YHausepauteT y beorpany
EnexrporexHuuky GaxKynTer

HACTABHO-HAYYHOM BEhY

Ipeamer: [Togo6uoct Teme n kanaugata Henana Ilomosuha, Mactep HHXeHEPa €IEKTPOTEXHUKE
U pauyHApPCTBa, 3a U3paay JAOKTOPCKE JHcepTaIuje ,,MeToae 3a oleHy eJeKTpHIHE AKTHBHOCTH
raaTkux mumuha® (Ha enrneckom ,,Methods for assessment of electrical activity of smooth
muscles®).

OmykxoMm 6p. 5026/16-1 ox 21. jyua 2019. rogune, IMEHOBaHU cMO 3a wiaHoBe KomucHje 3a oneny
nogo6HOocTH TeMe M kaumupara Henana ITomoBuha 3a m3pagy HOKTOPCKE AMCEpTalHje UM HAaydHE
3aCHOBAHOCTHU TeME ,,MeToIe 32 OLEHY eJIeKTPHYHE aKTHBHOCTH TJIATKHX MHIIHNha“ (Ha eHITecKoM
,,Methods for assessment of electrical activity of smooth muscles®).

Ha ocHOBY MaTepujaia IpriIoKeHor y3 3axTeB Kanaunata, Komucuja nogsHocu cnenehu

U3BEINITAJ

1. Ilopanm o kaHAUAATY

1.1. buorpadcku nogany

Henan Iomosuh je pohen 03.09.1992. romune y VBamumu rae je 3aBpIINO OCHOBHY INKOJY H
I'mmuasujy. OcHoBHe akaneMcke cryadje ymucao je 2011, romume Ha EIEeKTpOTEXHHYKOM
dbaxynrery, Yuusepsurera y beorpany (ET®). {umtomupao je 2015. ronune Ha Monyny Pusnuxa
ENEKTPOHHKA — DBHOMEIMIMHCKA W EKOJIONIKM HIHDKEEEPUHT ca IIPOCeYHOM oIeHoM 9,73
on0paHuBIIN IUIUIOMCKH paJl IO/ Ha3HBOM ,lIpojexroBame ypehaja 3a Mepeme 1 QpeKBEHINjCKY
AHAJIM3Y €eJIEKTporacTporpapckux curHaia“ kxox MeHTopke npod. np Mupjane Ilomosuh u
xoMenropke jgom. ap Hamune MwbkoBuh. Jlumutomcku panx je HarpaleH ApyruM MeCTOM Ha
KOHKYPCY 3a HajOOJBM JMIUIOMCKH pajl Of cTpaHe YApyXema OHBIINX CTYACHTA U IpHjaTelba
Enexrporexuunukor ¢axyinrera BAFA U.S.A. Macrtep akanmemcke crynuje Ha ET®-y je ymucao
mxojacke 2015/2016. rogwHe Ha MOmyny DBHOMEIUITMHCKO M €KOJIOIIKO HHXXEHEPCTBO. Y
centeMbpy 2016. roguHe je 3aBpuIKO MacTep cTyauje ca npoceudoM oneHoM 10,0 u oxbpanuo
MacTep paa [ojA Ha3uBoM ,,Pa3zBoj Meroja aHanpM3e CHUTHAla W KOPUCHHUKE allIMKangje 3a
BUIIIEKAHAJHK elleKkTporactporpad kox MeHropke mou. aAp Hamuume Mwusbkosuh. Ha moxropcke
akajgeMmcke cryadje Ha ET®-y, u3bopHo 1mojapydje YnpaBibame CHCTEMUMa U 00pajia CUTHaIA, ce
yrucao 2016/2017. roguse.

3a BpeMe Tpajarba OCHOBHHX aKaJIeMCKUX CTyIHja o0aBihao je mpakcy y npexysehy Tecnalia Serbia
1.0.0. y obmactd ananmze OwocurHana. Y janmyapy 2016. rommHe 3amocino ce y KOMIIaHHjH
Biotronik u pagwo Ha MOCIOBAMa KIMHHYKOT HHXXEHEpa OJHOCHO TEXHHYKOT KOHCYJITaHTa 3a
yrpajaiby UMIDIAHTHOMIIHMX IIejCMejKepa U KapauoBepTep Aedudpunaropa y beorpany. Ox maja
2018. roguHe UCTy MO3UIK]Y obaBsba y kKomnanuju Abbott y beorpany.




1.2. CreyeHo HAYYHOUCTPAKUBAYKO UCKYCTBO

Kauaupaar je JOKTOpCKe aKaJeMCcKe CTyAuje Ha H30OPHOM NOAPYdYjy YIpaBjbake CHCTeMUMa H
obpaza curraia va ET®-y ymucao 2016/2017. mxoscke roauue. OJ TpeHyTKa ynuca 0 TpeHyTKa
[O/IHOLIEA 3aXTeBa 3a 0J00PEHE JOKTOPCKE JUCEPTAIHje MOI0XKHMO j€ CBEe UCIUTE (Ca MPOCETHOM
omenom 10,0) m o6aBHO cBe obaBese mpeiBHljeHe JOKTOPCKMM aKaJEeMCKHM CTyjdjamMa Ha
n360pHOM HOAPYYjy YipaBibame cucTeMHMa U oOpaja curhaia. CHmcak MOJOXCHHX UCIHUTAa U
obaBibennx obasesa je mar y ciaenehoj Tabenu:

6p. | Hazus ucnuma / obasese Oyena ECIIE [amym

1 | Heypanue mpexe 10 9 21.09.2018.
2 | Onabpane meToze obpaze GU3HONOMKHX CHIHATA 10 9 22.09.2018.
3 | Crnenujanau poOOTCKH CHCTEMH 10 9 21.09.2018.
4 | CaBpemeHe TEXHOJIOTHjE Y 3APaBCTBY 10 9 11.07.2018.
5 | YBoa y Hay4HM pan 10 6 09.07.2018.
6 | JluneapHe 1 HEJIMHEAPHE METOJIE aHAIM3E CUI'HalIa 10 9 14.09.2017.
7 | Knacuduxanuja 1 ecTHMAaIMja CHIHAIA 10 9 15.09.2017.
8 | Texuuxe obpajie ¥ Mpeno3HaBama TOBOPHOT curHana 10 9 15.09.2017.
9 | Teopuja poOOTCKUX cHUCTEMA 10 9 15.09.2017.
10 | Onabpane npuMeHe TUTHTATIHE 00pane CIHUKE 10 9 31.08.2017.
11 | Obasesa: Hayuno crpyunmpan, =~ - 3 28.09.2018.
12 O6aBe3a§ :CTylijKn HCTpaxanaHKH pa.zl 1 ; . = 15 ;29.()\9.‘201‘7.
13106&13635: Cryaujcxu I/ICTpa‘)KHBa‘H(‘I;pra,I[IkI . . = 15 k 28§09.2018.

Henan ITomosuh ce 6aBu pa3BojeM MeTOJa 3a aHaAIM3y M CHHAMAabC CICKTPUYHHX CHTHajla ca
ritatkux mumuha (enexrporactporpapekux — EIT curnana). Lluss ueTpakuBama Kanauaara je fa
ce peanmsyje mpotoTun ypehaja 3a mepewme EIT curmana 3ajeqHo ca pasBojeM HOBHX METOZA
aHaIM3e CHUMJBEHMX CHTHajJa Koje 6u oMoryhmie MCIMTHBAmBE paja XKejiayna y pasIdnduTHM
yCIIOBMMa Mepema M IIpuMeHoM onrosapajyliux mporokona. Hemap [lomoswh je pemmo Hus
TeXHHUYKHX TIpobJIeMa i IPEII0KHUO pellierha 3a yHalpeljerbe npojexroBane HHCTpyMeHTanje. [leo
CBOJHX HCTpakuBama (Meperme EI'T curnana ToxoM Kopuimhera CUMYJIaTopa BOXbE), KaHIHIaT he
CIIPOBECTH H Y capajibu ca BnexrporexuudkuM daxynreroM, Yausepsutera y Jbybipanu.

Jlo cama, Henan ITonopuh je o6jasuo jiBa paja y dacomucnma ca CLIM nucte (Ha jenHoM je mpBH
ayrtop). Jom jenan pan uuju je mpsu aytop Henaxn ITonosuh je TpeHYTHO Ha PEUEH3UJH Y YaCOIUCY
Sensors ca CII mucre. Ilopem pamoBa y 4acoluchMa, OH je KoayTop Wid aytop u 7
KoHdepeHIHjckuX pajgoBa. Ha jeqHOM CKyIly HAIMOHATHOT 3HA4Yaja ONpXKao je U I[PelaBamse II0
TIO3UBY.

Jlasa 01.07.2019. romwne ompXaHa je jaBHA ycMeHa OAOpaHa TeMe JOKTOPCKE NHCEpTalyje
(moxtopckn memut) mpen Komucmjom y cacray: ap Jejan ITlomosuh, wian CAHY; np Jaka
Conruk, penoBHH npodecop ca Enexrporexnuuxor ¢axynrera, Yuupepsutera y JbyOipanu; ap
Henan Josuunh, Banpenan npodecop; ap IIpempar Ilejosuh, pesoprs mpodecop; ap 3axapuje
Panusojesuh, Banpemun mpodecop. Onena Komucnje je na je kanauaar Henan Ilonosuh ycremHo
06PaHKo IIPEIIOKEHY TEMY JOKTOPCKE JUCEpTanH]e.

Y HacTaBKYy je CIIMCaK pafioBa KOjH TOKazyjy pesynTare Hocalalliiber paja i aQuHUTETe KOjU CY Y
CKJIafly ca IpeaIoKeHoM cepranyjom kaaauaara Hernana [Tonosuha.
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Cnucak pajgosa:

10.

paa y BpxyHckom mehyHapoanom yaconucy, M21:

Miljkovi¢ N., Popovié N.B., Djordjevic O., Konstantinovi¢ Lj., Sekara T.B.: ECG artifact
cancellation in surface EMG signals by fractional order calculus application, - Computer
Methods and Programs in Biomedicine, Vol 140, pp. 259-264, 2017, ISSN: 0169-2607,
DOI: 10.1016/i.cmpb.2016.12.017, impakt faktor za 2017: 2.674.

Popovié¢ N.B., Miljkovi¢ N., Stojmenova K., Jakus G., Prodanov M., Sodnik J.: Lessons
learned: Gastric motility assessment during driving simulation, - Sensors, under review,
2019, ISSN: 1424-8220, impakt faktor za 2017: 2.475.

pan y meljyHapoanom gyaconucy, M23:

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, impakt faktor za 2017: 1.088.

Caommrema ca MehyHapoHor cKyna mTaMnana y nejaunn, M33:

Popovié N.B., Miljkovi¢ N., Djordjevic O., Sekara T.B.: Artifact cancellation using median
filter, moving average filter and fractional derivatives in biomedical signals, - Proceedings
of the International Conference on Fractional Differentiation and its Applications, July 18-
20, 2016, Novi Sad, Serbia, pp. 150-161, ISBN: 978-86-7892-830-7.

Cimesa Lj., Popovi¢ N.B., Miljkovi¢ N., Sekara T.B.: Heart rate detection: Fractional
approach and empirical mode decomposition, - Proceedings of the 25" Telecommunications
forum, November 21-22, 2017, Belgrade, Serbia, pp. 1-4, ISBN: 978-86-7892-830-7, DOL
10.1109/TELFOR.2017.8249358, IEEE.

Miljkovié¢ N., Popovi¢ N.B., Prodanov M., Sodnik J.: Assessment of sickness in virtual
environments, - Proceedings of the 9™ International Conference on Information Society and
Technology ICIST, March 10-13, 2019, Kopaonik, Serbia, pp. 1-6, in print.

Caonmreme ca MehyHapoaHOr CKyna ITaMIAaHo y H3Boay, M34:

Popovié¢ 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.

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 1% International Congress on Motion Sickness and the collaborative 15" European
Society for Clinical Evaluation of Balance Disorders Meeting, July 7-10, 2019, Akureyri,
Iceland, in print.

IlpegaBame Mo MO3HBY €A CKYNa HAIMOHAJIHOT 3HAYaja TAMIAaHo y NeJuHd, M61:

Popovié¢ N.B., Miljkovi¢ N., Sekara T.B.: Two applications of fractional calculus on
biosignal processing, - Proceedings of the 2™ Conference on Measurement Information
Technologies (Konferencija merno-informacione tehnologije, MIT), December 7, 2018,
Novi Sad, Serbia, pp. 1-2, ISBN: 978-86-6022-132-4.

Caonmreme ¢a CKyla HANMOHAJIHOT 3HAYAja ITAMIIAHO Yy U3BoAy, M64:

Popovié N.B., Anti¢ M., Jankovi¢ M.M.: PhysioACQ — A software tool for video-assistend
multi-channel data acquisition, - Proceedings of the 2" Conference on Human-Machine
Interface from Student-to-Student Interface, March 20, 2015, Belgrade, Serbia, pp. 23,
ISBN: 978-86-7466-542-8.




1.3. Ouena noxoOHOCTY KAHAWAATA 33 PaJ HA IIPEUIOKEHO] TEMHU

IMpunukom nucama oor M3semnraja, Komucrja je pasMoTpHia CBE MIPETXOAHO HABEACHE YHIHCHULIE
U pesyarare y pocagammeM paay Hemama [Tonmosuha. Ca moceOHOM HaxmoM Cy pa3sMOTpeHa
HCKYCTBa Y MCTPAXHMBAYKOM paiy 4 y3umajyhu cee naBeneHo, KoMuchja je crexna yBHI Y HBErOBY
CIIOCOGHOCT 33 HAYYHO MCTPAXHBAYKU Pajl M paj Ha NPEIUIONESHO] TeMH JOKTOPCKE JHUCEPTalHje,
Koja je, Takohe, mpernos3Hara ¥ BpeIHOBAHA U OJf CTPaHe HaydHE 3ajeIHHIIE.

Crap KoMmucuje je NMO3MTHBAaH M HAKOH JeTabHOr oOpasiiokema mpemioxuhe ga tema Oyne
yCBOjeHa H Jia Ce KaHAUATY IIPYKd MOTYHHOCT Jia HaCTaBH Ca M3PaJioM JIOKTOPCKE JMCEpTalHje.

2. [IpegMeT 1 Wb HCTPAKUBAKA

ITpenMeT MCTpakKMBaba NOKTOPCKE aMcepTanje IoJ pagHHEM HacloBoM "Meroze 3a oreHy
eJIEKTPUYHE aKTHBHOCTHM IJIaTKux Muinmha" xoja he OmTu mmcaHa B of0pameHa Ha EHITIECKOM
jesuky (enr. "Methods for assessment of electrical activity of smooth muscles") je peamusoBarbe
HHCTpyMEHTAIHje 3a epuKacCHO HEMHBA3UBHO MEpPEHe, (POPMUPAR-€ HOBUX MPOTOKOJIA 38 CHAMAE
U pa3BOj HOBHX, Kao W yHampeljeme mocrojehux MeTona 3a aHau3y €JIEKTPUYHHX CHTHAJIA ca
rnaTkux munmha xenyna. IToceban akieHaT CTaBJbEH je Ha IIPUMEHH OBUX METOJA Y HCTIUTUBALY
racTpOMHTECTHHAIHOT TPaKTa, Kao ¥ ()eHOMeHa My4HHHE.

ENeKTpoGu3MONONIKY CHTHATIA Cy CBM EJEKTPHYHHM CHTHAIM KOjU C€ IPUMEHOM OJroBapajyhux
IIpeTBapaua IOCTAB/EHMX HA TEJIO HCIUTAHMKA MOTY CHMMATH M mpatuTd. HajmosHatdju u
HajpacIIPOCTPABCHU]H €TeKTPO(QHU3MONIONIKY CHTHATK JOOHJCHH Y UCTPAKUBARKLAMA U KIMHHYKO]
IpaKkCH [NPHMEHOM HEMHBA3MBHHX METOJd Cy: €JEKTPUYHH CHIHAIM CpPYaHOr Muimmha
(emextpoxapauorpad — EKID), eekTpudry CHrHaiu ca ckeneTHuX mummha (enextpommorpad —
EMI) M eNeKTpHYHH CHTHAIM MepeHH ca mosra (enexrpoennedanorpadp — EEID) [1]. Mame
pacIpocTpameHa U HETOBOJLHO MCTPAXKEHA eTeKTPO(HU3HONONIKA METO/IA KOja C& MOXKE KOPHCTUTH
33 HEMHBA3WBHY OLEHY TIaCTPOMHTECTHHAIHOI Tpakta je enekrporactporpapmja (EIT) [2].
OcHOBHA MpPETHOCT OBE MeETOJAE je IbCHA HEMHBAa3sHMBHOCT, [OK Cy MaHe HeJI0CTaTaK
CTAHJapPM30BAHMX IPOTOKOJIA M jOII YBEK HEJOBOJAHO HCIHTAHA JHjarHOCTHYKA YINOTPEOIHHBOCT
[3-4]. OCHOBHM IIMJBEBH UCTPAXKUBARKA Y OBOj AUCEPTALHM]H CY:

- Peanmsanmja oarosapajyhe MHCTpyMEHTaLMje 33 HEHHBA3UBHO M €(HMKACHO CHHMArbe
EIT curHana, ka0 ¥ Bepu(HUKaLKja MCTE Y YCIOBMMa CMAFCHOI OJHOCA CHUTHAJ/IIYM
(eur. SNR, signal-to-noise ratio).

- @opmupame oprosapajyhier mnporokoma 3a cHuMame EIT curiama ca nubeMm
MHHEMu3anuje Opoja KaHaja M YTPOIIKA BPEMEHA y3 HMCIUTUBAILE ITOHOBJHHBOCTH
IPEJUIOKEHE METOIE.

- Pa3Boj Meroma 3a e€CTUMAUMjy M OTKJamame IIyMa, Kao ¥ JAe(HHHCAHE HOBHX
napamerapa 3a OIEHY CTalba TaCTPOMHTECTHHAIHOL TPAKTA.

- IlpuMmeHa mnpemIoKeHe METOAE M HHCTPYMEHTallMje 3a KBAHTHTATUBHY OLECHY
racTPOMHTECTUHAIHOT TPAKTA.

- VcnuruBame mpHMeHe MpeyIoXNEeHe KBAaHTHTATHBHE OIEHE 3a TyMmademe (eHoMeHa
My4HHHE ¢a HOCEOHUM aKIIEHTOM TOKOM KOopHIINema CUMYNATopa BOXKEE, ajld U IPYTUX
00JIMKa BUPTYEIHE | JIOTMYHCHE PEATHOCTH.

360r KapakTepuCTHYHUX ocoOuHa curHaia (Hucka ¢pexseHumja ox oxo 0,05 Hz u Hucka
aMmmaTyfa o oko 200-400 pV) muje moryhe usspmmri Mepeme EIT curmana xopmimhemem
ypehaja mmpoke mpumeHe 3a Mepere Beher Gpoja emexrpodmsuonomkux curnana [3]. Haxon
BepH(UKaLHje MPEUIOKEHOr EIEKTPHYHOr KOJa ¢a I0jauyaBaukuM M (PMITEPCKAM eleMEHTHMA
(pamua Bepsuja ypehaja) 3a mepeme EIT curmama y oBoj Te3W, Hape[HH KOpak je peanusanyja
ypeljaja Ha IITaMIIAHOj IJIOYM U HETOBO TECTHpar-e. PagHoM Bep3mjoM peanmsoBaHor ypehaja sa
mepeme EI'T curnana 1o caja je CHIMJbEH BEJMKY OpOj TECT CHTHANA U IJTAHUPAHO j€ JOII Meperba.
Pesynratu crymuje Ha 20 3ApaBuX UCIHTAHMKA 00jaBIbeHH Cy y [5] M IMOKa3amu cy 1a je ypehajem
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Moryhe Ha oxrosapajyhu Hauwn U ca 3aj10BosbaBajyhinm xBanmureroMm cHuMuTH EIT, ma mocroju
pact nomunanTHe Qppexpennuje EIT curnana HakoH TecT 0OpoKa, | Ja je Moryhe mojeJHOCTaBUTH
HPOTOKOJ CHHMAH-EM CaMoO jeHOr KaHana Tj. Jja je cTaHmapIu3amija IpoTokona 3a Mepeme EIT
curHana Moryha. 3ak/pydiid OBOI paja BeoMa Cy OWTHH ca CTAHOBHMINTA HMIIEMEHTaLHje
IpeJUIOKEHE METOJEe Y KIMHUYKY M HCTpaXKHBauKy Ipakcy. IIporoxon cHumama u IpHIIpeMa
HCIMTAHAKA MOPajy OUTH jacHO Ae(pUHWCAHN U, Y pa3yMHOj MEpH, I10jeAHOCTaBJLEHH Ja Ou MeToa
MOTJIa Ha oAroBapajyhiu Ha4urH JIa c€ KOPUCTH.

Jeman ox BaxHuX 3amaTaka y mupoj npumenn EI'T Texnuke je enumuHanuja nryma [4]. 36or tora
ce Kao jelaH Of KJBYy4YHHX mpobiieMa MOCTaB/ba €CTHMAIja 3alllyMJBEHOCTH M OTKIIAH-AMbe
apreaxara Oe3 yTHI@ja Ha KOPHCTAH caipxaj curmana. ¥ pamy he OMTH TecTHpaHe pasjIduuMTe
METOJE 3a OTKJIamame IyMa (HIp. mNpuMeHa (pakTaaHe aHaluse, IPUMEHa HEYPaTHHX Mpexa,
aHaJIM3a BUAEO CHTHANA [6], mpuMeHa QpakiuoHuX u3Boja kao y [7-9], anu u MHOre Apyre).

Jom yBeK HEMOTIIYHO MCTpaXXeHH (EHOMEH jaB/barba MYYHHHE TOKOM BOXIbE, KA0 ¥ IPUITAKOM
xopuihierma CUMYJIaTOpa BOXHE U JPYrHX ypehaja BUpTyeslHe M JOIYE-E€HE PEalHOCTH MOXE Ce
KBAaHTHTATHBHO OICHUTH aHammsmpameMm EIT curHajsa CHAM/BEHHMX TOKOM MaHH(becTaluje
nomenyTux cumiroma [10-13]. V oBoM uctpaxusamy, ucnutupahe ce MOTyNHOCT KBAHTUTATHBHE
OIleHE TACTPOMHTECTUHAIHOT TPAKTa Y Pa3INYHTHM YCIOBHMA MEpeHa U NOCEOHO ca aKIEHTOM Ha
KBaHTA(HKAIMjH peHoMeHa MyyHrHe. OO3UpOM Ha HEJOCTATaK CTAHAApAHMX llapamerapa 3a OIHC
EIT-a [3], jeman opn 3amaraka he OwTé mpeajyior HOBHX IapaMeTrapa 3a KBaHTHGHKALHM)y
KapakTepucTHKa curnaia. OBaKBO MCTpaXXHBambe, IOpe] MEAUIMHCKE, MOXKE UMATH M IPUMEHY Yy
MHYCTpHjH, KaKO ayTOMOOHIICKOj, TAKO M Y HHAYCTPHjH BUACO Mrapa, i U y peaan3aldjd HOBHX
cHCTeMa BHPTYEJIHE U TOMyHkeHe peaHocTH [13].

2.1. PeneranTHa uTeparypa u3 o0JacTy HCTPaKHBAILA:

[1] Calder S., O'Grady G., Cheng LK., Peng D.: 4 theoretical analysis of electrogastrography
(EGG) signatures associated with gastric dysrhythmias, - IEEE Transactions on Biomedical
Engineering, Vol 64, No 7, pp. 1592-1601, 2017, ISSN: 0018-9294, DOL
10.1109/TBME.2016.2614277.

[2] Koch K.L., Stern R.M.: Handbook of electrogastrography, - New York: Oxford University
Press, 2004, ISBN: 0-19-514788-X.

[3] Riezzo G., Russo F., Indrio F.: Electrogastrography in adults and children: The strength,
pitfalls, and clinical significance of the cutaneous recording of the gastric electrical activity,
- BioMed Research International, Vol 2013, Article ID 282757, pp. 1-14, 2013, ISSN:
2314-6133, DOLI: 10.1155/2013/282757.

[4] Qina S., Ding W., Miaoa L., Xia N., Lia H., Yangd C.: Signal reconstruction of the slow
wave and spike potential from electrogastrogram, - Bio-Medical Materials and Engineering,
Vol 26, No Suppl 1, pp. S1515-21, 2015, ISSN: 0959-2989, DOI: 10.3233/BME-151450.

[5] Popovié¢ N.B., Miljkovi¢ N., Popovi¢ M.B.: Simple gastric motility assessment method with
a single-channle electrogastrogram, - Biomedical Engineering / Biomedizinische Technik,
Vol 64, No 2, pp. 177-185, 2019 (online 2018), ISSN: 0013-5585, DOI: 10.1515/bmt-2017-
0218.

[6] 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.

[7] Popovié N.B., Miljkovi¢ N., Djordjevic O., Sekara T.B.: Artifact cancellation using median
filter, moving average filter and fractional derivatives in biomedical signals, - Proceedings
of the International Conference on Fractional Differentiation and its Applications, July 18-
20, 2016, Novi Sad, Serbia, pp. 150-161, ISBN: 978-86-7892-830-7.

[8] Miljkovi¢ N., Popovi¢ N.B., Djordjevic O., Konstantinovi¢ Lj., Sekara T.B.: ECG artifact
cancellation in surface EMG signals by fractional order calculus application, - Computer
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Methods and Programs in Biomedicine, Vol 140, pp. 259-264, 2017, ISSN: 0169-2607,
DOL: 10.1016/j.cmpb.2016.12.017.

[9] CimeSa Lj., Popovi¢ N.B., Miljkovi¢ N., Sekara T.B.: Heart rate detection: Fractional
approach and empirical mode decomposition, - Proceedings of the 25™ Telecommunications
forum, November 21-22, 2017, Belgrade, Serbia, pp. 1-4, ISBN: 978-86-7892-830-7, DOL:
10.1109/TELFOR.2017.8249358, IEEE.

[10] Dennison M.S., Wisti A.Z., D’Zmura M.: Use of physiological signals to predict
cybersickness, - Displays, Vol 44, pp. 42-52, 2016, ISSN: 0141-9382, DOL
10.1016/j.displa.2016.07.002.

[11] Munafo J., Diedrick M., Stoffregen T.A.: The virtual reality head-mounted display: Oculus
Rift induces motion sickness and is sexist in its effects, - Experimental Brain Research, Vol
235, No 3, pp. 889-901, 2017, ISSN: 0014-4819, DOI: 10.1007/s00221-016-4846-7.

[12] Gavgani AM., Walker F.R., Hodgson D.M., Nalivaiko E.. 4 comparative study of
cybersickness during exposure to virtual reality and , classic” motion sickness: are they
different?, - Journal of Applied Physiology, Vol 125, No 6, pp. 1670-1680, 2018, ISSN:
8750-7587, DOI: 10.1152/japplphysiol.00338.2018..

[13] Miljkovié N., Popovié¢ N.B., Prodanov M., Sodnik J.: Assessment of sickness in virtual
environments, - Proceedings of the 9™ International Conference on Information Society and
Technology ICIST, March 10-13, 2019, Kopaonik, Serbia, pp. 1-6, in print.

3. IloJiazne xunorese

OCHOBHE XMITOT€3€ Y OBOM HCTPAKHUBAY CY:

1) V3 oarosapajyhy WHCTpyMCHTaIujy M jacHO Ae(QHHHCAHE METOJE NPETIpOecHparma H
aHaM3e CHrHaNa, Moryhe je BpeMEHCKH PelyKOBATU U HOj€HOCTABHTH IPOTOKOJI CHUMAamba
EIT curHama y Iuby npuiarohaBamba MeETOJE IUMPOj KIMHMYKO] M HCTPAXKHBAYKO]
yrorpe6u. JlofaTHo, Takas mpoToKou Gu Tpebaio jga omoryhu nobujame xBanureTHux EIT
CHHUMAKa (Ca CMarbE€HUM IIPUCYCTBOM IIIyMa).

2) Enextporactporpaduja, ka0 HEHHBa3MBHA METOJa 3a OLEHY CJCKTPHYHE aKTHBHOCTH
rmaTkEX MAmuha jKelyla, MOXe JaTH KOp¥CHe HHpopMmanuje 3a 00Jbe pasymeBame paja
raCTPOMHTECTHHATHOT TPAKTa.

4, Hayune MeTo/ie HCTPAKUBaba

Wcrpaxusame he 6uTu peanmsosaHo y Bulle Jaboparopuja Ha YHuBepsutery y beorpamy —
EnextpoTexHudkoM (axynrery, kao u Ha EBriekTpoTexHmdkoM (axynrerty YHHBEp3HTETa Y
Jby6smaru (Univerza v Ljubljani Fakulteta za elektrotehniko), a y capanmu ca ap Jakom ComHuKOM,
penosHEM mpodecopoM Koju je u wiaH oBe Komucwje.

YV mpBoj (asu uCTpakuBama CHTHamMM he ce CHEMATH pajaHoOM Bepsujom ypebaja koja je
peannsoBaHa Ha npotobopmy. IlojauaBauku u ¢unrepcky enementd pamHor ypehaja he Guru
JeTaFHO TECTHPAHM H HAaKOH peanusanuje GuuarHOr ypehaja ca IpeoKeHuM KOMIIOHEHTaMa Ha
[ITaMIIAHO] [NOYM M y ofroBapajyhem kyhumry, ypehaj he ce KOpHCTHTH 32 aKBH3ULH]Y Y
ucTpaxuBamuMa. JlofaTHo, pax ypehaja U mojeaMHHX eneMeHara (I0javyarbe, GUITPH, aHATIOrHO
IUTHTaTHA KOHBep3Hja) he Outu Tectipany i Ha cuMyiupanuM EI'T curnanuma.

CurHanu Koju he ce KOPHCTHTH 3a BepH(HUKAIHjy HHCTPYMEHTAIlMje Kao W 3a aHATH3HPAmke
Pa3IMYKTHX MPOTOKOJA, CHAMahe ce Ha 37paBUM HCIUTAHMIMMa, TOKOM MHPOBamka, Y Pa3IHIuTHM
BPEMEHCKHMM HHTEpBaINMa, ca u 6e3 yBohera Tect oGpoka. Ha ncTuM cauMituma ananusupahe ce 1
HOBE METO/IE 33 NPOLEHY ¥ CMAbeibe 3allyMIbeHOCTH. Jledunucame KBaHTHTATHBHIK ITapaMeTapa
3a OIEHy TaCTPOMHTECTHHAIHOT TPaKTa ie OMTH M3BPIIEHO HA MEPCHUM CUT'HAEMA.




V uumy mpoyuaBama (eHOMeHa My4yHWHe Omhe (OpMHUpaHH HOBM IPOTOKONH Ca YKIBYYECHHM
ayJIMO-BU3YEIHO-MEXaHHUKMM CTAMYJIyCHMa, Ca IMJbEM CHMYJAllje YCJIOBa BOXHE, Kao H
JI0KHBJbaja BUpTyelue peannocty. CyGjeKTHBHY creneH MyuHuHe ofpehuBahe ce u3pauyHaBameM
pesyjiTara CTAaHAApHAX YOHTHAKA ¥ IOPEJUTH Ca IPEATIOKEHAM HOBMM KBaHTHTATABHHM
napamerpuMa koju he 6utn nodujenn u3 mepenux EI'T" curnana.

5. OuyekuBaHUH HAYYHH JOIPHHOC

Ouexkyje ce na he ncrpaxuBame gaTu ciejehe HayuHe JOIPUHOCE:

- Oproapajyhy u jenrHoctaBHy 3a ynoTpeOy HHCTpYMEHTAIM]y 3a cHuUMame EI'T curnaia.

- TIporoxon mpumarofjeH uCTpakWBamy K KIMHUYKO] YIOTpeOH, ca CMEpHUIaMa 3a
HO3KIMOHUPAIE EIEKTPOA U TIPETIOPYICHO TPajarbe CHUMAmbaA.

- Hone MeTtoze 3a mporieHy ¥ oTkiIamame myma EI'T" curnana.

- Pesynratn anmanuze oxnoca EIT mapaMerapa ¥ KBaJIMTaTHBHMX MeEpa 3a ONCHY
MyYHHHE, & KOjU MOTCHIMjaJTHO MOTY JOIPHHETH O0JbeM pasyMeBamy DasHHX
CHUMIITOMA.

- Ogrosapajylin  MpOTOKOJ KOjUM C€ MOTY TECTUPaTH CHMIITOMHM MYyYHHHE KOJ
UCOHTAHHKA Y TOKY CHMYJallfjeé BOXIE€ WIM y YCIOBHMa BHUPTYEIHE H JOIYH-CHE
PeayHOCTH. :

- JlucxycHjy o NpEMEHM HOBOT HaYMHA OIlleHE aKTHBHOCTH INIATKHX Mummha sxenyna,
KaKo y JIMjarHOCTHUKE CBPXE, TAKO ¥ y ayTOMOGHIICKO] M Y MHLYCTPH]H BALEO Urapa.

6. ILnan ucTpa’kuBamka H CTPYKTYpa paja

[Tnan BcTpakuBama ce cacToji U3 JIBE IieIINHE:
- HHucTpymenTammja, IpoTokod u npetnpouecupame EI'T curnana.
- IIpumena HoBUX MeTosia 3a aHaymm3y EI'T curnana 3a oneHy raTKux MuInuha sxemyna.

6.1. UacTpyMeRTaIIM]a, IPOTOKOJ U mpermporiecupaise EI'T curnana

IIpBu €0 HCTpaXKKMBamka HaoBE3yje ce Ha MpeIUMHHAPHE pesynrare myOnukoBane y [5] u man je
Ja ce 100Kjy jaCHH 3aKJbY4Ii O BAMIHOCTH MIPOTOKOJIA 33 jeHOKaHanHO cHuMame EI'T-a. Hakon
peamuzanuje GuHATHOT ypehaja Ha MITAMIIAHO] IUIOYH, MOTPEOHO je H3BPIIUTH HETOBY BaIuAaLHjy
cHuMameM ojipeheHor Opoja TecT curHana (CUMYJIMpaHM CHIHAIM Kao M CHIHAIM MEPCHH Ha
ucnutanunyma). Tloapasymesa ce xopuinheme Beh hopMupaHor IpoTOKOA, YAME OH C€ JOHAATHO
NOTBPJXIIA H FErOBa ONPaBIAHOCT (Tj. OY3/JaHOCT U IIOHOBJEUBOCT).

Ha Beh CHUMJBEHHM CHUTHAIMMA TTOTPEOHO je HCIIMTATH HOBE METO/IE 3@ NPETIPONECHpahe CUrHaja
ca muibeM coTBEPCKE eNUMUHAIH]e InyMa Koje OU YKJby4uiie aHaIi3y BHIEO CHIHANA, 32 KOju Beh
[OCTOje IPEeJIMMMHAPHA pe3yiaraT [6], and u kopuimhemeM APYTHX TEXHHKa (HIIP. HEYPaTHHX
Mpexa, ppakMoHOT pauyHa, PpakTarHe aHaIH3e U JIPYTUX).

6.2. [Ipumena HoBux Mertozia 3a aHamusy EI'T curHaiia 3a oreHy MIaTKHUX Muiuha sxenyna

Haxon (GopMupama HEKOJHKO PasIHYMTHX HPOTOKOJdA 3a cHuMamwe EIT-a, KojH 3a IHJb MMajy
UCIHTHBAKE QYHKIHje XKenyna, oTpeOHO je CHUMUTH CUTHalle 3a Aajby aHanusy. [IpBu Kopak y
aHaJIM3H je u3pauyHaBarme napamerapa EI'T curaana 3a oleHy cTama racTpOMHTECTHHAIHOT TPAKTa
y KOMOWHAIA]HU ca KBAIHTATHBHEM MepaMa (TIpeMMHHAPHH Pe3yaTaTH cy mpencraBbenu y [13]),
ali 1 1o MOryhHOCTH 1 ca JpyruM (PU3HONIONIKUM CHTHANTHMA. Jlpyru Kopak je Ipeanarambe HOBUX
mapaMmerapa koju 6w Ha omroeapajyhu Hauwn omumcuBanu npomene EIT curmama y TOKy
HPEUIOKEHOT MPOTOKOJA, ¥ MOTEHIUjaTHO IIOMOINH pa3yMeBamy (U3HONOMKHX IIpoIieca.
[Tocebno, usspmmhe ce neduHucame MpoToKona W Meroxa aHanuze EIT curHana ca numbeM
npotieHe GeHoMeHa MyTHHHE.




7. 3ak/by4aK U npenIor

IMpunukom nucama Mssemraja, Komucuja je pa3MoTpiiia pelleBaHTHE UHILEHHIIE O MOAOOHOCTH
TeMe W Kaauzara. Ysumajyhim y o63up pesynrare pocajammer pajxa kanaupata Henama
Ilonosuha, Komuchja je 3akibydriia 1a KAaHIAIAT jecTe CIoco0aH 3a Hay4yHO UCTPAKUBAYKH pasl.
JleTa/bHOM aHANM30M IIPEJIOKEHE TEME MOJ Ha3MBOM ,,MeToae 3a OLEHY eJeKTpHYHE
AKTUBHOCTH rJaTkux mumuha* (ua enrneckom ,,Methods for assessment of electrical activity
of smooth muscles*), Komucuja je y DOTIyHOCTH carjacHa Jia OBakBa TeMa 3a/I0BOJbaBa CBE
YCIIOBE MOXOOHOCTH 38 JJOKTOPCKY JUCEPTanH]y.

KoMucuja KoHCTaTyje Ja NpeiodKeHa TeMa IPHIafa yxoj HaydHoj obnactd buomenmuumcko
HHKEHmepPCTBO 1 J1a je Yuusepsurer y beorpany — Enexrporexanuxu daxynrer (ET®) marnyan 3a
OBy HayuHy obmacT. 3a MeHTOpa HOKTOpcke ucepranuje, Kommcnmja npemnaxe ap Hammmy
Mubkosuh, gonenra ca ET®-a u npuiaxe y3 oBaj V3Bemrtaj u cnmcak pagosa np Hamuire
MuspkoBrh, ZOIEHTA KOjH jé KBAIM(UKY]y 32 MEHTOPa JOKTOPCKE JIUCepTalHje.

Wmajyhu y BHAy cBe MpeTxoiHO HaBeleHO, KoMucHja MMa 4acT M 3a[0BOJBCTBO Aa HacraBHo-
payusoM Behy ET®-a npemioxu ja IpUxBaTi TeMy HOKTOPCKE AUcepTanuje koja he 6uru nrcana
¥ GpameHa Ha SHIJIECKOM je3MKY ,,MeTone 3a OlCHy CNeKTPUYHE aKTHBHOCTH TNATKHMX Muumha“
(Ha eHrneckoM ,,Methods for assessment of electrical activity of smooth muscles*) u na kanxuIaTy
Henany Ilonosuhy omoryhu nprcTyn BEHO] H3paau.
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University of Belgrade
School of Electrical Engineering

TO THE TEACHING-SCIENTIFIC COUNCIL

Subject: Report on approval of Doctoral dissertation title and suitability of candidate Nenad
Popovié, MSc EE for work on Doctoral dissertation titled “Methods for assessment of electrical
activity of smooth muscles” (in Serbian “Metode za ocenu elektri¢ne aktivnosti glatkih
miSi¢a”).

By the decision of Teaching-scientific council of the University of Belgrade — School of Electrical
Engineering (ETF) number 5026/16-1 from June 21, 2019, we are appointed as Committee
members for examination of suitability of Doctoral dissertation title and candidate Nenad Popovi¢
for work on Doctoral dissertation “Methods for assessment of electrical activity of smooth muscles”
(in Serbian “Metode za ocenu elektriéne aktivnosti glatkih misi¢a™) and its scientific value.

After examination of submitted materials for the Doctoral dissertation application, the Committee
prepared the following

REPORT

1. PhD candidate

1.1. Biographical data

Nenad Popovié was born on September 3, 1992 in Ivanjica. He finished Elementary school and
Gymnasium in Ivanjica. In 2011, he enrolled in Bachelor studies at the University of Belgrade —
School of Electrical Engineering (ETF). He finished Bachelor studies at the Physical Electronics —
Biomedical and Ecological Engineering module (grade 9.73 out of 10.00) and defended Bachelor
thesis titled “Design of a device for measurement and frequency analysis of electrogastrography
signals” (mentor Prof. Mirjana Popovi¢ and co-mentor Assist. Prof. Nadica Miljkovi€). At the
BAFA U.S.A. competition for the best Bachelor thesis organized by ETF Alumni, he won the
second prize. In 2015/16 academic year, he enrolled in Master studies at the ETF (module:
Biomedical and Ecological Engineering). In 2016 he finished Master studies (grade 10.0 out of
10.0) and defended Master thesis titled “Design of methods for signal analysis and user interface for
multi-channel electrogastrogram” (mentor Assist. Prof. Nadica Miljkovi¢). From 2016/17 academic
year, he is a PhD student at the module System Control and Signal Processing at the ETF.

During Bachelor studies, he was intern at the Tecnalia Serbia Ltd. and was responsible for
performing biosignal analysis. In January 2016 he started to work in Biotronik as clinical engineer
(technical consultant for implantable pacemakers and cardio verter defibrillators). From May 2018,
he is engaged in company Abbott in Belgrade at the same position.




1.2. Scientific research experience

Candidate enrolled in Doctoral studies at the module System Control and Signal Processing at the
ETF during 2016/17 academic year. From the enrollment in Doctoral studies to submitting the
Request for approval of Doctoral dissertation he passed all exams (with the average grade 10.0 of
10.0) and finished all mandatory work foreseen by Doctoral studies program at the System Control
and Signal Processing module. Passed courses and mandatory work from his academic record are
listed in the following Table:

No. | Course title / Mandatory work Grade ECTS Date

1 Neural Networks 10 9 Sep 21,2018
2 | Advanced Methods of Electrophysiological Signal Analysis 10 9 Sep 22, 2018
3 Special Purpose Robotic Systems 10 9 Sep 21,2018
4 | Trends in Health Technologies 10 9 Jul 11,2018
5 Introduction to Scientific Research 10 6 Jul 9, 2018

6 Linear and Nonlinear Signal Analysis 10 9 Sep 14,2017
7 Signals Classification and Estimation 10 9 Sep 15,2017
8 Techniques for Speech Processing and Recognition 10 9 Sep 15,2017
9 | Theory of Robotics Systems 10 9 Sep 15,2017
10 | Selected Applications of Digital Image Processing 10 9 Aug 31, 2017
11 | Mandatory work: Scientific and professional paper = 3 Sep 28, 2018
12 | Mandatory’ work: Study research i*eport 1 . - 15 : Sep 29, 2017
13 Mandatory work: Study reskearch‘ report 1 ~ - ; . 15  Sep28,2019

Nenad Popovié’s research interest is focused on the development and design of methods for
recording electrical signals from smooth stomach muscles (electrogastographic EGG signals). The
main aim of his research is to design the EGG recording device and to implement novel methods for
analysis of recorded EGG signals. Such device would enable assessment of stomach in different
measurement conditions by application of appropriate protocols. He has already solved a number of
technical problems and proposed solutions for designing and improving EGG device. One part of
his research (recording EGG signals during driving simulation) was carried out in collaboration
with the Faculty of Electrical Engineering, University of Ljubljana.

So far, Nenad Popovi¢ published two papers in journals from SCI list (he is the first author in one
paper). Another paper submitted for the Sensors journal (with impact factor) with Nenad Popovi¢ as
the first author is under review currently. He is co-author and author of 7 conference papers and he
held one invited lecture at the national conference.

In June 1, 2019 the oral public defense of Doctoral dissertation title was held (PhD exam). The
Committee members for this oral defense were: Dejan Popovié, SASA member from University of
Belgrade — School of Electrical Engineering (ETF); Jaka Sodnik, Full Professor, Univerza v
Ljubljani — Fakultet za elektrotehniko; Nenad Jovi¢i¢, Associate Professor, ETF; Predrag Pejovi¢,
Full Professor, ETF; Zaharije Radivojevié, Associate Professor, ETF. The Committee graded
positively (grade satisfied) the oral public defense of the proposed title of Doctoral dissertation.

The reference list presenting previous scientific research work and thematic affinities that are
consistent with the proposed Doctoral dissertation are given below.
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Reference list:

10.

Category M21:

Miljkovié N., Popovié N.B., Djordjevic O., Konstantinovi¢ Lj., Sekara T.B.: ECG artifact
cancellation in surface EMG signals by fractional order calculus application, - Computer
Methods and Programs in Biomedicine, Vol 140, pp. 259-264, 2017, ISSN: 0169-2607,
DOI: 10.1016/j.cmpb.2016.12.017, impact factor for 2017: 2.674.

Popovié¢ N.B., Miljkovi¢ N., Stojmenova K., Jakus G., Prodanov M., Sodnik J.: Lessons
learned: Gastric motility assessment during driving simulation, - Sensors, under review,
2019, ISSN: 1424-8220, impact factor for 2017: 2.475.

Category M23:

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, impact factor for 2017: 1.088.

Category M33:

Popovi¢ N.B., Miljkovi¢ N., Djordjevic O., Sekara T.B.: Artifact cancellation using median
filter, moving average filter and fractional derivatives in biomedical signals, - Proceedings
of the International Conference on Fractional Differentiation and its Applications, July 18-
20, 2016, Novi Sad, Serbia, pp. 150-161, ISBN: 978-86-7892-830-7.

CimeSa Lj., Popovi¢ N.B., Miljkovi¢ N., Sekara T.B.: Heart rate detection: Fractional
approach and empirical mode decomposition, - Proceedings of the 25" Telecommunications
forum, November 21-22, 2017, Belgrade, Serbia, pp. 1-4, ISBN: 978-86-7892-830-7, DOIL:
10.1109/TELFOR.2017.8249358, IEEE.

Miljkovié N., Popovi¢ N.B., Prodanov M., Sodnik J.: Assessment of sickness in virtual
environments, - Proceedings of the 9™ International Conference on Information Society and
Technology ICIST, March 10-13, 2019, Kopaonik, Serbia, pp. 1-6, in print.

Category M34:

Popovié¢ 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.

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 1% International Congress on Motion Sickness and the collaborative 15% European
Society for Clinical Evaluation of Balance Disorders Meeting, July 7-10, 2019, Akureyri,
Iceland, in print.

Category M61:

Popovi¢ N.B., Miljkovi¢ N., Sekara T.B.: Two applications of fractional calculus on
biosignal processing, - Proceedings of the 2™ Conference on Measurement Information
Technologies (Konferencija merno-informacione tehnologije, MIT), December 7, 2018,
Novi Sad, Serbia, pp. 1-2, ISBN: 978-86-6022-132-4.

Category M64:

Popovié¢ N.B., Anti¢ M., Jankovi¢ M.M.: PhysioACQ — A software tool for video-assistend
multi-channel data acquisition, - Proceedings of the 2" Conference on Human-Machine
Interface from Student-to-Student Interface, March 20, 2015, Belgrade, Serbia, pp. 23,
ISBN: 978-86-7466-542-8.
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1.3. Assessment of suitability of the candidate for work on the proposed Doctoral dissertation

For this Report, the Committee took into account all abovementioned facts and results of work for
candidate Nenad Popovi¢, The Committee thoroughly examined candidate’s experience in research
work and having all aforementioned facts in mind, the Committee gathered complete insight into
candidate’s ability for scientific research work and for the work on the proposed Doctoral
dissertation that has been recognized and valorized by the international scientific community.

The Committee attitude is positive and after in-detail explanation, the Committee will propose to
the Teaching-scientific council at the ETF to accept the proposed Doctoral dissertation title and to
provide an approval for candidate to proceed with the work on his Doctoral dissertation.

2. Subject and purpose of the research

The aim of the proposed Doctoral dissertation with the working title “Methods for assessment of
electrical activity of smooth muscles” (in Serbian “Metode za ocenu elektriéne aktivnosti glatkih
mi$iéa”) that will be written and defended in English is design of an adequate instrumentation for
efficient and non-invasive measurement, design of novel measurement protocols, and development
and improvement of methods for analyzing electrical signals recorded from smooth stomach
muscles. Special emphasis of this research is on the application of the developed methods for
studying gastro-intestinal tract as well as sickness phenomenon.

Electrophysiological signals are all electrical signals that can be recorded and monitored by
placement of appropriate transducers on the subject’s body. Well known and most widely used non-
invasively recorded electrophysiological signals, in research and clinical practice, are: electrical
signals from heart muscle (electrocardiography — ECG), electrical signals from skeletal muscles
(electromyography — EMG), and electrical brain signals (electroencephalography — EEG) [1]. A less
known and insufficiently studied electrophysiological method that can be used for non-invasive
assessment of gastro-intestinal tract is electrogastrography (EGG) [2]. The main advantage of this
method is its non-invasiveness, while disadvantages include lack of standardized procedures and the
less known diagnostic usability [3-4]. The main objectives of the research presented in this Doctoral
dissertation are:

- Design of appropriate instrumentation for non-invasive and efficient recording of EGG
signals as well as verification of the device in measurement conditions with reduced
signal-to-noise ratio (SNR).

- Establishment of adequate protocols for recording EGG signals with the aim of
minimization of the number of channels and time consumption, and testing the
reproducibility of the proposed method.

- Development of methods for estimating and removing artifacts, as well as definition of
novel parameters for assessment of gastro-intestinal tract.

- Application of the proposed method and instrumentation for quantitative assessment of
the gastro-intestinal tract.

- Evaluation of the proposed quantitative assessment for assessment of sickness
phenomenon with focus on its usability in driving simulators and with technology that
incorporates virtual and augmented reality.

EGG signals cannot be measured by application of the wide-spread commercially available
electrophysiological amplifiers due to EGG characteristics (low frequency of approximately 0.05
Hz and low amplitude of approximately 200-400 uV) [3]. After verification of the proposed
electronic circuits with the amplifier and filter parts (prototype of the device) for measuring EGG
signals in this Doctoral dissertation, the next step will be realization of the device on the printed
circuit board and its testing, So far, a relatively large number of test signals have been recorded by
EGG prototype and more recordings are planned. The results of the study in 20 healthy subjects

12




already published in [5] proved the prototype usability for recording EGG signals with satisfying
quality by detecting a shift of dominant peak towards higher frequencies as a result of test meal and
by examination of protocol simplification (one-channel recordings with short recording sessions).
These results proved that standardization for measuring EGG signals is possible. The conclusions
and recommendations provided in [5] are very important for future implementation of EGG in
clinical and research practice. It should be noted that the recording protocol and the subject
preparation must be clearly defined and simplified (to a reasonable extent) so that the proposed
method can be used.

Another important aspect for wider application of EGG technique is the artifact cancellation [4].
Therefore, one of the key issues is the noise estimation and artifact cancellation without affecting
the EGG signal components of interest. Different methods for artifact cancellation will be tested in
the Doctoral dissertation (e.g. fractal analysis, neural networks, video signal analysis [6], fractional
calculus [7-9], etc.).

Sickness phenomenon caused by driving, driving simulator, or by application of virtual and
augmented reality, has not been fully explored yet. There are reports stating that sickness might be
assessed by studying stomach response with EGG measurement [10-13]. In the proposed research,
the applicability of quantitative method for the gastro-intestinal tract assessment during different
measurement conditions will be tested and, in particular, the nausea quantification will be examined
in-detail. Due to the lack of standardized parameters/features of EGG signal for sickness assessment
[3], one of the goals of the proposed research will be recommendation and testing of novel
parameters and features. In addition to clinical applications, the proposed research can have
important application in automotive and gaming industry, as well as for the design of novel systems
that incorporate virtual and augmented reality [13].

2.1. Relevant research literature:

[1] Calder S., O'Grady G., Cheng L.K., Peng D.: A theoretical analysis of electrogastrography
(EGG) signatures associated with gastric dysrhythmias, - IEEE Transactions on Biomedical
Engineering, Vol 64, No 7, pp. 1592-1601, 2017, ISSN: 0018-9294, DOL
10.1109/TBME.2016.2614277.

[2] Koch K.L., Stern R.M.: Handbook of electrogastrography, - New York: Oxford University
Press, 2004, ISBN: 0-19-514788-X.

[3] Riezzo G., Russo F., Indrio F.: Electrogastrography in adults and children: The strength,
pitfalls, and clinical significance of the cutaneous recording of the gastric electrical activity,
- BioMed Research International, Vol 2013, Article ID 282757, pp. 1-14, 2013, ISSN:
2314-6133, DOI: 10.1155/2013/282757.

[4] Qina S., Ding W., Miaoa L., Xia N., Lia H., Yangd C.: Signal reconstruction of the slow
wave and spike potential from electrogastrogram, - Bio-Medical Materials and Engineering,
Vol 26, No Suppl 1, pp. S1515-21, 2015, ISSN: 0959-2989, DOI: 10.3233/BME-151450.

[5] Popovié N.B., Miljkovi¢ N., Popovi¢ M.B.: Simple gastric motility assessment method with
a single-channle electrogastrogram, - Biomedical Engineering / Biomedizinische Technik,
Vol 64, No 2, pp. 177-185, 2019 (online 2018), ISSN: 0013-5585, DOI: 10.1515/bmt-2017-

0218.

[6] Popovié 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.
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3. Starting hypotheses

The basic hypotheses in this research are:

1) With the appropriate instrumentation and clearly defined post-processing and signal analysis
methods, it is possible to reduce and simplify the protocol for EGG recording for
appropriate adaptation of the EGG method to wider clinical and research application. In
addition, such protocol should enable high-quality EGG acquisition with decreased noise
presence.

2) Electrogastrography as a non-invasive method for assessment of electrical activity of
stomach smooth muscles can provide useful information for a better understanding of the
gastro-intestinal tract physiology.

4, Scientific research methods

The proposed research will be carried out in several laboratories at the University of Belgrade —
School of Electrical Engineering and at the Faculty of Electrical Engineering, University of
Ljubljana (Univerza v Ljubljani, Fakultet za elektrotehniko) in collaboration with Prof. Jaka Sodnik
being also a member of this Committee.

In the first phase of this research, EGG signals will be recorded with device prototype implemented
on the breadboard. The amplifier and filter elements of the prototype will be tested thoroughly.
After the implementation of the final version of the devicé with the proposed components on the
printed circuit board and with the appropriate enclosure, the device will be used for signal
acquisition in research studies. In addition, the operation of the device and the operation of
individual elements (amplification, filtering, and AD conversion) will be tested on simulated EGG
signals.

For the verification of the proposed EGG device and for the selection from different protocols, EGG
signals will be recorded in healthy subjects during rest at different time intervals with and without
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test meal. The same recordings will be used for estimation and reduction of noise in EGG signal and
for testing of the quantitative parameters for assessment of gastro-intestinal tract.

In order to study sickness and nausea, new protocols with audio-visual and mechanical stimuli in
driving simulator and during virtual reality experiences will be designed. The subjective assessment
of sickness symptoms will be assessed by application of standard questionnaires and the obtained
qualitative parameters will be compared with quantitative EGG-based parameters.

5. Expected scientific contribution

The proposed research should provide following scientific contributions:

- An appropriate and easy-to-use device for recording EGG signals.

- A protocol adapted to research and clinical applications with guidelines for positioning
the electrodes and with the recommended recording duration.

- New methods for noise estimation and noise cancellation in EGG signal.

- Analysis of the relationship between EGG parameters and qualitative measures for
assessment of sickness, which can contribute to a better understanding of various
symptoms,

- An appropriate protocol for evaluating nausea symptoms during driving simulation and
during virtual and augmented reality experiences.

- Discussion on the application of novel quantitative measures of smooth stomach muscles
both for diagnostics, and in automotive and gaming industries.

6. Research plan and work organization

The research plan includes two parts:
- Instrumentation, protocol, and pre-processing of EGG signals.
- Application of novel methods for EGG signals analysis for assessment of smooth
stomach muscles.

6.1. Instrumentation, protocol, and pre-processing of EGG signals

The first part of the proposed research plan relates to the preliminary results with device prototype
published in [5] with the aim to reach clear conclusions on protocol validity for single-channel EGG
recording. After the final device assembly on the printed circuit board, it is necessary to perform its
validation by recording simulated and real-life signals (measured on healthy subjects). For the
verification of this final version of the device, previous findings will be taken into account for
designing validation procedures and in order to reconfirm the device usability (by examining
repeatability and reliability).

Next step will include testing of the proposed method for signal pre-processing (software-based
artifact cancellation) on already recorded signals. Preliminary results of this step are published in
[6] for application of video signals. Other methods should be also tested and considered such as
neural networks, fractional calculus, fractal analysis, etc.

6.2. Application of novel methods for EGG signals analysis for assessment of smooth stomach
muscles.

According to the established protocols for EGG acquisition for assessment of gastro-intestinal tract,
EGG signals will be measured and stored for further analysis. The first step in the analysis is to
calculate parameters of the EGG signals for the assessment of stomach functioning and to compare
those parameters with qualitative measures (preliminary results are already presented in [13]), and if
possible with other electrophysiological signals. Then, adequate qualitative parameters for
description of changes in EGG signals that could lead to understanding of physiological processes
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will be proposed and discussed. In particular, EGG-based protocols and methods for sickness
assessment will be proposed.

7. Conclusion and proposal

For preparing this Report, the Committee considered relevant facts on the suitability of the Doctoral
dissertation title and the PhD candidate. Taking into account the previous work of the candidate
Nenad Popovié, the Committee concluded that candidate is capable for delivering scientific
research work. After the detailed analysis of the proposed Doctoral dissertation title “Methods for
assessment of electrical activity of smooth muscles” (in Serbian: “Metode za ocenu elektri¢ne
aktivnosti glatkih miSi¢a™), the Committee agrees completely that the proposed title meets all
eligibility criteria for a Doctoral dissertation.

The Committee agrees that the proposed title and theme belong to the narrow scientific field of
Biomedical Engineering and that University of Belgrade — School of Electrical Engineering (ETF)
is competent for this scientific field.

For the mentor of Doctoral dissertation the Committee proposes Assist. Prof. Nadica Miljkovi¢
from the ETF and encloses to this Report a list of published papers for Nadica Miljkovi¢ that
qualifies her to be the mentor of the proposed Doctoral dissertation.

Having in mind all aforementioned facts, the Committee has an honor and pleasure to propose to
the Teaching-scientific council at the ETF to accept the title of the Doctoral dissertation that will be
written and defended in English “Methods for assessment of electrical activity of smooth muscles”
(in Serbian “Metode za ocenu elektri¢ne aktivnosti glatkih misi¢a”) and to allow candidate Nenad
Popovi¢ to work on the proposed thesis.

in Belgrade on July 2, 2019.
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