YuuBepaurer y beorpany
Enextporexanuku paxynrer

HACTABHO-HAYVYHOM BEhY

Ipeamer: ITomoGuocr Teme u xanamaatkumbe Coduje C. CracojeBul 3a uspapy JOKTOpPCKE
JicepTaluje

Omnyxom Hacrasno-nayunor Beha EnexrporexHuukor daxynrera 6p. 5014/11-1 on 24.11.2016,
rojuHe, UMEHOBaHM CMO 3a wiaHoBe KoMucHje 3a OLEHY MOJOOHOCTH TeMe€ M KaHIMAATKUE-E
Co¢uje Cnacojeruli 3a wu3pajy JOKTOPCKE JHCEpTalMje M HayyHe 3aCHOBAHOCTH TeMeE
,JKBAHTUTATHBHA aHaANU3a MOKpeTa Yy pexaduiuranuji Heypoaomxux mnopemehaja
xopumheneM BH3YeJIHMX M HOCHBHX ceH3zopa” (eHr. ,Quantitative movement analysis in the
rehabilitation of neurological disorders using vision and wearable sensors™).

Ha ocHoBy MaTepujasa MpUIOKEHOT y3 3axTeB KanAuAaTkHbe, Komucuja nogsocn cneaehn

U3BEIITAJ

1. lMopanm ¢ KAHAUAATY

1.1. Buorpadcky nogaun

Co¢nja Cnacojeruh, MacTep HHXEHEp eNeKTpoTexHHKe, pohena je 07.09.1987. romgune y Llamny,
Peny6mxa Cpbuja, on oria Cnobomana 1 mMajke Bepe. OCHOBHY LLIKOJTY M THMHA3H]y 3aBpLINIIA j€ Y
IHanuy xao jeman on Hajbosbux yuenuka. Enexrporexuuuxn dakynrter y beorpany ymucana je
2006/2007. mxosncke rogune. Jumnomupana je 2010. roauHe Ha Oacexy CHIHaJIM M CUCTEMH ca
npoceunom omeHom 8.91 Tokom crymmja u oueHom 10 Ha murmomckom. [xoncke 2010/2011.
roaMHe ymnucana je macrep cryauje Ha EnextporexnnukoM ¢akynrery y beorpany. Macrep
cryauje je sappmmna 2011. roaude ca mpoceyHom oueHom 10 m ouenom nHa macrtep paay 10.
[Ixoncke 2011/2012. rojune ynucana je gokTopcke cryamje Ha EnexrporexHHUkoM Qaxynrery y
Beorpany, na Ojcexy 3a ynparbame CHCTeMHMa M 00paay curaana. Y janmyapy 2012. roaune,
3acHoBaia je pagnH oaHoc y Mucrutyry Muxajno Ilynun, Henrtap 3a poboTuxy, Tae je 3amociena
U JIaHAC Ha TOSMIMjM MCTpaxkdBau capaaHuk. Y jyny 2013. rogmne ymmcana je Oumarcpanne
noxropcke cryauje mamelly Enexrporexnmuxor (axynrera y beorpany m Bucokor Texunukor
Hucrutyra y Jlucabony.

V okBHpY GUIAaTEpATHHX aKajleMCKHX Tpojexara 6opasuna je Ha Bucoxom Texuuuxom Hucruryry
y Jlucabony, Wucruryry Joxed Ilrtepan y Jbybmannm n HcrpaxkxmuBaykoj nabopaTophju 3a
po6oruky Yunsepsurera KajzepcnayrepH y Hemauxoj.

1.2. CteyeHO HAYYHOUCTPAKHBAYKO UCKYCTBO

O6nacTi HaydHOT MCTpaXUBamba KaHJHAaTKHIbe o0yXBaTajy KOMIJyTepcKy BH3Hjy, obpamy
CHT'HAJIA ¥ MALIMHCKO ydere. Y okBHpy oBHX obnactn Coguja Cracojesuh je 10 cajja yuecTBoBana
Ha ciejiehuM rpojekTrma;




Pn. 6p.

pojexar

I/IHcmTyque -

BpeMe

_ Tpajama

npojexTa

[Ipojexar HNIN-44008: Pa3soj
po6ora  Kao  cpeacTBa  3a
npeBasuIAkKe-¢  npenpexa y
pa3Bojy naeune ca mopeMehajuma.
MunncrapetBo 06pazoBarma, Hayke
U TEXHOJIOILKOT pasBoja
Peny6muke Cpbuje.

Wucturyr Muxajno
ITynuH 1 mapTHepCKke
nHCTHTYIH]je 13 Cpbuje

(2011-2016)

Swiss National Scientific
Foundation SNSF [P SCOPES
project “Creative Alliance in
Robotics Research and
Education Focused on Medical
and Service Robotics (CARE-
robotics)”, Project ID:
127420 137361/1, SNSF SCOPES
1P

Wucruryr Muxajno
[TynuH 1 mapTHepcke
HHCTUTYIIHjC H3
[Isajuapcke u Pymynuje

(2011-2014)

Synthesis of Collaborative
Behavior Attributes with Service
Robots Based on Visually-Motor
Human-Machine Interaction
(COLBAR), Bilateral reserch
project  between  Serbia  and
Portugal, Ministry of Education,
Science and  Technology  of
Republic Serbia and Ministry of
Science of Portugal

Wucturyr Muxajno
ITynun 1 Bucoxn
Texunuxu UHCTHTYT,
JIucabomn, [opryranuja

(2013-2014)

European research and
development program HORIZON
2020, Coordination support activity
project “Researchers’ night -
FLIRT”, EU Commission

Wucturyr Muxajno
[Tynun 1 naptHepcke
uHcTurynnje u3z Cpouje

(2014-2015)

International project of bilateral
academic collaboration with Jozef
Stefan Institute (Ljubljana,
Slovenia): Advanced perception
and learning for cognitive
heterogeneous robots.

Hucturyr Muxajno
ITynun n MHCTUTYT
Joxed LrTedan,
JbyGipana, CnoreHuja

(2015)

6.

Research Group Linkage Program,
Alexander von Humboldt
Foundation, “Building attributes
of artificial emotional intelligence
aimed to make robots feel and
sociable as humans (Emotionally
Intelligent Robots - Elrobots)”,
Contract no. 3.4-IP-DEU/112623,
University  of  Kaiserslautern,
Institute for informatics, Robotics
department.

Mucruryr Muxajno
Ilynun n YHuRep3uTer
KajzepcnayrepH,
Hemauxa

(2015-2017)




Ha EnextporexunukoM ¢akynrery y beorpany nonoxuna je ceux 10 ucnura npenuheHnx
NAaHOM H IMPOrpaMOM JJOKTOPCKUX CTyAHja ca npoceyHomM ouerom 10,00:

- Pn. op. | Hazus ucnura Onena | ECIIb
! 1 Bewrrauka HHTEIHATEHIH]a 7 10 9
Ij 2 TexHnuke obpaje 1 Npeno3HaBamka FOBOPHOT CHrHaJla 10 9
P03 Teopnja poboTCKHX cucTeMa 10 9
4 Knacuguxaipja 1 ecTHMalHMja CHrHaa 10 9
{ 5 Heypanne mpexe 10 9
6 Codrrepcky CHCTEMH 3a pajl y pealHOM BPEMEHY 10 9
7 OnTHMaNHU ¥ aIalTHBHU CTOX4CTHYKH CHCTEMH 10 9
8 MurenurenTHn pobOTCKH CHCTEMH 10 9 |
9 Cnenyjanay pobOTCKH CHCTEMH w . 9
10 Exrnecku je3ux 0 6
| Hasus obaBese
j 1 Cryujckn HeTpaxuBauku paj | 15
: 2 | Cryamjcxu ucrpaxuauky paj Il 15
3 Hayuno crpyunu paj 3

Ha Bucoxom Texnnukom MactutyTy y JIncabony mosnoxuiia je asa ucnuTa ca oneHoM 17 u 18 (o
20):

Pn. op. | Hazus ucnura Ounena  ECIIB
1 EctuMannja 1 knacugHkanmja 17 i 6
2 buomerpnja 18 6

Hocapammu pesynraty kanaugatkume Coduje Cnacojernh cy mpukasaHu Kpo3 ITyOJIHMKOBaHE
panoBe u To: | pax y HaydyHOM Yacomucy MeljyHapoaHor 3Havaja (ca MMIaxT ¢axtopom), 4 paja y
nornaBkuma  MoHorpaduje wmehynapogHor 3navaja, 4 paga wTammaHa  y  300pHHLMMA
mehyHapoJHHX HayyHHX CKyNoBa, ¥ 6 pajoBa WITaMIaHHX y 300pPHUIMMA HAYYHHMX CKYNOBa OX
HAIHOHAJIHOT 3HAvaja.

Paogosi y nayunum yaconucuma Mehynapoorno2 suavdaja:

1. (M21 —IF 2.248 za 2014.) S. Spasojevi¢, T. Ili¢, S. Milanovi¢ et. al. Combined vision and wearable sensors-
based system for movement analysis in rehabilitation. Methods of Information in Medicine journal. (ISSN:
0026-1270, DOI: https://doi.org/10.3414/ME16-02-0013)

Padosu Y noeinaesbusid ./1'IOH02P(I(/)llf€ .MBI)VH(IDOC)HOZ 3HAYajd.

1. (MIi4) S. Spasajevié¢, R. Ventura, J. Santos-Victor et al. Automatic Segmentation of Therapeutic Exercises
Motion Data with a Prediclive Event Approach. New Trends in Medical and Service Robots 2016 (pp. 217-
225). Springer International Publishing (ISSN: 2211-0984).

2. (M14) 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 (ISSN: 0302-9743).

3. (M14) D. Kati¢, P. Radulovié, S. Spasojevi¢ et al. Advanced Gesture and Pose Recognition Algorithims using
Computational Intelligence and Microsoft KINECT Sensor. New Trends in Medical and Service Robots 2014
(pp. 193-207). Springer International Publishing (ISSN: 2211-0984).

4. (M14) A. Rodi¢, B. Miloradovi¢, S. Popi¢, 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 (ISSN: 2211-0984).




Paodosu )4 350DHL11{1/M(1 .ME}}VH(IDO()HUX HAYYHUX CKyhoed.

1. (M33) S. Spasojevi¢, M. Vujovié, A. Rodié. Robot head motion control using hand gestures, Zbornik radova
sa 2. IcETRAN konferencije, Srebrno jezero, Srbija, Jun 2015, ROI1.4 str. 1-5.

2. (M33) 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,

3. (M33)S. Spasojevié, M. Susi¢, Z. Purovi¢, Recognition and Classification of Geometric Shapes using Neural
Networks. 11th Symposium on Neural Network Applications in Electrical Engincering (NEUREL), Belgrade,
Serbia, September 2012 (pp. 71-76). IEEE.

4. (M33) M. Susi¢, S. Maksimovi¢, S. Spasojevi¢, Z. Durovié. Recognition and Classification of Deaf Signs
using Neural Networks. 11th Symposium on Neural Network Applications in FElectrical Engineering
(NEUREL), Belgrade, Serbia, September 2012 (pp. 65-70). IEEE.

Paoosu Yy 360DHUUZM'I(I HAYYHUX CKYnoed 00 HAYUOHATHOZ 3HAYaja.

1. (M63) S. Spasojevié, B. Karan. Primena senzora tipa Kinect u snimanju trajektorija zglobova Sake. Zbornik
radova sa 57. konferencije ETRAN, Zlatibor, Srbija, Jun 2013, RO3.2 str. 1-4,

2. (M63) S. Spasojevié¢, S. Mitrovié, M. Susi¢, Z. Durovi¢. Primena digitalne obrade slike u prepoznavanju
geometrijskih oblika. Zbornik radova sa 9. konferencije obrade govora i slike, Kovacica, Srbija, Oktobar 2012,
Bl.4 str. 1-4,

3. (M63) M. Sudi¢, S. Maksimovi¢, S. Spaseojevi¢, Z. Durovié. Jedan pristup u prepoznavanju znakova
gluvonemih osoba sa slike. Zbornik radova sa 9. konferencije obrade govora i slike, Kovacica, Srbija, Oktobar
2012, B1.6 str. 1-4,

4. (M63) S. Spasojevi¢, Z. Purovi¢. Prepoznavanje i klasifikacija geometrijskih oblika u 2D ravni. Zbornik
radova sa 56. konferencije ETRAN., Zlatibor, Srbija, Jun 2012, RO2.3 str. 1-4.

5. (M63) M. Sugi¢, S. Spasojevié, B. Karan. Akvizicija 3D podataka i prakti¢na kalibracija Microsoft Kinect
kamere. Zbornik radova sa 56. konferencije ETRAN, Zlatibor, Srbija, Jun 2012, RO2.4 str. 1-4,

6. (M63) S. Spasojevié, M. Susié¢. Rekonstrukcija 3D okoline robota na osnovu slika sa stereo kamere. Zbornik
radova sa 55. konferencije ETRAN, Banja Vrucica, Bosna 1 Herzegovina, Jun 2011, RO2.3 str. 1-4.

Kanpupatkuma je 06.12.2016. roguHe nHa Enexrporexumuxom Qaxynrery y beorpany jaBHo
YCMEHO OpaHuia MpeyIoxNeHy TeMy JJOKTOPCKe AucepTaltje Ipel KOMHCHJOM y cacTaBy:

1. np Bpanko Kosaueruh, penosuu npodecop, Yrusepanter y beorpany — Enexrporexnnuxu
dakyirer,

2. ap Anexcaunap Pouuh, Hayunu caseTHHK, YHHBep3uTeT y beorpany — Muctutyr Muxajno
Hynun,

3. np Hejan Pakoruh, penoBuu npodecop y neusuju, Y Hupepsurer y beorpany —
EnexrporexHuuku pakynTer,

rjie je KOMHCHja 3aK/pyquia Jia j¢ KaHAMJATKHBba JoOMIa OLEHY 3a/0BOJLUIA M Ja HCITYyHaBa
YCJIOBE 32 pajl Ha MPEAJOKEHO] TEMH JIOKTOPCKE AUCEpTaLM]e.

1.3, OHCHa HO,IIO6HOCTH KaHauMaTa 3a paJi Ha HDC,Z[J]OX(GHOi TEMH

Ha 0CHOBY CBMX NPETXOJHO NPHUKA3aHUX PE3yNTaTa KaHAWNATKUILE, KOMHCHja KOHCTaTyje aa je
Coguja Cnacojeruhi:

e nonoxuiaa 12 ucnura npeasul)eHUX NIAHOM W NPOTPAMOM JOKTOPCKMX CTyAH)a Ha 00a
¢axynrera (Enexrporexuunukn ¢axynrer y beorpany (10) u Bucoxn Texnuuxn Mucruryr
y JIucabony (2)) u uzepinmna cge obasese, unMe je cakymmwia 132 (120+12) ECIIB 6oaoBa,

e YYecTBOBAJA Ha YKYIMHO LIECT aKaJIeMCKHX IpOjekTa - HallMOHANHHUX H MehyHapoIHHX
(bunatepanHux),

e japuo 06.12.2016. roxa. opbpaHuna TeMmy JHOKTOPCKE AMCEpTaLuje, MNpel KOMHUCH]OM
popmupanom oa crpade HacraBno-nayunor seha Enexrporexnuuxor ¢akynrera y
Beorpany,

e nybmuxoBana |5 pajgoBa y Hay4HHM 4YacOMHCHMAa U HaydHMM KOHQEpEeHIHjamMa, YyHMe je
npukazajia kpanduxannje 1 aQMHATET 38 HAYYHO-UCTPAKHBAYKH DAL,




Komncuja je carniacHa Jia je KaHAuJaTKHBba oKasana CrioCOOHOCTH 3a pajl Ha MPEIOKEHO] TEMH
noktopeke mucepranmje. [Tocturnytum pesynaratuMa Coduja Cracojesuh je neMoHcCTpHpana
CIIOCOGHOCT Jla CBOja TEOPHjcKa M NMpaKTU4Ha 3Hama YCIEIIHO NPHUMEHH, a Y CKIajy ca THM H
NIpEeJICTaBH HayYHOj jABHOCTH.

IMpennoxena TeMa JOKTOpcKe aucepraije kanauaatkumwe Coduje CnacojeBuh je y cknany ca
pe3ynaTaTHMa MPUKa3aHUM Kpo3 IyOJIMKOBaHE PafoBe, TI€ j€ EBHAEHTHO Aa TH PAaJ0BH YHHE CPXK
IIPEIUIOKECHOT HCTPAXKHUBaha Koje ce oueKyje a Oyae AoMmymeHo kpo3 Oyayhn paj KananAaTKHEE
1 u3pagy ose jokropcke aucepranmje. Crora Kommcuja cmatpa ga Coduja Cnacojenh
33/I0BOJbABa CBE YCJIOBE 32 pajl Ha MIPEAN0KEHO] TEMH.

2. [TlpeameT ¥ HUJb HCTPAKUBA2

V OKBHPY JIOKTOPCKE Te3e, KaHIHJAaTKHba ce 0aBH pa3BOjeM CEH30PCKOT CHCTEMa 33 aHalu3y H
KBAaHTH(GHKAIH]Y pexabHUINTALHOHNX MOKpeTa MalyjeHara, o0oJesinX 0f HEYPOJIOMKHX OOJIECTH.
ExcriepuMeHTaany Tpylny YMHe [alujeHTH Koju mmajy jujarnosy Ilapknnconose Gonectn [1] u
MalMjEHTH KOjH ce OTropassbajy oj rocjenuna Imrora. ExcriepMMeHTaaHH NPOTOKONU (CETOBH
MOKpeTa 3a UCIUTHBAKE) Cce Je(DMHUIIY MO CYNEPBH3MjOM HEypoJoTa U NpejCcTaBibajy AENOBE
YCTa/bEHMX KIHHHYKHX IIPOTOKOJA KOJU CE IIPHMERY]Y TOKOM JIeueHa HEYPOJIOIKHX 00JIecTH.
Epayyanuja yuWHKa mau#jeHarta IPWIHKOM obaBipama HokpeTa kol IlapxuHconose Gonectu ce
3aCHHBA Ha CYOJeKTMBHHM TIpolleHaMa HeypoJiora M Tepaneyra M HEeJOBOJBHO TPELM3HUM
KIHHMYKUM cKanama, kao mrro ¢y Hoehn & Yahr (HY) [2] n Unified Parkinson’s Disease Rating
Scale (UPDRS) [3]. Ca apyre crpaHe, KOHBEHILHOHaJHa pexaOMIHTaLMOHA TEpanuja 4YecTo
TIO/Ipa3yMeBa JIyroTpajaH, HamlopaH M jJeJHOJNHYaH IIPOLEC ONOpaBKa, OJf KOra MalMjeHTH JaKo
OllycTajy.

Kao mnocneannia HaBeAGHHWX 4YHMIbEHHMLA, TIOCTOJM H3pakeHa 1oTpeba ja ce y IHOoCTynak
TPaJMUMOHAIHE JIHjarHOCTUKE, MOHHTOPHHIa M pexaOMHTaUuuje yBeAy HOBE CCH30PCKE TEXHHKE
[4] xoje Ou mosehasie MOTHBALK]Y MALMjeHaTa TOKOM Teparije ¥ nodosbllaie KBaJlUTeT epajlyalja
Heyposiora u Tepaneyra KopuiihemeMm O00JeKTHBHHJMX MHpHcTyna. l'eHepanHn UMJbEBH OBE
aucepranyje cy: (1) PazBoj npucTynavyHor M NpeHOCHBOT peXabHIHTalHOHOT CEH30PCKOI CHCTEMA,
noroAHor 3a kopuinherwe y kyhHuM yciosuma u (2) Paszsoj mpuctyna 3a KBaHTH(HKALM]Y MOKPETa
nauujerara. TIpHCTyn je 3acHOBAH Ha AKBH3HIM|M TOKpETa KOpHLINEmeM pasnH4YMTHX THIIOBA
ceH3opa M ojrosapajyhoj aHanMsu mojaraka M cHrHana JIoOMjeHHX ca ceH3opa, npH demy he ce
npemIoKenn 00jekTHBHU HHAMKaTopH mnepdopmance noxpera (MIM) n3pojutn, tectmparn u
BepUPUKOBATH.

HcrpaxkuBambe y OKBUPY OBE JOKTOPCKE JAMCEpTauMje IOApasyMmeBa A€TaJbHY aHaJM3y CBHX
TIOKpeTa oJl MHTepeca 3a H3abpaHe Heypolonike 60JeCTH, KOjH ce Jieie Ha OKpeTe KPYNHe H (pHHE
MoTopuke. 3a cBaky rpyny nokpera oOuhe oGezbeljen amexkBaTHM THI CEH30pa 33 AKBU3MBH]Y
nojataka. Mcrpaxupame he o0yxBaTHTH  KBaHTH(HKALMjy TPH  pa3iMuure  rpyne
pexabuauTallHOHUX TIOKpeTa MpeMa BaKeNMM KIMHMYKHM Iporokonuma: (rl) Xona M moxpern
INMPOKOT OTicera Top-er jiena Tena; (r2) (pUHH MOKPETH Iake W NpcTHjy W (r3) MOKpeTH pyKy,
XBaTame U IpeMellTame objexaTa.

VY JIOCTYNHOj JIMTEpaTypH OMHCaHa CY TPH pa3iHyHTa MPHUCTYIIA 32 aKBH3HLH]Y JbYJICKHX NOKPETA.
ITpeu npHcTyn yKJbYdyje cucTeMe 3aCHOBaHEe Ha Mapkepnma [5] koju jAajy TauHa Mepema, anH cy
TH CHCTEMHM Ca APYre CTpaHe M3Y3€THO KOMIUIMKOBAHH, HENPEHOCHBH M CKyNH. Jpyry npucryn je
xopuiufierwe HocHBUX ceHzopa [6, 7] xoju ce HamellTajy alMjeHTHMa Ha oapeljeHe aenose Tena.
Tpehin npuctyn rnozpasymeBa jeTHHE M TPEHOCHBE CHCTEME 3a aKBM3MIM]y Inojaraka Oe3
mapkepa, kao wro cy Kunexr ypeljaj u Xtion [8-10]. Ilepdopmance napenenux jedrunaujnx
CHCTEMa CY TECTUTPAHE Yy HEKOJNHKO CTy/Mja i 10Ka3aHo je 1a Hoceyjy 3a0BoJbaBajylly TaunocT
3a npuMede y pexabmmmranuju [10, 11]. Hexn nmpumepn pexaOMIHTaUMOHHX CHCTEMA KOJH CE
3acHMBajy Ha KuHext ypehajy cy omucanu y [12, 13], me)yTHM Hema J0BOJBHO CTY[H]ja Koje ce
OaBe KOHKpeTHHM ciydajeM ITapkunconose 6onect [14, 15].

M360p cenzopa koju fie 6utn kopumheHn y 0BOj A0OKTOPCKO] Jlucepraumju Takohe ce 3acHHBa 1 Ha
crenehum mpunuunuMa: (1) Kopuiuhierse HeWHBa3HBHUX METoJla aKBH3HLM)E ToJaTaka y LHIbY




Beher komdopa nanujeHata npuiIHKoM obaBibama nokpera; (2) IIpeHocHBOCT M Maja TeXHHA
CeH3opa, kako 6u ce oMoryhmno xopuuihema cucrema y xyhnoj pexabwinranujy; (3) bexnuna
KOHEKIMja CeH3opa U pauyyHapa 3a MPUKYIUbamke MoJaTaka, Kako MOKPeTH MalyjeHaTa He o1 6Mnn
JHMUTHPAHH W YCJIOBJBEHH OTpaHHYCHHM rpoctopoM; (4) Hucka nena ceHsopa, kako OH cHCTEM
610 JI0CTYIaH 33 IHPOKY MPUMEHY.

CeH30pH Koju Cy NNAHHPaHY 32 aKBH3HIIH]Y IT0JlaTaka ce Jielie Ha BU3yelHe ¥ HocuBe censope. On
BU3YEIHHX ccH3opa u3abpan je KunekT ypeljaj, HamemeH 3a akBusuumnjy (rl) - xoma u moxpera
IIMPOKOT oOficera ropwer aena tena. Ipeanoct Kunexr-a y 0qHOCY Ha oCTae BH3yelIHe CHCTEME 32
CHHMame IMoKpeTa je Kopuilfielhe TeXHHKEe 0€3 CTaBJbamba MapKepa Ha Telo, HITO JUPEKTHO YTHYE
Ha Behn xomdop mammjesata. O HOCHBUX CEH30pa 3a MCTPaXUBaHkE Cy IIAaHUPAHHU CEH30pCKa
pYKaBHIIa, KOja Ce CTaBJbha Ha LIAKY H CITYKH 32 aKBH3UIH]Y (T2) - (HHHX MOKpETa IIaKe H NPCTHjy
1 ceH30pcKa HapykBula (MHO ceH30p), Koja ce CTaBJba Ha NOJJIAKTHIY M KOPHCTH 3a CHUMame (r3)
- TOKpeTa pyKy, XBaTama H IpeMmemtama objekata. O6a ceH3opa Ccy JsaraHa, e€jaacTHYHa,
NPUIAroUbuBa M IMOJECHBA CBako] mamu u nopigakrund, Taxolje, OBM HOCHBH CEH30pH HMajy
OeXHUHY KOMYHHKALI]Y ca pauyyHapoM 3a NPUKYIUbame nojaTtaka (bluetooth Besa).

Huse oBe JOKTOpCKe AuMcepTanyje je JAa ce pexaOMNHUTalMOHM IOKPETH OIUIY Ha OCHOBY
ojaropapajyhux penaeBaHTHHX HHJuKaTopa nepdopmance nokpera (MIII). Hexkn oxg mux cy
NPEASIOKEHH O/l CTpaHe Heyponora (Mepe Koje ce HE MOTY OAPEAUTH CTAHAAPAHMM KIHHMYHHM
NOCTYIIMMA), JIOK JIPYTH MOTY MpoucTelin U3 aHanM3e CeH30PCKUX CHTHana TOKOM HCTPaXHBamba.
O63upoM Jia je mpUMeHa MOJCPHHX TEXHOJOTHjAa M PAa3IHYHMTHX BPCTa CEH30PCKHX TEXHHMKA Yy
MEIWIMHH TPEHYTHO BeoMa aKTyelHa o0JacT HCTpaXkHBara, MOCTOJM MHOIITBO HAy4HO-
UCTPaXKHMBAUKUX pajioBa Koju ce ©OaBe oBOM TeMaTHkoM. Melytum, Behnna cryamja ce
KOHIIEHTPHUIIE Ha CaMmo jeJiHy T'pyny MOKpeTa WM aHajuu3y IOHallamka M0JeJHHaYHHX 3r71000Ba.
Taxole, v Behunn cryauja ce He BOJAM padyHa O MCIIATHROCTH cucteMa. IlocToje cryamje koje
OnuCyjy pexabunuranrone cucreme 3acHoBane Ha Kunekr ypehajy, anu caMo HEeKOJIHIHMHA HHX ce
0aBH KOHKpETHHM ciiydajeM [lapkuncoHoBe 6onectd u uwiora. Y jeJHO] 07 CKOpaIlbHX CTY/H)a
[14] ucnuryje ce tauHoct u onpaBaaHoct kopuithewma Kunekr ypehaja xoa namnmjenara ca
IMapxunconoBom Goseurhy, anu HHje CrpoBeieHa aHanuW3a TMoOKpeTa, koja he 6utn obyxsaheHa
OBOM JIOKTOPCKOM JAMcepTanujoM (cTyadja [16]) M mpeacTaB/ba KOHKpETaH JIONPHHOC H
Hajgorpazwy nomenyre cryauje [14]. Hexe crymmje ce 6aBe M YK/bYYHBAHEM BHPTYEIHHX
OKpY)Kerma y Tmpoliece akBH3MIMje NojaTaka kako Ou ce nosehana MOTHBaLlMja NalMjeHaTa
MPUIMKOM pexabunuraudoHnx Tepamuja [15]. Mel)ytuM, OCHOBHa oOrpaHHYeHa BHPTYEIHHX
OKPY)KE€Hha CY HEJIOCTATAK CBHACHIIH]ja O CUTYPHOCTH HUXOBE MPUMEHE ¥ KIHHUUKO] e(DHKACHOCTH.
Y Hay4yHO-HCTPa)KHBAUKHM paJoBHMa Koju ce 0aBe KBaHTH(HKaLMjoM (HUHHX MOKpeTa IIaKe H
NPCTH]Y, MaXOM Ce KOPUCTE MOjeIMHAYHH, U30JI0BAHH CEH30PH KOjH ce TOCTaBJbajy Ha 3r1ob 1axe
WK Ha jejaH win JaBa npcra (akuenepomerpu [17], sxupockonu [18], marnerHu censopn [19],
censopu cuie [20] u unepunjanau cenzopu [21]). Censzopcke pykaBHIle KOje ¢ KOPHCTE 3a OBE
cBpxe ce BehmHOM cactoje o/l HeAOROJLHOT Opoja CeH3opa, KOjH HE MOry aJEeKBaTHO Ja Onuily
noxpere miake u cBux npcrujy [22, 23]. Hopatno, BelimHa OBMX CHCTEMa HMa >KHYaHy Be3y 33
padyHapoM 3a aKBH3HIM]y MOJAATaKa, IITO MOXKe OWTH orpaHnvaBajyhu daxtop y cMuciy pagHor
npocropa u kompopa nanujeHara. CeHzopcka pykaBuua koja he O6MTH TecTHpaHa y OKBHPY OBE
JIOKTOPCKE AHCepTaluje CaJp K OCaMHAecT ceH3opa pacropeljeHnx no cBUM NMpCTUMa M Ha 31100y
HIaKe.

Cryauje koje ce GaBe pexabUIMTAIHjOM HEYPOJIOUIKHX nopemehaja 00MYHO ce KOHLEHTPHUILY Ha
nojeinHayute (hyHKIIMOHAIHOCTH TeNla Kao 1ITo ¢y Oamanc n paBHoTexa [15], xon [24], mokpern
ropwmer Jiena Tena [25] win vaxk aHanu3za nojefuHadHHX 3riaoboBa [26]. Pax y okBupy obe
JlokTopcke Te3e hie 00jeITMHUTH CBe peslIeBaHTHE NMOKpeTe 0l HHTEpeca 3a aHalU31paHe HEYPOoJIoLIKe
oonectu (ITapkuHcoHOBa OOJIECT M LIIOT) — X0/ U OanaHc, MOKPETH IUMPOKOT OICETa FOPIET 118
TelNa, MOKPETH PyKE, MaKe U MPCTHjy.

Muo-ceH3op je HajHOBHJM OJ CBHX CeEH30pa, HpeABMhEHHX 3a pa3Boj CEH30PCKOT CHCTEMA.
PenaTHBHO CKOPO ¢€ MOJaBHO HA TPXMIUTY M MOCTOJH CaMO HEKOJIMKO KOHLENTYaJHUX HayuHHX




pagosa [27, 28] y kojuma cy ra ayTOpH TECTHpaiH 3a aKBH3MLH}y HOKpeTa M MPEUIOKHIM 3a
Jpyrauuje npuMeHe Y OJIHOCY Ha HCTPpaKHBame 00yxBaleHO OBOM TEMOM.

IpeNIoXKeHH CEH30PCKH CHCTEM, 3aje/IHO ca TIPHCTYIIOM 3a KBaHTU(HMKAIH]y TokpeTa 01 MOrao /a
uMa BEJIMKH 3Hayaj Kako 3a MAlHjeHTe KOju Oouyjy o/l HEypoJoIIKHX OONecTH, Tako W 3a
neyposore u tepaneyre. [lamujentn 6u kopuhemeM OBOr cHcTeMa OWJIM MOTHBHCAHHJH 3a
pexabHINTALMOHY TEpanujy, a yjenquo Om Mornu aa ocere npeiHoctd kyhHe pexabmianranmje,
063UpOM J1a je cHCTEM TIPeHOCHB, OKWYaH W NpucTynayad no neHu. Ca apyre cTpaHe, OBaKaB
cucTeM OU MOTao a MOAPYKH TPaJAUIHOHAIHE KIMHHYKE NPOLeJype AHjarHOCTHKE H MOHHTOPHHTA
M [a ce KOPHCTH Kao MOMONHO CPeacTBO MPUJIMKOM NpPOLIEHA CTama NalujeHaTa Ha NOYeTKy M
TOKOM OOJIECTH.
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3. Ilonasue xumorese

OcHOBHE NoNa3He XHITOTE3e Y OKBHPY JOKTOPCKE TC3C CY CJ’ICIICT]CZ

e Moryhe je npojekroBaTu NpuUCTyNadaH ¥ MPEHOCHB CEH30PCKM CHCTEM 3a CBeoOYXBaTHY
aHaJKM3y NOKpeTa ca JOBOJLHOM TavHollhy 3a NpUMeHe y MeANLMHHE ¥ pexadbunuTauuju [1-
7].

e Moryhe je MareMaTHuyKH ONHCAaTH pexaOMIMTALMOHE NOKpeTe nomoly HHJMKaTOpa
nepdopmance nokpera (MIIT), omHocHo peneBaHTHHX obelieKja Koja ce H3/ABajajy M3
CEH30PCKHX CHTHAJA W MojaTaka, NPUKYIJBEHHX TOKOM akBU3HLMje nokpera [7-11].

e Oncesu BpeaHoctn uzapojenux MII-a cy pasnuunTh 3a pasnuuute eKCrnepHMEHTallHe
rpyrie oj1 uatepeca (objaumene y cnegehoj Taukn).

e Ha ocnoBy u3apojenux WUIII moryhe je u3BpmnTH yereniHy knacuukaiu]y (IIpojeKToBaTH
CHCTeM oJyTyunBama) n3mely cneaehux rpyna og uHTEpECa:

— EkcniepuMeHTaIHE IpyIe NalHjeHaTa ¥ KOHTPOJIHE rpyre 3/jpaBux ocoda (mojpuika
JIMJarHOCTHIIN );

— ExcnepuMenTtasine rpyrne TnamHjeHaTa ca  pa3gHYHTHM CTajHjyMHMa OOJIECTH
(moJpiiiKa MOHUTOPHUHTY, OJJHOCHO Npaheby cTama nalxjeHaTa TOKoM 00JIeCTH).

e I3npojenn unaunxaropu neppopmance noxkpera (MIIIT) cy peneBaHTHH 3a 0OOJEKTHBHY
NPOLIEHY CTarba MaljeHTa i KOPEAHCaHH ca BaJIMAHUM KJIMHHYKHM TECTOBMMA M CKajlaMa.

4. HayuHe MeToae HCTPAKNBAKA

HMcrpaxkuBame je 3aCHOBAHO Ha cileiehM MeToaama:

e Meroae akBu3nnyje nojaraka: HeonxoaaH ycios 3a akBU3MLIM]Y NoJlataka je Kanuopauuja
censzopa. Caku oj xopumheHHx ceH3opa HMa Je(UHHCAaH NMOCTyHaK kanuOpanuje. Hakon
Kanubpanmje, NpPUCTyIa ce aKBH3HIHjH TTOKpeTa MpemMa Ac(GUHHHHCAHUM IPOTOKOJIHMA.

e Merone npenodpane curnana: (1) @unTpHpame cHrHana — CHrHaJH ca CEH3opa ce Mopajy
$untpuparu xopuihemem ogrorapajyher punatpa, xako 61 ce 0JICTAHHO LIYM Mepena; (2)
CerMenTanyja — y ciy4ajy HEKHX CEH30pa, IOKPETH ce NOHAaBJbajy BHIIE ITyTa 3a PEAOM H
CIJIaIMINTE 3aje/IHO Y jeJHOM CHTHally, a aHalnM3upajy ce nojeauHayHo. 30or Ttora je
HEONXOAHO MPUMEHHTH aJIroOpUTaM CerMeHTalHje CHrHala Ha 10jelItHa4YHe TOKPeTe.

e MeToae ekcTpakliHje pelieBaHTHHX obelexja, OJHOCHO HHAMKaTOpa nepopMaHce ToKpera
(MTIIIT) u3 curnana: (1) Jupextan npucryn — u3asajame MITTT-a niupekTHO M3 ceH30pCKHX
CHrHana MM HaKOH TpUMEHe aJlekBaTHMX MoAH(MKaimja curnana; (2) Mumupexran




npuctyn — usjasajame MII[I-a n3 pa3BHjeHOr MojeNla IIake Ha OCHOBY €CTHMaluje
noTpe6HIX Tapamerapa — OBaj METO/1 ce puMerbyje camo y ciydajy MIIIT-a nsgsojennx us
CHI'Hajla CHUMJbeHHX Imomohy censopcke pykasuue; (3) IIposopckn mpucTyn — mojena
curnana Ha xkmusehe nposope, npu yemy ce MITTI-a pauynajy 3a cBak# H371BOJEHH TIOJCKYII.
Ha oBaj Hauun nocToju yBHA Yy BpeMmeHcKy eBoaymujy MIIII-a Toxom mnokpera. OBaj
NPHUCTYI ce KOPUCTH 33 aHAIM3Y CHrHaia Jobnjenux ca Muo censopa — EMI curnana, kao
1 CHT'HaJIa ca aKLeJNepOMETPa H XKXHUPOCKOTIA.

Merogne cenexiuje WUIIIT (peneBanthux obenexja): Toxom mpouenype msasajama MIIII
MOy ce mojaBuTH ojpeliena obenexja koja HHUCY peleBaHTHa WIM HMajy TNPHIHYHO
3aHEMap/bUB YTHIA] HAa KOHKPETHY aHajM3y M IOCTaBbeHH mpobieM. 36or Tora ce
IpUMEBY]Y TEXHHKE celiekiyije obenekja, kako OM ce 3a[pskana camMo oHa obenexja o
BHCOKOT 3Hauaja.

Cratuctinuke Meroje: CTaTHCTHYKE METOAC CE NPHMEHYjYy KpPO3 CTaTUCTUYKY aHalu3y
usMely rpyna on mHTepeca (MalMjeHTH M KOHTPOIHHU CyOJeKTH, Kao M IPyne pasjIiuuTHX
craanjyma Gonectu) y kKoutekcty cera uzjsojenux I (peneBanTHHX obenexja).

Metose MammuHCKOr yuewa: CucTemMu OJUIydHBama 3a MOJPIIKY [AHjarHOCTHKE H
MOHUTOPHHIAa Ha OCHOBY J00HjeHHX BekTopa obenexja ce TpojeKTyjy KopHIIheHeM
ozprosapajyhux knacuukaropa. JlogarHo, MpUMEBkYjy e TEXHHKE PeAyKLHje AMMEH3Mja
BeKTOpa obenexja, kKako 6u ce HenuTae nepdopMatce KIacHPpUKaTopa y HOBOM IPOCTOPY
PE/lyKOBaHHX IMMEH3Hja U ojipequna obenexja ca HajsehimM yTHIAjeM Ha KilacuuKaLujy
rpyria o HHTepeca.

Kopenanuone wmetone: Beoma BakHa CTaBka KOJ KIMHHYHWX CTyAMja y KOjHMa ce
npejUlay aJTepHATHBHE TEXHHKE H ynorpeba HOBMX IOKa3aTeba YYMHKA TanMjeHara (y
oom ciyuajy MIIII-a) je ucnutHBame nmocTojama kopenauuje n3mehy HOBO-TIpeIoKEHNX
WIIlI-a u x THHUYKHX cKala B TeCTOoBA.

5. OyexuBaHi HAYYHH JONPHHOC

OuexnBaHH HayuHH JOMPHUHOCH OBE JOKTOPCKE )mcepTaque Ccy:

]

OuekuBaHu AONPUHOC Y CMHCITY yH'dH]')CT)CIba HHKEHBEPCKE Npakce orineaao ou ce y €BCHTYaJIHO]

[Ipernea n cucrematsannja nocrojefinx cucreMa pexaOGHIHMTAlLHjE KOjU CE 3aCHUBAjy Ha
BU3YCITHHM M HOCHBHM CCH30pHMa, ca IOCEOHHM OCBPTOM Ha OHE MPHMEHCHE KOJ|
[TapxuncoHoBe 60€CTH H TOKOM OTNIOPABKA HAKOH 111J10Ta.
Pa3Boj npuCTYNauHor, NPEHOCHOT M GEXHYHOT CEH30PCKOI CHCTEMA, MOTOAHOT 33 Kyhny
pexabumiraiujy, Koju je 6e30enan 1 KoMQopaH 3a IPUMEHY KOJ NalHjeHara.
Pa3Boj npucTyna (anropuraMa) 3a aHajau3y U KBaHTH(HKALM]y NOKpETa:
— Ilpumena HOBHMX, [pPEMM3HH]MX TEXHHKAa 3a H3padyHaBawme nocrojehux
pexabuimTanHoHuX Mepa (HIp. Op3MHE U oIIcera MoKpeTa);
— Tlpepior HOBUX peNieBaHTHHX obenexja moMolly KojHX ce NOKPETH MOTY ONNCATH
(nupukaTopu nepdopmance noxpera - UIIIT);
— Paspoj anropurama 3a excrpakuujy WIIIl-a pupextHo u3 100MJEHHX CEH30PCKHX
CHMTHaJIa WIH M3 CHI'HaNa oOpaljeHHx npyMeHOM aJlekBaTHHX TEXHHKA,
Anamsa penesantHocty w3aojennx MIII-a 3a xoHKpeTHy Heyposiowiky Oonect M
UCIUTHBaIbe Kopenucanocty npemaoxenux MINlI-a ca paxehMM KITHHHYKHM TECTOBHMA M
cKajama nporiucaHyuM 3a TOCMaTpaHy HEYPOJIOWKY OO0JeCT.
ITpojextoBame cucTeMa OATy4MBama H3Mely KIMHUUKMX Tpyna (KOHTpoOJiHA Tpyna H
nanujenT u pazauunre daze 6onectu) Ha ocHOBY AeduHucaHor cera MUIIIT-a.
Pa3Boj HOBHMX TEXHHKA 3a MHOAPLIKY KIMHHYKHX €Bajlyalldja TOKOM AHMJarHOCTHKE H
MOHHTOPHMHTIA HAllIfjeHaTa.

M()TYT]HOCTM YBOI_)GH)EI NPEJIOKEHOT CEH30PCKOI CHUcTeMa W HPUCTYNa 3a aHajJu3y IIOKpeTa Yy




pGXB6I/IHI’ITaLU’IOH€ H MCIMIIMHCKE IIPOTOKOJE, OAHOCHO I'IHCTaHaIlI’ij NPEJIOKCHOI CHCTCMA Y
6OHHI/ILI€ H pexa6nnnTaLm0He LHEHTPE.

6. Ilman mcTpaskHBamka ¥ CTPYKTYpa pana

e JleTaJsHa aHaNM3a pEJEBAHTHE JMTepaType M HAaydyHMX pajoBa BE3aHHX 3a TEMY
HCTpaXKHBaiba Y LIMJbY YBHJIA CTalka y 00JacTH.

e Jledunncame EKCIEPUMEHTAIHOr INPOTOKONA Yy capajiibl ca eKkcnepTHMa u3 olactu
HEeypoJIoTHje U pexabuuranje.

e Ilpeor W aHamu3a CEH30pa 3a AKBH3HIMjy TPH pa3iuuuTe Trpyne JeHHHCAHHX
pexabunuTanonux nokpera (rl, r2, r3).

e Excrniepumenranna npoueaypa 1: Kanubpauuja ceHzopa n akBu3iLMja MOKPETa MalijeHara
koju 6onyjy on IlapkuxcoHoe Gonectu (mpBu, ApyrH u Tpehln cramjym Oosnectu) n
3MpaBuX cyOjekata (KOHTPOJHA Ipyma).

e TIpenobpana noOHjeHHX CEH30PCKUX CHTHANA y CMHCHY (HITpalije Kako OM ce OTKIOHHO
1IYM Mepemha U CeTMEHTallje CHIHaNa Ha N10jeJMHAaYHe ITOKpeTe.

e Pa3poj anropuraMa 3a €KCTPAKIN])y M CEJCKLH|jy PeIeBaHTHHX 00enexja W3 CEH30PCKHX
CHI'HaJa, OJHOCHO uHHKaTopa nepdopmance mokpera (UIIIT), npu yemy ce pasnuxyjy Tpu
npucryna: (1) dupexran npuctyn — nzasajamse MIII-a 1upexTHO U3 CEH30pCKUX CHIHala
WK U3 curhana obpaljeHux NpUMeHOM aleKBaTHUX TexHuka; (2) Mmampexran npucryn —
m3aBajame UIMII-a M3 pa3sBHjeHOr MojeNa Ilake Ha OCHOBY €CTHMalije HOTpeOHHX
napaMeTapa 3a kBaHTH(uKauujy ¢uHux mokpera nperrjy U (3) Ilposopckn npuctyn —
nojena curhana ca Muo cenposa Ha xnusehe nposope m uzasajame MIII-a 3a ceakn
npo3op. OCHOBHA MPEAHOCT OBE TEXHHKE je yBHJ y BpemeHcky eponynujy MIIII-a Toxom
TIOKpeTa.

e CrarucTHuKa aHaJM3a JOOMjEHHX TTOJIaTaKa 3a rpyre OJf MHTepeca (MalijeHTH 1 KOHTPOIHN
cy6jexTH, Kao ¥ TPH Ipyne pa3THIuTHX cTafnjyma 001ecTn).

e IlpojexkroBawe cucrema o/JyunBamwa uamel)y rpyna on MHTepeca Ha OCHOBY AedUHMCAHHX
UIlll-a xopunihemeM pa3nuudTHX THIOBA KiIacHQHKaTOpa 3a MOJPUIKY eBajlyalija
MPHIAKOM JHjarHOCTHKE H MOHHUTOPHHTA.

e lcnuTuBalbe KOPEIHCAHOCTH HOBO-TIPEIUIOKEHHX pexabunmuranmonux mepa (MIl-a) ca
BaykehM KITMHHYKHM CKallama H TeCTOBUMA.

e ExcrnepumenTanHa npoueaypa 2: Kanubpauyja 1 akBU3HLMja OKpeTa MalHjeHara Koju ce
pexabuinTyjy HAKOH uulora M 3JApaBuX cyOjexata (koHTposHa rpyna). Ilpumena rope
HaBEJCHUX TEXHMKA 32 aHAJIM3Y JIOOMjEHUX CEH30PCKHUX T0/IaTaKa.

e VYropeJiHa aHallM3a U eBalyaluja yIellHOCTH NPHMEHE NPEATIOKEHOT CHCTEMa W NIPUCTYIIa
3a KBaHTH(HUKaMjy mnokpera ko IlapxuHcoHOBe Oonectw 1 Koja uuiora. AHanusa
OTpaBaaHOCTH yBOheHa Pa3BHjeHOr cucrema / NPUCTYyNa y KIMHHYKE B pexabuHTanuoHe
poToKoJie, bazupaHa Ha eKCIIepUMEHTAJIHUM Pe3yJITaTHMA.

e Jlepunucame Oynyher pajga u 1a/pux npaBala HCTPaKUBawa.

7. 3akmby4ak u npeaaor

Ha ocnoBy cBera nperxoaHo HagejeHor, Komncrja cMaTpa aa xanauaatkumba Coduja Cracojesnh
y MNOTIYHOCTH 3a/0BOJbABA CBC YCJIOBE Jia CIPOBEJAEC HCTPaXKHBAmbe Ha IPEANOKEHO] TEMH
»KBAHTHTATHBHA aHAaJMM3a NOKpeTa Yy pexabuamranuju HeypoJomxux mnopemehaja
kopumhememM BH3YEeJHMX M HOCHBHX ceH3opa” (eHr. ,,Quantitative movement analysis in the
rehabilitation of neurological disorders using vision and wearable sensors”). Kanaunatkumwa he
TE3y HANMCaTH HA €HIVIECKOM je3MKy 300r GHiaTepasHOT NporpaMa JIOKTOPCKHX CTyAWja M3Mehy
EnexrporexHuukor ¢axyntera Ynupepsutera y beorpany m Bmcokor Texumuxor Mucruryra,
VYrusepsurera y Jlucabony.




IIpenBulienu capgpikaji HCTpaXKUBarba Cy aKTyeJIHW, a OYEKHBAHU HAYYHH JIONPHHOCH 3HAYAjHH Y
JOMEHY MpPHUMEHE HOBHX CEH30PCKMX TEeXHONOTHja y MEOULHHM W pexaOWIMTalMjH W aHaIH3e
CEH30PCKHMX CHTHala y LWbY KBaHTH(uKanuje nokpera. [lpepnokeHa Tema mnpumnaga Y)KUM
HayuHUM obJlacTHMa KOMITjyTepcke Bu3HWje, obpajie CHMTHajJa M MAUIMHCKOI y4yema, 3a Koje Cy
Enexrporexuuuxku daxynrer VYuupep3urera y beorpagy u Bucokn Texuuuku WuceTuryT
Vuusepaurera y Jlucabony MmaTuyHH.

Komucuja npepnaxe HacraBHo-HayunoMm Behy Enekrporexnuuxor ¢akynrera y beorpamy ma
kaagunatkuby Coduju Cnacojepull ofoOpu M3pagy MOKTOPCKE AUCEPTAlFje TIOA HACIOBOM
»KKBAHTHTATHBHA aHAMU3a MOKpeTa Yy pexaGWIMTANUjH HeypoJiomikux mopemehaja
ropumlieleM BH3YeTHHX W HOCHBHX ceH3opa”. 3a MeHTOpa H3pajie JOKTOpPCKE AUCEpTaLHje
npeanaxe ce ap Xemkxo Bypoeuh, penoHu mnpodecop Ha EnexrporexHudxoMm (pakynTeTy
beorpany u np José Santos-Victor, penoBuu nipodecop Ha Bucoxom Texnuuxom HMucruryry y
JIucabony y cxiany ca OusatepaiHUM MPOrpaMoM JIOKTOPCKUX CTY/IH]a.
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University of Belgrade
School of Electrical Engineering

TO TEACHING-SCIENTIFIC COUNCIL

Subject: The suitability of the thesis topic and candidate Sofija S. Spasojevi¢ for the development
of doctoral dissertation

By decision of Teaching-scientific council of the School of Electrical Engineering number 5014/11-
1 from November, 24" 2016, we are selected as Committee members for evaluation of the thesis
topic and candidate Sofija S. Spasojevi¢ for the development of doctoral dissertation and scientific
basis of the thesis topic "Quantitative movement analysis in the rehabilitation of neurological
disorders using vision and wearable sensors".

Based on the material enclosed with the candidate request, the Committee submits the following

REPORT

1. Data about the candidate

I.1. Biographical data

Sofija Spasojevié, MSc in Electrical Engineering, is born on September, 7", 1987 in Sabac,
Republic of Serbia from father Slobodan and mother Vera. 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.

Under the bilateral academic projects, she was a guest researcher at the Instituto Superior Técnico
in Lisbon, Jozef Stefan Institute in Ljubljana, and Research Robotics Lab in Kaiserslautern,
Germany.

1.2. Acquired scientific-research experience

Scientific research areas of the candidate include computer vision, signal processing and machine
learning. Within these areas Sofija Spasojevi¢ has so far participated in the following projects:




Number

Project

Institutions

Project
duration

1.

Project 11-44008: The
development of robots as an aid
for overcoming the difficulties in
the development of children with
disabilities. The Ministry of
Education, Science and
Technological Development of
Republic of Serbia.

Mihailo Pupin Institute
and partner institutions
from Serbia

(2011-2016)

Swiss National Scientific
Foundation SNSF 1P SCOPES
project “Creative Alliance in
Robotics Research and
Education Focused on Medical
and Service Robotics (CARE-
robotics)”, Project ID:
1274720 137361/1, SNSF SCOPES
1P

Mihailo Pupin Institute
and partner institutions
from Switzerland and
Romania

(2011-2014)

Synthesis of Collaborative
Behavior Attributes with Service
Robots Based on Visually-Motor
Human-Machine Interaction
(COLBAR), Bilateral reserch
project  between  Serbia  and
Portugal, Ministry of Education,
Science and  Technology  of
Republic Serbia and Ministry of
Science of Portugal

Mihailo Pupin Institute
and Instituto Superior
Técnico, Lisbon, Portugal

(2013-2014)

European research and
development program HORIZON
2020, Coordination support activity
project “Researchers’ night -
FLIRT”, EU Commission

Mihailo Pupin Institute
and partner institutions
from Serbia

(2014-2015)

International project of bilateral
academic collaboration with Jozef
Stefan Institute (Ljubljana,
Slovenia): Advanced perception
and learning for cognitive
heterogeneous robofs.

Mihailo Pupin Institute
and Jozef Stefan Institute,
Ljubljana, Slovenia

(2015)

Research Group Linkage Program,
Alexander von Humboldt
Foundation, “Building attributes
of artificial emotional intelligence
aimed to make robots feel and
sociable as humans (Emotionally
ntelligent Robots - Elrobots)”,
Contract no. 3.4-1P-DEU/112623,
University  of  Kaiserslautern,
Institute for informatics, Robotics
department.

Mihailo Pupin Institute

and Research Robotics

Lab in Kaiserslautern,
Germany

(2015-2017)




At the School of Electrical Engineering in Belgrade, she completed all 10 courses, planned by the
program of doctoral studies with the average grade 10:

Number | Course title  Grade | ECTS'
1 Atrtificial inteligence 09
2 Techniques for speech processing and recognition 10 9
3 Theory of robotic systems 7 - 10 9
4 Classification and estimation of signals 10 9
5 Neural networks 10 9
6 Real time software systems 10 9
7 Optimal and adaptive stochastic systems 10 9
8 Intelligent robotic systems .10 9
9 Special robotic systems 7 .10 9
10 English language ( 10 6

Title of the obligation 5
1 Study research work 1 | N E
2 Study research work II 7 7 ‘ 15
3 Scientific and professional work ; 3

At the Instituto Superior Técnico in Lisbon she completed two courses with grades 17 and 18 (out
of 20):

- Number Course title ~ Grade | ECTS |
!‘ 1 | Estimation and classification 17 | 6
2 ' Biometrics 18 6

The so far results of the candidate Sofija Spasojevi¢ are presented with the following published
papers: | paper in a scientific journal of international importance (with impact factor), 4 papers in
the chapters of the monograph of the international importance, 4 papers published in the
proceedings of international conferences, and 6 papers published in the proceedings of national
conferences.

Papers in a scientific journals of the international importance.

. (M21 —1F 2.248 for 2014.) S. Spasojevié¢, T. Ilié, S. Milanovi¢ et. al. Combined vision and wearable sensors-
based system for movement analysis in rehabilitation. Methods of Information in Medicine journal. (ISSN:
0026-1270, DOT: https://doi.org/10.3414/ME16-02-0013)

Papers in the chapters of the monograph of the international importance:

1. (MI14) S. Spasojevié¢, 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 (ISSN: 2211-0984).

2. (M14) S. Spasojevi¢, I. Santos-Victor, T. 11i¢ et. al. A Vision-Based System for Movement Analysis in
Medical Applications: The Example of Parkinson Discase. Computer Vision Systems 2015 (pp. 424-434).
Springer International Publishing (ISSN: 0302-9743).

3. {M14) D. Kati¢, P. Radulovi¢, S. Spasejevi¢ 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 (ISSN: 2211-0984).

4. (M14) A. Rodi¢, B. Miloradovi¢, S. Popi¢, S. Spasojevi¢ et al. Development of Moduiar Compliant
Anthropomorphic Robot Hand. New Trends in Medical and Service Robots 2014 (pp. 205-219). Springer
International Publishing (ISSN: 2211-0984).




Papers in the proceedings of international conferences:

1. (M33) S. Spasojevié, M., Vuyjovi¢, A. Rodi¢. Robot head motion control using hand gestures. Zbornik radova
sa 2. IcETRAN konferencije, Srebrno jezero, Srbija, Jun 2015, ROI1.4 str. 1-5.

2. (M33) S. Spasojevi¢, 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,

3. (M33) S. Spasojevi¢, M. Susi¢, Z. 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.

4. (M33) M. Susi¢, 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.

Papers in the proceedings of national conferences.:

1. (MG63) S. Spasejevi¢, B, Karan, The application of Kinect sensor in acquisition of the hand joint trajectories.
Proceedings of the 57th ETRAN conference, Zlatibor, Serbia, Jun 2013, RO3.2 pp. 1-4.

2. (M63) S. Spasojevi¢, S. Mitrovi¢, M. Sugi¢, Z. Purovié. Application of the digital image processing in the
recognition of geometric shapes. Proceedings of the 9th conference of the speech and image processing,
Kovacica, Serbia, October 2012, B1.4 pp. 1-4.

3. (M63) M. Susi¢, S. Maksimovié, S. Spasojevié, Z. Durovi¢. An approach for deaf signs recognition from the
image. Proceedings of the 9th conference of the speech and image processing, Kovacica, Serbia, October 2012,
B1.6 pp. 14.

4. (M63) S. Spasojevi¢, Z. Durovi¢. Recognition and classification of geometric shapes in 2D plane. Proceedings
of the 56th ETRAN conference, Zlatibor, Serbia, RO2.3 pp. 1-4.

5. (M63) M. Sugi¢, S. Spasejevi¢, B. Karan. Acquisition of 3D data and practical calibration of the Microsofi
Kinect camera. Proceedings of the 56th ETRAN conference, Zlatibor, Serbia, Jun 2012, R0O2.4 pp. 1-4.

6. (M63) S. Spasojevié, M. Susi¢. Reconstruction of the 3D robot environment based on the stereo images.
Proceedings of the 55th ETRAN conference, Banja Vrucica, Bosnia and Herzegovina, Jun 2011, RO2.3 pp. 1-
4.

The candidate has publicly orally defended the proposed doctoral thesis topic on December, 06,
2016 at the School of Electrical Engineering in Belgrade, in front of a commission composed of:

1. dr Branko Kovadevi¢, full professor, University of Belgrade — School of Electrical
Engineering,

2. dr Aleksandar Rodi¢, Research Fellow, University of Belgrade - Mihailo Pupin Institute,

3. dr Dejan Rakovi¢, full professor in retirement, University of Belgrade — School of Electrical
Engineering,

where the Commission concluded that the candidate received a score satisfy and meet the
requirements for work on the proposed thesis topic.

1.3. Evaluation of the candidate suitability for work on the proposed thesis topic

Based on the all results of the candidate listed above, the Committee concludes that Sofija
Spasojevié:

e completed 12 courses planned at the program of doctoral studies at both faculties (School of
Electrical Engineering in Belgrade (10) and Instituto Superior Técnico in Lisbon (2)) and
completed all obligations and gain in total 132 (120+12) ECTS credits,

e participated in six academic projects - national and international (bilateral academic
collaboration),

e publicly orally defended the proposed doctoral thesis topic on December, 06th, 2016 in front
of a Commission formed by the Teaching-scientific council of the School of Electrical
Engineering in Belgrade,

e published 15 papers in scientific journals and conferences, and thereby she presented the
qualifications and affinity for scientific-research work.




The Committee agrees that the candidate has demonstrated the ability to work on the proposed
thesis topic. With the results achieved so far, Sofija Spasojevi¢ has demonstrated the ability to
successfully implement her theoretical and practical knowledge in practice, and in accordance with
that, to present her work to the scientific community.

The proposed thesis topic of the candidate Sofija Spasojevi¢ is in accordance with the results
presented in the published papers, where it is evident that these papers make the core of the
proposed research, which will be further extended in the future work of the candidate and
development of this doctoral dissertation. The Committee, therefore, considers that Sofija
Spasojevi¢ meets all requirements for work on the proposed thesis topic.

2. Topic and the goal of the research

Under the doctoral thesis, the candidate is engaged in the development of the sensor system for the
analysis and quantification of rehabilitation movements. The focus is in patients with motor
disorders caused by neurological diseases. The experimental group consists of patients with
Parkinson's disease [1] and patients who are recovering from the stroke. Experimental protocols
(movement sets for examination) are defined under the neurologist's supervision and represent the
parts of established clinical protocols, which are used in the treatment of neurological diseases.
However, the evaluation of the patient's achievement during the movement performance in
Parkinson’s disease is based on the subjective assessments by neurologists and therapists and
imprecise clinical scales, like Hoehn & Yahr (HY) [2] and Unified Parkinson’s Disease Rating
Scale (UPDRS) [3]. Besides, conventional rehabilitation therapy often involves lengthy, laborious
and monotonous recovery process, from which patients can easily give up.

As a result of the above-explained issues, there is a clear need for introducing the modern sensor
techniques [4] into the procedures of the traditional diagnostics, monitoring, and rehabilitation that
would increase the patient's motivation during the treatment and improve the quality of evaluations
using objective approach. The general objectives of the thesis are following: (1) The development
of an affordable and portable rehabilitation sensor system, suitable for use in the home
environment, and (2) development of the approach for the analysis and quantification of patient's
movements. The base of the approach is the movement acquisition using different types of sensors
and appropriate analysis of the sensor signal outputs. As a result of processing the sensor signals
and collected data, particular movement performance indicators (MPI), proposed as an objective
movement measurements, have been extracted, tested and verified,

Research under this doctoral thesis includes a detailed examination and analysis of all rehabilitation
movements of interest for the selected neurological diseases, which includes large range and fine
motor movements, For each group of the movements, the appropriate sensor type is provided for the
data acquisition. The research includes the quantification of three different groups of rehabilitation
movements according to the valid clinical protocols: (gl) gait and large range upper body
movements; (g2) fine movements of the hand and fingers and (g3) arm movements, movements of
object grasping, pick and place.

In the available literature, three different approaches to the acquisition of the human movement are
described. Marker-based motion capture (mocap) systems [5] are often used for movement
acquisition during rehabilitation sessions, because of their ability to deliver accurate measurements,
in spite of their extremely high costs. Other alternatives include the attachment of different sensors
to the patient’s body [6, 7] or hand (data glove) and, more recently, low-cost marker-free mocap
systems such as the Kinect and Xtion [8-10]. The performance of lower-cost systems has been
tested and shown to possess a satisfactory accuracy for the application in the rehabilitation therapy
[10, 11]. While some examples of Kinect-based rehabilitation systems are described in [12, 13],
little attention has been devoted to the specific case of PD [14, 15].

The choice of the sensors for the rehabilitation system is based also on the following principles: (1)
use of non-invasive methods of the data acquisition in order to provide patient's comfort during
movement performing; (2) portability and light weight of the sensor, to allow the use of the system
in the home environment; (3) wireless connection between the sensors and computer for collecting




the data in order to prevent the limitation of the patient's movements; (4) using low-cost sensors, so
that the system is available and affordable for widespread use.

Sensors planned for the data acquisition are divided into vision-based and wearable-based sensors.
The Kinect device (vision sensor) is used for the acquisition of the gait and large range upper body
movements (gl). The advantage of the Kinect in comparison to the other vision-based motion
capture systems is the technique for movement acquisition without placing the markers on the body,
which enables greater comfort of patients. Data glove is used for the acquisition of the fine hand
movements (g2). Myo sensor, which is placed on the forearm is used for collecting the arm
movements and movements of object grasping, pick and place (g3). Both wearable sensors are
lightweight, flexible and adaptable to each hand and forearm. Also, these wearable sensors have the
wireless connection with the computer for data collection (Bluetooth connection).

One of the aims of this doctoral thesis is to describe the rehabilitation movements quantitatively,
using the appropriate movement performance indicators (MPIs). Some of them are proposed by the
neurologists (the measurements they consider important, but cannot access them), but a majority of
MPIs can be revealed during the research and those MPIs have not been used in medical and
rehabilitation practice previously.

Given the fact that the application of modern technologies and different types of sensors in
medicine is currently the very popular area of the research, a lot of research papers deal with this
topic. However, most studies focus on one particular group of the movements or analysis of
individual joints. This thesis deals with an analysis of all joints of interest and all rehabilitation
movements, relevant for a particular disease. Additionally, in the most studies the cost-effectiveness
of the system is not taken into account. Vision-based rehabilitation systems use mainly motion
capture techniques which are expensive and complicated to set up, including the markers placing on
the body. Some studies describe rehabilitation systems based on the Kinect device, but only a few
of them are involved in the specific case of Parkinson's disease or stroke. In one recent study [14],
the accuracy and feasibility of the Kinect device for use in patients with Parkinson's disease are
examined, but the movement analysis was not carried out. This part will be included in this PhD
thesis (and study [16]), and represents a concrete contribution and the upgrade of the mentioned
study [14]. Some studies have introduced virtual environments into data acquisition and processing
procedures for Parkinson’s disease [15]. The main limitations with the use of virtual environments
and rehabilitation games are the lack of official safety-evidence and proof of clinical effectiveness.
Research papers, dealing with the quantification of the fine hand movements, mainly explore a
single or a few isolated sensors that are placed on the hand wrist or particular fingers
(accelerometers [17], gyroscopes [18], magnetic sensors [19], force sensors [20] and inertial sensors
[21]). These sensor systems can only modestly contribute to the hand movement assessment.
Specifically, the use of one or two isolated sensors in motion acquisition limits the movement
quantification, due to the limited amount of the collected data. Data gloves address this shortcoming
by integrating multiple sensors in one single, more sophisticated, device. Most data glove-based
systems have a low number of sensors, that cannot describe the movements of the hand and fingers
properly [22, 23]. In addition, majority of those systems have a wired connection between the glove
and the PC for storing data, which can interfere with the patient’s motion and degrade their comfort.
The sensor glove, which will be tested in this doctoral thesis have eighteen sensors, placed across
hand and finger joints.

Rehabilitation studies for neurological disorders usually focus on the analysis of particular body
functionalities, such as postural control [15], gait [24], upper body movements [25] or even the
observation of a specific joint [26]. The work in the frame of this doctoral dissertation will include
all movements of interest for analyzed neurological disorders (Parkinson’s disease and stroke) —
gait and balance, large range upper body movements, arm movements and movements of the hand
and fingers.

Myo sensor is the newest of the all sensors, intended for the development of the sensor system. It
has appeared on the market recently and there are just a few conceptual studies [27, 28] in which




the authors tested it for the movement acquisition testing and proposed it for the applications
different than the research planned under this thesis.

The proposed sensor system, along with the developed approach for the movement quantification
could have a huge significance for patients suffering from neurological diseases, as well as for
neurologists and therapists, Patients would be more motivated to complete the rehabilitation
procedure using this system, especially with the benefits of home rehabilitation, given that the
system is affordable, portable and wireless. On the other hand, such a system can support traditional
clinical diagnosis and monitoring procedures and be used as an aid in the assessment of the patient's
condition at the beginning and during the disease.

A list of references documenting the relevance and importance of the proposed is the following:

1. 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 8, 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, 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.

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

6. 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.

7. 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.

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

9. Gongalves AR, Gouveia ER, Cameirdo 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.

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

11. Khoshelham K, Elberink S. Accuracy and resolution of Kinect depth data for indoor mapping applications. Sensors
2012; 12 (2): 1437-1454.

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

13. 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.

14. 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.

15. Galna B, Jackson D, Schotield 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.

16. Spasojevic S, Santos-Victor J, Hic T, et al. A Vision-based System for Movement Analysis in Medical Applications:
the example of Parkinson’s Disease. Computer Vision Systems 2015; 9163: (424-434). Springer International
Publishing.

17. 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.

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

19. 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.

20. 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.
TEEE: 2011. pp. 1-8.




21. 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. TEEE; 2007. pp. 136-139.

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

23. 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.

24, Cho CW, Chao WH, Lin SH, et al. A vision-based analysis system for gait recognition in patients with Parkinson’s
disease. Expert Syst Appl 2009; 36 (3): 70337039,

25. Lum P, Burgar C, Shor P, et al. Robot-Assisted Movement Training Compared With Conventional Therapy
Techniques for the Rehabilitation of Upper-Limb Motor Function After Stroke. Arch Phys Med Rehabil 2002; 83 (7):
952 — 959,

26. Vaisman L, Dipietro L, Krebs H. A Comparative Analysis of Speed Profile Models for Wrist Pointing Movements.
IEEE Trans Neural Syst Rehabil Eng 2013; 21 (5): 756-766.

27. 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.

28. 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.

3. Initial hypotheses

Initial hypotheses of this doctoral thesis are the following:

e It is possible to design an affordable and portable sensor system for comprehensive analysis
of movements with sufficient accuracy for applications in medicine and rehabilitation [1 -
71.

e It is possible to mathematically describe the rehabilitation movements using movement
performance indicators (MPI) i.e. relevant motion features that are extracted from the sensor
signals and data, collected during the movement acquisition [7 - 11].

e The value ranges of the extracted MPIs are different for various experimental groups of
interest (explained i the following point).

e Based on the extracted MPIs, successful classification (the design of decision-making
system) can be performed between the following groups of interest:

— Experimental groups of patients and the control group of healthy subjects (support
for diagnostics);

— The experimental group of patients from different disease stages (support for
monitoring i.e. observation of the patient’s state during the disease).

e Extracted movement performance indicators (MPIs) are relevant for an objective assessment
of the patient’s state and correlated with valid clinical tests and scales.

4. Scientific research methods

The research is based on the following methods:

e Data acquisition methods: Sensor calibration - each of the sensors used has a defined
calibration procedure. After the calibration, the acquisition of the movements is performed
based on the defined protocols.

e Methods of the signal preprocessing: (1) Signal filtering - sensor signals need be filtered
using an appropriate filter, 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.c. extraction of the movement performance indicators (MPI)
from the signals): (1) The direct approach - MPIs exfraction directly from the generated
sensor signal or from the signal after additional processing; (2) The indirect approach —




5.

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 Myo sensor — EMG signals and signals from the
accelerometer and gyroscope.

Feature selection methods (i.e. 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.

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.

Machine learning methods: Decision-making systems for supporting the diagnosis and
monitoring evaluations are designed 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.
Correlation methods: 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.

Expected scientific contribution

Expected scientific contributions of this doctoral thesis are the following:

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.
The development of the low-cost, portable and wireless sensor system, suitable for home
rehabilitation, safe and comfortable for use in patients.
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 MPIs directly from the sensor
signals or after application of appropriate signal processing techniques;
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.
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.
The development of new techniques to support the clinical evaluations during diagnosis and
monitoring of patients.

Expected contribution in terms of improving the engineering practice would be reflected in the
possibility of introducing the proposed sensory systems and approach for the movement analysis in




rehabilitation and medical protocols, and the installation of the proposed system in hospitals and
rehabilitation centers.

6.

7.

Research plan and work structure

The detailed analysis of the relevant literature and defining the State of the art in the
research field, related to the thesis topic.

Defining the experimental protocol in collaboration with experts in the field of neurology
and rehabilitation.

Proposal and analysis of the sensors for acquisition of three different groups of defined
rehabilitation movements (g1, g2 and g3).

The first experimental procedure: The calibration of the sensors and movement acquisition
by patients with Parkinson's disease (first, second and third disease stage) and control group
of healthy subjects.

Pre-processing of the sensor signals in terms of filtering, due to the measurement noise and
segmentation of the signals in the order of processing the individual movement units.
Development of the algorithm for the extraction and selection of relevant movement
characteristics i.e. movement performance indicators (MPIs), according to three different
approaches: (1) The direct approach - MPI extraction directly from the sensor signals or
after appropriate signal processing; (2) The indirect approach — MPI extraction from the
hand model, based on the estimation of the necessary parameters for the quantification of
the fine finger movements and (3) Window approach — the division of the signals from Myo
sensor 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.

Statistical analysis of the data for the groups of interest (patients and control subjects, as
well as the three different disease stage groups).

The design of the decision-making systems between groups of interest based on the defined
MPI set and using different types of classifiers in order to support the clinical evaluations in
diagnostics and monitoring.

The examination of the correlation between the newly proposed rehabilitation measurements
(MPIs) and valid clinical scales and tests.

Second experimental procedure: Calibration and movement acquisition with sensors for
patients recovering after stroke and healthy subjects (control group). Performing of the
above mentioned techniques for the analysis of the sensor data.

Comparative analysis and evaluation of the proposed rehabilitation system and approach for
the movement quantification in Parkinson's disease and stroke. Feasibility analysis for the
inclusion of the developed system / approach into clinical and rehabilitation protocols, based
on the experimental results.

Defining the future work and further directions of the research.

Conclusion and proposal

Based on the all items mentioned above, the Committee considers that a PhD candidate Sofija

Spasojevi¢ fully meets all the requirements to conduct the research on the proposed topic

Quantitative movement analysis in the rehabilitation of neurological disorders using vision
and wearable sensors" (Serbian: "KsanTHTaTHBHA aHanM3a IOKpeTa Yy peXabMIMTaLMU]N
Heyponowkux nopemehaja kopuuihemem Bu3yesHux 1 HocuBHX ceHszopa"). A candidate will write
the thesis in English language in accordance with the bilateral program of doctoral studies between
the School of Electrical Engincering, University of Belgrade and Instituto Superior Técnico,
University of Lisbon.




Proposed research contents are actual, and the expected scientific contributions are significant in the
field of application of new sensor technologies in medicine and rehabilitation, and analysis of the
sensor signals for the movement quantification. The proposed thesis topic belongs to the research
fields of computer vision, signal processing and machine learning, for which the School of
Flectrical Engineering, University of Belgrade and the Instituto Superior Técnico, University of
Lisbon are specialized.

The Committee proposes to the Teaching-scientific Council of the School of Electrical Engineering
in Belgrade to approve candidate Sofija Spasojevi¢ the development of the doctoral thesis entitled
"Quantitative movement analysis in the rehabilitation of neurological disorders using vision
and wearable sensors." The proposed supervisors of the doctoral dissertation are dr Zeljko
Durovi¢, full professor at the School of Electrical Engineering in Belgrade and dr José Santos-
Victor, full professor at the Instituto Superior Técnico in Lisbon, in accordance with a bilateral
program of doctoral studies.

Belgrade, January, 17th, 2017.
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