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ABSTRACT

Recently, an increasing attention has been paid to fractional calculus (FC) and its application in control and
modeling of fractional order (bio)mechanical system. Fractional derivatives and integrals may have a wide
application in describing complex properties of materials including long-term memory, non-locality of power-
law type and fractality [1]. In this presentation we applied the concept of fractional order for biomehanical
modeling of human arm dynamics as well as soft tissues, specially human skin as well as human blood. Besides,
it is also presented the connection between fractional order differintegral operators and behavior of the mem-
systems which can be used for modeling dynamics of (bio)mechanical systems. Further, we present robust
feedback-(feedforward) loop fractional-order iterative learning control [2] for regular and singular fractional

order system. Particularly, a feedback-(feedforward) PD% / PI Bpe type iterative learning control (ILC) of
fractional order system- (regular and degenerate type) which includes time delay are considered [3]. Sufficient
conditions for the convergence of a proposed PD alpha type of learning control algorithm for a class of
fractional state space time delay system are given in time domain. Finally, a simulation results show the
feasibility and effectiveness of the suggested approach.

Keywords: Fractional Derivative; Biomechanical system, Iterative Learning Control, Singular System.

Acknowledgments: This research was supported by the research grants of the Serbian Ministry of Education,
Science and Technological Development under the numbers TR35006, 11141006.

REFERENCES

[1] Lazarevi¢, M., Editor of, (2014) “Advanced Topics on Applications of Fractional Calculus on Control
Problems, System Stability and Modeling”, Sci. Int. Mon., WSEAS, 1D9028, ISBN:978-960-474-348-3
pp-202.

[2] Lazarevi¢, P. M., Tzekis, P. (2014), “Robust second-order PD type iterative learning control for a class of
uncertain fractional order singular systems”. Journal of Vibration and Control, Journal of Vibration and
Control, December 9, doi: 1077546314562241.

[3] Cvetkovié, B., Lazarevi¢, P.M., PBurovi¢, N., Mandi¢, D.P., (2016), “Open-closed-loop fractional-order
iterative learning control for singular fractional order system,” ICFDA, Novi Sad, Serbia, July 18 — 20, pp.
404-414,



)
70 years of the Mathematical Institute of SASA, Belgrade, Serbia
FONMHA Mini-symposium “Biomechanics and Modelling of Biological Systems”

Pt Project ON 174001 in Mathematical Institute of SANU, Belgrade, Serbia, December 7, 2016

NNPUMEHA ®PAKIIMOHOI' PAYUYHA Y MOJAEJIMPAILY U YIIPAB/bABY
(BUMO)MEXAHUYKHUX CUCTEMA

MuxamnJo II. JIazapesuh

Mammnckn @akynret, YHuBep3uteT y beorpany,
Kpasmsune Mapuje 16, 11 120 Beorpan
e-mail: mlazarevic@mas.bg.ac.rs,
web page: http://www.mlazarevic-fracmeh.com/

AIICTPAKT

Henaeno, Beha naxsa je mocselieHa ¢pakipionom pauyny (PP) u meHOj nprMeHH y yripaBibamby U MOJICITHPAbY
(6no) Mexanudkor cucremMa (pakuuoHor peaa. PpakMOHU U3BOAN U MHTETPAIM MOTEHLH]ATHO UMAjy IIHPOKY
HIPUMEHY y OIMCHUBAKY CIOXKCHUX OCOOMHA MaTepujaia, yKJbydyjyhu nyropodno nmamheme, He-HEIOKATHOCTH
THIA CTENEHOT 3aKOHA M (pakTaaHocTy [1]. Y 0BOj mpe3eHTanuju cMO MPUMEHIIIN KOHIIENT (hpaKIMOHOT pena y
L1JbY OHOMEXaHHYKOT MOJIENMpPatba AMHAMUKE JbYJICKE PYKe, Ka0 M MEKUX TKUBA, IOCEOHO JbY/ICKE KOXKeE, Kao U
Jpyncke KpBH. IloceOHO, OBIE je mpencTaBibeHa Be3a u3Mely IH(EpeHIHjaTHO-MHTEIPAIHUX OIepaTopa
(pakIMOHOr pela M TOHAlIakba MEMPHCTOPCKHX CHCTEMa IJie Ce MCTH MOTY IPHMEHHTH 32 MOJCIOBaHbe
JnHaMuKe (OMo)MexaHHUKHX cucTema. [lajbe, NMpeACTaBbEeHO je POOYCTHO HTEPATHUBHO YIPABIbAME ITyTEM
yuewa (WUJILI), y oTBOpeHOj-3aTBOPEHO] METJBU 3a PeryjiapHe M CHHIYyJIapHe cucTeMe (pakuuoHor pena [2].

Moce6no, Tom WL PD% / PI? D KOjU CaapXH JUPEKTHY M MOBPATHY IpaHy 3a cUCTeM (PakKIHOHOT pena
(perynapaH W CHHTYJapaH THII) KOjH YKJbydyje Kallmeme ce oBiae pasmarpa [3]. [oBosbHH ycnoBu 3a
KOHBEpreHuujy npeaioxenor ¢pakuuonor pexa MIIL 3a knacy ¢pakiuoHOr pepa cucreMa ca KalllbemeM
JIaToOr y IPOCTOPY IICEYNO-CTamha Cy JaTH Y BPeMEHCKOM JIoMeHy. KoHauHO, pe3ydTaTH CUMyIaluje HOoKasyjy
W3BOJBMBOCT ¥ €(PUKACHOCT MPEIOKEHOT IIPUCTYTIA.

Kibyune peun: Opaknuionn u3Boja, buomexanumuku cucteMm, HWTepaTHBHO ympaBbame IyTeM Ydema,
CHHrynapHu cUcTeM

3axBaiaHuna: OBO MCTpPaXUBAHE j€ MOAPKAHO OJ CTpaHe Npojekta MHHHCTapcTBa 00pa3oBarmba, Hayke U
TEXHOJIOLIKOT pa3Boja Pemydnuke Cpbuje, 6p. TR35006, 11141006.
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