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IV TIPEDIE] JOKTOPCKE JIMCEPTAILIUJE
OVERVIEW OF THE DOCTORAL DISSERTATION

JlokTopcka nmucepranmja je HamucaHa Ha eHrieckoM je3mky. Caapku 212 crpaHa W monmesbeHa je y
cienehux 6 monmasba:

VBox (Intorduction)

IMo3anuna (Background)

Juckperna Tomorpaduja (Discrete Tomography)

Jleckpunropu obnrka 3acHoBaHH Ha oOnactu (Area Based Shape Descriptors)
Hompurocu tese (Thesis Contributions)

3akspyuak u cnenehu koparu (Conclusion and Future Work)

AN

Hucepranuja cagpxu 100 pedepeniy, 34 cinka u rpadpukoHa, 5 Tabema u 3 mpuiora. Ha mogetky tese
Jara je KJbydHa JOKyMEHTAIljcka MH(pOopMaIlija ca N3BOANMA U OCHOBHUM NOAALIMa O JTUCEPTALHjH Ha
CPIICKOM U €HITIECKOM je3WKy. HakoH KJbydHEe NOKyMEHTAIHje NIaT je pe3uMe AHMcepTallfje Ha CPIICKOM
JE3HKY.

OVERVIEW OF THE DOCTORAL DISSERTATION:

The doctoral dissertation is written in English, comprising 212 pages, and divided into following 6
chapters:

Intorduction

Background

Discrete Tomography

Area Based Shape Descriptors
Thesis Contributions
Conclusion and Future Work

ANl o

The dissertation includes 100 references, 34 figures and graphs, 5 tables, and 3 appendices. At the
beginning of the thesis, key documentation information is provided, including summaries and basic
details about the dissertation in Serbian and English. Following the key documentation, a summary of the
dissertation is presented in Serbian.

V  BPEJHOBAIBE NIOJEJUHUX JEJTOBA JOKTOPCKE JUCEPTALIMJE
EVALUATION OF INDIVIDUAL PARTS OF THE DOCTORAL
DISSERTATION

JlokTopcka qucepTanyja je mojieJbeHa y meCT MOriaBiba.

Y yBOIHOM NOTJIABJBY NPEACTABIHEHH CY IPOOIEM HCTPAXKUBaba U IETOB 3HAUA].

[lormaBse mpyka mpeniex Leie Te3e, HUCTHYyhM KJbydHE LWJbEBE W JONPUHOCE CIPOBEIEHOT
UCTpaXXUBarba. Takohe calpKu JINCTy OPUTHMHAIHHUX PajioBa KOjH YMHE OCHOBY Te3e. [lommaBibe mpyska
JjacHO pasyMeBame OIlcera UCTPaKHBabha W HErOBe PEJICBAHTHOCTH Y OOJIACTH AUTUTAIHE 00paje CIIMKa
u ToMorpaduje.

Jpyro moriae/be CIyXH Kao OCHOBa JAajbe AucKycHje. [loumme ca aeuHUIjOM AWTHTAIHE CIHKE,
onucyjyhn kako ce OHa MpencTaB/ba M aHaJIM3Mpa. 3aTUM ce AcHUHHUIIEe ToMOrpadcka MpojeKTHBHA
reomeTpuja, uctnuyhu wen 3Haqaj. Jara je nedununmja PagoHoe tTpancdopmanmje, jenqan o OCHOBHUX
MaTeMaTHYKHX ajaTa y ToMorpaduju, a 3aTUM Ce JeTajbHO HCTPaXyjy HEHa CBOjCTBA M IPUMCHE.
Cneneha je mpencraBibeHa DypujeoBa TpaHCcpoOpMaija, HamianiaBajyhu meHYy BaKHOCT Yy aHAU3U
dpekBeHnmjckor cajipkaja. [lornaesbe ce 3aBpliaBa ob6janimemeM DypujeoBe TEOpEeMe U IbeHE IPUMEHE




Kpo3 anropuram ¢uITpUpaHe pekoHCTpyKiuje. OBO MOINIaBibe MpYKa UCTOPHJCKU Hperiie]l MpUCTyTa
PEKOHCTPYKIIUJH CIIUKE Yy TOMOTpadujH.

Y Tpehem mnornaBby Qokyc ce mpebamyje Ha MEHTpaJHy TeMy AWCEpTaldje, Ha IUCKPETHY
tomorpadujy. [louume popmynrcameM npodiemMa AUCKPETHE ToMorpaduje u pa3MaTpameM OBE3aHUX
M3a30Ba, Kao U nedpuHIIKjoM cuenrnduaae onnapHe romorpaduje. [lormasibe 3aTuM HcTpaxyje mpodirem
PEKOHCTPYKIIHjE CIIMKE y IUTHTAIHO] ToMmorpaduju. OO0jauimeH je KOHICNT peryiapu3aidje Koju ce
KOPHCTH y CUTyallMjaMa ¢ 3HaMO HEeKe MH(OpMAIlije 0 00jeKTy Ha CIHUIIM KOjU CE PEKOHCTPYHIIIE, ajlu
Ce PEKOHCTPYKIMja BPIIK HAa OCHOBY Major Opoja mpojeKTHBHHX momaraka. [Ipencrasiben je Pajsepor
aNToOpUTaM, 3ajelH0 ca APYI'MM aire0apCcKuM TeXHHKama pekoHCTpykiuje. Taxole, pasmarpane cy
METOolle PEKOHCTPYKIIMje 3aCHOBaHE HAa TIpPaIMjeHTy Kako OW ce MPYXHO IIUPH YBUA Y PpaslHUYHTE
npuctyre tomorpadcekoj pexoHcTpykuuju. IlormaBibe mpyka yBHI Y oOnacT Koja je moTrpeOHa 3a
pa3yMeBarbe HapeIHHX TOIIaBJba U AOMPUHOCA AUCEpTALH]e.

Y 4eTBPTOM NOIJIABJbY MPEACTABILEHH Cy JECKPHIITOPH OOINKA, Ko IUTO CY FEOMETPUjCKH MOMEHTH H
MOMEHTH MHBAPHjaHTHOCTH, OPHjeHTAINja U UPKYITapHOCT 00imKa. [loMeHyTH qecKkpunTopu o0IuKa cy
TEMeJHHO ONFCAHH, HaIMlalaBajyhn \BUX0B MOTEHIHjall Y aHATTU3U B PEKOHCTPYKITH]H CITHKA.

Ileto moryaB/be nucepTanyje NpeNCTaB/ba OPUTHHAIHE JONPUHOCE HCTPakKMBama. YBEICHA je HOBa
METOlla PEKOHCTPYKIHje CIIHKa y IUCKPETHO] ToMorpaduju, KOMOMHYjyhu TpaaujeHTHY METOmy ca
ceuemeM rpadoBa, uja je epukacHOCT y mopehemy ca moctojehnM Merogama noTepheHa y myOauKanuju
III. JomaTtHO, TIOKA3aHO je na ce meppopMaHce MeToa peKOHCTPYKIIHje CIIMKA 3HAYajHO MOOO0IBIIABajy Y
MPHUCYCTBY O3HATHX WH(OpMaIija o 00jeKTy, ca moceOHUM (POKycoM Ha OpHjEeHTANN]y U IUPKYTapHOCT
obnuka. Y MeToM TOINaBiby je Jajbe MpelCcTaB/beHa HOBA MeTofa, oOjaBibeHa y myOnmkanuju II, xoja
KOMOMHYje ceuere TpadoBa ca TEXHHKOM MHHHMHU3AIMje 3aCHOBAHE Ha TpaadjeHty, Kopuctehu
OpHjeHTaIljy Kao mo3Hary uH(popMmanujy o obmuky. OBaj HPUCTYN je MoKa3ao no0pe pesyiarare y
PEKOHCTPYKLMjH OMHAPHUX CJIHMKa HAa OCHOBY MPOjEKLHMOHMX IoAaTaka u3 jenane nuMensuje. [lopen tora,
OMKCAaH je W HOBU alroputaM U3 myOnmukaruje | Koju KOPUCTH LUPKYJIAPHOCT OONHMKAa Kao IO3HATY
nHpopMaljy o 00jeKTy, ca eKCIIepUMEHTAIHIM PEe3y/ITaTuMa KOji MOTBPhyjy BUCOKY €(PHKACHOCT OBHX
TEXHHKa Y PEKOHCTPYKIHUjH CIIMKa Ca CMambeHUM IIPOjeKIIMOHNM IoAalmMa. JlerajbHa 00jalikbehba HOBUX
METO/Ia, 3aj€HO Ca EKCIIEPUMEHTAHIM PE3yJITaTUMa, IIPYy’Kajy cBeoOyXBaTaH yBHJ y HHXOB 3HaUa].

Y 3aKk/by4yHOM WIECTOM MOIIAB/bY, CYMHUpPaHU Cy IJIaBHH DPE3YyJATaTH H JONPUHOCH JUCEpTaLyje.
[TornaBire mOTBphyje 3HaUaj HMCTpakMBamba W FHCTOB MOTCHIMjAaTHH YTHIAj Ha 0O0JAacT AMCKpPETHE
ToMorpaduje ¥ peKOHCTPYKITHje CIMKa U J1aje mpeior Moryhux Oyayhix mpaBara UCTpakuBamba.

Jucepranuja ce 3atBapa cBeOOyXBaTHMM ITOITKUCOM CBHX pe(epeHIM HMUTHPAHUX Y IEJOM JOKYMEHTY.
OBaj J1eo nperno3Haje U3BOPE U MPETXOAHA HCTPAKUBaa KOja Cy MOApIKaia U yTHIIAIa Ha TUCePTAIIU]y.

EVALUATION OF INDIVIDUAL PARTS OF THE DOCTORAL DISSERTATION:

The doctoral dissertation is divided into six chapters.

In the introductory chapter, the research problem and its significance are presented. The chapter
provides an overview of the entire thesis, highlighting key objectives and contributions of the conducted
research. It also includes a list of original papers forming the basis of the thesis. The chapter offers a
clear understanding of the scope of the research and its relevance in the field of digital image processing
and tomography.

The second chapter serves as a foundation for further discussion. It begins with the definition of digital
imaging, describing how it is represented and analyzed. The tomographic projective geometry is then
defined, emphasizing its importance. The definition of the Radon transform, a fundamental mathematical
tool in tomography, is provided, followed by a detailed exploration of its properties and applications. The




chapter then introduces the Fourier transform, highlighting its importance in frequency content analysis.
The chapter concludes with an explanation of the Fourier theorem and its application through the filtered
reconstruction algorithm. This chapter provides a historical overview of image reconstruction approaches
in tomography.

In the third chapter, the focus shifts to discrete tomography. It starts by formulating the problem of
discrete tomography and discussing related challenges, along with defining specific binary tomography.
The chapter then explores the problem of image reconstruction in digital tomography. The concept of
regularization is explained and used in situations where we have some information about the object in the
reconstructed image, but the reconstruction is based on a small number of projection data. The chapter
introduces the Rayser algorithm, along with other algebraic reconstruction techniques. Reconstruction
methods based on gradients are also discussed to provide a broader insight into various approaches to
tomographic reconstruction. This chapter provides an understanding of the area necessary for
comprehending the subsequent chapters and the contributions of the dissertation.

The fourth chapter introduces shape descriptors such as geometric moments and moment invariants,
orientation, and circularity of shapes. These shape descriptors are thoroughly described, emphasizing
their potential in image analysis and reconstruction.

The fifth chapter of the dissertation presents the original contributions of the research. A new method of
image reconstruction in discrete tomography is introduced, combining the gradient method with graph
cuts, whose efficiency is confirmed in publication III. Additionally, it is shown that the performance of
image reconstruction methods significantly improves in the presence of known information about the
object, with a specific focus on the orientation and circularity of shapes. In the fifth chapter, a new
method published in publication II is further presented, combining graph cuts with a gradient-based
minimization technique, using orientation as known information about the shape. This approach has
shown good results in reconstructing binary images based on one-dimensional projection data.
Furthermore, a new algorithm from publication I is described, using the circularity of shapes as known
information about the object, with experimental results confirming the high efficiency of these
techniques in reconstructing images with reduced projection data. Detailed explanations of new methods,
along with experimental results, provide a comprehensive insight into their significance.

In the concluding sixth chapter, the main results and contributions of the dissertation are summarized.
The chapter confirms the significance of the research and its potential impact on the field of discrete
tomography and image reconstruction, offering suggestions for possible future research directions.

The dissertation concludes with a comprehensive list of all references cited throughout the document.
This section acknowledges the sources and previous research that supported and influenced the
dissertation.

VI  CHUCAK HAYYHUX U CTPYYHUX PAJIOBA KOJU CY OBJABJLEHU
WJIM IPUXBAREHM 3A OBJABJbUBAILE HA OCHOBY PE3YJITATA
UCTPAJKUBAIbA YV OKBUPY PAJIA HA IOKTOPCKOJ
TUCEPTALIMIU

LIST OF SCIENTIFIC AND PROFESSIONAL PAPERS THAT HAVE
PUBLISHED OR ACCEPTED FOR PUBLICATION ON THE BASIS OF




THE RESEARCH RESULTS IN THE FRAMEWORK OF WORK ON
DOCTORAL DISSERTATION

Pan y ncraknyrom melhynapoagnom uaconucy (kareropuja M22)

e Mapuna Mapuera, Tubop JIykuh. "Regularized graph cuts based discrete tomography
reconstruction methods." Journal of Combinatorial Optimization 44.4 (2022): 2324-2346.

Caonmreme ca MehyHapoaHOr cKylla IITAMIIAHO Yy HeJanHH (Kateropuja M33)

e Mapuna Mapueta, Tubop Jlyxuh. "Graph cuts based tomography enhanced by shape
orientation." International Workshop on Combinatorial Image Analysis. Springer, Cham, 2020.

e  Tubop Jlykuh, Mapuna Mapuera. "Gradient and graph cuts based method for multi-level
discrete tomography." International Workshop on Combinatorial Image Analysis. Springer, Cham,
2017.

Caonureme ca CKyna HAMOHAJHOT 3HaYaja IUTAMIIAHO y HeJnHM (kareropuja M63)

e Mapuna Mapueta, Tubop Jlykuh. “Algebraic reconstruction methods in discrete tomography”.
Proceedings of 3rd Conference on Mathematics in Engineering: Theory and Applications (META
2018), pp. 4652, Novi Sad, Serbia, 2018.

e Mapuna Mapuera, TubGop Jlykuh. “Area based shape descriptors for image analysis”.
Proceedings of 3rd Conference on Mathematics in Engineering: Theory and Applications (META
2018), pp. 5258, Novi Sad, Serbia, May, 2018.

LIST OF SCIENTIFIC AND PROFESSIONAL PAPERS THAT HAVE PUBLISHED OR
ACCEPTED FOR PUBLICATION ON THE BASIS OF THE RESEARCH RESULTS IN
THE FRAMEWORK OF WORK ON DOCTORAL DISSERTATION:

Paper in an international journal (category M22)
e Marina Marceta, Tibor Lukié. "Regularized graph cuts based discrete tomography reconstruction
methods." Journal of Combinatorial Optimization 44.4 (2022): 2324-2346.

Full paper from an international conference (category M33)

e Marina Marceta, Tibor Lukié¢. "Graph cuts based tomography enhanced by shape orientation."
International Workshop on Combinatorial Image Analysis. Springer, Cham, 2020.

e Tibor Luki¢, Marina Marceta. "Gradient and graph cuts based method for multi-level discrete
tomography." International Workshop on Combinatorial Image Analysis. Springer, Cham, 2017.

Full paper from a national conference (category M63)

e Marina Mardceta, Tibor Lukié. “Algebraic reconstruction methods in discrete tomography”.
Proceedings of 3rd Conference on Mathematics in Engineering: Theory and Applications (META
2018), pp. 4652, Novi Sad, Serbia, 2018.




e Marina Mar¢eta, Tibor Luki¢. “Area based shape descriptors for image analysis”. Proceedings of
3rd Conference on Mathematics in Engineering: Theory and Applications (META 2018), pp.
52-58, Novi Sad, Serbia, May, 2018.

VII  3AK/bYYIIU OJHOCHO PE3VJIITATH UCTPA’XKUBAIBA
CONCLUSIONS AND RESULTS OF THE RESEARCH

JlompuHOCH OBE JOKTOpCKE AucepTanuje oOyxBaTajy pa3iIMYUTE acleKTe PEKOHCTPYKIHUje CIHKa Y
JIOMEHY JMCKpeTHe ToMorpaduje. Y JucepTandju je MpeAcTaB/beHa  MHOBaTMBHA MeTola 3a
PEKOHCTPYKLHMjy CJIMKa 3aCHOBaHAa Ha MHHUMHM3aIMjU (QyHKIMje eHepruje y IUCKPETHO] ToMorpaduju.
IMpennoxxena HoBa Mertoza (ckpahenu HazuBa GCDT) koMOuHyje moctymak Ha 0a3u TpajujeHTHOT
UTEPaTHBHOT aJTOpPUTMa Ca aJrOPUTMOM 3aCHOBAHOM Ha Ceyelmy CHEeNWjaHO JAW3ajHHPaHOr
opujeHTrcaHor rpada. Tako mobujeHa meroma omoryhaBa peKOHCTPYKIIH]Y CIHMKA ca MPO3BOJBHO MHOTO
CHBHX HHUBOA, LITO j¢ jeIHa O] HCHUX INIaBHUX MPETHOCTH. Pesynrati mokasyjy BUCOKe mephopMaHce y
mopehemy ca mocrojehmM MeTomama Koje ce 0aBe CIMYHHM IIPOONIEMHMa, YHMe ce MOTBphyje meH
JOTIPHHOC 00JacTH.

Cnencha rpyma pesynrara ucTpaxuBama ce (oKycupa Ha noOosplIame NeppopMaHCH MeTona
PEKOHCTPYKIMje CIMKa Yy OMHapHO] ToMOrpadujy Kaja je Ha pacliojaramky Majla KOJINYWHa IPOjeKTHBHUX
nomaraka o mocMarpanoM o0jekty. [locebaH Hamacak CTaB/beH je Ha HHTErpalujy amnpHOPHUX
nHpopMaIja 0 00Ky o0jekTa IMmyTeM peryiapu3anmje GyHIKHje eHepruje. 3a anpuopHy HHPOPMAIH]y
je xopumheHa opujeHTanja 00jexTa y peKoHCTpyKIuju. [IpemmokeHa HoBa MeTona (ckpaheHH Ha3WB
GCORIENTBT) ce ocnama Ha MUHIMH3AIHjy OBaKO peryiapu3oBaHe eHepruje. [Ipomec ontummsanuje
je ocTBapeH KOMOWHAIMjOM TpaiMjeTHOr airopuTMa MW TIOCTyIIKa Ha ©0a3u cedema Tpada.
ExcriepuMeHTamHu pe3ysiTaTtd IoKa3yjy 3HauyajHy MpPEeIHOCT HOBOT TOCTYNKa Yy MOINIEAY KBaJUTETa
PEKOHCTPYKIIMje y OJHOCY Ha pe3yjiTare OCTaBapeHe MPUMEHOM paHHje INPEJIOKEHHX ajJopuTamMa.
HapounTo cy apupmartiBHE pe3ynTaTtu KOju ce Ocllambajy Ha IPOjeKTHBHE MONATKe CaKyIJbeHEe CaMo U3
JeHOT WM JBa MPOjeKTHUBHA mpaBiia. MoryhHOCT pekOHCTpyKIMje Ha 0a3d OBaKO Mayie KOJIHYHHE
NIPOjeKTUBHUX TOJ[aTaka MOXE Jla JONPHHOCH CMambely LITETHOT 3payemha y MpUMEHama Kao IITO Cy
pasnuuute aujarHoctudke Texauke mytem CT ypehaja y meannunn.

Y nucepranuju je IpeAcTaBJbEHA jOII jellHA HOBa METOJa Koja MyTeM peryiapHu3aluje YBOAHW HOBY
anpuopu UHGPOPMAIH]y y mpolec pekoHcTpykimje. [Ipemnokena merona (cpkahenu Hasus GCCIRBT)
KOPHCTH LUPKYJIApHOCT (KpPY)KHOCT) oOnuMKka Kao mo3Harty wuHpopMmanujy o objekry. Pesynraru
eKcIiepuMeHara NoTBplyjy BHCOKY €(pHMKACHOCT OBE METO/E Y PEKOHCTPYKLHjH CIIMKA Ca CMameHHM
npojektuBHUM nonanmma. Y nopehemy ca GCORIENTBT nocTynkoMm IiiaBHa MPeJHOCT CE€ OAHOCH Ha
BpeMe M3BpILICHA, KOje je Y OBOM CIy4ajy 3HauajHO Kpahe, mITO JOJaTHO JONPHHOCH MPOLIMPEHY
MoryhHOCTHMA MPUMEHE.

Jucepranuja npyxa JeTajbHa o0jallllbeha U aHAIU3y CBa TPU IPEJIOKEHA MOCTYIIKa PEKOHCTPYKIU]e.
[Mpuka3aHn eKkCHepUMEHTaJIHU pe3yATaTH NpyXkajy cBeoOyxBaTaH YBHI Yy HUXOBe nepdopmaHce U
MOTEHIMjaJIHE IPEJHOCTH. YKYITHH JOIPHHOCH HCTPaXKHBamba 0TBapajy NPOCTOp 3a J1ajba UCTPAKHUBAA Y
o05lacTi pEeKOHCTPYKLMje CIMKa y AWCKPETHO] TOMOrpaduju IIyTeM INPHMEHE pPazIMYUTHX TEXHUKA
perynapusanyje.

CONCLUSIONS AND RESULTS OF THE RESEARCH:

The contributions of this doctoral dissertation encompass various aspects of image reconstruction in the
domain of discrete tomography. The dissertation presents an innovative method for image reconstruction
based on energy function minimization in discrete tomography. The proposed new method (abbreviated as
GCDT) combines a gradient-based iterative algorithm with an algorithm based on a graph cut of a
specially designed oriented graph. This method allows the reconstruction of images with an arbitrary
number of gray levels, which is one of its main advantages. The results demonstrate high performance
compared to existing methods addressing similar problems, confirming its contribution to the field.




The next set of research results focuses on improving the performance of image reconstruction methods in
binary tomography when a small amount of projection data is available for the observed object. Special
emphasis is placed on integrating prior information about the shape of the object through energy function
regularization. The orientation of the object in reconstruction is used as a priori information. The proposed
new method (abbreviated as GCORIENTBT) relies on minimizing this regularized energy. The
optimization process is achieved by combining a gradient algorithm and a graph cuts procedure.
Experimental results show a significant advantage of the new approach in terms of reconstruction quality
compared to results obtained using previously proposed algorithms. Positive results particularly rely on
projection data collected from only one or two projection directions. The ability to reconstruct based on
such a small amount of projection data can contribute to reducing harmful radiation in applications such
as various diagnostic techniques through CT devices in medicine.

Another new method is presented in the dissertation, which introduces new prior information into the
reconstruction process through regularization. The proposed method (abbreviated as GCCIRBT) uses the
circularity of shapes as known information about the object. Experimental results confirm the high
efficiency of this method in reconstructing images with reduced projection data. Compared to the
GCORIENTBT procedure, the main advantage lies in the execution time, which is significantly shorter in
this case, further contributing to expanding application possibilities.

The dissertation provides detailed explanations and analysis of all three proposed reconstruction
procedures. The presented experimental results offer a comprehensive insight into their performances and
potential advantages. The overall contributions of the research open the space for further exploration in
the field of image reconstruction in discrete tomography through the application of various regularization
techniques.

VIII OHEHA HAYMHA IIPUKA3A MW TYMAYEIbBA PE3VIITATA
HNCTPAXKUBAIHA
EVALUATION OF THE PRESENTATION AND INTERPRETATION OF
RESEARCH RESULTS

Kanmmnarkuma Mapuna Illynan yememHo je peanu3oBaja HMCTpaXuBama NpeiBuljeHa y TulaHy
JOCTaBJbEHOM y3 IIpHjaBy 3a JOKTOpPCKy auceprauujy. Jucepranuja je 100po opraHu30BaHa U YUTKA Y
nenocty. Pesynratu cy JeTasbHO M CUCTEMaTCKH 00jallibeHH, yrnopel)eHn ca peleBaHTHUM MeToama y
obnmactu. O6umMan Opoj rpaduka onakmasa 00Jbe pa3yMeBambe NPEICTABIEEHUX Pe3yiTara. 3aKJbydlH ce
3acHUBAjy Ha oaroeapajyhem Opojy ekcliepuMeHaTa M IIOaTaka, IITO IOKa3yje JA0OpOo IO3HABame
aKTyeJTHOI CTama M BHCOK HHMBO 3Hama y oOJlacTH OUTHTalHe oOpane ciuke. [Ipermen perneBaHTHE
JIUTEeparype je oOOMMaH.

VY cknany ca HaBeneHMM, Komucuja NMO3WTHBHO oOLEmyje HAuMH ITIpHKa3a U TyMmMadema pe3ynTara
HCTpaXUBamba.

Texct oBe auceprauyje je 3BAaHUYHO NPOBEPEH Ha ayTEHTHYHOCT of] cTpaHe bubimnorexe dakynrera
TexHHYKMX Hayka y HoBom Cany, kopumhemem codrBepa 3a aerekuujy ruiarvjapusma iThenticate .
Pesynraru Te mpoBepe Cy pa3mMaTpaHu O CTpaHe CBUX WiaHOBa komucuje. Komucuja cmarpa aa je crerneH
MO/TyIapHOCTH OYEKMBAH M 3aHEMapJbMB, T€ Ja JOKTOpcka auceprauuja Mapune Ly npeacrasiba
OpHTHHAJAH PYKOIIKC.

EVALUATION OF THE PRESENTATION AND INTERPRETATION OF RESEARCH
RESULTS:

Candidate Marina Sulc has successfully conducted the research outlined in the plan submitted with the
application for the doctoral dissertation. The dissertation is well-organized and coherent. The results are
thoroughly and systematically explained, and compared with relevant methods in the field. The extensive




use of visual components such as figures and images facilitates a better understanding of the presented
results. Conclusions are based on an appropriate number of experiments and data, demonstrating a good
understanding of the current state and a high level of knowledge in the field of digital image processing.
The review of relevant literature is comprehensive.

In line with the above, the committee positively evaluates the presentation and interpretation of the
research results.

The text of this dissertation has been officially verified for authenticity by the Library of the Faculty of
Technical Sciences in Novi Sad, using the plagiarism detection software iThenticate. All members of the
committee have reviewed the results of this verification. The committee considers the degree of
similarity to be expected and negligible and deems Marina Sulc’s doctoral dissertation to be an original
manuscript.

IX KOHAYHA OIEHA JOKTOPCKE JUCEPTALIMJE
FINAL ASSESSMENT OF THE DOCTORAL DISSERTATION

1. [aum je nuceprainyja HalpcaHa y CKJIaay ca 00pas3iioKemheM HaBeIeHUM Y MpHjaBu Teme?
JlokTopcKa aucepTanyja y HOTIIYHOCTH je HalllcaHa y CKIIaay ca 00pas3iioKemheM HaBEICHUM Y
TIpHjaBU TEME.

Is the dissertation written following the explanation given in the research proposal?
The dissertation is written in full accordance with the explanation given in the research proposal.

2. Ja nu qucepraija caapKu cBe OUTHE eIeMeHTe?
Jucepraiuja caapxu cBe OHTHE €JIEMEHTE HayYHO-UCTPAXKUBAUKOT paja. Tema, caapxaj, nperien
JuTepaType, METONONOrHja, MPUKa3 M TyMadele pesyirara 3aJ0BOJbaBajy 3axTeBe HHBOA
JIOKTOPCKE JHCepTalmje.

Does the dissertation contain all the essential elements?

The dissertation includes all essential elements of scientific research. The topic, content, literature
review, methodology, presentation, and interpretation of results meet the requirements of a
doctoral dissertation.

3. [To wemy je aucepraryja OpUrHHAIAH JOIPUHOC HayIn?
JlokTopcka aucepranyja caipiKu OpUTHHAIHE Hay4YHEe NONPHUHOCE, eBayHpaHe U IMyOIHKOBaHE y
MeljyHapoaHOM HAayYHOM YacOINHUCY M NPENCTaB/bCHE Ha PEJICBAHTHUM MeljyHapOIHUM HAyYHUM
CKYIIOBUMA.

What makes the dissertation an original contribution to science?
The doctoral dissertation contains original scientific contributions, evaluated and published in an
international scientific journal, and presented at relevant international scientific conferences.

4. Koju cy HemocTanm mucepranyje 1 KakaB je FbUXOB YTHIIA] Ha Pe3yNITaT UCTPaKUBamba?
Jucepranynja HeMa HEAOCTaTKe KOjH YTHUY Ha pe3ylTare HCTPAKUBAkA.

What are shortcomings of the dissertation and what is their influence on the research?
The dissertation has no deficiencies that affect the research results.




X HNPELJIOT
PROPOSAL

Ha OCHOBY HaBCJICHOT, KOMPICI/Ija npeajiaxe:

a) aa KT Ka 1N TANMja IPUXBATH, 3 KAHANIAT u AHAa.

From all of the above, the committee recommends:

‘ a) to accept the doctoral dissertation and approve thesis defense:

Mecro u garym: Hosu Cag, 29. 12. 2023.
Place and Date: Novi Sad, 29. 12. 2023.
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, waH (member)

3. dp Jlmamja Yomuh, Baapeaan mpodecop
Dr Lidija Comi¢, Associate Professor

, wiad (member)
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, MEHTOP (Supervisor)

HAIIOMEHA: Yian koMHCHje KOJH HE JKEJIH Ja MOTIHIINE M3BEIITAj jep ¢ HE CIaKe Ca MHUILBEHEM
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