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Abstract- Exoskeleton robot has attracted attention of many researchers because it realizes an old aspiration to attain a
machine which is worn by man and maximizes his might via its powerful actuators. Thorough coordination between
robot movements and that of user constitutes the greatest complexity of exoskeleton technology. Investigations showed
that impedance control (I1C) is suitable for this application but the present forms of IC are mostly dedicated to industrial
robots which have significant differences with exoskeleton. In this article a versatile form of IC for the mentioned
application is developed. Besides, according to perpetual uncertainties in load and measured force signals, for the first
time an adaptive method for IC of exoskeleton robot is implemented. Simulating operation of robot in tracking user's
walking motion while carrying a load of 50 (Kg) and with uncertainties in load and measured forces, proves efficiency
of the proposed control method. Tracking error during simulation is almost zero and torques needed at interfaces, are
immaterial.

Keywords: Exoskeleton Robot, Impedance Control, Adaptive Control, Uncertainty.


https://dorl.net/dor/20.1001.1.10275940.1392.13.7.6.0
https://mme.modares.ac.ir/article-15-5668-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1392.13.7.6.0 ]

ohKon g gllae gugo Joxo

) Sl Ol (Al uilagel J 558

o gyl )35 3o (sl Kl T2 ol ol (sl R
Sl oy 5, 511 5 2 o S| (52
ol 99k 69l 3 dieils by JuKw ol 5l eolaul aisS o
e oyl IS a ot b i Gk sl g L
slosliil 958 Sy Cavgy (59, b S (uilinr @ 5ls
aS (A=) JS8) GugiST b,y e o 2alS Jln | by
@YU arailys (enlyof Lo ol pallas &5 58 S Jparme
9 oo J=olss 9 S oplwil g ilagel J5S 51 g 0l
ol 5 ool i L1 o T (s e 5
a8 S0 0)ls any azrgi Lyl oa i piiie 5 )0
e 00 4l )5 Sl ol o el
aas o (L pdylSel (J3S sla by, (o p eizeen
Sl PLE sb 4 aS Cunl Guilagel J50S oh) Gne
Sl ool ooyl laa b by Joles
Loy VAAD Jloo 55 )b it Guilael 5557 o 595!
Ol oS,y Al ool 2,8 gt D jge A (o] 0 o8 e
Tl e S sl o slacly, S-S i, 5 S
U 45 g) Lo b Jabas Seoalins 51 5 45 el aeiie

el Col 5118 (2l 4 o G950 b CunBse

(&h

[F] e~ 5 g1 -l slacnl, ) Yo

2.EMG
3.End Effector

Y oolais 1Wo 93 ATAY so 59 g0 S8 (ot

doudo -
S5855 o lyea 53l ladle s (2 ls ISl oy
0 a1 plaesils | (g5lems az g asl (55 5 ong
3929 s (pl Glp o, 5 51wy asls Ll 00405
Sl S o SIS 0 o) slee slacubB Lo a4 as o)ls
izl Ligladl g5 aile &b, cnl ales] 58 Lial3l 5
% Jo> (b Sge 4 a5 Dolis (nl b oojls i
Sopler o 1) gy S, casl 0B g 05 e 8 )8
S8y sl Slee 4 Ol ol ees il Jos el
Sl iz 1y et ol wlgi e

S sy ol 3 5 snlS i ey ol
Yo (Sinlon o )15 sl aall5 5 380 S e
S ae) ol 4o Serge Dlided Sl by 5 ) G
W35 Gy 50 1y Alisie (JHS laghy, liime ol
4 ogne laoten 9L o) (onlae 5 Llse plaS 2 a8
S FS Vb Jlo jo wlowd e 3890 by clo
(o =) JS8) Sy by (S olRisls jo il Sen g
S gy Ban izl el Al soino b 45
3)ly Go e Grsk 31 S slp )5 Caslym Sy Ll
R Sl lead Bro 958 Sl lp g Cl L)
D el oas ool aal38 i Conlis

Coje 357y b Oy An 5y bR 5l g 28k
pae e by b g wled Joee ad 3game pus
Sy aiS e ool ) ol 3 o) SIS o amis
Ol & gl jo ol wed Jlel g5 5l izl gy
oo Lol e Hhs a ] ezl Codel 4 WS o IS >
G ey oo L Joe e )3 Smlis Il g
Sk Sond y0 0y 4 Lo a5 ll el
OlRdeghy (nl gdoe Ol o Slas (59, —Canl e b1
JAS L S de Gbs, 5l oS5 Y] 352 bl 8, 4l
ilools slgiin 1) Cusdge

2 S oSty o35 L playes Loyi o8 oo oy
S 5 GBlw 58 Lagi (1l sbgS g oSl
U9y el o S saimo jidigy 9 0,0 ol Jla ok aisle

5 oslii sl gslaal S 51 oS 5 Y] 2y el S

1. Exoskeleton Robot

Y


https://dorl.net/dor/20.1001.1.10275940.1392.13.7.6.0
https://mme.modares.ac.ir/article-15-5668-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1392.13.7.6.0 ]

O')ls“""’ 9 ‘sy.Uac (S0 o0

) Sl Ol (el uiloagel J 505

by dgers o2 3500 Jore g (ol Gl o2 At
syl (Jy col pslasl o ogr it 4 azgi b (L)
Sl A s S e a5 b, Ko Gl sl 53
S0 b jl el g pSeiail 5 olulis LB YL cds L
OO pelae 4 5l 55 el J3S slapdy o0l als oo
sl 5o polael slayially (S p (Jg il Yol Lo
D9850 3ie (S Baw 4S50k 4 05l o0 03] (e
D9 |5 1 (o28ls Jlade 4 b el )l (e iz 0

(575 CdSul ol ygel SYlE o (55T caS Bl
[a] Wi ool onts gjlwosly ks  wilasel S
g Sl 03 )5 @y ks Gl |y (oras 4D og late
Sy JESI wled oo 355 03alm O (hol Do b 5o
ool Joe @ azg o g8 Wi Baieny ol
wilsls 13 Gaa el S Jls, ek o5 osllas
Cosdge b by Cumdge DS L | ouled g5y
IR om sl Paske 8 e 0 wpe O] sl
Ayglse caws ay alayly il 5501 Cgllas Cosdge g Wlosls
5 Sy Conbge e atie GBS S oyl 4 & J o
9o Jloel Glgioa 1) 905 5l (Sglite polie cogllae Zuxdse
ol Sho b plp Cusdee DS &5 uld 0 S
L Slid o sl e BT ) sesle o)ly 908 Glyso
&S oot bl alaly Lo ees 4 g L e g
2 9 ol 6l (e Glojen |; DLl g Cae s (uaBya
sl gz (Jgol 05 oo b3

A S Wl ol b eles o dasme a5 lyl o LS
wldls 8 093 jlxe S8 ot ala> 0 8 (nl 9wl
dlie (B WBb Jos iz 4 S0P hae b g wil
Shomled Sy dmaloe &Bly 50 g ales o )55
lp bz b Jols (So5d Ll 5 ol db, S
Sy 5 Sl Bl 45 oo sl i, ok glacly,
calis IS b 4 [ o] Wi olus 4 agie e @b,
by bogw bl e &5 olapSly 5 S Cosle
CS o el el Camnl Pl wm e £y oyl Sl
Joe 53 oY oy > (nl 0 9 WS o0 b 1) 995 wglhan
ol ez e el ooy el e oo el 1y by b eles
ogdle 4 3,15 (658 Croxlie ulunl jated Bl jeS gy
Sy il G5 slawlns 5l LU Wil ge 5y

VWY

oLt uiliel 7508 ala 50 09250 Vo @y (21K
L @il clal sla Shy b ooyl (59, (Sop 9o o0
S o 5 ales, S LS YLy o sais o)Ll aldyl JSs
s Sl ol @l el J 28 5ol
Dyl daio Gk, paw e JSE L soge sloglas
305 Sgmg aseds Sl e Sy )l Sl S, o -

Slgi e Jome iz )3 G)S) Lae b Sl uled

Ry S
5 ol bl b ellas &8 > taio glacl, BM5 -

CS o adasd jo LS CS e g Sl et iy

a3 oo JoSis 1) ol ogllas

o=l yo i (oS jls 4S5 558 0 lg0 4 axgi
Ol 5o x50 A sl Gelagel S8 w6 Gy
YU Cl S5 bl g s sl Gl o 5 ISl
Lo waslo o,lal &by ol sl puilagal 7S 0 )5 4 a8
by (w9551 5 Jlo wsile) wloslas g8 1) 095 505 w555
ollan 25 o (lizos] Jan) bl Jon (s b L
ol IVl 0iS o cumBge S 1, Sl 00,9] s 4 1,
poe oS wlei g slml o3l (oS o 5 by o 50
odle 4 ol Conl Flo Jlows Sl oz 5o o] 992
9 7 g P2 e S S0 4 Sby g o JolsS fos
ol il J 25 s oS gl sl el b 51
b a2lysS Gixe (9>

Sl oedlocel J S Al i yo il e ¢ JollS
P Ll sy 0 )5 L as ples (2)ls cdSul ol
)BS am ogdlae QLih g S (399 Jho 9 &S > 05
it S el Lo ldnnss S¥lis ol solad o ailes
S o o culonds 12l gily Joo leges (0I5l a0 SO
Sl ol Sy JoolS jldnds ol 5, i allie
el O] @S ol (o 9 45 by (201

A 0 sl gl puilagel J8 oS3l 4y azg L
ol i Sl Joe iy Cows jo 4 alulg als
Slp &ly yo 09 dalym 5L 090l iadal slap oSl
B8 yeb 4 sl jlle L o) cdsl ol S
o sliaes bli)l § Swlus Yolee (Lol olg o
ol 5l B goae ke Jy 0yl cuss 4 | (Sl
b A5l pslae 335 b & Cool (Sas laiues

Y oolais W 093 AYAY s 59 900 S (owdin


https://dorl.net/dor/20.1001.1.10275940.1392.13.7.6.0
https://mme.modares.ac.ir/article-15-5668-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1392.13.7.6.0 ]

ohKon g gllae gugo Joxo

) Sl Ol (Al uilagel J 558

ool 55w le 9,8 13 L ae Wb LS le bl plKin
o ailolil a8 > gl sl LS 9,90 sl Gl o ples
ol s 4 goli] Gl o e Ol 5 Ol Ly
om0yl 5l Slae Jlasl 4y Slos 05005 b g (553 5
45 29> Slidxd 5l )l e S L gl LSl jslase
prilSe ol SlFl o 4285 & j90 diej cnl 0 556
s &bz oo oy 3l e Sk Sl 0 a8, B
g 5 815 0N Jolie yog sl oad (b os wlislej]
9420 a9 O ,0) o aile (Ghge ol Sl po 4
> 2 (] e o ol o (ol3T 4250 S5 5
5 asdlcculons ools sy Lo Slas 5 \Lisle Sl
48 o a8 S A Laojgn oo addllas b pol> g3y
o Joslo i 5o o3l az 0 aw b 5o 50 ol coslie
ok bsleo )5 o b e sl adl g 098 eeme Kles
o DN sges oolinn] Slee sloay Jd ue Slgol s oo
90 b3 See ¥ iy 90 (K5 95 sl gl o0l 5o w55
50 5gbaS wdge ;8o e o sln 9 STy 435k
Y S8 055 )13 Jake (53 Loiiies s oo a5 08 b 5

a3 o LA 1 blgj (s 0928 9 b Sl

GBS A e
S5 e 5 )b

by sl Soled ¥ ISl

Y oolais 1Wo 93 ATAY so 59 g0 S8 (ot

mlre b Sl g 85 e Selns o5l g (B
Sl )5 Gle 1y wanliss wheal wled Cond ogllas
3laesge Gl )5 4« Saliys ol (o9 ol 5 wlei e
oy ols b Sk 5 > it slacdls gl 45 gpe
w ole g eslis (ol S Jols calis el o3¥ -pl,TL
2 aFd el g Gl Gele 053 Sl S o
g sl ol b el

Gl all gly a5 el T[] e s gl
Sl a5 09l Lo)l wb byt wad 485 A 50 b,
bbbl (e 5 slhae 5l Cons sl Gog dgue
Slom pol dlis )3 (olbre sl & ) was oo AT
S350 Dby sl L puilagsl 508 0 )s8l So (B e
3 Coxlad pae plolids p conl Joitie a5 o] ks b,
by o= e e oy 9 e (Surd slayulil
Sk gy cnl watioe ) —ogh e onilyS g S
15 Conba pie 0 o Lol aSiliz ayled o cyma | onile
odd (5ySojluil g9y yo o> (o5 5 Jb (Kb Loly>
WelS ol 5 ooy bl sladme 53 gy (sl K gy
Saglie SIS jsb ar Gulagel J7uS wiz pa el Jotone
g byl jo Cunlad pae y clalazil 4 Cod (9% )l
e el 28 o Wi ST Glagiz o)l 1) by
Bedee dlil pgs i3u 50 ol (Seelns Jow g ol JSle
5 omlogel Sy iy o8d] Jols (J ST by, po A5 3
shoslital b oyl (A ;0 09d oo 00lo £ pd (el (g,
S S pSor Oope Silwand (JpuS Yol
Lol helos lae i3l ey 25 )0 Giegh o

Solad g3lwdae g ©b, Hbsle Y
&bl Sl 4y aly (ool 090 b Dby 03 5 Slas
5® Ay ol 0,8 jamie (Shy el ol (6l cenlis
el 00 zgn o Shes 0575 § sl 5 b Soo5 alas
Sy PlyE g olal Sl o slasl b ol ol ales
03y p3¥ o2 SThe oo 5 (ol Slaples iy aiils
olinas Jome g Lo Shoe Ol vgo g9:090 o [F] 055
9 oo gmae ;539,38 DL > anls b ol sl &5
45 (67503 3)lge 0,8 )18 IS e s 9590 (59508 Oliee

WY


https://dorl.net/dor/20.1001.1.10275940.1392.13.7.6.0
https://mme.modares.ac.ir/article-15-5668-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1392.13.7.6.0 ]

O')ls“""’ 9 ‘sy.l!ac (S0 o0

) Sl Ol (el uiloagel J 505

J g b 0,50 S sasmaylis T Gwail (V) 5 (V) alal, 4o
15 (V) aolas oz o ] 1 g5, 428,515 Juaie
o 9 S (59 99790 Jolie | o Jlocl slag i wil
el 3l S g pyz 35 e lid oy el o] e,
4 oud Jlael o a8 (ol cud i a4 50 (V) dolre
Jue 05705 digad job dpienl o laygl Co po Ste 9 ST
Sl eizmen (V JS2) 098 oe 31 L 0l Sod 05
5 oy 1y ol S has Glssi e aliin 15 b a Koo ]
Ly, o (Soilorw Slewls ot |) (Seals SYolae
e 53 LI N0 352y w4z bl oo Cows s 32l Ol
opl 093 digh 4 sl o Cewd s (g alolas FO Lk-o..'> b,
9 3905 J> (A Glag, Bd> sl pliee |y SYolee
Ay a0 by cpl golilaz 0 Vo gl 4 dolee V
Mm3Qgy = Fiy + Fox + F3x + Fyy
msaz, = Fiy + Fpy, + F3, + Fy, —m3g )
Ja - 0 = Fiplgc cos(8s) + Fiy lgc sin(63)

+Fzx (lkc €0s(83) — lgp1 cos(03 — ay))

+F,y (I sin(83) — lgpy sin(8; — a,))

—Fylyc cos(63) — F4-ylHC sin(63)

— F3x(Ixp2 cos(03 + az) — lgc cos(63))

—F3y(lgp2 sin(03 + az) — lg¢ sin(63)) ®
i alold oasS Lo | g Sl o2 5550 abaii C gl y0 a5
Moo .l 0 00l Giolad o Gl jo a5 Cel gladads g0

el C 4 K alais g0 alols lyc

oy S olT el SLo ¥ sl

RN

bl 5N 5 b s Nolas b Sadlns (s Joo
Fesls goby slataje (Had) sl Shey ol plad gl
Sl &8 2 y2 Sl gy oge 4 Salns Jolov il
Ol pogaze SVolae (09 polae 4 a5 b ol o Dl yss
2 Jol BP9y 50 egdle 4l SEely ol (g, 5o ol gae
el pdigy el soled Glize g o)l oS o> alolee
ol Sl oS OYolee zlpeinl o s 595 Syee jo ol b
20 el ez SMelS 5] ¥oleo (YL oz b oz s,
AL )5 Sy 08 lulid | s ae (5o (S,
P Sl 5 St GBS oled ailre K00
o5 el e Jns >l dolie sl oS i gl s,
2¥E> e 9y 5SS esly a3 IS
Sl 8 Sl (e gy SYolae jo (J S nd lag
S oblaoges Jo ag s cul Bi> gl 1) S¥olae ol o
&S (O 9 k) S g0 b Sgpane Slee o ol
S e S S ke S b S ot o
VWO b it alie o, (lisel (gla S5y ansl oad Jom
ROW VL I PRESIRPSCSINC SV A PIRCISCONT W
Beder Joe ook 00 (FHn 4 )b lagleans 5o
il 25 D)9 4 (Hged DYolas g)lop g IS )0

Nij
ZFij:mix(dl_g) M
=1
Nij
dw;
Z(Mij+7‘ij><Fij =JixX— ™)
=1
Ll sl S 5 ol sl ) Jgur
Oy ke (U3 Ay gl O gaac s
s ¥ \ Y Y Y sl
- 10 ) AN | § KD ¢,

YF. Yf.  o-- YPe  FF. Yoo mm) Jsbs
Loy by [-Ye[ Y . : Py S o Joro i

' ) Ya- || =Y. [[-VA- ||
Fac Gl . . . . (mm)
Z Jy> ol Ol

YERS SERYPRY R/ RV IRS VAL & SYA
kgm?)

95 0l 4 g) i A Cote S b Jlujle axio 0 Y 5 X (slajgome
Gl Z jeme Sz 10 Ly e gzl Db, (oYL

Y oolads VY 095 AYAY jue o g9 yon SESIKn (wiiaen


https://dorl.net/dor/20.1001.1.10275940.1392.13.7.6.0
https://mme.modares.ac.ir/article-15-5668-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1392.13.7.6.0 ]

ohKon g gllae gugo Joxo

) Sl Ol (Al uilagel J 558

Oy A dsgazme (il slal 5 Cenl 931wz 5l slasgenme
O) alal, &0 4 oglhe ulal alal) (ol ol s
g oo Jlosl
M,-€+C-e+Ke=—Ff | e=x—X, )
A Xy g X odg wled Jomo (59, odids lis (0) alal, o f
3 P e sl Silome SunBye g ST Jore Comdge oo 5
Sl 0 Gasl b il cal s el o1 6 5 olatse
$F 5 23 (e (ol o Ple Sl ogllas polis
el (6,58

Voors ol ondy b3 i o b e S X
b ool oley 5o 5 Lasuine dame S o bl aieS oyl
ol S e (b 1) psbae Losi (5 il (xla
Xy S salys (o Db a5 (6 e 4 S ple Ll
90 9y b b led plaj 5o B sled oo Sl (slaigS
S

e boabals plgieay bl cnl s o5 0
o ol 5 o5 alolh a5 05d oo Gueni by Jol
Sbml Sl 5 58 9 py2 el Sloogas Loasils S50
b oogllas &8 o 398 350 40 45 Conl Latuive .auled oo
5 oslitul alfin a8 Il ol polae iy 5l Jolss blis
OSee wglhe ES o dlid e e () Al oL
sl JSE e 4

3,50 DY Wi jo alBuis bl Lulawsl ;S £9o90
logil (Sigil 5l o Gi lp 5 Cusl S 5 azg
cole Glp o o5 DV CLS ol sad oolazul
(Gilme Cusdae sl 4wl Ol Sy Sl
il b Syge pl j0 lawl sols 18 1 Cellae Cxlge
)0 () abaly b witeces Siolis alayl,
Ma)-4+0(d.4)-d +G@)=r+J(a)-f *)

Loitns Soliys SYolas 651,5Y og, b ol a8
prd G (sln (s DYolas S 5 il on s 4 (F) 3 &
03— JLaml g yugSTy s Lo J oo o a4 |, YU
ool Ol S o 6,5 laize 4 Jolas doxe Slaie
(V) adobes 3ol (J S 58 s 5 (9) abal, 51 G > b
4 ogllae il b Sl a4 foos i Seslins

1. Task Space

Y oolais 1Wo 93 ATAY so 59 g0 S8 (ot

Sl 5 eaalicwoas Jos miwior o j5laie 4
Pl 538, o S b Sl (sloools wcs3linn
CS oBiulojl jo ST alols b iolej] G (o g 0
loools way i Sio oadls SolSlo  pwaigen caSiils
J8le s 0 ol Jae a6 S ojlail (33 ol ) Seiloc
Sl oySae Saliys [ 5 00ly o Sellamp 5,05
e plaml S1 S5 50 50 (58 o) JSow sllae Soiloren
Sl plas 1) GYolaes oo 38l g Joe gl YU il
el 03l VY] g yo 50 Uzl e opl JolS 50

JrS o, Y
rilgol J S i o501 -\-Y
1, ool S (0] 58 o8ea Lgs a5 VAAD Jlo sga> 5
eothe Soelis sbnl Baa b g glaol, 5 sl
Jlw sgas Lol 7,8 ba e L by 1 e Jolas jo
Slp gy b e O] 57 568 oSS Slegge Yoo
il cpl )l LB olagel J5 5050 5 (snrks
Glol Blas 554 olas! [6] dlis Jol jisw ool
Lo b by Joli Soolins JH8 Copmnl o055 5 (S
Lalyd S o 2l 4 50 b Sy J 58 4SSl 5 0l
e comslin ¢ glolss

slan ool Lol (SisS 358 Allis ps i 53
il gy 5l oolaiwl jigy g0 au o il a5 cul onds )l
9= Sl )l b Ko (K938l 5l oolial 5 (Jyore (53))
e By 0929 45 Cawl oald 00 Jle Ll oy g0
SR dhee el OMae Jsb 5 95 e bl 5 453
Sl ooy Sro a5l e 055 4 955 (o slael Ll
poe ay K05 4 5t S35 she & wigty o)
L5 58 ISt (510355 a4 55 0L 43 kiS5 sl
Bl calio cll> @ uslal

Cotlae uilael culye Sl sl 5 SLl i o
5 wotle p3ss JLis sl G Gl 2 (e 5,5,
Eg—e ;0 Jlo sl el oad S5 uled Jome (59
dizaS (sl Bae Bl wlgi e 5500 SS90 Ll g
sl sl

Slesl o 3l e oy gl a5 o ol olEags b

V5


https://dorl.net/dor/20.1001.1.10275940.1392.13.7.6.0
https://mme.modares.ac.ir/article-15-5668-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1392.13.7.6.0 ]

O')ls“""’ 9 ‘sy.Uac (S0 o0

) Sl Ol (el uiloagel J 505

r=-3"1 +G+C-G+ M-(d,-M,*(C,- 5 +K,-5-1))

(QED)
M,€+C,-€ +K,e=0 , e=0—q, \Y)
ovbazel Jole 093 K00 (qwlad (5955 G se,d cnl b
JYJUE-JUIP EURITY -3 K FEPRR NIV PE L W KPS WO CRCRR
U’“"‘M‘ w‘y g.sL?r.u‘ l.> g.:}lla.a &.AS)} )‘ Coxd CBS 0l
3 oslawl b VY] a1 0 ol ol jhows Wil oo comlin
CASl S sl ol Caws 4 S Ll g Seoliys Joe
e 8 ely 8 o llie (pl jo a5 0590 A5 ol ()
el o o Ll Julos g s 258 9 s5loancd b Joo
00 5 by Hands b Slgh go )5 aws co lis mls ()l
a8 Lagas olayglias oS Jl> 50 wles Joo 1) (o0 ,55LS
S)ly srias glael 4 ol b wles slo e ;o aiyios V
Lol U glmans slacol 5ol o8 > ogdle 4y 048 0

Syl el &S 5l R8s ConS

(Silss oy~
5 ool s Jao (s, oilagel J555 a5 ol 5 y5b e
3 emlie (Sealis silo e S @ ainls o Go 3 Shoe
3 S D o o3l i aslal o ass e el piaew
slalas 2l 0 YU Songlie ( TS ) cnl sloca e
olalazel Ly gilwdos s S ol 5l (2aU (956sS
LI I EYE N
Vbl (85 el p3Y 5 S5 0500 by 00 g9 1 I
g0l 18 Ll b s wlod [0 a8 o ax alil azils
CrheS 05t 3B led e g9 50 Gl oS
L (S sy sibmesla alpls )08 o0 T 0 Shos
s o¥oline il ol ool 3l 613y Geokd o L3
wlgi s 2l (b slo il 5 sl anlons JB (oo
3 Sl paiia U L Crand Jg 098 oluled s L
Copalad poe gl)ls 0)l50m Gl 2 5550 e 5 gl Glow
JUizl JULS Les aSel olod oo (55505 5500 330 -]
S wodg Collae &8 > (rens sl Sby 4 )55 JUSKm
ol Fm & Sl sl

U8 gy J S sl (ks g, V0] i

u::s) )5_]4.:.2." u_:‘ a4 03l 43‘)‘ ‘) 9o w‘ )‘ ‘SQ.AJJ 9 w‘..\...a‘

VY

g g0 (B) Aolre & j50
r=-0" +G+C-g+M-(G, -M, " (C, € +K, e +1 )

)
oL p9d Gt o (A0S 98 Al sl cnlple
had ogdle dn Cl o3 (el Jore (595 o 9 oolhae
S S99 (0) Bas alal; 15 a5 cul T iy ol oskes
Cohe 5l s9m st (ol jhe 5l @l 093 el Jore
S5 sl pilaal J S palie (Aol (ol 50 0950
el (o ;58 g 00l () (25 SISl BL) o
gl sn (B yre

o3}l 25 (85 &S Sl Sjge (pay b nl 3 Ses
O 4 by b ouled gladde )0 9505 (oF iS00 (55>
b asles Joo sligs &l (J5S o 5 35loise o)l
Jade Jb pe j0 g Wl &S a4 o b Sales il
22l a2l (oled (59500

S35 o bml Gl gy 5l (05 Jlade S92y Wiz e
Olyee a5 Cesl (3] oo A5 G el p3Y 08 (gl Ll )
&bl ol glael bz gbly; @ analy Wl 558
Oype 4 b og JB lgoes (pum S Semdee S0 O)le
&S > ples glhas Coxdse (nlplo gt Ll Jols alais
G5 Aol flie b ceslie puled 59565 5 ol )8
el = ol (xdge & g (Jad SuaBoa 5l a0 00

ol L (e Candg ds jo Dby ComBge o 5 (n
a5 L 5 il g dw o5 53 50 il b gl O
WS o ol Al Cal 45 4565 Jles odle 4 095 oo
SaBgn | ey Julo Sl a0 03 vy ol Jloel (59,0
soiliel S ang) Beb g 098 0 ()8 sl 4 (b
olg2ds oo by ;e g i85 oo Selias LB (0
2 pdy e el
M,-€,+C,-€, +K,e,=f , e,=0,—q, oY)
axy o8 3 a5l by Coms b gllas a5 ol 5l odle &
s lor Cowd a4 JyuS g 0 solaul gl (A) alaly el
M, 6+C,-6+K,8=f , 5=q-q, )
S pgm d (S 8 coud dnsloms YU abal 51 55T
|y s e wgllae Solins a5 &l o cwss (V) dolas
Dilw oo )13 (VY) dolee 3.

Y oolais W 093 AYAY s 59 900 S (owdin


https://dorl.net/dor/20.1001.1.10275940.1392.13.7.6.0
https://mme.modares.ac.ir/article-15-5668-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1392.13.7.6.0 ]

ohKon g gllae gugo Joxo

) Sl Ol (Al uilagel J 558

Sobod Joo jo hidd coabd pace -)-Y-Y
oxijlw sloacl 5l alide slo pul )l (Seolns Jos jo
5 s Sl Sy 4 barye a5 300 S92 gl L1
il s gles oz wiile Ll (58 ols> b Ll ol
P4 S 380 bl pas ally Wi oo 02 S 50 Joe
Sl cabad poe  Seelnys Jae o byl b cpl 5l alas
LaasS ol 5 addsl (s b 0l om 3575 0l b sl o
3 0oliial U T 8,5,LS e 5 0ol [ Ay ko s
e G el S5 Cually 1) eSS Geedal (Gl
aluly ©j90 do (eSS polie ) (IS (BB dnaloe 5o

g oo odlazwl (VY)
r=-0"f+G+C-4+
M (qo - Mdil '(Cd (g _qo)+ Kq-(@ _qo)_f )) an

I LQ.J G;.:.,o.ér.?ﬁolio/\ Ceodle b osds asine slocasS
B oo Aol ) Glkao I)Mjlqﬁwégé

M, (@ —¢p) +Cq(d —do) + Ky (@ —0,) -
:MdM’l(MquCq +G) Ov)

ol | by e CeS e os gllas ade ~ codle
adal, L OF) dobes goils M =M—M Jlio clpy an5 o0
(V) abl; gl ) Uas Sslis (A) oollae uilaal
R .MOGA Cawd
§+Ce+Ke =M (W-¢)=u 0%
alin y3b a5 K, 5 C=M'Cy toyls (V) alal) 1o
5k by My ple Sl 153 LS 095 0 drmlons
Sl oigred 2Bl pdy esSae B 09 o DLl laigS &
3,05 02y Hebate (sl 658 e e Lo Sl &
ol ol pglal pwnia b (S8 2Ll P s 9=DP
Eaoze WP &)lie L 0gis o dnsle slasgS a0 W
polaels sla el )y 51 adly 5o nled s |, Mg +Cq +G
Sy, cpl el o sl onds a8 5,51 S o le o
ol s Lasl glo el b o SYolas 45 ol jlxe
wBls 092y b el )y 5l (ot e (oS 5 &S lyd o Ll
0 oS okl g it Gliear 1) oS 5 T US ol e il
Dg0d bl o)ls 5929 SYoleo jo > & jse

alaly 5 slayelly g 00938l sl Glyica €7 iy L

Y oolais 1Wo 93 ATAY so 59 g0 S8 (ot

Sl a8 lS g sy (Seelus b o> 15 cSl

Sl ik o oS ez po oo b, 4 18] Wlie
Jow dlas pl jo .l o0ges &l auie S, uilagl S
e @8l 5o g cenlond (58 (V) ) &j50 4 g o
GelS g b el )y ez ayled o Jlds (J S o 530l 4
63,559, onlpls el j5She alal) iss gliwl, o Uas
Sy o8 ol @olds Jg o)ls pol> alie Baa L Salen
Sl Ol a5 ol 0ols syl dedie i 4o Cewl dude
Olyend |y (owled G955 9 39000 Dgmme Spdopd ()l
Py e 9 odezmy Hl8; 0 plol (61 iz pealye
35S ol (sl 45 55 Jute sl 1y ooy 8l Sl
Gl Llsd pue 5 4S5 S (el gl Sbls
el V8] dlis jo 4,8 6 uSolul

IS (sl (ks g, 90 VY] jo Sie g oI Ll
bwg Laghy, 5l plas o adly 50 .ailod S B yma il
Of g8 i (S ainsi Jy o5 0ud &) 6,500 o Sy
ales ;S eolaiwl uilawel J a8 j0 00,8 Gl 1) b o,
S sl Gosy 5 9,005 9575 b9y 99 2L o Shiz oslis
CUS_ul Bl S gl eels (g penln Laus 5,08

398 dllie olul g oo 0 aslsl joaS SYoleo b
53 00d (e il S8 080l (6l ek )
5 Cpalad pue Ladd ol gl oo &SIV Y) B (A) Yoles
S92y Al am pl5 ;5 098 o0 Bl (Sealins Joe sl yal )l
sl G5 Lls; g (ompp (omled 958 Tl o >
b,y JS (ol O¥olas 1 oolanwl b .ogs oo ools L)
U g Silwand jb Joo e )5 53850l 5l Cnd sl
Sl JrS w5 a5 e 03l LS 95 de S
Ll 00l ral.?o‘ u_:}Ua.c J).> )‘ e S\

YA


https://dorl.net/dor/20.1001.1.10275940.1392.13.7.6.0
https://mme.modares.ac.ir/article-15-5668-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1392.13.7.6.0 ]

O')ls“""’ 9 ‘sy.Uac (S0 o0

) Sl Ol (el uiloagel J 505

Srobad Jow g (owled' (599 50 Canhad pus —V-Y-Y
GrS o3l o Sealas Juo jo polasl slayalily o ogdle
bllas S50 5 3g5 Jodo @ 55 Sl g Gy wled e (595
ol G bR all Cuslad poe gl Wiy ge R o
bl sl by (6999 ke 1) Conl Soel b jlos g
5 o 3% Sype b Cnd Gl 0l Cgllas oS >
pas S Gibg poogdle U ogbge ool Wyl (JyuS (b,
s gt o sl 1S S 5 53 Capelid
25 Ope & (IS el plaie pse b IR IS

o Dgud on 0810y
r=F -J.f +G+C-d+

M- (=M, +(Cy @ —do) +K, - @ =0) = ))
V)

aloz T oad (28 38050 ogdle a5 95500 onaline
Uas Solss ol pls .conl ouls 00938 Lo Shae Lo 8 4 ¢
1392 walg> ;5 alaly @llas
€+Ce+Ke=M"(W-g-Af +F,)=u (¥Y)
5 Col (ouolad (5950 sl Gliee (YY) alaly 0 Af ol
Af = f —f =
Sboy 6 S Eio 5 VA) Bllas Beibld uuils b Sl a5

RS o Al Q\ )|

V = —XTQX + 2uTCTPX + 2¢Tr~1P
= —XTQX + 2¢T(WTH~-Te* + 1P
+2e*TM~Y(E. — Af) o)
e (VF) abal; Cosly Coons pgms alozr 5 pgo alox
psd alaz (Vo) alal 51 Gakss g6 dlins i polasl
(VF) abal, &ppo s Fo pows alaz 0 5 oS o B3 |,

v 1090 o0 CyaatS
F. =5 Me (Yf)

a5 Ly ogam (YF) o (YY) «(V+) Lulg, 5l eolazwl b

@ ooad ool GlaglS o polae 52 5 nj Ly, @

2l o Cawd
le*ll = B, |IX"Qx|| = a, [le ™M~ = u
IAF|| <8 =>V < —a—yB?+ 2ub
>y > max(zlg—f,O) (Y0)

114

g g0 00 p Il (glad 5,8 4 e Sl
e*=¢e =1e
Y=diag(y, ... n), i € (0,cpi)
X = [e1é..e,,]"D = diag(d,,..,d,)
A = diag(A4,..,A,) C = diag(cq,..,cy)

|0 1 _ [0 T,
a=|g o lea=[la=w 1 oo
=>{X = AX = Cu

e* = DX (%)

)_Eé 9y 4_3.‘)) w_ail ).i_vl_».: Cni OH .‘a_>|5) e
5925 P Q sla s yilo sl oty culs VY] alie dapes
diled oo oy lalgy o aS Wl
P = diag(P,,..,B),P; >0
Q= diag(Qy,..,Q,),Q; >0
{AT +PA=-Q
QCc=DT V)
S Gam oz 0355 50 X Jlop (598 cyyad 4 4z b
5 () byally seess las g0 Ll L Ggbld wuls
GrS Frio bocodd ally ) Do a4 oglhe Sl 6o5m
5 0 el 6 )lul oy Sloj
V(X,9) = XTPX + ¢'T"1¢p OA)
V =—XTQX + 2uTCTPX + 2¢ TP
= —XTQX + 2¢T(WTMTe* + T-1p (%)
peldse a5 Lzl Gare Cute g ol Tmle
polie galad (09 Cude Jdo 4 (V1) alal) o Jol alex
w)LC ﬁjb 4.1.0.‘> ‘5]9 w‘ Cyexo GQM o)‘j.o..&b ‘Q o')"..s.j
T L S I e e R B
p=-TW' M e )
2ol G RKl 5 (V) Gadas 9B 5 oolital cpl s
O collae s 1 Cond Gl weo o las (V) akal)
ol Belbld aad il gabge (pl S o oo yro o
Sl L3 LB

Y oolais W 093 AYAY s 59 900 S (owdin


https://dorl.net/dor/20.1001.1.10275940.1392.13.7.6.0
https://mme.modares.ac.ir/article-15-5668-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1392.13.7.6.0 ]

ohKon g gllae gugo Joxo

) Sl Ol (Al uilagel J 558

Sl (VF) sl
q(0) = [0,-0.1,0.05,—0.087,0.05,0.1, 0] T (rad)
Mg = 0.1-1(7),Cq = 10 -1(7),Kq = 100 - 1(7)
I'=1e8-det(M)-1(4) y = 2e2-1(7)
b= [ml'jllmhgmlrhéml]T
P =1[50,0.5,16,5.12]T
P(0) = [40,0.6,10,5.1]T (Y%)
Pl jo a8 cashad sae glilo slo el b cl oS
Ol g p 2 1 A bg e Leail s ol 5l el ouel
S e ol o po ol b Jlajle axio )3 Glyed ok
ssime wpodole 5 ol oy 0 S Jake a4y Cond oy
robia ol oy 50 oS Juade 4 o b o2 55 50 alold
350 dme Gl el oa 50 Ll sl (e 5 (28l
S 90 9 Sl oaii ol Soalins o (s ok 4y p >
s5b & 055 oS 5 a0l 952 (] 51 SWIGg has e
pae shls wLll lgmeday g a5)ls 0529 OYoleo o las
gl oo blod Coalad
aS ol Slea o Sle saimoylas 1(1) «(Y8) Lalg, 5o
o dy 0S (oo Lyt [y e o (logS )Tl
sl 5l cmnl @yle Lol B sl 510 sy 5o Llys s
Cesly Sl amiy g Gle (o) oz b ol g Bl s
Y oo)leds Joaz 50 g oad oolo las ¥ JSKs jo o x4
iloads 8 yme
FEOUNCERNEE JESERCIFIC SRS JNCE
ol gbacl sLilgy condy conl 1) wodlae &5 >
oy 5 iz s ol 5 Bl i) Ll b It 3 eolas
an3 e s 1y (e s a2y 5 3o

> glo yiie iy 5 ¥ Jour

il eie ol

ez sl axny agly 0 0
b gl aly: 6, 02
ez sk ol w05 03
a5 asl; 1 Oa N

Cesly sk ol sl G5 Os
Cewly 5l 3lo 44151 O s
Cenly b Aty agl;: 07 a7

Y oolais 1Wo 93 ATAY so 59 g0 S8 (ot

PR OIS 5y sRSeill las (e cdiis o
Slallas o o 0 |y s Canadly b S 5lo 45 a0
0992 pobae 0929 (al b Cewl Sgume oy i ke 5 6253,
Cyare miosl (nl Glp Ges abal S G50 slaglS
L85 g g jlnd o Ly cpl 5] eolizul b g o
bt oy sy )5 Sl b, o] b oS
L dem 5 «omy oy e ol 5l caas 5 )l S >
A s

Syise el S puled g5 UKo jo e S92
A she SobilB (g 0gh plelid s L ogllas o5 >
S |y soled G llas (s m o5 el (T il
g mls a5 > ogdle 4 awo oo alS L oul wdy
alor o938l wms o Lt iloaned (i 5o T el
ol A8 o llas 5l e 4 e

G lwans -F
by 9, gl g @ ilwand Hb s dlie (pl o
Sl o 'nLoS 6‘)‘.’ Jol> @Lu 9 g oo r:l?u‘ L§~>)L$ sl
oly oo )5 5l o jelate cpdy 09b o oy 2 O (53]
Ol ol a8 )5 18 ilwand 9 0 )l Jor g 8
ogdle swlad (55, S ol glas Q—\ RN i
sl ool Blad [ S658 sl ol )y cadad pae
S Lo loged aglie Ly (JyuS g d5ete 3l eiron
obas (Fe o9 adsl J 28 s (Fe )1 (ol 7S olsse
g g0 03ls

aS Cl iy oy S 50 K61 SO 56 cogllhe oS >
Sosilodmus glrosls a2s co S0 |y o5 S 51 TAL sgus
B ialej] o ST dilols aliwg 40 iolojl o gllae
By s i o8l Sl g 0uSiily oS
ol 03l VY] g 10 j0 )T ol g 7y 45 0 (6 S0l
oals s & JSi 40 9,0 (g Sojlail gl 29,00 lax
JUSws 5170 o3l ay glacals g YU oudlS 3 a5 sl ous
Sl 1y (6 puSoslail 550

l_g )J‘).) Lu‘j) B 4.;J5‘ Ja.").u.v eul.v) )‘ oolawl u.x....]o » L..'
slazgly slaclbid g coyu (Jg 0b jslaie (o adsl sLls;
Glae gilwan i sla el )l ogdle ay ol bl jam adsl

\Y-


https://dorl.net/dor/20.1001.1.10275940.1392.13.7.6.0
https://mme.modares.ac.ir/article-15-5668-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1392.13.7.6.0 ]

obl&m,@lhs‘_g.xe,om

) Sl S sl il J S

30
20}
10
Q‘
s i
Of Sl S e
----- 4ol 55 (295
-10 . . . .
0 02 045y L0 0.8 1

A58 Joe cow cglhas 5l cwl) b oy algy coxs o

40
—_—— — oslae
20+ X
—_— 2 IS e
Of ----- gl SRS (295
9-20-
-40
-601
805 03 0406 08 1
. oD .

HrS Joe e gl el gl Bl als) cond -5

20
R |

0 —— 2l A2 5>
----- gl JS (295

5,20}
9.
-40
601
). 4 ). . 1
0 0.2 046y L0 0.8

S Joe cov gllao jl cudly 6L axs gy cuas -

4 sty Ll b L) Jleogllas 5l b, (sliel (slls) copns PSS

Coly 6l azy g Bl ) Al o s ol 5 Bl sy

ly A5 plas B90 058 (255 4 358 slaloges

gy S (o b s 4 aS Jb 0 ses e olis
US)?L“_)[J)JQMBSOMM5‘S|LMLMU}LEAJP
ol 00 D) YL’ L.SLQ)“)}‘“" L as @3‘5 uﬁﬂa.a

.D)L) usl.oa

@ axg bas col ) Guilagael 508 by, Caje SO

gy clas (6 cmsllan uiligsl canslin gl () alaf,

AR

/)’\
9.
s gl
B SRS
----- gl JS o295
&) i i . ;
0 0.2 044, QL‘,)_0.6 0.8 1
FrS Jos cow gl ) G sl ay Ay o - Al
10
5
0
2 ~Sif
¥ -10}
| e R '
ol T W S (9>
I IR adsl JysS 2
25
0 0.2 0.4 0.6 0.8 1

® ol
RS Joe 28 Cgllas 5l (sb Lo sy ens -

— ol
of —— WSS 2
----- adsl S oz

0.2

"

06 038 1
).

0.4
) ok
A5 Jes cod ollas jl b oy aly Cons 2

9

o-10

NSRS | 21
[ —— W SRS P
----- sl J5S e

-11

-12

0 0.2 0.4(5) ()L°}0'6 0.8 1

A58 Joe e gl 5l A alg; comd -0

Y oolads VY 095 AYAY jue o g9 yon SESIKn (wiiaen


https://dorl.net/dor/20.1001.1.10275940.1392.13.7.6.0
https://mme.modares.ac.ir/article-15-5668-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1392.13.7.6.0 ]

) Sl Ol (Al uilagel J 558

52
gl == el s 2
EEPRRIE o
48t /, ~/
9
46l /
y 46 p
/
) -
-~
/7
4|
40 A : - :
0 02 04 0.6 08 1
) ok
my gl )by gdas a3g, -2l
2.9
27l —— WIS
s Ay g
25| gl s
, 23}
o W
¥ y N
/
1.9 /
e ———— ~ I‘_—'\_,
1.7} ~/
et 02 04 0.6 08 I
; Ao 0 :
j[ Sl Badad 2y, -0
18
—_— gl S /
14} /
" /
y 12} /
/
10} ’//
N
5 02 04 0.6 08 |
. ER .
hg’"/ ol s &g, -2
7.4
72| —— SIS
. ——- adgl Jys
g Bt N,
¥ 66 ,’ v
6.4& /
S ——— — —_— — — — — = ~N { —
6.2} </
o 02 0.4 0.6 0.8 1
. A8 0 .

héml ol Gdad Wigy -0

ciy @ bjlogel eslasl glaylly Bedai Wi, B S
Siloas un..l),u (YY‘) ‘Ia..\‘j) B as W‘P)‘J)) 6[.2:4.&.];.47

Y oolais 1Wo 93 ATAY so 59 g0 S8 (ot

0 S5 wmsce G2 e | snd ololis oS> a4
a s ol el ojlotends o ond Bl gl soimalis
el oals Jloel leSed plas (gl g 0,8 j5b

i e (wled oo slayglidS Sgu 4 az i b
RSV PR WP SR SNV I U SUWI By A R PR C | ey I
@bolid oollae &S > aki (nl 9929 b 095 o0 oualive
ol plp s g oyl Uas 4z w2 Sl yeS ol
et CotS Sl ezl 50 ax e SO g laas
el odwl £ SS o polasl sl el )l

oy by el ojlodend ol 45 9550 oomlise
ol g (il ) wloads ooy ABly polie a4 (ool
ol Jedo cwl oo Sl e adg) S8 s Sunds
Sl (2l JpuS ookl jo coad gl (35 ;S
4 olasl VO Ss el g aloul Lace Uas ol g
3l (S8 olg

-0.6

0 02 04 0.6 08 I
) ol
s [ Bumncall i SIS ik sk, sl il

0.6
0.4
0.2

0 02 0.4 0.6 08 1
®) oo
9y S gl 5l 36 Csllas oS > il glas -0

(;5):> ‘_gsl.wLu.u sla> 9 uuLo.? J;u)jt:.;:;f sla> [N S
e o 33 555 S sl 5] 25 gl

\YY


https://dorl.net/dor/20.1001.1.10275940.1392.13.7.6.0
https://mme.modares.ac.ir/article-15-5668-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1392.13.7.6.0 ]

oblS.o.lb,dlhc‘_gae,c.\m

) Sl Ol (el uiloagel J 505

3000
S ]
S
2000 el
%
8
1000 }
|
\
o LIS
0 0.2 E 0.8 I
Sely sk s98l5 Klos (59,5 -0
1.5
E—
i il J

02 04__ 06 08 i
) ol
oy gl o Ko jgliis -4

9 95l o 4 g pe LSl b ol 5l da Sloe J S (uilgd V- IS8
Conly gb o 9 85 O e b N

o Sloe ,oliiS § 9, slp oe] Cawd a4 polie sga
g T bl Shee glol oo uals gl ol sole
b gyl ¥ (2l hd 4 S Sy e S
el S Sl # K

Ored Sy usSe Sl Jo b polie (pl anslie
S5 9 S slas was e plas DY Celhas o5 >
2Bl S8 5l s SlhS D5 S Gl
sheslatal 51 L8 cal a3¥ cplplo cwl ails gogp-iee
=z OBl o o lalbs Bi> Gl gy S JUSw
3 ol Glademe jo ,5liis slajloges o9l VL S
el ool A S

Sy Goediey ed oo 0 A S sl Jloged jo 4SSl
lio cpl j0 said me JUS a4 &5 )15 cdSl
Jom 1 oSk 00 )b iS00 3B 1) )5 el jeme
@ Feiigs 0 5l S plajgliss Lid o5 Jb s S
Dl 0)ly las g b slacl

\YY

-1000 |
x
o
-2000 _
S
—— - i s
-3000 ’ . . :
0 0.2 0.4 0.6 0.8 1

100
— W IS
50F ——-adgl Js
£
1,
-50
\
=10 02 04 0.6 08 1
; Asy .

o sl g Shes jgbas -l

Ay ooy

ez sb sl Ses Gy -0

1000

500
: f
5 0

?{500

—_——

-1000
RS
——- gl Jis

02 04 0.6 08 I
©®) b

oz sb N Sles 5,57

-1500

-2000
0

o
—— — T
“\é

S) by
cely b ON Ses (5950 -0

Y oolads VY 095 AYAY jue o g9 yon SESIKn (wiiaen


https://dorl.net/dor/20.1001.1.10275940.1392.13.7.6.0
https://mme.modares.ac.ir/article-15-5668-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1392.13.7.6.0 ]

)15 5 llas s sacno ) Sl &by s gl 55
3 3
— Sl IS s
2t e iyl s 2k — eyl

0.2

0.4(8) g.)L")'O.() 0.8 1

ey b oly oled Joma yo p5lsS o

S
il L

- ~
=™ -,

) D ~—

F N== M
0 0.2 04 0.6 0.8 1
©®) b
Cesly gl Gl ool Jome o pliis -

—_— e S

0.2 4 0. 0. 1
0 (S ole! 6 /8
Caly Gl azmiy b Jome jo jgliss

oikes S o Jols (slaliss A JSUis

FeS e caal il g 1) lade pl sles Sl eolatl

ool I s glas _zals o Fy aler (5058 5o
S5 g g slajlogei 4y azgi b (1 JS) Zel S 55
5T o (IS sl 4 Fo ol (0933l S ol oalY
S 2 Dby sl was [l b Sles (o p5Y (5955
a3 oo 8l pow SG B pgs S ol ) )5 <S>

Y oplasb 1Yo 95 AYAY o g9 yon SSKn (viian

1 \\\ ’4—— ——
-1H =
1
(]
1
2h . \ . :
0 0.2 0.4 0.6 0.8 1
©®) ok
e b Ay el Joe jo jgliss -l
3
EE—TS
. —— iyl Y
i
i
{]
J
-1k
2 02 04 0.6 0.8 1
: A3 .

ez b gle oeles e jo pgliis -0

Gl SsS
gl s

-2 1 1 1 1
0 0.2 0.4 0.6 0.8 1
©) ole;
ez b ol ol o jo jgliis -z
3
—_— e S
2t —— - &yl Js
.3; 1
A
:i 0 Conginl S
F\-dal--\ 4/--“\-——"—~\ ,’
JI \--’ \"I
Ak
-2 1 1 1 1
0 0.2 0.4 0.6 0.8 1

\YY


https://dorl.net/dor/20.1001.1.10275940.1392.13.7.6.0
https://mme.modares.ac.ir/article-15-5668-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1392.13.7.6.0 ]

obl&m,@lhs‘_g.xe,om

) Sl S sl il J S

0.2

o S ES
1 - g s
0 0.2 0.4(5) QL;}O'() 0.8 1

C.‘...p‘) kSl‘ Q|) 50 u,ﬂa.n }‘Qﬁ}éb—o

0.8 i\\ —_— IS
[\ sl 128
[

-0.4 A , - :
0 02 04y 06 08 1
Culy Sl Bl o ol jl cons glas 4
1.2
1A NS
sl ey s

) 0.2 0.4 0.6 0.8 1
(OREY
Caly b a0 sllae ) cond (gl -

S5 A -0

Sy Gl ke (S i b adlie ol o

Silmodly lm EB )5 Ojg0 4 mby ()5 Sl
S,y alie Sb, g sloans sl g sael caws 4 &Yoleo
ol e o Slopas 5 0t 4, 15 Sl
2 01Ol Geizes Guilasl S8 sl sla b,
slagly ab aseie a5 Wb ow, p 2, cdSUl g,

AREA

12
il — IS
osl s )
0.6}
,]'\
2 04bn_ i, P
N 7/
0.2 ~/ N~
0 L -
025 02 04 0.6 0.8 1
: As ;
ﬁdgm)og’lkn}lw&b—hﬂ\
I
o e s
°r —— =yl s

\//
-0.2 ) ) ) )
0 0.2 0.4 0.6 0.8 |
©®) ok
ez sb Gl o ol o glas -0
1
- —_— el s
T ——— gl Js
0.6}
9
D 041
¥ N
0.2 \\
0 \ X = N
= \\// ~F
-0.2 L ) L L
0 0.2 0.4(5) QLA)'O'() 0.8 1
sl ol et | cons gl -z
1.2
1L —_— eSS
0.8L i 43-’3‘ )J)Z..f
0.6
,)’\
Y o4l
S ~ a
02|l L e
r\—_\:’/\"\/\\ﬁ—-
ol
-0.2 1 1 1 L
0 0.2 0.4 0.6 0.8 1

) yk;j
4S5 0 oglhs jl ceas gllas -o

Y oolads VY 095 AYAY jue o g9 yon SESIKn (wiiaen


https://dorl.net/dor/20.1001.1.10275940.1392.13.7.6.0
https://mme.modares.ac.ir/article-15-5668-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1392.13.7.6.0 ]

ohKon g gllae gugo Joxo

%) cdSwl O (e uilagel J 8

[6] Aguirre-Ollinger G., et al., “Active-Impedance
Control of a Lower-Limb Assistive Exoskeleton”,
Proceedings of the 2007 IEEE 10th International
Conference on Rehabilitation Robotics, Noordwijk,
The Netherlands, 2007, pp. 188-195.

[7] Yu W, et al., “PID Admittance Control for an
Upper Limb Exoskeleton”, American Control
Conference, 2011, pp. 1124 - 1129.

[8] Darvin G. Caldwell, N.G.T., “Soft Exoskeletons for
Upper and Lower Body Rehabilitation - Design,
Control and Testing”, International Journal of
Humanoid Robotics, Vol. 4, No. 3, 2007, pp. 1-24.

[9] Yang Z., et al., “Impedance Control of Exoskeleton
Suit Based on RBF Adaptive network”,
International Conference on Intelligent Human-
Machine Systems and Cybernetics, China, IEEE
Computer Society, 2009, pp. 182-187.

[10]Lee S., Sankai Y., “Virtual Impedance Adjustment
in Unconstrained Motion for an Exoskeletal Robot
Assisting the Lower Limb”.Advanced Robotics,
Vol. 19, No. 7, 2005, pp. 773-795.

[11]walsh C. J., “An Autonomous, Underactuated
Exoskeleton for Loadcarrying Augmentation”, Proc
of the International Conference on Intelligent
Robots and Systems, 2006, pp. 3469 - 3476.

[12]M.M. Ataee, Dynamic analysis and design of
control systems for the lower extremity exoskeleton
robot , Thesis of M.Sc, Tehran, Sharif University of
Technology, 2012.(In Persian)

[13] Tsuji T., et al., “Multi-Point Impedance Control for
Redundant Manipulators”, IEEE Transactions on
Systems, Man, And Cybernetics - Part B:
Cybernetics, Vol. 26, No. 5, 1996, pp. 707-718.

[14]1Spong M., RobotModelling and Control, United
States of America, Wilely, 2003, pp. 305-320.

[15]Sunil K., et al., “An Analysis of  Some
Fundamental Problems in Adaptive Control of
Force and Impedance Behavior: Theory and
Experiments”, IEEE Transactions on Robotics And
Automation, Vol. 11, No. 6, 1995, pp. 912-921.

[16]Huang L., Ge S.S., Lee T. H., “An Adaptive
Impedance Control Scheme for Constrained
Robots”, International Journal of Computers,
Systems and Signals, Vol. 5, No. 2, 2004, pp.
17-26.

[17]Lu W. S., M.Q.H., “Impedance Control with
Adaptation for Robotic Manipulations”, IEEE
Transactions on Robotics And Automation, Vol. 7,
No. 3, 1991, pp. 408-415.

Y oolais 1Wo 93 ATAY so 59 g0 S8 (ot

e D) placinds 0 p)5 cnl sl 398 by, 5l 2929
Siig |y 5553e sladin s a5 ol @l sl )5 ey 65l
Jdo am g Sl Lie Joo (ilaal J S by, 00 o0
2 Sonbd pae 929 Guizmes b say> oly (39 polael
29 Sl (e (o9 eled Jore S958 5 T o3I
A &l Jeas

(IS s onl sl (eilme 5l LSl edle
ssbie pdy 09ed ol s 3 1) T 2L siloand 12!
odilgy Azl 58 oly 5l (seym (b, g2Bly 0,515 Al
3 Sambd pas g Siluand (00,5l B0 L Jo (> 2L
9y 31 plas s ol Bl (culed (6950 9 (Swalnd Jo
5ot Callas 8 o Lol sl il o 005 o 28]
S 0938l immen s S 1y g0 65 oslail gl
ol ey ole las S el 4y Uas wiljgteay ales
S50 Sl ysliaS 5 som sl da e 595, azg LB
wboe soby Gl eles Joe o 5l

&)y -7

[1] Kazerooni H., et al., “On the Control of the
Berkeley Lower Extremity Exoskeleton (BLEEX)”,
Proc of the International Conference on Robotics
and Automation, 2005, pp. 4353-4360.

[2] Kazerooni H., et al.,, “Hybrid Control of the
Berkeley Lower Extremity Exoskeleton (BLEEX)”,
The International Journal of Robotics Research,
Vol. 25, No. 5-6, 2006, pp. 561-573.

[3] Sankai Y., Hayashi T., “Control Method of Robot
Suit HAL working as Operator's Muscle using
Biological and Dynamical Information”,
International Conference on Intelligent Robots and
Systems - IROS, 2005, pp. 431-438.

[4] Kazerooni H., “Exoskeletons for Human
Performance Augmentation”, Springer Handbook
of Robotics, Edited byO.K. Bruno Siciliano, Berlin
Heidelberg, , Springer-Verlag, 2008, pp. 773-793.

[5] Hogan, N., “Impedance Control: an Approach to
Manipulation: Partl, Part2, Part3”, Journal of
Dynamic Systems, Measurement and Control, Vol.
107, 1985, pp. 1-24.

\Y#


http://libra.msra.cn/Conference/2821/iros-international-conference-on-intelligent-robots-and-systems-iros
http://libra.msra.cn/Conference/2821/iros-international-conference-on-intelligent-robots-and-systems-iros
https://dorl.net/dor/20.1001.1.10275940.1392.13.7.6.0
https://mme.modares.ac.ir/article-15-5668-en.html
http://www.tcpdf.org

