YuusepsuteT y beorpany
EnekrporexHnyky dakynrer

HACTABHO-HAYYHOM BERY

Ipeamer: [onobuocT Teme u kanangatkume Mapuje M. Tomuh 3a nspasy 1oKTOpCeKe
aucepranimje

Opnykom Hacrasuo-nayunor eha Enexrporexuudxor ¢akynrera Yuusepsurera y beorpamy Gp.
806 oa 15.11.2016. rogune, uMeHOBaHU cMO 3a 4iaHoBe KomucHje 3a oneHy NnojJoOHOCTH TeMe U
KanguaaTkube Mapuje M. TomMuh, MacTep MHXEHEpPA ENECKTPOTEXHUKE U PAYyHApCTRa, 34 U3pay
JOKTOpCKE MCEpPTaLMje M HayuyHe 3aCHOBAHOCTH TeMme ,/IBopy4na poorTcka MaHHIyJaLuja
HHCIIMPUCAHA JbyAckuM BemrruHama® (eHr. “Dual-Arms Robotic Manipulation Inspired by
Human Skill”).

Ha ocnopy marepujana npuiosxeHor y3 3axTeB kaHaugara, Komucnja nognocu cieaehu

U3IBEIITAJ

1. Homanwm o kaHaANZATY

1.1. buorpadcku nosaum

Mapuja Tomuh je poljena 14.07.1987. roanne y Vixuny. OcHOBHY 1ukony 1 ['uMHa3sHjy 3aBpLuuia
je y Voxuuy. Enextporexuuukn Qakynrer y beorpamy ymucana je 2006. rogune Ha o/ceKy
Curnanu un cuctemu. urnmomupana je 2010. roaune ca npoceuHom ouenom 9.02 ca temom
JMILIOMCKOr paja ,,MojenoBaie, yrpasbabe W cuMynauuja modbunne poborcke nnardopme ca
po6orckom pykom LYNXMOTION ALSA“. Mactep cryamje je ynmcana 2010. roguHe na
Enexrporexnuykom akynrery y beorpamy Ha uctom oicexy M 3appmmia 2011. roauue ca
npoceunom oueHom [0. Tema mactep paja je .Mojgenupame W ynpaB/bare KOOPAHHUCAHOM
JBOPYYHOM MaHMIIYJALMjOM cepBUCHOr poGoTta aHTporiomopdHe cTpykType”. JlokTopcke cTyauje
je yrmmcana 2011. rogune Ha Enexrporexnuukom ¢akynrety y beorpagy, Mopyn ynpasmbarbse
cuctemuMa M obpaza curHana. Hapejgne roamHe ocBaja cruneHuujy ®panuycke Bjaje 3a
JOKTOpCKe cryadje y @paHuycKkoj M CBOj [JOKTOpAT HACTaB/ba Kao OuiaTepasH JOKTOPCKH
nporpam usmehy Enexrporexnnukor dakynrera y beorpany u ,,Ecole Centrale de Nantes” y Hanry
y ®paniyckoj. TokoM JOKTOPCKUX CTYAHja Ha ENEeKTPOTEeXHHUKOM (aKyJITETy MONOMKUIA j€ JeceT
ycnuTa ca npoceunom oterom 10.00 u omcnyiuana Biine Kypcesa u3 obnactu pobotuke Ha ,Ecole
Centrale de Nantes* wIto je npeaycsos npujaBe JOKTOPCKE TE3eE.

Mapuja Tomuh je TOKOM OCHOBHMX W MacTep CTyjAuja CTULA/Na 3Harma U3 POOOTUKE KPO3 CTpYUHE
npakce y ,,Manipal Institute of Technology* y Mamuju 2010. rogune (y Tpajamy o TpU Mecela) U
uHetatyty ,Muxajno [lynun y Beorpagy 2010. rognne y Lientpy 3a poboTuky (y Tpajawby ol
rogudy jgana). Haxow ycmeinHo 3aBpineHe cTpyuHe npakce Mapuja Tomuh je 3achoBana pajgau
oanoc y unerutyry ,,Muxajno Hynun® y Lentpy 3a poboruxy 2012. roaune, rae je 3anocliieHa 1o
JaHAC HA MO3ULMJN UCTPAKKBAY capajHUK. Y okBupy OunaTtepanHux AOKTOPCKHX cTyiuja Mapuja
Tomuh je v nepuoay o/ Tpy rojiuHe rpoBesia ocamHaecT Meceluy y uHeTUpyTy IRCCYN dakynrera
,,Ecole Centrale de Nantes” y tumy ., Team Robotics* kao cTyAeHT LOKTOPCKUX CTyaHja. Y UCTOM
nepuosy na dakynrery ,Ecole Centrale de Nantes™ npartuiia je KypceBe macTep Nporpam u3




o6nactu pobotuke ,EMARO+“. V jyny 2012. rogune je moxahana neTiy mikony poboTHKe
,MESROB 2012 na Texnnuxom yausep3utety y Kiyx-Hanoxu y Pymynuju.

O6nacT HAyuHOT MCTpaKMBarba Kanauiata ofyxBaTa MMHTalMjy JbYACKMX ToKpera nomohy
XYMaHOMAHHMX poboTa BelHKe pefyHAaHTHOCTH. Ayrop je mpeko 10 pagosa y HayyHUM
4acOMMCHMA 1 Ha jiomaliuM U cTpaHuM KOH(epeHujama.

Hexa on npusHama Mapuje Tomuh 3a gocajaiirby paj 4 aKTUBHOCTH CY:

- IlpBa narpaja Ha MeljyHap/iHOM TaKMUuery CTyJIEHTCKHX IpojeKaTa y 00/acTn MHKEHepCTBa
— ICAMES y Ucranbyiy (2011. rogune),

- Crunenauja dpanuycke Biaje 3a GunarepanHe NOKTOpCKke CTyauje m3mely Yuupepsutera y
Beorpany u ,,Ecole Centrale de Nantes* y ®panuyckoj (2012-2015. ronune)

1.2. CreueHo HAYYHOUCTPAKHUBAYKO UCKYCTBO

O6nact uctpaxuparsa Mapuje Tomuh je xymManougHa poboTuKa, IMHTALHK]a JBYICKUX TIOKpETa U
yTIIpaB/bamke peyHAaHTHUM POOOTCKHM CHCTEMHMA.

Y okBupy oBux o6nactu Mapuja Tomuh je 10 caja yuecTBoBana Ha ciejchnm npojekrnma:

- 127420 _137361/1: ,,Creative Alliance in Robotics Research and Education Focused on Medical
and Service Robotics® ¢gunancupan oa crpane Swiss National Science Foundation (2012.-2014.
roJIMHE)

- TP-35003 - npojexar MunucrapcTsa npocsere, Hayke M TEXHOJIOLIKOr pa3Boja PeryGnuke
Cpbuje: ,Mcrpaxusarbe W pa3Boj aMOMjeHTalHO MHTEJMTHEHTHUX CEPBUCHUX poboTa
anTporioMopdHux Kapakrepuctuka®. (2011.-2016. rojiune)

- European research and development program HORIZON 2020, Coordination support activity
project “Researchers’ night - FLIRT”, ¢unancupan ox crpane EU Commission (2014.-2015.
roaue)

Ha poktopckum cryaujama je nonosxno 10 uciuTa ca npocednom ouexom 10,00:

Pni. 6p. | Hasus ucnura Ouena | ECIIb
| [Ipaheme MOKPETHHX LUILEBA 10 9
2 Teopuja poboOTCKUX CHCTEMA 10 9
3 Co(TBepcKH CUCTEMH 3a Pajl y peasiHoM BpeMEHY 10 9
4 AyTtomarcko Boheme objekara y npocropy 10 9
5 HMutenurenTHH poOOTCKU CUCTEMU 10 9
6 Benirauka MHTENUreH#ja 10 9
7 OnTuMasHM 1 afanTUBHU CTOXAaCTHUYKH CUCTEMH 10 9
8 Heypanne mpexe 10 9
9 Enrnecku jesuk 10 6
10 CriegyjajHi poOOTCKH CUCTEMH 10 9

Hasus o6aBese
! CTyaujcKy HCTPaXKUBAYKU paj | 15
2 Cryaujcku perpaxusauku pap 1l 15
3 Hayuno cTpyunu pal 3

Jlocanammy pesynrati kanjaujaarkume Mapuje Tomuh cy npukaszann kpo3 nybiiMKoBate pajioBe 1
T0: 2 moraasmba y MoHorpadujama melynapoiHor 3nauaja, 7 pajoBa witamnanux y 300pHULMMA
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MeljyHapoAHHWX HAYyYHUX CKYNOBa M 5 pajioBa LITAMMNAHKX Y 300pHHLMMA HAY4HHX CKYMOBa O[
HallMOHAJIHOT 3Hayaja.

PanoBu y noraae/by MoHorpaduje Mefiygapoauor suayaja (M14):

1.

Tomié M., Vassallo Ch., Chevallereau Ch., Rodi¢ A., Potkonjak V.: Arms motion of a humanoid inspired by
human motion, - New Trends in Medical and Service Robotis, Springer, Vol 38, No 3, 2016, pp. 227-238. ISBN
978-3-319-05431-5, ISSN: 2211-0984, DOI: 10.1007/978-3-319-05431-5

Rodi¢ A.., Urukalo D., Vujovié M., Spasojevi¢, S., Tomié, M., Berns, K., Al-Darraji, S. and Zafar, Z.:
Embodiment of Human Personality with EI-Robots by Mapping Behaviour Traits from Live-Model, - Advances in
Robot Design and Intelligent Control (Springer), Vol 540, No 7, 2017, pp. 438-448. ISBN: 978-3-319-49058-8,
DOI: 10.1007/978-3-319-49058-8 48

Pagosu v 36opauuuMa MeljyHapoaHux HayuHux cxynosa (M33):

[

6.

Potkonjak V., Tomié M., Rodi¢ A., Antoska V.: Human and Humanoid Motion - Distinguish Between Safe and
Risky Mode of Locomotion, - IFAC Proceedings Volumes, Vol 45, No 22, 2012, pp. 524-529.
http://dx.doi.org/10.3182/20120905-3-HR-2030.00070, ISBN: 978-3-902823-11-3

Tomié M., Miloradovié B., Jankovi¢ M.: The algorithm for trajectory tracking using a combination of Neural
Network and Genetic Algorithm, - 11th Symposium on Neural Network Applications in Electrical Engineering,
Beograd, Srbija, 2012, pp. 59-64, DOIL:10.1 109/NEUREL.2012.6419964, ISBN: 978-1-4673-1570-8

Tomié M., Chevallereau Ch.: Conversion of Captured Human Motion to the Humanoid ROMEO for Human
Imitation , - The 1st IcEETRAN Conference, Vrnjatka Banja, Srbija, Jun, 2014. ROI 2.3, ISBN 978-86-80509-70-9
Tomi¢ M., Vassallo Ch., Chevallereau Ch., Rodi¢ A., Potkonjak V.: Arms motion of a humanoid inspired by
human motion, - MESROB 2014, EPFL Lausanne, Svajcarska, Jul, 2014.

Tomié¢ M., D. Katié, “Arms Dual-Arm Robot Tracking of the Moving Target Using the Algorithm of Inverse
Kinematics ", The 1st IcCETRAN Conference, Vrnjatka Banja, Srbija, Jun, 2014. ROI 1.3, ISBN 978-86-80509-70-
9

Tomié M., Rodi¢ A., Urukalo D.: Solving Inverse Kinematics of Hyper-Redundant Multi-Links Flexible Robot-
modeling and simulation, - The 2nd I¢cETRAN Conference, Srebrno jezero, Serbia, Jun, 2015, RO 1.3, ISBN 978-
86-80509-70-9

Vujovi¢ M., Stevanovi¢ L., Tomi¢ M., Milo§ M., Rodi¢ A.: Mechanical design of robot head with ability to express
emotional gestures, - The 2nd IcETRAN Conference, Srebrno jezero, Serbia, Jun, 2015, RO 3.5, ISBN 978-86-
80509-70-9

PanoBH v 300pHUUMMA HAYYHUX CKYNOBA O HAUMOHAIHOr 3Ha4aja (M63):

1.

o8]

Tomié¢ M., Chevallereau Ch.: The Circular motion of the Dual-Arms Robotics Manipulation Hands Inspired by
Human Skill, - The 57th ETRAN Conference, Zlatibor, Stbija, Jun, 2013, RO 1.5, ISBN 978-86-80509-68-6
Miloradovi¢ B., Tomi¢ M., Popi¢ S.: Primena ve§tackih neuronskih mreza za reSavanje problema inverzne
kinematike manipulatora sa pet stepeni slobode, - The 56th ETRAN Conference, Ziatibor, Srbija, Jun 2012, RO
1.8, ISBN 978-86-80509-67-9

Tomié¢ M., Jankovié M.: Solving inverse kinematics probiem of ROBED03 manipulator using genetic algorithms, -
The 56th ETRAN Conference, Zlatibor, Srbija, Jun 2012, RO 1.6, ISBN 978-86-80509-67-9

Bascarevié N., Tomié¢ M., Milosavljevi¢ P.: Symbiosis of programming languages Matlab and C++ for efficient
robot simulation, - The 55th ETRAN Conference, Banja Vrucica, Bosna i Hercegovina, Jun, 2011, RO 1.6 ISBN
978-86-80509-66-2

Tomi¢ M., Potkonjak V.: Covegiji i ¢ovekoliki hod razlike izmedu safe i risky moda, - The 54th ETRAN
Conference, Donji Milanovac, Srbija, Jun, 2010, RO 1.7, ISBN 978-86-80509-65-5

Kangnparkumwa je 25.11.2016. roaune na Enextporexnuukom dakynrery y beorpany jaBHo
yCMeHO BpaHuia npeyioKeHy TeMy JOKTOpCKe AucepTaiyje npej KOMUCHjOM Y cacTaBy:

l.
2.

2
.

ap Keswko Pyposuh, penosaun npod., YHusepsuter y beorpany — Enekrporexuuuku dakynrer,
ap Anexcanaap Poauh, Hayunu casetnuk, Mncturyr Muxajno [lynun,

ap Jlazap Capanosali, Banpennd npod., YHupepsuret y beorpany — EnexrpoTeXHuuxu
thakysrer,

re je KOMHMCHjA 3aK/byumnia Ja je KaHAuaarkvmba Jo0uiia OLEHY 3a40BO/BbMIA M [ HCIHYIHhaBa
YCJIOBE 3a paj Ha MPeJIoKeH0] TeMH JOKTOPCKe AucepTaLMmje.
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1.3. Ouena noao0HOCTY KAHAMIATA 33 PAd HA IPEI0KEHO] TEMU

Ha ocHOBY TIpeTXoJHOr MpHKa3a pesyirara JOcajalliibel paja KaHangaTkume Mapuje Tomuh,
Komucuja je carjiacHa [a je KaHAMAATKUIbA N0Ka3ana criocoOHOCTH 32 pajl Ha IPeI0KEHO] TEMH
aoktopcke aucepraumje. [locturnyrum pesynratuma Mapuja Tomuh je jgemoncTpupana jga je
BpE/HAa M OJIr0BOpHA KaHAMJATKUIbA Koja je 1oKasalia CliocoOHOCT Jja CBOja TEOpHjCKa U NpaKTUYHa
3Harba YCIIEMHO NPHUMEHH y TIPaKCH, a y CKJajly ca THM M JIeMOHCTpHpa Hay4dHoj jaBHocTH. Kpos
aHraxxMad Ha OpojHuM JomaliiM 1 MHOCTpaHHM MpPOjeKTHMMa W Yy OKBUPY CBOjUX OunaTepajHux
AoKTopekux cryauja Mapuja Tomuh je crexiia MpoKo 3Hame 13 o6nacTy poOOTUKE U NOPE] Tora
YCIOCTaBM/Ia KOHTAKTE ca BoJehnM joMalinM M CTpaHHM MCTPa)XHBaYKUM MHCTUTYLIMjaMa y UCTO]
obnactu. Mapuja Tomuh je m3Bpmmiia cBe 06aBese y OKBUPY HOKTOPCKHX CTY/Mja: TOJIOXKHUIIA CBE
naanom npensuhere ucnure n octBapuja 120 ECI1 6ogoBa, jaBHO ofOpaHMna Temy JOKTOPCKE
AucepTanyje  npei  Kommcwjom — ¢opmupaHoM  oj  crpaHe  HacTaBHo-HayyHor  Beha
Enexrporexnnuxor dakynrera y beorpamy.

[IpeanoxeHa Tema JOKTOPCKe aucepranuje KauauaaTkume Mapuje Tommh je y cknagy ca
JOKTOPCKOT nporpama Koju rnoxalja v MoBe3aHa je ca pesy/itaTuma NpUuKa3aHiuM Kpo3 1myOJinKoBaHe
panoBe. Crora Komucuja cmatpa aa Mapuja Tomuh 3amoBosbaBa CBe yCOBE 3a paj Ha
TNpe0NEeHO) TEMH.

2. Ilpeamer u UN/b MCTPAKHUBAKLA

[Mocnenrmx roauHa, paszBoj XymMaHouJHe poBOTHKE je OpHjeHTHCAH Ka MHTerpaumju pobora y
JbYJICKO OKPY)KEHe U NMomararme YOBEeKY Y CBAKOJHEBHMM akTUBHOCTMMA. CXOQHO TOME C€ TEKH ]2
U3 reHepaiyje y reHepaiujy XyMaHou/ HM poOOTH CBE BULIE MONPUMAjy KAPaKTEPUCTHUKE HOBEKA -
Kako (GM3UUKe TaKo ¥ MoJiesie ToHamama. 3axBabyjyhu paszBojy OHOMEXaHMKE, MEAULIMHE,
dusvonoruje, poboTHKe W HeypoU3HONIOTH]e, HAYYHMLM CY HAlpaBUIM 3HAYajaH JONPUHOC Y
Mojienupamy sbyjackor tena [1,2]. Mnak, xymanouanu poboTu cy joll yBEK AANEKO OJ JbyACKHX
kapaxkrepucTika. Yosex rma 206 KOCTH)Y MOBE3aHHX Pa3THYATUM BpCTaMa €l1acTH4HUX 3171000Ba,
a JbYACKO KpeTarke ce ocTBapyje ca oko 640 ckenernux muwmnha. C apyre cTpane, XyMaHOWIHN
po6OT MMa KpyTe CcepujcKe KhHeMaTM4yKe [aHle c¢a KpyTHM 3r1000BUMa  ONpEeM/beHHM
orpaHuueHuM Gpojem censopa. Mako TojeHocTaBbeHa, KJacuyHa pernpe3eHTannja XyMaHOuAHUX
poboTa ca 1o 7 crernenu cioboae y pykyama u 1o 6 y Horama je J0BOJbHA 33 MOAEJIMPare JbyACKOT
Tena. XymaHouiHu poboT Pomeo ca 0BUM kapakTepucTHKama je KopuheH y HalleM HCTPaKUBamy
[8].

VY uwmpy nosehiaBama NPUXBAT/BHBOCTH XYMAHOWAHMX po0OTa Y JbYICKOM OKDYXKEHY, KPETame
XyMaHougHor po6ora Mopa OHTH "OGNHCKO" JbYJCKOM KpETawy H/MIM WHCIIUPUCAHO JbYICKUM
BertuHama. Kako je XyMaHOWJHHM poOOT peAyHJaHTHA CTPYKTypa Kao M HOBEK, OH je y
MOryRHOCTH jla UMUTHpA JbYICKO KpeTawe. MMuTauujy by ACKHX MOKpeTa je Moryhe ocTRapuTu y3
nomoh mpoueca UMUTALMjE JBYACKOr rokpera [3] unm mpoueca u3ydyaBarma JbYACKOT [OKpETa.
[Tpouec n3yuaBama Jby/ACKOr MOKPETA UM 33 LWJb aHaJIM3y KapakTepucTUKa JbYACKOr MOKpeTa Ha
OCHOBY nojaraka JoOUjeHuX CHHUMameMm JbyAcKuX nokpera. Ca apyre cTpaHe NpoLEC UMHTALMje
JbYIICKUX TOKpeTa je 3aCHOBaH Ha MMHUTAIMjU TMOKpeTa 0e3 OMII0 KakBe aHa/lM3e KapaKTepHUCTHKA
JbYICKUX rokpera. Hailie HcTpaxvBame ce 3acHUBa Ha o0a TNpUCTYNa HMHTaLMje JbYICKHX
roKpeTa.

IMocmarpajyhn npernes crama y o6/lacTH UMHTALHje JbYACKHUX [OKpPETa MOMXEMO BHJAETH Ja je
,Programing by Demonstration” Hajueithe kopuintheH MmeToj 3a TpHCdep JbYIACKOT TMOKpeTa y
nokper xymanouaa |[l11-13]. Tlpo6Grnem wumuTauuje /bYACKAX TOKpPETa €€ MOXE pELINUTH
KopuuifieheM ONTHMU3ALKOHNX aJrOPUTAMA HA JIMHAMHUYKOM W KHMHEMAaTCKOM HUBOY. MMmuTauujy
[IOKpeTa ropmer jena Tena kopumhemeM AMHAMUUKHX jeHAaUYMHA W WHpOpMaLuje O TMOKPETY
nobujenux y3 nomoh cucrema 3a CHHMAarbe JbYJACKMX MOKpETa je aHalu3npaHo y pajoBuma [4,5].
ITpoGrem uMuTalMje JBYACKHX TIOKpETa je peileH Ha KMHEeMaTcKOM HUWBOY Y pajoBuma [6,7].
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Ipennoxen je MeToJ 3a TpaHchopMmucame CHUMIBEHHX 3/] Mo3uLMja MapKepa y TpajeKTOpHje
3rno6oBa BeNMKe AMMEH3MOHATHOCTH. JBYICKO Teso je MOZEIMpAHO Kao CKalHpaHd MoJen
xymagouga. ONTHMH3AUMOHE TeXHHKe Kao mro cy ,B-spline wavelets® wu large-scale
optimization® cy xopuihieHe 3a reHepucame okpeTa 3riodosa. [IpeacTaBbenu aNropuT™Mu HUCY Y
MOTYRHOCTH [a ocTBape WMHTAIHM]Y JbYICKOT MOKpeTa y peajHoM BpemeHy. CTora, Hall 3ajarak
he 6urn aa rewepuineMo anroputam koju he Mohu Ja umuTHpa JbYJACKE IOKpETa y peanHoM
BpeMeHy. be3 o063upa Koju ce HMUTAIMOHM IIpOIEC KOPUCTH, BepuduKaumja pesynrara
UMUTALMOHHX aropuTamMa Ha XyMaHOMWJIHOM poOOTY 3aXTeBa U y3UMame y 003Up KapKaTepHCTHKA
pofora Kao IITO je oOrpaHuuere y 3riioboBuma, pagxHu npocrop pobora.. Pagosu [9,10]
npeacrasbajy Hajueinhe kopuinhiene ajnropuTMe 3a M3pauyHaBame pagHOr Npocropa pobora u
reHepucame MoKpeTa pofoTa y OKBUpE OrpaHHYEHa y 31J1000BMMa, KOjU CY KOpUIINeHH U Y HalleM
HCTPaXKHBaIbY.

[Tpouec n3yuaBara KapakTepHCTHKA JbYICKMX ITOKpeTa ce HaJoBe3yje Ha TpoLec HMHTALUje
JbYACKOr mokpera. TpajekTopuje JbyACKHX MOKpeTa A00MjeHMX M3 MMUTALUMOHOI ajropurMma ce
KOPHCTH 3a aHalu3y KapaKTepUCTHKa JbYJACKMX MokpeTa. ToxkoM obaBihama IOKpeTa, YOBEK
HajBEPOBATHMj€ KOPUCTH ONTUMAJHO pelice 3a M3BplIAaBatbe [OKpeTa MoKywasajyhun na
MUHUMM3UpA 3@ HAc HenosHate Kputepujymcke QyHkuuje. Crora, 3a aHaam3y KapakTepUCTHKa
JbYJIKOT KpeTarba, WHBEP3HM ONTHMM3ALMOHM HPUCTYHH CE€ MOTY KOPHUCTUTH 3a IPOHAJAKEIHE
kopuiihienor kputepujyma. Ha sxanoct, kpurepujymcke GpyHKIHje KOje YOBEK MUHUMU3UPA TOKOM
MOKpeTa MOTY 3aBUCMTH OJI HauuHa HA KOjU je aHaju3MpaH 4OBeuuju Mokper. Y obnacTu
OuomexaHuKe, KpuTepujymcka (yHiumja koja je Hajuemhe xopuiuheHa 3a aHaaM3y JbyACKHX
fIoKpeTa je MuHuMmusanuja Hanopa muinnha [14]. Y obnactu poboTrke Hajuemhe MUHUMHU3MpaHa
KpuTeprjymcka GyHKIMja je MOMEHT y 3riioboBuMa [15]. Tokom Haiuer wcTpaxuBarsa, MM CMO
aHAIU3UPANIM YTULA] MOje/IMHAYHNX KPUTEPUjYMCKUX (YHKIM]ja HAa KBAJMTET UMMUTALM]jE 1TOKPETa
[16]. Kpurepujymcke dynkunje cy JAepUHMCAaHE HA KUHEMATCKOM HMBOY Kao IITO CY
MHUHMMM3ALMja  KUHETUYKE eHepruje, MuHuMu3aLuja Op3mHe 3r71000Ba, MaKCUMuU3aLuja
MaH#Iy a0 uIHOCTH W MUHUMM3aLM]ja OJICTYITama 0/l eprOHOMMYHE HO3HLIM]jE YOBEKA.
[Mocmarpajyhu HaumHe HA KOjU 4OBEK 00aB/ba 3a[aTKe JIOPMYHO j€ CXBaTame J1a HOBEK KOpUCTH
KOMOWHALM]Y KPUTEPUjyMCKUX (YHKIHMja YMECTO jenHor Kpurepujyma. Y pagosuma [17,18]
MMUTAUM]A JBYICKOT KPETarsa je MPEejCTaB/heHa Kao ONTHMM3ALHMOHH 1pobiem ca 00jeKTHBHOM
QYHKUMjOM KOja NpecTaB/ba TEXUHCKY CYMY KPUTEPH]YMCKUX (YHKLMja: MMHUMH3ALW]A YKYIIHOD
BpEMEHA, MMHHMMW3ALMja KOMIOHEHTH yOp3ara TOKOM KpeTamwa, MHHMMU3auMja Ipeiuke
OpHjeHTaLMje U TIpaBiia KpeTarba Ka rojy. Llnsb mwerosor ucrpaxusama je Ja nponalhy onrumanty
KOMOMHALIM]Y TEKMHCKHX QakTopa Koja Ou 6uia y crary jAa onuile 010 Koje JbyICKO KpeTame. Y
pagy [19] je npomupeH ONTUMU3ALMOHM ajiropUTaM MHBEP3HE KMHEMATHKE 3aCHOBAH Ha
TMCEYAOMHBEP3HjM ¥ MUHUMHU3AlIHja OJCTYIAaMma 0] JKeJbeHe MO3ULMje maka 1 3r1000Ba Cy y3eTu
Kao KpuTepujymcke GyHkuuje. Y npeactaB/beHIM ONTHMH3aNUOHUM alrOPHTMUMa KPUTEPH]jyMCKa
dynkuuja je aeduHUcaHa y MPOCTOPY CHNObALUMBUX KOOpAMHATA. AHANW3y KapakTepuCTHKa
JbYICKOT TIOKpeTa Yy MpOCTOPY YHYTpalllbUX KOOpJAMHATA je mpejcTaB/beHa y paay [20].
Kom6unauunja kpurepujyMcKuX (yHKIMje MUHMMH3aL{ja IoMeparma 3rio00oBa, MHHUMH3ALMja
NMpoOMeHe  MOTeHLMjalHe  eHepruje W MuHUMu3andja auckomdbora je  gedunucana vy
ONTHMH3ALIMOHOM alroOpUTMY. 3a CBaKy KPHTEPHjYMCKY (YHKLUH]Y je MHNPEeIJIOKEH TEHHHCKH
(axrop yzumajyhu y o03up yTHnaj cBakor 3rjoba Ha ocTBapuBame noxpera. Hacyrnpor mHorum
cryadjamMaa a ca UuwbeM fAa ce AeduHMIIe jeJHOCTABHO TMpPaBWJIO YIPaB/haka XYMaHOWIHHM
poGOTOM, TeCTUpaHd Kputepujymu he OUTH CYLITHHCKH Ae(pMHUCAHHM HA HMBOY Op3uHe (a He Ha
HHUBOY yOp3ama ¥ MOMEHTA).

Llumbesn uctpaxkuparba fie GUTH OPraHU30BaHK Y JIBE CIPETHYTE LIEJMHE: NEHEPUCAFLE allropHTaMa
33 UMHTALU]Y CHUMJbEHMX JbY/ICKUX MOKPETa Y peajHoM BpeMeHy y3 oMol XxymaHougHor podora
W pa3BoOj ONTUMU3ALMOHUX alropurama, Kao LTo je ajropuTaM HHBEP3HE KHHEMATHKE, 3a aHAJIHU3Y
KapakTepucTHKa JhbYJICKHX TOKpeTa y IW/by TMpEHOLIEHha JbYACKUX BEIITHHA HA KpeTame
XymMaHouHux po6orta. Y oBOM HCTpaxuBamwy he GUTH aHalM3MpaHn OCHOBHH ITOKPETH ABOPYUYHE
MaHunynaugje Koju ¢y marwe aHanu3upanu y aureparypu. CBaku ol nokpera cagpxu Ase (ase:




dasy rnokpeTa Koja nojpasymeBa KoHTakT uamely iaka u ornpeme u (asy kperarba 6€3 KOHTAKTA.
[MTokpern nBopyuHe manHumynanuje he 6wt KnacMQUKOBAaHM Ha TPAHCNALMOHE M POTALHUOHE
mokpeTe, a AojatHa Kiacudukanyja je aeduHucana y ckiaaay ca MehycoOHUM 0JHOCHMa KpeTama
pyKy npukasaHuM y pagoBuma [21,22]. Cpaku on rnoxpera he OUTH M3BpIIEHM OJ CTpaHe 15
3apaBux 0ocoba U CHUMIbEH y3 noMoh Vicon cucrema 3a CHUMarbe /bYACKHX MTOKpETa.

Y npBoj (a3zu ucTpaxuBamba, anropuTamM 3a KOHBEP3H]Y JbYACKUX [IOKPETa HA NOKPETe XymaHouia
he 6utu geunucan. Anroputam he 6uTH 3acHoBaH Ha npahemy Mapkepa QU3HYKH NTOCTABIHEHMX
Ha JBYJCKOM Telly, a Ha 6a3u BUPTYEJHUX MapKepa 4YHja HO3HLHja je AeHHICAHA HA CKATMPaHOM
mojeny pobota PoMea. AHajlUTHUYKH MPUCTYI pelraBarba ONTHMHM3aLUOHMX Ipobiema he Outh
uckopuinhien 3a aeduHucarme y MMUTaLMOHOM anroputMmy. Liumb je ga ce noGuje mmuTaLMOHM
anropuram koju he 6uth y MOryhHOCTH Ja y peaJlHOM BpEMEHY HMHUTHPA KpeTarhe YOBEKa.
Wmuranuonn ajaropurtma he KOHBEPTOBATH JbyJICKE MTOKPETE y HOKPETe CKallpaHor Mojena podoTa
y TIpOCTOPY CHOJBAINFbUX W YHYTpalllBWX KoopiauHaTta. Jlo6ujeHu pesyntatu he 6utn
uckopuihenn 3a reHepucarme 1okpera pobora Pomea ToxoMm kperawa ca U 6€3 KoHTaKra u3Mehy
pyky u nopeme. CTparersja ocTBapHBama KOHTakTa u3Mely pyky pobota u onpeme he 6utn
JOJATHO aHanu3upaHa.

Jlpyra ¢asza ucrpaxuBama umahie 3a Wb aHANM3y cTpaTervje JbYACKMX IOKpeTa. 3ajeJHUHKa
MPETIIOCTaBKa MHOTMX ONTHUMHU3AIMOHMX TPHUCTYNa je Ja TOKOM CBAKOJHEBHHX 3a/laTaKa
MaHMIyJIalKje YOBEK MOKYIIaBa ja MHHMMHU3Mpa HermosHate kpurepujyme. CxomHo Tome, 6uhe
norpebHo aeduHUcaTH KPUTEPUjyME KOjU MOTY ONMCATH KapaKTepUCTUKe JbyIcKor nokpera. Ha
OCHOBY neduHUCAHUX KpuTepujyma My hemMo OUTH y MOryhHOCTM Ja OCTBapUMO KpeTame
XyMaHoOWHOT poboTa Koje calp)KH KapaKTepHUCTHKE JbYICKOI TMOKpETA. ANroputaM HHBEp3HE
KHHemaTHKe kao Hajuemhe kopuitheH anropuTam 3a reHepucarme NoKkpeTa XyMaHOHIHUX podoTa ce
MOXE KOPUCTUTH M 338 UMHTALKM]Y JbYACKUX MOKpEeTa WITO je W MpeaMeT OBOI MCTpxuBamba. Ha
OCHOBY HCTpaXXuBama MocTojehux pesynrara, anropuTaM WHBEp3HE KMHEMATHKE HUjE YECTO
kopuitheH 73a aHaju3y KapaKTepHCTHKa JhbyACKOr KpeTama. [IpumapHu 3ajaTak anropurMa
MHBEP3HE KMHEMaTHKe je ripahere jKeJbeHe MMyTame 3aBpliHor ypehaja poboTa (3a ciyuaj JIBOpyUHE
MaHurynalyje To ¢y nyramwe pyke). Kao anropuram ontumusauuje, MHBEpP3Ha KHHEMATHKA MOXeE
JOATHO YKJBYUATH KpUTEpUjymMcke (QYHKLHMjE 3a ONTUMM3ALM]y KOje MOTY AT KapaKTepHUCTHKE
JBYJICKOT KpeTama. Mu fieMo y3eTn KOMOWHAIIM]y OCHOBHHMX KPHUTEpHjyMCKHMX (yHKUH]a Koje Cy
A06po 1o3Hare y npouecy onrumusauuje y poOOTHLM Kao LITO Cy: MMHHUMU3aLMja KMHETHYKe
eHepruje, MUHMMH3alMja Op3uHe y 3rio0oBMMa, MoBehaBame MaHMITY/NA0MIHOCTH W TEXrba
eproHOMUYHO] TO3MLKjK dHoBeka. OOjeKTHBHA KpuTepHjyMcKa (yHKUMja ONTHMH3ALHOHOT
anroputMa hie 6utu neduHrcaHa Kao 30Mp OCHOBHMX KPUTEPHjyMCKHUX (YHKIM]A ca TEAUHCKUM
KoedULMjeHTUMa KOjH Jajy NpPUOPUTETE CBaKOM OJ KpuTepujyma. Ha oBaj HauMH xenuMo jJa
pasyMemo v MAeHTU(UKYjeMO ONTHMAaTHy KOMOMHAIM]y KpPUTEpHjyMa Koja NpeacTaBba JbYICKH
MOKPEeT M YCIIOCTAaBUMO MOJIeNie ONTHMAalIHE KOHTPOJIE KOjeé Ce MOTY KOPHCTHTH 3a KOHTPOJY
Kpetatba poGoTa. Ha oBaj HauuH, anropuram HHBEp3HE KMHEMATHKE 33 IEHepucame MOKpeTa
poboTa ca byackuM BelnTHHaMa 6u 0o aeduaucad. JlobujeHu nokperu pobora 61 OMIIM HAIKUK Ha
JbYJICKE TIOKpeTe IITO je U jelaH oJ Hu/beBa 3a 00Jby MHTErpauujy poboTa y JbYIACKO OKPYIKEHE.
Takohe, Hawl anroputam moxe Hahl NpUMEHY W Y peXabMAUTALMOHOr MEJHULUMHM, aHAIU30M
MoKpeTa JbYOW Ca HapylieHOM MOTOpPHKOM TMokpeta M nopehemem ca  100MjeHUM
KapakTepUCTUKaMa MOKpeTa 34paBux JbyIH.
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IMona3ne xunorese

TonasHe xunorese AOKTOPCKE nmcepTauy]je ce 3aCHl/IBajy Ha Cﬂeﬂehl/lM NpETNOCTABKaMa!:

MMuTanunja JbyACKMX TMOKPETA je BaXKHA Y 1MJbY TNOCTU3AHka MPUPOJAHE MHTepakuuje usmely
yoBeKa u pobora, npyxara romMohy y obaB/barky CBaKOJHEBHHX 3ajiaTaka crapujux ocoba u
ocoba ca wHBaNUAUTETOM, Yy (DU3UKANHO] Teparnuju Aeue, NoMohM Jbyauma Mpu 00aBibamky
jeAHOCTaBHUX MHAYCTPHJCKUX 3ajaraka y Hebe30enHoM okpyxemwy [ [- 3].

Jby/icKO KpeTame ce MOXe NpeJCTaBHTH Kao pe3ynraTr mnpoleca ontumusaudje [4] u
KoMOWHaIMje OCHOBHHX KPHTEPHjyMCKHUX (yHKLHja KopuuhemeMm anroputama HHBEp3HE
KuHeMaTHke [5].

Yopex 06uuHO Oupa jeHy CTpaTerujy 3a FeHepUCame UCTOr NMOKPeTa y pasIMYUTUM CpeHaMa
U orpanuuemnnumal6, 7]

Kpurtepujymu Koje 4oBek KOPUCTH MOTY OUTH MOJAM(HUKOBAHM 300T KapaKTepHCTHKA CpeiyHe
KAO0 INTO CY BEJMYMHA YOBEKA Y OJIHOCY Ha OMpeMy, pactojare usmely HoBeka u onpeme... | 8]
Jlo6Gujena crpateruja Jbyackor rnokpera he 6ury y cramby Aa reHepuilie Hajoo/by UMHTALM]Y
AHAJIM3UPAHOT JbYICKOT TIOKPETa Ha BUCOKO PEyHAaHTHOM XyMaHOUIHOM poboTy [9].
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4. Hayune meTo/e UCTPAKUBALA

MeTomonoruja koja he ce KOPUCTHTH y TOKTOPCKO] AUCEPTALMjH TTOYHILE Ca CHCTEMATCKOM aHAJIU30M
JOCTYITHHUX ajropHTaMa 3a HMHUTAIU]y JbYJICKOT TTOKPETa W ONTUMHU3ALMOHKX allTOpUTaMa 3a aHaJlu3y
KapaKkTepUCTHKA JbY/ICKMX MOKPEeTa Ca HAIrJlaCKOM Ha MMUTALM]y 1 aHalIu3y JBOPYYHE MaHUIMynaluje ca
n 6e3 koHTakTa ca onpeMoM. [lpra ¢aza ucrpaxupamwa he OMTH 3aCHOBAHA HA CHUMAamY Pa3IMUYUTHX
BPCTa OCHOBHMX TOKpeTa JBOpyuHe MaHunynauuje. Ceaku o nokpera he usppiiaraty 15 akrepa nog
HCTUM YCJIOBUMA Y BHUPTYEJIHOM OKpYXeiy. 3a moTpebe Haimer ucTpakupamwa Kopuctuhemo Vicon
CHCTEM 3a CHMMAame JBYICKHMX TIOKpeTa KOju Tpyxka HHbOpMaLHje O KpeTamwy Mapkepa (QH3HUKH
NOCTaB/bEHUX HA JbYACKO Teno. 3a mpelacTaB/balbe KHHEMAaTHUKOr Mojesa JsbyAckor Teja Ouhe
KopuilieH CKaJlMpaHu MoJesl XymaHomigHor pobora Pomea. Ha oCHOBY aHanMie pacroNoKHUBHX
TexHuka, My hemo nobosbuiaTh noctojehiv aaropuTaM 3a MUMUTALM]Y JBYACKOr MOKpeTa M nopen
npahema KpeTarba MapKepa y HIMHTALMOHM aaroputam hemo yk/by4uTH U npaheme KpeTama 3ri1000Ba
aKtepa y uusby nosehapamwa npeuusHocty umurtauyje. [peunsHa uMutaugja Kperamwa je BeoMa BaX<Ha
3a 00aB/batbe MAHUNYJIALMOHKX 3a/1aTaka MY KOHTaKTy ca onpemoM. JloOujeH UMUTALIMOHU alropuTam
he 6uTu TecTupaH Ha XymaHoUAHOM poboTy Pomey 3a uMHTaLMjy JbY/ACKHX MOKpETa, ca 1 0€3 KOHTAaKTa
u3melhy pyky W oripeme, y peaHOM BpeMeHy. Y Opyroj ¢a3u HCTpaXkuBarba, HA KHHEMAaTUUYKOM HHMBOY
hemo anaim3upati noctojehe kpurepujymcke ¢GyHKLHjE KOje C€ YECTO KOPHCTE Yy ONMTHMH3ALHOHUM
anroputMuma u3 obnactu poboruke. Mu heMo npunaroiMTd OCHOBHM OOJMK airopurMa MHBEP3HE
KHHEMATHKE V /by YK/bYUHBaba KPUTEPHUjYMCKHX (YHKIIM]ja KA0 LITO Cy MHHUMH3ALHja KHHETHUKE
eHepruje, MMHUMHU3alKja HopMe Op3uHa cTeneHy cnoboae v 3rnoboBuMa, MUHMMU3aLUMja Y1a/bEHOCTH
u3Mely TpeHyTHe MO3MLMje M eproHOMCKe KOoH(UrypalMje HoBeKa W TIOCTaB/bake PYKY Oalleko of
CUHTYNAapHHUX BpPeAHOCTH (MakcuMm3auMja MaHunyaabunHoct). JlarpaHxoe myarunnukarop he ce
KOPUCTHTH 3a (OpMyJiMcCame anropuTMa HHBEP3HE KHHEMATHKE ca ONTHMH3ALHOHHUM JIEJIOM KOjH
NPENCTaRIba TEMHCKY KOMOMHALIM]Y OCHOBHUX KpuTepHjymMckux dyHkurja. KapakTepucTHKe JbyACKHX
nokpera he 6MTH aHAIU3UpaHE Ha OCHOBY BPETHOCTH TEKUHCKUX KoedULjeHaTa CBaKor KpUTepujyma.
MmMmuTtaumja CHUMJBEHOT KpeTama ca XyMaHOMAHMM poGotom Pomeom he OuTy m3BpuieHa momohy
anropuTMa HHBEp3HE KHHEMAaTHKEe M KOMOMHALMJOM KpHUTepUjyMCcKHX (yHKUMja aeduHHCAHOM
IPETXOTHOM METOJIOM.

5. OuexuBaHu HAYYHH JONPHHOC

OuekUBaHW HAYYHH AONPUHOCH JIOKTOPCKE AUcepTaluje cy:

- [loGosmumamwe nocrojeher anropurma nmuTauuje, y3umajyhu y 063up undopmaiuje o Kperamwy
Mapkepa 1 3ri1060Ba akTepa, ca LubeM rmopehara TauHOCTH UMHUTALIM]E.

- Hcerpaxupame KapakTepucTHKa OCHOBHHMX TMOKpETa JBOPYYHE MaHMIylanfdje, cam u 6e3
KoHTakTa umehy pyky u onpeme, Koje y komOuHauuju mory 6utu kopuiuhene 3a jiepunucame
CJI0MEHMX 3ajaTaKa




- AHann3a Jby/ICKOT TIOKpPETa Ha HUBOY KMHEMAaTHKe, 0e3 y3uMama y o031p AMHAMHUKE KpeTama,
3a npejyiararme jeHOCTaBHE YIpaBjbauke CTpaTervje Koja ce Jako HUMIJIEMEHTHpa Ha
XYMaHOUJAHOM poboTy

- Kopumheme anroputma HHBEp3HE KHHEMATHKE, KOJU CafpXH TOHAEpUCaHy KOMOWHALM)y
HEKOJINKO OCHOBHMX KpHUTEPHUjyMCKMX (YHKLMja, 33 aHanu3y KapakTepUCTHKA JbYJICKOT
KpeTarba

- MmmemeHnTtanuja 100MjeHHX KapakTepuUCTHKA JbYICKOr TOKpeTa Ha XyMaHOHAHOM po0OTy y
uuspy npuiarohaBama XymaHouja 3a capajimpy ca JbyIUMa y KOOMepaTHBHUM 3ajalyMa M 3a
60sby HHTErpalijy XyMaHOUIHUX po0O0Ta Y )KUBOTHY CpEIMHY YOBEKa

- AHaqu3a  pa3snMUYUTUX KApaKTEpUCTHKA JbYIACKMX TOKpeTa Yy [MpOCTOpY YHYTpaulibux
KOOP/IMHATA 32 UCTE MOKPEeTe Y NPOCTOPY CHOJballlibUX KOOpAUHATA

- AHanmu3a KapaKTepUCTHKa KpeTama Yy 3aBHCHOCTM O] KapaKTepHUCTHKAa HYOBEKa (CTapocT, Mol
¢u3nuKa KOHIUIM]a, TUMEH3Hje Tena...)

OuexuBaHu ONPUHOC Yy CMUCTY yHanpehema nHxKewepeke npakce 61 ce orneaao y ycnoctapibaky

naKuie HMHTerpauuju poGoTa y JbYACKOM OKpYXeky MpH 00aB/bamby CBaKOJHEBHHUX I[10C/OBA;

aHaJM30M JBYICKMX TIOKpETa €a HapylIeHOM MOTOpPUKOM Yyropelyjyhu ca kapakTepucThkama

NIOKpeTa 3ApaBUX JbYAM; 3aMEHa JbyAM Yy W3BpLIaBamy 3ajJaraka JIBOpYYHE MaHUIlyjlaLuje y

CpeAMHaMa OKAaCHHUM IO JKMBOT 4YOBEKa (ca BHCOKOM CTENEHOM pajujauuje, BUCOKHM

TeMIeparypama...).

6. Ilnan ucrpaxuBamwa U CTPYKTYpa paja

I'lnan ucrpaxkuparma ce cactoju o4 ase dase.

IlpBa ¢aza: MmuTanuja /byAcKOr KpeTama - EKCHEPUMEHTAHO CHHUMarmbe JbYACKUX MOKpeTa 1

Jernrcame KapaKTepUCTHKA KpeTamba MOMORY HMUTALMOHOT alirOpUTMa:

- AHanu3upare OCHOBHUX MOKpeTa [ABOpYYHE MaHunyjauuje W mbuxoBa knacudukauuja y
pazauuuTe rpyne npema 3ajeHUUKUM KapakTepucTukama (TPaHCIaTopHO WM POTALMOHO
KpeTama pyKy, aCUMETPUUYHO WJIH CUMETPHYHO KPETarhe PyKY...).

- AHanusupame 1nocrojehux anropurama 3a UMHTALU]Y JbYICKUX TTOKpETa.

- Ananu3mpamne oaropapajyhux KuHeMaTHUKMX MOJesia XyMaHoMJHOr po6ora Koju mory ourtu
KOpHITheHH Kao 10jeJHOCTaB/bEH MOJIEN JbYACKOT Tea Y UMHTALHOHOM aJITOPUTMY.

- Ckanupare KHHEeMaTHUYKOT MoJiefia XyMaHOHAHOT poboTa PoMea Ha JMMeEH3Mje CBaKor akTepa
Ha OCHOBY I1POLIEHEHUX IMMEH3M|a CerMeHara Tesa akrepa.

- Pa3Bo] MMHTALMOHOr anropuTMa 3acHOBAHOI HA AHAJUTHYKOM TPUCTYNY 3a OCTBAPUBAMA
HMUTaLMje JbYJCKHX HOKpETa Y pealHoM BpeMeHy Kopuinhewmem cKalupaHor Mojesna poboTta
Pomea u nnogaraka o Jby/JICKOM MOKpPETY J0OHjeHHX U3 CHCTEMA 38 CHUMAFhE JbYJICKHX MOKpEeTa.

- Tecrupamwe pa3BujeHOI MMUTALMOHOI aNrOpPUTMa Ha CETY NOKpeTa JBOPYUYHE MaHHMMylaiuje
pa3sIMUUTHX KapaKTPUCTHKA.

- KomnapaTuBHa aHanu3a pa3BvjeHOr MMUTAIMOHOT airopuT™Ma U noctojehux anropurama.

- Tecrtupame pesynrara JOOMjEHHX W3 Pa3BHjEHOT UMUTALHOHOT AJrOPHUTMAa 3a IEHEPHCame
UCTHX TOKpeTa ca poboToM PoMeo y HOBEKOBOM OKPYXEHY.

Hpyra aza: Ananusza kapakTepucTHKa JBYACKOT TIokpeta riomMoliy ajiropurMa HHBEP3HE

KHHEMAaTHKE Ka0 ONTHUMHU3ALUOHOT TIPHUCTYTIA:

- Ilpernen crawa y oOnacTy aHanuse JbYICKHX MoKpeTa KopuiwhemeM ONTUMM3aLMOHMX
anropurama.

- Jedunucame KpuTepujyMckux QyHKUHM]A 33 TIPEJCTaB/batbe KapaKTepUCTHKA JbYACKUX MTOKpeTa
Ha KHHEMAaTCKOM HHBOY.

- Pa3poj anropurma uHBep3HEe KMHEMATHKE KAO ONTUMU3ALMOHE METOJAE Ca [OHAEPUCAHOM
KOMOMHALM]OM YeTHPH KpPUTepHjyMCKe (YHKIMje 3a aHain3y KapaKTEepUCTHKA JbYICKUX
1oKpeTa.

- Ilpouena BpeIHOCTY TEKUHCKHX KoedHUIMjeHaTa y3 oMOR reHeTCKOT anropurama.
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- Tectupatbe passrjeHoOr aIropuT™Ma HHBEP3HE KHHEMATHKE Ha CETY OJf CE/IaM TTOKPETA ABOPYHHE
MaHuWMynauuje cBaku U3BPIICH OJl CTPAHE MeTHAECT aKTepa.

- Amuanuza doBeudje crpareruja 3a 00aB/bare MOKpPeTa Ha OCHOBY AOGHjEHHX BPEJHOCTH
TEXXMHCKMX Koe]ULHjeHara.

- Adamiza yTHLaja OKpYXKera M KapaKTepUCTHKA aKTepa Ha CTPATErtjy M3BpLIABAka IOKPEeTa Ha
OCHOBY BPEIHOCTH TEXMHCKUX KoedulujeHarta.

- Tecrupate pasBujeHOr aNropuTMa HMHBEP3HE KUHeMaTHKe ca oapeleHum komOGuHaLMjama
KpuTepHjymckuX QyHKIMja 3a U3BPIIABALE MCTOT 3a1aTka Ha poboTy Pomeo.

7. 3akibydax u npeasior

Ha ocroBy cera nperxonno HaseneHor, Komucuja cMatpa j1a MacTep UHKEEp eleKTPOTEXHHKE U
pauyHapctBa Mapuja M. Tomuh, nornyHo uchymaBa CBe YCIOBE 3a H3pajy HOKTOPCKE
Aucepraumje u noTephyjemMo HayuHy 3aCHOBAHOCT INpEmJIOKeHe Teme ,JBopy4na poGoTcka
MaHMNYJANMja HHCMIHMpUCAHA JbYAcKkMM Bewrrunama®  (enr.  “Dual-Arms Robotic
Manipulation Inspired by Human Skill”). Momumo ma ce 0a06pu mucame AOKTOpCKe
JMcepTaliije Ha eHTTIECKOM je3HKY.

Hpepnoxena Tema poKTOpcKe —JpucepTauuje je y OKBHPY CTYAMJCKOr MporpaMa Ha
Enexrporexnudxom Qaxynrery y Beorpany Ha KOMe je KaHAMAATKMEGA W YIHcaHa M o6yXBaTa
aKTyeJIHa HCTPaXKHMBaba y 001acT XyMaHOUJHE POOOTHKE - MOAENIMparba U YIpaBibamba poboTHMA.

Harnawasamo na cy noxtopeke crynuje kanpupatkume Mapuje Tomuh peannsoBaHe y oKBHpY
Gunarepannux jpoxropekor nporpama usmelly Enexrporexnuuxor dakyntera, Yauepsurera y
Beorpany u daxynrera “Ecole Centrale de Nantes” y Haury y ®panuyckoj. V ckmagy ca TaM
npeanaxemo 3a menrope ap. Christine Chevallereau, rayunu gupexrop Ha CNRS anraxopana Ha
“Ecole Centrale de Nantes” y Hauty y ®panuyckoj u ap Kocry JopaHoBuha, mouenra
Enexrporexuuukor daxynrera, Yuusepsurera y Beorpany.
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University of Belgrade
School of the Electrical Engineering

TO TEACHING-SCIENTIFIC COUNCIL

Subject: The suitability of the thesis topic and candidate Marija M. Tomié for the development of
the doctoral dissertation

By decision of Teaching-scientific council of the School of Electrical Engineering, University of
Belgrade number 806 from 15.11.2016, we are selected as Committee members for evaluation of
the thesis topic and candidate Marija M. Tomi¢, MSc EE., for the development of the doctoral
dissertation and scientific basis of the thesis topic: “Dual-Arms Robotic Manipulation Inspired
by Human Skill” (srb ,JABopyuna poGorcka MAHUNYAAUNja HHCIHPHCAHA JbYACKHM
BeITHHAMA).

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

REPORT

i. Information about the candidate

I.1. Biographical information

Marija Tomi¢ was born on 14.07.1987. in UZice. Elementary and high school was finished in Uzice,
School of Electrical Engineering in Belgrade was enrolled in 2006 at the Department Signals and
Systems. She graduated in 2010 with an average score of 9:02 with the thesis ~Modelling, control
and simulation of mobile robot platform with a robotic arm LYNXMOTION ALS5A“. Master's
study was enrolled in 2010 at the School of Electrical Engineering in Belgrade in the same
department and finished in 2011 with an average score of 10. The topic of master's thesis was
»-Modeling and managing coordinated two handed manipulation of the service robot
anthropomorphic structures™.

PhD studies, she enrolled in 2011 at the School of Electrical Engineering in Belgrade, module
Control systems and signal processing. The following year she won a French government
scholarship for doctoral studies in France and her PhD studies continue as a bilateral doctoral
program between the School of Electrical Engineering in Belgrade and the .Ecole Centrale de
Nantes™ in Nantes, France. During her PhD studies at the School of Electrical Engineering, Marija
passed ten exams with an average score of 10:00 and listened to several courses in the field of
robotics at the ..Ecole Centrale de Nantes” which is a precondition of the application of the PhD
thesis.

Marija Tomi¢ has acquired knowledge in the field of the robotics through professional practices
during her primary and master studies: professional practice in -Manipal Institute of Technology*,
India in 2010 (for a period of three months) and an internship in the Institute ,,Mihajlo Pupin®,
Robotics Lab, Belgrade in 2010 (for a period of one year). After the successful completion of her
professional practice, Marija Tomi¢ has been employed at the Institute ..Mihajlo Pupin®, Robotics
Lab. in 2012 where she works until now at the position of Research Assistani. Within the
framework of bilateral doctoral studies Marija Tomi¢ spent eighteen months, in the period of three




years, in Institute IRCCYN, Faculty “Ecole Centrale de Nantes”, Team Robotics, as a PhD student.
In the same period, she followed master classes program in the field of robotics, “EMARO+" at the
Faculty “Ecole Centrale de Nantes™. In June 2012, she attended summer school in a field of robotics
“Mesrob 2012” at the Technical University of Cluj-Napoca in Romania.

Field of scientific research of candidate includes imitation of human motions using high redundancy
humanoid robots. She is author over 10 papers in scientific journals and at national and international
conferences.

Some of Marija Tomi¢ awards for the previous works and activities are:

- First prize at the international competition of student projects in fields of engineering - ICAMES
in Istanbul (2011)

- The scholarship of the French government for bilateral doctoral studies between the University of
Belgrade and the "Ecole Centrale de Nantes" in France (from 2012 to 2015)

1.2. Acquired scientific and research experience

Field of research of Marija Tomic¢ is humanoid robotics, imitation of human motion and control of
the redundant robotic systems.

Within these fields, Marija Tomi¢ has participated in the following projects:

- 127470 137361/1: ,Creative Alliance in Robotics Research and Education Focused on Medical
and Service Robotics”, funded by the Swiss National Science Foundation (2012-2014.)

- TP-35003: “Ambient Intelligent Service Robots of Antropomorphic Characteristics™, funded by
the Ministry of Education, Science and Technological Development of Republic of Serbia
(2011-2016.)

- European research and development program HORIZON 2020, Coordination support activity
project “Researchers’ night - FLIRT”, funded by the EU Commission (2014-2015.)

During PhD studies, she has passed 10 exams with an average score of 10.00:

Title of the exam Mark ESPB
I Multiple Target Tracking 10 9
2 Theory of Robotics Systems 10 9
3 Real-Time Systems 10 9
4 Automatic Guidance of Objects in Space 10 9
5 Intelligent Robotic Systems 10 9
6 Artificial intelligence 10 9
7 Optimal and Adaptive Stochastic Systems Control 10 9
8 Neural Networks 10 9
9 English language 10 6
10 Special Purpose Robotic Systems 10 9

Title of the obligations
I Study research work | 15
2 Study research work 11 15
3 Scientific-professional work 3

The results of the candidate Marija Tomi¢ are shown through published papers as follows: 2 chapter
of the monographs of the international importance, 7 papers published in the proceedings of
international conferences and 5 papers published in the proceedings of national conferences.

Papers in the chapter of the monographs of the international importance (category M14):




Tomié¢ M., Vassallo Ch., Chevallereau Ch., Rodi¢ A., Potkonjak V.: Arms motion of a humanoid
inspired by human motion, - New Trends in Medical and Service Robotis, Springer, Vol 38, No 3, 2016,
pp. 227-238. ISBN 978-3-319-05431-5, ISSN: 2211-0984, DOI: 10.1007/978-3-319-05431-5

Rodi¢ A., Urukalo P., Vujovié M., Spasojevi¢, S., Tomié¢, M., Berns, K., Al-Darraji, S. and Zafar, Z.:
Embodiment of Human Personality with EI-Robots by Mapping Behaviour Traits from Live-Model, -
Advances in Robot Design and Intelligent Control (Springer), Vol 540, No 7, 2017, pp. 438-448. ISBN:
978-3-319-49058-8, DOI: 10.1007/978-3-319-49058-8_48

Papers in the proceedings of international conferences (category M33):

1.

Potkonjak V., Tomié M., Rodi¢ A., Antoska V.: Human and Humanoid Motion - Distinguish Between
Safe and Risky Mode of Locomotion, - IFAC Proceedings Volumes, Vol 45, No 22, 2012, pp. 524-529.
http://dx.doi.org/10.3182/20120905-3-HR-2030.00070, ISBN: 978-3-902823-11-3

Tomié M., Miloradovié¢ B., Jankovié M.: The algorithm for trajectory tracking using a combination of
Neural Network and Genetic Algorithm, - 11th Symposium on Neural Network Applications in
Electrical Engineering, Belgrade, Serbia, 2012, pp. 59-64, DOI:10.1109/NEUREL.2012.6419964, ISBN:
978-1-4673-1570-8

Tomié M., Chevallereau Ch.: Conversion of Captured Human Motion to the Humanoid ROMEO for
Human Imitation , - The st IcETRAN Conference, Vrnjatka Banja, Serbia, June, 2014. ROl 2.3, ISBN
978-86-80509-70-9

Tomi¢ M., Vassallo Ch., Chevallereau Ch., Rodi¢ A., Potkonjak V.. Arms motion of a humanoid
inspired by human motion, - MESROB 2014, EPFL Lausanne, Switzerland, July, 2014.

Tomi¢ M., D. Katié, “Arms Dual-Arm Robot Tracking of the Moving Target Using the Algorithm of
Inverse Kinematics”, The Ist IcCETRAN Conference, Vrnjatka Banja, Serbia, June, 2014. ROI 1.3, ISBN
978-86-80509-70-9

Tomié¢ M., Rodié A., Urukalo D.: Solving Inverse Kinematics of Hyper-Redundant Multi-Links Flexible
Robot- modeling and simulation, - The 2nd IcETRAN Conference, Srebrno jezero, Serbia, June, 2015,
RO 1.3, ISBN 978-86-80509-70-9

Vujovié M., Stevanovié¢ 1., Temié M., Milo§ M., Rodi¢ A.: Mechanical design of robot head with ability
to express emotional gestures, - The 2nd IcETRAN Conference, Srebrno jezero, Serbia, June, 2015, RO
3.5, ISBN 978-86-80509-70-9

Papers in the proceedings of national conferences (category M63):

1.

(o)

Tomié M., Chevallereau Ch.: The Circular motion of the Dual-Arms Robotics Manipulation Hands
Inspired by Human Skill, - The 57th ETRAN Conference, Zlatibor, Serbia, June, 2013, RO 1.5, ISBN
978-86-80509-67-9

Miloradovi¢ B., Tomi¢ M., Popi¢ S.: Primena ve$tatkih neuronskih mreza za reSavanje problema
inverzne kinematike manipulatora sa pet stepeni slobode, - The 56th ETRAN Conference, Zlatibor,
Serbia, June 2012, RO 1.8, ISBN 978-86-80509-67-9

Tomié¢ M., Jankovi¢ M.: Solving inverse kinematics problem of ROBEDO3 manipulator using genetic
algorithms, - The 56th ETRAN Conference, Zlatibor, Srbija, June 2012, RO 1.6, ISBN 978-86-80509-
67-9

Bascarevié N., Tomié¢ M., Milosavljevi¢ P.: Symbiosis of programming languages Matlab and C++ for
efficient robot simulation, - The 55th ETRAN Conference, Banja Vrucica, Bosnia and Herzegovina,
June, 2011, RO 1.6 ISBN 978-86-80509-66-2

Tomi¢ M., Potkonjak V.. Covetiji i ¢ovekoliki hod razlike izmedu safe i risky moda, - The
54th ETRAN Conference, Donji Milanovac, Serbia, June, 2010, RO 1.7, ISBN 978-86-80509-65-5

The candidate on 25.11.2016. at the School of Electrical Engineering in Belgrade, publicly and
orally defended proposed topic of the doctoral thesis with the committee composed of:

1

k.

Dr. Zeljko Purovié, full-time professor, University of Belgrade-School of the Electrical
Engineering

2. Dr. Aleksandar Rodié, full Research Professor, Institute ,,Mihajlo Pupin®,University of Belgrade




3. Dr. Lazar Saranovac, associate professor, University of Belgrade-School of the Electrical
Engineering

where the Committee concluded that the candidate has been rated as satisfy and fulfills the
requirements for work on the proposed topic of the doctoral thesis.

1.3. Assessment of suitability of candidates to work on the proposed thesis topic

Based on the previous presentation of results of the work of the candidate Marija Tomi¢, the
Committee agrees that the candidate has demonstrated the ability to work on the proposed thesis.
According to the results, Marija Tomi¢ demonstrated that she is the valuable and responsible
candidate which has shown the ability to apply theoretical and practical knowledge successfully and
present it to the scientific community. Through the participation in national and international
projects and in the framework of their bilateral doctoral studies, Marija Tomi¢ has acquired
extensive knowledge in the field of robotics and, in addition, established contacts with leading
domestic and foreign research institutions in the same area. Marija Tomi¢ has completed all
obligations in the context of doctoral studies: passed all the exams envisaged by the plan of the PhD
studies and achieved 120 ESP points, publicly defended the proposed topic of the doctoral thesis in
front of the Committee formed by the Teaching-scientific Council of School of the Electrical
Engineering in Belgrade.

The proposed doctoral dissertation of the candidate Marija Tomic is in accordance with the doctoral
program which she attends and is associated with the results shown through published papers. The
Committee, therefore, considers that Marija Tomié satisfies all requirements for work on the
proposed topic.

2. Subject and goal of the research

In recent years, the development of humanoid robotics is oriented towards the integration of robots
in human environments and helping the human in his daily activities. Accordingly, the tendency is
that through generations, humanoid robots increasingly take on the physical characteristics as well
as the behavioral models of the human. Thanks to the development of biomechanics, medicine,
physiology, robotics and neurophysiology, scientists have made a significant contribution to the
modeling of the human body [, 2]. However, humanoid robots still are far from having human
characteristics. The human has around 206 bones connected to different types of elastic joints, a
human motion is achieved with about 640 skeletal muscles. On the other hand, the humanoid robot
has a rigid series of kinematic chains with rigid joints equipped with a limited number of sensors.
Although simplified, a classic representation of humanoid robots with 7 degrees of freedom in the
arm and 6 in the legs is sufficient for modeling the human body. Humanoid robot Romeo with these
characteristics was used in our study [8].

In order to increase the acceptability of humanoid robots in human environments, humanoid robots
must have "closely” human motion and/or inspired human skills. Since the humanoid robot has the
redundant structures as a human, it is able to imitate human motion. Imitation of human motion can
be achieved by a motion imitation process [3] or the imitation learning process. The imitation
learning process aims to analyze the characteristics of human motion based on data obtained by
recording human motions. On the other hand, the motion imitation process is based on imitation of
the human motions without any analysis of the human motions characteristics. Our research is
based on both approaches of the imitation of human motion.

Looking at the state of the art in the field of the imitation of human motion, we can see that the
"Programming by Demonstration” is the most commonly used methods for transfer human motion
into the motion of humanoids [11-13]. The imitation of human motion can also be solved using
optimization algorithms on the dynamic and kinematic level. Imitation of the upper body human
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motion using the dynamic equations and data obtained by motion capture system is analyzed in [4,
5]. The human motion imitation problem is solved on the kinematic level in [6, 7]. A method for
transforming the recorded 3D position of markers into the trajectory of joints is proposed. The
human body is modeled as a scaled model of the humanoids. Optimization techniques such as "B-
spline wavelets" and "large-scale optimization" are used to generate the motion of joints.
Algorithms presented in these papers are not able to achieve the imitation of human motion in real
time. Thus our objectif will be to propose a precise algorithm able to provide a joint evolution on
line. Whatever the imitation process used, verification of the results of the imitation algorithm on a
humanoid robot requires taking into account the properties of the robots such as limiting joint,
working space robot ... Papers [9, 10] presented the most commonly used algorithms for calculation
the workspace of the robot and generation of the robot motion into the joint limits of the robot.
These algorithms are used in our research.

The process of studying the characteristics of human motion is linked to the process of the imitation
human motion. Trajectories of human motion obtained by imitation algorithm are used to analyze
the characteristics of human motion. During the motion, the human uses probably an optimal
solution for the generation the motion, trying to minimize the criterion function which is unknown
to us. Therefore, for the analysis of the characteristics of motion, the inverse optimization
approaches can be used to find the criterion used. Unfortunalty, the apparent criterion function that
human minimizes during the motion may depend on the manner in which the motion is analyzed. In
the field of biomechanics, criteria function that is most commonly used for the analysis of human
motion is minimization of muscle effort [14]. In the field of robotics, minimization the moment in
the joints is the most used criterion function [15]. During our research, we analyzed the influence of
the individual criterion function on the human motion imitation [16]. Criteria functions are defined
in the kinematic level, such as minimization of kinetic energy, minimization joint velocity,
maximization manipulability and minimization deviations from the ergonomic position of the
human.

Looking the ways in which human performs tasks, it is a logical understanding that human uses a
combination of criteria functions instead of just one criterion. In the works [17, 18] imitation of
human motion is presented as an optimization problem with the objective function that adjusts the
weighted sum of criterion function: minimization of the total time, minimization of components of
acceleration during motion, minimization of errors in orientation and direction during the motion to
the goal. The goal of their research is to find the optimum combination of weight factors that would
be able to describe any human motion. In the paper [19] the optimization algorithm based on
inverse kinematics pseudo inverse is extended and minimization of deviations from the desired
position of the hand and wrist were taken as criteria functions. In the presented optimization
algorithms, criterion function is defined in task space. Analysis of the characteristics of human
motion in joint space is presented in [20]. The combination of criterion function such as
minimization displacement of the joints, minimization changes of potential energy and
minimization discomfort is defined in the optimization algorithm. For each criterion function is
proposed weighted factor which takes into account the influence of each joint on achieving motions.
Contrarily to many studies, in the aim to use simple control low for the humanoid robot, the
criterion tested will be defined essentially at velocity level (and not acceleration or torque level)

The research objectives will be organized into two connected parts: generation the algorithms for
imitation recorded human motions in real time by humanoid robots; and development of
optimization algorithms, such as inverse kinematics algorithm, for analysis the characteristics of
human motion in order to transfer the human motion skills into the motion of the humanoid. In this
study, dual-arm manipulation tasks will be analyzed that are less analyzed in literature. Each task
consists of two phases: the phase of motion that involves contact between hands and equipment and
phase of the motion without contact. The dual-arm manipulation tasks will be classified as
translational and rotational motions, with an additional classification defined according to the
relations position between the arms, proposed in the papers [21, 22]. Each of the motions will be
carried out by 15 healthy subjects and recorded with the help of Vicon motion capture system.




In the first phase of the research, the algorithm for conversion of human motion to the motion of the
humanoids will be defined. The algorithm will be based on tracking the markers physically placed
on the human body with the virtual markers whose position is defined in a scaled model of the robot
Romeo. The analytical approach to solving optimization problems will be used to define the
imitation algorithm. The aim is to obtain an imitation algorithm which will be able to in real-time
imitate the motion of a human. The imitation algorithm will convert human motion into the motion
of the scaled model of the robot in the task and joint spaces. The obtained results will be used to
generate motion of the robot Romeo during both phases of motion. The strategy of achieving
contact between the robot arm and the equipment will be further analyzed.

The second phase of the research will aim to analyze the strategies of how to generate human
motion. The common assumption of many optimization approaches is that during everyday tasks
manipulation of human is trying to minimize unknown criteria. Accordingly, it will be necessary to
define criteria that can describe the characteristics of human motion. Based on the defined criteria
we will be able to achieve humanoid robot motion that contains the characteristics of human
motion. The algorithm of inverse kinematics, as well as the most commonly used algorithm for
generating motion of humanoid robots, can be used to imitate human motion which is the subject of
this research. Based on the existing research results, the algorithm of inverse kinematics is not often
used for analyzing the characteristics of human motion. The primary task of the inverse kinematics
algorithm is tracking the desired trajectory of the robot end effector (in the case of dual-arm
manipulation is the trajectories of the both hands). As optimization algorithm, inverse kinematics
may further include a criterion function for optimization that can give the characteristics of human
motion. We will take a combination of the basic criterion functions that are well known in process
optimization in robotics, such as minimization of kinetic energy, minimization of joint velocity,
increasing manipulability and minimization deviations from the ergonomic position of the human.
Objective criteria function which will be used in the optimization algorithm will be defined as the
sum of the basic criterion function with the weight coefficients which give priority to each of the
criteria. This way, we want to understand and identify the optimal combination of criteria which
will represent human motion and establish optimal control models that can be used fo control the
motion of the humanoid robot. This way, inverse kinematics algorithm for generation motion on the
humanoid robot with the human skills have been defined. The resulting motion of the robot would
be like a human motion which is one of the aims for better integration of robots in human
environments. Also, our algorithm can find application in rehabilitation medicine. Obtained
characteristics of the motion of the healthy people can be compared with the motion of the people
with impairment of motor skills.

I. Kohler H., Pruzinec M., Feldmann T., Wérner A.: Automatic Human Model Parametrization from 3D
Marker Data for Motion Recognition, - International Conference in Central Europe on Computer
Graphics, Visualization and Computer Vision, Plzen, Czech Republic, February 2008.

2. Kirk A. G., O'Brien J. F., Forsyth D. A.: Skeletal Parameter Estimation from Optical Motion Capture
Data, - Proceedings of IEEE Computer Society Conference on Computer Vision and Pattern
Recognition, 2005.

3. Do M., Azad P., Asfour T., Dillmann R.: Imitation of human motion on a humanoid robot using non-
linear optimization, - In Humanoid Robots, 2008. Humanoids 2008. 8th IEEE-RAS International
Conference on [EEE, Daejeon, Korea, 2008, pp. 545-552.
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marker control, - Proceedings of IEEE-RAS International Conference on Humanoid Robots, 2008, pp.
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5. Suleiman W. et al.: On human motion imitation by humanoid robot, - IEEE International Conference on
Robotics and Automation (ICRA 2008), Pasadena, California, USA, May 2008, pp. 2697-2704.
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observation, Robot. Auton. Syst. (Elsevier), Vol. 47, No 2/3, 2004, pp. 93 -108.
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Conversion of Human Motion Capture Data into Humanoid Robot Motion, - In Proceeding of the First
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body posture prediction, - 10th AIAA/ISSMO multidisciplinary analysis and optimization conference,
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Kriiger J., Schreck G., Surdilovic D.: Dual arm robot for flexible and cooperative assembly, - CIRP
Annals-Manufacturing Technology (Elsevier), Vol 60, No 1, 2011, pp. 5-8.

The starting hypothesis

The starting hypotheses of the PhD theses are based on the next assumption:

Imitation of human motion is important in order to achieve a natural interaction between human
and robot, providing help in everyday tasks to the elderly and the disabled, in the physicai
therapy for children, and helping humans in low-level industrial tasks in the unsafe areas [I- 3].
Each human motion can be represented as the result of an optimization process [4] and the
combination of the basic criteria function using the inverse kinematics algorithm [5].

The human usually chooses one specific strategy to generate the same motion into different
environments and constraints [6, 7].

The choice of the criterion which human uses can be modified by environmental characteristics
like the size of the human with respect to the constraint of contact with the environment, a
distance between the human and the environment...[8]

The generated strategy obtained for human motion will be able to generate the best imitation of
the analysed human motion with the high redundant humanoid robot [9].
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4. Research methods

Methodology that will be used in the doctoral thesis begins with a systematic analysis of available
algorithms for the imitation of the human motion and the optimization algorithms for analysis of the
characteristics of human motions with an emphasis on imitation and analysis of dual-arm manipulation
with and without contact with the equipment. The first phase of the research will be based on recording
the different types of the basic dual-arm motion performed by 15 actors within the same conditions in
the virtual environment. For the purposes of our study, we have chosen Vicon motion capture system
that provides information on the motion of the physically placed markers on the human body. For the
representation of the kinematic model of the human body, the scaled model of the humanoid robot
Romeo will be used. According to the available techniques, we will improve the existing algorithm for
imitation human motion by using simultaneously recorded marker motion and calculated joint motion of
the actor with the aim to increase the precision of the imitation. The precise imitation of the motion is
very important for performing dual-arm manipulation tasks with a contact with the equipment. The
imitation algorithm will be tested on the humanoid robot Romeo for real time imitation of the human
motion in the task with and without contact between hands and equipment. In the second phase of the
research, we will analyze the existing criteria function which is often used in the optimization
algorithm in the field of the robotics at a kinematic level. We will adapt the basic form of the
inverse kinematics algorithm in order to include the criteria function such as minimization of the
kinetic energy, minimization of the norm of joint velocities, minimization of the distance between
the current position and the ergonomic configuration of the human and keeping the arm away from
the singularity (maximization manipulability). The Lagrange multiplier will be used for the
formulation the inverse kinematics algorithm with the optimization term which is a weighted
combination of the criteria functions. The characteristics of the human motion will be analyzed
according to the values of the weighted coefficients of each criterion. Imitation of the recorded
motion with the humanoid robot Romeo will be done using the inverse kinematics algorithm and
combination of the criteria functions defined with the method below.

5. [Expected scientific contributions
Expected scientific contributions of the doctoral thesis are:
- The improvement of existing imitation algorithm, by taking into account of information
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provided by the marker on the human body and exploitation of evaluated joint frames, with the
aim to increase the accuracy of the imitation.

Exploring the characteristics of the basic dual arm human motion which in combination can be
used for generation of complex dual arm tasks.

Analyzing the human motion only in the kinematics level without taking into account the
dynamics of the motion to propose simple control strategy easy to implement on a humanoid
robot.

Using the inverse kinematics algorithm, which consists of the weighted combination of several
criteria function, for analyzing the characteristics of human motion.

Implementing explored characteristics of human motion on the humanoid in order to adapt
humanoid for cooperation with a human in the cooperative task, for helping elderly persons in
everyday life, for better integration the humanoid robots in the human environment.

Analysis of the differences of human motion characteristics into joint space of the same motions
in task space.

Analysis the characteristics of the motion depending on the characteristics of the human (age,
gender, physical conditions, body dimension...)

Expected contribution in terms of improving engineering practices would be reflected in the
establishment of easier integration of robots in human environments in performing everyday tasks;
analysis of human motion with impaired motor skills compared with the characteristics of motion of
healthy people; replacing humans in performing dual-arm manipulation tasks in environments
dangerous for human life (with a high level of radiation, high temperatures ...).

6. Research plan and the structure of the work

The research plan consists of two phases.
First phase: Imitation of the human motion — experimentally recording the human motions and
extracting the characteristics of those motions using the imitation algorithm

Analysing the basic motion of the dual-arm manipulation tasks and their classification into
different groups according to their common characteristics (translational or rotational,
asymmetrical or symmetrical motions of the hands...).

Analysing the existing algorithms for imitation human motion.

Analysing the corresponding kinematic model of a humanoid robot that can be used as a
simplified model of the human body in imitation algorithm.

Scaling kinematic model of the humanoid robot Romea to the dimensions of each actor based
on estimated dimensions of actors body segments.

Development of the imitation algorithm based on the analytical approach for realizing imitation
of human motion in real time using a scaled model of the robot Romeo and data obtained from
the motion capture system.

Testing the developed imitation algorithm on the set dual-arm motions with different
characteristics.

Comparative analysis of developed and existing imitation algorithms.

Testing the results obtained from the developed imitation algorithm for the generation the same
motions with the robot Romeo into the human environment.

Second phase: Analyze the human motion behavior skills using the inverse kinematics algorithm as
the optimization approach

Analysing the state of the art in the field of analysis of human motion using optimization
algorithms.

Defining criteria functions for presenting the characteristics of human motion at the kinematic
level.

Development of inverse kinematics algorithm as an optimization method with a combination of
four weighted criteria functions for analysis of the characteristics of human motion.




- Evaluation of the weight coefficients using the Genetic algorithm.

- Testing the developed algorithm of inverse kinematics on the set of seven dual-arm
manipulation tasks each carried out by fifteen actors.

- Analysis of human motion strategies based on the obtained values of weight coefficients.

- Analysis of the environmental impact and performances of actors on the strategy of execution
motion based on the value of weight coefficients.

- Testing the developed algorithm of the inverse kinematics with the calculated combination of
the criterion function for executing the same task on the robot Romeo.

7. Conclusion and proposal

Based on all of the aforementioned, the Committee considers that Marija M. Tomi¢, MSc EE.,
fulfills all the conditions for the development of doctoral dissertation and confirmes the scientific
basis of the proposed topic “Dual-Arms Robotic Manipulation Inspired by Human Skill” (srb
»JlBOPYYHA pOGOTCKA MAHHMYJANMja HWHCIHPHCAHA JbYyACKHM BemTuHama“). We suggest
approving the writing of a doctoral dissertation in the English language.

The proposed topic of the doctoral thesis within the PhD study program at the School of Electrical
Engineering in Belgrade and ,,Ecole Centrale de Nantes®, where the candidate is inscribed and
includes current research in the field of humanoid robotics - modeling and control of robots.

We underline that the PhD study of the candidate Marija Tomi¢ realized in the framework of the
bilateral PhD program between the School of Electrical Engineering and the Faculty “Ecole
Centrale de Nantes” in Nantes, France. According to this, we suggest for mentors Dr. Christine
Chevallereau, a Research Director from CNRS affected into “Ecole Centrale de Nantes™ in Nantes,
France, and Dr. Kosta Jovanovi¢, Assistant Professor at the School of Electrical Engineering,
University of Belgrade.

Belgrade, 26. January 2017.
COMMITTEE MEMBERS
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