Yuugepsurer y beorpany
EnexTpoTeXHHUKH GaKyaTeT

HACTABHO-HAYYHOM BER®Y

Ipeamer: Pedepar o ypaljeHo] JOKTOPCKO] nuceptanujy kagnuaara Henana B. Tlonoruha

Omnyxom Hacrasro-nayusor selia Enexrporexmudkor Qaxynrera YHusepsureTa y beorpany, op.
5026/16-3 on 3. pebpyapa 2021. roamae, IMEHOBaHH CMO 3a YnaHoBe Komucuje 3a nperies, OueHy 1
onbpaHy HOKTOpCKe JucepTanyje MUCAHe Ha EHITIECKOM jesuxy xanmunara Henaga B. Ilonosuha,
MacTep WHXemhepa eJIeKTPOTEXHUKE U padyHAPCTRa, [10/1 HACIOBOM:

METOJE 3A OLEHY EJIEKTPHUYHE AKTUBHOCTH IVIATKUX MULIIARA'

Ilocne mperyesa gocTasbene Juceprauje 1 Apyrux nparehux matepujana, kao 1 KOMyHUKaLije ca
JIOKTOPAHIOM KOja j€ pe3yNToBala MUHOPHHM TEXHHYKAM KODEKIHjaMa TeKcTa JOKTOPCKe
nucepranuje, Komuchja je cadnnunia cienehn

PE®EPAT

1. YBOJ
1.1. XDOHOJ’[OFI/Iia OIlO6DaBaH>a U u3pazae HHCCDTaHI/Iie

Kanpuznar Henan b. [Tonosuh je ynucao goxtopeke akanemcke cryauje mxoncke 2016/2017. roaune
Ha EnexrtporexunukoM dakynreTy YHHBep3uTeTa y beorpamy, Momysn YIpapibaimbe CHCTEMHMa M
obpasa curnana. [Toyioxuo je cBe wucrute ca npocevroM ouexom 10,00 u ucryHno cse o6aBese
Be3aHe 3a CTYIMjCKHM HCTPAaXUBAYKH pajl npeasuleHe MIIaHOM U POrpamMomM.

HayuHo MCTpakMBauKH paj je 3amoueo y o0sacTd HEMHBA3UBHOT CHUMAMa M aHAIM3C eJICKTPUIHE
AKTUBHOCTH raTkux Muimiha xenyua (enekrporactporpaduja - EI'T), ca doxycom Ha pa3Bojy HOBHX
u ynanpehewy nocrojehux Metoza 3a akBusuumjy n npouecupawe EIT curnana. Kanaupar je
MICTPAXMBAO TIPHMEHY METO/Ia 3a Mepeme i ananmusy EI'T curnana ca nusbem peajmusaliije anara 3a
eBaTyalujy TCHXO(U3NOJOWIKAX TMPOMEHA KOJ MCTIMTAHMKA TOKOM Kopululiewa MpOH3BOJAA
BUPTYEJIHE PEATHOCTH M CHMYJaTopa BOXibe. HayuHo-MCTpaxknBaukUM pajioM KaHAMaTa
pykoBojwia je BaHpeaHa npodecopka Hamguua Musbkosuh.

Kanauzar je npujaBuo Temy JOKTOPCKE AuCepTalLlije Mo HAacloBoM ,MeTo/e 3a OLEHY eleKTpHiHe
AKTUBHOCTM raTkux Muiuha®, Koja je mMcaHa Ha eHrJeckoM jesuky (eHr. ,Methods for assessment
of electrical activity of smooth muscles®). Ha 841. cemguuun oxpxanoj 11. jyna 2019. romuxe,
Hayuno-nactaBHo Befie je poHeno omnyky 6p. 5026/16-1 on 21. jyna 2019. roguHe o MMCHOBarbY
KomucHje 3a OlieHy Hay4YHE 3aCHOBAHOCTH TeMe JJOKTOPCKE ucepTauuje y cneaehem cactasy:

I. Jlp Hejau [Tomoruh, unan CAHY, Yuusepsutet y beorpany — EnexrporexHnuku daxynTer;
2. Jp Jaxa Coanuk, penosuu npodecop, Univerza v Ljubljani - Fakultet za Elektrotehniko;

JIp Henan Jouunh, Bampesun npodecop, YuusepsurerT y beorpany — EnexkTpoTeXHHYKH
takynrer;

4. Jlp Tpeapar Tlejosuh, penosHu npodecop, YHuBepsuteT y beorpamy — EMeKTpoTeXHHHKH
thakynTeT;

5. JIp 3axapuje Pagusojesuh, Banpeanu npodecop, Ynusepsuter y beorpany — EnekrpoTeXHH4KU
taKyaTer.

'Hacno pgoxropcke Auceprauuje Ha enrieckoM jesuky: Methods for assessment of electrical activity of
smooth muscles




3a Mentopa je oapehema ap Hagmua MmwbkoBuh, BaHpeaHa Tnpodecopka 3arociieHa Ha
EnexrporexnunuxoM (akynteTy YHuBep3uTeTa y beorpany.

Hacrasno-nayuno wehe je ma 843. ceanuum EnexrporexHuuxor dakynrera YHUBEp3UTETa Y
Beorpaay oapxkanoj 17. cenrtembpa 2019. roguue y tauku 22.2 ycojuno Mspewraj komucuje 3a
OIICHY YCITOBA M IPUXBaTarbe TeMe JIOKTOpcKe gucepraumje (ommyka 6p. 5026/16-2 ox 17. centembpa
2019. roaume) npema kojeM je Hemay B. Ilomosuh oaGpanno cBOj Hpeyior TeMe U THME je
3a/I0BOJbEHA NPOLEAYPA [IpHjaBe JOKTOPCKE JucepTaLje.

Ha cenuunuu 6p. 857 onpixkanoj 19. janyapa 2021. roaune HactaBHo-HayuHO Behe je 10HENO OMITyKY O
MeHOBamy Komucuje 3a mpersien u oueHy JOKTOpcke aucepTanmje (oamyka Op. 5026/16-3, 3.
bebpyap 2021. romume), kauaumara Henama b. Ilomosuha noa nasuBoM ,Merone 3a oueHy
eNIEKTPUYHE aKTHBHOCTH riaTkux mumnuha“ y cieneheM cacrasy:

1. Hp Hejan Ionosuh, unan CAHY, Vuusepsuter y Beorpany — EnextporexHuuku dpakynrer;

2. Jp Jaka Comnuk, pegornu npodecop, Univerza v Ljubljani - Fakultet za Elektrotehniko;

3. Jp Hewan Josuuwh, Baupeanu mnpodecop, Vuusepsuter y beorpamy — EnexTpoTexHHuKy

(axynrer;

4. Jlp Upenpar Tlejoruh, penosun npodecop, Yuupep3uter y beorpagy — EmekTpoTeXHHYKH
thakynTer;

5. Jp 3axapuje Papusojesuli, BanpeaHH npodecop, YHUBep3uTeT y beorpagy — ENeKTpOTeXHUYKH
taxynrer.

[Toanera Bep3uja Tese je NpOBEPeHa y CKIIay ca IpaBiIUMa IlarujapusMa iy U3BeiuTajy J001jeHom
ot Yuupepsuretcke Gubnuoteke ,,CBero3ap MapkoBuh' HaBeneH je pesyntar oa 8% CIHUHOCTH.
Haljene noaymaprocty rnorudy o nurara, 6ubnuorpadexux noparaka o KopuiiheHoj NUTeEpaTypH,
TpUKa3a NPETXOAHO NyONMKOBAHHUX pesyiiTaTa HCTpaxuBama JokTopaHna objaemenux mon CC
NULEHLOM WM Yy OTBOPEHOM IPUCTYIY, Ha3MBa MHCTPYMEHATa, METOJA U IapaMeTapa, Kao 1 jena
TEKeTa KOjM je Ha ojroBapajylin HauMH IMTHPAH W HaBeJEH MO 3HalMMa HaBoja. Y CKiay ca THM
Komucuja je 3aysena cTaB Ja Tesa NpeACTaB/ba OPUTHHAJIHM HayduHH paj kanwauparta Hewana b.
ITonoguha.

1.2. Hayuna obJsact guceprauuie

VcTpaxknBarme TPUKA3aHo y MOKTOPCKO] AUcepTaluju mnpumaga obnactm Texnudke Hayke -
EnexkrpoTexHuka, 1 TO HayuHOj 00nacTH BuomeruIMHCKO HHXKemepcTBo. CrnenupuyHo, JOKTOpCKa
JMCEPTALKja NPHKa3yje pa3Boj TEXHUKE HEMHBA3UBHOT Mepeha eeKTPodH3HONIOMIKIX CUrHANA KOjH
noTudy oA rnatkux Muniuha sxenyna (ena raCTpUYHOr CHCTEMA) Y OPraHu3My YOBEKA, U aHAIM3Y H
MpUMEHY TPOLECHPAHNX CHIHana 3a JAWjarHocTHKy. Harnmacak y mnpuMeHama HOBE TeXHUKe CY
IOBE3UBAILE CA CHMIITOMMMA MYYHHHE HCIMTaHMKA y IEPHOAMMA Yy KOjUMa je HCIUTaHuK Ouo
U3JI0KEH MPOLIMPEHO] U JONYHEHO] PeanHocTH (MCIMTAHMK KOjU je J€0 BHUPTYENHE PEANHOCTH H
CUMYNALHNja BOXIbE).

1.3. Buorpadcku mojaiy o0 KaHauIaTy

Henan B. ITonoeuh poljen je 3. cenremGpa 1992. roaune y Hsawuum. Y Mpawunu je noxahao
ocHoBHY mikony ,Kupwio Casuhi u rumuasmjy, u y obe mxone je 6uo Hocunan jaumiome ,,Byk
Kapayuh* u yuenux reHepanuje. OcBajay je BeJMKOr Opoja Harpazga, kako Ha HALlHOHAHUM, TAKO H
Ha MehyHApOJHMM TAaKMHYEHUMa U3 MaTeMaTuke U (M3MKe TOKOM LIKOJIOBAMA Y OCHOBHO] M
CPe/lb0j LIKOJIH.

[lxoncke 2011/2012. rojauHe ymucao je OCHOBHE CTyjauje Ha EnekTpoTexHHdkoM (axynrety
Vuupepsurera y bBeorpany. Hakon 3aBplueTka IpBe TOJHHE ONpPEAeNuo ce 3a MOoJyn ,PHU3nuka
eIIEKTPOHIKA®, CMEp ,,BHOMEIMLIMHCKY ¥ EKONOIIKY HHXEHwepHHr™. JlumnomMupao je kao HajCosBH
CTyAeHT Ha u3abpanom cMepy (ipocek 9,74) y jyny 2015. rogune ca Temom ,,IIpojexroBame ypehaja
3a Mepeme M (PPeKBeHIMjCKYy aHamu3y ejekTporacTporpadckux curaana® rmoj pykoBOJACTBOM AP
Mupjane Ilonosuh, penose npodecopke u jap Haguue Musbkopuh, Taga JJAOUEHTKHUIbE




Enexrporexumakor (akyiarera YHusepsuretra y beorpamy. Heman B. Ilonosuh je mobuo ampyry
narpany Ha ET® BA®A takMuuery 3a HajOObU JUIIIOMCKH paJ.

Macrep axamemcke cTyauje ymicao je mxosicke 2015/2016. ronune Ha cmepy bBuoMeaWUHMHCKA H
€KOJIOLIKY UHXKemLepuHr Ha EnekTpoTrexHU4KoM ¢akynteTy YHuBep3uTera y beorpany. Ilonoxuo je
¢Be ucnure ca npoceqHoM oueHom 10,00 u oxbpanuo macrep pan Ha Temy ,,Pa3sBoj Merona ananuse
CHTHAJA W KOPUCHHYKE aliMkaldje 3a BHILIEKaHaNHH ejlekTporacTporpad y cemnrem6py 2016.
rOJMHE NoJ MEHTOPCTBOM ap Hamune MusbkoBuli, Tana foueHTKH®Be EnexrporexHudkor dakynrera
Yuusepsurera y beorpany.

Ha ucrom ¢akynteTy, Ha cMepy YIpaBihalme cUCTEMHMa M 00paja CHrHala ymHcao je JOKTOPCKe
akazieMcke cTyauje y 1kosckoj 2016/2017. rogunu, Iostoxkuo je cBe UCIIUTE Ca NPOCEYHOM OLEHOM
10,00 u ucnynuo cBe octane odaBese NpONKUCaHe MIIAHOM H IIPOrPaMoM.

OcuogHa ofact Hay4HOT HHTepecoBama Henana b. [Tomoruha je MeTogosordja cHuMama, obpazne u
UHTEepHpeTannje eneKTpoGu3nonomKuX curHana. ToKOM HOKTOPCKMX aKafeMCKuUX CTyauja, y
noroeopy ca jap Hamuumom Mmbkosuh, BaHpegHOM mpodecopkoM ce (OoKycHpao y Hay4dHO-
UCTPAXHMBAUKOM pajy Ha noTeHiujan npuMmeHe enekrporactporpadexux (EIT) curnana. Ilpumena
EI'T curuana 3a JujarHOCTHKY je o6yiacT y MOBOjy KOja NOTEHUMjAIHO MOXKe Ja AoNpHHece 60beM
KBAJIUTETY XKHBOTA BEJIUKOT Opoja jbyau. HeHan je nu3yyaBao MeToJie 3a Mepeme U npouecupamwe EIT
CHMIHANA, KA0 ¥ TIOTEHITHjall IPIMeHe NPOLeCHpaHnuX CUrHana. Pesynrat pajia Cy 3HauajaH JOMPHHOC
npumenn EIT curHana y ucTpaxuBamMMa aiu u KIHHH4YKOM pany. Henan je xopuctuo EIT xao
TEXHUKY 3a eBajyalujy (U3HOJOLIKOr CTakba MCHMTAHMKA y YCJIOBUMA Y KOjUMA je UCIMTAHUK Y
MPOCTOPY BHPTYEJHE PEaTHOCTH U Y YCIOBHMA y KOjHMa je CUMYJHpaHa BoXa. Jleo ncTpaxuBama
je KauauMaar peaqM3oBac y capalmH Ca HCTPaKUBAUKMM THMOM YHjM je pyKoBojunay jap Jaxa
Copnuk, peosuu npodecop Enektpotexnuukor dakynteta YHHBep3utera y Jbybsbanu.

On janyapa 2016. jo maja 2018. romune Omo je 3amocieH y ¢upmu Biofronik xao TeXHHUKH
KOHCYNTAHT OpPH HMIUVIAHTALUMjH ¥ KOHTpoNama IejcMejkepa M MMITaHTHOMITHHMX KapauoBepTep
nedubpunaropa. Ox maja 2018. 1o nanac pamu y ¢upmu Abboft, Ha ucToj NO3UUMjH. Y JoCafallibojf
Kapujepy MpyXHO je MOAPLUKY Ha mpeko 750 ummnaHTauuja, 1 OUO AHTaXXOBaH KAO KOHCYITAHT Y
KIWHKHKaMa y 3eMJbH U perioHy. PeloBHY je ydeCHHK KapAUONOLIKHX KoHrpeca. Y jyHy 2019. rogune
O/IpKao je Tpe3eHTaNHjy Ha cacTaHKy PaxHe rpyne 3a nejcunr Peny6iuke Cpbuje. AKTHBHO ce 6aBH
elyKaIlijoM Jiekapa 1 MeARIUHCKOr 0c00Jba, a Yy ToKy 2020. paayo je Kao eAyKaTop HOBO3AIOCIeHUX
HIDKemepa Ha Teputopuju EBporne, Bauckor uctoka u Adpuxe.Y debpyapy 2021. roaune nobuo je
Harpazy 3a Haj0oJber KIMHHUYKOr HHKemepa koMnanuje Abbott y Toxy 2020. roguHe Ha TEpHTOPHjH
Hctoune Eppone, biuckor ucroka u Adpuke.

Ayrop je derupu paja y meljyHapomHuM daconrcuma ca SCI nucte (ABa Kao NpBU ayTop), kao u 11
pagoBa (7 Kao mpBM ayTop) KOjU Cy TPEACTaB/beHM Ha MelyHapoJHUM W HAIMOHATHHM
koHpepeHLjama.

2. OIIKUC JUCEPTAIINJE
2.1, Canpoxaj nuceprauyje

JloxTopcka [Hcepralija IMoZ HAacloBoM ,MeToAc 3a OLEHY eJIeKTpUYHE AKTUBHOCTH IJIATKUX
muminha® Harnucana je Ha eHIJIeckoM je3nky Ha 113 crpaHa u canpxu 62 cnuke, 8 Tabema u 222
pedepeHile HaBejieHe 1o penociiery nuTupama. CTpykTypa Auceprauuje o0yxBarta cieznelie nenuHe:
YBon

Hncrpymenranyja 3a EI'T’ cHuMame

ITpoTtokon Mepewa

Anamiza v uaTeprnperanyja EI'T curnana

OueHa racTpuyHe MUOCNICKTPHYHE aKTHBHOCTH Y AUHAMIYKOM OKPYIKEHY

N S S

. 3akpyvak
ITpuor A — AHatoMmuja 1 (HU3HONIOTHja TaCTPOUHTECTHHAJHOT CUCTEMA
Ilpunor b — Metoze 3a olleHy racTPOHHTECTHHAIIHOT CHCTEMA.




TexcT muceprauyje cajapxu u: 1) HACIOBHE CTpaHe HA CPICKOM H €HITIECKOM j€3HKY, 2) MOIaTKe O
MEHTOPY M 4aHOBUMA KOMHcHje, 3) 3axBaiHuLy, 4) pesiMe Ha CPIICKOM M €HIVIECKOM je3UKY, 5)
cajpxaj, 6) Hpearoop, 7) cmucak ciumka, Taberma u ckpahienuia, 8) cmmcak pedepenun, 9)
6uorpadujy xammmmara, 10) um3jaBy o aytopcTBy, l1) M3jaBy O HCTOBETHOCTH LITaMIaHEe H
eJIEKTPOHCKE Bep3lje JOKTOpCKe aucepTanyje u 12) uzjaBy o kopumhery.

2.2. Kparax pukas noje/IMHaYHuX TOr1aB/bha

VBos — Y 0BOM HOrnasby Ae(UHKCaHA je 1 onucaHa enekrporactporpaduja (EIT) kao HennpasusHa
TEXHHKA 33 CHUMAH-€ eNeKTPHIHE aKTUBHOCTH IIaTKiX Muiuha sxesyna. JlaT je uCTOpHjcKy Tperies
pa3sBoja OBE TEXHUKE Ka0 M OCBPT Ha TPEHYTHH CTAaTyC OBE TEXHHKE Y AOMEHY Meperba, IpoTOoKoNa,
npolecupama, HHTeprperaipje u npuMeHe. JlogaTHO, HaBelleHM CY OYEKMBAaHM MPaBUM Jajber
pasBojay oBOj o0OacTu.

Hucrpymenrauuja 3a EI'T cuumame — [IpBH €0 OBOT IOINaBJba YKJbYdyje pa3MaTparme OCHOBHMX
IIpeycioBa Koji Mopajy OWTH MCIymeHu ja Ou ce peannsoBaia ojrosapajyha HHCTpymeHTauuja.
Jpyru neo naje ocepr Ha Moryhisoct cHumama EIT curmana ypehajuma Koju cy npuMapHO
KOHCTPYHCAHM 33 Mepeme JPYTHX eTeKTPO(U3HONOMKIX CHIHANIA, Kao W THperie] KOMEPMjaIHo
poctynmHuX ypehaja 3a enexrporactporpadujy. Tpehn neo ommcyje MOTHBAUMjy M peanu3anujy
ypehaja y OKBUpPY MCTpa)KHBA4KOr pajia KaHJuAaTa, Kao U KapakTePUCTUKE Pean30BaHOr CUCTEMa 32
mepeme EIT cumrmana. Ha xpajy oBor moriiajba, Jate Cy CMEpHHMIE 3a Jabu pa3Boj nocrojehe
MHCTPYMEHTALHje.

IIpoToxoa Mepema — OBo nornasske 6au ce rioctojehnm npoTokoMa 3a cHuMawe EI'T curnana,
K40 W M3a30BHMa ca KOjUMa ce CyouaBajy WCTpaKHBAaul y OBOj obnacTv. JacHO cy omucaHd
JIONIPHHOCH KaHIMIATa Ha MoJby Ae(pHHHCama NpEernopyka 3a ONTUMM3ALMjy MEPHOI MPOTOKONA Y
JIOMEHY H-EroBOr Tpajarba, MO3UIUje UCIHTAHUKA, TOCTABKE eIEKTPO/Ia, Ka0 U TeCT 00poKa.

Ananmza u unTepnperauuja EI'T curnana — Kako epanyauuja EI'T curHama v aHamu3a HCTOT OCTajy
J0 JaHac jemaH o Hajsehux u3asiBa y o0nacTH enexkTpodu3uooruje, OBO IOIVIaBJbE JETaBHO
onucyje Tekyhe mpoGieme u pemema koja cy TNoHylleHa Kao pesynrtar MCTpaXkuBama OBE
aucepranyje. Ipukasane ¢y MeTo/le 3a MaHyeJIHy ¥ ayTOMAaTCKy eKCTpakuujy myMa. Hoe meroze 3a
ayTOMaTcKy ejMMHBALMjy Wiyma 0asupaHe Cy Ha aHalIU3H BHJACO CHMTHAIA M (QPaKUMOHOM
nudepenumjandoM padyHy. Taxolje, JaT je OCBPT Ha CTaHJapAHE NapaMeTpe KOjU ce KOpHUcTe 3a
kpantuukanujy EI'T curHana, Ha Koju ce HaJoBe3yje TNpEANor HOBHX mapamerapa (Cpelibe
KBAJIpaTHE BPEJHOCTH, MeaujaHe (pekBeHLMje M KpecT (akTopa) KOjH Mory OuTH O 3Ha4aja 3a
eBajlyalujy ejIeKTpUYHe aKTUBHOCTM TIATKMX Mulnmha dxenyla, mnpe CBera OHMX CHHMJbEHUX Y
JUHAMUYKOM OKPYIKEHY.

Ollena racTpy4He MUOEIEKTPHYHE AaKTUBHOCTH Y IMHAMHYKOM OKpyskewy ~ HakoH yBoJHUX JieN0Ba
KOjU ONMCYjy MpUMEHY M 3Hayaj Mepewa y JAUHAMHUKOM OKpPYXKemYy, Kao W MpenopyicHe
MoznduKalrje MPoTOKoNa, CJIe[N Ieo Koju ce THie cHuMama EI'T curuana y ycrnoBnMa BHPTYEJIHE
peaNHOCTH KM TOKOM cuMyjanuje Boxe. [lpukazanm cy pesynratu pobujenn kopuiuherem
npunaroljeHor MpoToKosa y3 NpUMEHY Kako CTAaHIApPAHHUX, TAako W HOBUX mnapamerapa. Tume je
nokasano Aa EI'T kao MeToja MO<e JaTH 3HayajaH AOHPUHOC yHampehemwy koM@opa KOpHCHHKA
BUPTYEJHOT OKPYXeHha 1 CUMYJIaTOpa BOXKHLE.

3ak/bydaK — Y OBOM II0IVIaBJbY JIaT je CBeoOyXBaTHU 3aKJbydaK AUCEPTAlH)E,

[punor A: AnatoMuja ¥ (PU3HONOTHja TACTPOMHTECTHHANHOT cHMcTeMa — [Ipernes aHaTOMCKHX H
(U3MOJIOMIKMX KAPAKTEPUCTHKA I'aCTPOMHTECTHHAIHO CHCTEMa ca (OKYcoM Ha XKEJTylly je mpHKasaH
y OBOM mpusiory. MeJuUMHCKa 3Hawa Koja je KaHAWAaT CyMUpao Y OBOM HPUJIOrY, CTeYEHa TOKOM
IErOBOI HAYYHO-MCTPAXKUBAYKOT paja, Mory OHUTH KOpPHCHA 3a aJeKBATHO pasyMeBame OBOT
HCTPaXKUBaba ca MEAMIMHCKOT acHeKTa.

Ipunor B: Metoze 3a OrleHy MacTPOMHTECTUHAIHOT cUCTEMAa — Y OBOM IIPUIIOTY MPEACTABIBEHE CY
JMjarHOCTHYKE METOJIE 34 eBallyaliiljy racTPpOMHTECTHHAIHOT TPaKTa, a Koje ce CTaHAapAHO KOpUcTe
Y KIIHHAYKO] TTpaKCH.




3. OHEHA JTHCEPTAIIUIE

3.1. CaBpeMEHOCT H OPUTHMHAIHOCT

VYV BpeMeHy Yy KkojeM ce cBe deinlie KOpHCTe BHIEO Hrpe ca TpoAMMeH3noHaimHOM (3/1)
perpe3eHTal1joM, CUMYIaTOPH BOXI:E H JieTerwa, ypehaju Koju HCIUTAaHUKY 110Ka3yjy BHUPTYENHY U
NpOIIMPEHY CTBAPHOCT, je NpuMelieHO Oa ce jaBibajy MyuHMHA, U Jpyre HempujatHocTu. Ocehaj
My4HHHE je 1mocebHO u3paxkeH GOPaBKOM y BUPTYEJIHO] PEalHOCTH y PEIATUBHO JYTMM BPEMEHCKHM
HHTEpBAMMA WJIA TOKOM 3aXTeBHHMX CHTyalldja, LITo OoHeMoryhaBa NpHUMEHY H Jajbl pa3Boj OBHX
cucteMa. EdukacHa 1 noysjauna rpoleHa MyqHHHE je O]l CYLUTHHCKOI' 3Havaja 3a [pUMeHy chcTeMa
BUPTYeNHE ¥ JIONYIbeHe PealHOCTH Y JY'KMM BPEMEHCKAM HHTEpBalHMa, a TO MMa €CCHLHjaTHy
BPEAHOCT Yy pa3Bojy 0e30e[OHOCHHX CHCTeMa Ha OCHOBY NpOydJaBama [IOHAIIamka BoO3adva.
3axBabyjyhin CBOjOj HEMHBA3MBHOCTU M e(HUKACHOCTH y [CTEKTOBalmYy eJEeKTpHYHE aKTHBHOCTH
rnatkux munmaha xenyua, EI'T ce nojaBipyje kao mOorogHa MeTola 3a 00jeKTUBM3aLMjy aKTHBHOCTH
OpTHH3MA KOje Cy MOoBe3aHe ca My4HHHOM. MepememM u avanusoMm EIT curnama npu xopumhemy
CHMYNIATOpa BOXHG M BHUPTYeNHE pealHOCTH Morylie je Oosbe 00jeKTHBHO mHpaTuUTH (EeHOMEH
MyYHHHE U OMOTYRMTH pa3Boj HOBUX NPOTOKONa Koji fie cMambuTH ocehaj MyuHHHE.

EIT Meroja HMje CTaHIAap[U30BAHA U HE TOCTOjM KOHIEH3YC O TMPOTOKONLY Mepema (HIp. MecTo
MOCTaBKA TIOBPHIMHCKUX €NeKTPOja, MON0Xa] MCIHTAHUKA TOKOM Meperba, MNpPeropyydeHo Tpajambe
Mepewa). He moctoju HU cranjapAn3oBaH NMPOTOKOJ O METo/IaMa KOjeé Cy CBPCHCXOJIHE 3a aHalM3y
cHTHasa, MUHHMU3ALK]Y [IyMa U eKCcTpakiujy obenexja curaana of uHtepeca. Kanugar je y cBojoj
JIOKTOPCKO]  IMCepTalMju  TIPEUIOKHO HOBE TIPOTOKOJE 3a Mepee, I10jeAHOCTaRILEHY
HHCTPYMEHTALM]Y, KA0 W TapaMeTpe KOjH ceé MOTY TIPUMEHHMTH 3a IpOLEHy MyYHHHE y YCJIOBHUMa
BHPTYENIHE PEaJIHOCTH U NPHIIHKOM Kopuluhewa cCuMynaTopa BOXHE.

3.2. OcBpr Ha pedepedTHY M KopuuieHy JIHTEPATYPY

Tokom u3pajie JOKTOPCKe Jicepranje, KaHAHAAT je UCTPaXkHo noctojefly peneBaHTHY JTuTepaTypy
Koja ykJbyuyje 222 pedepenue. Jlutepatypa obyxBaTa pamoBe KOjH MpPUKA3yjy TPEHYTHO CTame Y
obnacty, anu U Jeo QpyHJaMEHTAJHHX HCTpaKHBAaba Koja Cy MOCTyKHJIa Kao IMOoja3Ha Tayka 3a
MEpee U aHaIM3y eNeKTPO(U3MONOLIKIX CUrHaa, a nipe ceera EIT.

Jucta pedepeHUn yKIbYUyje paioBe Ha TeMe Koje Cy Y Be3N ca JJOKTOPCKOM JHCEepTaIlljoM M TO y
obnacti GUOMEAHUMHCKOT MHXXCHEPCTRA, MeJIHIIHE, METO/la aHaIU3e OHOCHTHaNA OJIHOCHO METO/a
33 eTMMHHALN]Y IyMa W ekcTpakuujy obenexja w3 Ouocuruana, geHOMEHa MyYHHHE Y MojayaHoj |
BUPTYEJIHOj PEATHOCTH, PAauyyHaPCKUX MeToJa 3a oOpaJly CHTHaJla M Ha TeMy CHCTEMa 33 Mepeme
buocurnana. Komucuja je 3ak/pyunna Aa je KaHAWAAT TEMEJbHO HPOYUHO Pa3Boj, TPEHYTHO CTamkbe y
obnactu u npobeMe Ha Koje je y Te3u 1ao OJroBope.

3.3, Omnuc 1 aJIeKBATHOCT NPHMELEHUX HaYUYHUX METOAA

Mertozmonoryja neTpaXknBama yKIbYUHIa je crefieie akTHBHOCTH:

e  (DopMupame NoJa3HUX XUIOoTe3a U (popMynalyja MOTYRHX pelema

e PasBoj uHcTpymeHTanmje 3a mepewme EI'T curnana

e Paszgoj ympomhienor mnporokoma 3a Mepewe EIT curHana w ucnuTHBame yTHIAja
YHYTpaIIBHUX (HIp. TEJeCHA TEXKHUHA) M CHOJbAllmbUX (HIpP. Tpajawe CHUMAaMa) ¢axTopa Ha
EI'T curnan

e Pa3Boj HOBHX MeEToJa 3a eMMMHHALIM]Y lIymMa M ekcTpakuujy obenexxja m3 EIT curnana ca
[UJbEM JIETEeKLHj€ U MPOLIeHe My YHHHE

e Epanyanuja npeaioxeHor IpOTOKOJA ¥ METO/ia 3a aKBU3UIMjy U npouecupame EI'T curnana
HA UCIUTAHULIMA Y YCJIORUMA CTAaTHYKUX U AUHAMHUYKHX MEpeHha

e JlokyMeHTOBame [OOMjeHHX pe3ynTaTa M KPHUTHYKM OCBPT Ha YCMEIIHOCT MNpeIoNKeHUX
MeTo/a, Kao M Ha MOTyRHOCTH fasber pa3Boja H IpUMeHe

Meroponoruja kojy je KauauaT NPUMEHHO Yy MOTIYHOCTH OATrOBapa CTaHAap/MMa HaydHO-
HCTPAXKUBAYKOL PaJia M Y CariacHOCTH je ca TTIOCTARJbEHUM LHJbEBMMA JIOKTOPCKE ANCEpTaIlHje.




Kannuaar je sieo uctpaxusarma ob6asuo y MatuyHoj kyhu (Enexrporexuuku daxynrer YHusep3urera
y Beorpany), a ieo y capaliibi ca THMOM KOju ce 6aBH MPUMEHOM e1eKTPOPU3HONOLIKHX Mepetba Ha
EnexTpoTexHnukom ¢axynrety YHuBep3uteTa y JbyOmanu.

3.4, ITpuMEeHJBHBOCT OCTBAPEHUX PE3yTaTa

HcTpakuBarba ¥ pa3Boj HOBE HHCTPYMEHTAllHje, HPOTOKOJIA M METOJA 3a aHanusy curHaga cy
JUPEKTHO €BaNyMpPaHM 3a IPHMEHY Yy YCJIOBHMAa BHpPTYesHe PEalHOCTH M NpPHIHKOM Kopuiifierma
CHMYNATOpa BOXKILE.

[lopes moTeHUHWjajHe NPUMEHE Yy YCJIOBUMa BUPTYEJIHE DPEAHOCTH W CHMYJIATOPUMA BOXHC,
npuMmena ynpomhene Texuuke 3a Mepewe EIT curHama y3 oaropapajyhe merone 3a eKCTpakUujy
froMapkepa, MOXe Ce HAKOH JJaJbUX MCITHTHBAKbA UMIUIEMEHTHPATH U Y KIIMHIYKOM OKPYXEHY.

Taxolje, y mucepranuju je nokasaHo jga ropex ouene Mydnuse EI'T curnanu mory na ce Kopucte 1 3a
NpOLEHy IICHMXOCOMATCKUX CTama y MCHXOJIONMjM 3a OLUEHy T3B. gut feeling m y HEKM [pyrum
obactuma,

3.5. OueHa DOCTUrHYTHX CIOCOOHOCTH KaHIMIATA 38 CAMOCTA/IHU paj

Ha ocHoBy nperiena JOKTopcke auceptaiuje, Komucuja je mpouenmna na je xanauaat Hewan b.
[Nonosuh noka3ao cnocoOHOCT 3a CAMOCTAIHM HAyYHO-HCTPAXMBAYKH Paj KOjU YK/bYYYj€ KPUTHUKH
OCBPT Ha JOCTYIHY JIATEPATYpy, pasyMeBame TEOPHjCKUX NpuHIMNIA M Moryhnoct npumene
NpaKTHYHAX elleMeHaTa HCTPaXKuBama, Pa3Boj HOBUX METO/IA 3@ pelllaBare [0CTaBILEHOr Mpobiema,
K20 ¥ aHANmM3y JoOujeHux pesysTaTa.

HauuH Ha Koju je Jaucepralldja HamucaHa W JOMPUHOCH KOjU CY TPEACTAaBIbEHH y AMCEPTAlHUjH, a
HCTOBPEMEHO M TyOIMKOBaHHN Y HacOIMCHMA ¢a UMIIAKT GaKTOPOM H Y pajioBHMa Ha HAUMOHAIHHM U
meljyHaponuuM koHdepeHUujama YKasyjy Ha CIMOCOOHOCT M 3pENocT KaHAuaarta 3a caMocTallaH
HAYYHO-ACTPaXKUBAUKY Paj.

4. OCTBAPEHU HAYYHHU JOHNPHUHOC

4.1. [Mpuka3 ocTBapeHUX HAyYHHX AONPHUHOCA
OCHOBHY Hay4YHH JIONIPUHOCH KOJH Cy OCBapeHH y OKBUPY JOKTOPCKe AucepTauuje cy cienehu:

e Pa3Boj ¥ peanuzauMja WHCTPyMEHTalje Kkoja oMmoryhaea Mepeme €NEKTPHYHUX CHUIHaja ca
raaTkux Muuinha xenyna;

e Pa3Boj m cmamyauuja NPOTOKOJNA KOjM je MNPHUIArofjeH HCTPaKMBAHUMA M MOTEHLH)alHoj
KJIMHIYKO] yrnoTpebu ca oArosapajyhinuM mpenopykaMa 3a HO3HLHOHUPAEE €JIEKTPOJIa, Tpajabe
CHUMaha # YCJIOBE TecTupama (Hph. AeduHUcambe TecT 06poka, NO3ULMjE UCTIUTAHMKA TOKOM
Mepewa);

e Pa3Boj HoBUX MeTOJa 3a enuMMHANH]Y wyMa u3 EI'T curnana,;

e Ksantudukopana oneHa MydHuHe mnpumenoM EIT 6uHoMapkepa, kao u mnopelierme ca
KBaJIUTATUBHIM Mepama;

e Kpantudukopaa NpoUeHA CUMIITOMa My4HHHE KOJ HCTIMTAHMKA y TOKY CHUMyJaLHje BOXHe 1 y
YCIIOBUMA BUPTYEJIHE / IOy beHE PEalHOCTH TPUMEHOM OAroBapajyhux nmporoxona;

e Pasmarpame M TecTHpame HOBMX MeToia mpoiecupama EIT curHana y ayToMoOMICKOj Wy
HHJYCTPUjH BIJICO UTapa

4.2. KpuTyyka aganuza pe3yirara MCTpaXKnBarmba

KOMI/ICI/Ija I(OHCTaTyje Ja je KaHIuaaT YCIICIHO OArOBOPHO Ha CBa ONTHa nuTamka Be3aHa 3a
MOCTAaBJbEHE HMJBEBE UCTPAKNBAILA, TIOJIA3HE MPETIIOCTABKE U OCTBAPEHE pe3ynTaTe.

PasBujeH je u peanusoBan cucteM 3a Mepeme EIT curnana. JleduHucann cy HOBH I10je/IHOCTABILEHH
npotokonu. [Ipeanoxkene cy HOBe U OpUTHHANIHE MeTojie 3a ekcTpakuujy wyma us EI'T" curnana, kao
W 3a mpopauyH oaromapajyhux Omomapkepa. PeanusoBaHa je cTyauja 3a OllEHY MYy4YHHHE TOKOM
xopuiihema CUMyJIaTOpa BOXIbe, A1l ¥ Makba CTyAuja 3a OlieHy My4HHHE TokoM kopuinhewa Oculus
Rift ypehaja. Jlobujenu pesyntatd cy nopeheHn ca KBanuUTATUBHUM Mepama OlicHe MYyYHHHE I
pasMartpaHa je NpPHMMEHa HOBOI HAa4yMHA OLeHe eJNeKTPUYHE aKTHBHOCT Yy JMjarHOCTHYKE CBpXe




(craHmapAaH TPOTOKON KOjH Je(HHMIIE Mepeme Mpe W Iocie jena) TecTHpaH Ha 3ApaBHM
UCOUTAHULMA U [IPOTOKOJI 33 MEPEIbe Y IHHAMUYKHM YCJI0BUMA.

Komucuja xoHcTaTyje ga cy HaydHH JONPMHOCH OBe JucepTaiiyje NybnukoBaHu y melyHapomaHuM
JacolMcuMa ca UMITAKT dakTopoM kareropuje M21 u M23, anu u npeacTar/beHn Ha HAMOHATHAM H
MeljyHapoTHAM KOHpepeHIjama.

4.3. Bepudukauyja HayuyHUX JONPHHOCA

OCHORHH pe3yJITaTH HCTpPa)KMBamka NPUKA3aHOT Yy OBOj JUCEPTalMju NyOIuKoBaHU cy y cienehum
pazoBUMa:

a) PayioBU 06jaBEeHY Y HAYIHHM YacomicuMa oJi Me)YHapoIHOT 3HaYaja:

1. Popovi¢ N.B., Miljkovi¢ N., Stojmenova K., Jakus G., Prodanov M., Sodnik J.; Lessons learned:

Gastric motility assessment during driving simulation, Sensors (Basel), vol. 19, no. 14, 2019.
ISSN: 1424-8220, DOI: 10.3390/519143175 (M21, IF2019: 3.275)

2. Popovié¢ N.B., Miljkovi¢ N., Popovi¢ M.B.: Simple gastric motility assessment method with a
single-channel electrogastrogram, Biomedical Engineering / Biomedizinische Technik, vol. 64, no
2, pp. 177-185, 2019 (online 2018), ISSN: 0013-5585, DOI: 10.1515/bmt-2017-0218 (M23,
1F2018: 1.007)

6) PamoBH npukazaHu Ha MCBVHaDOI[HPIM Hay4YHHM CKYIIOBHMMaA.

1. Popovi¢ N.B., Miljkovi¢ N., Sekara T.: Electrogastrogram and electrocardiogram interference:
Application of fractional order calculus and Savitzky-Golay filter for biosignals segregation, 2020
19th International Symposium INFOTEH-JAHORINA (INFOTEH), March 17-19, 2020, East
Sarajevo, Bosnia and Herzegovina, pp. 1 - 5 (M33)

2. Miljkovi¢ N., Popovi¢ N.B., Prodanov M., Sodnik J.: Assessment of sickness in virtual
environments, Proceedings of the 9th International Conference on Information Society and
Technology ICIST, March 10-13, 2019, Kopaonik, Serbia, Vol. 1, pp. 76-81 (M33)

3. Gruden T., Popovi¢ N.B., Stojmenova K., Jakus G., Miljkovi¢ N., Sodnik J.: Electrogastrography
as a tool for sickness detection in autonomous vehicles, Proceedings of the 1st International
Congress on Motion Sickness and the collaborative 15th European Society for Clinical Evaluation
of Balance Disorders Meeting, July 7-10, 2019, Akureyri, Iceland pp. in - print (M34)

4. Popovi¢ N.B., Miljkovi¢ N., Papi¢ V.. Video-based extraction of movement artifacts in
electrogastrography signal, Book of Abstracts, Belgrade Bioinformatics Conference (BelBi), June
22, 2018, Belgrade, Serbia, Vol. 40, No. 1, pp. 126, ISSN: 2334-6590, DOI:
10.13140/RG.2.2.19753.29280. (M34)

Haxon 3applueTka nmucama JOKTOPCKE AUCEPTaLHje KaHAMAAT je 00jaBHo joll jeaH paj y HaydyHOM
9acoOMUCy O/ Mel)yHapoAHOr 3HAa4aja, KOjU Mpe/ICTaB/ba HACTaBaK pazla Ha TeMd Koja je obGpalena y
JIOKTOPCKOj JUCEpTaliMjy, a KOjH jé HacTao Kao pesylrtar capaime u3Mmely ucTpakupaua ca
Enextporexnuuxor ¢axyntera YHusepsutera y JbyOseanum u ca EnexTpoTexHMYKOr ¢akyJsrera
Vuusepsurera y beorpany:

1. Gruden T., Popovi¢ N.B., Stojmenova K., Jakus G., Miljkovi¢ N., Tomazié S., Sodnik J.:
Electrogastrography in Autonomous Vehicles - An Objective Method for Assessment of Motion
Sickness in Simulated Driving Environments, Sensors (Basel), vol. 21, no. 2, 2021. ISSN: 1424-
8220, DOI: 10.3390/s21020550 (M21, 1F2019: 3.275)

5.3AKJBYYAK 1 ITPEJIJIOT

Hokropcka muceprauuja IoJ HAacloBoM ,,MeTole 3a OLEHY CNeKTpHYHE AKTHBHOCTH TJIATKHX
muwpha®  pesynTar je BMIICTOJMIIMEr MCTpaxkuBawa Ha EnekrporexunukoMm akynreTy
Yuusepsnteta y beorpamy, a [AeNoBH HCTpaXKuBama pealu3oBaHH Cy Ha EnexTpoTexHHYKOM
taxynrery YHuepsurera y Jbybseanu. Kangmmatr Henan b. TNomosuh je y auceprauuju nmokazao
cBe0OYXBATHO 3HaE U3 00JACTH MEpera U aHaIu3e CNeKTPOo(H3HOIOILKIX CUrHaia, ca GOKYcoM Ha
efleKTporacTporpadju — METOAM 3a MEpPEHE eNeKTPUYHE aKTHBHOCTH TNATKMX MHInuha Jxemyra.




Takole, NOKa3ao0 je W CHOCOOHOCT 32 CAMOCTAJHH HAayYHOMCTPaXHBAUKU paj., Y Te3u je IpHKasaH
OpMTHHAIHHK JOIPUHOC Y Pa3Bojy HOBUX 1 yHampelery [ocTojehuX MeToAa 3a aKBH3MIK]Y 1 aHAIU3Y
enextporacTporpadckux curnaia. McTpaxmparma IPOMCTEKNa M3 OBE JOKTOPCKE JUCEpTamyje cy
yKazala Ha [OTeHIMjayl TpeJyloKeHe MeTofe 3a yHampelleme mnocrojehnx cuctema 3a
TIPOIIMpPEHy/NONYHeHY peanHocT. PajoM Ha HCTpaXUBAKY y AOKTOPCKO] JMCEPTALMjH, KaHAMIAT je
110Ka330 J1a je Y MoryhHOCTH J1a caMoCTaTHO AeUHUIIE TPOTOKONE, IPHKAXE Pe3yaTaTe, peanusyje
ofiropapajyhe Hay4HO 3aK/byuMBar€ M KPHUTHUKO pazMatpame. JI0JaTHO, KaHAMIAT j€ IOKazao
crocofHOCT fa HayuHe MeETOJle Ha OAroBapajyln HauuH MOBexXe ca NPHAMEHaMa y pasBojy
OUOMeUILMHCKE TEXHUKE U HH(POPMALHOHO KOMYHHKALMOHNX TexHonoruja, MKT.

Ha ocHOBy cBera HaBe[eHOr, €a 3a/0BOJBCTBOM mpemnaxemo HacraBHo-HayunoM Behy na ce
JOKTOpCKA JIUcepTalija MicaHa Ha eHITIECKOM je3HKy L0/l HasUBOM ,,MeTo/ie 3a OLleHY eJleKTPHYHE
AKTHBHOCTH raaTKux mumuha“ (eur. ,,Methods for assessment of electrical activity of smooth
muscles®) xangumata Henaga b, Ionouha, macrep MHXemepa eNeKTPOTEXHUKE W pavyyHapCTBa
NpUXBATH, M3OKH HA YBHI jaBHOCTH M YIIyTH Ha KOHA4HO ycBajame Behy naydannx obnactu
TEeXHIMYKUX HayKa Y HuBep3uTeTa y beorpany.

VY beorpany, 2. mapta 2021. roguxe
YJIAHOBU KOMHCHJE
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UNIVERSITY OF BELGRADE

SCHOOL OF ELECTRICAL ENGINEERING

TO THE TEACHING-SCIENTIFIC COUNCIL

Subject: Report on the submitted Doctoral dissertation by Nenad B. Popovié

By the decision of the Teaching-scientific Council of the School of Electrical Engineering, University of
Belgrade, no. 5026 / 16-3 from February 3, 2021, we have been appointed as members of the Committee
for the Review, Evaluation, and Defense of the Doctoral dissertation written in English by the doctoral
candidate Nenad B. Popovié, Master of Science in Electrical and Computer Engineering, entitled:

METHODS FOR ASSESSMENT OF ELECTRICAL ACTIVITY OF SMOOTH MUSCLES'

After reviewing the submitted Dissertation and other supporting materials, as well as communication with
the doctoral student, which resulted in minor technical corrections of the text of the Dissertation, the
Committee prepared the following

REPORT
1. INTRODUCTION

1.1. Chronology of Dissertation Approval and Preparation

Doctoral candidate Nenad B. Popovié¢ was enrolled in doctoral academic studies in the school year
2016/2017 at the School of Electrical Engineering, University of Belgrade, module Systems Management
and Signal Processing. He passed all exams with a GPA of 10.00 and fulfilled all related study research
work defined by the study plan and program.

Scientific research work began in non-invasive recording and analysis of the electrical activity of gastric
smooth muscle (electrogastrography - EGG), focusing on the development of new and improvement of
existing methods for acquisition processing of EGG signals. The candidate researched the application of
methods for measuring and analyzing EGG signals intending to implement tools for evaluating
psychophysiological changes in respondents during virtual reality and driving simulation. Associate
Professor Nadica Miljkovié supervised the scientific research work of the candidates.

The candidate submitted the topic of his Doctoral dissertation entitled “Methods for assessment of
electrical activity of smooth muscles,” which was written in English (“Methods for assessment of
electrical activity of smooth muscles”). At the 841% session held on June 11, 2019, the Teaching-scientific
Council passed decision no. 5026 / 16-1 of June 21, 2019, on the appointment of the Committee for the
evaluation of the scientific value of the topic of the Doctoral dissertation:

1. Dejan Popovié, PhD, SASA member, University of Belgrade - School of Electrical Engineering;

2. Jaka Sodnik, PhD, Full Professor, University of Ljubljana — Faculty of Electrical Engineering;

3. Nenad Jovi¢i¢, PhD, Associate Professor, University of Belgrade - School of Electrical Engineering;
4. Predrag Pejovié, PhD, Full Professor, University of Belgrade - School of Electrical Engineering;

5. Zaharije Radivojevié, PhD, Associate Professor, University of Belgrade - School of Electrical
Engineering.

" title in Serbian: Merose 3a oueHy eJieKTPHYHE AKTHBHOCTH IVIATKHX MHIIANA
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Associate Professor Nadica Miljkovi¢, PhD, employed at the School of Electrical Engineering, University
of Belgrade, has been appointed as a mentor.

At the 843" session of the Teaching-scientific council of the School of Electrical Engineering, University
of Belgrade held on September 17, 2019, item 22.2, the Teaching-scientific Council adopted the Report of
the Committee for the Evaluation of Conditions and Acceptance of the Doctoral dissertation (Decision
No. 5026 / 16-2 of September 17, 2019) according to which Nenad B. Popovi¢ defended his proposal of
the topic and thus the procedure of applying for the Doctoral dissertation was satisfied.

At 857" session held on January 19, 2021, the Teaching-Scientific Council made a decision on the
appointment of the Committee for the Review and Evaluation of the Doctoral dissertation (decision no.
5026 / 16-3, February 3, 2021) submitted by doctoral student Nenad B. Popovi¢ entitled “Methods for
assessment of electrical activity of smooth muscles”. The Committee members are:

1. Dejan Popovié, PhD, SASA member, University of Belgrade - School of Electrical Engineering;

2. Jaka Sodnik, PhD, Full Professor, University of Ljubljana - Faculty of Electrical Engineering;

3. Nenad Jovi¢ié, PhD, Associate Professor, University of Belgrade - School of Electrical Engineering;
4. Predrag Pejovi¢, PhD, Full Professor, University of Belgrade - School of Electrical Engineering;

5. Zaharije Radivojevié, PhD, Associate Professor, University of Belgrade - School of Electrical
Engineering.

The submitted version of the Dissettation was checked following the plagiarism rules, and the report from
the University Library “Svetozar Markovi¢” stated the 8% similarity with the material found on the
Internet. The found similarities are the result of citations, bibliographic data on the used literature, and
presentation of the research results of the candidate published under CC license or in an open access,
names of the instruments, methods, and parameters, as well as the parts of the text that is appropriately
cited and given under citation marks. By that, the Committee has concluded that the Doctoral dissertation
represents the candidate Nenad B. Popovié's original scientific work.

1.2. Scientific Field of the Dissertation

The research presented in the Doctoral dissertation belongs to the field of Technical Science - Electrical
Engineering, namely the scientific field of Biomedical Engineering. Specifically, the Doctoral dissertation
presents the development of a technique for non-invasive measurement of electrophysiological signals
originating from the smooth muscles of the stomach (part of the gastric system) in the human body and
the analysis and application of processed signals for diagnosis. The emphasis in applying the new
technique is to connect it with the symptoms of nausea of the examinee in the periods in which the
examinee was exposed to augmented and virtual reality (the examinee being a subject in a virtual reality
and driving simulation protocols).

1.3. Biographical Information About the Candidate

Nenad B. Popovié was born on September 3, 1992 in Ivanjica, Serbia. In Ivanjica, he attended the
elementary school “Kirilo Savi¢” and the grammar school. In both schools, he received the diploma “Vuk
KaradZi¢” and the best student award. He has won many awards at national and international competitions
in mathematics and physics during primary and high school education.

In the 2011/2012 school year, he enrolled in undergraduate studies at the School of Electrical
Engineering, University of Belgrade. After the end of the first year, he selected the Module of Physical
Electronics, Sub-module Biomedical and Eco Engineering. He graduated as the best student in the chosen
sub-module (GPA 9.74) in July 2015 with the topic titled “Design of a Device for Measurement and
Frequency Analysis of Electrogastrography Signals” under the guidance of Full Professor Mirjana
Popovié, PhD and Nadica Miljkovi¢, PhD, then an Assistant Professor at the School of Electrical




Engineering Univeristy of Belgrade. Nenad B. Popovié received the second prize at the ETF BAFA
competition for the best graduate thesis.

He enrolled in 2015/2016 school year into the Master's program in Biomedical and Eco Engineering at
the School of Electrical Engineering, University of Belgrade. He passed all exams with a GPA of 10.00.
He defended his master thesis, “Design of Methods for Signal Analysis and User Interface for Multi-
channel Electrogastrogram” in September 2016, supervised by Nadica Miljkovi¢, PhD, then an Assistant
Professor at the School of Electrical Engineering, University of Belgrade.

At the same School, he enrolled in the PhD program of Systems Management and Signal Processing in
the 2016/2017 school year. He passed all exams with a GPA of 10.00 and fulfilled all mandatory
obligations defined by the study curriculum.

The primary area of Nenad B. Popovié's scientific interest is the methodology for recording, processing,
and interpretation of electrophysiological signals. In agreement with Associate Professor, Nadica
Miljkovié, his doctoral academic studies focused on scientific research on the potential of
electrogastrographic (EGG) signals. The application of EGG signals for diagnostics is an area in its
infancy that can potentially contribute to a better quality of life for many people. Nenad studied methods
for measuring and processing EGG signals and the potential application of processed signals. The work
results are a significant contribution to the application of EGG signals in research and clinical work.
Nenad used EGG as a technique for evaluating the examinee's physiological state in the conditions in
which the examinee is in the space of virtual reality and in the conditions in which driving is simulated.
The candidate conducted part of the research in cooperation with the research team led by Full Professor
Jaka Sodnik, PhD, at the Facuity of Electrical Engineering, University of Ljubljana.

From January 2016 to May 2018, he was employed by the company Biotronik as a technical consultant
for the implantation and follow-up of pacemakers and implantable cardioverter-defibrillators. From May
2018 until today, he has been working for Abbort at the same position. In his career so far, he has
provided support for over 750 implants and he acted as a consultant in clinics in the country and the
region. He is a regular participant in cardiology congresses. In June 2019, he held a presentation at the
meeting of the Working Committee for Pacing of the Republic of Serbia. He is actively involved in the
education of doctors and medical staff, and during 2020 he worked as an educator of newly hired
engineers in Europe, Middle East, and Africa. In February 2021 he was awarded as the best clinical
engineer at Abbott for 2020 year in the Eastern Europe, Middle East, and Aftica.

He is the author of four papers in international journals from the SCI list (two as the first author) and 11
papers (7 as the first author) that were presented at international and national conferences.

2. DESCRIPTION OF THE DOCTORAL DISSERTATION

2.1. Dissertation Content

The Doctoral dissertation titled "Methods for assessment of electrical activity of smooth muscles" was
written in English on 113 pages and contains 62 figures, 8 tables, and 222 references listed in the citation
order. The structure of the Dissertation includes the following chapters:

1. Introduction
Instrumentation for EGG Recording
Recording Protocol

2

3

4. Analysis and Interpretation of EGG Signal

5. Assessment of Gastric Myoelectric Activity in Dynamic Environment
6

Conclusion

Appendix A - Anatomy and Physiology of Gastrointestinal System

-
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Appendix B - Methods for the Assessment of Gastrointestinal System.

The Dissertation also contains: 1) title pages in Serbian and English, 2) information about the mentor and
members of the Committee, 3) acknowledgment, 4) summary in Serbian and English, 5) table of contents,
6) preface, 7) list of pictures, tables, and abbreviations, 8) list of references, 9) biography of the candidate,
10) statement of authorship, 11) statement of the identity of the printed and electronic version of the
Doctoral dissertation, and 12) agreement for uploading Doctoral dissertation in PhD repository of
University of Belgrade and Copyright statement with selected Creative Commons license.

2.2. A Brief Overview of the Individual Chapters

Introduction - In this chapter, electrogastrography (EGG) is defined and described as a non-invasive
technique for recording gasttic smooth muscle's electrical activity. A historical overview of this technique
development is given, and a review of the current status of this technique in the domain of measurement,
protocol, processing, interpretation, and application is provided. Also, the expected directions for further
development in this area are listed.

Instrumentation for EGG Recording - The first part of this chapter includes considerations of the essential
prerequisites that must be met to develop the appropriate instrumentation. The second part gives an
overview of the possibility of recording EGG signals with devices that are primarily designed for
measuring other electrophysiological signals and an overview of commercially available devices for
electrogastrography. The third part describes the motivation and development of the device within the
candidate's research work, as well as the characteristics of the designed system for the measurement of
EGG signals. At the end of this chapter, guidelines are given for further development of the existing
instrumentation.

Recording Protocol - This chapter deals with existing protocols for recording EGG signals, as well as the
challenges faced by researchers in this field. Candidates' contributions in defining recommendations for
optimization of the measurement protocol in the domain of its duration, the position of the examinee,
electrode setting, and test meal are clearly described.

Analysis and Interpretation of EGG Signal - As the evaluation of EGG signals and their analysis remain
one of the most significant challenges in the field of electrophysiology; this chapter describes the current
problems and solutions offered as a result of research in this Dissertation. Methods for manual and
automatic noise extraction are presented. New methods for automatic noise elimination are based on
video signal analysis and fractional order calculus. Also, a review of standard parameters used for
quantification of EGG signals is given, followed by the proposal of new parameters (Root Mean Square,
Median Frequency, and Crest Factor) that could be important for evaluating the electrical activity of the
gastric smooth muscle, especially those recorded in a dynamic environment.

Assessment of Gastric Myoelectric Activity in Dynamic Environment - After the introductory part, which
describes the application and importance of measurements in a dynamic environment and the
recommended modifications of the protocol, the part concerning recording EGG signals in virtual reality
and driving simulation is presented. The results obtained using the novel, utilized, and adapted protocol
with the application of both standard and new parameters are presented. They showed that EGG as a
method can make a significant contribution to the improvement of the user comfort during virtual
environment experience and driving simulation.

Conclusion - This chapter provides a comprehensive conclusion of the Dissertation.

Appendix A: Anatomy and Physiology of Gastrointestinal System - An overview of the gastrointestinal
system anatomical and physiological characteristics with a focus on the stomach is presented in this
appendix. The medical knowledge that the candidate summarized in this paper, acquired during his
scientific research work, can be useful for understanding this research from a medical aspect.




Appendix B: Methods for the Assessment of Gastrointestinal System - This appendix presents diagnostic
methods for evaluating the gastrointestinal tract, typically used in clinical practice.

3. EVALUATION OF THE DISSERTATION
3.1. Novelty and Originality

When video games with three-dimensional (3D) representation, driving and flying simulators, devices
that show the examiner virtual and augmented reality are increasingly used, nausea and other
inconveniences have been noticed. The feeling of nausea is especially intensified when virtual reality
experience is relatively longer in time or it includes some challenging tasks, which restricts the
application and further development of these systems. Efficient and reliable assessment of nausea is
essential for applying virtual and augmented reality systems in longer time intervals. It has a critical value
for the development of safety systems based on the study of driver behavior, thanks to its non-
invasiveness and efficiency in detecting the gastric smooth muscles electrical activity, EGG appears as a
suitable method for detect the activities of the body that are associated with nausea. By measuring and
analyzing the EGG signal using a driving simulator and virtual reality, it is possible to suitably monitor
the phenomenon of nausea and enable the development of new protocols that will reduce the feeling of
nausea. The EGG method is not standardized, and there is no consensus on the measurement protocol
(e.g., location of surface electrodes, the position of subjects during measurement, recommended duration
of measurement). There is also no standardized protocol on methods useful for signal analysis, noise
elimination, and extraction of signal characteristics of interest. In his Doctoral dissertation, the candidate
proposed new measurement protocols, simplified instrumentation, and parameters that can be applied to
assess nausea in virtual reality conditions and when using a driving simulator.

3.2. Evaluation of References and the Used Literature

During the Doctoral dissertation preparation, the candidate researched the existing relevant literature,
which includes 222 references. The literature comprises works that present the current situation in the
field and part of the fundamental research that served as a starting point for measuring and analyzing
electrophysiological signals, primarily EGG. The list of references includes papers on topics related to the
Doctoral dissertation in the field of biomedical engineering, medicine, methods for biosignal analysis i.e.,
methods for noise elimination and extraction of features from biosignals, the phenomenon of motion
sickness in augmented and virtual reality, computer methods for signal processing and on the topic of
biosignal measurement systems. The Committee concluded that the candidate thoroughly studied the
development, the current situation in the field, and the problems he presented in the Dissertation.

3.3, Description and Adequacy of Applied Scientific Methods

The research methodology included the following activities:
e Forming initial hypotheses and formulation of possible solutions;
e Development of instrumentation for EGG signal measurement;

e Development of a simplified protocol for measuring EGG signals and examining the influence of
internal (e.g., body weight) and external (e.g., recording duration) factors on EGG signal;

e Development of new methods for noise elimination and extraction of features from EGG signals to
detect and assess sickness symptoms;

e Evaluation of the proposed protocol and procedures for acquisition and processing of EGG signals on
subjects in terms of static and dynamic measurements;

Documenting the obtained results and critically reviewing the success of the proposed methods and the
possibilities of further development and application.The methodology applied by the candidate fully
corresponds to the standards of scientific research work and is following the set goals of the Doctoral




dissertation. The candidate performed part of the research at the School of Electrical Engineering,
University of Belgrade and part in cooperation with the team involved in the research and application of
electrophysiological measurements at the Faculty of Electrical Engineering, University of Ljubljana.

3.4. Applicability of Achieved Results

Research and development of new instrumentation, protocols, and signal analysis methods have been
directly evaluated for application in virtual reality conditions and when using driving simulators. In
addition to the potential application in virtual reality conditions and driving simulators, applying a
simplified technique for measuring EGG signals with appropriate biomarker extraction methods can be
implemented in the clinical environment after further testing. Also, in the Dissertation it is shown that in
addition to the assessment of nausea, EGG signals can also be used to assess psychosomatic conditions in
psychology to evaluate the so-called “gut feeling” in some other areas as well.

3.5. Assessment of the Achieved Capabilities of the Candidate for Independent Work

Based on the review of the Doctoral dissertation, the Committee assessed that the candidate Nenad B.
Popovi¢ showed his capacity for independent scientific research, which includes a critical review of the
available literature, understanding of theoretical principles, and the possibility of applying practical
elements of research, development of new methods for solving the problem, as well as analysis of the
results. The Dissertation quality, the publications in journals in the WoS database, and papers published
in the conferences with peer-review acceptance policy prove capability and maturity of the candidate for
independent scientific research.

4, ACHIEVED SCIENTIFIC CONTRIBUTION

4.1. Summary of Achieved Scientific Contributions

The essential scientific contributions that have been achieved within the Doctoral dissertation are the
following:

e Development and implementation of instrumentation that allows the measurement of electrical signals
from the smooth muscles of the stomach;

e Development and evaluation of a protocol suitable for research and potential clinical use with
appropriate recommendations for electrode positioning, recording duration, and test conditions (e.g.,
defining test meals, subject positions during measurements);

e Development of new methods for noise elimination from EGG signals;

e Quantified assessment of nausea using EGG biomarkers, as well as comparison with qualitative
measures;

e Assessment of nausea symptoms in subjects during the driving simulation and virtual/augmented
reality conditions using appropriate protocols;

e  Consideration and testing of new EGG signal processing methods in the automotive and video game
industries

4.2, Critical Analysis of Research Results

The Committee concludes that the candidate has successfully answered all crucial questions related to the
set research goals, initial assumptions, and achieved results. A system for measuring EGG signals has
been developed and implemented. New simplified protocols have been defined. Unique and original
methods for noise extraction from EGG signals and the calculation of appropriate biomarkers have been
proposed. The study for the assessment of nausea during the use of driving simulators was conducted, as
well as the study for the evaluation of nausea during the use of the Oculus Rift device. The obtained
results were compared with qualitative measures for assessing nausea. The application of a new method




of evaluating electrical activity for diagnostic purposes (the standard protocol that defines measurement
before and after meals) tested on healthy subjects and protocol for measurement in dynamic conditions
was considered.

The Committee notes that the scientific contributions of this Dissertation have been published in
international journals with an impact factor of categories M21 and M23 and presented at national and
international conferences.

4.3. Verification of Scientific Contributions

The results of the research presented in this Dissertation have been published in the following papers:

a) Papers published in scientific journals listed in the WoS database:

1. Popovié¢ N.B., Miljkovi¢ N., Stojmenova K., Jakus G., Prodanov M., Sodnik J.: Lessons learned:
Gastric motility assessment during driving simulation, Sensors (Basel), vol. 19, no. 14, 2019, ISSN:
1424-8220, DOI: 10.3390/s19143175 (M21, 1F2019: 3.275)

2. Popovi¢ N.B., Miljkovi¢ N., Popovi¢ M.B.: Simple gastric motility assessment method with a single-
channel electrogastrogram, Biomedical Engineering / Biomedizinische Technik, vol. 64, no 2, pp.
177-185, 2019 (online 2018), ISSN: 0013-5585, DOI: 10.1515/bmt-2017-0218 (M23, IF2018: 1.007)

b) Papers presented and published in full in the proceedings of international scientific conferences:

1. Popovi¢ N.B., Miljkovi¢ N, Sekara T.: Electrogastrogram and electrocardiogram interference:
Application of fractional order calculus and Savitzky-Golay filter for biosignals segregation, 2020
19th International Symposium INFOTEH-JAHORINA (INFOTEH), March 17-19, 2020, East
Sarajevo, Bosnia and Herzegovina, pp. 1 - 5 (M33)

2. Miljkovi¢ N., Popovié N.B., Prodanov M., Sodnik J.: Assessment of sickness in virtual environments,
Proceedings of the 9th International Conference on Information Society and Technology ICIST,
March 10-13, 2019, Kopaonik, Serbia, Vol. I, pp. 76-81 (M33)

Gruden T., Popovié¢ N.B., Stojmenova K., Jakus G., Miljkovi¢ N., Sodnik J.: Electrogastrography as a
tool for sickness detection in autonomous vehicles, Proceedings of the Ist International Congress on
Motion Sickness and the collaborative 15th European Society for Clinical Evaluation of Balance
Disorders Meeting, July 7-10, 2019, Akureyri, Iceland pp. in - print (M34)

4. Popovi¢ N.B., Miljkovi¢ N., Papi¢ V.. Video-based extraction of movement artifacts in
electrogastrography signal, Book of Abstracts, Belgrade Bioinformatics Conference (BelBi), June 22,
2018, Belgrade, Serbia, Vol. 40, No. 1, pp. 126, ISSN: 2334-6590, DOL
10.13140/RG.2.2.19753.29280. (M34)

After completing the Doctoral dissertation, the candidate published another paper in a scientific journal of
international importance, which is a continuation of the work on the topic covered in the Doctoral
dissertation, which was created as a result of cooperation between researchers from the Faculty of
Electrical Engineering, University of Ljubljana and the School of Electrical Engineering,University of
Belgrade:

1. Gruden T., Popovi¢é N.B., Stojmenova K., Jakus G., Miljkovi¢ N., Tomazi¢ S., Sodnik J.:
Electrogastrography in Autonomous Vehicles - An Objective Method for Assessment of Motion
Sickness in Simulated Driving Environments, Sensors (Basel), vol. 21, no. 2, 2021. ISSN: 1424-8220,
DOI: 10.3390/s21020550 (M21, 1F2019: 3.275)

(¥8)

5. CONCLUSION AND PROPOSAL

The Doctoral dissertation entitled “Methods for assessment of electrical activity of smooth muscles” is the
result from many years of research at the School of Electrical Engineering, University of Belgrade, and




parts of the study were conducted at the Faculty of Electrical Engineering, University of Ljubljana. In his
Dissertation, Nenad B. Popovi¢ demonstrated comprehensive knowledge in the field of measurement and
analysis of electrophysiological signals, focusing on electrogastrography - a method for measuring the
electrical activity of gastric smooth muscles. He also showed his ability for independent scientific
research work. The Dissertation presents the original contribution to the development of new and
improved methods for the acquisition and analysis of electrogastrographic signals. The research resulting
from this Doctoral dissertation indicated the potential of the proposed method for improving the existing
virtual/augmented reality systems. The doctoral candidate has shown that he can independently define
protocols, present results, communicate appropriate scientific conclusions and critical considerations.
Also, the candidate has demonstrated the ability to appropriately link scientific methods to applications in
the development of biomedical engineering and informational and communicational technologies (ICT).

Based on all the above, we are pleased to suggest to the Teaching-Scientific Council that the Doctoral
dissertation is written in English entitled “Methods for assessment of electrical activity of smooth
muscles” submitted by the doctoral student Nenad B. Popovi¢, Master of Science in Electrical and
Computer Engineering, is accepted, presented to the public and sent for final adoption fo the Council of
Scientific Areas of Technical Sciences of the University of Belgrade.

In Belgrade, March 2, 2021
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