http://mme.modares.ac.ir

Jaddg } al=xo
Jols i3y allio Ay Sele Al

o ct e S5l | godiee

AP/ /¥ el »d &bl

oy

PIY-Ye 0oue WY oleads 1Y 0,93 AYAY Sl osleliBed

€

5¢c§u9¢s,ﬂm¢qg&w,ogw?@ugo5juJ.w
wOlgl Cg O B gl sl 2 Lol

#Y . . U] “s .
I S )8 ¢ (DS B o

OIns owsb cnall e axles s olBails (Sl i 0uSiiils (5555 (seidls -
Sy LS ol o 28 oaslidls (SLlSe pwdiges 09,5 JLeisls Y
fhajafi@guilan.acir VAT oy Ggaro oud, #

ool sloJune jo il (5y5,0 Gyl ciSuly GolKiws b hleay Jolss sl b cmilogel polgs 5 (Sl )L, yns —00uSs
Oygo 6yl sla b, b b el plalid 5 o Ll ol (il olss 2 by Jeoliae sblgs Ol eeming sboiogh ;o solein
2 e o 2 dolﬂ az 0 ¥ Joe wlin ool jo cplpls anens calin plais il slo oo (ol LmOi el &S el asf
Sl g dgbise (Byme S g Bl o) slasl cwynl Hlee g Jolae o slagly Glaolye 5 b (18,50 L L (25, prilSe
Glp WS o0 )l gy 0550 aAlSlaz Slulids 5 (siludas s g oo al) T I (as Joe oty b3 by, L oyl )y lulids

Jleel ey b 033, 0l plaa 4 Ly o] po o5 ilizee plosezr Jlaz ln b slagidn oyl polie wslite ooy 0395 slacl b diges an
Siladae Lot 035 (pradd (o ynl Oloe g ol (plulid (ol loe polie amlie jl s Como w3 S oo (plulid S oo 5
WLl g b conlo flalaade b 4l oz sbaplessz ;o Olibo b (o25upls oliws Jolas 0976 cluled ;9 0,05 o0 )18 (D)) 9,90 (swaie
23l g alalid p oud as Jae ceslis (T8 5 Vb 2o ) (Sl Jols gl gise (o) o3 3

et sl plulid Gy comiliel (lysilaglas b (53l az o ¥ (Sealiys Juo 1B flguads

Dynamic modeling of the human lower limb interacting
with a pneumatic actuator and its parameters
identification for rehabilitation

M. Fathi', F. Najafi®*
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2- Assoc. Prof., Mech. Eng., Guilan Univ., Rasht, Iran
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Abstract- Specifying of the dynamic behavior and impedance characteristics determination of the patients’ lower limb
is a necessity for interactions with rehabilitation set-up. In simple proposed models of previous researches, the effects of
joint angles on the impedance properties of the leg were not considered and the parameters were identified by
nonparametric methods. Hence, the results of identification were not so much appropriate to analyze the rehabilitation
process. So, in this paper, a 3 DOF nonlinear dynamic model is developed regarding to the angular stiffness and
damping of the lower limb joints and moment of inertia of its moving organs. Then, a linear model is presented to
identify the parameters by PEM method. The linearization and identification precisions are evaluated individually. The
leg’s parameters are identified for 3 subjects with different mass numbers at four distinctive configurations which are
considered during the walking. The identification accuracy is evaluated by comparison between the identified and
geometrically estimated mass moment of inertia. Ultimately, the interaction performance of the patients’ leg with
rehabilitation pneumatic actuator is investigated considering to leg rigidity and the amount of overweight. The results
demonstrate good accuracy and high performance of the linear model for parameters identification.

Keyword: 3 DOF Leg Dynamic Model, Linearization, Impedance Characteristics, PEM Identification Method.
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