YuupepsureT y beorpaiy
EnexTporeXHuuky (pakysirer

HACTABHO-HAYYHOM BERY
Ipeamer: Pedepar o ypaheHoj HOKTOPCKO] nuceprauuju kanauaara Coduje Cnacojesuh

Oanykom Hacrasro-nayusor seha 6p. 5014/11-3 on 22. cerrrembpa 2017. roanue u 5014/11-3/2 ot
20. okToGpa 2017. roguHe, KMEHOBAHU CMO 3a "JIAHOBE Komucuje 3a nperiiefi, OLieHy n oabpaHy
fokTopeke auceprauuje kanauaara Coduje CnacojeBuh 1TOJl HACIOBOM
"KBAaHTHTATHBHA AHAIN3A MOKPETAa Y peXabuIuTALMjH HEYPOJIOIKAX nopemvehaja
xopunihiexsem BU3YeJTHAX H HOCHBHX ceHsopa"

IMocie mperiefa JOCTABILEHE AMCEPTALM]E U JIPYTHX nparehux Matepujaia ¥ pasroBopa ca
kanuatom, Komucuja je caunnuna ciejelin

PEGEPAT

1. VBOJ

1.1. XponoJioruja oxgobpapama 1 U3pajie Ucepraumje

Kanfujariitba je TeMy JOKTOpcKe AucepTauuje noji HasuBoM ,JKBanTHTATHBHA anajisa nokpera y
pexabunuTaliji Heypooumkux nopemehaja KopuuINEmEM BH3YEIHUX 1 HOCUBHX CeH30pa’™ ipujasma
Komucuju 3a cryamje tpeher crenena Ha EnekTpoTeXHHUKOM (aKynTery, Yuusepaurarta y beorpany,
03.11.2016. roauue u 3a Mentope npemnoxuia npod. ap Keswka Byposuha u npod. ap Jose Santos-
Victor-a y cknajy ca GuiaTtepajHHM TpOrpamMoM AOKTOPCKHX crypija uamelly HaektporeXHuukor
(paxynrera, Yuusepsurera y beorpapy u Bucokor Texuuukor MHerutyTa, YHusepsnrera y Jlucadbony.

Komucuja 3a crymuje Tpeher cremena pasmarpaia je, Ha cBOjoj ceanuuyu oapxkanoj 08.11.2016.

FO/IMHE, MPEAJION TeME 3a M3paly NOKTOPCKE AucepTauuje u ymyTuna npeaior KomMucuje o oLeHu
nofo6HoCTH Teme 1 Kanauata HacrasHo-HayuHom Behy Ha ycBajarbe.

HacTapro-HayuHo sehe EfekTpoTeXHHUKOr (aKynTera, Ha CBOjO] CEHULM oapkanoj 15.11.2016.
ropune (6poj omnyke 5014/11-1 on 24.11.2016), umenopano je Komucujy 3a oueny ycjosa H
NpHXBATAME TEME JOKTOPCKE jwceprauuje y cactasy: npod. ap bpanko Kosauesuh, npod. ap
Jejan PakoBuh 1 HayuHu CaBeTHHK AP Anexcanpap Poauh.

Ha ceannuu HacraBno-naydnor seha Enekrporexnuuxor dakynrera, oapxanoj 14.02.2017.
ropuHe, ycsojen je wW3seiwntaj Komucuje 3a oueHy ycnoBa K MpUXBaTabe TEME JOKTOPCKE
jucepraumie (6poj omnyke S014/11-2 on 14.02.2017).

Belie Hayunux ofnacT TeXHUMKUX Hayka Y HuBepsntera y beorpaiy je na cepuniy op 27.02.2017.
FOJTAHE 110 CANIACHOCT HA NPEUION TEME JOKTOPCKE JIMCEpTallije MO/ HACIOBOM ,,KBanTHTarueHa




aHanu3a [oKpeTa y pexabuiamTaumju Heyponowikux nopemehaja kopuiiherseM BU3YeHHHX U
HOCMBHX censopa’ (6poj ommyke 61206-871/2-17).

KanupaTkuma je rnpeaaina J0KTopeKy AUcepTalujy Ha npernea u ouedy 31.08.2017. roaune.
Komuenja 3a cTyauje Tpeher crerieHa MOTBPIMIA je Ha CBOjoOj cepHuLM oapxkaHoj 05.09.2017.
FOMHE HCIYHEHOCT MOTPeBHMX ycioBa 3a NoAHOLieme npejnora Hacrasho-nayunom sehy
Enexrporexnuukor ¢akynrera 3a (Qopmupame Komucuje 3a mperiaes W OLEHY JOKTOPCKE
JMcepTaLmje.

Hacraszo-HayuHo Behie dakynrera je Ha CBOjUM ce/iHULAMa, oapkanum 12.09.2017. n 10.10.2017.
roauHe uMeHoBano KOMHUCH]Y 3a Mperie] U OLeHy JOKTOpCKe AuUcepTalyje y cacTapy: npod. ap
Kemwko Pypopuh (Enexrporexuuuky daxyiret), mpod. ap Jose Santos-Victor (Bucoxu Texnmaku
WUncrutyr, Yuupepauter y JlucaGony), mpod. ap bpanxo Kosadesuh (EnexrpoTexHniu
darynTer), Hayunu caBeTHHK Ap Asekcannap Poauh (Muctutyr Muxajio ITymin), npody. ap Jlorge
Marques (Bucoxu Texnnuxu Unctutyt, Yuusepsurer y JlucaGony), u npod. ap Luis Alexandre
(University Beira Interior), 6poj ouryxa 5014/11-3 u 5014/11-3/2.

Ha ocxoBy oanyke HactaHo-Hayunor Beha 6p. 545/2 on 13.3.2012. roauue, Cryaujekn nporpam
je nanoueo y mposehiom cemectpy wikoscke 2011/2012, ma ce pox 3a 3aBpLieTaK JOKTOPCKHX
aKaiEMCKMX CTy[Mja pauyHa OJf ModeTKa Tor cemectpa, carjsacho Crartyty YHupepsurera y
Beorpaay n Craryty Enexrporexuuukor daxynrera.

1.2. Hayuuna ofbnact gucepraimje

JlokTOpeKa jmcepTanMja npunaja TEXHWYKMM Haykama M yXuM HaydHum obnactuma obpaje
CHPHAJIA, MALIMHCKOT yuelha W KOMIjyTepcke Bu3uje, 3a Koje cy Emextporexuuuku daxynrer
Yunpepaurera y beorpany u Bucoku Texuuuku MucTHTYT YHuBepsutera y JincaGoHy marTntinu.
MenTop fokTopekor paxa ca Enexrporexuuukor pakynrera Yuusepsurera y beorpaiy, npod. ap
Kebko Pyposuh je uzabpan y 38are peloBHOT npodecopa 3a Hayune obnacti obpajie curnana u
yrpapsbaa cucremuma. [lpod. p Jose Santos-Victor, mentop ca Bucoxor Texnuukor Hucturyra
Vuusepsurera y Jlucabony je uzabpad y 3Bambe pefioBHOr rnpodecopa 3a nayqie obsacty
KOMI1jyTepcke BU3Mje M MaliMHCKOr yuersa. O6a MEHTOpa ¢y ayTopu Bejukor Opoja HayuHm
pajioBa y MCTaKHyTHUM Mel)yHapoaHum yaconucuma.

1.3. buorpadckit HoaauM o KaHauaary

Coduja Criacojenuh, mMactep MHXKEHEP €IEKTPOTEXHMKE M padynapcTsa, pofjena je 07.09.1987.
ropuue vy [aniy. OcHOBHY KONy ¥ PMMHa3sWjy 3aspiumia je y Llaniyy kao jegan oj HajbosbHX
yuenuka. Enexrporexuuukn dakynrer y beorpagy ymucana je 2006/2007. wikoncke rofue.
Jlurnomupana je 2010. roaune na Ofceky CUrHaIM W CHCTEMM ca NIPOCcEUHOM oteHoM 8.91 Tokom
cTyauja u onenom 10 na qunnomckom. Llkoncke 2010/201 1. roqune ynucana je macrtep CryAuje Ha
EnextpotexnuukoM (akynrery y Beorpagy. Macrep crynuje je sappuimia 2011, roamne ca
npoceunom otieHoM 10 1 oueHom na Mactep papy 10. Llkoncke 2011/2012. ropune ynucana je
jokTopeke cryauje Ha Enexrporexuuukom (akynrery y beorpamy, na Opcexy 3a ynpapibaie
cucTeMuMa M obpafy curnaia. Y janyapy 2012. rognne, 3acHopana je pajiHn OJHOC y MHCTHTYTY
Muxajno Ilynun, Llentap 3a poGOTHKY, TAe je 3amocieHa M JjaHac Ha MO3MLMJH HCTPadKuBaY
capaguuk. Y jyny 2013. roauHe ymucana je OunaTepanHe JOKTOpCKe crTyauje u3mely
Enexrportexnuukor daxynrera y Beorpamy u Bucokor Texuuuxor Mucrutyra y Jlucabony.

Jlo caja je ydecrBoBana y jeaHoM HaumonanxoMm npojexry (MKK-44008: Passoj pobGora kao
CpeiCcTBAa 3a NpEBasWJAKCHE Tpenpeka y paszBojy jAeue ca nopemehajuma, MuHncrapeTBo
o6pa3zoBarma, HAyKe U TexHosomKor pazsoja Peny6nnke Cpbuje, 2011-2017) n ner mehynapoanux
npojexara Gunarepante akagemcke capamwe (1. CARE-robotics - Creative Alliance in Robotics
Research and FEducation Focused on Medical and Service Robotics, noapxai oj crpane
wiBajuapeke HauMonanHe Hayune Gpongauuje, 2011-2014; 2. COLBAR - Synthesis of Collaborative
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Behavior Attributes with Service Robots Based on Visually-Motor Human-Machine Interaction,
npojexar Grnareparnne akagemcke capaime n3Mely Bucoxor Texmuuxor Mncruryra y Jlucabony u
WrctutyTa Muxajno ynun y Beorpany, 2013-2014; 3. Researchers’ night — FLIRT, EY npojexar
MOJPIKAH OJf CTPaHe eBPOICKOT IIporpama 3a HeTpaxkupame i paspoj (Horizon 2020), 2014-2015; 4.
Advanced perception and learning for cognitive heterogeneous robots, mpojexar Omnarepanse
akageMcke capamme mimehy Wncruryra Joxed Ilredan y JbyOsmanu n HMuctutyTta Muxajno
[ymuu y Beorpany, 2015 u 5. Elrobots - Emotionally Intelligent Robots: Building attributes of
artificial emotional intelligence aimed to make robots feel and sociable as humans, noapxan ox
crpane (onganmje Alexander von Humboldt y capanmu ca HuctuTyTOM 32 HHPOPMATUKY
Vuupepsutera y Kajsepcnayrepny, 2015-2017.

O6nact ucrpaxupama Coduje CracojeBuh obyxpara 00pajly CHrHaNa, MalIMHCKO yUCHHE, aHAITH3Y
ojataka M KOMIGYTEpCKY BH3ujy. Jlocamalmmu pesyiaraTd KaHauJata TIPUKa3aHH cy Kpos3
HEKOJIMKO MyGiuKanuja u To: 2 paja y UCTAKHYTHM MehyHapoIHHM 9YacolicuMa, 5 nornaeba y
KIbMTaMa, 5 pazoBa Ha MeljyHapoiHuM KOHepeHIHjama 1 6 pafosa Ha jomalnM KoH(pepeHLHjama.

2. OIINC JUCEPTAIIMJIE

2.1. Canpxal jucepraiuje

Jlucepranuja mox HaciosoM “KpanTnuTariBHa aHanu3a 1OKpETa y pexabunTanji HeypOJIOLIKHX
rniopemehaja kopuinhemeM BH3YeJIHHX H HOCHBHX CeH30pa’ HalMcaHa je Ha 107 crpana Ha
EHITIECKOM  je3MKy, 300r OHUIaTepajHor JOKTOpcKor Tiporpama ca Bucoxnm Texuuukum
Wucruryrom, Yuupepsurera y JlncaGony. Jlucepraumja je opraHusoBana y crrenehux  cenam
mornassba: 1. YBog; 2. Jluteparypa u peneBaHTHE cTyauje; 3. KpanTurariBHa MpoleHa HOKpPETa
wpokor orcera Koz Ilapkunconose Gonmecrn xopumhersem Kunexr ypebaja; 4. Kpanrtutarusia
npouena nokpera make koj IlapkuHconoBe Oosectu Kopuinhemem CEH30pCKe PYKaBHLUE; 5.
KpanruratiBHa mpouena mokpera pyky / maxe koj Ilapxumconose Gosecty Kopuiihewem
6exxpune HapyKBuie; 6. KpanturarnBu npucTyn y npahemy HanpeTka KO TaliHjeHarta HakoH
mora 3acuoBad Ha Kumext-y u EMIT mojaumma; 7. 3aksbyuak u Oyayhu pan. Ha mouerky
nucepranuie JaTh ¢y Pe3nve Ha eHITIECKOM, ITOPTYTaiicKOM U CPIICKOM Je3HKy, 3axBainulia, Jlucra
axpornma 1 Canpiaj. Msa nocieamer MornaBba 1atr je crmeak kopuiuhene jmreparype ca 155
pedpepeniy HaBeeHuX 110 abeleHOM pefociiely npesnvena ayropa u biorpaduja kanuiara.

2.2. Kpartax npuka3s nojeIHHAYHUX TOT1aB/ba

VBOJHO MOMIABIBE CE CACTOjH W3 TPHU Jiesia. ¥ NPBOM Jelly je OITHcaHa MOTUBALM]a 38 UCTPAIKHBAILE
CTIPOBEACHO Y Te3H, Kao W MPEAMET M 3Hayaj HCTpaXHBama. [IpeaMeT McTpaxusamba je pa3Boj
CEH30PCKOT CHCTeMa M NpHCTyNa 3a aHalM3y M KBaHTH(UKalyjy PexaObUIMTAlMOHMX TOKpeTa
nanujeHara, obosenux o Heyposomkux Gonectu (Ilapkunconosa Gosect U IIOT). Eranyanuja
VYHHKA OaLpjenata NpuiMkoMm o0aBlbama rokpera koi [lapkunconose Oonectm u muiora ce
3acHWBA Ha CyYOjEKTHBHUM [IpOLEHaMa Heypojora M Tepameyra H HEJOBOJBHO [PEHUSHAM
KTMHAYKAM CKajlaMa, KOjeé CaMo MEIMIIMHCKH CTPYYiball Mory Ja nporymadve. Ca apyre crpane,
KOHBEHLHOHANHA peXabMINTAMORa Tepaiuja 9ecTo TOJpasyMeBa JlyroTpajaH, HamopaH #
jeIHONMMUAH TIPOIleC OMOpaBKa, O KOra NalHjeHTH jako ofycrajy. Kao mocie/mna HaBeICHUX
UMELEHMI@A, TIOCTOJH H3paxkeHa MoTpeba Ja ce y IOCTYNaK TPaAHIHOHATIHE JMjarHOCTHKE,
MOHHTOpHHIA 1 pexabuiHTaluje yBely HOBE CEH30pcKe TexHuke Koje O6u rnosehane MOTHBALIH]Y
nanMjeHara TOKOM Tepanuje W mobosbliane KBalnuTeT eBalyaluja Heypojora W Tepaneyra
kopunthemenm 00jekTHBHUX TpycTyna. Jlar je kparak OCBPT Ha CEH30PCKE CHCTEME U METOJIE
kopuifiene O caja 3a aKBU3HIH]Y ¥ aHanu3y pexabuIMTAallHOHHX 1I0KpeTa. Y OBOM JIeny Cy
Hape/eHyd ¥ TJaBHM [JbeBM oBe amcepranmje: (1) Pas3Boj mnpucTynaunor o IIPEHOCHBOR
PExXabHIHTAIIOHOT CEH30PCKOT CHCTEMA, TTOTOJIHOT 32 KopHiThese y kyhrum yenoBuma; (2) Pasgoj
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IIpUCTyNa 3a KBaHTH(HUKALKA]y okpeTa mammjenara 1 (3) Jln3ajn HOBUX MHUKaTOpa nepdopMance
nokpeta (MIIT) m3aB0jeHNX U3 CEH30PCKMX CUTHAIA.

V apyrom zeny yBOJHOT TIOTJiaBiba AaT je onuc Ilapkunconose OomecTn U nuora ca MeHIHHCKE
tTayke rieauiITa. Hapemenu Cy OCHOBHHM CHUMIITOMM OOJECTH, HA4YMH JIe4etba U TOK OIOpaBKa.
O6jarmeny cy pasHYUTH CTaANjyMH GOJECTH W KIMHMYKE METOJE HAa OCHOBY KOJUX JIOKTOPH M
TepaneyTH Ipate cTarbe nanujenara. Ose HHdOpPMAaIHje Cy O BEIMKOT 3Ha4aja 3a pa3Boj IpUCTyIIa
32 KBaHTH(UKALM]y HOKpETa, a MOrOTOBO 3a JIH3ajH HIMKaTopa mepdopMance IOKpeTa KOju
oJIpaXkaBajy CHMITTOME OOJIECTH.

V Tpehem meny yBOIHOL TOTJaB/ba JaTa je CTPYKTypa IOTjIaB/ba Y HacTaBKy T€3¢ U KpaTaK OIUC O
geMy he OUTH peun y HapeJHUM MOIIaB/bHMa.

JIpyro mornap/be NpeCTaB/ba Nperie[ cramba y oONacTH M OIMCYje CTy/Hje peneBaHTHe 3a
MCTpakuBame 00yxBaheHo MOKTOpPCKOM mcepTaudjoM. JlaT je npernen pasiudauTHX THIIOBA
CEH30pa M CEH30PCKHMX CHCTEMa KOjH ce KOPHUCTE 3a aKBU3HIM]Y IIOKPETA — CEH30pyu Oa3upaHu Ha
BH3MjH (ca MapKepHMa KOjH Ce MOCTaB/bajy Ha Teso i 0e3 Mapkepa) ¥ HOCHUBM CEH30PH KOJH ce
MOCTaB/bajy Ha pYKy HIM IHaKy. AHaJH3MpPAa)y CE€ CEH30PKM CHCTEMH Ca IPHMCHOM Y
[MapxuHcoHOBOj GoNecTy U HakoH nmiora 3a cnegehe rpyne mokpera: (1) XOQ # TOKPETH ITHPOKOT
orcera ropmer geina W (2) mokpers pyke u make. Iloceban Harnacak je Ha MeToAaMa 3a
reHepUcame peNieBaHTHUX o0enexja Koja ce RoOUjajy M3 CEH30pCKHX CHrHana. McrakHytH Ccy
HEJIOCTal JOCAfalIbuX PexaOMIMTAMOHNX CHCTEMA M OrpaHHuYCiba MeToJIa 3a IpoHecHpame
CEH30pCKHMX CHMTHANA y LMJby M3/Bajarka WHiMKatopa nepdopmance moxpera. OGjammeHo je Ha
KOjH Ha4YMH HCTPAKHBAILE Y OBOj IOKTOPCKO] JUCEPTALIU]U TTPEBA3UIIA3H HEJI0CTATKE W OrpaHIyeba
peleBaHTHUX cTyuja y cmucny: (1) koprimherma KOMOGHHOBAHOT CEH30PCKOI CHCTEMa Kako Ou ce
0OYXBaTHIN CBU MOKPETH 0/ HHTEpeca 3a pa3MaTpany 6omect i (2) neuHucarba HOBUX, KIMHIIKH
OpHjEHTHCAHUX MHIMKATOPa NMepdopMance OKPeTa Ha OCHOBY KOJHX €€ MOIKE BPLIMTH OOJeKTHBHA
epanyaruja neppopmaHce nanujeHara.

Tpehe normnasibe Gokycupano je Ha KBaHTH(HUKAIM]y XOJa M TOKPETa HIMPOKOI Ofcera ropmber
neia reia xkopuinhemem Kunexr censopa Koa naigjenata koju 6oiyjy ox HapkuHconose donecti.
Kunext censop je 6azupan Ha BU3HjU M KOPHCTH TEXHHKY ITPHKYIJbatba HHdopmanmja 6e3 mapkepa
Koju 61 ce nocTaBsbaiu Ha Teno. Tokom obasibarba mokpera, KunexkT nprkyrba 3/ koopuHaTe 3a
15 kapakTepucTHUHUX 3r000Ba, 4 MOTY ce CHUMHMTH U BHJIEO cekBenlie. Mniukaropu nephopmance
rokpeTa, 100Kjenr Ha OCHOBY MOJIATAKA Ca CEH30pa, ¢y AePUHHCaHK ¥ JIOTOBOPY ca HEYPOTOTOM 1
TepareyTuMa U NoJe/beHn ¢y y ABe rpyne: (1) cTanmapiHu HHAMKATOpU nepdopmance mokpera
KOjM ce padyHajy sacrapenum TeXHHKama (Op3wHa 1 Omcer Mokpera) v (2) HOBO-TPEIOKEHH
MHAHKATOPH, KITMHUUKM opHjeHTHCaHu u crienpduunn 3a [TapkuHcoHOBY OosiecT (KoeduumjeHt
CHMETpHje B Mepa pUruaHocTr). [TpeuioxkeHn HHIMKAaTOpy meppopMance IMOKpeTa ¢y TeCTHpany y
HACHTHOUKOBAILY KIMHUUKUX Ipyra Oj HHTepeca (3ApaBH/OONECHH W Pa3NUYUTH CTAJH]YMH
6onectn). INokasano je ga WIIT-a nobujern Ha ocHOBY nojaraxka ca KuHexr-a Mory ycremiHo sia
knacuuKyjy 3apaBe W OOJNeCHE, anM He M pa3IHuuTe cTagujyme Oonectu. Pasmor mexu y
UUILEHHIM Ja ¢y cuMmnToMu [lapkuHcoHOBE OONecTH M3PaXKEHU]JH Yy INOKPETHMA [IaKe HEero
MPUIAKOM X0Jia ¥ KPYTTHHX MOKpeTa. 300r Tora ce y HapeAHOM TOriaBjby aKlleHaT cTaB/ba Ha
KBaHTH(UKALM]y TOKpeTa Iake. [[okpeTn marujeHaTa TOKOM €KCHEPMMEHTa CE MPHKYIbajy Y
CeKBEHIIM 0J1 HEKOJMKO Y3aCTOIHUX MOHABJbaba, alli ¢e aHAIIM3Hpajy nojeAnna4uno. 300r Tora je y
OKBHpPY OBOT TIOTJIAB/bA TMPEITOKEH METOJ 3a ayTOMAaTCKy CETMEHTallHjy [OKpeTa 3aCHOBAH Ha
NpUHIKIY geTekiuje porahaja u ['aycoBekux npoieca.

YeTBpTo Mornab/be GaBU Ce eBANYAlHjOM MOKpeTa Inake KOpHINemeM CEH30pCKe pyKaBHIle KOX
[TapkrHCOHOBMX nanujeHarta. M3nasu ceH3opeke pyKaBHUE €y yraonu mojaun 3a 18 3riobosa
npcTUjy ¥ make. V3gaBojeHn uHamkaropn nepdopMmaHce KOjH KapakTepully [OKpeTe [iake ce
nobujajy wa yma naguna: (1) AUPEKTHO WM HAKOH TPOLECHUPara M3 CEH30PCKUX chrHana u (2)
MHIAPEKTHO - KOpULINemeM MoJena miake, KOoji Ce I0Pej TOra KOPHCTH M 33 BH3yalu3ainujy H
pepudukanyjy nojaraka ca cemzopa. Haxon Qopmupama NpeTuMUHAPHOr ceTa HHIUKAaTopa
nepdopmarice nokpera, cieii bHxoBa axanuza no ciexehum kpurepujymuma: (1) wHTEpHA
KOH3HCTEHTHOCT U II0Y3JaHOCT Meperba; (2) craTucTiyka eBalyaluja lpeMa JieMorpadckum u




KITHHIYIKAM TapameTpumMa; (3) HAeHTHQHUKOBahe KIMHUYKUX Ipyra ol MHTepeca (3npaBu/OosiecHH
¥ Pa3TMYHTH cTamujymu Gosectn) u (4) Kopenaiyja ca KIMHHYKHM CKanama. Obenexja Koja He
3a/[0BOJbABA]Y CTATHCTHYKE KpUTEpHjyMe cy n3baueHa u3 pasbe aHammse. IIpeoctana obernexja ce
OIHOCE HA ONCEr TOKPETa METaKapajHUX M IPOKCHMATHHX 3T7I000Ba NPCTHJY, YraoHe Op3uHe
alyKIMOHHX CeH3opa (CMEIITeHH u3MeDy npcTujy) U mapameTpe 6p3uHe 1 yOp3ama M3BEICHE U3
Mojiena make. pentndukopane cy rpyrne HHARKATOpa Koje Cy O MHTEpeca 3a CBaKkd O]l rope
HaBeseHux kpurtepujyma. I[lomaiy ca ceHsopcke pykaBHHe Cy nH(OPMATHBHHJU 0] MOJATaKa ca
Kunekr-a u mokasaum ¢y Moryhaoct knacuduxanje n3mehy cranujyma bonecti.

[lero nornmasbe 3aKibydyje eBajlyarujy mokpera koi [lapKHHCOHOBHX narjeHara aHaJH30M
noxpera pyky. ITokpeTn pyke H Iiake ce CHEMAjy KopuuhemeM OEXHYHE HapyKBULE Koja ce
oCcTaBba Ha NOTAKTHITY. Y pehaj Jaje nojarke o MAIIHhHO] aKTHBHOCTH (ca ocam EMI xanana) u
VHepIHMjalHe TojaTke (ca aKIeTepoMeTpa, MKHPOCKOIA WM marmeromerpa). O063upom 1a
CEeH30pCKa pyKaBulla OIMKCAaHa y HPETXOIHOM TIOTJIaB/by MMa BUCOKY HEHY H Jia je nm3ajHupana
camo 3a JIGCHY pyKy, Oe)XuuHa HapyKBHIlA CE pasMarpa Kao HeHa IOrojiHa ajlTepHaTHBa. Iopen
TOra, KIMHAYKA TPOTOKONH y IIapKHHCOHOBOj 60NECTH YK/bYHy]y TECTHpAE H eBaTyaIjy
mokpeTa pyKy, a HapylieHa MummiiHa aKTUBHOCT je JefHA OJ KapaKTepHCTHKA ITapkuHCOHOBE
6onectu. [Topen kBanTH(UKALM]jE TIOKPETA PYKY, HAIJIacak y OBOM MOTJIABbY je u Ha 00jeKTUBHO]
eBanyalMjd CHUMITOMa OpajukuHesdje (yCTIOPEHOCTH MOKpeTra) M IIPOUCHH  pasiuKke y
neppopmancama 3apase 1 bonmecHe pyke. O63upom na cy EMI" curnaii BHCOKO HECTAllMOHAPHH,
OHH Ce TIpoLeCHpajy IPUMEHOM TPO30PCKOT MPHCTYNA, MPH YEMY €€ MHIAUKATOPH padyHajy 3a
cBaKM 1mpo30p. MCcTH NPUCTYT NPUMELEH j€ 1 3a CHTHAJIC ¢a aKLeJIEPOMETPa 1 XKUPOCKOIIA. Ha oBaj
HaurH 700Wja ce U NojaTak O €BONYIH]H HHHMKATOpa TOKOM M3BpIIaBara MOKpera. Ha kpajy
[1OTNIAB/BA, JEPUHUIIY CE HAjpeIeBaHTHU]M HH/INKATOPH MPEMa KIIMHHYKIM KPUTEPU]YMHMA.

Y mperxojaHa Tpu MOrNaBika, GoKyc je OWO Ha aHaM3h U KBaHTU(HUKALMjH TTOKpETa Iaixjenara
xoju 6oayjy oxn Ilapxunrconose Gonect. lllecto moriapbe ce 6aBy OOJEKTHBHOM €BayaiMjoM
nokpera Koji TalHjenata Koju ce Onopap/bajy HakoH muiora. KoHLenT anaimse Mokpera je
Apyraunju 360r mpupoje OOJECTH ¥ TOKa ONopaBKa. [TaumjenTH HAKOH LUIOTA, y3 ALCKBATHY
pexaGUINTALEONY TEpalujy, MOIY Aa OCTBape 3HauajHa Mo0oJbIIamba Yy KpaTKOM BPEMCHCKOM
pHTepBaly. 300r Tora je aHajm3a KOHUHMIHpAHA HHAUBHIYaIHO W (poxycupana Ha Inpaheme
TpOMEHa KOJ1 CBAKOT MALHjeHTa TOKOM BpeMeHa (MOHHTOPHHT). AHanu3npajy ce MoKpeTy mupoKor
oTicera ropser jiesa tesa nomohy Kunexr-a n mokpery pyke v niaxe nomohy 6excruHe HapyKBULE.
Hexu oJ1 mpeuioXeHnx HHANKATopa neppopmace MoKpera ¢y UCTH Kao u cinyuajy TlapkrHcoHOBUX
naumjenara, a UPEUIOKEHH CY U HOBH MHIMKATOH, CHELMGbHUHM 32 TPETMaH Iiiora. Iopen
WaeHTHpWKALMje MHIMKaTopa nepopMaHce MOKpeTa Ojl MHTEpeca 3a pClIeBAHTHE KIIMHIHKE
KPUTEpUjyMe, pa3BHjeHa je U alliMKaluja 3a CKIJHIITEHE, BU3YQIN3alH]y W HHTCPOPETaLH]y
CEH30PCKHX Mepema. AruKaiuja ykibydyje Juune npoduie naugujenaTa, Kako O ce [paTuiio
FIXOBO CTaFbe TOKOM BpeMEHa B oMoryhma mpHMena cietema y KyhHoj pexaOHIUTaLH] 1.

YV rociefmeM, CEAMOM MOIJIABbY CYMHPaHM Cy OCTBapeHH HayudHHM JAONPHHOCH W PE3ylITaTH,
HAKOH 4era cy Mpeioke ! 1abH IIPaBUH UCTPaKHBarba.

3. OIIEHA IMCEPTALIMJE

3.1. CaBpeMeHOoCT ¥ OPUTHHAIHOCT

MMapxunconopa Gonect 1 mior ¢y BoAehn y3pons MOTOPHHX nopemehaja n najuernha Heypononika
06osberba HakoH AlxajMepose Oosnectd. Hlnor je remepanHo ApyrH Hajuerihn y3pox cMprH, a
tpehu Kajga ce pasMaTpajy 3eMibe DPasBMJEHOT CBETA. Pana jmujarnocruka, oxarosapajyha
pexabuiMTalona Tepanuja M ageKBaTaH MOHHTOPUHI MOLY 3HauajHo i@ 1modosbluajy Crambe
rmanujenta u omoryhe 6osbu KBamuTeT XuBoTa. KOHBEHIMOHANHA pexabunuTanioHa Tepanmnja y
GOITHIUKOM OKPY)KEHY TOJIpazyMeBa JyroTpaja, Harmopan  JeJHOIHYaH 1IPOIEC ONopaBka, OJi

KOra TManMjenTy J1aKko ojlycTajy. ACHCTEHLH]A JPYrHx 0coda je 4ecTo HEeolXO/Ha MAlHjeHTHMA,

mro  nosehara YKYIHEe TPOLIKOBE. Ca Jipyre crpaHe, TIpolicHa crarba  ranpjeHara Ko




ITapkuHCcOHOBe GONECTH | UIOTA CE 3aCHHBA HA CyOJEKTHBHIM OLiICHAMA HEYpOJIoTa 1 TepaneyTa H
Ha HEJIOBOJBHO MPENH3HUM KIMHHYKHUM CKajaMa.

Kao mnocnenuia HaBeJEHHX 4YHIBEHHLA, IOCTOjU W3pakeHa mnorpeda Jia ce y TOCTYyNaK
TpaAHIHOHANHE J[UjarHOCTHKE, MOHUTOPUHIA 1 pexabunuranuje yBeay HOBE CEH30PCKE TEXHHUKE
Koje 61 MoGOJBIIANE KBATMTET eBalyaljuja HEypojora M Tepameyrta KopuimhemeM 00jeKTHBHIX
IIPHCTYTIa, @ HCTOBpeMeHo mpyxmie Moryhuoer xyhne pexabmnuranmje. 36or Tora je mpuMeHa
CEH30PCKHX cHCTeMa M HH(MOPMALHOHMX TEXHOJIOTHja Y MEIMLHMHE IOCHEMBUX IOJMHA BeOMa
aKTyelqHA TeMa, a TeK OJl HEJaBHO Ce pasMaTpa M 3BAHMYHO YBODCHE TAKBHUX CHCTEMA Y
MEJMIMHCKE MPOTOKoe. J[OKAa3W CABPEMEHOCTH TEMe Cy M MHOTOOPOJHH HAyYHH CKYTOBH M
MyJITHAMCHHTUIMHAPEM Yacoluck MocBeheHn OBOj TeMaTWIH, Kao W cBe Behm Opoj eBpomcKux
[IpojeKaTa Koju (MHAHCHPajy HCTPAXKHBARHA OBOT THIIA, 003MPOM HA 3HAYdjaH JAPYLITBEHH YTHII].
OpHMrHHATHOCT 0BE TOKTOPCKE AUCEPTAlHMje TTOUKMBA HA OCTBAPECHHM PE3yJITaTHMa UCTPaXKUBArba 1
JOIPHHOCHMA KOjH TIPEBA3U/Ia3e OKBHpE JOCANALIILUX CTy/Hja. JedaH ol JONPHHOCA OBE T3¢ y
OIHOCY Ha OCTaje CTyJAMje Koje ce 0aBe CIHYHOM TEMATHKOM j€ MPEAsor TPHCTYNaqHoOr,
KOMOHHOBAHOT PeXabUIUTAIMOHOT CHCTEMA 3a aHAIM3Y CBUX TpyNa peXxaOHIHTAHMOHHX HOKpPETa
OJl MHTEpeca 3a KOHPETHY HEypoJIoIuKy Gonect. Jlpyru 3Hauajan JOMPHHOC €& OAHOCH Ha MPEJIOT
HOBUX MHJHKaTOpa mnepdopMaHce MOKpeTa KOju HHUCY JI0 caja pasMaTpaHHu y JATEpaTypH.
[IpeaoieHy HHAMKATOPU Cy M3/BOJEHH W3 CEH30PCKMX CHIHAua, AeQUHHCAHH y JOTOBOPY ca
JOKTOPHMA H CIlenH(HYHE Cy 3a KOHKpeTHY Heyposomky Gonect. Takobe, y KOpeJamuju cy ca
KIMHWYIKEM CKalama, a PeeBaHTH Cy W 10 JPYTHM KIMHWYKHAM KpuTepujymuma. KonauHo, 3a
npaheme cTamba nalujeHTa HaKoH 1I7T0Ta, NPEMTONEH € HHTEPAKTHBHI CHCTEM 33 pexabumaraunjy
3aje/1HO ca METOJIOM 3a eBANYaIy]y TIOKpeTa, Koju 61 ce MOrao KOPHCTHTH KaKo y OONHHYIKOM, TaKO
Uy KyRHOM OKpYXemY.

3.2. OcepT Ha pedepenTHy U Kopuiiheny JuTepaTypy

YV 0BOj JIOKTOPCKO] JAMCEPTALIM]H, aHATM3MPAHA JIATEPATYpa je 00KMIia 1 peleBanTHA. Hagezeno je
yrynno 155 6ubimorpadekux pedepennu. Jluteparypa ce BehHHOM cajpXu O pajiosa HOBU]ET
naryma, o63upom ja cy KopuiifieHe CEH30pCKe TEXHOJOTHje JOCTYMHE Ha TPKUIITY CBETa
HexonmKo rojuna. OBaj mojarak rakohe noTBphyje akTyeJHOCT TeMe M HCTpaXuBaiba o0yxpaheror
oBOM jlokTopckom Tesom. CIMcaK JIUTeparype yKJbydyje ¢ pejieBaHTHE DafoBe Koje je
KanMJIaTKHba yOIMKoBaa Kao ayTop Ui KoayTop.

Pagosu [1-4] najy yeua y memuumucku acriekt Ilapxuuconose Oosiectd u miora u Bakehe
IOTHHUYKE TTPOTOKOJIE KOJU Ce MPHMEEbY]Y TOKOM Jieuera. [Iperie] CeH30pCKUX cneTema KOJH C€
KOPHCTE 32 AKBM3MLM]Y MOKPETa, ¢a HATJACKOM Ha cucreme kopuiuhene y pexabuinuTaunju je Jart y
pajioBima [5-8]. IIpucTynaduy BU3YEIHH CHCTEMH Ca TEXHHKOM CHUMAama 6€3 MapKepa ¢y OTIMCaHH
y [9-11]. Tloxa3aHo je Aa TAKBM CHCTEMH NOCELyjy 3a/0BOsbaBajylly TawqHOCT 3a MpUMEHE y
pexabumuranuju [11, 12}, TlpuMepn pexabunuTalnoOHUX CHCTEMa M IIPUCTYTIa 3a KBaHTH(PUKAIN]Y
roKpeTa Koju ce 3acHuBajy Ha Kunekr ypebajy cy onmcann y [13, 14], meljyTuM, HelloBOJbaH Opoj
cTyamja ce GapH KOHKpeTHHM cryuajeM [lapkuncorose 6onectu [15, 16] w wnora [17. 18].
[TojeiHAYHE CEH30PH YMjU CE M3JA3HH CHTHANM KOPHCTE 33 KBAHTH(QUMKALM]Y (PUHHX MOKpera
[aKe # mpeTHjy, onucanu cy y [19-23] nok cy ceH30pcKe pyKaBHIE KOJe Ce KOPUCTE 33 OBE CBPXE
HaBejeHe U aHaju3upane y [24, 25].

BesxidHa HApYKBHLA je HAJHOBUjH OJ CBUX CEH30Pa, NpeABrleHIX 3a pasBOj CEH30PCKOT CHCTEMA.
PenaThBHO CKOpO Ce MojaBuia Ha TPXKHLITY U NOCTOJM CamMO HEKOJIHKO KOHLENTYaTHAX HayqHUX
panosa [26, 27| y kojuma cy je ayTopH TECTHPATH 3a aKBU3HIM]Y MOKpETa, JIOK je nprmMeHa 0Bor
cen3opa y TpeTMaly NailujeHara HaKoH luora Hapejena y [28, 291
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3.3. Onmc ¥ aieKBaTHOCT IIPUMEHCHUX HAYYHUX METOJ1a

UctpaxuBame y OKBHPY OBE JOKTOpCKe JHceprauuje je 3acHosano Ha crieaehum
eKCTIEPUMEHTAITHUM, TEOPH)CKUM H NPAKTHYHUM METO/aMa:

e Meroje akBH3MIMje [MOJaTaka TOKOM cnpoBolerma excriepumeHnara: Heonxonan ycios 3a
aKBU3MLM]Y IojaTaka je Kanubpauuja cenzopa. CBakm o] KopHIINEHHX CEH30pa MMa
nedunHCcaH nocTynaxk kanuGpamyje. Hakon kamabpangje, IpuCcTya ce akBH3UIHjU TIOKpeTa
npemMa Je(pUHECAHIM €KCTIEPHMEHTAIHEM MPOTOKOAMMA. EKCIIEPUMEHTH Cy CIIPOBE/ICHA Y
KJTHHIYKOM OKPYXKEIbY H YKJbYUHBAIH Cy Tpyny [TapKkuHCOHOBHX MalujeHaTa, NalujeHara
KOjH C€ ONOPaBJbajy OJi IJIOra U aIeKBaTHy KOHTDPOJIHY IPyYILy 3paBuX ocoba.

e Metone npenodOpane curHana: (1) OunTpupame cHrHana Kako O Ce OJCTPaHHO HIyM
Mepema; (2) CerMenTallija — y Cllydajy HEKHX CEH30pa, IIOKPETH ce MOHABJbaJy BHIIE ITyTa
3a Pe/ioM M CKJIAMMINTE 3ajej(HO Y je[HOM CHTHANY, a aHATU3Mpajy ce MojefnHaqno. 300r
TOTa je HEOIXO/HO NIPUMEHHUTH aNrOPHTaM CeTMEHTAIH]e CHIHAIa Ha TI0je/IMHAaYHE TOKpeTe.

e Meroje excTpakluje peyieBaHTHHX 00enexja, OJHOCHO HHUKATopa nephpopmance rnokpera
(WITIT) u3 curnana: (1) dupextan npuctyn — u3jsajame MIIII-a IUPEKTHO U3 CEH30PCKHX
CHTHAJa WJIM HAKOH NpMMeHe aJeKBATHUX Momupukanuja curnana; (2) Mupupexran
npuctyn — uzasajame WII[T-a w3 pasBujeHOr MOzeNa IIaKe Ha OCHOBY ECTHMAlldje
MoTpeGHYX T1apaMeTapa — OBaj METO/L ce MpUMebyje caMo y cayuajy WIIII-a u3asojennx u3
CHTHala CHUMJbeHHX mnomohy censzopcke pykasuue; (3) IIposopeku mpuctyn — mojena
curnana na msehe nposope, npu yemy ce MIIT-a pauyHajy 3a cBaky H3ABOJEHH MOJICKYTI.
Ha oBaj Haumn 1octojm yBmj y Bpemencky esosyuujy MII-a toxom nokpera. OBsaj
IIPUCTYN ce€ KOPUCTH 32 aHamu3y curHana jobujeHux ca Oexuune Hapykpuie — EMI
curHajia, Kao U CUraaia ca akieaepoMeTpa | sKMPOCKora.

e Merone cenexunje M (peneBanthux obesexja): Toxom npouenype uzjsajama MITIT
Mory ce TojaBuTh ojpehena oberexja Koja HHCY pelleBaHTHA MM HMAajy [IPWJIAUHO
3aHeMap/bUB YTULA] Ha KOHKPETHY aHaJM3y M I10CTaB/benu Ipobiem. 30or tora ce
MpUMerbYjy TEXHHKE cenexiuje obenexja, kako 61 ce 3ajpikana camMo oHa obenexja ol
BHCOKOI' 3Ha4aja.

e (Crarucrnuke meroje: CTaTHCTHYKE METOJIE C€ NMPUMERY]Y KPO3 CTAaTUCTHUKY adain3y
n3Mely rpyna oj uHTepeca (MaUMjeHTH U KOHTPOJIHK CyOJEKTH, Kao W TPyIie pa3jinuuTHX
cranujyma Gonect) y Kontekcery cera uzasojenux UIIIT (penesanthux obenexja).

e MeTone MalMHCKOr ydera: CHCTeMu OJUTyuMBara 3a [OJAPHIKY JIMjarHOCTHKE U
MOHHUTOPHHIA HA OCHOBY JIOOHjeHHX BEKTOpa obeiexja ce NpojeKTyjy Kopuinhemem
oxrosapajyhux kmacuduxaropa. JoJaTHo, IpHMEEY]Y ¢ TEXHHKE PeiyKUHje JIHMEH3H]a
BeKTOpa 00enexja, kako 6u ce ucnuTaie nepdopmMance KiacupuKaTopa y HOBOM MpOCTOPY
pe/lyKOBaHUX QHUMEH3Mja ¥ ojpesnia obenexja ca Hajehum yTunajem Ha xiacupuKarmjy
rpyma oJ uHTepeca.

e lcnuTuBame xopesnauuje: Beoma BakHa CTaBKa KOJ KJIMHHYHMX CTYAHMja y KojuMa ce
npeIaxy aaTepHATUBHE TeXHHWKe W yrnorpeba HOBHX ToKasaTe/ba YUMHKa ManujeHara (y
oBoM ciyuajy MIIIT-a) je ucnutuBare Mocrojama Kopesanuje nimely HOBO-IIpeIoKEeHUX
NIl -a 1 xTMHAYKKX cKajla i TECTOBA.

e Pa3Boj MHTEpaKTHBHE AIUIMKALMje Y CKIOMY pexabHIHTAHOHOT CHCTeMa: ATMKaldja je
HaMeIbeHa 3a CKIAIUINTER-E, BH3YEITM3al|])y W HHTEPHpPETalH]y CEH30PCKUX Mepema U
M3ABOjEHUX MHAMKATOpA nep(opMaHce MOKpeTa. AruKamnuja ykbyuyje nuuHe npoduie
panMjeHara, Kako O ce MpaTuiio HBUXOBO CTame TOKOM BpeMeHa u omoryhuna npumena
cucrema y kyhuoj pexabwiuramuju. Takohe, Ha oBaj Hauud je omoryhema crajiHa
KOMyHUKalpja n3Mehy rnanujenara u JoKTopa.

3.4, NpuMenJpUBOCT OCTBAPEHNX Pe3yJ/irara




IIpeanoixKeHn CEH30PCKH  CHCTEM ¥ PasBHjEHH METOAM 3@ KBAaHTHQUKAUM]Y M OOjeKTHBHY
eBaTyalujy pexabHIUTALHOHUX TTOKpeTa MMajy BENHKH ITOTEHLHM]al 33 IPUMEHY Y KIHMHHYKHM
npotokonuma. O63MPOM Jia Ce NOKTOPH INPHIHKOM HPOHEHE CTama NalujeHaTa Oc/amajy Ha
CyOjeKTHBHE METOJe M HEJOBOJPHO MPELH3HE KIMHHYKE CKaJe U TECTOBE, NPUMEHa CEH30PCKIX
TEXHOJIOTH]a U 00jJeKTHBHUX MpHUcTya 61 06e36ema 3HaYajHy MOAPUIKY MEIULHHCKO] MTPAKCH K
TPaAHIIHOHAIHO] PeXaOHIHTAIIHOHO] TEPAIIH]H.

Meroan naenTuduUKanije pesieBaHTHUX HHUKaTOpa nepdopMance nokpera cy eKCnepruMeHTaTHO
Bepu(pHKOBaHK 3a [[apKHHCOHOBE TAIMjEHTE U TIALKjeHTEe KOJU CE ONOPaBjbajy HAKOH IIUIOTa.
MeljyTM, HCTH KOHIENT ce y3 H3BECHE ajanTalyje MOXKe IPUMEHWTH M Ha JApyre THIIOBE
HeypoJIomKHX 60IecTd B MOTOPHEX ropemehaja.

Beoma 3HauajHa NpEMEHa OCTBAPEHUX pe3yiiTaTa OBE OKTOPCKE JiMCepTauMje ce orjiena y
moryhHocTuMa kopuithema CHCTEMA 3aj€/(HO ca MPHCTYIIOM 32 KBaHTU(HUKALH]Y MOKpeTa y KyhHoj
pexabunurauuju. Iocneamux rojuia, KoHuent kyhne pexabuiuTaiuje Mocraje CBE 3aCTyIbEHH]H,
063UpOM Ha OrpaHHMYeHy [OKPET/HHBOCT TaldjeHara ¥ yKy[HE TPOLIKOBE CIpOBolherba
pexabuINTalMOHUX Tepalrja y OOJIHUYKOM OKPYXKEIbY.

PesynTaTy mCTpaXkKuBamba Cy NPOHCTEKIIM W3 CTAJIHE kojabopalyje ca JOKTOPUMa U 3aCHOBAHH CY
Ha TO/IAIMMA MPUKYTIJLEHUM TOKOM €KCIIEPHMEHTAIHIX TeCTHPama ca nanujentuma. Mehytnwm, 3a
YKJbYYHBAIbE MPEUIOKEHNX METO/Ia y KIMHUUKE IIPOTOKOJIE, TOTPedHa Cy J0/jaTHA HCTIMTHBAmbA,
KA0 ¥ CTPYUHO MHUIIJBCHE MEIMIIMHCKAX EKCIepaTa 1 cariacHOCTH Ha/UIEKHUX YCTaHOBA.

3.5. Ouiena JIOCTUTHYTHX criocoOHOCTH KAaHIHATa 33 CaMOCTAJIHY HAaYYHy pajl

Kanamnatkama Coduja CrnacojeBuh je w3paoMm OBe JOKTOPCKE JHMCepTaluje W nyOnumKanmjom
OCaMHAECT HAYYHMX PagoBa y MOTIMYHOCTH AEMOHCTPHpaNa CIOCOOHOCTH 3a camocTajiaH Hay4qHo-
ueTpaxkuBadky paja. Kanaugarkurma je cHcTeMaTHYHO W3BPIIMIIA IIPETIE] PEIeBAHTHE JIUTEpaType,
yCHemHo uieHTU(GUKOBATA HEJNOCTATKE JHOCAJANIIBUX CTYH]a U NPELIOKUIA PEIEmhA KojuMa ce
npepasynaze orpanuuerba rocrojehux npueryna. Tema jmcepraumje je Beoma akTyejiHa W
MYJITHIMCLUIIAHAPHA, TIPH YeMY Pe3yJITaTu JIcepTaifje NMajy BEeIMKH MOTEHIH]a)l 3a KOHKPETHE
MpuMeHe Y MEIWLHMHCKO] Tpakcu M pexabuiuTaroHo] Tepanuju. MeTtoje HCTpakuBarma u
MPUCTYNH Y Peau3aiiji ¢y HHOBATHBHE U kpeaTuBHu. OcrBapeny JONPHHOCH CY OPUIFIHAIIHA U
noTBphyjy crnocoGHOCTH KaHHIaTKHBE 32 CAMOCTAIHK HAYYHO-HCTPAKUBAUKA PaJ.

4. OCTBAPEHU HAYYHM AOITPHHOC

4.1. Ilpuxas ocTBapeHuX HAYYHHX JOIPHHOCA

Hay4nu gonpunocH oBe JOKTOpCKe aucepranyje cy cieaehu:

e Tlpernen m cucremaTuzaumja moctojehux cucrTema pexaOGHIHTalMje KOJH Ce 3aCHHBAjy Ha
BU3YEJTHHM W HOCHBUM CEH30pHMa, ca MOCEOHUM OCBPTOM Ha OHE KOJH CY IPUMEHBH KO
ITapkuaCOHOBE D01ECTH H TOKOM OIIOPaBKa HAKOH LUIOTA.

e Pa3Boj MPHCTYNAYHOr, MPEHOCHOr U OEXHYHOT CEH30PCKOT cucTeMa, NorojaHor 3a kyhumy
pexabumMTanyjy, Koju je 6e3benan u KoM(pOpaH 3a IPUMEHY KOJI TaIHjeHaTa.

e Pa3poj npucryna (aropuTama) 3a aHaM3y U KBAaHTH(UKALHK]Y OKPETa:

— IlpuMena HOBHX, TpPEHU3HHMJHX TEXHHKA 3a  H3padyHaBambe 110cTojehnx
pexabuMTallmOHUX Mepa (HIIp. Op3UHE U oricera MoKpeTa);

— Tlpemor HOBUX penieBaHTHHX oOenexkja nomMohy Kojux ce HOKpPEeTH MOI'y OfHcaTh
(nuauxaropu neppopmance noxpera - UIITT);

— Pa3Boj anropurama 3a excrpakuujy MITII-a qupextHO n3 J0OHjeHHX CEH30PCKHX
CUTHAJIA UM W3 CHTHasa obpajeHux TpUMEHOM aJIeKBATHUX TEXHUKA,
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e Amnanusa penepantHocTu u3aBojenux WIIT-a 3a komkpeTHy Heyposouwky Oonecr u
WCTHTHBAE KopenucaHocTH npennoxennx MIIIT-a ca paxehum KIMHUUKUM TECTOBMMA W
cKanama NporucaHiM 3a OCMaTpany HeyposowKy OoJiect.

o TlpojexToBame cucTeMa OIyuUMBaMha M3Mely KIMHUUKMX rpyma (KOHTpOjiHa rpyna M
rnanujeHTH 1 pasauuute dase Gonectr) Ha ocHoBY aepunucanor cera UIH-a.

e Pa3Boj HOBMX TexHMKA 3a TMOAPLIKY KIMHMUKHX eBajlyalldja TOKOM JIM]arHOCTHKE W
MOHUTOPHMHTA NaLHKjeHaTa.

4.2. Kputrnuka aHajanu3a pe3yJiTarta HCTpaKHBatbha

OCHOBHE MPEJHOCTH CEH30PCKOT CHCTEMA 38 PeXaGHIUTALM]y TIPEJTONKEHOT Y OBOj AHCEPTAaLH]H Y
OJIHOCY Ha CHCTEME pa3MaTpaHe y NOCafiallibuM CTyjdjama Cy MPUCTYNauHOCT, MPEHOCHBOCT M
KOMGMHOBAHM CEH3OPCKM Tojalyd 3a OOjeKTHBHY eBallyalljy CBMX TOKpeTa OJf MHTepeca 3a
KOHKpETHY Heyposiomky GonecT. PeneBanTHe cryauje ce yrmaBHOM (oKycupajy Ha ofpefjeHy
rpyny IOKpeTa ¥ KOPHCTE H30NOBAHE CEH30pE KOjU HE MOry aleKBaTHO Jia OMMlly MNOKpETe
nauMjeHara.

Hajpelin 1OTpUHOC Te3€ je MPEIor HOBUX HHAMKATOpa nepdopmMaHce NoKpeTa Koju HHCY J10 cajia
pasMaTpaHy y JOCTYIHOj AuTeparypu. IIpeioneHy MHANKATOpK oapaxasajy cuMnrome Gonecry,
a MOry ce KOPMCTMTM M Kao MNOAPLIKA KIMHHYKMM eBajyauujaMa TOKOM AMjarHOCTHKE M
moHutopuHra Gonectu. Takolje, oHM Cy Yy KOpenaLyju ca KIMHUYKAM TE€CTOBMMA W CKajlama, [ITO
NpeAcTaB/ba HEOMXOJaH YCJIOB 33 HUXOBO EBEHTYAJHO YKJbYHUCHE Y KIWHMYKE NPOTOKOJeE.
Uujukatopu repdopmance Mokpera Ao0ujajy ce Ha OCHOBY HOBO-HPEIJIONEHHX ajiropurama
npolecHpama CeH30PCKUX CUrHarna.

Behuuu crymmja HejocTaje CcTpaTerdja 3a yK/byHMBAILE CEH30PCKUX MeEpema Yy KIMHUUKE
[POTOKOJIE 1 eKcTiepuMenTanta BepuduKanuja J06HjeHuX pesyrata. Y 0BOj Te3, NPejUIoKeHH ¢y
HAUMHK HA KOje MHAMKaTopy nepdopmance nokpera Mory noGosbinaTh kiuHuuke esanyaiuje: (1)
NPOJEKTOBAE CUCTEMA OJJyduBatba M3Mely KIMHMUKMX Tpyna oj uHTepeca (MmaiujeHTd u
KOHTpOJiHA rpyna v pasmuunte dase Gonectu); (2) o6jeKTHBHA NPOLEHA pasauKe y nephopmancy
ssipaBe u Goneche pyke u (3) pa3Boj MHTEPAKTHBHE amMKaluje 3a CKIaMILTeHE, BU3yaIU3aUnjy 1
WHTEPTIPETALM]Y CEH30PCKUX MEPEHHA KOjy MOFY KOPUCTHTH naumjenTy y kyhnoj pexabuinraumju
M JIOKTOpU Y GoaHMUKOM  OKpy)Xewy. CBu joOujeHd pesyjrari cy MpoucTerin  u3
eKCIIEPUMEHTATHMX CEH30PCKUX M KIIMHUYKHX MEPErba Ha y30pKy o1 ipeko S50 naijenara.

Jejian 0Ji HEAOCTATAKA HCTPOKMBAMA UMjU Cy PE3yJITATH MPUKa3anu y OBOj JldcepTanujn jecre
o6uMHMja BepuduKalnja NpeIoKeHuX pelliea Koja 6u moapasymepaia sHauajuo sehn Opo
lailiHjeHaTa u Nnocrojare BpeMeHeke auctanie. Hajgamo ce jia iie pesynrary, 10 KojuX ¢e y OKBUPY
OBE Tese MOILI0, 3AKUBETH Y MEIULMHCKO] Npakcd pexaGunuTaimje nauujenara oboseinx o
[MapknHcoHOBe GomecTv Wy pexabWIMTaLyjy NalujeHaTa HaKoH JOMHMBILEHOr hiiora, u aa he
BpEME Koje J10J1a31 [TOCBEAOUNTH O NPUMEHBOCTH ¥ CBPCHCXOAHOCTH TAKBKMX METOJA.

4.3, Bepudurauuija Hay4HUX JONPHHOCA

Hayunu JONpHHOCH JIOKTOPCKE CepTaLije ¢y Bepu(ukosann ciefehnum pajoBuma:

Kareropuja M22:

1. S. Spasojevié, T. 1li¢, S. Milanovié, V. Potkonjak, A. Rodi¢, and J. Santos-Victor. Combined vision
and wearable sensors-based system for movement analysis in rehabilitation. In Methods of
Information in Medicine journal, 56(2):95-111, 2017. (IF=1.772), (ISSN: 0026-1270), (DOL
10.3414/ME16-02-0013). Schattauer.

2. S. Spasojevié, T. 1li¢, 1. Stojkovi¢, V. Potkonjak, A. Rodi¢, and J. Santos-Victor. Quantitative
Assessment of the Arm/Hand Movements in Parkinson’s Disease Using a Wireless Armband
Device. Frontiers in Neurology, 8(388):1-15, 2017. (IF=3.552), (ISSN: 1664-2295), (DOL
10.3389/fneur.2017.00388).




Kareropuja M14:
1. Rodié, B. Urukalo, M. Vujovi¢, S. Spasojevié¢ et al. Embodiment of Human Personality with EI-

Robots by Mapping Behaviour Traits from Live-Model. Advances in Robot Design and Intelligent
Control: Proceedings of the 25th Conference on Robotics in Alpe-Adria-Danube Region (RAAD16),
vol. 540 (pp. 438-448), 2016.

2. 8. Spasojevi¢, R. Ventura, J. Santos-Victor et al. Automatic Segmentation of Therapeutic Exercises

Motion Data with a Predictive Event Approach. New Trends in Medical and Service Robots 2016

(pp. 217-225). Springer International Publishing.

S. Spasojevié, J. Santos-Victor, T. Ili¢ et. al. A Vision-Based System for Movement Analysis in

Medical Applications: The Example of Parkinson Disease. Computer Vision Systems 2015 (pp. 424-

434). Springer International Publishing.

4. D. Kati¢, P. Radulovié, S. Spasojevié et al. Advanced Gesture and Pose Recognition Algorithms
using Computational Intelligence and Microsoft KINECT Sensor. New Trends in Medical and
Service Robots 2014 (pp. 193-207). Springer International Publishing.

5. Rodi¢, B. Miloradovié, S. Popié, S. Spasojevi¢ et al. Development of Modular Compliant
Anthropomorphic Robot Hand. New Trends in Medical and Service Robots 2014 (pp. 205-219).
Springer International Publishing.

|U)

Kareropuja M33:

[. S. Spasojevié, N. 11ié, A. Rodi¢, J. Santos-Victor. Kinect-based application for progtress monitoring
of the stroke patients. In Proceedings of IcETRAN2017, IcETRAN 2017, Kladovo, Serbia, June
2017, ROI12.6, pp. 1-5.

2. 8. Spasojevié, M. Vujovi¢, A. Rodi¢. Robot head motion control using hand gestures. In
Proceedings of ICETRAN2015, IcETRAN 2015, Srebrno jezero, Serbia, June 2015, ROI1.4, pp. 1-5.

3. 8. Spascjevié, R. Ventura. Automatic gesture segmentation based on a predictive event
segmentation approach. 19th edition of the Portuguese Conference on Pattern Recognition (RecPad),
Lisbon, November, 2013.

4. S. Spasojevi¢, M. Sui¢, Z. Purovié. Recognition and Classification of Geometric Shapes using
Neural Networks. 11th Symposium on Neural Network Applications in Electrical Engineering
(NEUREL), Belgrade, Serbia, September 2012 (pp. 71-76). IEEE.

5. M. Sugi¢, S. Maksimovié, S. Spasejevi¢, Z. Purovi¢. Recognition and Classification of Deaf Signs
using Neural Networks. 11th Symposium on Neural Network Applications in Electrical Engineering
(NEUREL), Belgrade, Serbia, September 2012 (pp. 65-70). IEEL.

Kareropuja M63:

I. S. Spasojevi¢, B. Karan. Application of Kinect-type sensor in acquisition of hand joint trajectories.
The 57th ETRAN Conference, Zlatibor, Serbia, Jun 2013, RO3.2 pp. [-4.

2. S. Spasojevi¢, S. Mitrovié, M. Sugi¢, Z. Purovié. Application of digital image processing for
recognition of geometric shapes. 9th Conference of Digital speech and image processing, Kovacica,
Serbia, October 2012, B1.4 pp. -4
M. Susié, S. Maksimovié, S. Spasojevié, Z. Durovié. One approach for deaf signs recognition from
digital images. 9th Conference of Digital speech and image processing, Kovacica, Serbia, October
2012, B1.6 pp. 1-4.

4. S. Spasojevié, Z. Purovié, “Recognition and classification of geometric shapes in 2D plane”, The

56th ETRAN Conference, Zlatibor, Serbia, Jun 2012, RO2.3 pp. 1-4.

5. M. Susié, S. Spasojevié, B. Karan. 3D data acquisition and practical calibration of Microsoft Kinect

camera, The 56th ETRAN Conference, Zlatibor, Serbia, Jun 2012, RO2.4 pp. 1-4.

6. S. Spasojevi¢, M. Susi¢. 3D reconstruction of the robot environment based on images obtained using

stereo camera, The 55th ETRAN Conference, Banja Vrucica, Bosnia and Herzegovina, Jun 2011,

RO2.3 pp. 1-4.
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5. BAKJbYHAK U INPEJJIOI

Ha ocrHoBy cBera mznoxenor, Komucurja cmarpa aa JIOKTopcka JucepTanyja kauauaatkume Coduje
Cnacojesuh ucnymasa cBe 3aKOHCKe, (JOPMAJIHE U CYNITHHCKE YCIIOBE, Kao M CBE KPHTEPHjyMe KOjH
ce yoOWJajeHO NMpHUMEYjy IPHIMKOM BpEJHOBama JOKTOPCKE aucepranuje. HaBenenun HaydHu
JIONPHHOCH Y KOHTEKCTY IIPEIJIOKEHOT KOMOHHOBAHOT CEH30PCKOr CHCTEMa 3a pexaOUIIUTaLu]y
KOJI HEYPOJIOIIKHIX GOJIECTH CE IIPe CBETa OJ{HOCE HA PA3BHjEHHU IIPUCTYII 38 00jeKTHBHY eBaLyalu]y
MoKpeTa y3 HOBE IIpe/UIodkeHe HHUKaTtope mepdopmance mokpera. Pesynraru mcTpaxuBama Y
OKBUPY OBE JIOKTOPCKE JUCepTalije ce MOTYy NIPAMEHUTH Yy KIMHHYKHM IIPOTOKOJIHMMA
pexabminTammje Kao IOJIPIIKa TPAAUIMOHATHO] MEIUIIMHCKO] MpakcH. Y3mmajyhu y ob63up cse
HaBegeHo, Komucuja cmatpa ma moxropeka mucepraimja Coduje CnacojeBuh canpiu opurnHaiie
Hay4yHe JonpuHOCe y 0bJacTH MPUMEHEe TeXHUKa oOpaJle CHTHaja, MAIIMHCKOT yuerha W aHalu3e
noparaka y meguiunn. Crora Kommucuja ca 3amoBosbeTBOM Tipesyiaske HacraBro-naydHoM Behy
Enexrporexanuxor ¢axynrrera YHUBep3uTeTa y beorpagy na ce JOKTOpcKa JucepTaliija IOJ
HasuBoM "KBaHTHTaTHBHA aHaNW3a IOKpeTa y pexabWIMTAallMjH HEypoNomKuxX mnopemehaja
KopumhereM BH3YEIHUX M HOCHBHX CeH30pa’ MPHUXBATH, U3JIOKHM HA YBHJI jaBHOCTH M YIIyTH Ha
KOHA4HO ycBajame Behy Hayunux obsacTi TEXHHUKUX Hayka YHUBEp3HuTeTa y beorpany.

Beorpaz, 19.10.2017. ronune
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University of Belgrade
School of Electrical Engineering

TO TEACHING-SCIENTIFIC COUNCIL
Subject: Report about completed doctoral dissertation of candidate Sofija Spasojevi¢

By decision of Teaching-scientific council of the School of Electrical Engineering number 5014/11-
3 from September, 22" 2017 and 5014/11-3/2 from October, 20" 2017, we are selected as
Committee members for examination, evaluation and defense of doctoral dissertation of candidate
Sofija Spasojevi¢ with the title
"Quantitative movement analysis in the rehabilitation of neurological disorders using vision
and wearable sensors"

After examination of the submitted thesis and accompanying material and interview with the
candidate, the Committee made the following

REPORT

1. INTRODUCTION

1.1. Chronology of approval and dissertation work

The candidate has submitted the thesis topic with the title ,Quantitative movement analysis in the
rehabilitation of neurological disorders using vision and wearable sensors™ to the Commission for the
third-level studies at the School of Electrical Engineering, University of Belgrade on November, 3,
2016. Prof. dr Zeljko Djurovic and prof. dr Jose Santos-Victor are proposed as thesis supervisors in
accordance with the bilateral program of doctoral studies between the School of Electrical Engineering,
University of Belgrade and Instituto Superior Técnico, University of Lisbon.

Commission for the third-level studies considered the proposal of the thesis topic for dissertation
work on its meeting organized on November, 8" 2016 and forwarded the proposal of the Committee
for evaluation of the suitability of the thesis topic and candidate to the Teaching-scientific council.
Teaching-scientific council of the School of Electrical Engineering on its meeting organized on
November, 15" 2016 (decision number 5014/11-1 from November, 24" 2016) declared the
Committee for evaluation of the conditions and acceptance of the doctoral dissertation topic,
composed from: prof. dr Branko Kovacevic, prof. dr Dejan Rakovic and scientific advisor dr
Aleksandar Rodic.

On the meeting of Teaching-scientific council of the School of Electrical Engineering, organized on
February, 14" 2017, the report of the Committee for evaluation of the conditions and acceptance of
the doctoral dissertation topic has been accepted (decision number 5014/11-2 from February, 14"
2017).




Council of scientific areas of technical sciences of the University of Belgrade, on its meeting
organized on February, 27™ 2017 gave the consent to the proposal of doctoral dissertation topic
with the title "Quantitative movement analysis in the rehabilitation of neurological disorders using
vision and wearable sensors" (decision number 61206-871/2-17).

The candidate has submitted the doctoral dissertation for examination and evaluation on August,
31%2017.

Commission for the third-level studies, on its meeting organized on September, 5™ 2017, has
confirmed the fulfillment of all necessary conditions for proposal submission to the Teaching-
scientific council of the School of Electrical Engineering for forming the Committee for
examination and evaluation of doctoral dissertation.

Teaching-scientific council of the School of Electrical Engineering, on its meetings organized on
September, 12" 2017 and October, 10" 2017, declared the Committee for examination and
evaluation of doctoral dissertation, composed from: prof. dr Zeljko Djurovic (School of Electrical
Engineering), prof. dr Jose Santos-Victor (Instituto Superior Técnico, University of Lisbon), prof.
dr Branko Kovacevic (School of Electrical Engineering), scientific advisor dr Aleksandar Rodic
(Mihailo Pupin Institute), prof. dr Jorge Marques (Instituto Superior Técnico, University of Lisbon),
and prof. dr Luis Alexandre (University Beira Interior), decision numbers 5014/11-3 and 5014/11-
3/2.

Based on the decision of the Teaching-Scientific Council no. 545/2 from 13/03/2012, the study
program started in the spring semester of the academic year 2011/2012, so the deadline for
completion of doctoral academic studies is calculated from the beginning of that semester, in
accordance with the Statute of the University of Belgrade and the Statute of the Faculty of Electrical
Engineering.

1.2. Scientific areas of doctoral dissertation

The doctoral dissertation belongs to Technical sciences and research areas of signal processing,
machine learning and computer vision, for which the School of Electrical Engineering, University
of Belgrade and the Instituto Superior Técnico, University of Lisbon are specialized.

Thesis supervisor from the School of Electrical Engineering, University of Belgrade, prof. dr Zeljko
Djurovic is full professor for scientific areas of signal processing and machine learning. Thesis
supervisor from the Instituto Superior Técnico, University of Lisbon, prof. dr Jose Santos-Victor is
full professor for scientific areas of computer vision and machine learning. Both supervisors are
authors of large number of scientific papers in the international journals.

1.3, Biographical data

Sofija Spasojevi¢, MSc in Electrical Engineering, is born on September, 7th, 1987 in Sabac,
Republic of Serbia. She finished the primary and high school in Sabac as one of the best students.
She enrolled the School of Electrical Engineering in Belgrade in the academic year 2006/2007. She
graduated in 2010 at the Department for Systems and Signals with the average grade 8.91 and grade
10 at the graduate thesis. In the academic year 2010/2011 she enrolled the master studies on the
School of Electrical Engineering in Belgrade. She finished master studies in 2011 with the average
grade 10 and grade 10 at the master thesis. In the academic year 2011/2012 she enrolled the PhD
studies on the School of Electrical Engineering in Belgrade at the Department for system control
and signal processing. In January 2012, she got the employment at the Mihailo Pupin Institute,
Laboratory for robotics, where she is employed also today at the position research associate. In July
2013 she started the bilateral doctoral program between the School of Electrical Engineering in
Belgrade and the Instituto Superior Técnico in Lisbon.

Until now, she participated in one national project (111-44008: Design of Robot as Assistive
Technology in Treatment of Children with Developmental Disorders, The Ministry of Education,
Science and Technological Development of Republic of Serbia, 2011-2017) and five international
projects of bilateral academic collaboration (1. CARE-robotics - Creative Alliance in Robotics
Research and Education Focused on Medical and Service Robotics, supported by Swiss National
Scientific Foundation, 2011-2014: 2. COLBAR - Synthesis of Collaborative Behavior Attributes
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with Service Robots Based on Visually-Motor Human-Machine Interaction, project of bilateral
academic collaboration between Mihailo Pupin Institute in Belgrade and Instituto Superior Técnico,
Lisbon, Portugal, 2013-2014; 3. Researchers’ night — FLIRT, supported by European research and
development program (HORIZON 2020), 2014-2015; 4. Advanced perception and learning for
cognitive heterogeneous robots, project of bilateral academic collaboration between Mihailo Pupin
Institute in Belgrade and Jozef Stefan Institute, Ljubljana, Slovenia, 2015 and 5. Elrobots -
Emotionally Intelligent Robots: Building attributes of artificial emotional intelligence aimed to
make robots feel and sociable as humans, supported by Research Group Linkage Program,
Alexander von Humboldt Foundation in collaboration with the Institute for Informatics, University
of Kaiserslautern, Germany, 2015-2017).

Research areas of candidate Sofija Spasojevic are signal processing, machine learning, data analysis
and computer vision. Results of her research are published through eighteen papers: two papers in
international journals, five book chapters, five papers presented at international conferences and six
papers presented at domestic conferences.

2. DESCRIPTION OF DISSERTATION

2.1. Dissertation content

Dissertation with the title “Quantitative movement analysis in the rehabilitation of neurological
disorders using vision and wearable sensors™ is written on 107 pages in English language due to the
bilateral doctoral program with the Instituto Superior Técnico, University of Lisbon. Dissertation is
organized in the following seven chapters: 1. Introduction; 2. Background and Related Work; 3.
Quantitative assessment of the full-body movements in Parkinson's disease using Kinect device; 4.
Quantitative assessment of the hand movements in Parkinson's disease using the data glove; 5.
Quantitative assessment of the arm / hand movements in Parkinson's disease using wireless
armband device; 6. Kinect and EMG-based quantitative approach for progress monitoring of the
stroke patients 7. Conclusions and future work. At the beginning of dissertation, the Abstract in
English, Portuguese and Serbian language, Acknowledgement, List of acronyms and Contents are
written. After the last chapter, the reference list is presented with 155 references listed by the
surname of the author and Curriculum vitae of the candidate.

2.2. A brief of overview of thesis chapters

The introductory chapter consists of three parts. The first part describes the motivation for research
cartied out in the thesis, as well as the subject and importance of the research. The research subject
is the development of the sensory system and approach for the analysis and quantification of
rehabilitation movements of patients suffering from neurological diseases (Parkinson's disease and
stroke). Evaluation of patients’ output during the movement performance at Parkinson'’s disease and
stroke is based on the subjective evaluations of neurologists and therapists and imprecise clinical
scales, which only medical experts can interpret. On the other hand, conventional rehabilitation
therapy often involves a long, exhausting and tedious recovery process, from which patients can
easily give up. As a consequence of the above mentioned facts, there is a clear need of introducing
new sensory techniques into the traditional diagnostic, monitoring and rehabilitation procedure.
This would increase patient motivation during the therapy and improve the quality of neurologists’
and therapists’ evaluations using objective approaches. A brief overview of the sensory systems and
methods used for the acquisition and analysis of rehabilitation movements so far is presented. This
section lists the main goals of this dissertation: (1) Developing an affordable and portable
rehabilitation sensory system, suitable for use in home environment; (2) Developing the approach
for movement quantification and (3) Design of new movement performance indicators (MPIs)
extracted from the sensor signals.

In the second part of the introductory chapter, the medical background of the Parkinson's disease
and stroke is presented. The basic disease symptoms, the treatment and the course of recovery are
described. Different stages of the disease and clinical methods, which doctors and therapists use to
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monitor the patients’ condition, have been explained. This information is of great importance for the
development of the approach for movement quantification, and in particular for the design of
movement performance indicators that reflect the disease symptoms.

The third part of the introductory chapter provides the thesis structure and a brief description of
topics that will be discussed in the following chapters.

The second chapter presents the state of the art and describes the relevant studies in the context of
research conducted in the doctoral dissertation. An overview of the various types of sensors and
sensor systems used for the movement acquisition is presented — vision-based sensors (with markers
placed on the body and without markers) and wearable sensors that are attached to the arm or hand.
Sensory systems used specifically in the Parkinson's disease and stroke for the following groups of
movements are analyzed: (1) gait and large range upper body movements, and (2) arm/hand
movements. The special emphasis is on methods for extracting the relevant features from the sensor
signals. The disadvantages of the existing rehabilitation systems and the limitations of the methods
for the sensor signal processing towards delivering the movement performance indicators are
successfully addressed. It is explained how the research in this doctoral dissertation overcomes the
disadvantages and limitations of relevant studies in terms of: (1) the use of the combined sensor
system intended to include all movements of interest for the particular neurological disorder, and
(2) defining the new, clinically oriented movement performance indicators for an objective
evaluation of the patient performance.

The third chapter focuses on the quantification of the gait and large range upper body movements
based on the data from Kinect device for Parkinson's patients. The Kinect device is a vision-based
sensor that uses the technique without markers for data collection. During the movement
performance, Kinect collects 3D coordinates for 15 characteristic joints, whether the video
sequences can be recorded, as well. Movement performance indicators, derived from the sensor
data, are defined in agreement with neurologists and therapists and they are divided into two
groups: (1) standard movement performance indicators that are calculated using outdated
techniques (speed and range of motion) and (2) newly-proposed indicators, clinically oriented and
Parkinson's disease-specific (symmetry ratio and rigidity measure). The proposed movement
performance indicators have been tested for identifying clinical groups of interest (healthy subjects /
patients and different disease stages). It has been shown that MPls derived from the Kinect data can
successfully classify patients and controls, but not different stages of the disease. The reason lies in
the fact that the Parkinson's disease symptoms are more visible in the hand movements than in the
gait and large range movements. Therefore, in the next chapter, the emphasis is on the
quantification of the hand movements.

During the experiments, patients’ movements are collected in sequences of several consecutive
repetitions, but they are analyzed individually. Consequently, a method for automatic motion
segmentation, based on the event detection and Gaussian processes is proposed within this chapter.
The fourth chapter deals with the evaluation of the hand movements in Parkinson's patients using
the data glove. Data glove outputs angular data for eighteen hand and finger joints. Extracted
movement performance indicators that characterize hand movements are obtained in two ways: (1)
directly from the sensor signals or after the signal processing and (2) indirectly - using the hand
model. which is also used for visualization and verification of the sensor data. After the formation
of the preliminary set of movement performance indicators, they are analyzed according to the
following criteria: (1) internal consistency and reliability of measurements; (2) statistical evaluation
according to demographic and clinical parameters; (3) identifying clinical groups of interest
(healthy subjects/patients and different disease stages) and (4) correlation with clinical scales.
Indicators that do not meet the statistical criteria are excluded from further analysis. The remaining
indicators refer to the range of metacarpal and proximal finger joints, the angular velocity of the
abduction sensors (located between the fingers), and the velocity and acceleration parameters
derived from the hand model. Groups of indicators, relevant for each of the above-mentioned
criteria are identified. Sensor glove data are more informative than Kinect data, demonstrating the
possibility of classification between the disease stages, as well.




The fifth chapter concludes the movement evaluation of Parkinson's patients by analyzing the
arm/hand movements. Arm/hand movements are recorded using a wireless armband sensor that is
placed on the forearm. The device provides muscle activity data (from eight EMG channels) and
inertial data (from an accelerometer, gyroscope, and magnetometer). Due to the high cost of the
data glove described in the previous chapter and its right-hand design, the wireless armband sensor
is considered as suitable, affordable alternative for the data glove. In addition, clinical protocols in
Parkinson's disease include testing and evaluation of the arm/hand movements, and the impaired
muscle activity is one of the Parkinson's disease characteristics. In addition to the arm/hand
movement quantification, the emphasis in this chapter is on the objective evaluation of the
bradykinesia symptom (slow movements) and the assessment of the performance differences
between healthy and affected hand. Since EMG signals are highly non-stationary, they are
processed using a window approach, whereby the indicators are counted within each window. The
same approach was applied to signals from accelerometer and gyroscope. In such way, the time
evolution of indicators during the movement is obtained. At the end of the chapter, the most
relevant movement performance indicators are identified, according to the clinical criterions of
interest.

In the previous three chapters, the emphasis was on the movement analysis and quantification in
Parkinson's disease patients. The sixth chapter deals with an objective movement evaluations in
stroke patients. The concept of motion analysis is different due to the disease specifics and recovery
process. Patients who survived the stroke, with an adequate rehabilitation therapy, can achieve
significant improvements in a short time interval. Therefore, the analysis is patient-oriented and
focused only on the progress monitoring over time. The two groups of the examined movements are
large range upper body movements acquired with the Kinect and arm/hand movements collected
using the wireless armband sensor. Some of the proposed movement performance indicators are the
same as in the case of Parkinson's patients. Additionally, new movement performance indicators,
that are specific for the treatment of the stroke, are proposed. Along with the identification of
movement performance indicators for the relevant clinical criterions, the application for storage,
visualization, and interpretation of the sensor measurements has been developed. The application
includes personal patient profiles in order to monitor their condition and to allow the application of
the system in home rehabilitation.

In the last, seventh chapter, achieved scientific contributions and results are summarized and the
further research directions are proposed.

3. DISSERTATION EVALUATION

3.1. Contemporaneity and originality

Parkinson's disease and stroke are the leading causes of motor disability and the most common
neurological disorders after Alzheimer's disease. The stroke is generally the second most common
cause of death and the third, taking into account the countries of the developed world. Early
diagnosis, appropriate rehabilitation therapy, and adequate monitoring can significantly improve the
patient's condition and enable a better quality of life. Conventional rehabilitation therapy in a
hospital setting implies a long-lasting, exhausting and tedious recovery process, from which patients
can easily give up. The assistance of other people to patients is often necessary, which increases
total costs. On the other hand, the assessment of patients’ condition in Parkinson's disease and
stroke is based on the subjective evaluations of neurologists and therapists and imprecise clinical
scales.

As a consequence of the above-mentioned facts, there is a clear need of introducing new sensory
techniques into the procedures of traditional diagnostics, monitoring, and rehabilitation. They would
improve the quality of neurologists’ and therapists’ evaluations using objective approaches, while
providing the possibility of home rehabilitation. Therefore, in recent years, the application of
sensory systems and information technologies in medicine is a very actual topic. Such technologies
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have only recently been considered for inclusion into medical protocols. The evidences for the
contemporaneity of the topic are also numerous scientific meetings and multidisciplinary journals
focused on this topic, as well as an increasing number of European projects that fund such research
topics, given the significant impact on society.

The originality of this doctoral dissertation is based on the research results and contributions that go
beyond the framework of previous studies. One of the contributions of this thesis, in relation to
other studies dealing with similar topics, is the proposal of an affordable, combined rehabilitation
system for the analysis of all relevant groups of rehabilitation movements for the particular
neurological disease. Another significant contribution relates to the proposal of new movement
performance indicators that have not been considered in the literature so far. The proposed
indicators are extracted from the sensory signals, defined in agreement with the doctors, and are
specific to the particular neurological disorder. They are correlated with clinical scales and are also
relevant to other clinical criteria. Finally, in order to monitor the condition of the patient after a
stroke, an interactive rehabilitation system is proposed along with the motion evaluation method,
which could be used in both, the hospital and home environments.

3.2. Review of the used literature

In this doctoral dissertation, the analyzed literature is extensive and relevant. A total of 155
bibliographic references have been cited. The literature is mostly composed of the recent studies,
since the used sensor technologies have appeared on the market only a few years ago. This fact
additionally confirms the actuality of the topic and research in this doctoral thesis. The list of
literature includes papers related to the thesis research that the candidate has published as an author
or co-author.

Papers [1-4] give the insight about medical aspects of Parkinson's disease and stroke and official
clinical protocols used during the treatment. An overview of the sensor systems used for the
movement acquisition, with an emphasis on systems used in rehabilitation, is given in [5-8].
Affordable visual systems without markers are described in [9-11]. It has been shown that such
systems have a satisfactory accuracy for rehabilitation applications [11, 12]. Some examples of
rehabilitation systems and approaches for movement quantification based on the Kinect device are
described in [13, 14]. However, an insufficient number of studies deal with a specific case of
Parkinson's disease [15, 16] and stroke [17, 18].

[solated sensors whose output signals are used to quantify fine hand and finger movements are
described in [19-23], while the sensor gloves used for these purposes are listed and analysed in [24,
25].

The wireless bracelet is the newest of all sensors intended for the sensor system. It has appeared on
the market recently. and there are only a few conceptual studies [26, 27] in which the authors have
tested it for the movement acquisition. The particular application of this sensor in the treatment of
patients after a stroke was considered in [28, 29].

I. Jankovic J. Parkinson’s disease: clinical features and diagnosis. J Neurol, Neurosurgery and Psychiatry 2008; 79 (4):
368-376.

2. Goetz C, Poewe W, Rascol O, et al. Movement Disorder Society Task Force report on the Hoehn and Yahr staging
scale: Status and Recommendations, Mov Disord 2004; 19(9): 1020-1028.

3. Goetz C, Tilley B, Shaftman S, et al. Movement Disorder Society-Sponsored Revision of the Unified Parkinson’s
Disease Rating Scale (MDS-UPDRS): Scale Presentation and Clinimetric Testing Results. Mov Disord 2008; 23 (15):
2129-2170.

4. Fugl-Meyer AR, Jaasko L, Leyman I, and et al. The post-stroke hemiplegic patient. I. a method for evaluation of
physical performance. Scandinavian journal of rehabilitation medicine, 7(1):13-31, 1974.

5. Stamford JA, Schmidt PN, Friedl KE. What Engineering Technology Could Do for Quality of Life in Parkinson’s
Disease: A Review of Current Needs and Opportunities. IEEE J Biomed Health Inform 2015; 19 (6): 1862-1872.

6. Zhou H, Hu H. Human motion tracking for rehabilitation — A survey. Biomed Signal Process Control 2008; 3 (1): 1-
18.




7. Parisi F, Ferrari G, Giuberti M, et al. Body-Sensor-Network-Based Kinematic Characterization and Comparative
Outlook of UPDRS Scoring in Leg Agility, Sit-to-Stand, and Gait Tasks in Parkinson’s Disease. IEEE J Biomed Health
Inform 2015; 19 (6): 1777-1793.

8. Patel S, Park H, Bonato P, et al. A review of wearable sensors and systems with application in rehabilitation. J
Neuroeng Rehabil 2012; 9:21.

9. Gonzalez-Jorge H, Riveiro B, Vazquez-Fernandez E, et al. Metrological evaluation of Microsoft Kinect and Asus
Xtion sensors. Measurement 2013; 46 (6): 1800-1806.

10. Gongalves AR, Gouveia ER, Cameirfio MS, et. al. Automating senior fitness testing through gesture detection with
depth sensors. IET International Conference on Technologies for Active and Assisted Living (TechAAL); 2015 Nov. 5;
London, UK.

11, Antén D, Gofli A, Illarramendi A. Exercise Recognition for Kinect-based Telerehabilitation. Methods Inf Med
2015; 54 (2): 145-155.

12. Khoshelham K, Elberink S. Accuracy and resolution of Kinect depth data for indoor mapping applications. Sensors
2012; 12 (2): 14371454,

13. Chang Y, Han W, Tsai Y. A Kinect-based upper limb rehabilitation system to assist people with cerebral paisy. Res
Dev Disabil 2013; 34 (11): 3654-3659.

14. Gama A, Chaves T, Figueiredo L, et al. Guidance and Movement Correction Based on Therapeutics Movements for
Motor Rehabilitation Support Systems. 14th Symposium on Virtual and Augmented Reality (SVR); 2012 May 28-31;
Rio de Janiero, Brasil. IEEE; 2012. pp. 191-200.

15. Galna B, Barry G, Jackson D, et al. Accuracy of the Microsoft Kinect sensor for measuring movement in people
with Parkinson’s disease. Gait and Posture 2014; 39 (4): 1062-1068.

16. Galna B, Jackson D, Schofield G, et al. Retraining function in people with Parkinson’s disease using the Microsoft
Kinect: game design and pilot testing. J Neuroeng Rehabil 2014; 11-60.

17. Esfahlani SS and Thompson T. Intelligent physiotherapy through procedural content generation. In Twelfth
Artificial Intelligence and Interactive Digital Entertainment Conference, 2016.

18. Bao X, Mao Y, Lin Q, et al. Mechanism of kinect-based virtual reality training for motor functional recovery of
upper limbs after subacute stroke. Neural regeneration research, 8(31):2904, 2013,

19. LeMoyne R, Coroian C, Mastroianni T. Quantification of Parkinson’s disease characteristics using wireless
accelerometers. International Conference on Complex Medical Engineering (ICME); 2009 April 9-11; Tempe, AZ.
IEEE; 2009. pp. 1-5. ,

20. Salarian A, Russmann H, Wider, C, et al. Quantification of tremor and bradykinesia in Parkinson’s disease using a
novel ambulatory monitoring system. [EEE Trans. Biomed. Eng. 2007; 54 (2): 313-322.

21. Shima K, Tsuji T, Kandori A, et al. Measurement and Evaluation of Finger Tapping Movements Using Log-
linearized Gaussian Mixture Networks. Sensors 2009; 9 (3): 2187-2201.

22, Niazmand K, Tonn K, Kalaras A, et al. Quantitative Evaluation of Parkinson’s Disease using sensor based smart
Glove. 24th International Symposium on Computer-Based Medical Systems (CBMS); 2011 June 27-30; Bristol, UK.
IEEE; 2011, pp. 1-8.

23. Hanson M, Powell H, Frysinger R, et al. Teager Energy Assessment of Tremor Severity in Clinical Application of
Wearable Inertial Sensors. IEEE/NIH Life Science Systems and Applications Workshop (LISA); 2007 Nov. 8-9;
Bethesda, MD. IEEE; 2007. pp. 136-139.

24. Su Y, Allen CR, Geng D, et al. 3-D Motion System (“Data-Gloves”): Application for Parkinson’s disease. [EEE
Trans. Instrum. Meas, 2003; 52 (3): 662-674.

25. Morrow K, Docan C, Burdea G, et al. Low-cost Virtual Rehabilitation of the Hand for Patients Post-Stroke.
International IEEE Workshop on Virtual Rehabilitation 2006; New York, NY. IEEE; 2006. pp. 6-10.

26. S. Mithileysh and R. Sharanya. Myo armband for physiotherapy healthcare: A case study using gesture recognition
application. In Proceedings of the 8th International Conference on Communication Systems and Networks
(COMSNETS), pages 1-6, 2016.

27. AM. Qamar, Khan AR., SO. Husain, and et al. A multi-sensory gesture-based occupational therapy environment for
controlling home appliances. In Proceedings of the 5th ACM on International Conference on Multimedia Retrieval,
pages 671-674, 2015.

28. Hidayat AA, Zainal A. and Happyanto DC. Lovett scaling with flex sensor and myo armband for monitoring finger
muscles therapy of poststroke people. EMITTER International Journal of Engineering Technology, 3(2), 2016.

29. Oboe R, Tonin A, Koyo Y, et al. Robotic finger rehabilitation system for stroke patient using surface emg armband.
In Industrial Electronics Society, IECON 2016-42nd Annual Conference of the 1IEEE, pages 785-790. IEEE, 2016.

3.3. Description and adequacy of applied scientific methods

Research in the scope of this doctoral dissertation is based on the following experimental,
theoretical and practical methods:

o Data acquisition methods during experiments performance: the precondition for data
acquisition is the sensor calibration. Each of the employed sensors has a defined calibration
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procedure. After the calibration, the acquisition of the movements is performed based on the
defined protocols. Experiments are conducted in the clinical environment including patients
with Parkinson disease, stroke patients and the adequate control group of healthy subjects.

e Methods of the signal preprocessing: (1) Signal filtering in order to remove the
measurement noise; (2) Segmentation — in the case of some sensors, the movements are
repeated few times and stored in one signals, but they are analyzed separately.
Consequently, the segmentation algorithm is applied in order to divide the signal into the
corresponding movement units.

o Feature extraction methods (i.e. extraction of the movement performance indicators (MPI)
from the sensor signals): (1) The direct approach - MPIs extraction directly from the
generated sensor signal or from the signal after additional processing; (2) The indirect
approach — extracting the MPIs from the hand model based on the parameter estimation —
this method applies only in the case of MPIs extracted from the signals collected using the
sensor glove; (3) Window approach: This method implies the division of the signal to
sliding windows and calculating the particular MPI value inside each window. The main
benefit of the window analysis is the temporal evolution of MPIs during the movement. This
approach has been applied to the signals obtained from the wireless bracelet — EMG signals
and signals from the accelerometer and gyroscope.

e Feature selection methods (i.e. the selection of MPIs): During the feature extraction
procedure, it may appear that certain MPIs are not relevant or have a negligible effect on the
particular analysis or defined problem. Therefore, the techniques of the feature selection are
applied, in order to maintain only the highly relevant MPIs.

e Statistical methods: The statistical methods are applied through the statistical analysis
between groups of interest (patients and control subjects, as well as the different disease
stage groups) in the context of the extracted MPIs.

e Machine learning methods: Decision-making systems for supporting the diagnosis and
monitoring evaluations are based on the obtained feature vectors (MPIs organized into
corresponding vectors) and designed using appropriate classifiers. In addition, techniques
for the dimensionality reduction of the feature vectors are applied, in order to examine the
performance of the classifiers in the new space of reduced dimensions and determine the
MPIs with the greatest impact on the classification between groups of interest.

e Correlation examination: A very important issue in the clinical studies, which suggest
alternative techniques and the use of new indicators of patient’s performance (in this case
MPIs), is the examination of a correlation between the newly-proposed MPIs and valid
clinical scales and tests.

e Design of the software application as an integral part of the rehabilitation system: The
application is intended for storing, visualization and interpretation of the sensor data and
movement performance indicators. The application includes personal patient profiles for the
insight about patients” condition over time and to enable the system usage in the home
rehabilitation. Additionally, the constant communication between doctors and patients
would be enabled through this application.

3.4, Applicability of the dissertation results

The proposed sensor system and developed methods for quantification and objective evaluation of
the rehabilitation movements have great potential for application in clinical protocols. Common
medical practice implies the use of subjective methods and imprecise clinical scales and tests by
doctors for assessing patients' condition. Hence, the use of sensory technologies and objective
approaches would provide significant support to medical practice and traditional rehabilitation
therapy.




Methods of identifying the relevant movement performance indicators have been experimentally
verified for Parkinson's patients and patients recovering from the stroke. However, the same
concept, with slightly adaptations can be applied to other types of neurological and motor disorders.
A very significant application of the doctoral dissertation results is reflected in the possibility of
using the system together with the approach for movement quantification in home rehabilitation.
Recent years, the concept of home rehabilitation has become more and more prominent, given the
limited mobility of patients and the overall cost of rehabilitation therapy in a hospital setting.

The research results have arisen from a constant collaboration with doctors and they are based on
the data collected during experiments with patients. However, for the inclusion of the proposed
methods into clinical protocols, additional tests, as well as the opinions of medical experts and
corresponding approvals of the competent institutions, need to be provided.

3.5. Evaluation of the candidate's achieved capabilities for independent scientific work

Candidate Sofija Spasojevi¢ has fully demonstrated the ability for independent scientific work by
completion of this doctoral dissertation and publication of eighteen scientific papers. The candidate
carried out a systematic review of the relevant literature, successfully identifying the shortcomings
of the previous studies. She proposed solutions that overcome the limitations of existing
approaches. The topic of the dissertation is very actual and multidisciplinary, while the dissertation
results have a great potential for practical applications of sensor technologies in medical practice
and rehabilitation therapy. Research methods and developed approaches are innovative and
creative. The achieved contributions are original and confirm the candidate's ability for independent
scientific research work.

4. ACHIEVED SCIENTIFIC CONTRIBUTION

4.1, Overview of the achieved scientific contributions

Scientific contributions of this doctoral thesis are the following:

e Review and systematization of the existing vision-based and wearable-based rehabilitation
systems, with special emphasis on the ones applied in Parkinson's disease and for recovery
after stroke.

e The development of the low-cost, portable and wireless sensor system, suitable for home
rehabilitation, safe and comfortable for use in patients.

e  Developing approaches (algorithms) for the movement analysis and quantification:

— The use of novel, more precise techniques to access the existing rehabilitation
measures (e.g. the movement speed and range of motion);

~ Proposal of new relevant movement features in order to describe the movements
(movement performance indicators - MPIs);

— The development of an algorithm for extracting MPls directly from the sensor
signals or after application of appropriate signal processing techniques;

e Determining the relevance of the extracted MPIs for a specific neurological disorder in the
terms of the correlation testing between the proposed MPIs and valid clinical tests and scales
for a particular neurological disorder.

e The design of a decision-making system among clinical groups of interest (control group
and patients and different disease stages), based on a defined set of MPIs.

e The development of new techniques to support the clinical evaluations during diagnosis and
monitoring of patients.

4.2, Critical analysis of the research results




The main advantages of the sensor rehabilitation system proposed in this dissertation compared to
the systems considered in the previous studies are affordability, portability and combined sensor
data for the objective evaluation of all movements of interest for a specific neurological disorder.
Relevant studies mainly focus on a particular group of movements and use isolated sensors that
cannot adequately describe patient movements.

The major contribution of the thesis is the proposal of new movement performance indicators, so far
not considered in the available literature. The suggested indicators reflect the disease symptoms and
can be used to support clinical evaluations for diagnostics and monitoring purposes. Additionally,
they are in correlation with clinical tests and scales, which is a necessary condition for their possible
inclusion into clinical protocols. Movement performance indicators are obtained based on newly
proposed algorithms of the sensor signal processing.

The majority of studies lack the strategies for inclusion sensory measurements into clinical
protocols and experimental verification of the obtained results. In this thesis, the suggested ways in
which movement performance indicators can improve clinical evaluations are the following: (1)
design of decision-making system between clinical groups of interest (patients and control group
and different disease stages); (2) an objective assessment of the performance differences between
healthy and affected hand; and (3) the development of an interactive application for the storage,
visualization and interpretation of sensory measurements that can be used by patients in home
rehabilitation and by doctors in hospital settings. All obtained results were derived from
experimental data - sensory and clinical measurements on a sample of more than 50 patients.

One of the disadvantages of the research results presented in this dissertation is a need for more
extensive verification of the proposed methods that would involve a significantly larger number of
patients and more time distance experiments. We hope that the results conducted within this
doctoral dissertation will find a way to the medical practice of rehabilitation of patients suffering
from Parkinson's disease and in the rehabilitation of patients after the experienced stroke and that
the time will testify about the applicability and purposefulness of such methods.

4.3, Verification of scientific contributions

Scientific contributions of this doctoral dissertation are verified based on the following publications:

Category M22:

I. S. Spasojevié¢, T. 1li¢, S. Milanovié, V. Potkonjak, A. Rodi¢, and J. Santos-Victor. Combined vision
and wearable sensors-based system for movement analysis in rehabilitation. In Methods of
Information in Medicine journal, 56(2):95-111, 2017. (IF=1.772), (ISSN: 0026-1270), (DOL
10.3414/ME16-02-0013). Schattauer.

2. S. Spasojevié, T. 1li¢, 1. Stojkovié, V. Potkonjak, A. Rodi¢, and J. Santos-Victor. Quantitative
Assessment of the Arm/Hand Movements in Parkinson’s Disease Using a Wireless Armband
Device. Frontiers in Neurology, 8(388):1-15, 2017. (IF=3.552), (ISSN: 1664-2295), (DOL:
10.3389/fneur.2017.00388).

Category M14;

I. A.Rodi¢, P. Urukalo, M. Vujovi¢, S. Spasojevié et al. Embodiment of Human Personality with El-
Robots by Mapping Behaviour Traits from Live-Model. Advances in Robot Design and Intelligent
Control: Proceedings of the 25th Conference on Robotics in Alpe-Adria-Danube Region (RAADI6),
vol. 540 (pp. 438-448), 2016.

S. Spasojevi¢, R. Ventura, J. Santos-Victor et al. Automatic Segmentation of Therapeutic Exercises
Motion Data with a Predictive Event Approach. New Trends in Medical and Service Robots 2016
(pp. 217-225). Springer International Publishing.
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S. Spasojevi¢, J. Santos-Victor, T. Ili¢ et. al. A Vision-Based System for Movement Analysis in
Medical Applications: The Example of Parkinson Disease. Computer Vision Systems 2015 (pp. 424-
434). Springer International Publishing.

4. D. Kati¢, P. Radulovié, S. Spasojevié et al. Advanced Gesture and Pose Recognition Algorithms
using Computational Intelligence and Microsoft KINECT Sensor. New Trends in Medical and
Service Robots 2014 (pp. 193-207). Springer International Publishing.

5. A. Rodié, B. Miloradovié, S. Popi¢, S. Spasojevié¢ et al. Development of Modular Compliant
Anthropomorphic Robot Hand. New Trends in Medical and Service Robots 2014 (pp. 205-219).
Springer International Publishing.

Category M33:

I. S. Spascjevié¢, N. 11i¢, A. Rodié, J. Santos-Victor. Kinect-based application for progress monitoring
of the stroke patients. In Proceedings of IcETRAN2017, IcETRAN 2017, Kladovo, Serbia, June
2017, ROI2.6, pp. 1-S.

2. S. Spasojevié, M. Vujovié, A. Rodi¢. Robot head motion control using hand gestures. In
Proceedings of IcEETRAN2015, IcCETRAN 2015, Srebrno jezero, Serbia, June 2015, ROI1.4, pp. 1-5.

3. S. Spasojevié, R. Ventura. Automatic gesture segmentation based on a predictive event
segmentation approach. 19th edition of the Portuguese Conference on Pattern Recognition (RecPad),
Lisbon, November, 2013.

4. S. Spasojevié, M. Susi¢, 7. Purovi¢. Recognition and Classification of Geometric Shapes using
Neural Networks. 11th Symposium on Neural Network Applications in Electrical Engineering
(NEUREL), Belgrade, Serbia, September 2012 (pp. 71-76). IEEE.

5. M. Susié, S. Maksimovié, S. Spasojevié, Z. Purovi¢. Recognition and Classification of Deaf Signs
using Neural Networks. 11th Symposium on Neural Network Applications in Electrical Engineering
(NEUREL), Belgrade, Serbia, September 2012 (pp. 65-70). IEEE.

Category M63:

I. 8. Spasojevié, B. Karan. Application of Kinect-type sensor in acquisition of hand joint trajectories.
The 57th ETRAN Conference, Zlatibor, Serbia, Jun 2013, RO3.2 pp. 1-4.

2. S. Spasojevi¢, S. Mitrovié, M. Susi¢, Z. Durovié. Application of digital image processing for
recognition of geometric shapes. 9th Conference of Digital speech and image processing, Kovacica,
Serbia, October 2012, B1.4 pp. 1-4.

3. M. Sugié, S. Maksimovié, S. Spasejevi¢, Z. Durovié. One approach for deaf signs recognition from
digital images. 9th Conference of Digital speech and image processing, Kovacica, Serbia, October
2012, B1.6 pp. 1-4.

4. S. Spasojevi¢, 7. Durovié, “Recognition and classification of geometric shapes in 2D plane”, The
56th ETRAN Conference, Zlatibor, Serbia, Jun 2012, RO2.3 pp. -4.

5. M. Susic, S. Spasojevié¢, B. Karan. 3D data acquisition and practical calibration of Microsoft Kinect
camera, The 56th ETRAN Conference, Zlatibor, Serbia, Jun 2012, RO2.4 pp. 1-4.

6. S. Spasojevié¢, M. Susié. 3D reconstruction of the robot environment based on images obtained using

stereo camera, The 55th ETRAN Conference, Banja Vrucica, Bosnia and Herzegovina, Jun 2011,
RO2.3 pp. 1-4.

o

5. CONCLUSION AND PROPOSAL

Based on all items mentioned above, the Committee considers that doctoral dissertation of
candidate Sofija Spasojevié¢ fully meets all legal, formal and essential requirements. as well as all
criterions that are usually applied when evaluating the doctoral dissertation. Specified expected and
attained scientific ~ contributions made by  doctoral candidate, in  the

11




context of the proposed combined sensor system for rehabilitation in neurological disorders primarily
relate to the developed approach for objective movement evaluation based on the newly proposed
movement performance indicators. Research results from this doctoral dissertation can be applied in
clinical rehabilitation protocols to support the traditional medical practice. Taking all this into
account, the Commission considers that the dissertation of Sofija Spasojevic contains original
scientific contributions in the field of application of signal processing techniques, machine learning
and data analysis in medicine. Therefore, the Commission is pleased to propose to the Teaching-
Scientific Council of the Faculty of Electrical Engineering, University of Belgrade to accept the
doctoral dissertation entitled "Quantitative analysis of movements in the rehabilitation of neurological
disorders using visual and wearable sensors", present it to the public and forward it for the final
acceptance to the Council of scientific areas of technical sciences of University of Belgrade.

Belgrade, October, 19" 2017.
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