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IV IIPEIJIEJ JOKTOPCKE JUCEPTAIIUJE:
OVERVIEW OF THE DOCTORAL DISSERTATION:

Jokropcka auceprarmja uma cienehu obmuk: 9 /263 /207 /14/73/0/2
(6poj mornaeska / ctpana / nut. nurata / Tabena / ciuka / rpaduka / mputora)

JlokTopcka AucepTalja je HamrcaHa Ha EHIVIECKOM je3MKY, ca KJbYYHOM JOKYMEHTAIlHjOM ITHMCAaHOM Ha
CPIICKOM M €HIJIECKOM je3MKY, Ka0 M KPaTKHM alCTPaKTOM IHCAaHUM Ha CPIICKOM M CHIJIECKOM jE3UKy U
MIPOJYXEHUM arCTPakTOM IIMCaHWM Ha CPIICKOM je3HKy, JIATHHUYHMM nucMoM. Caapikaj NOKTOpCKe
mucepranyje je pacropeher y 9 u3nBojeHHX MOrIaBiba;

1. Vsox (ctp. 1-10): YV yBOJHOM MOTJIaB/bY je JaT KpaTak Mperyied TeMe UCTPaKuBama y 00JacTu,
neduHuCcaHe Cy XUIOTe3e JOKTOPCKOT MCTPaXKMBama, Ka0 M Kparak Iperiiejl OpraHusaiuje 1o
MOTJIABJbMMA U HAYYHU JIOTIPUHOC.

2. OcHOBe BeUITa4Ke MHTEJIUICHIMje U HeypoHCKHX Mpexa (ctp. 11-24): OBO moryiaBibe Ccaapxu
ONCeXaH IMperyie]] JuTeparype Kako Ou ce O00jaCHUIM OCHOBHM KOHIICIITH BEIITAYKe
MHTEJINTEHIN]€ ¥ HEYPOHCKHUX MpEexa.

3. Merononoruja mpUKyIUbaka W Tpen-odpanme momaraka (ctp. 25-60): V tpehem mnormamspy
JIeTaJbHO Cy TPEJICTaBJbEHN IMOJAl M TEXHOJIOTHje KopHumheHe y pany ose Te3e. OOaBibeHO je
TEMeJFHO MCTPAXMBambe MOJaTaKka, Kao M NMPUMEHa METOo/a 33 eIMMHUHAIN]Y LIyMa W3 IOoAaTaKa.
Taxole, onmcane cy W TeXHHKe Npen-oOpajae rmojaraka Koje cy KJbYYHE 3a IPOIEC MAIIMHCKOT
yuema.

4. EKCcrnepuMEHTaIHH MPUCTYIH Y ACTEKIHjH YECTUIAa CYCIICHIOBAaHUX y Basayxy (crp. 61-113): ¥V
YETBPTOM TIOTJIaBJbY OTHCAaHA jeé METOAOJOTHja 3a KiIacu(HUKaIUjy TOJeHa CYCHEeHIOBAaHOT Yy
Ba3nyxy. [lormasibe neTasbHO OMHCYje METO/IE U TEXHUKE KOje Cy YCBOjeHE 3a HMIUIEMEHTALH]y U
TPEHUHT MOjeNa, YKJbYydyjyhu pazinmuuTe apXuTeKType HEYpOHCKHX Mpeka. Takole, mormaBibe
UCIINTYje yTUIa] IIyMa Ha mepdopMaHce Mojella M Ipe/CcTaBiba JU3ajH M pe3ysiTare aHcamOu
yuewa. KoHauHO, Tpe/icTaB/beHa je KOMIIapaTHBHA aHan3a u3Mel)y ayToMarckux kiacudukanmja
U Mepema CTaHIapJHOM XHPCTOBOM METOJOM KOja IMoJpa3yMeBa HACHTH(UKALWjy Ha OCHOBY
aHaJIM3e MUKPOCKOIIOM U MOP(OJIOMIKUX KapaKTepHCTHKA.




(eHr.)

[MoGosplame Kopedaluje Mojena NpUMEHOM TpaHchep yuewa (ctp. 114-131): V merom
MOTJIAaBJbY ~ MCTPAXyje Ce Pa3BOj METOAOJIOTHje TpaHChep yderma 3a HCKOPHIUTABAHKE DPYyYHO
AaHOTHpaHUX Meperma paau moOoJbIama MOJIeNa 32 ayTOMAaTCKy KIACU(PHUKAIIH]Y.

Ananrtanija  ToMeHa 3a ymoTpeOy Mozena Ha pasnmautuM ypehajuma (ctp. 132-146): Omo
mornaBJbe (POKyCHpa ce Ha CTpaTerHje ajanTalfije TOMeHa KOje OJNaKIIaBajy MPeHOC MOoAea Ha
pasmmaute ypehaje ca MUHUMATHIM CMambeHkheM IepPOpMaHCH.

PazoTkpruBame MexaHHW3aMa oOJuTyduBama Mognena (crp. 147-172): YV ceamMom TOTIaBIbY
HCTPaXKyje C€ acleKT OO0jalllbMBOCTH MOJIeNia Ca HArJaCKOM Ha KYMYJIATUBHO] TPaJMjCHTHO]
Mmeronu. [lornasibe AUCKYyTyje O 3HaYajHUM KapaKTEpHUCTHKaMa W HaydyeHHM oOpaciyMa Mojesa
HEYPOHCKHMX MperKa 3a Kiacu(puKaIyjy rnojeHa.

CucreM 3a ayTOMaTCKy JAETEKIIMjy YECTHIA CYCIIEHIOBaHUX y Ba3AyXy y peaHOM BpeMeHy (CTp.
173-180): ¥ ocMoM TOrfaB/by OMNHUCYje CE COPTBEPCKH CUCTEM KOJjU IOKPHUBA IIPOILEC O
Mozenrpama 0a3e moAaTaka 3a CKIAIUINTEHEe pe3yiraTa Kiacu(ukaiyje 10 An3ajHa KOPUCHIIKA
OpHjeHTHCaHOT HHTepdejca 3a Bed cajT U aIuIinKaImjy.

3akpyyak u Oyayhm panm (ctp. 181-185): YV mocneameMm MOrnaBby JaTH Cy 3aK/bydid
HCTpakWBama OBE JUCEpTaIrje, Kao U uieje 3a oyayhu pax.

The doctoral dissertation has the following format:
9/263/207/14/73/0/2
(number of chapters, pages, literary citations, tables, figures, graphics, appendices)

The doctoral dissertation is written in English, with key documentary information written in Serbian and
English, as well as a short abstract written in Serbian and English, and an extended abstract written in
Serbian using the Latin script. The content of the doctoral dissertation is arranged in 9 separate chapters:

1.

Introduction (pp. 1-10): The introductory chapter provides a brief overview of the topic and
research in the field, defines the hypotheses of the doctoral research, as well as a brief overview of
the organization by chapters and scientific contributions.

Foundations of Artificial Intelligence and Neural Networks (pp. 11-24): This chapter contains an
extensive literature review to explain the basic concepts of artificial intelligence and neural
networks.

Methodology for Data Collection and Preprocessing (pp. 25-60): In the third chapter, the data and
technologies used in this thesis are presented in detail. A thorough investigation of the data was
conducted, as well as the application of methods for removing noise from the data. Additionally,
techniques for data preprocessing, which are crucial for the process of machine learning, are
described.

Experimental Approaches in Airborne Particle Detection (pp. 61-113): The fourth chapter
describes the methodology for the classification of air particles. The chapter details the methods
and techniques adopted for the implementation and training of models, including various neural
network architectures. It also examines the impact of noise on model performance and articulates
the design and execution of ensemble learning techniques. Finally, a comparative analysis between
automatic classifications and standard Hirst type pollen measurements that relies on microscopy
and specific morphology features for classification is presented.

Enhancing Model Correlation with Transfer Learning (pp. 114-131): The fifth chapter explores
the development of transfer learning methodology to leverage manually annotated measurements
to improve models for automatic classification.

Domain Adaptation for Cross-Device Model Generalization (pp. 132-146): This chapter focuses
on domain adaptation strategies that facilitate the transfer of models to different devices with
minimal performance reduction.




7. Decoding the Model’s Decision Mechanisms (pp. 147-172): The seventh chapter explores the
aspect of model explainability with an emphasis on the cumulative gradient method. The chapter
discusses significant features and the learned patterns of neural network models.

8. Real-Time System for Automatic Aerosol Detection (pp. 173-180): The eighth chapter describes a
software system that covers the process from the database modeling for storing classification
results to the design of a user-oriented interface for the website and application.

9. Conclusion and Future Work (pp. 181-185): The last chapter presents the conclusions of the
research of this dissertation, as well as ideas for future work.

V  BPEJHOBAIE NOJEAUHUX JEJOBA JTOKTOPCKE JIJUCEPTALIMJE:
EVALUATION OF INDIVIDUAL PARTS OF THE DOCTORAL DISSERTATION:

HACJIOB nokropcke qucepTanyje je jacHo AepuHuUCaH U GOPMYIIHCaH je y CKIaIy ca caipKajeM CTyAHje.
Komucuja koHcTaTyje ga je HaciaoB aucepTanyje pasyM/bUB H jacHO AedUHMINE CAAPKaj
HCTPAKUBaHA.

VY nornaBjby YBOJ ce KpaTKO OIMCYje NPEeIMeT HCTpakKnBama ca MpPEelHU3HO JeuHHCaHUM IMJbEeBHMA
JIOKTOPCKE AucepTalmje. YKa3aHo je Ha BaKHOCT MpEIU3HE ayToMaTcke Kiacu(UKalgje YecTuia Koje cy
cycrneHaoBane y armocdepu. JlaTu cy 1onpuHOCH JOKTOPCKE TUcepTalyje, Te je ONUcana CTpyKTypa Tese.
VY npyroM mnoriariby moj HasuBoM OcHOBe BelITauKe WHTETUIeHHHje U HEYPOHCKHMX Mpexa JaTe cy
ne(HHULH]e HEYPOHCKUX MpPeXa Kao U 00jallikbehe BUXOBOT TPEHUHT'a, LITO je HEOXOIHO 33 Pa3yMeBambe
ocTaTrKa Te3e. Y HCTOM MOIJIaBJby Cy JIOJATHO YBEACHH IIOJMOBHU TpaHCdep ydema, aganTanuje J0MeHa, U
oOjammrBe BeMITaYKe HHTEIUTCHIIH] .

[Toce6HO 3HawajHO 3a OBY MUCEPTALHjy je INTO ce OaBM ayTOMAaTH3aIljoM Kiacu(HKampje decTHra
CYCIICHIOBAHMX y Ba3AyXy Kpo3 MPHU3MY IOJaTaka, Kao MITO Cy mojaiy aodujenu nomohy ypehaja Pamua-
E, xoju nacepuma ayromaTcku obacjaBa nojeiMHaYHe YEeCTHIE, 1 CHIMA MOAATKE pacejaHe CBETJIOCTH, Kao
U CIEKTpa U Tpajama QuyopecueHuuje. TakBH Mojany Cy 3aXTE€BHH 3a aHAIM3Yy W MHTepHpeTanujy 300r
CBOje KOMIUIEKCHOCTH TIa je 3a HHXOBY YNOTpeOy HEONXOJHO NPUMEHHTH HallpeIHE TEXHOJIOTH]je
BEIITaYKe MHTEIMICHIU]C IITO je Y OBOM HCTpaXUBamy U ypaljeHO M MpeicTaBiba MOCeOaH JOMPUHOC
Hayuy W obnactu. JlertaspaH omuc KOpUIINEHNX TEXHOJIOTHja M MoJaTaka je jaT y TpehieM MOrjaBipy moj
Ha3uBOM MeT010JI0THja MPUKYI/bakba W Mpea-o0paae mogaraka. J[omaTHO, OBO TOTJIaBJbE HCTPAXKyje
NOJIaTKE M HaJla3u METOJE YKJIamara [yMa U3 IoJ1aTaka.

Komucuja 3akibyuyje na cy noriiaBba YBoja, OcCHOBe BelITauyKe HHTeJIMIeHLHje U HEYPOHCKHX
Mpexka 1 MeTon0/10ruja NpUKYIUbaka M Npea-odpaae nogaraka (mpso, Apyro u tpehe moriasibe)
KOHIIENTYAJIHO H cajip:kajHo oaroBapajyha 3a nepunucany remy mcrpaxkuBama. [loriaBsbsa caapike
JeTa/bHO HaBeleHY peJieBaHTHY JIMTepaTypy y ucTpaxuBaukoj o6aacru. Kpo3 npsa Tpu noriabiba
JaT je ONMIMPaH YBOA Yy MCTpakuBame, AepuHUCaHe Cy XHUIOTe3e, AaT je mperJex 00JacTH H
3HAYAjHUX TEOPHjCKUX KOHIENATA M TEXHOJIOTHje Koja je MpPUMemeHa y eKCIePUMEHTATHOM ey
HUCTPaXUBabHA.

[ornaspe ExcnepuMeHTAIHM NMPUCTYNH Yy JeTeKOMjH YeCTHIA CYCHEHIOBAHMX Yy Ba3ayXy OIlNCYje
METOJIOJIOTH]y 3a KIacHU(UKAIMjy YecTHIa CYCHEeHIOBaHMX Y BasAyxXy. lloriaBibe aeTasbHO ommcyje
METO/le M TEeXHHUKE KOje Cy YCBOjEeHE 3a MMIUIEMEHTAaIlMjy ¥ TPEHHHI MOJeNa, YKIbYdyjyhu pazmudure
apXuTEeKType HeypoHCKuX Mpexa. Takole, ncnuryje yrunaj myma Ha nepdopmaHnce MoJiella 1 MpeAcTaBiba
IM3ajH W eKCIIepUMEHTe TeXHHKa aHcambi ydema. KoHadHO, mpencTaBheHA je KOMIIapaTHBHA aHAIIN3a
n3Mel)y ayromMarckux kiacu(uKkanpja U Mepema CTaHAapIHOM XHPCTOBOM METOAOM Koja TOoJpa3yMeBa
WACHTU(HUKANN]y HAa OCHOBY aHAIW3€ MHKPOCKOIIOM M MOP(OIOIIKHX KapaKTepHCTHKa. JemaH [eo
pesyIiraTa Koje OIMCyje OBO HOrJIaBibe je 00jaBibeH y pagosuma [1, 3, 7, 8].

VY mnornasmpy Ilobo/blIame Kopeamuje MojaejJa NMPUMEHOM TpaHcdep ydema HCTpaxyje ce pas3Boj
METO/I0JI0THje TpaHCchep yuera 3a HCKOPHUIITABAkhE PYyYHO aHOTUPAHUX MEperha 3a M000JbIIake MOoJIeNa 3a




ayromarcky kiacudukanujy. Kopumhenn cy monenu w3 moryaBiba 4, KOjU Cy caja JIO-TPEHHUpPaHH ca
PYYHO aHOTHpaHUM TojalMMa. MeTonoJoryja OBOT TOTIJaBjba je JIeTajbHO aHAIN3UpaHa METOJOM Kpoc-
BaJHMIaIMje, T Cy NOOMjeHH pe3yNTaTd IMOKa3aJd 3HAa4ajHO MOOOJBIIAE Y OJHOCY HA IOYETHE MOJETIC.
Pesynratit OBOT TOTJIaB/ba Cy IMpPE3CHTOBaHU Ha MeljyHapoiaHoj KoHpepenumju [12], Te cy mocmatu y
MeljyHapOoIHH 9acoIrc OJ] Kora ce joII YeKa O/TyKa.

[lormaBbe Amanranmja JoMeHa 3a ynmorpedy moaena Ha pasauuuTuMm ypehajuma dokycupa ce nHa
CTpaTeruje amamnTalyje IOMeHa Koje OJIaKIIaBajy NMPEeHOC MOoAea Ha pasiIHnduTe ypehaje ca MUHIMAaIHAM
cMamemheM nephopMaHcu. YOUEHO je Ja MOJIeNM KOjU ce MCTPEHHpajy Ha rmojaunuma ca jeqHor ypehaja
rybe mepdopmaHce Kaza ce TecTupajy Ha mojaumma apyror ypehaja. Kopucrehu merony oOpnyTor
rpajJMjeHTa, OBO MOIJIAaBJbE JIETAJBHO HCIUTYje MPEHOC MOJeNa ca jeJHOT Ha JApyru ypehaj u mokasyje
3HA4ajHO MOOOJBIIAKE Y OJHOCY Ha MoYeTHe Mozene. PesynraTd oBor moryaBjba cy 00jaBIbEHH Y
KoH(bepeHuujckoM pany [11] u y pany y mehyHapoasom gacomucy [5].

VY nornaspy Pa3oTkpuBame MexaHH3aMa OIyYMBAHa MOJE]Ia HCTPaxyje ce acleKT o0jalImHBOCTH
MoOJlena ca HarjackoM Ha KyMYJIaTHBHO] TPagjeHTHO] MeToau. HeypoHCKe Mpexke ce 4ecTo Ha3uBajy
OpHUM KyTHjamMa jep pe3ynTatd HuCy ob0jammuBi. OBO TOTJaBjke IUCKYTyje O 3HAYajHUM
KapaKTepUCTHKaMa W HaydeHHMM oOpacluMa MoJela HEeypoHCKMX Mpexa 3a KiIacH(HKalHjy MOJCHa.
Pesynrati oBOT MCTpaXHBama MMOKa3alM Cy Ja MOJET MOXe Ja Y4 M Ha IIyMy, a 00jaBJbCHH Cy Y
MmehyHapoHOM yacorucy [2].

[Mocnenmwe moriasibe Mpe caMor 3aKJbyuka, 1MoJ HasuBoM CHCTEM 3a ayTOMAaTCKY AeTeKIHUjy YecTHIa
CyCHeHI0BaHUX Yy Ba3IyXy Y pPeailHoM BpeMeHY, OIHCYje COPTBEPCKU CHCTEM KOjU MOKPUBA MPOLEC Of
HMIUIEMEHTaIje 0a3e mojmaTaka 3a CKIaIUINTCHE pe3yiTara kiacudukaiuje, A0 Au3ajHa KOPUCHHYKH
opujeHTHcaHor uHTepdejca 3a BeO cajT u ammkanujy. Lleo cucrem mpeacraBba NPaKTHYHY HPHUMEHY
pesyaTaTa OBe JOKTOPCKE AMCEpTaldje Koja MOke NMOMONM JpbyAMMa alepruiHuM Ha HojeH. Pesynratn
OBOT UCTpa)kuBamba 00jaBibeHU Cy y Mel)yHapoaHom yacomucy [4].

Komucuja ouemyje na cy noraaBmba EkcnepuMeHTAJMHU NPHCTYNH Yy [eTeKUUjH 4YecTHIA
cycmeHaoBaHux y Ba3ayxy, Ilobo/bliame Kopenanuje Mojena TNPHMEHOM TpaHcdep Yydema,
Ananranuja gqoMeHa 3a ynorpedy mMojgesia Ha pazianuuTuMm ypehajuma, PazorkpuBame Mexanmzama
o/TyuHBamba Moaena, 1 CHCTeM 3a ayTOMATCKY AeTeKUMjy YeCTHLA CYCHEeHAOBAHHMX y Ba3AyXxy y
peaJlHOM BpeMeHy (4eTBPTO, IIeTOo, IIeCTO, CeAMO H 0CMO IIOTJIABJbE) jaCHO M MperJie/AHO HANIUCAHA, 1A
je CcTpyKTypa TeKcTa HA006p0 KOHUMIWPAHA W Aa Cy Ppe3yJTaTH HMCTPAaKUBakba OPHUTMHAIHM,
NpUMemBLUBH Y NMpakcu M pejeBaHTHH y objactu. Kanaupar Ilpeapar MaraBy/b je CTyaMO3HO H

00jekTUBHO, KopucTehn HanmpeaHe TeXHOJI0IHje MAIIMHCKOI Y4Yela U BelITAYKe HUHTeJMreHLHuje,
JAeTa/bHO AHAJM3MPAO MOJATKE H MHTEPNPEeTHPAO pe3yJiTaTe y oaropapajyhem Konrekcry.

VY nornaepy 3akibydyak W Oyayhm pan cy mpencTaB/beHH 3aKJbydllM U3 LEJIOKYIHE CTyAWje Koja je
U3BEJIeHa y TOKY JOKTOPCKOI HMCTpakuBama. [loTBpheHe cy xumorese koje cy lneHHHCAHE y YBOJIHOM
Jely Te3€ M IPOJMCKYTOBAaHM Cy TJIABHM 3aKJbyulld MCTPaKUBama. Y JOKTOPCKOj AHMCEpPTAIjU
NPE/ICTaBJbEH je JeTajbaH MPUCTYI ayToMaru3aluje Kiacu(ukalyje MnojeHa CyCHEeHIOBaHOT Yy Bas[yXy,
kopuinheHe Cy HampenHe MeTole 3a Kiacu(uKanujy, TpaHcep Yy4eme, ajanTalujy JOMEHa, Koje Cy
3Ha4YajHO mNoOoJpIIaNe pe3ynTaT kiacudukanuje. PesynraTw Tese Cy NPaKTHYHO MPEACTABJEHH Ha
MOOWITHO] ¥ BeO aruTHKaIHjH.

Komucuja 3ak/bydyje Aa cy OCTBapeHM IUIAHMPAHU LHWbEBU MCTPAKUBAKA Y OKBHPY JOKTOPCKe
AUcepTanuje, 1a ¢y NOCTUTHYTH 3HAYAjHH HAYYHHU Pe3y/ITATH Yy 00/1aCTH, Ka0 M [ je 3aK/by4aK paaa
jacHo HamucaH.

Hakon mornasiba 3ak/bydak CIICAH MUTHPaAHA JUTEparypa. Y OKBHPY Ielie aucepranuje HaBeaeHo je 207
H3BOpA.
Komucuja cmarpa na je qurepatypa nMTHpaHa Ha oarosapajyhu HaumH, Aa je um30op JauTeparype

ao0ap u 1a HaBeeHe pedepenIie MpeACcTaB/bajy 3HaYajHe HAyYHe JONPHHOCE Yy 00J1aCTH.




(enr.)

The TITLE of the doctoral dissertation is clearly defined and formulated in accordance with the content of
the study.

The committee notes that the title of the dissertation is understandable and clearly defines the
content of the research.

In the Introduction chapter, the subject of research is briefly described with precisely defined objectives of
the doctoral dissertation. This chapter highlights the importance of precise automatic classification of air
particles. The contributions of the doctoral dissertation are given, and the structure of the thesis itself is
described.

In the second chapter titled Foundations of Artificial Intelligence and Neural Networks, definitions of
neural networks are given as well as an explanation of their training, necessary for understanding the rest of
the thesis. In the same chapter, concepts of transfer learning, domain adaptation, and explainable artificial
intelligence are additionally introduced.

Particularly significant for this dissertation is that it deals with the automation of air particle classification
through the prism of data, such as data obtained using the Rapid-E device, which automatically records
particles with lasers, where data on scattered light, as well as fluorescence spectrum and lifetime are
obtained. Such data are challenging for analysis and interpretation due to their complexity, so the
application of advanced artificial intelligence technologies is necessary for their use, which has been done
in this research and represents a special contribution to science and the field. A detailed description of the
used technologies and data is given in the third chapter titled Methodology for Data Collection and
Preprocessing. Additionally, this chapter explores data and finds methods for removing noise from the
data.

The committee concludes that the chapters Introduction, Foundations of Artificial Intelligence and
Neural Networks, and Methodology for Data Collection and Preprocessing (first, second, and third
chapters) are conceptually and content-appropriate for the defined research topic. The chapters
contain a detailed list of relevant literature in the research area. Through the first three chapters, an
extensive introduction to the research is given, hypotheses are defined, a literature review and
significant theoretical concepts of technology applied in the experimental part of the research are
presented.

The chapter Experimental Approaches in Airborne Particle Detection describes the methodology for
classifying air particles. The chapter details the methods and techniques adopted for the implementation
and training of models, including various neural network architectures. It also examines the impact of noise
on model performance and articulates the design and execution of ensemble learning techniques. Finally, a
comparative analysis between automatic classifications and standard Hirst type pollen measurements that
relies on microscopy and specific morphology features for classification is presented. Part of the results
described in this chapter has been published in the works [1, 3, 7, 8].

In the chapter Enhancing Model Correlation with Transfer Learning, the development of transfer
learning methodology is explored to leverage manually annotated measurements to improve models for
automatic classification. Models from chapter 4, now retrained with new, manually annotated data, were
used. The methodology of this chapter is thoroughly analyzed with cross-validation, and the results have
shown significant improvement over the initial models. The results of this chapter were presented at an
international conference [12] and submitted to an international journal awaiting a decision.

The chapter Domain Adaptation for Cross-Device Model Generalization focuses on domain adaptation
strategies that facilitate the transfer of models to different devices with minimal performance reduction. It
was observed that models trained on data from one device lose performance when tested on data from
another device. Using the reverse gradient method, this chapter thoroughly examines the transfer of models




from one device to another and shows significant improvement over the initial models. The results of this
chapter have been published in the conference paper [11] and in an article in an international journal [5].

In the chapter Decoding the Model’s Decision Mechanisms, the aspect of model explainability is explored
with an emphasis on the cumulative gradient method. Neural networks are often called black boxes because
their results are not explainable. This chapter discusses significant features and learned patterns of neural
network models for pollen classification. The results of this research showed that the model can learn even
from noise, and they have been published in an international journal [2].

The penultimate chapter before the conclusion, titled Real-Time System for Automatic Aerosol
Detection, describes a software system that covers the process from the implementation of a database for
storing classification results to the design of a user-oriented interface for the website and application. The
entire system represents the practical application of the results of this doctoral dissertation, which can help
people allergic to pollen. The results of this research have been published in an international journal [4].
The committee concludes that the chapters Experimental Approaches in Airborne Particle Detection,
Enhancing Model Correlation with Transfer Learning, Domain Adaptation for Cross-Device Model
Generalization, Decoding the Model’s Decision Mechanisms and Real-Time System for Automatic
Aerosol Detection (fourth, fifth, sixth, seventh, and eighth chapters) are clearly and comprehensively
written, that the text structure is well-conceived, and that the research results are original, applicable
in practice, and relevant in the field. The candidate Predrag Matavulj has objectively and thoroughly
analyzed data using advanced machine learning and artificial intelligence technologies, and
interpreted results in the appropriate context.

In the chapter Conclusion and Future Work, conclusions from the entire study conducted during the
doctoral research are presented. The hypotheses defined in the introductory part of the thesis are confirmed,
and the main conclusions related to the research are discussed. The doctoral dissertation presents a detailed
approach to the automation of air particle classification, specifically pollen, using advanced methods for
classification, transfer learning, domain adaptation, which have significantly improved classification
results. The results of the thesis are practically presented on the website and mobile application.

The committee concludes that the planned research objectives within the doctoral dissertation have
been achieved, that significant scientific results have been achieved in the field, and that the
conclusion of the work is clearly written.

After the Conclusion chapter follows cited literature. Within the entire dissertation, 207 resources are cited.
The committee believes that the literature is cited appropriately, that the choice of literature is good,
and that the listed references represent significant scientific contributions in the field.

\4 CIIUCAK HAYYHUX U CTPYUYHHUX PAJTIOBA KOJU CY OBJAB/BEHU NJIN
IMPUXBAREHMU 3A OBJAB/BUBAILE HA OCHOBY PE3YJITATA HCTPA’XKUBAIbA Y
OKBUPY PAJTA HA TOKTOPCKOJ IMCEPTALINJN:

LIST OF PUBLISHED OR ACCEPTED FOR PUBLISHING PAPERS THAT ARE
RESULT OF THE DOCTORAL DISSERTATION:

HcTpakuBame CIPOBEJACHO Y OBOj JOKTOPCKO] AMCEPTAIHjH IMPOILIO je KPO3 CTPOT MPOLEC PEICH3Hje,
pe3ynrupajyhn o6jaBibuBameM ciieiehnx opurnHamHUX pajoBa y Mel)yHapoJHUM YaconycumMa:

(enr.)

The research conducted in this doctoral thesis underwent a rigorous peer review process, resulting in the
following original papers published in international journals:

1. Matavulj, P., Pani¢, M., Sikoparija, B., Tesendic, D., Radovanovic, M., Brdar, S. 2023. Advanced
CNN Architectures for Pollen Classification: Design and Comprehensive Evaluation, Applied
Artificial Intelligence, 37(1), 2157593, doi: 10.1080/08839514.2022.2157593 (M22)




2. Brdar, S., Panic, M., Matavulj, P., Stankovic, M., Bartolic, D. Sikoparija, B. 2023. Explainable Al
for unveiling deep learning pollen classification model based on fusion of scattered light patterns
and fluorescence spectroscopy. Scientific Reports 13, 3205. doi: 10.1038/s41598-023-30064-6
(M21)

3. Sauliene, I, Sukiene, L., Daunys, G., Valiulis, G., Vaitkevi¢ius, L., Matavulj, P., Brdar, S., Pani¢,
M, Sikoparija, B., Clot, B., Crouzy, B., Sofiev, M. 2019. Automatic pollen recognition with the
Rapid-E particle counter: the first-level procedure, experience and next steps. Atmospheric
Measurement Techniques, 12, 3435-3452. doi: 10.5194/amt-12-3435-2019 (M21)

4. Tesendi¢, D., Krsticev, D. B., Matavulj, P., Brdar, S., Pani¢, M, Mini¢, V., and Sikoparija, B.
2022. RealForAll: real-time system for automatic detection of airborne pollen. Enterprise
Information Systems, 16(5), 1793391. doi: 10.1080/17517575.2020.1793391 (M21)

5. Matavulj, P., Cristofori, A., Cristofolini, F., Gottardini, E., Brdar, S., Sikoparija, B. 2022.
Integration of reference data from different Rapid-E devices supports automatic pollen detection in
more locations. Science of the Total Environment, 851(2), 158234. doi: 10.1016/j.scitotenv.2022.
158234 (M21a)

6. Smith, M., Matavulj, P., Mimi¢, G., Pani¢, M, Grewling, L., Sikoparija, B. 2022. Why should we
care about high temporal resolution monitoring of bioaerosols in ambient air? Science of The
Total Environment, 826, 154231. doi: 10.1016/j.scitotenv.2022.154231 (M21a)

7. gikoparija, B., Matavulj, P., Mimi¢, G., Smith, M., Grewling, L., Podras¢anin, Z. 2022. Real-time
automatic detection of starch particles in ambient air. Agricultural and Forest Meteorology, 323,
109034. doi: 10.1016/j.agrformet.2022.109034 (M21a)

8. Maya-Manzano, J. M., et al. 2023. Towards European automatic bioaerosol monitoring:
Comparison of 9 automatic pollen observational instruments with classic Hirst-type traps. Science
of The Total Environment, 866, 161220, doi: 10.1016/j.scitotenv.2022.161220 (M21a)

9. Sikoparija, B., Mimi¢, G., Matavulj, P., Pani¢, M., Simovié¢, I., Brdar, S. 2019. Short
communication: Do we need continuous sampling to capture variability of hourly pollen
concentrations? Aerobiologia, 36, 3—7. doi: 10.1007/s10453-019-09575-1 (M22)

10. Simovié, 1., Matavulj, P., Sikoparija, B. 2023. Manual and automatic quantification of airborne
fungal spores during wheat harvest period. Aerobiologia 39, 227-239, doi: 10.1007/s10453-023-
09788-5 (M22)

KibydHH HOBHU KOHIICNITH MPEACTABJHEHU CYy Ha MO3HATHM Mel)yHapomHuMm KoH(epeHIrjaMa Kako Ou ce
OJIaKIIajga AMCKYCHja O eKCIePHMMEHTMMa M MOOWjeHMM pe3yiaTathMma ca 3ajefHdIamMa Hu3 00JacTu
padyHapCKUX HayKa M HayKe O Iojamyma:

(ewr.)

The critical novel concepts were presented at well-known international conferences to facilitate discussions
of the experiments and the results obtained with the computer science and data science communities:

11. Matavulj, P., Brdar, S., Rackovi¢, M., Sikoparija, B., Athanasiadis, I. N. 2021. Domain adaptation
with unlabeled data for model transferability between airborne particle identifiers. In Proceedings
of the 17th International Conference on Machine Learning and Data Mining, 147-158, July 19,
2021, New York, USA (M33)

12. Matavulj, P., Jelic, S., Brdar, S., Radovanovic, M., Tesendic, D., Sikoparija, B. 2023.
Reoptimizing neural networks for pollen classification, The International Conference on
Optimization and Learning, May 3-5, 2023, Malaga, Spain (poster presentation)




YBuaoM y ny0JaMKoBaHe Hay4yHe PajioBe, Kao M CAONMINTEHa €a CKYNOBa, y KOjuMa cy 00jaB/beHN
JeJOBH pe3yJITaTa JOKTOpPCKe qucepTanuje, Komucuja koHcTaTyje 1a KaHAUAAT UCMYyH-aBa yCJIOBe
NMpomnucaHe 32 010paHy AOKTOPCKe JHcepTaluje.

(eHr.)

Upon reviewing the published scientific papers and conference proceedings in which parts of the
results of the doctoral dissertation are published, the Committee concludes that the candidate meets
the conditions prescribed for the defense of the doctoral dissertation.

VilI 3AK/bYUIIN OJJHOCHO PE3YJITATH HCTPA’KUBAIbA:
CONCLUSIONS AND RESULTS OF THE RESEARCH:

Ha ocHOBy pe3ysirara HCTpaXHBamba, KOjH Cy MOCTHTHYTH PeaIM3allijoM IIOCTAaBJbCHIX [HJ/BEBA U 3a/1aTaKa
y3 CTpPOTy MOpPHMEHY HaydHEe METOHOJOTHje M KopulnhemeM OOHMHE MYITUANCUUIUIMHAPHE HAYYHE
aUTepaType y JOOMEHy Kiacu(pHKalije 4YeCTHId CYCICHIOBAaHMX Yy Ba3[yXy, MAalIMHCKOT Y4emba,
HEYPOHCKHX MpeXka, aqropurama M pauyyHapCKUX TEXHOJOTHja, M3BEACHH CY 3aKJbY4lld KOjU IOKa3yjy
MHHULjAJTHO NOCTaBJbCHE XUIIOTEe3e. Y HACTaBKy heMo neTabHHje aHANIM3HPAaTH CBaKy O XHUIIOTE3a U
00jacHUTH METO/IE KOjuMa Cy OHe OTBpheHe.

® lcrtpaxuBame je 00yXBaTano pa3Boj pOOYCHHX METO/a 3a MPHUKYIJbamke U 00pary moaaTaka, Koju
cy OWIM Ol CYNITHHCKOT 3HAauaja 3a aHaJu3y pa3jiudka y MoJalliMa W KapaKTepHCTHKA IIyMa.
3abenexeHe Cy 3Ha4yajHE pa3juke y nojanuMa aoOujeHuM ca paznnuuTtux ypehaja (Ocujex u
HoBu Can), xoje Cy ykJbyuuBaje BapHjalljeé y OCETJBMBOCTH MEpema WM KaIUOparuju.
PasBujena je crTparermja 3a YOpaB/bambe IIYMOM, HAPOYMUTO 3a TOJAaTKE O CIEKTPY
¢yopecueHnuje, rue ¢y KaCHHje BpeMEHCKe 03HaKe KiacH(UKOBaHe Kao IIyM.

e Cryaumja je Takohe ycMepeHa Ha WCTPaXKHUBAKHE apXUTEKTypa HEYPOHCKHX Mpexa 3a
knacudukayjy 24 kiaace IoJieHa U ABE Apyre Kiace ouoaepocona. Pesunyanne mpeske mokasane
Cy ce Kao HajeuKacHUje 3a jeqHOMOTANHY Kiacuukaiyjy, nocturaysmu F1 pesynrat oko 0,5.
VY BUImIEMOIATHIM TOJICIIABABIMA, jeTHOCTABHIjH MoJienu kKao mTo cy BaHmia CNN mpexe cy
MOKeJPHU 300T MamHX padyHapCKUX 3axTeBa © 0oJbe wHTepmperabmiHocTH. Hajbosea
BHIIIEMOJIATHA Mpeska je mocturia F1 pesynrar ox 0,69 3a 26 knaca.

e Jlame, mepdopMaHCe ayTOMaTH30BaHOI CUCTeMa Cy ynopeljeHe ca MepemHUMa CTaHAApPJHOM
XHUpCTOBOM METOJOM Koja ToJpa3yMeBa HIACHTH(HKAIMjy IOJEHA HA OCHOBY aHalH3e
MHKPOCKOIIOM ¥ MOP(OJIONMIKIX KapaKTEpPUCTHKA, OTKpHBajyhn ymepeHe 10 jake Kopenamuje y
onpehennm kiracama noseHa. Ha nmpumep, 8 ox 23 kiaca moJsieHa mokasaio je kopenamuje Behe on
0,65, a 14 xmaca moka3aio je kopenamuje n3Hazg 0,5 Ha IpoceKy TOKOM TOHHA.

® lcnuraHa je OTIIOPHOCT MPEXKa Ha IIyM y MOJAIMMa, ocTBapyjyhu edukacHoct o oko 42-48%
YaK W ca KOMIPOMHMTOBaHUM M3BOpHMa mojaraka. Hajeehia oTmopHOCT je youeHa Kaa je mojaTak
Tpajama (IIyopecleHInje KOMIIPOMUTOBAH, IITO yKasyje Ha TO Ja ce MOJeN BHIIE Oclama Ha
ouTyKe OasupaHe Ha CIEKTPY (IYOpECIEHIINje U CIIMKaMa PacejaHe CBETIIOCTH.

e [IpumenoMm TpaHchep ydewma [IOHUIO je J0 3HAa4YajHOT yHampehewma y ayToMarckoj
uaeHTUPUKANHjH, ca 23 on 29 cirydajeBa KOjU Cy TMOKa3alld CTATHCTHYKA 3HAYAjHO TOOOJBIIASE.
Mopenn cy y mpoceky mnokazanu noBehame kopenamuje 3a 22,52% W 3HaUajHO CMambembe
cra"mapaHe aesujanyje 3a 38,05%.

e Takohe cy ucrpakeHe TeXHUKe ajamnTalMje JOMEHa Kako OM ce ajapecupao mnpolbieMm maja
neppopmancu (13-26%) kana cy moaenu oOy4yeHH Ha jeaHoM ypehajy, a TeCTHpaHu Ha JAPYroM,
MOCTHUTaBIIM ToOoJbIIake 011 11% ca 0BOM METOIOM.

® Texuuke obOjanrmbUBEe BEIITAYKES WHTEIUTCHIM]E CY YIMHIIE OJJIyKe MOJesla HEYPOHCKHX Mpeka
TpaHCIIApEeHTHNUM, HACHTH(UKY]yhy 3Ha9ajaH yTUIa] crieKTpa (IyopecleHuje, HapouuTo n3mehy
364—538 Hanomerapa.

e Tesa je koMmmuieTupana npukasom cucrema RealForAll, codTBepcke ammikamumje 3a Mpe3eHTaIH]jy
KOHIICHTpAIl{je YeCTHUIla TMOJEeHA y Ba3AyXy y PEaTHOM BpeMeHy, Koja mpemomrhyje ja3z m3mel)y
HCTpaXXMBatbha U MpUMerbeHe nHopMaTuke.

KoMucuja no3uTuBHO onemyje 1epuHNCaAHEe XUIIOTE3E, PE3YJITATE U 3aK/bYUKe HCTPAKUBAIHA.




(ewr.)

Based on the results of the research, during which the set objectives and tasks were realized using scientific
methodology and utilizing vast scientific literature from multidisciplinary research related to the
classification of airborne particles, machine learning, neural networks, algorithms, and computer
technologies, conclusions were drawn that confirm the initially defined hypotheses. We will briefly review
the specific hypotheses and explain how they were confirmed.

The research involved developing robust methodologies for data collection and preprocessing,
crucial for handling data discrepancies and noise. Notable differences in data from different
devices (Osijek and Novi Sad) were observed, with variations in measurement sensitivity or
calibration. A strategy was developed for managing noise, particularly in fluorescence spectrum
data, with later timestamps classified as noise.

The study explored neural network architectures for classifying 24 pollen classes and two other
bioaerosol classes. Residual networks were most effective for unimodal classification, achieving
around a 0.5 F1 score. In multimodal settings, simpler models like vanilla CNNs were practical
due to lower computational demands and better interpretability. The best multimodal network
achieved an F1 score of 0.69 across 26 classes.

The real-world applicability of the models was emphasized, with the necessity to test them in
unpredictable environments. The automatic system’s performance was compared with standard
Hirst type pollen measurements that rely on microscopy and specific morpholoy features for
classification, revealing moderate to strong correlations in certain pollen classes. For example, 8
out of 23 pollen classes showed correlations greater than 0.65, and 14 classes showed correlations
above 0.5 when averaged over the years.

The networks’ resilience to noise was tested, maintaining about 42-48% effectiveness even with
compromised data sources. The highest resilience was observed when the lifetime feature was
corrupted, indicating the model’s reliance on fluorescence spectrum and scattered light image data.

Transfer learning was employed to enhance automatic identification, leading to an average 22.52%
increase in correlation and a 38.05% reduction in standard deviation across 29 evaluated cases,
with 23 showing statistically significant improvements.

Domain adaptation techniques were explored to address the performance decline (13-26%) when
models trained on one device were tested on another, achieving an 11% improvement with these
techniques.

Explainable Al techniques helped make Al decision-making transparent, with significant influence
identified in the spectrum data modality, especially between 364-538 nm.

The thesis concluded with the introduction of the RealForAll system, a software application for
real-time airborne particle concentration presentation, bridging the gap between research and
applied informatics.

The Committee positively evaluates the defined hypotheses, results, and conclusions of the research.




VIl OHEHA HAYMHA ITPUKA3A U TYMAYEA PE3YJIITATA HCTPA’KUBAIbA:
ASSESSMENT OF THE PRESENTATION AND EXPLANATION OF THE RESULTS:

Kangunat Ilpegpar MataByJb je Ha jacaH M oAroBapajyhul HauWH W3J0XKHO, IPOTYMAaYHO H TPEICTABHO
pesyiTaTe CIpPOBEACHOT HCTPaXKHMBama Kpo3 JeTajbaH MpHKa3 NPHMEHE TEOPHjCKUX KOHLENaTa |
eKCIIePHMEHTAIHUX pe3yiraTta. Ha ocHOBY pesynrara Cy M3BEACHH 3aKJbYy4LH KOjH OATOBAPajy NMPEAMETY
CTy/Mje W TIpYyXajy OJroBOpe Ha MOCTAaBJbEHE IMJbEBE HCTpaxuBama. CTPyKTypa paja IOKJama ce ca
IUIAHOM M JeduHHCaHMM IMJbeBMMa y mpujaBu Teme. HaBexeHa nureparypa kopumhena y pany je
caBpeMeHa, OOMMHA ¥ peleBaHTHA 32 TEMY UCTpaKMBama. Pe3ynratu cy HaydHO ONpaBIaHH M IOJAPKaHU
OpojHMM HM3BOpHMMa W3 JuTeparype. Ha ocHOBY HauMHa NpHKa3uBama M TyMauyema I10/1aTaka, MOXeE ce
KOHCTAaTOBaTH Ja pajJ CalpXH OpUTHHAJIHE HAy4YHE pe3yliTare KOju 3a/J0BOJbaBajy 3axTeBe HHBOA
JOKTOPCKE JUcepTaLyje.

(ewr.)

The PhD candidate Predrag Matavulj presented, explained, and discussed the results of the research in a
clear and appropriate manner regarding theory and practical experiments. Based on the results, conclusions
were drawn that correspond to the subject of the study and provide answers to the research objectives. The
structure of the paper matches the plan and defined objectives. The cited literature used in the paper is
modern, extensive, and relevant to the topic of the research. The results are scientifically justified and
supported by numerous literature sources. Based on the way the data is presented and interpreted, it can be
concluded that the research work contains original scientific results that meet the requirements of the
doctoral dissertation level.

IX KOHAYHA OLHEHA JOKTOPCKE JUCEPTALIMJE:
FINAL NOTE ABOUT DOCTORAL DISSERTATION:

1. [a nu je nucepraimja HamucaHa y CKJaay ca o0pa3iokemeM HaBEJICHUM Y IPHjaBH TeMe?
Komucuja ouemyje 1a je JOKTOpcKa JMCePTALMja HAIMCAHA Y CKJIAAY ca 00pa3JjioKeheM HaBeleHUM
y NIpHjaBHU TeMe.

(ewr.)

1. Isthe dissertation written in accordance with the explanation provided in the thesis proposal?
The committee assesses that the doctoral dissertation is written in accordance with the explanation
provided in the thesis proposal.

2. Jla iy qucepranuja caiipiKu cBe OMTHE eJieMeHTe?

Komucuja ouemyje na Aucepraumja caap:ku cBe OMTHe eJleMeHTe OPUMTHHAJHOT HAYYHOT paja: jacHo
aeuHMCaHy TeMy HCTPaKUBaKa, OAroBapajyhy Merono/0rujy y3 ynorpedy HanpeaJHux TeXHOJIOTHja
MALIMHCKOT Yy4Yelma M BelITauyke HWHTeJWreHUUje, Tmperjex mnocrojehe Jurepatrype 'y
MYJTHAUCHUIVIMHAPHUM 00J1aCTHMAa Koje 00yxBaTajy aepoOMoOJIOTHjy, TauHHMje KjIacupuKauujy
NoJieHa, payyHapcKe Hayke, moce0He 00.1aCTM y HAylIH O NMOJALMMA M BeIITAYKO] WHTEeJINTeHIHjH.
Takole, pe3yaraTm cy npeaAcTaB/beHH Ha jacaH HAYUH U HUXOBO 3HaYeme MW 3Hayaj cy
NPOAMCKYTOBAHM Y CKJIaAy ca 3aXTeBUMa HAYYHOI paja.

(eHr.)

2. Does the dissertation contain all the essential elements?
The committee assesses that the dissertation contains all the essential elements of original scientific

work: a clearly defined research topic, appropriate methodology using advanced machine learning
and artificial intelligence technologies, a review of existing literature in multidisciplinary fields that
encompass aerobiology, specifically pollen classification, computer science, special areas in data
science, and artificial intelligence. Additionally, the results are presented in a clear manner, and their
meaning and significance are discussed in accordance with the requirements of scientific work.

3. Ilo uemy je aucepraluja OpuruHagaH AONPHHOC HAYIN ?
OBO JIOKTOPCKO HCTPaXKMBamkE MOMaXKe y pa3BHjamy 00JACTH MAIIMHCKOT yderma M MH(OPMATHKE Kpo3
HOBE JIONPUHOCE Y IeT KJbY4HUX obnactu. [IpBo, onTHMHU3yje MoJese MaIMHCKOT y4eHha UCTPaKHBAHEM
Pa3IMUUTUX apXHUTEKTypa HEYPOHCKHX MpeXa M CTpareruja kiacuukanuje 4ecTHIA CYCICHJOBAHHUX Yy
Bazayxy. OBo HcTpaxuBame ce 0aBM M3a30BHMa IIyMa y MOJlalliMa M HbHX0BOj BapHjabMIHOCTH, MOceOHO




Kala ce OHHM pasluKyjy OJ CTaHZapIHUX ToJaTaka KOpWIIheHMX 3a eBalyanujy wMpexa. Jlpyro,
HCTpaknBame yHampelyje kimacuukanujy mOJeHAa TEeXHHKaMa TpaHchep ydema IOTPEHHUPABAREM
mocrojehnx momema. Tpehe, yHampehyje ce kimacudpukanmja Ha pasTUIUTUM ypehajuma TexHUKamMa
ajanTanyje AoMeHa, ca (okycom Ha yOmaxaBame yTumaja cremuduyaHor myma ypehaja xako 6m ce
nosehana mpenusHocT Mozena. UeTBpTo, Te3a MOMaxke HAIPETKy Y o0JacTH o0jallmbuBe BEIITauKe
UHTEJIIUTEHIIMjE TPOINMpeHeM o0uMa KyMYJaTHBHUX TIpagMjeHTHUX MeToAa 3a 1o0oJhIIaHy
TPaHCNAPEHTHOCT U MHTEPIIPETATUBHOCT Mozena. KoHauHO, TONPUHOCH MTPUMEHEH0] HHPOPMATHIN AaTH
Cy Kpo3 pa3Boj copTBEpCKOI cucTeMa ca MpUCTYIayHoOM 0a30M IojaTaKa 3a IMpe3eHTaIH]y KOHIEHTpalnje
M0JIEHa y PEaTHOM BPEMEHY, IITO IPEACTaBJba MPUMEHY HCTpaKHBama. KOJEKTHBHO, OBH JONPHHOCH HE
camo Ja nmokasyjy eduxacnoct ypehaja Rapid-E y knacudukanuju nonena, Beh u uctuuy 3Hayaj KBaIUTETa
moJaTaka, Kao W Pa3HOJIUKOCTH ITI0aTaka y pa3Bojy poOyCHHX padyHapckux mojena. Hayuna otkpuha
MIpeJCTaBJbeHa Y OBOj TE3W MMajy NMOTEHNHWjal Ja 3HA4YajHO YHAIpeIe OIepaThBHY e(pUKacHOCT ypehaja
Rapid-E, mro mompuHOCH HAIpeTKy y MOHHTOPHHTY aneprena. OBO HCTpakuBame YBOAH TadHU]e,
MOy37[aHUje W IMIHPOKO TOCTYIHHje METOE 3a JeTEeKIHjy M aHau3y Onoaepocoia. PeneBanTHOCT 1 3HAYA]
OBHX JIOIIPHHOCA TIOTKPEIUBCHH Cy O00jaBbHBameM OpOjHHX pagoBa y MelyHapogHHM HAyIHUM
gaconucuMa 1 300pHHAIINMA KOH(pepeHIIHja.

Hanomena

Jloktopcka aucepranmja je y Oubmmorenu IlpupomHo-mMaTeMaTHdkor (akyireTa MpoIuia MPOBEpPY
OopUrHHaNHOCTH TpuMeHoM codTBepa iThenticate 3a JeTeKklMjy CIMYHOCTH KOjH je TMOKa3ao Ja ,,MHAEKC
cimanoctu (edr. Similarity Index) msuocu 17%, ox kojux je O6ap 14% mpekiamama TEKCTa BE3aHO 3a
pamoBe camor kauauzaara. [IpumeHoM codTBepa yrBpheHo je ma ox 117 u3Bopa ca kojuma je yTBpheHo
npeknaname, y 95% usBopa je nponaljeHo mame ox 1% mogymaprHocTH. M3BopH y Kojuma je mpoHabeHo
1% wnn Buie nomynapHoctH (M3Bopu 1, 2, 3, 4, 5, n 6 y n3BeIITajy CAMIHOCTH) MPEACTaBbajy HAydHE
panoBe rae je xkanmunar I[Ipenpar MaraBysb NpBHM ayTOp WM jemaH of aytopa. OcraTak Npekianama o1
Mame o1 3% OJHOCH ce Ha OIIITE MOjMOBE U YecTo KopuinlieHe (Gpase, HajBHILIE U3 MPETIICIHOT ITOTIaBba
OcHOBe BelITauKe HHTEIUICHINje U HEYPOHCKHX MPexa.

Komucuja ouemyje aa je qucepranuja pe3yjTaT OPpUrHHAJIHOT HAYYHOT paja, U a CaAp:KU HAYYHO
3HavYajHe MoAaTKe.

(ewr.)
3. What makes the dissertation an original contribution to science?
This doctoral research significantly advances the fields of machine learning and informatics by offering

novel contributions in five key areas. Firstly, it optimizes machine learning models through an exploration
of various neural network architectures and classification strategies for airborne particle classification. This
work addresses the challenges of data noise and variability, particularly in datasets differing from standard
benchmarks. Secondly, the research enhances transfer learning techniques by improving existing models
and pioneering hybrid learning approaches. Thirdly, improvements in domain adaptation techniques are
given, focusing on mitigating device-specific noise impacts to increase model precision across different
devices. Fourthly, the thesis advances explainable Al (xAl) by expanding the scope of cumulative gradient
methods for enhanced model transparency and interpretability. Lastly, it contributes to practical informatics
through the development of a user-friendly software system with an accessible database for real-time
airborne particle concentration presentation, blending rigorous research with application. Collectively, these
contributions not only shed light on the efficacy of the Rapid-E device in airborne pollen detection but also
emphasize the importance of data quality, diversity, and representation in developing robust computational
models. The findings are poised to significantly enhance the operational efficiency of Rapid-E, thereby
advancing environmental allergen surveillance and establishing more accurate, reliable, and accessible
methods in bioaerosol detection and analysis. These contributions are confirmed by numerous publications
in international journals and conference proceedings.

Note:

The doctoral dissertation underwent an originality check using the iThenticate software for similarity
detection at the library of the Faculty of Sciences, which showed that the "Similarity Index" is 17%, of
which at least 14% of the text overlap is related to the works of the candidate himself. The application of




the software determined that out of 117 sources with which overlap was identified, in 95% of the sources
less than 1% similarity was found. The sources in which 1% or more similarity was found (sources 1, 2, 3,
4, 5, and 6 in the similarity report) represent scientific papers where the candidate Predrag Matavulj is the
first author or one of the authors. The remaining overlap of less than 3% refers to general terms and
frequently used phrases, most notably from the overview chapter of the Foundations of Artificial
Intelligence and Neural Networks.

The committee assesses that the dissertation is the result of original scientific work, and that it
contains scientifically significant data.

4. Koju cy HegocTanu AucepTalyje U KakaB je I)bHXO0B YTHIA] HA pe3yJITaT UCTPaKHUBaAbhA?
Komucuja cmaTpa 1a 1oKTOpCcKa qucepTanuja HeMa 3HAYAJHUX HeJ0CTaTaKa.

(enr.)
4. What are the flaws of the dissertation and how do they affect the results of the research?
The committee concludes that the doctoral dissertation does not have significant shortcomings.

X HPEJIOT (THE PROPOSAL):

Ha OCHOBY HABCICHOT, KOMI/ICI/Ija Mpeajaxe:
Based on all stated facts, committee proposes:

J1a ce JOKTOPCKA JUCepTAlMja IPUXBATH, a KAHAUAATY 0100pu oa0paHa;
to accept the doctoral dissertation and allow candidate to proceed with its defense;

Mecro u natym:
Hosu Can, 28.2.2024.
1. Munomr PagoBanosuh, peqoBau podecop

, IPEJICETHUK

2. Jenena CnuBka, BaHpeHH npodecop

, WIaH

3. bpanko lllukomapuja, HayYHH CAaBETHUK

, WIaH

4. Nanujena Temenauh, BanpeaHu mpodecop

, MCHTOD

HAITIOMEHA: Yian xoMucHje KOjU He JKeJM Ja HOTIHIIE M3BEIlTaj jep ce HEe ClIaXe ca MUIIBEHEM
BehnHe uiaHOBa KOMHUCH]E, AyKaH je J1a yHece y U3BEIITaj 00pasiiokeme OJHOCHO pasiiore 300r KOjux He
KEJIM /1a TIOTIIMIIE U3BEIITa] U /1a NCTH TOTIHIIE.




