeIeHUM y NIPHjaBH TeMe

1. Has the dissertation been written in accordance with the explanation stated in the thesis topic's
application?

The topic application describes the subject (problem) of the research, which is explained in detail, the goals
that have been achieved are set, and the expected results are stated, which are clearly presented in the text
of the dissertation.

The PhD is written in accordance with the explanation stated within the topic's application.

2. Ja m1 mucepranuja camp:ku cBe OUTHE eTIEMEHTE

Jucepranmja canpxu cBe OWTHE e€JIEMEHTE jelHE JOKTOpPCKE JIuceprandje y oO0nacTH TeXHHYKO
TEXHOJOWKNX Hayka. [IpermemHuMm canpikajeM, jacHO IIOCTaBJbEHMM IMJBEBHMA, XETEPOI'CHOM
METO/OJIOTHjOM, jaCHO IMPE3EHTOBAHUM pE3yJTAaTHMa, OICEKHOM IHCKYCHjOM M jacHO (OpPMYJIHCAHUM
3aKJbyUIIMa, 3310BOJbEHA je (hopMa TIOKTOPCKE ANCEpTaLHje.

Crora KkoMHCHja CMATPA A2 I0KTOPCKA AUCEPTALUja CA/IPKU CBE HEONXOHE eJIeMEeHTe

2. Does the dissertation contain all the essential elements?

The Ph.D. thesis contains all the essential elements attributed to the Ph.D. thesis in the field of technical
technological sciences. With clear contents and objectives, heterogencous methodology, clearly presented
results, extensive discussion, and clearly formulated conclusion the Ph.D. thesis fulfills all requirements.
Consequently, the committee considers that the Ph.D. contains all the essential elements.




3. Mo uemy je nucepTalyja OpUrMHANAH JONPHHOC HAYIH

OcHoBHH jpompuHOC OBe JIOKTOpCKe AucepTalyje Haylu ce Orjlefa y pa3Bojy MOJesa ayTOMaTH30BaHE
oOpazie 6a3upaHe Ha TEXHOJIOTHjaMa BEeIITaYKe WHTEINTEHINje KOMIUIEKCHUX IeOIPOCTOPHUX TO/aTaKa ca
pPa3IMUMTHX CEH30pa JaJbMHCKE NETEKIHje M ayTOMaTH30BaHO TeHepHcama HWH(popManuja y obiacTu
ynpaBbaba  Bomama carmacHo INSPIRE uw OB crmemmdyxammjama.  OBako — pa3sBjeHH
MYJITHAMMEH3UOHAIHN Mo/ien oMoryhaBa nporecrupame 1 Kopuihemne TeonpocTOpHIX HH(popMalnja Koje
00yxBarTajy reOMeTpHjCKe, TOIOJIOMIKE M aTpUOYyTUBHE KapaKTEPHCTHKE y PEeaHOM M OJIMCKO peasHOM
BpeMEHY Ha IOTIYHO ayTOMaTH30BaH HauyWH y3 3HadajHO noBehame Op3uHe oOpaze W mucTpuOymmje
nHpopManrja, kao u nosehame TauHOCTH y TOpehemy ca pesysnTaTuMma ApYyrux ayTopa y obmactuMm ca
HUCTUM HHUBOM KOIUIEKCHOCTH. Takole, mocmarpame BOJHOT pecypca Kao TIeOInpOCTOpHOr oOjexTa je
JIOTIPUHEIIO OPUTHHAIHOCTH OBE JHCEpTaLHje.

Opn moceOHOT 3Ha4aja je 1 MOTyhHOCT IpMEHE U MHTETpalyje Pa3BHjeHOT MyJITHIMMEH3HOHATHOT MOJIENa
W jaBHO JIOCTYIHHUX II0JIaTaKa JIaJbMHCKE JIETEKIMje YMMe ce oTBapa MoryhHocT 3a Op30, ayTOMaTCKO M
€KOHOMHOYHO ITpaheme cTama BOJHUX Tella ca CBUM eJIeMEHTHMa IeOMETpHje, TOIOJIOTHje U aTpulyTa Jak
W Ha BEIMKAM TeorpadckuM IOJApydYjUMa Kao M MOHHTOPHUHI NHpPOMjEHa ca BHCOKOM BPEMEHCKOM
pesonmimjoM. Kopumheme Mozaena MOCTYNHO je M KOPHCHUIIMMAa M3 OOJIaCTH YIpaBibara BOJHUM
pecypcuMa ca MUHMMaJIHUM II03HaBameM KOHIIENaTa JaJbMHCKE JAeTeKnuje u reomHdopmanmja. Ilpumena
OBOT' MOJIeJIa Y TIPaKCH MOJKE 3HA4ajHO Ja nmoMorHe y mmiuiemeHTaruju OJIB. Pesynratn no6ujeHn oBum
MOJIEJIOM MOTY ce KOPHUCTUTHU M y Iporecy npahema HHIMKaTopa n3 ATeHIE O OAPXKHBOM pas3Bojy (IMJb 6)
u To Mnmukatopa 6.3.2., Munukaropa 6.4.2., Unaukaropa 6.6.1. u Mnaukaropa 14.1.1.

Komucuja 3akpyuyje na [oKTOpcka AucepTanuja NpeAcTaB/ba OPUrnHajJaH HayYHU JONPUHOC.

3. What is the dissertation's original scientific contribution?

The committee considers that within this Ph.D. thesis, the primary scientific contribution is the
development of an automated procedure, based on artificial intelligence, for processing complex geospatial
data collected by different remote sensing sensors and automatic generation of information following the
INSPIRE and WFD specification. Developed multidimensional model, enables processing and usage of
geospatial information including geometry, topology, and attributes in real or near-real time in a fully
automated way, significantly increase the speed of processing and information distribution, as well as the
increase of accuracy compared with results obtained by other authors in the areas with the same level of
environmental complexity. Moreover, the representation of the water resources as a geospatial object
contributed to the originality of this dissertation.

The significant advantage is the possibility of integration of developed multidimensional model and open-
source remote sensing data enables accurately and free of charge, automatic near-real time water body
monitoring including elements of geometry, topology, and attributes with high frequency over large areas.
Moreover, water managers with a minimum understanding of remote sensing and geoinformatics concepts
can efficiently use the developed model to extract actionable information. The application of this model in
practice can significantly help in the implementation of WFD. Additionally, resulting information can be
used for monitoring of process towards the achievement of SDG, including Indicator 6.3.2., Indicator
6.4.2., Indicator 6.6.1., and Indicator 14.1.1.

The commission concludes that the doctoral dissertation represents an original scientific
contribution.

4. Henocranym mucepranyje u BUXOB YTHIA] HA PE3YNITAT HCTPAKNBAHA
OrpaHnuema HCTpaXHMBamka M HOBOI' MOJENA jacHO Cy HJACHTU(HKOBAaHA M TNpUKa3aHa Y TEKCTY
nmucepranuje. HaBeneHa orpannueba He Ipe/ICTaBIbajy HEJOCTATKE HCTPaKUBAba
Komucuja cmarpa na 10KTOpcKa JHucepTanyja HeMa HENOCTATAKa KoOju Ou OMTHHje yrMUAJIH HA
pe3yJrare HCTPAKUBamba.

4. Disadvantages of the dissertation and their impact on the research result
The limitations of the research and the new model are clearly identified and presented in the text of the
dissertation. These limitations do not represent the shortcomings of the research
The committee considers that a Ph.D. has no disadvantages that would significantly influence the
research results.




X HPEJJIOT:

Ha ocHOBY yKymHE oleHe JiicepTalyje, KOMHUCH]a IIpeJuIaxe:

Jla ce MpUXBaTHM JOKTOPCKA IMCePTanMja MoJ HA3MBOM *“ MynTUANMEH3MOHAIHA MOAEN Kopuirhema
rmoJlaTaka JaJbMHCKE JETEKIHje W TeONPOCTOPHHUX CEpBUCA y YIpaBibamky BOJHUM PECypCHMa CariiacHO
INSPIRE u O/IB cnenm¢ukarnmjama > u ga ce kanguaary l'opganu JakosspseBuh 0100pH jaBHa onopaHa

X THE PROPOSAL:

Based on the overall assessment of the dissertation, the commission proposes:

To accept the doctoral dissertation entitled “Multidimensional model of use remote sensing data and
geospatial services in water management according to INSPIRE and WFD specification” and to approve
the candidate Gordana Jakovljevi¢ public defense
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