YuuBepsuret y beorpamy
EnexTpoTexHUUKH paKyaTer

HACTABHO-HAYYHOM BERY

IIpeamer: IMopobHocT Teme u kanauaara Kocre M. JoBanosuha 3a uspamy JOKTOpCKe
JqucepTaluje

Omnykom Hacrapno-nayunor seha Enexrporexnmukor dakynrera Yuusepsureta y beorpagy 6p.
770 on 21.1.2014. roguHe, UMEHOBaHU cMO 3a wiaHoBe KomucHje 3a oneHy nmogo6HOCTH TeMe H
kaununara Kocre M. JoBanosuha, MacTep MHXeHmepa eIEKTPOTEXHUKE H PAuyHapCTBa, 3a U3paay
JIOKTOPCKE  AMCEepTallije ¥ HayyHe 3acHOBAHOCTH TeMe ,Moaeiaupame H YIPaB/bame
AHTPOMOMUMETHYKOr po0oTa ca AHTATOHMCTHYKHM NOFOHHMA Y KOHTAKTHHM H
OeckonTakTHHM 3aganuma“ (eHr. “Modeling and control of the anthropomimetic robot with
antagonistic joints in contact and non-contact tasks”).

Ha ocnoBy maTepujaa npunoxeHor y3 3axres kanaunara, Komucuja noguocu ciepehu

H3BEIITAJ

1. Ilopanu o kangUAATY

1.1. Buorpadcku nomauu

Kocta Josanosuh je pohen 1986. rogune y Yauky. OcHOBHY wiKkoay u [MMHA3Mjy je 3aBPIIMO Yy
pOOHOM rpajy Kao y4YeHHK reHepauuje. JumioMupao je Ha OnceKy 3a CUrHajge U CHUCTEME
Enextporexnuuxor ¢pakynrera y beorpamy 2009. roause ca npoceuHoM onerom 9,96 kao naj6ossu
CTyZeHT Ha ojceKy. Mactep crymuje je 3appiuiro 2010. roquse takodje Ha OfceKy 3a CHrHajie u
cucreme ca npoceurom ouexoM 10,00. [loxropecke cryauje Ha EnexTporexHHUYKOM (akynTery je
ymucao 2010. roguHe Ha MOmynmy YihpaBibame CHCTeMMMa M o0paja CHrHajua, Tae je A0 JAaHac
TIOJIOXKHO OcaM HcluTa ca npoceyHoM ouenom 10,00,

Kocra Jopanosuh je y mapry 2010. roguse uzaGpaH y 3Batbe capajfHuka y HacTaBu Ha Ojcexy 3a
cHrHaje u cucteMe Ha Enexkrporexunukom (axkynrtery y beorpany, a 'y anpuny 2011. 3a acucrenra
IJ€ je ¥ JaHac aHraXxoBaH Ha KypceBuMa: Mexanuka (OC2M), ITpakTukyM U3 cOPTBEPCKUX anaTa
(OC2IICA/OD2IICA), Xuppaynuukun u mnHeymatrckd cucremu (OC3XIIC), Po6oTuxa u
ayromaTtuzamuja (OC3PA), ITHLI cucremu u duakcuGuina ayromarusauuja (OC4LIHLY), Censopu
y pobortuun (OC4CYP), Teopuja poborckux cucrema (OC4TPC) u PoGoteku cuctemu (MC1PC),
IMopen Tora Kocra Joanosuh ydecTByje H y ofpiaBamy 1aGOpaTOPHjCKUX BEKOH HA KypceBUMa:
Curnanu  u  cucremun (OC2CHC/OT2CUC/HUP2CUC/OD2CHUC) u  Cucremu ayToMaTckor
ynpaspama (OC3CA1/OE3CAV/OT3CAY). Ilperxoano, on jyHa o centembpa 2009. roaume,
Kocra Jopanosuh je pajHO MCKYCTBO CTHLA0 y Ofie/belY 3a CIEKTPOHUKY M ayTOMATHKY V
komnanuju CMC Cuemar y Hemauxoj kao crunenmucta ounaunje ap 3opan Bunhuh u OnGopa
HeMauKe NpUBpeJie 3a capaliby ca ucTokoM. TokoM jyna u aBrycra 2010. rogune, Kocra JoBanosuh
je GopaBMO Ha ucTpakMBaukoM cTax<y y JlaGoparopuju 3a poGOTHKY u emOenel cucTeMe Ha
Texumukom ynupepsutety y Munxeny (TYM Munxen), y jyay 2012. roaune je noxalao netiby
mxoury podoruke Ha [onmurexunukom ynusepsutery y Llupuxy (ETX Iupux), a Tokom seta 2013,
ropune Kocra Josanosuh je 6opasuo y MucTuTyTy 32 poGoTiky M MexarpoHuky npu Llentpy 3a
ceemupcka uctpaxxusamwa (JJJIP) y Munxeny.




Hexka on npusnama Kocre JoBanosuhia 3a qocapanrmsy paji ¥ akTHBHOCTH cy:

Harpana nayunor noprana CYIIEPCTE 3a HajGoJser Miiaior Hay4HHKA y o6JIacTi OpUPOIHUX
U TeXHUYKHX Hayka (2013. rox.),

Harpapa rpaja Beorpana 3a opranmsaumjy morafjaja romuue y Beorpany 3a MaHubecTauujy
»Hann Gynyhinoctn: poGorthka®, (opraHmsanuond Tum: Anekcanapa Jpeuys, Llenrap 3a
npomouujy Hayke, mpod. Besmko ITotkomax, 2013. rox.),

Harpany ®onnanmje Huxona Tecnma 3a usysetna aocturayha miaaux Hay4yHHMKa y obiacTu
TEeXHUYKHMX Hayka (2012. rox.),

IpBa Harpafa Ha MehyHap/iHOM TaKMUUEHbY CTYAEHTCKHX IpojeKata y oGacT HHKEHepCTBa
— ICAMES'y Uctanbyny (2011. rog.),

Harpana Ynusepsuteta y Beorpamy 3a Haj6oJbH CTYAEHTCKH HayYHO-UCTPAXKMBAYKHA pajg y
obyacT TeXHUUKUX Hayka (2011. rox.),

Harpana 3a Haj6osber aunuiomua Ha Opicexy 3a curnane u cucteme (2009. rox.),

Harpana npod. Mupxa Munuha (2009. roz.).

On 2012. ronune unan je UEEE cexuuje, Jpyitsa 3a poGoTHKY M ayTOMATHKY.

1.2. CreveHO HAYYHOUCTPAKHUBAUYKO UCKYCTBO

O6nact uctpaxusama Kocre JopaHoBuha je poGOTHKA U YIIPABIbAME CHCTEMUMA,

Y oxeupy ose o6nactu Kocta Jopanosuf je /10 cafa yuecTBoBao na crienelinm mpojekTuma:

OII7 npojexar Esponcke Vumje: ECCEROBOT — Embodied Cognition in a Compliantly
Engineered Robot, (2009. - 2013. roguue)

npojekaT MUHHCTAapCTBa TPOCBETE, HAyKe M TEXHOJOMKOr pasBoja Peny6nuke Cp6uje:
Herpaxusatbe v pa3Boj aMOMjeHTaNHO MHTEIUIHEHTHHX CEPBUCHHX Po6oTa aHTponoMophHUX
kapakrepucthka. (2011. - 2014. roaune)

Ha nokropckum ctyaujama je monoxuo 8 ucnuta ca npoceusoM ouexom 10,00:

HnrenurenTHH po6GOTCKH cCHCTEMH
Heypanne mpexe

VBoa y HayuHu pan

Teopuja po6oTckux cucrema
Hamencke ceHsopcke Mpeske
MotopHa KoHTpona U pexabuianTanuja
Bewrauka uHTenureHnuja

Crnenujanau pobOTCKU CHCTEMH

Hocanaunbu pesynrati kanauaata Kocre Jopanoulia ¢y npnkasanu Kpo3 MyGIMKOBaHE H PajioBe
npuxpahieHe 3a MyGaMKOBamwe M TO: 1 pax y nornasiby Monorpaduje MeljyHapogHor 3Hayaja, 6
pajoBa y Hay4HUM YaconucuMa MehyHaponHor 3Hauaja (of Tora 5 ca uMnakt GpakTopom), 2 paja y
HacoNMCHUMa Ofl HALMOHAJHOI 3Hauaja, 11 pajoBa mWTaMnaHux y 3GopHUIMMA MeljyHapomHHX
HayYHUX CKymoBa M 7 pajoBa INTAMIAHUX y 360PHHLMMA HAyYHMX CKYIIOBA OH HALHOHAIHOT
3Hayaja.




Padoeu y nozrasmy monozpaguje meliynapodnoz suavaja:

1. (M14) V. Potkonjak, K. Jovanovic, P. Milosavljevic. Springer Series on Mechanisms and Machine Science — New
trends in Medical and Service Robotics, Vol 20, (2014). Chapter 20: “How to Control Anthropomimetic Robot:
Engineering and Cognitive Approach” (ISBN 978-3-319-05431-5, ISSN: 2211-0984, DOI: 10.1007/978-3-319-
05431-5)

Padosu y nayynum yaconucuma mehynapodnoz suayaja:

1. (M23 -1F 0.51) K. Jovanovie, V. Potkonjak, O. Holland, “Dynamic Modelling of an Anthropomimetic Robot in
Contact Tasks”, Advanced Robotics: The International Journal of the Robotics Society of Japan (Taylor &
Frencis), Vol 28(11), 2014, pp 793-806 (ISSN: 0169-1864, DOI: 10.1080/01691864.2014.896748)

2. (M23-1IF 0.821) V. Antoska, K. Jovanovic, V. Petrovic, N. Bascarevic, M. Stankoviski, “Balance Analysis of the
Mobile Anthropomimetic Robot Under Disturbances — ZMP Approach”, International Journal of Advanced
Robotic Systems (InTech), Vol 10(paper 206), 2013, pp 1-10 (ISSN: 1729-8806, DOI: 10.5772/56238)

3. (M2l - IF 1.585) S. Wittmeier, C. Alessandro, N. Bascarevic, K. Dalamagkidis, A, Diamond, M. Jantsch, K.
Jovanovie, R. Knight, H. G. Marques, P. Milosavljevic, B. Svetozarevic, V. Potkonjak, R. Pfeifer, A. Knoll, O,
Holland, “Towards Anthropomimetic Robotics“, Artificial Life, (M I T press), Vol 19(1), 2013, pp 171-193 (ISSN:
1064-5462, DOI: 10.1162/ARTL_a_00088)

4. (M24) V. Potkonjak, K. Jovanovic, O. Holland, J. Uhomoibhi, “Distance learning and skill acquisition in
engineering sciences — present state and prospects”, Multicultural Education and Technology Journal (Emerald),
Vol 7(1), 2013, pp 64-88 (ISSN: 1750-497X, DOIL: 10.1108/17504971311312627)

5. (M23 — IF 0.821) V. Potkonjak, B. Svetozarevic, K. Jovanovic, O. Holland, “The puller-follower control of
compliant and noncompliant antagonistic tendon drives in robotic system”, International Journal of Advanced
Robotic Systems (InTech), Vol 8, 2012, pp 143-155 (ISSN: 1729-8806, DOI: 10.5772/10690)

6. (M21 — IF 2.868) V. Potkonjak, M. Vukobratovic, K. Jovanovic, M. Medenica, “Virtual Mechatronic/Robotic
laboratory - A step further in distance learning”, Computers & Education (Elsevier), Vol 55, 2010, pp 465-475
(ISSN: 0360-1315, DOI: 10.1016/j.compedu.2010.02.010)

Paodosu y waconucuma 00 Hayuonannoe 3nadaja:

1. (M53) B. Svetozarevic, K. Jovanovie, “Control of Compliant Anthropomimetic Robot Joint™, Serbian Journal of
Electrical Engineering, Vol 8 (2011) pp 85-93

2. (M53) V. Petrovic, K. Jovanovie, V. Potkonjak. “Influence of External Disturbances to Dynamic Balance of the
Semi-Anthropomimetic Robot”, Serbian Journal of Electrical Engineering, Vol 11 (2014) pp 145-158

Padogu y 36opruyuma MehyHapoOHux HayuHux cKynosa.

1. (M33) V. Potkonjak, V. Petrovic, K. Jovanovic, D. Kostic, “Human-Robot Analogy — How Physiology Shapes
Human and Robot Motion”, Proc. European Conference on Artificial Life (ECAL 2013, MIT Press), Taormina,
Italy, September 2013, pp. 136-143.

2, (M33) V. Potkonjak, K. Jovanovic, V. Petrovic, O. Holland, J. Uhomoibhi, “Virtual Ambient for E-Learning in
Engineering Sciences”, Proc. Conference of the International Journal of Arts and Sciences, Valletta, Malta, March
2013, Vol. 6(1), pp. 7-14.

3. (M33) V. Potkonjak, N. Bascarevic, P. Milosavljevic, K. Jovanovic, O. Holland, ,,Experience-Based Fuzzy
Control of an Anthropomimetic Robot*“, Proc. International Joint Conference on Computational Intelligence (CFP
1JCCI 2012), Barcelona, Spain, October 2012., pp 389-394

4. (M33) N.Bascarevic, K. Jovanovie, P. Milosavljevic, V. Potkonjak, O. Holland, ,,Tip-over Stability Examination
of a Compliant Anthropomimetic Mobile Robot“, Proc. 2012 IEEE International Conference on Control
Applications (IEEE CCA 2012), Dubrovnik, Croatia, October 2012., pp 1584-1589

5. (M33) P. Milosavljevic, N.Bascarevic, K. Jovanovic, G. Kvascev, “Neural networks in feedforward control of a
robot arm driven by antagonistically coupled
drives”, The 11" Symposium on Neural Networks Applications in Electrical Engineering (NEUREL 2012),
Belgrade, Serbia, September, 2012., pp 77-80

6. (M33) P. Milosavljevic, K. Jovanovie, N.Bascarevic, V. Potkonjak, O. Holland, ,Heuristic Machine-Learning
Approach to the Control of an Anthropomimetic Robot Arm*, Proc. 10th IFAC Symposium on Robot Control
(SYROCO 2012), Dubrovnik, Croatia, September 2012., pp 301-306




7. (M33) V. Potkonjak, K. Jovanovie, P. Milosavljevic, N. Bascarevic, O. Holland, “The Puller-Follower Control
Concept For The Multi-Joint Robot With Antagonistically Coupled Compliant Drives”, The 2nd IASTED
International Conference on Robotics (Robo 201 1), Pittsburgh, USA, November 2011, pp 375-381

8. (M33) V. Potkonjak, K. Jovanovie, B. Svetozarevic, O. Holland, D, Mikicic, “Modeling and Control of a
Compliantly Engineered Anthropomimetic Robot in Contact Tasks”, The 35th ASME Mechanisms and Robotics
Conference, Washington, DC, USA, August 2011. pp 23-32

9. (M33) V. Potkonjak, B. Svetozarevie, K. Jovanovic, O. Holland, “Anthropomimetic Robot with Passive
Compliance — Contact Dynamics and Control”, The 19th Mediterranean Conference on Control and Automation,
Corfu, Greece, Jun 2011. pp 1059 — 1064

10. (M33) V. Potkonjak, B. Svetozarevic, K. Jovanovie, O. Holland, “Biologically-inspired control of a compliant
anthropomimetic robot”, The 15th IASTED International Conference on Robotics and Applications, Cambridge,
Massachusetts, USA, November 2010. pp 182-189

1. (M33) V. Potkonjak, B. Svetozarevic, K. Jovanovic, O, Holland, “Control of Compliant Anthropomimetic Robot
Joint”, International Conference of Numerical Analysis and Applied Mathematics, Rhodes, September 2010. pp
1271-1274

Padoeu y 36opuuyuma nayunux cxynosa 0d HAYUOHATHOZ 3HAYajq:

1. (M63) V. Petrovic, K. Jovanovic, V, Potkonjak, “ZMP approach to the critical design of a mobile platform for the
semi-anthl‘opomimetic robot”, The 57" ETRAN Conference, Zlatibor, Serbia, June, 2013. pp RO1.1- 1-6

2. (M63) V. Potkonjak, K. Jovanovic, “Step toward distance learning in engineering disciplines — Virtual laboratory
for robotics and mechatronics”, The 56" ETRAN Conference, Zlatibor, Serbia, June, 2012. pp RO1.1- 1-4

3. (M63) N. Bascarevic, K. Jovanovie, V. Potkonjak, “A tip-over stability analysis of an anthropomimetic wheeled
robot based on zmp”, The 56" ETRAN Conference, Zlatibor, Serbia, June, 2012, ppRO2,9 - 1-4

4. (M63) K. Jovanovic, N. Bascarevic, “Modeling Contact Dynamics of the Anthropomimetic Robot —
ECCEROBOT?”, The 55" ETRAN Conference, Teslic, Bosnia and Herzegovina, June, 2011, pp RO1.8- 1-4

5. (M63) P. Milosavljevic, K. Jovanovic, V. Potkonjak, “The Puller-Follower Control Concept in the Multi-Jointed
Antropomimetic Robot Body”, The 55" ETRAN Conference, Teslic, Bosnia and Herzegovina, June, 2011. pp
RO1.7- 14

6. (M63) K. Jovanovie, B. Svetozarevic, “Humanoid Robot Model with Antagonistic Drives”, The 54" ETRAN
Conference, DonjiMilanovac, Serbia, June, 2010, ppRO1.3 - 1-4

7. (M63) B. Svetozarevic, K. Jovanovic, “Control of Compliant Anthropomimetic Robot Joint”, The 54™ ETRAN
Conference, DonjiMilanovac, Serbia, June, 2010. ppRO1.4 - 1-4

1.3. Orera nof0GHOCTH KaHMAATA 33 paa Ha NPEIOKEHO] TEMH

Ha ocHosy nperxonmor npukasa pesyirata nocagalmer pazna xao M Ha OCHOBY JIMYHOI' HCKYCTBA Y
pany ca xaipupatom Koctom Josamosuh, Komucuja je carmacua na je Kanmupar nokasao
CMIOCOOHOCTH 3a paj Ha MPEVIOKEHO] TEMH JOKTOPCKE muceprauuje. Ilocturnytum pesyntariuma
Kocta Josanosuh je nemomctpupao ma je BpElaH W OArOBOpaH KaHIMIAT KOjH je MOKa3ao
COCOGHOCT Jia CBOja TEOPHjCKa M MPAKTHUHA 3HAKA YCTIEUIHO NPUMEHH y MPAKCH, a y CKJaLy ca
THM M IEMOHCTpHpA HayuHOj jaBHOCTH. Kpos aHraxman Ha Gpojuuam KypceBUMa y 00J1acTH
MCTPAXXMBarka KOjoj NpHIafa U OBa MPeINoKeHa TeMa noxtopeke aucepraumje Kocra Josanoswh je
J10 cajia yCNENHO CBOja 3HaWa NPEHOCHO Ha Mialje Kosere M 1MoKa3ao CKIOHOCT Ka neJaromKoM

pany.
Kpos ycneman anraxman na npojextuma Kocrta Josanosuh je crexao kourakrte ca Bomehinm
fiomaliiM ¥ CTPAHAM MCTPAXKUBAYKUX MHCTHTYLMjA y 06nactu poGOTHKE U YIIpaB/batba CHCTEMHMA.
TuM Besama je onpHHeNa M caMOMHMIIM]jaTHBA KAHIMATA 3a ydemhe Ha mpakcama M JIETHUM
LIKojiamMa BOJIChuX eBPOIICKUX HHCTUTYLH]A.

Hpennoxena Tema nokropeke mucepraumje kammuaata Kocre Josanoswha je y ckmany ca
pesy/ITaTiMa NPUKA3aHAM KPO3 MyGIMKOBaHe PajioBe, IAe je eBUACHTHO Ja TH PafOBH YHHE CpK




NMPEeJNIOKEHOT UCTPAXHUBatha Koje ce ouekyje a Oyne AomymeHo kpos Gyayhm pag kaHauzara u
U3pajy OBe JOKTOPCKE JUCepTalje.

2. IlpeameT H Wb HCTPAKUBAMA

IlpaBan passoja cepBuCHMX pOGOTa HAjHOBHMje TeHEpalHje Haryamapa BaXKHOCT 6esbenHe
HHTepaKIKje poboTa ca OKOIMHOM, GHEpreTcke epUKACHOCTH POBOTa, Kao MoryhHocTH pobora na
ONTHUMAJIHO JACNyje y OKPYXKeHy KOje je MOTIYHO MpuiaroljeHo goBeKy [1,2]. OBako medunucanu
NPHOPUTETH JOBENH Cy 10 pasBoja po0OTa Ha TAaKO3BAHOM ,,aHTPONOMHUMETHUKOM® MPHHLAILY
[3,4]. OBaj mpuHLMI HCTHYE BaXKHOCT KOHCTPYKIHje poGoTa xoju noacehajy He caMo M3rIeIOM Ha
uoBeKa Beli i IOTOHCKUM CTPYKTYpaMa 1 obpaciuma ByHKIHOHKUCAA, jep Jje To Haj6osbM HAauuH Ja
ce nocturHe GesGenan U eukacan paj poboTa y CBAKOAHEBHOM YOBEKOBOM OKpYXEmY.

TpenyrHo Heke oa BosiehnX CBETCKHX J1aGOPATOPUja M HCTPAKUBAYKUX LEeHTapa ce ynpBo Oase
OBOM NPOGNEMATHKOM ~ KaKO KOHCTPYMCATH, PEaln3OBATH H YNpaBbaTH AHTPONOMUMETHYKY
MalllMHY Koja he HMaTi BeNUKU yoTpeGHH OTeHLHUjall y CepBUCHO] i KyhHOj poGoTHITH, Kao jenue
O 06/acTH OA KOje HaYYHHIM OYEKYjy /a HajBHULIe MPOMEHH JHYACKY CBAaKOJHEBHUILY U MOKPEHE
HOBY MHIYCTPHjcKy peoynujy. Heku ox axTyensux npojexata cy poGoru Kenso (Kenzoh) [5] u
Kenmupo (Kenshiro) [6] naboparopuje JCK Vuusepsurera y Toknjy, EKEPOBOT (ECCEROBOT)
(panuycke komnauuje ,,The Robot Studio”, Teenau-jenan (T WENDY-ONE) YuuBep3uteta Bacena
[7]). LlenTpanHo MecTo y pasBojy oBe BpcTe poGoTa 3ay3mMa pa3Boj HOBE TeHepalyje MOrOHCKHUX
CHCTEMa KOjH CBOjOM MEXaHWKOM KOHCTPYKLHMjoM omoryhasajy NacHMBHY MONYCT/BUBOCT [8] y
KOMOMHALMjH Cca ymNpaB/baukKuM 3aKOHMMAa 3aXBajbyjyiM KojuMa ce TOCTIKE AKTHBHA
HOIyCTJBUBOCT [9].

Hajsehu Opoj anata, mojema u codrsepa 3a cHMyMalujy paa OBHX CIOMKEHHX MEXaHHUYKHIX
CTPYKTypa Ce OoCnama Ha ynorpeby T3B. cuCTeMa 3a cuMyJauujy dusuke npobiema (physics-based
engines) [10-12]. OBu cucTeMu ce KOpHCTe 3a peanmsauyjy BHAEO urapa rjue cumymiangja He
3axTeBa HanpeaHy AMHaMuKy. Pagu Opaker m3ppuiaBama mporpama, OHH YHOCE HH3 HEJOCTATAKA
[13] 1 anpokcumanuja (purymesse y 3rioGosuMa, nedUHHLHja Tpema, UTA.) HEAOMYCTHBHX Ca
CTAHOBMINTA O3CMJBHOT WCTPA)XMBAYKOT Pajia W pasBoja. 3a JeTajbHy aHAIM3y U CUMyTauujy
KpeTarsa OMMCAaHUX POOOTCKHX MEXaHW3aMa U FHXOBE MHTEPAaKLuje ca OKONMHOM NOTpeGaH je
cBeOOyxBaTaH MNPUCTYN GasvMpaH Ha KOMIUIEKCHOM MAaTeMaTHYKOM amapary 3acHOBaHOM Ha
KOMIJIETHOM MOZeTy AuHamuke. OJf roceGHOT 3Havaja je U pa3Boj KOMILIETHOT MOJENa JUHAMHUKE
poboTa KOjH KOPUCTM AHTATOHHCTHYKH CIPErHYTE MOTOHE Ca MEXaHMYKOM nonycripusowhy
YBEIICHOM KPO3 €JIACTUMHE €JIEMEHTE MOMYT OIpyra, Kao LITO jé TO YIVIABHOM CJIyyaj KOoJ YOBEeKa,
jep 6u ce Ha Taj HaunH oBpacuy QYHKIHOHNCAA YOBEKA MOTJIH HCKOPHCTHTH 3a MOr'OH PobOTCKE
KoHCTpyKumje. Kako je narmacak Ha Ge36eH0j MHTEpaKuuju poGoTa ca OKPY)KEHEM, OJi BETHKOL
3HaYaja je M pasBoj MaTeMaTHYKOr MOJieia JuHaMmuke koju he omoryhurtu aHanu3y pazuuuTHX
KOHTAaKHUX 3ajataka [14].

Pa3poj HoBUX MaTepHjana, Kao M CaBPEMEHHX METO/A M TEXHOJOrHja oMoryhuiu CY pa3Boj BEJIMKOT
6poja aHTPONOMUMETHUYKUX POGOTCKIX MEXaHHM3aMa, Al KAO HHIKEHEPCKH HajU3a30BHUjH 3a/aTaK
ce Hamelic ympapsbame OBAaKBUM MexaHusMuma. Hexu on edexata koju oBaj mpobyeM uuHe
U3pa3sUTO MHTEPECAHTHMM Cy TIOIOHCKA pelyHAaHca (BMIIE aKTyaTopa HEro CTereHd cioGoje
poboTa), eNacTUYHOCT yBeieHa KPO3 MOTOHCKE U TPAHCMUCHOHE EIEMEHTE, M3MEIITAmhE OrOHA ¥
yBOljeH:€ XKMUHOT PEeHoca pajii CMatbetba onTepehera KOHCTPyKIje, MHepLUjaiHu eheKTH ycnes
MelycoGHOr yTvuaja CerMeHaTa y KMHEMaTcKoM jaHiy, uth. [15-19]. Mako seh NIOCTOje Heke
peajiusaLiije OroHCKUX CHCTEMA 110 YIJIe/ly Ha aHTaroHUCTHYKY yrapeHe Mumuhe yoBeka [20, 21],
YIpaB/baiuky MpoOJIeM je W Ha/ke BP0 aKTyenHo mnutame, Kopumheme KOHBEHIMOHANHUX
YNpaB/baiKuX ajnropuraMa 3a pemrere OBor npobiema je npeanoxeHo y [22-25] kpo3 pobycHe u
MyTUBAPHjabHIHE yrpaBibauke MeTo/le. Mnnak, kpos mprkasane pe3ynTaTe MckasaHa je notpeba sa
C€ HENOCTAlM KOHBEHLUHMOHAIHUX YNPABJbadKUX aNropuTaMa HaflOMeCTe KpPO3 HCKYCTBO M METOJe
YHpaBJbtba Koje ce ocnamajy Ha yueme [26-28]. KonauHo nuTame ynpaBibatba aHTATOHUCTHYKOT
MOrOHA y KOHTAKTHUM 3aJaliuMa je OTBOPEHA TEMa, MaKO Ce PELeka MOTy HACIYTHTH KpO3 Pa3Boj
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TEXHHKA TOIYT MMIEJAHCHOr ynpapibamwa (impedance control) [29] unu XuGpuaHOT YIIPaB/bama
no nosuuuju u cuin (hybrid position/force control) [30].

[usb OBOI MCTPaXKMBaIba je BUIIECTPYK M OTJIEfia ce Kpo3 /Be rasHe uesute. IIpBa uenuna je na ce
peanusyje ersakTaH MaTeMaTWYKH amapar Ha 0a3d KOMIUIETHOI Mojesia JMHaMHKe po0oTa ca
aHTarHUCTHYKH CIPErHYTHM MOTOHMMA W TO y KOHTAKTHHM 3aJialiiMa Koju hie o0yXBaTaT U KpyT
alll U eNIACTUYHM KOHTAKT poGoTa ca cBOjuM OKpyxemeM. IloTpeGHo je pasmorput MoryhHocT
pasBoja cojTeepa yHuBep3amHe IiaThopme koja hie y3 MunmManHe unTepBeHuHje Mohu na ce
KOPHCTH Kao ajat 3a HCTPAKHBALE Y 001acTi aHTPOIIOMUMETHIKUX poGoTa. YrorpebHa BpeHocT
oBor codreepa Gu ce orieana M y MOryliHOCTH 3a pa3BOj M TECTHUPaE yIPaB/bauKHX aAropuTaMa
3a poboTa ca aHTarOHMCTHYKH CIIPETHYTHM IOTOHMMA M TAaCHBHOM MOMyCT/bMBOINY Kao Apyre
3HauajHe LeNuHe UCTpaKuBama. [IpeoxkeHo HerpaxuBame he npownputd MoryhHocT KOHTpoe
AHTarOHHCTHYKHM CIPErHYTUX NMOroHa po6oTa KopuiifielheM Kako KOHBEHIHOHAIHNX METOZA TAKO U
MeTo/ia yrpaBjharba Ha 6a3u yuema. Off HHTEpeca Cy yNpaB/babe KpeTameM aHTPOHOMUMETHYKUX
po6oTa, ajiu ¥ ynpap/bame CHIOM Y KOHTAKTHHM 3ajaluMa. KoHauHo, 3a1aTak HCTpaXXHBamha je Ja
NpefiCTaBM KOMIapaTUBHY aHaiuW3y KOpPUIINEHMX MeToja ympaBjbarba Kpo3 Kojy he 6utu
NpeUIOKEeH (PUHAHY YIPABJ/hAUKH CHCTEM.
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3. Ilonazne xunorese u Hay4He METOAe HCTPAKHUBAKLA

PasBoj mHpyctpujcke, a jom Bume cepsucHE poGOTHKE je Y MHOTOME OrpaHuyeM
KOHBCHUHOHAIHAM KPYTHM IIOrOHHMa POBOTCKOr 3ry106a Koju ce cactoje o Motopa mpahieHor
pelykropom. M3 Tor pasnora BelMKa NMaxika Ce NPUAAje HCTPAKUBARHMA Y CMepy HOBHX
poboTckuX 3r060Ba KOjU YKIbYdyjy MOMYCTIBMBOCT (eHr. compliant Joints). OBakBu po6OTCKH
CHCTeMH Cy TOTOAHM 33 ynotpely y JbYACKOM OKpYyxewy 36or GesGepHuje HHepakumje ca
OKOJIMHOM, alH je 300T HHXOBE MEXaHHYKEe CJIOKEHOCTH, YIPAaB/bale OBAKBMM MAlLIMHAMA
MCTPAXMBAYKK M HAaY4YHO jOLI YyBEK H33a30BaH M HEJOBOJHHO pelueH mpobieM. JeqaH of OCHOBHHX
3ajiaTaka jecte fa ce 0Ge3benu anaT y BUIy er3akTHOI MATEMATHYKOT MOJe/a Koju he omoryhutu




BEPOJIOCTOJHO WCIMTHBAKE JMHAMUKEe po0oTa y KOHTAaKHMM 3ajaliMa, a CaMMM THM M OuTH
fpUMapHa OPEAHHIA Y PA3BOjy U TECTHPabYy yNPaB/badKuX TEXHHKA.

Kopunifiewem hytH-OjnepoBux jenHaunHa Moryhe je ersakTHO ONMcaTH JUHAMHUKY MEXaHHYKOT
cuctema (Kako poGOTa Tako M IbEroBOI OKpYXema) ykibyuyjyhu edekte Koju ce jaBipajy y
CHCTEMHMA TPEJICTABILEHHM CJOKEHHM pasrpaHaTHM KUMHEMAaTW4KHUM JIaHUMMa — HHEpLHjaHe
cute, LeHTpHdyraaHe/nenTpuneraine cuie, Kopuonucos edexar, rpaBUTallMOHE CHIE, UTA. 3a
norpefe MoJenMpama AHTPONOMUMETHYKOT poboTa O MHTEpeca je W MOAeNHpame 3rio00Ba
po0oTa KpO3 TIOMYCTJbUBE CTPYKTYpE Ca aAHTarOHUCTHYKU CIPErHyTHM IIOTOHMMAa HAJUK
AHTATOHMCTUYKU YIapeHHM MHIIMhHMMa KOjU NpeoBiafaBajy Kop cucapa. KoHTakT ca OKOJMHOM
Kao MHTepaKiuja m3Mehy aBa IMHAMHYKA CHCTEMa MOXKEe Ce aHaIM3upaTd Kpo3 3aKOHE cylapa H
KOHTaKTHE JMHAMHKE, Y3 TPECcTaBjhabeé KOHTAKTHUX IOBPLIMHA Kao KPYTHX WM BMCKO3HO-
eNaCTHYHUX CTPYKTYpa.

Texuuuka peuiema 3a peau3alrjy noroHa poGOTCKUX 3r71000Ba ¢& KapaKTEpHILy MHOIO MambuM
OIHOCOM Mace W KOpHCHe cHare (eHr. weight-to-power ratio) cripaM Muinnha 4doBeka. 3aTo ce
YKy BEJIMKY HATIOPH W PECYPCH Jia Ce peaiusyje MOroH koju fie mo osum nepdopmancama OuTH
Omasak Jpynckom Munmhy., Tume 6u ce omoryhmno pa ce obpasuu  (yHKOMOHHCAHa
AHTATOHUCTHYKY yrapeHux muimnuha (aHaqu3oM Heypo mummhHux aktuBHocTH — EMI curHana),
MCKOPHCTE 3a yNpaB/haibe TEXHWYKUM peanzalyjama Kao NMpUpOJaH ajaropuTaM 3a €HEPreTCKH
eUKacHO QyHKIIMOHHCAIHE.

Jla 6u ce nocturia oaropapajyha KOHTpoJia OBaKBHX HEIMHEPAaHHX CUCTEMA Ca BMIIE CTEINEHH
cl1060e, MEXAHUYKOM MOMYCT/bMBOMINY W @HTAarOHMCTHYKM CIPErHYTHUM IOrOHMMA KOjH yHOCE
pElyHAQHCY Y CHCTeM YyIpaBjbama, IOTPeOHO je INPUMEHMTH TEXHHUKE HEJMHEApHOT |
MYJITHBapHjabUIHOTr YIIpaBJbarba KOjUM 0K ce CHCTEM pacmperao A0 HMBOA J0 Kora je To moryhe.
Taxole rotpeGHO je NpUMEHUTH U poOYCHY perynanujy jep KOMIJIEKCHOCT CUCTEMa He JI03B0JbaBa
Ja ce caryefajy cBe mnocrtojehie mojaBe, yak M Jia ceé CBE PENICBAHTHE MOjaBe y CHUCTEMY MOTY
UISHTH(PUKOBATH,

TTopes KOHBEHLMOHAJIHUX TEXHHKA YIIPpaBJbakba, HHTYHTHBHO ce HaMmelie npuMeHa TeXHUKA Ha 6asu
BEIUTAUKEe MHTEJIUIEHIMjE M YUCHa, 3a YIIpaBjbame pelliekhuMa Koja CBOjy MHCIMpaLKjy Hanase y
npupoad. Y TOM cMepy, MOTPeOHO je pasMOTPUTH YNoTpeOy HEypaJHUX MpEexKa 3a MOHAaB/hAHEe
HAy4YeHHX MOKpPeTa U yOueHHX ofbpa3sala Kao W 3a peajiM3aldjy CIMYHMX MOKpeTa. MHTyWTHBHA
peakiyje y HOBOHACTAJMM CHTYyalHjaMa Kojeé ce OHET Ha OCHOBY MNPETXOAHOI HMCKYCTBa MOTY
OUYEKMBATH MOTY GHTH peajii30BaHe KpO3 aHAJIMTHYKY anapat Ha 6asu Qasu JIoruxe.

KonauHo, KaKo Cy CBHM HANOpH 3a peaiu3allijy aHTPOMOMHMETHYKUX poboTa YJIOKEHH paju
HHX0BE YNOTpeDe Y JBYACKOM OKPYIKEHY, O MOceGHOTr je MHTepeca pasMOTPUTH yNoTpeby MeToa
Kao LITO Cy MMIEAHCHO yNPaB/bambe WIH XUOPUIHO yrpaBibambe Mo3uiujoM U cuinom. Kpos ose
MeToje OM ce Ha OCHOBY KOMIIpoMuca u3Mel)y MHTeH3UTeTa KOHTAKTHE CHJIE M OJCTYNama Of
KEJLEHOT KpeTama MOrao [JIOHeTH 3aKkjbyyak O YIpaBjbaukoj AaklWju CBHX IIOrOHa
AHTPONOMHMMETHUKOI po0oTa y IMJBy IMOCTH3ama Hajoosser Moryhier moHawama poGOTCKOr
MeXaHH3Ma Y 3alalliMa HHTepaKLyje.

4, OueknBaHU HAYYHH JONPHHOC

QueKHBaHH JONPHHOCH HCTPAXHBAKA MPENIOKEHHX OBOM TEMOM MOTY OMTM TIpYNHCaHH Y
HEKOJIMKO KJbYYHHUX 1IEIHMHA:

- PaBBOj CHUMYJIALIMOHOI MOJE/1a aHTPOIIOMUMETHHKOT p060Ta ¢ca QaHTarOHUCTUYKHUM IIOroHuMa y

KOHAKTHMM 3a/1aLliMa
- Pa3Boj u npyMeHa KOHBEHIMOHATHUX METO/IA 3 YIIPaBJbakh¢ aHTAaTOHMCTHIKHUX TIOrOHa

- Pa3130j KOTHHTHBHHX H XCYPUCTHYKMX METOJA 3a yIpaBJbalke aHTarOHMCTHIKHX [I0IrOHa
- Pa3BOj METOJA 3a yIIpaBJbakhe aHTPOIIOMUMETHIKOr p060Ta Y KOHTaKTHHUM 3aJaluMa




Ovuexyje ce na MOCTUTHYTH Pe3yNTaTH y OBOM HCTPaXMBay OMOryhe CHMynalujy W aHamH3y
pofoTa ca MeXaHMYKOM MOMYCT/BHBOINAY M aHTArOHMUCTHYKM CIIPETHYTUM IOTOHMMa Y
GeCKOHTAKTHUM M KOHTAaKTHMM 3ajalliMa. Ha OCHOBY pasBHjeHOr MaTemaTHuKor amapata Guhie
npyxxeHa MOryiHOCT na ce y3 MHHMMalHe W3MeHE OMOryhiu aHanuza M CHMYJaLMja CIMYHHX
poGOTCKUX CTPYKTypa ca IacCHBHOM HOMYCT/bUBOMINY IPH CIIOGOIHOM KPETamy U HHTEPAKLHUjH ca
OKOTMHOM. Haydunu nonpuHocH y o61acTu ynpasibamba aHTPOIIOMHMETHYKHM poGOTHMA CE OUEKY]Y
kpo3 yHampehemwe moctojehux ¥ pasBoj HOBHX METOA YNpaBjbarba Y3 NMPHOPUTETE KAo INTO Cy
CHepreTcka e(MKacHOCT M MMHUTalMja obpasalla MOHAllama 4YoBeKa. Pa3BUjeHH MaTeMaTHUKH
amnapar 3a CHMyJaljy KOMIUIEKCHOT pofOTCKor cucteMa, npommpulie Moryhinoctd pasmaTpama
BAJIMJHOCTH YNPaBJ/bAYKKUX airopurama Kpo3 e(eKkTe KakBH Cy WHEpLHja YCiel CNpPErHyTHX
cerMeHara po6oTa y MCTOM KMHEMATCKOM JIaHLly, YTHIIA] eaCTHIHOCTH TPAHCMHCHOHMX eJIeMeHATa
Ha NoHawame poboTa, poGyCHOCT ynpaBJbarka NPH IPeLlikaMa MOAEUParba U yTHIAja CHOJbALIHIX
nopemehaja, uta. TexHuKe MPETXOJHOr HCKYCTBA M ydYeHa 3a YIpaBjbamba aHTPOOMHMETHIKUM
poGotoM he OuTv npuMemeHe Kpo3 Kopuwheme TaKO3BaHMX KOTHMTHBHHX YIPaBJEAYKHX
anropurama — ynotpeOy HeypanHux Mpexa H (asu jormke. PasMarpamem M KOMIIapaTHBHOM
aHaJIM30M Kako pa3sBMjEHUX KOHBEHLMOHAJIHUX TaKO M KOTHUTMBHHX YIpPaB/baukuX METOHa,
OueKyje ce M3Boheme 3aK/bydka O HHTETPaiHOM MPHUCTYIY YNpPaBibaky OBAKBHUX POOOTCKHX
CTPYKTypa Kpo3 UCKopuiifierse NpeaHOCTH CBake Off pa3BUjeHHX TexHuKa. Konauno Guhe paspujen
TNPUCTYN yNpaBJeakby aHTPOIIOMUMETHUKOT pPOOOTa y KOHTaKTHHUM 3ajaliMa. AJTOpPUTMH
ynpaejbara Ouhie TecTHpaHu W BepH()HMKOBAHM KPO3 CUMYNALHOHE CSKCIIEpUMEHTE Ha COQTBEpY
pasBHjEeHOM KPO3 MPETXOJHO M3BEASHM JUHAMHYKM MOJEN po0OTa 3a aHaNM3y KOHTAKTHHX H
0eCKOHTAaKTHUX 3a/1aTaKa.

S. Ilnan uerpakuBamwa H CTPYKTYpa paaa

Ilnan netpaxkusama y OKBUpPY NpeyIoKeHe JOKTOPCKe JAUCePTaLHje Ce MOXKe KIacH(PUKOBATH Kpo3
cnenelie akTHBHOCTH:

- lpernen u ananusa moctojehux anata u Mojesa 3a CHMYNaUMjy XYMaHOMIHMX poGOTa KOjH
paszMaTpajy AUHaMUKY,

- Pasmartpare npucTyna u ajiaTa y MOZISIUpamy HHTEPAKLHje pobOTa ca OKPYKEHEM.

- Pa3spoj MaremaTnuKor amapaTa 3a aHaIu3y KpeTama poGoTa ca NacHBHOM MoOMycT/buBomliy u
aHTarOHUCTHYKH CIIPETHYTHM IOrOHHMA U BeroBa coTBepCKa peanusanyja.

- Pasmatparme GnONOIIKKMX NMPUHIMNA MOTOPHE KOHTPOJE AHTArOHUCTHYKY ynapeHux mumuha
KOJ YOBEKA.

- Ilpernen crawa y obaacTi KOHCTPYKIMje poOOTCKUX 3ri1060Ba ca MPOMEH/BUBOM KpyTownly U
AHTArOHHCTHYKH CIIPErHYTHX MOrOHa.

- llpernex crama y obnacti ynpaBjpama pPOGOTCKMM 3r1060BMMA Ca AHTarOHUCTHUKH
CIIPErHYTHUM TIOTOHUMA.

- Pa3Boj u yHanpeheme KOHBEHLHMOHATHUX HEJMHEAPHUX, MYJITHBAPUjaGHUIHHX M POOYCHHX
yIpaBJbaukKhX TEXHHKA 3a KOHTpONy poboTcKor 3riofa ca aHTarOHMCTHYKHAM I[OMOHUMA H
NIaCHBHOM TOMYCTJbHBOLINY

- Pa3Boj KOTHUTHBHHUX METOJa YNpaB/baiba POGOTCKOr 317008 ¢a AHTArOHUCTHYKUM IOTOHMMA U
NacHBHOM MOMYCT/bUBOMNY Ha OCHOBY o0pasalia IOHAIamha YOBEeKa, UCKYCTBA U yUEma

- Passoj ympasmaukor amroputMa poBOTCKOr 3rio6a ca aHTarOHMCTHYKMM MOTOHHMA U
IIaCMBHOM IIOMYCTJLUBOIINY Y KOHTAKTHUM 3aalluMa

- KomnapatupHa ananusa pa3BHjeHHX YNpPaBJbaYKHX METOJ@ W MpPEJIOr HHTErPANHOT IPUCTYINa
yIpaBbakby aHTPOIIOMUMETHUYKHM poBoTHMA

- Yropehupame NOCTHTHYTUX PE3yJITaTa ca pe3yaTaTiMa NPUKa3aHuM y JJHTEpaTypH.

- Tectupame pesyaraTa Ha pa3BUjeHOj COPTBEPCKO] MIATGOPMU aHTPOIOMUMETHUKOT pobOTa 33
CHMYJIaLjy KOHTaKTHUX ¥ GECKOHTaKTHHUX 3a/laTaKa.




6. 3ak/byuak u mpeior

Y npejurory Tese Cy Ha IPETVIE/IaH U jacaH HAYMH HaBeJCHN HAYYHH M TEXHHYKH IPoGIIeMH Ha Koje
MCTpaXkuBatbe TpeGa Aa oaroeopu. Ilpesorom Tese Cy NpenusHo AeUHHCAHH NPAKTHYHA M
Hay4HH HCTPAKUBAYKK M3a30BH U OMHMCAHA HMXOBA TEIKUHA 33 Pa3BOj HOBUX POGOTCKUX cHUCTEMa
ca HarmackoM Ha GesGejHy WHTepakuujy poGoTa y CBOM OKpyxemwy. Taxolje, y mnpemiory
HCTPAXKMBamba KOHLM3HO Cy HABEACHH JONMPUHOCH KOjU CE OUEKYjy O pe3ylTara OBe jucepTaLje
y obnacti HOBHX DOGOTCKMX MEXaHM3aMa KOjM Ce 3aCHHBAjy Ha OMONOMIKMM NPUHLUIUMA,
FbUXOBOT MOJIG/IMpaba U aHallu3e U ynpaB/bara Ha 6231 KOHBEHIMOHATHUX yIpPaBbaukuX METO/a
1 Ha OCHOBY METOJIa MALUMHCKOLr y4eiba H BeLITAYKE MHTeNUreHunje. HaBe/leHn HayHH pe3ynTaTu
xanaunara Kocre JoBanoBuha, meroB pocajjallHju yclex Ha CTymujama Ha EJeKTpOTeXHHYKOM
daxysrery y bBeorpajy HeIBOCMECIIEHO YKa3yjy Aa je KaHIuaAT UCITYHHO CBE IIOTpeGHe CYIITHHCKE
u Gopmaine ycioBe 3a paj Ha NPHjaBJbEHO] JOKTOPCKO] TE3H.

Haranamasamo fia je mpemnmoxeHa Tema HpeUIOXKEHHX MpOjeKTOM ,CTpauBambe M pas3Boj
aMOHjeHTaNHO ~ WMHTEJTMTHEHTHHX CEpPBUCHHX pOGOTA  aHTPONOMOP(hHHX KapaKTepuCTUKa*
(TP35003), dunancupanuM o cTpaHe MHHMCTAPCTBA MPOCBETE, HAYKE M TEXHOJNOMIKOT pa3Boja
Peny6nuke CpGuje.

Ha ocHOBy cBera HapeleHOr Haml 3aK/byyaK je Ja MAacTep HMHIKEHEP CNEKTPOTEXHHKE |
pauynapcrsa Kocra M. JosamoBuh mnoTnyHo WcnymaBa CBe YCNOBe 3a M3pafy HOKTOPCKE
JMcepTalje W MOTBPhYjeMO HayyHy 3aCHOBaHOCT NpeyioxeHe Teme ,Mogeaupame u
yIpaB/bame¢ aHTPONOMHMETHYKOr POGOTA €A AHTATOHHCTHYKAM NOrOHHMA Y KOHTAKTHUM H
OecxonrakTHuM 3agaunma‘ (enr. “Modeling and control of the anthropomimetic robot with
antagonistic joints in contact and non-contact tasks”). Cxoano Tome, npemiaxemo HacrasHo-
HayqHoM Behy Enexrpotexuuuxor dakynrera, Vuueepsutera y Beorpamy na Koetn omo6pu
H3paay NOKTOPCKE JHcepTaltje MOJ rope HaBeJeHUM HACTIOBOM.

Tema noxropeke Tese je y OKBUpY 0671aCTH HCTpaXKHBaa y AOMEHY poGOTHKE Y3 IPHMEHe TeopHja
ynpasJbama Ha Enexrporexundxom daxynrery, Vausepsurera y Beorpany, u y cknagy ca THM
npeanaxemo 3a MeHropa Jp Besbka Ilotkomaxa, penosHor npodecopa EnexrpoTexHmukor
(axynrera, YauBepsutera y beorpany.
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Ap Mupjana ITonosuh, pegoBHu npopecop
YuusepsureT y beorpany — Enextpotexuuuku daxysrer
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np Anexcanzap Ponuli, HayuHu caBeTHHK
YuusepaureT y beorpany — MHctutyT Muxajno ITynun

#

: £SO il
np Kesbio Byposuhi; penosHu npodecop
Yuusepsutet y Beorpany — Enextporexnuuku daxynret
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