YHUBEP3UTET Y HOBOM CAlY OBPA3AIl 6./ FORM 6.
UNIVERSITY OF NOVI SAD

PAKYJTET TEXHUYKHUX HAYKA
FACULTY OF TECHNICAL SCIENCES

MN3BEIITAJ O ONEHU JOKTOPCKE JTUCEPTAIIUJE
DOCTORAL DISSERTATION EVALUATION REPORT

I nogAId O KOMUCHIN
INFORMATION ON THE COMMITTEE

1. JlaTyM M OpraH KoOjH je MMEHOBA0 KOMUCH]jY
Date and the authority appointing the commission
Jexan dakyiarera TexHnukux Hayka y Hoom Caay Ha OCHOBY Ipeiiora MaTH4YHE KaTelpe W OIJIyKe
HacraBno-nayunor Beha ®akynrera TeXHHIKHX Hayka; Pememe opoj 012-199/51-2019 ox 05. 11. 2020.

Dean of the Faculty of Technical Sciences in Novi Sad, based on the proposal of the pertinent department
and chair and the decision of the Teaching-Scientific Council of the Faculty of Technical Sciences; Decision
number 012-199 / 51-2019 from November 5, 2020.

2. CacraB KOMHCHje Ca HA3HAKOM MMEHA U NIPe3MMEHA CBAKOT WIAHA, 3Bakha, HA3MBa yiKe HAYYHe
o0J1acTH 3a Kojy je n3a0paH y 3Bame, JaTymMa u300pa y 3Bame H Ha3uB (aKyJITeTa, yCTAHOBE Y
KO0j0j je WIaH KOMHUCH]e 3aII0CIeH:

Composition of the committee with the indication of the name and surname of each member, title,
name of the scientific field for which he was elected, date of election and name of the faculty,
institution where the member of the commission is employed:

MMPEJACEAHUK: Jp Baagumup Bo:xkoBuh, perosan npodecop

Maremaruka, 12.06.2015., IIpuponno-maremarnuku ¢akynrer y [logropunn

PRESIDENT: Dr. Viadimir BoZovié, full professor, Mathematics, June 12, 2015, Faculty of Science in
Podgorica

MEHTOP: Ip Hukynae Cebe, penoBHu mmpodecop

NmxemeperBo nHbopmaryja u napopmaruka, 01.07.2015., Yausepsuter y Tpenty

MENTOR: Dr. Niculae Sebe, full professor, Information Engineering and Computer Science, July 1, 2015,
University of Trento

YJIAH: Ip Bopko ®ypxT, penoBHHU npodecop

PauynapctBo u undopmaruxka, 01.06.1992., dnopunia aTnaHTCKH YHUBEP3HUTET;

MEMBER: Dr. Borko Furht, full professor, Computer Science and Engineering, June 1, 1992, Florida
Atlantic University,

UJIAH: p Mupcan hocosuh, nouest

Enextpoenepreruka, 30. 08. 2019., Enexrporexunuku dakynrer, Yansepsuter y CapajeBy;

MEMBER: Dr. Mirsad Cosovié, assistant professor, Electric Power Engineering, August 30, 2019,
Department for Electric Power Engineering, Faculty of Electrical Engineering, University of Sarajevo,

MEHTOP: [Ip AyopaBko Rymopk, penosHu npodecop

NmxemeperBo nHbopMamonux cucrema, 17.01.2018., Gaxynrer Texundkux Hayka y Hosom Cany
MENTOR: Dr. Dubravko Culibrk, full professor Information Systems Engineering, January 17, 2018,
Faculty of Technical Sciences in Novi Sad




I HOJAIM O KAHIUJATY
INFORMATION ON THE CANDIDATE

1. Vme, mMe jeTHOT pOIUTEIhA, TIPE3UME:
Name, name of one parent, surname

IBera (Mujoapar) Majranosuh
Cveta (Mijodrag) Majtanovic

2. Jlarym polema, onmmTHHa, IpXKaBa:
Date of birth, municipality, state

31.03.1986. Hosu Capg, CpoOnja
31.03.1986. Novi Sad, Serbia
3. HasuB ¢akynrera, Ha3uB CTYIUjCKOT MpOrpaMa AMIUIOMCKHX aKaJIeMCKUX CTyAuja — MacTep U
CTEUYCHU CTPYUYHU HA3KB
Name of the faculty, name of the study program of Master academic studies and acquired professional

title

®dakyarer TexHH4kux Hayka y Hosom Cany; WHAYCTPHjCKO HHKEHEPCTBO M HHMKEHEPCKH
MEHAMeHT, MacTep HHKeHmep MeHaIMeHTa

Faculty of Technical Sciences in Novi Sad; Industrial Engineering and Management, Master in Engineering

and Management

4. ToauHa ymuca Ha JOKTOPCKE CTYAWjE ¥ HA3MB CTYAUjCKOT MporpaMa JOKTOPCKHX CTYyIHja
Year of enrollment in Doctoral studies and the name of the Doctoral study program

2015; UaaycTpujcko HHKemepcTBO / UH:XKemepCcKH MEHAIMEHT

2015; Industrial Engineering / Engineering Management

5. Ha3uB ¢akynrera, HA3UB MAarucTapcke Te3e, Hay4Ha o0JacT U Jatym ogopaue: /
Name of the faculty, title of the Magister thesis, scientific field and date of defense: /

6. Hayuna obiacT u3 Koje je CTe4eHO aKaJIeMCKO 3Bambe MarucTpa Hayka: /
Scientific field from which the academic title of Magister of Science was acquired. /

III HACJIOB JOKTOPCKE JUCEPTAIIUJE:
TITLE OF DOCTORAL DISSERTATION

AyTtomarcko nopehame NaMT/bUBOCTH CIIUKA
Automatic Enhancement of Image Memorability




v HPETJIEJ JOKTOPCKE JUCEPTAIINJE:
DOCTORAL DISSERTATION OVERVIEW

Jloktopcka mucepranuja kKaHaumaTkume LlBere MajranoBuh mox HacioBoM AyTomMarcko moBehame
NaMT/BUBOCTH CJIMKA, M3JI0keHa je Ha 113 crpannna. JlokTopcka qucepranyja caipku 5 noriasiba U |
TIPUJIOT, y KojuMa ce Hanaszu 7 tabena u 31 ciuka. [lorme kopumrhene nuteparype canpxu 102 Haciosa.

Doctoral dissertation of the candidate Cveta Majtanovic entitled Automatic Enhancement of Image
Memorability is presented on 113 pages. The doctoral dissertation contains 5 chapters and 1 appendix, 7
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\4 BPEJJHOBAIBE INOJEJUHUX JEJOBA JOKTOPCKE JUCEPTAIIMJE:
EVALUATION OF INDIVIDUAL PARTS OF THE DOCTORAL DISSERTATION

Iornasbe 1: YBoaHa pa3marpama
Chapter 1: Introductory considerations

VY yBOIHOM MOMIAB/bY KaHIUIATKHIbA Jlaje Mperiiel] HauyuMHa ¥ Op3uWHE I'eHEpUCamha MYJITHMEINjaTHOT
cazpaja, ca moceOHMM HarjgackoM Ha Qororpaduje ¥ BHIEO caApkaj AOCTyNaH Ha HHTEPHETY.
[peontepeheHocT campxajeM KOjUM Cy JbYAM CBAaKOJHEBHO H3JIOKCHH OTBapa MUTambe MoryhHoctH
3ajip)KaBarba CBHX TUX MH(POpMaIHja, a 3aTHM U HUXOBE TIOHOBHE PEMPOIYKIH]jE, OMHOCHO MaMTJEUBOCTH.
VY cknamy ca THM, KaHIUIATKAEbA cMaTpa Jia Ou MPOHAAKEHE MOJAIIMTETA 3a IIPUBIIAYCHHE U 3a/IPIKABAHE
Makke, Kao moBehaBame IMAaHCH J1a e JeAHOM BUl)eH ca/ipikaj JIaKIIIe €BOIpa, OUI0 KOPHCHO U Aa O HMaio
HU3 MPAKTUYHUX AIUTMKAIAja Y MHOTHM TUCHUILTHHAMA.,

KanpupaTkuma HABOMU Jla je NPUCTYIN jaBHO JOCTYIIHMM CETOBMMA IMOJaTaka ca CIHKaMa MPYKUO
MOryhHOCT 32 IPUMEHY MOJIea MAIIMHCKOT yYeHka Y MPOLCHH MaMTJbHBOCTH BU3YEIHOI CaJpXkaja, Kao u
Jla caMma JycepTanyja HacTaje Ha IPEeceKy HEKOJHMKO I0Jba M YKJbYydyje Tperiie]l HajHOBHjUX AocTUrHyha
BE3aHMUX 32 MAMTJBUBOCT M3 JJOMEHA KOTHUTHUBHE IICHXOJIOTHjE M HEYPOHAYKE KOjH CY Al OCHOBY 3a Jajba
pauyHapcka npejBuljama.

Vmajyhn y BUIy jeAMHCTBEHH CET ayTCHTHYHHX KapaKTePHCTHKA CBaKe 0C00E KOjU YYECTBYje Y Mpouecy
namhema, MOTJIO OM ce OYEKHMBATH Jla MHIMBHIyaJIHE pa3jinke UMajy yTHIaja Ha BapujaOMIIHOCT caapikaja
koju he Outn nakme, ogHOCHO Texe ynamhen. Msuenalyjyhe, y pany ce HaBone cTynuje HOBHjer natyMma
Koje cy JloKasaie Ja JbyJu MMajy TeHACHIM]y Jla mamTe u 3abopaBibajy ucre dororpaduje, a 1a ce 0BO
JieliaBa ynpaBo 300r OBOI HHTPHH3MYHOT CBOjCTBA CIIMKE — MAMTJBUBOCTH. [1aMTJBUBOCT CilMKe ce, IIpeMa
oBOME, Ne(hUHUILE Kao 00jeKTHBHA M KBAHTHTATUBHA MEpa CaMe CIIMKe, He3aBHCHA O]] ocMarpaya, IITo je
YjeIHO W TPeIyclioB 3a Jajbe MaHUWIyJaluje ¥ padyHapcka npeapubama. [ucepraumja ce Gpokycupa Ha
NpOHANIAXKEHhEe HAYMHA 33 ayTOMAaTCKO moBehame mamtipnBocTH (oTorpaduje kopucrehn ce meromama
MaHUITYJIAIM]je CTHIIA CITUKE, @ MHCIIMPALK]ja 32 OBO JI0JIa31 U3 MOIyJIApPHUX aIUTMKAIlK]a 3a €IUTOBAE CIINKa
nortyT Mucrarpama (enr. Instagram) w Ilpusme (eHr. Prisma).

Y 0BOM NOTJIaBJbY KaHIUAATKHEGA HABOIU U caMe IJBbEBE JUCepTaLHje Kao U MOTUBALH]Y 33 FbeHY H3PaLy.
Kao ocHOBHHM 1IMJb Ce HAaBOJM NMpOHATAXKEHE HaUMHA 3a MaHHITyJanujy ¢ororpaduje koju 6u omoryhmno
ayTomaTcko noBehame MaMT/bUBOCTH. Mel)y IpyriuM HUJbeBHMa HABOJH CE U HCTPAXKUBAKE OJJHOCA U3MEly
€MOIIHja U TAMTJBUBOCTH, Ka0 M OTKPHBAILE HAYMHA HA KOjU C€ BpIIM 00paja Busyennux uHpopmarmja. C
TUM y BE3W, HCTPaXyjy ce npedepeHiuje M orpaHHYCha JbYACKOr BU3YyeNHOr cuctema. HaBone ce u
JIOTIPUHOCH MCTPAXKMBama U MOTYHHOCT JAMPEKTHE NMPUMEHE Y MApKETHHTY U €IyKallUju, ald U JIPYTHM
HHIyCTpUjaMa KOje YJIaXKy BEJIMKH HAIOp Jia 3aJpKe JbYACKY MMaXiby WM aKTUBHHjE aHTaXyjy Kpajier
KopucHuKa. [lociennuHo, qucepTaiuja 1aje JOIPHHOC UCTPaKMBabUMa U3 00JIaCTH padyyHapCKOT BHA, i
Y BU3YCITHOT CHCTEMa YOBEKa M MMa 3a LIWJb 00Jbe pasyMeBambe JbYACKE MaXe U Ipoleca namMhema.

In the introductory chapter, the candidate gives an overview of the methods and dynamics of multimedia
content generation, with a focus on photo and video content available on the Internet. Content overload
associated with users’ over-exposure and excessive consumption on a daily basis, raises the question of the
capacity of human brain to retain, reproduce and memorize all the information. Accordingly, finding
modalities to attract and retain attention while increasing the chances that content once seen is easier to
evoke, would have practical applications in many disciplines.

The candidate considers the access to publicly available data sets an opportunity to apply machine learning
models in the process of estimating the capacity for memorizing visual content. The dissertation itself is
created at the intersection of several fields and it includes an overview of the latest discoveries related to
memorability in cognitive psychology and neuroscience. These achievements provided the basis for further
computational predictions.

Given the unique set of authentic characteristics of each person involved in the process of memorization,
one might expect that individual differences have an impact on variations between content that will be easier
or harder to remember. Surprisingly, the dissertation cites recent studies that have proven that people tend
to remember and forget the same photographs, and that this happens precisely because of this intrinsic
property of an image — memorability. According to this, image memorability is defined as an objective and
quantitative measure of the image, independent from the observer, which is also considered a prerequisite
for further manipulations and computational predictions. The dissertation focuses on finding ways to




automatically increase the memorability of an imsge using image style manipulation methods, and the
inspiration for this comes from popular image editing applications such as Instagram and Prisma.

In this chapter, the candidate describes the motivation and the goals of the dissertation. The main goal is
to find a way to manipulate the photo that would automatically increase its memorability. Other goals include
understanding the relationship between emotions and memorability, as well as discovering how visual
information is processed. In this regard, the preferences and limitations of the human visual system are
explored. Research contributions and the possibility of direct applications in marketing and education are
also mentioned. Other industries that make a great effort to retain human attention or more actively engage
the end user could also benefit from this research. Consequently, the dissertation provides contributions to
the field of computer vision and also to better understanding of human visual system, attention and memory
processes.

IMornasmwe 2: Ilperien crama 'y 061acTH
Chapter 2: State of the art and related work

VY oBOM MOrnaB/by KaHIAWJIATKHELA j€ HaNpaBHia CBEOOYXBaTaH IMpEriiel PeleBaHTHE JIUTEPATYpe U
MpUKa3ajia TPEHYTHO CTame Yy O0JAaCTH Ca acleKTa Pa3iMyYMTHX HAYyYHHUX AUCIMIUIMHA, Y3 3a/IpiKaBambe
(dokyca Ha TpU TIJIaBHE JIMHUjE HCTPAKMBamkba YCMEPEHE Ka MMaMTJBUBOCTH: CTYAHUje KOje aapecupajy
ayTOMAaTCKy MAaHUMYJAIM]y CIIMKA y3 U3MEHY HheHUX MEPIENTUBHUX aTpuOyTa, CTyIUje KOje aHAIU3upajy
BU3YEJIHY MAaMTJEUBOCT U CTY/IUj€ KOje HCTUUY Halla3e pajoBa 0a3upaHux Ha TpaHcdepy HeypasTHOT CTHIIA.
Jlar je mpuKka3 pa3iMuuTUX KPUTEPUjyMa M CTABOBA M3HETHUX Ca aClEKTa KOTHUTUBHE HAyKe, HEYPOHAYKE U
MICUXOJIOTHje, 3aTUM Ca aCleKTa MAapKEeTHUHIIKMX HCTPAKHBAba M Ca TJCAUIITA PavyyHAPCKOr BHIA.
PasmoTpenu cy ()eHOMEHH YOUCHHU Ha peialijy MaMT/bHBOCT-TPUBIAYCHE MaXKbe, (PAKTOPH 3aCIyKHH 3a
npotiec namhema U Jar je mperiiejl pajoBa KOju Cy MCTAKIIU MO3UTHBHY M HETAaTUBHY Kopenalujy usmelhy
MaMTJ/FUBOCTH M HEKJIMKO MEPLENTUBHUX aTPHOyTa CIUKE.

Onmcana je AeTabHO yJora CcTiia ciuke U GoTorpaduje, Kao ¥ HAYMH HA KOJU C€ CTHJI PETpe3eHTyje y
BU3YEJIHO] YMETHOCTH, a 3aTUM H YTHIIA] OBUX Halla3a Ha KPEATUBHOCT Y PAYYHAPCTBY U PAYyHAPCKOM BHILY,
HAYUHY MOJICJIOBaba M PEIUIMIUpaha JbyJICKe KPEaTUBHOCTH Y BEIITaukoj uHTenureniuju. Ocum cruia
¢ororpaduje n cnuke, AepUHNCAH je ¥ CTWII crienn(UYaH 3a peHoc HeypanHor ctuina (eHr. Neural Style
Transfer) M WCTaKHyTa Ba)XHOCT OBE TEXHHMKE ONTHMH3AlMje 3a pa3BOj AWCEPTAIHje Tj. T'eHepHCcambe
¢ororpaduja Koje nMajy HASHTHYAH CaAPKaj, a BAPHPAH CTUII CaMe CIIHKE.

Pa3moTpeHn cy HaYMHM HA KOjU C€ MAlllHAMa MOe MPHOIMKUTH ocehaj JbyICKe MepUENinje U HAUUHH
HAa KOje ce JbY/ICKA UyJia IPEBOJIC Ha Je3UK Pa3yMJbUB pauyHApHMa, Ca KPajibiM [UJbEM Pa3Boja MoJIena Koju
OW MOrao ayTOMaTH30BaTH 331aTKe U PaJbe CIIMYHE BU3YCITHOM CUCTEMY YoBeka. JleuHucane cy cBe qpyre
BakHe (yHKuMje kopuinheHe y mpouecy npeBohema ciuke (eHr. Image-to-image Translation), npucrtymna
KOjH y3UMa CJIMKY CTHJIA M CJIMKY CaJpiKaja Kao yJa3HU WUHITYT, a 3aTUM y4e MPEHOC CTUIIA jeHE CIMKE Ha
Apyry.

In this chapter, the candidate made a comprehensive overview of the state of the art from different scientific
standpoints. The focus is kept on three main work-related research lines: studies addressing automatic image
manipulation for altering perceptual attributes, studies analyzing visual memorability and works on neural
style transfer. This chapter presents various criteria and opinions coming from cognitive science,
neuroscience and psychology, covering at the same time marketing and computer vision aspects. The
phenomena identified on memorability-attracting attention relation are considered, as well as the factors
responsible for memory. An overview of works that highlighted a positive or negative correlation between
memorability and other perceptual attributes is offered.

The role of an image style and the way it is represented in visual art is described in details, together with
the influence of creativity in computer vision modelling and the way artificial intelligence replicates human
creativity. In addition to the style of photographs and paintings, a style specific to neural style transfer is
also defined; the importance of this optimization technique for the development of the dissertation is
emphasized, concretely for generating photos that have the original content intact and varied only their style.

The ways in which machines can approach the sense of human perception and the ways in which human
senses are translated into computer-understandable language are considered, with the ultimate goal of
developing a model that could automate tasks and actions similar to the human visual system. All other
important functions used in the image-to-image translation process are defined (an approach that takes a
style image and a content image as input, and then learns to transfer the style of one image to another).




Iornasme 3: MeTtogosoruja
Chapter 3: Methodology

VY tpehem norassby je nprkazaHa METOAOJIOTH]a KOja je KopuiiheHa MPpUINKOM HCTPasKUBamba y OKBUPY OBE
nucepTanuje 0asupaHa Ha MPEHOCY HeyparHor ctuia. [IpukasaHa je u qeTaJbHO MIIyCTpOBaHa UJieja, Kao U
OKBHD 32 ayTOMATCKO IIPOHANIAXKEHE HajOOJBET CTUIIA CITUKE, OJTHOCHO CTHJIAa YHjUM hie ce arumiuupameM Ha
cazpxaj ynasae gotorpaduje noctuhu HajBehn mopact HaMTIBUBOCTH M3JIa3HE CIIHKE.

JlerajbHO je ommcaH anaT pa3BUjeH ca IMJbeM ayToMmarckor mosehama mnaMTipMBOCTH (hoTorpaduja
MO (UKAIMjOM FBUXOBOT CTHJIA, OHOCHO MaHUITYJIAIIMjOM KapaKTEpPUCTHKA HIDKET HUBOA (€HT. low-level
features) y3 odyBame perpe3cHTaIja BUIIET HUBOA (CHT. high-level features). Ilpuka3aH je METOOIOMIKA
OKBHp 3a ayToMarcko nosehame apdutpapHe ynasue gotorpaduje ca cBoje Tpu OCHOBHE KOMIIOHEHTE, YHje
cy GyHKIMje WIYCTPOBaHE y AUCEPTALH]H.

[Mona3Hy 0CHOBY 3a pa3Boj HHOBATHBHE METOJIC 32 Ay TOMATCKO MMoBeharmbe MaMTJBUBOCTH CITUKE NPEACTABIba
METOJIOJIOIIKK OKBHD MPEAJIOKEH OJ CTpaHe Ipyne ayropa ca Macauycerc MHctutyTa 3a TexHonorujy
(MUT) umju cy McTpakMBauu pa3BWIM METOA 32 MOJM(UKOBamE MaMTBMBOCTH (hoTorpaduja JbyICKOT
JHLA, y3 UCTOBPEMEHO OYyBabe UICHTUTETA 0C00a U APYruX (alHjaTHUX KapaKTePUCTHKA MOMYT TOJHHA
CTapOCTH.

The third chapter presents the methodology based on neural style transfer used in the research within this
dissertation. The idea is presented and illustrated, as well as the framework for automatically finding the
best image style, i.e. the style whose application to the content of the input photo will achieve the greatest
increase in the memory of the output image.

This chapter contains a presentation of the tool developed with an aim of automatically increasing the
memorability of an image by modifying its style, i.e. manipulating low-level features while preserving high-
level features. A methodological framework for the automatic enhancement of memorability of an arbitrary
input image is described, along with its three basic components whose functions are illustrated in the
dissertation.

The basis for the development of an innovative method to automatically increase image memorability comes
from a group of authors from the Massachusetts Institute of Technology (MIT) who offered a framework to
modify the memorability of human faces while preserving the identity of the person and properties like age,
attractiveness and facial expression.

Iornasmbe 4: ExcrniepuMeHTH M aHAIN3A pe3yJITaTa
Chapter 4: Experiments and analysis of results

Y 0BOM NOr1aBIby, KaHAUIATKUIGA j€ alia onuc kopuitheHnx 0as3a mojaTaka, onucaia eKCIepUMEHTe, a
3aTHM MPHUKa3aia u JUCKyTOBaja [o0ujeHe pesyirare. [Ipukasan je KBATUTATUBHU U KBAHTUTATHBHHU ACTIEKT
UCTpRXHMBaha paad JaBarba OO0J/bEr YBUAA Yy YCTAHOBJBCHE Y3POUHO-IOCIEANYHE OfHOce wu3Mmely
HCIUTUBAHUX KOMIIOHEHATA.

Pa3BujeHn MeTo] EKCIIEPUMEHTAITHO j€ BATUAUPAH KOpHUIhemheM MPETXO0HO OMUCAHUX CKYIOBA [0/IaTakKa,
KOje je KaHAWJaTKHIba 3aTUM JIeNWIa y MOJCKYNOBe KOpHIlhieHe 3a TPEHHHI MNPEAUKTOpa uHje Cy
nephopMaHce eBaTyHpaHe pauyHAmkEeM paHr Kopenanuje u3mel)y npensuljere u cTBapHe NMaMT/bUBOCTU HA
JlaToM ceTy moxaaraka. JJobujeH je ckop panr xopenarmje 0.63 3a 06a mozena, 1ok je ckop 0.64 mobujeH Ha
yKyIHOM JIaMeM TpeHuHT ceTy, LITO je BPJIO CIMYHO JbYACKOM yUHHKY 011 0.68.

3a TPEHUHT MOjeJUHAYHUX KOMIIOHEHTH MPEIUIOKEHOr MPHUCTYNa KOPUIINEHO HEKOIMKO Pa3IuuUTHX
OuOIMOTEKa M OKBHpA 32 JyOOKO y4YeHe OTBOPSHUX KOIOBA 3a U3rpalby U 00yKY HEYPOHCKUX MpEXa (CHT.
Pytorch, Caffe, Theano). Kommnerna nponenypa 3ajefHO ca pa3BHjEeHHM KOJIOM 3a PENPOAYKIH]Y jaBHO je
noctynHa Ha mardopmu ['urxab (enr. GitHub).

In this chapter, the candidate gave a description of the databases used, the experiments performed and
presented and discussed the obtained results. Both qualitative and quantitative aspects of the research are
presented in order to provide a better understanding of the established cause-effect relationship between the
examined components.

The developed method was experimentally validated using the previously described data sets, which the
candidate then divided into subsets used for predictor training whose performance was evaluated by
calculating the rank correlation between predicted and actual memorability on a given dataset (LaMem). A
correlation score of 0.63 was obtained with both models, a score of 0.64 was achieved on the whole LaMem
training set, which is very close to human performance of 0.68.




Several different open source libraries and frameworks for neural network construction and training
(Pytorch, Caffe, Theano) were used to train the individual components of the proposed approach. The
complete procedure together with the developed code is publicly available on the GitHub platform.

Mornasme 5: 3akibyuak
Chapter 5: Conclusion

Y 0BOM moOTIaBIbY Cy M3HETA 3aKJbyYHa pa3Marparma OBE JAUCEpTallije, Ha OCHOBY KOjHX je Je(hHHUCAH U
UMIIEMEHTUPAaH CHCTeM Koju omoryhaBa ayTomaTu3oBaHy mpolenypy mosehama NaMT/BHBOCTH
apoutpapHo m3abpane ciuke. OTBOpeHa Cy pa3Ha IUTama Koja Cy IIPOHMCTEKJIa M3 pe3yiTara OBOT
HCTpaXMBamba U HaBEICHN Cy MOTyhH ajby paBIM UCTPAXKNBAbA.

In this chapter, the concluding considerations of this dissertation are presented, based on which a system
enabling automatic enhancement of an arbitrary image memorability is created. Various questions that arose
from the results of this research were opened and possible further directions of research were listed.

IMorinasme 6: Jluteparypa
Chapter 6: References

Y oBOM MOTIaBIbY je Aat nmomnuc kopuiiheHe aureparype Koju caapxku 102 Haciosa.
A list of references containing 102 titles is presented in this chapter.
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Appendix

Kao npuior je nprkasaH IpoayKEeHH arniCTPaKT Ha CPIICKOM je3UKYy.
An appendix contains an extended abstract in Serbian language.
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VI  3AK/bYYIIUN OJHOCHO PE3YJITATH UCTPAKUBAIbBA
CONCLUSIONS AND RESULTS OF THE RESEARCH

HctpaxuBarme MPpUKA3aHO y TUCEPTAIIM]H j€ JOBEJIO JI0 clieichnX KOHKPETHHUX pe3yJiTara;
The research presented in the dissertation led to the following concrete results:

® [IpencraBibeH je OKBHD 3a moBehambe NaMTJEUBOCTH apOUTpapHO U3a0OpaHe CIHMKE y3 OUyBamhe HEHOT
OCHOBHOT caJipkaja, OIHOCHO, y3 MOIU(HKaIjy camo ctuiia pororpaduje.
A framework for increasing the memorability an arbitrary selected image, while keeping its basic
content intact and modifying only the style of the image is presented.

®  AHanu3upana je epUKaCHOCT MPEIOKEHOT MPUCTYIA Y eKCIIEPUMEHTAIHO] CTYAUjH Ca KOPHUCHUIIUMA.
The efficiency of the proposed approach is analysed in the experimental user study.

® JlemoHcTpupaHa je (paeKCHOMITHOT pelieha Koje J03B0JbaBa e(hUKaCcCHO yUeHhe MOJIeNa ca PeAyKOBaHUM
OpojeM mojataka 3a TPSHUHT Y CaMOM MPOIIECY TeHEPHCaha TAMTIBUBE CIIHKE.
A flexible solution is demonstrated, allowing an efficient learning of the model with a reduced number
of training data in the process of generating memorable images.

VIII OHEHA HAYMNHA ITPUKA3A U TYMAUYEIHA PE3YJITATA UCTPAXKKUBAIBA
EVALUATION OF THE METHOD OF PRESENTATION AND INTERPRETATION OF RESEARCH
RESULTS

VY nucepranuju je jacHo AeUHHUCAH Wb HCTPAKUBAMa, @ PE3YJITATH Cy NPUKa3aHu Ha jeIHOCTaBaH U jacaH
HaunH. KanounaTtkuma je y OKBUpY UCTpakiBamba KOPHCTHIIA aIeKBaTHE M IOTBpl)eHe HayuHe metoze. Pan
Takof)e mpoBepeH y codTBepy 3a neTekuy]jy miarnjapusmMa iThenticate.

Ha ocHoBy 0BHX noKkazaTesba KOMHCH]a /1aje MO3UTUBHY OLIEHY HAYMHA MPUKa3a M TyMadema pe3yarara
HCTPAKUBAHA.

The aim of the research is clearly defined in the dissertation, and the results are presented in a simple and
clear way. The candidate used adequate and validated scientific methods within the research. The thesis has
been checked for plagiarism using iThenticate. Based on these indicators, the Committee gives a positive
assessment of the way of presenting and interpreting the research results.

IX KOHAYHA OHEHA JOKTOPCKE JUCEPTAIIUJE:
FINAL EVALUATION OF THE DOCTORAL DISSERTATION

1.  Jlau je nucepranyja HalMcaHa y CKIIay ca o0pas3iiokKemeM HABEJICHUM y pUjaBu TeMe?
Was the dissertation written in accordance with the explanation given in the application of the topic?

JlokTopcka aucepralija je HamucaHa y CKJIaay ca o0pa3siioskemeM_Koje je HaBeJICHO y ITPHjaBH TeMe.

The doctoral dissertation was written in accordance with the explanation given in the topic application.

2. [Ja nmn nucepranmja caap)xu cBe OUTHE eneMenTe?
Does the dissertation contain all the essential elements?

JlokTopcka aucepTanija CBOJUM HACJIOBOM, Cajp)kajeM, H300pOM Tema, OpPHIHMHAIHHM pe3yJTaTHMa
HCTPpaXMBamkba, HAYMHOM TyMaudema W NMPUMEHOM THX pe3yJiTaTa Ca/psKi CBe OMTHe ejJleMeHTe KOju ce
3aXTeBajy 3a PaJoBE OBAKBE BPCTE.

The doctoral dissertation with its title, content, choice of topics, original research results, method of
interpretation and application of these results contains all the essential elements required for works of this
kind.




3. [To yemy je nucepTanyja OpUrHHAIAH JONPUHOC HAYIH?
What makes a dissertation an original contribution to science?
Pasmarpajyhu nenokymnmHy MaTtepujy mogHeTe JOKTOPCKE JrcepTanyje KanauaaTkume [[pere Majranosuh,
Komucuja je 3ak/pyuniia 1a oHa CBOjUM NPHJIA30M U TEMaTCKUM ojapehemeM, IpeacTaB/ba HOBUHY Y
HCTPAKUBAKBLNMA Y 0BOj 00J1acTH. [ TaBHM JONPUHOC TOKTOPCKE JHCEpTalje je pa3Boj METOO0JIOTHjE 3a
ayTOMaTcKo nosehame NaMT/BUBOCTH ITPOM3BOJFHO H3abpaHe CIIHKE.

Considering the entire matter of the submitted doctoral dissertation of the candidate Cveta Majtanovic, the
Committee concluded that, with its approach and thematic determination, it represents a novelty in the
research in this field. The main contribution of the doctoral dissertation is the development of a methodology
for automatically increasing the memorability of an arbitrarily selected image.

4. Hepmocrauu aucepranuje ¥ BHXOB YTHIA] HA PE3YyJITaT HCTPAKHBAbHA
Insufficiencies of the dissertation and their influence on the research result

JIoKTOpCcKa TucepTalija HeMa HeJOCTATaKa KOju O yTHLAIM Ha KOHAYaH Pe3yiTaT UCTPAKHBAIbA.
The doctoral dissertation has no shortcommings that would affect the final result of the research.

X MNPEJJIOT:
THE PROPOSAL

Ha ocHOBy ykyIiHe OlleHEe IOKTOpCKe aucepraunuje kanaupaTkuibe LiBere MajranoBuh, mon HazsuBoM
AyToMaTcko noBehame NAaMT/LUBOCTH CJIMKeE, KOMUCH]a MIPEIUIAXe:

Based on the overall assessment of the doctoral dissertation of the candidate Cveta Majtanovic, entitled
Automatic increase of image memory, the Committee proposes:

- 14 ce JOKTOPCKA JUCEePTALMja MPUXBATH, 2 KAHAUAATY 0100pu oadpaHa

- to accept the doctoral dissertation and approve the candidate's defense
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