KOMHUCHUIA 3A CTYAUJE II CTEIIEHA EJIEKTPOTEXHUYKOI'
®AKYJTETA Y BEOT'PALY

Komucuja 3a cryamje Il cremena, Enexktporexnuukor dakynrtera y beorpamy, Ha cB0joj
ceqauiy oapxkanoj 05.07.2022. ronuHe nMeHoBasia Hac je y KoMucHjy 3a mperiies; 1 oreHy MacTep
pana aumia. uH:K. Hukosie Musennmha non HacinooMm ,,Meroae 3a reHepucame CUMYJIHPAHOT
eJIeKTporacTporpaMa TOKoOM mojaBe cumnrTomMa myuyHuHe” (enr. ,,Methods for generating a
simulated electrogastrogram with nausea symptoms*). Hakon npernena marepujana Komucuja
noxHocH ciienehu

N3BEINITAJ

1. Buorpadcku mogany KaHaAMAATA

Hukona Munenuh je pohen 19.12.1997. rogune y KparyjeBuy. 3aBpummno je MpBy
KparyjeBauky ruMHazujy 2016. rogumne ca ycmexom 5,0. Enekrporexnumuku (akynrer,
VYuusepsutera y beorpany ymucao je 2016. rommHe Ha cMepy 3a PauyHapcky TEXHUKY HU
nHpopmatuky, a gumiomupao je 2020. rogune ca mpocedHoMm orenoMm 9,07. Jlutuiomcku paj je
onopanno y cenremMOpy 2020. romune ca omenom 10. Macrep akagemcke CTyauje Ha
EnextporexnuukoM ¢akynrery, YHuBep3urera y beorpany je ynucao oxtodpa 2020. Ha Moyiy 3a
Curnaie u cucreme. [107105k10 je cBe CITUTE ca MTPOCEYHOM orleHOM 9,40.

2. U3BewITaj 0 CTyAMjCKOM MCTPAKUBAYKOM pPaxy

Kangunat Huxona Mwunenuh je TOkOM mpuiipeMe 3a M3pady MacTep pajga ypaauo
HUCTpaXHBame ojAroBapajyhe murTeparype ca LIHJBEM TpENo3HaBama MpoldjemMa MPHUCTYyIa
OTBOpEeHUM 0a3ama MojaTaka y OHOMEIUIIMHCKOM HHXEHEPCTBY M ca IMJbEM MpOoydaBama
OCHOBHHX KapakrTepucTthka EI'T' curnasia n muxoBe NpUMeEHE Y OLICHU MyYHHHE.

[Ipernenom nureparype je yTBpheHO na mocToju Hecramuua oTrBopeHux Oaza EIT
CUTHaJa, Kao U J1a OM MOTEHLMJaJHO pEIlIeHEe MOIJIO OUTH y NPUMEHHM METOJ]la 3a TeHEepHCcame
Bemraukux EI'T curnana. ¥V ckmany ca 3ak/bydliuma Koju Cy 10OMje€HH HperyieioM JUTepaType u
ca TPUKYIUbEHMM ojaroBapajyhum mnomanuma o kapakrepuctukama EIT curnanma 3napaBux
UCIHUTAaHUKA IIpe M Mocje jena, Kao U TOKoM ocehaja MyyHHHE, Y MacTep pajay je peaqu3oBaHa
copTBepcka aruiMKanuja 3a renepucame cuHTeTHukux EI'T curnana. Ammkanuja je ykibyduiia u
TeHEepHUCake CHHTETUYKOT IIyMa KOjH MpeJicTaBba Hen30cTaBHU Jieo MepeHor EI'T curnana.

3. Onuc macrep paaga

Mactep pan obyxBara 43 ctpane ca ykynmHo 11 cimka, 7 tabenma m 16 pedepenun. Pan
CaapKM YyBOJ, YETUPH TIOTJaBJha, AMCKYCH]y W 3ak/bydak (YKymHO 7 TOIJIaBJba), CITUCAK
kopuitheHe TuTepaTtype, ckpaheHuiia, ciMka 1 Tabena, Kao U jeJjaH MPUIIor.

[IpBo mornaeibe je yBOA y KOME Cy ONMCaHU IpeaMeT U Iuib pana. IlpencraBibeHa je
enekTporactporpaduja, ocHoBHe Kapaktepuctuke EI'T curnama m MoTuBaiyja 3a UCTpaKUBamHE y
00JIaCTH reHepHCcakba CHHTETHUKUX eJeKTporacTporpama.

Y apyroMm mMoOTiaBiby je JaT JeTajbaH ONHC PEaTM30BAHMX M TPUMEHEHUX METonIa 3a
CHHTE3y eJekTporactporpama. [locebaH akieHaT je CTaB/beH Ha reHepucame CUHTeTHUKUX EI'T



CHTHaJIa KOJU 10 CBOJUM KapaKTepUCTHKaMa OJroBapajy MEpEeHHM CHUTHAJIMMA, a MMOKa3aHOo je KaKo
je moryhe renepucaru u miym y EI'T curnany.

Tpehe mornaBbe canpku pesyntar eBanyanuje cuHTetnykux EIT  curnama ca
KapaKTepUCTHKaMa KoOje OJroBapajy cHUMOTOMUMa MyuyHHHe. TalenapHO cy MpencTaB/beHa
obenexja koja cy nodbujena renepucameM EIT curnama TOkoM mojaBe CHMIITOMa MYYHHHE, a
pesyaratu cy nopehenu ca ouekuBanuM npomeHama EI'T' mapamerapa koje cy IMo3HaTe H3
JIUTEeparype.

EBanyanuja cunrernukux EI'T curnama mpumenom Monte-Kapio Meroze je mpuka3aHa y
YETBPTOM IOTJIaBJIbY.

KBanuratuBHa aHanmM3a Koja je CIpOBEAECHAa Kpo3 YIUTHUK ca LHJbEM IpOBEpe
BepoaocTojHocTd cuHTeTHukux EI'T curnana je mpeacraBibeHa y meTom noriasiby. OBO MOTIaBIbe
Takohe cafpku U pe3ysiTaTe aHKeTe.

[IlecTo mormaBbe je MUCKYyCHja Y OKBHUPY KOje Cy PE3UMHpAHU PE3YJITaTH paja W jaara
BUX0Ba UHTepIperanuja. Takohe cy aatu npeanosu 3a nasbe yHanpehemwe cunrese EI'T curnana.

CenMo TOTJIaBJBE j€ 3aKJby4aK KOJU YKPATKO PEe3UMHUpA Pall, HErOBE PE3yNTare M HUXOB
3Hauaj 3a JaJbH pa3Boj y 00JacTH aHann3e OMOCUTHATA.

4. AHa;IM3a paja ca KIbyYHUM pe3yJTaTuMa

Macrep pan numin. wxxk. Hukone Munenwha ce O6aBu mpoOnemarnkom cuntese EIT
curHasia. CHHTETMYKH CHUTHAJIM y OMOMEIUMIMHCKOM HHXKEHEPCTBY Cy 3HAuyajHU 3a pa3Boj U
eBaJlyalldjy aJropurama 3a o0paay OMOMEIMIMHCKUX CHUTHAJA, MOCEOHO y clydajeBHMa Kajaa cy
OMOMETUIIMHCKY CUTHAIN HEJIOCTYITHU WM HUCY JaBHO JOCTYITHHU.

VY wmacrep pany cy npemnoxene Mmerone 3a cuHredy EIT curnama. IloceGan 3Hauaj
nobujeHux pesynrata ce oryieaa y tome mro nopen EI'T curnana 3gpaBe ocobe y cTamuMa npe u
nocie jena, Moxe ce rerepucatd EIT curHam Ha KoMe ce BHJE TOCIEIHIIE MPOMEHE yciel
nopemehaja y GyHKIIMOHHCakY CUCTEMA 3a Bapeme. Y pajy je NpuKazaHa U JAeTajbHO aHAIM3UpaHa
MoauduKaja METoJe y Ciaydajy Kaaa mocTtoju ocehaj myuHuHe koj ucnutaHuka. OCHOBHU
JONPUHOCH pajia Cy:

(1) npencrasibeHe cy HOBe MeTofe 3a cuHTe3y EI'T curnana,

(2) nare cy moryhHocTH ynorpeOe CHHTETMUKMX CHTHajla 3a Jajbeé MCTpakuBame y 00JacTu
aHanu3e OMocurHania,

(3) mpensno3u 3a ajbu pa3Boj MPEUIOKEHUX METOJIA Cy MPUKA3aHU U

(4) nat je mpeasor MpOLEHE PEeATUCTUYHOCTH CHUTHAla MPUMEHOM KBAaHTHTATHUBHHUX H
KBAJIUTAaTUBHUX TCXHHKA.

Jleo pe3ynTaTa OBOT MacTep pajia ce ociarma Ha MPENPHHT KOJU je TPCHYTHO Ha PEICH3UjU Y
gaconucy: MusekoBuh, H., Munenuh, H., [lonosuh, H. b., & Coanuk, J., Data Augmentation for
Generating Synthetic Electrogastrogram Time Series. https://doi.org/10.48550/arXiv.2303.02408, a
4YHjU je KOJA jaBHO mojesbeH Ha: MubkoBuh, H., Munenuh, H., I[lonosuh, H. b., & Connuk, J.,
2023. NadicaSm/syEGG: v1 [codTBep] 3enomo. https://doi.org/10.5281/zenodo.7698446.

5. 3ak/by4ak M mpeasior

Kanmunar Hukona Mujennh je y cBoM Mactep paay moa HacioBoM ,,MeToae 3a
reHepucame CHMYJIUPAHOT eJEKTPOracTporpaMa TOKOM IMoOjaBe CHMMITOMAa MYYHHHe” (€HT.
»Methods for generating a simulated electrogastrogram with nausea symptoms*) koju je
HamucaH Ha €HIJIECKOM Je3uKy Ipelioxkuo merony 3a cunresy EI'T curnana, kao u mocrymak 3a


https://doi.org/10.48550/arXiv.2303.02408
https://github.com/NadicaSm/
https://doi.org/10.5281/zenodo.7698446

npoueHy peanuctuyHoct resHepucanux EIT curnanma. IlpencraBibeHa pemiema Mory ja
JOTIpPUHECY OpKEM pa3BOjy U PUTOPO3HO] eBaTyaldju aaroputama 3a oopany EI'T curnana.

Hukona Munennh je ncka3ao caMOCTaTHOCT U CUCTEMaTHYHOCT Yy CBOME MOCTYIIKY, Kao U
MHOBATUBHE €JIEMEHTE y pelllaBamby IpoOJeMaTHKe OBOI MacTep paja, MoceOHO ca CTaHOBMIITA
reHepHcama IIymMa Ha CUTHAY M IpuMeHe Mmetoze 3a reHepucame EIT curnama tokom ocehaja
MYYHHHE.

Ha ocnoBy wu3noxenor, Komwucuja mnpemnaxe Kommenju 3a cryamje I cremena
Enexrporexnuukor ¢akynrera y beorpany aa pax aumi. unx. Hukosne Munenuha npuxsatu kao
MacTep paj ¥ KaHIuAaTy 000pH jaBHY YCMEHY 0A0paHy.

beorpan, 01.09.2023. rogune YnanoBu KOMI/LC’I/’I,]'_@_Z/ .
Hp Haguna MHE%@I{HH npo@ecop, MEHTOP

YHHUBEP3UTET Y Beorpaﬂy EnextporexHnuku ¢akynrer
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TO THE COMMITTEE FOR MASTER STUDIES AT THE
UNIVERSITY OF BELGRADE - SCHOOL OF ELECTRICAL
ENGINEERING

By the decision of the Committee for Master studies at the University of Belgrade — School
of Electrical Engineering from July 5, 2022, we are appointed as Committee members for the
examination and evaluation of the Master thesis titled "Methods for generating a simulated
electrogastrogram with nausea symptoms" (in Serbian "MeToae 3a reHepucambe CUMYJIHMPAHOT
ejeKTporacTporpamMa Tokom mnojaBe cumnroma myuynmuHe") for candidate dipl. eng. Nikola
Mileni¢. The thesis is written in the English language. After examination of the submitted
materials and Master thesis, the Committee prepared the following

REPORT

1. Candidate’s biographical data

Nikola Mileni¢ was born on December 19, 1997. in Kragujevac, Republic of Serbia. He
finished the First Grammar High School in Kragujevac in 2016 summa cum laude. He enrolled in
Bachelor studies at the University of Belgrade — School of Electrical Engineering in 2016 and
graduated at the Department of Computer Science and Information Technology with an average
grade of 9.07 (out of 10.00). Nikola defended his Bachelor thesis in September 2020 with grade 10
(out of 10). In October 2020, he enrolled in Master studies at the University of Belgrade — School of
Electrical Engineering at the Signals and Systems module. He passed all exams with an average
grade of 9.40 (out of 10.00).

2. Report on research study

Candidate Nikola Mileni¢ in preparation for the work on Master thesis carried out a
research of relevant literature with the aim of identifying the problem of lack of open databases in
biomedical engineering and with the aim of studying the basic characteristics of EGG signals
specifically related to the EGG-based nausea assessment.

A review of the literature revealed that a potential solution for the current shortage of
openly available EGG signals could be in the application of methods for generating synthetic EGG
signals. According to the conclusions obtained from the literature review and with recognized
EGG characteristics in healthy subjects as a result of fasting and post-prandial states, as well as
during nausea occurrence, a software application for generating synthetic EGG signals is
implemented in the Master thesis. The application also included the generation of synthetic noise
being an indispensable part of the measured EGG signal.

3. Master thesis description

The Master thesis has 43 pages with a total of 11 figures, 7 tables, and 16 references. The
thesis incorporates introduction, four chapters, a discussion and a conclusion (7 chapters in total),
a list of references, abbreviations, figures, and tables, as well as an appendix.

The first chapter is an introduction in which the subject and the aim of the work are
presented. Electrogastrography method, the basic characteristics of EGG signals, and the
motivation for research in the field of generating synthetic electrogastrograms are introduced.



In the second chapter, a detailed description of implemented and applied methods for the
synthesis of electrogastrograms is presented. A special emphasis is placed on the generation of
synthetic realistic EGG signals and the method for noise generation noise in the EGG signal is
proposed.

The third chapter contains result of the evaluation of synthetic EGG signals with nausea
symptoms. Obtained features from generated EGG signals with nausea-related changes are
displayed and the results are compared with the expected changes in EGG parameters known from
the literature.

The evaluation of synthetic EGG signals using the Monte-Carlo method is presented in the
fourth chapter.

The qualitative analysis that was carried out through the proposed survey with the aim to
verify realism of generated synthetic EGG signals is presented in the fifth chapter. This chapter
also showcases the survey results.

The sixth chapter is a discussion and contains summarized results with an adequate
interpretation. Suggestions for further improvement of EGG signal synthesis are also provided.

Conclusion is given in the seventh chapter and it briefly summarizes the work, obtined
results, and their relevance for further advancements in the field of biosignal analysis with
synthetic signals.

4. Analysis of the presented work with key results

The Master thesis of dipl. eng. Nikola Mileni¢ deals with the problem of EGG signal
synthesis. In the realm of biomedical engineering, synthetic signals are important and in some
cases required for development and evaluation of biomedical signal processing algorithms,
especially in the event when biomedical signals are unavailable or when they are not openly
available.

Methods for the synthesis of EGG signals are proposed in this Master thesis. Specifically,
the importance of the proposed methods is reflected in the fact that, in addition to the EGG signal
of a healthy person in fasting and post-prandial states, synthetic EGG signal can be generated as a
consequence of changes caused by the disturbances in the digestive system. This thesis presents
and analyzes in detail the modification of the method in the case when nausea occurs. The main
contributions of the Master thesis are:

(1) new methods for EGG signal synthesis are presented,

(2) the possibilities of using synthetic signals for further research in the field of biosignal
analysis are given,

(3) proposals for further development of the proposed method are presented, and

(4) techniques for assessment of the realism of generated signals using quantitative and
qualitative techniques are given.

Part of the results of this master thesis is based on a preprint that is currently under review
in the journal: Miljkovi¢, N., Mileni¢, N., Popovi¢, N. B., & Sodnik, J. Data Augmentation for
Generating Synthetic Electrogastrogram Time Series. https://doi.org/10.48550/arXiv.2303.02408,
with the publicly shared code: Miljkovi¢, N., Mileni¢, N., Popovi¢, N.B., and Sodnik, J., 2023.
NadicaSm/syEGG: v1 [Software code] Zenodo. https://doi.org/10.5281/zenodo.7698446.

5. Conclusion and proposal

Candidate Nikola Mileni¢ in his Master thesis entitled "Methods for generating a
simulated electrogastrogram with nausea symptoms" (in Serbian "MeToae 3a reHepucame


https://doi.org/10.48550/arXiv.2303.02408
https://github.com/NadicaSm/
https://doi.org/10.5281/zenodo.7698446

CHMYJIMPAHOT eJIeKTporacTporpaMa TOKoOM InojaBe cumMnroma myuHuHe'), which was written

in English, proposed and successfully designed methods for EGG signal synthesis, as well as

procedures for assessing realism of generated EGG sginals. The presented solutions can contribute

to the rapid development and rigor scientific evaluation of algorithms in EGG signal processing.

Nikola Mileni¢ showed independence and systematic approach during the work on Master

thesis, as well as inventive elements in solving the problems, especially from the point of view of

generating noise and modifying the designed method for generating EGG signal alterations during

nause€a occurrence.

Taking into account all aforementioned facts, the Committee proposes to the Committee

for Master studies at the University of Belgrade — School of Electrical Engineering to accept the
work presented by dipl. eng. Nikola Mileni¢ as Master thesis and to allow public oral defense.

Belgrade, September 1, 2023

Committee members:

ﬁ%ﬂz{f

Assoc. Prof- ica Miljkovi¢, PhD, Mentor
University of Belgrade — School of Electrical Engineering
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Prof. Predrag Pejovi¢, PhD
University of Belgrade — School of Electrical Engineering

Prof. Jaka Sodnik, PhD
Faculty of Electrical Engineering, University of Ljubljana, Slovenia
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