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Safe Grasping and Manipulation of Delicate Object by a Two
Fingers Dexterous Hand

Habib Ahmadi, Jafar Sadigh

Abstract: Safe grasping and handling delicate object with fingertips need a sophisticated control
algorithm capable of position and force control in one direction. Most of position-force control
algorithms proposed so far divide the work space of manipulators into two subspace and control
position in one subspace and force in the other one. Meanwhile, for safe grasping purpose we
should apply force at minimum necessary level which itself is not a known quantity during motion,
so the desired value of normal force is not known forehand. This paper propose a new position-
force algorithm and employ that to accomplish pinching and moving delicate object with two multi-
link fingers. Performance issues and parameters robustness with respect to friction coefficient is
also addressed. Several numerical examples are provided to show versatility of the proposed
method.

Keywords: Safe Grasping, Multi-phase Friction, Dexterous Hand, Fine Manipulation and
Controller.

b i g amis oils — 0y G 51l 5 U ST Oleikige ezl o S dloea Gl o 1L s dgs o 5

A


https://dor.isc.ac/dor/20.1001.1.20088345.1389.4.2.4.4
https://joc-isice.ir/article-1-134-fa.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1389.4.2.4.4 ]

A\ Giztr S8 53 L ey OSG algy (Sbmss b plo! gloml

Geo i (Gde]

jl@&bl L gy ool edes 33 o gdle 4 by ool a3 4 Cwlie Lo
el I ol ) 6K Sl e IS s e

Sl oy Cpaisd Ol o) &0 05 patizen I (S50
5 ey S 4 OIS e dhar OT 31 a8 Wlasls 5 o3 plox! 53
bies ols 1yl la by, 3503 oslal [IV] s5Le 5 [V8] 0lSKen
6T (S o511 o 035 oo St b 5 Dl (5,8 05100 4y (S
S L] 5 DA Glexl 5 Bdo 2y el Glosle L8
1 Sl b i 5 SRS iay o sl 53 o35S
583508 S35 6,5 L diajlS eSS s S slgiy IS«
el S sl

P 5 G5 Sise Jo oSl slas )8 1 S s
eV bl (b1 gl e Dby Sl 5L Sl 05Ble sLA
)l el )l ke 4 55 ) pllas o, !
s ol il axbgn 5,5 Olasen RS 02, SIS el
23238 5 s 250 0] Kl 5 Sy B 5
& st SRS w2 SN &Ky 5 2o S wils!
S Dby ey dhe 05 o gl p a0l a5 e SRS SVslee ats
Gl Jamme SNl YISl 5 O g yolil 5 [YY]OE 50 03 g
oMl 5 4 e S Ly ea S dime il glsil Olse o )
Sl s s sad (B e ) (235 IS il (531l (o
s e slagzy s S o gt 3 [YF-TV] (5 505 (pimn !
23 53 7 e Sliies e iles ST G 55 ond e J S
IS 5 La8 55 93 4 U (SLdd ool Sloe p Comdge =55 IS
Ol 5 Wlodks (b (6,05 53 55 US55 (S8 53 Cande
LIy ol (slnly G 55 b a5 5,5 Olejar J ST

Oeizea 03] g0 5 (6 oks 3 s e O SYe 5Gés IR
Sdde sl (Sl ol esle Jie SHle 4 b 56T 5 5
oot o3l Jute ol 5l a3limul 3,050 31 (gl 55 05,8 o 0, 55
3550 5 SNl e Gl IS s s8 e Eel S Sl
3555 82508 3,5 S 53 s VIS (o &S Sl
) s g5 onl disls Ol [Va] 5 A ] gl 5 o oias LGS
Loy oslas s 61l & 536 o S8l esle Jaa Sl eslizul L oS
S 4 1y gllae mls (g5l S Slasl il Jue I eslizul
A Lo 5 0l 1) gl oS sl 0L T e shas i o
@l bl & 2508 S35 2 ot 53 [0] 58 T

o3l 5 cd i (S8l Jie 595 S5l 1 s &8

doudo -

sy Sy gt G383 5 aney b Olejes
odd Ooglane OT & (§ 2ty 425 5 03,8 My (s3L) Comal (38
oy Loy OT Ol D b el 65105 5 (3.5 o
B sk ol Gl ilei Ghas 1y el 35 psede (DL
by cmlie (b 4 Sl bl bl 5 B8 1) e Sy
jt‘Wﬁsﬁgg,ﬁw&:;tg%lénﬁwu&\,g}w
A ol 1 OT Il sba 5 03,8 (6,8 sl O 03,5
G w b oml B pseie 5155 s w5 b ol
4 Oy 40k 31 (5,8 gl Jlo e 53 5 e O3 s 1 kil
boby b b e o 300 et (oSS s O
UGl nn 4 s ol 5 350 85 (San S)U5 (s,5 Jile
.:‘,g.\.al)&(,ff&):hobjj\éle)li):r_.q-u;}&)

@l 5 35 05 53 ol Olidied sl a3 53 3
B R e N e Y sl i I eslil L C'L"’"
OT ol sype 8 cdiilgn dide b6 o5 opl 4o Slikos
3Tl DS 3,5 J S 33 3550 5 i i) oLl
e [0-1] o sai anlllen [i5A plulid £ 5850 (555 (plies |
WY S oy 05,5 S LT & Sl eslinal b s )
5 03505 demlous [y (o gllrcodd obila gy ¢S S5 50 05k
Gl A (G551 ails 1S5 alous 5 (S oI L e
s Aol patie 1y A ST wedd (o el glas
Sl S o ol b 5o 4 Sl ol e G b
Pl el BB o S35 b A kT (iS55 s el
OLESSl 53 eslizal (gl bay s slal JKie § 58 o) g ol 53 i
S o lein B

Slp o U 350 53 3 iioe Sl gl s (saw
3 Sl Slihd 4 05 or Je Olgie 4 o o3 sai alan 5 5
ST 5N OLSes 5 54 < [V] 0L 5 155876 9] 0,Ken
G G S o Bds Sliko ol I 3 3505 0,1 [4]
3 Cnlos g5 5 35 90 ¢ Bl 53 (65 508 (S5 5 IS 503y
Slp Y o8 il il & Coghana | 5550 Dl 35 (eione
P ] OYE Slios 4 015 oo Ols OT 31 457 Llos 305 o5 5 s
DIV 0L 5 5Euls VY] 0en 5 SV ] 0L 5 b
ol S 5 5ad o, LaI [10] 0L 5 0l 5 [VF] 0L, Ken 5 IS 5

Silwesly & e3s ode (Glutig Loy & Sos Dlides

Journal of Control, Vol. 4, No. 2, Summer 2010

VPAR Olsls oY 65l (F o ¢ S dloms


https://dor.isc.ac/dor/20.1001.1.20088345.1389.4.2.4.4
https://joc-isice.ir/article-1-134-fa.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1389.4.2.4.4 ]

S 80l 33 oty OS5 by (e3> i plor| gl Yy

Grbo irr (Se] o

335 g o Lo Dy ORISR 5 i g L
Sl o 4 ods alyl J xS s Slae Soly 4 45 L
S Sl 5 Sl 5 arlos 51 3V i
o &l wlas slag
S S 02 8l (Srls (led e il caalsl s
P ol 0 plonil @36 s (G55 e S5 ol
Sl e S 3 0T Glulr 5 i ol (35 S0 5L 30
Sl bl s iy 8 e Gt 3 Sl edis £ 4
L Sl S il 53 5 S8l 5 S e S

o il J 287 1,8 Sl

RN MEVES §

33 s &5 31 odd S5 lie ol 53 andllas 3 5e Al
T IS o 3y e Sl 413 8 (1-0) S Gillae 2SS
oy Bl Jlasl b &Sl s a5ls & sl S a5
DL s S ey b i 350 s 53 L e (63500
e Aen S Joolde Glls 5 03 S aw slols S,
5 aals XY amio 53 (1-2) IS il bhojam) s Juzie
leigr Jo= XU 5 Y ) smme lialy 55 g ammien J15 55 1 e
ool Y-Z asin 5o |, o} 5 g IS 55 g plpesDe
JolS 0,8 ) e 5 DRSS 350 00 53 o ool S 5V LS
e S 5 Ok 35me (595 1 bt slaaal 53y s
3T s aw Gl b o 3 53 4 e L2,
Wil a3 Ol 9 Ol 55 dal g Ui

e Sl B3 Gl b s () 5 e 3l ese
Tl ol 4 S L5y 548

F102 8 G g ey SIS ks 48 5 ol s
S g S 0 3 5 4o e a5

O e3pdomn Ll il LSSl 5 oo &Sl oy 5

.C_,..n‘r}l.us

ko 33 o 85 bt 38 L0 S e 5l (S5 g0 (S35 1 Do g

3 gn odalie slsl 28 8 08 3 55 0Ll 55 55 oy ol T o0 ol 4 056
s i a6l B8 ol it 5 35 50T b 3 Ysems 0T Jles! 5
5 0kl g b g 8 N 6K e K S el 350 o3 el 35 S e

.;,,:u,;u,lj;uqb,:@u,.:d,

LS)L:ﬁ)ﬁ;y_;ﬁm?&:wJJﬂ}Jﬂjiﬁér)‘
ol S Clons 48 5 B s 63555 Olge 4 G Slides
V4] 5 A ster 5 oo it (5,8 05101 6 o]y 40 SolaS
5 Gasee Su LS al p be S RS al L
2 5 A 6,S e s3 1 a ml Ced Jlgd (Sl
Gl 8K by 35 T8 s (S ke Jili> 4 5
o adllan s S 2 o) SNl s gl 4 (53l G
ol 03 o B S5 n, SISl td g 4 5 03500 i
4l CaK S5 G b 5 Jeel 3 g08 635 oS il s
3,03 edge

4 & cl 2S5 0n, S sl ol g ol o35
OES &S 55 a7 5 03303 5l 1y it b ir &G 053 0T &S0
I 5 s 651 Y (53508 $5,5 Olioe 025 eral 3 503 Lrmler
3295 S ) 555 s e 5l osllae Jilas 4 OT sl
03505 035511 8l ol Al 53 S0 S 5 gl sl
G e s ol o 8 e A Giid o
L 5 el shls & ol J 28 0, S

Jlas! o 4 ol el glawly g2 53 1y lie (55,5 3L 08
sltzel oled 53 3 1y olomle J 28 Sl b o )3 5 03 gas
5L asls

S S hsl b sl 03 G308 Ga b 4 26
S50 Goys ol M & G 4 LB e Dol Lk ol
g b Sae Joldo 53 o)) san

g e G e S S Gyme Gk I sl
e 2 3508 (538 oS i ¢ G LS 5 55 5L e — e e
Sl 0¥ 53wl el gl 358 e 0355 [YA] s g8
Colan (3508 (635 sMhe s oyl o 51 Vsl S S 4 g
pobrel CoeS 55 Sasl (55,5 Jlie LG 5 Sl ainial
S 55 JRS same slagz s S5 eslinal g ol 4 5 Sl
2O betl g3 (el llas (g9, ldds bl T a3Y
A 53 $35e8 S5 dlesl p (gon sl 4 a5 L
okd e SRS 5 S el L 5 03 Sl b (sl y S’
G oie & odd ok A8 Y] el 5 Gl Ly
@1,.\iu@yufﬁ;\djké\”ﬂyt.\,,n)@w
O G330 5 S Sl 550 S Ih A3l 6w S
5 AA G as DI 4 a5 LSl p 5

Journal of Control, Vol. 4, No. 2, Summer 2010

VPAR Olsls oY 65l (F o ¢ S dloms


https://dor.isc.ac/dor/20.1001.1.20088345.1389.4.2.4.4
https://joc-isice.ir/article-1-134-fa.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1389.4.2.4.4 ]

A Giztr S8 53 L ey OSG algy (Sbmss b plo! gloml

Geo i (Gde]

s h(3x1) M;(3x3) o d 55 dsee y3

il i G &l odtasOl e bl s 5 4 (3% 2)
TP YV BRI PRTCION PCIVRLINL ¢ I PN
Gy 53 ey Copu oSS Gl 5 ey S5 sk Sl
oo Sloo iy (gl S8l 5 mwhav 3508 by, lasl
5 TI:[Tl 7 Ts]r e R T )
(Joolis BYoxy Sy T, =, 7, [
g, =0, a5 o =l 0, gf
X- amio y3 gbajls, F, :[Nr fW]T s F :[NI fy

2 sl so5ee o5 Nps Nl S0 o5 sl ¥
o Ty 5 By ormer 5 cly 5 o 0028 Sl Sl e
ol 4 g el s s Y gl 3 5 el bl s (S8
3 Sl 65,05 bad e sl pEogle & l o3 S5
X- tomins 55 LS S o Slasl I (22Kl S g5 4 Z (sl
A S oS e OYsle s Shwl (65,5 Z ailye Y
o T (ot D)W IS (S5 4 xS L ed 3 35
BEND'S] ‘ve,:f_;“#ﬁpm?gsb{ b Zy 5 Yo ¢Xo 33T ey
@5 50 S5 BB e s sl 5 a5 L I

J..r“) O s U‘-’;ASA b V.M.> C_.fj> Yl J."‘J"L" Cwlodd

Dl il
m 0 O0fX N, —N,
0 m 0)y,|=| 2f, )
0 0 m|Z 2f,—w

S Slasl (65,5 ad) 30 olips0lis fy B fz G dlslaa ys &S
6@1),>W@\),%wcp5u§gﬁﬂéw\
-mwfﬂ,oggﬂm,w,mY,Zéu)}m
Oy oy O Jsgomn VW 5 alslan & Jols (Y) 5 (1) &Vslaa
ot £, 5o f) NN eZg 0y X, <05 G
Vsl 4 5L OV pgme 2hy Sl 4 e g L Vsl ol
SVslae ol ol S5 a0 05N g o STl el s oS el (6 K5
3 W g Ll o sl el 05T Gl (s (eSS
a:)}Tg,.w.\.ngsr.oLg_,ﬂjQ:)}T@J‘;.L;lﬂb@\blaﬂ.\:{lul;\
ol (Sl (slag s 05,57 Sy s A 4 e s

s

s i 3 S S Wl Sl o okt 8 8
Bl SVl ool ol 3phgr 35 s as oSCaY)
AL e e b &l 3 3 ge (6 2 Ty Slanil ) (Gl gee
sl (g ludslae 3 S Ol s bl oS

Sl gt Jan g S8 5 i (53500 5 S Sl (555
I P N TP S WU B NI S POV S

5 0530 IS = XY amio b Ghlse Smiw o 2iKilss
il Z e g 3 MAB (slinly

GT Slers cjr 5 03y psle (S (55 e S >
T et

Q@J}}:pbh&i&lﬁj}mwﬁ&h&l%y

sl

r.m ﬁ

\%

mg
> X - X

a,u,a;(.*.,,;\ﬂv\;g:,umﬁgmwﬁu(\)ﬁ;

g 515N gy jleslimal b5 B Glasp 4 =5 L
L;)}T@A;a»%ﬁm‘;\jl)w)qﬁlo\hw
a0 ,0) S o S o XY wmins 3 L 0SSl Sl 4 x5
(b)bY}Zsbw‘Jﬁ@C—Sf@‘)Qr&w%{é{dfj‘
,&?wg,.:.i'lyuﬂslﬁ\) O; 50, «Q; ‘5:\)'T4?):4..»
oly S &l Joolin gl 1y Og 9 Og ¢ Oy 3157 4 )3 4
Tl BB 5 S e 4 0SS S dslae il ol
:[Yl.] A

M,j; +h, =7, - J[F, i=Nr )

Journal of Control, Vol. 4, No. 2, Summer 2010

VPAR Olsls oY 65l (F o ¢ S dloms


https://dor.isc.ac/dor/20.1001.1.20088345.1389.4.2.4.4
https://joc-isice.ir/article-1-134-fa.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1389.4.2.4.4 ]

v 28 55y oy G gy (53 i B ool gl ¢

Grbo irr (Se] o

PP e A o R s LS (B jae ZrZZg—ZO
Ll Sl c5,5 cbadse 05 o il o Z 5 Y (clalial,
Sl Gl 55 OYslae
o [e2 52
fy:_yr/ Yo +Z; ><|/IN|
. .2 . 2
f,==2,14y, " +2," x|uN|

a8l 55 OS 05 55 LG SYslee Sl Sy pY

)

lodaT Sy (3 b 95 >

A pae (o

oy by e e g S 3508 535 S (b
A 2 ekh RIS GRS L e Dl 05 Jles!
33 Eand s 0l 53 Gl pl 3 s o Jlasl a4 Lo oy OS>
gl (Sl e B, 5 S

Yo =Yg
z,=1,

\2)

Sy |y i QB2 D50 O 358 Gl 3 4 s LM
6‘ﬁ‘)WdFQY>WLW)>Q)LBJ.éjé.]éb‘!\{}cb)}]—
.:J{)&:;&]ﬂ.ﬁ\dh"}éo:)}-\‘w-\{

A kT (2

B [v,|=|yi+zij=0 La 3
2 o e S s e W3k [a| = Y+ 220
23 (S8l b Sl ey sl slas 5 g sarmn 2 S 5 o
BT )3 1y i (g Slid K Sl b odld 2hy e bl
&y oS S sl dasly 55 Camds pl 53 Aas e S 5
5 S Sl ol bsg dalg 5 Sasl 6,5 dumlous
Sl b el ho o Sy S 4 4y L OT (ol
G T 3l Sul 4 ar g b o gl OESS) 4y o
S8l (slag s 05 r il UN Ll alaw a s (S8l

5 g5 S e Sl gl v g L 5 )
f, =, /9, +27 ||
f, =2, 1\y,"+2,° x|uN|

G A AT 5B Ll a5 bl by @ e

W)

O il 55 OVslas atws 95 a Il sad o5 S Ly S5&
Lg\j!d}é&pw%.gﬁﬁl?é;uﬁjﬁdeJB‘slﬁ

W bl ool 0deT (N et 55 S as! (gla s 15 duslons

e 55 ool il Cllae s 5L (63 508 (55,55 dlons 51
dloes @l by 5 Aol (N=N; =N DoE 554 b
WSl al g (63 g0 (69,5

N, =N, =N =k¢& ®

’))‘r;‘“:"dﬁ':\éo%‘é‘ﬁd’b‘“gf‘;“" ke B abaly s
55 T 5o okeSl S5, 0l Sl S 0 505 anllas
3 gh e esls ey b g Col

S=X—X%-b ()

Sz X5 X o5 o3 e 2 0 G5 )y
S ol e e T by 53 5 Sl 5 oty (SSleiw
s o OLES (il amty

35 Jol dk&“eﬁé;‘*«—é%d» Syl 4 4 5L
T o ety e Gl gle (5 me 55 e Sl 4 a5 Ly Sl
sl dmy 5 e G (S il laliass 5,8 e Ll
5 O A T e ey Jols bl ol 258 o
Ay e G P e Sal 5o 5 T i A ey
ol S A s eds slewl Shsl 5,5 cwl S Y
T 05,57 Sy 0995 4 anlsl y3 oS 59 dal s Sogline blund
b amy 5 e O ooled e Glalnds 1 i o)Ll
13,8 bl 5 sagduaies j3 015 0

e Bl s i a (Gl

ey 4 ol o (o D poled BB s A D)5 50
250 Oy 25 S Ol 1 b b ) S 0 5 el ho (el

|ve|=|yi+2z.j>0 ®)

3 e b o OIS e Ce e VG a5
baly 3 0T Glaadlsn s n 2, =23—2, 5 ¥, =Yg =Y,
S gaadlyn Zg s Yo Sl SV il s Z 5 Y e
On A ey smea O by ana Z 5 Y by s R
b o 2 55 (Sl (glag 5 AT o 55 503 0 8 5 e
25 LT o Cmds N n oS S8l alasly 1 eslizal
o Seadlsn Ol Sl 1y Jlo 35 8l 5 ol e b 5
55 a5 &S5 ol a Loy T Cwt Z5Y Sl o 1) Sl
Sap Sl OIS e O s e 2y ey S
OF W il Soles Comn 2 55 (o Sy 5 (S Sl
o ol g Sy 4 g b ) Ssl 5,5 sl s

s Ve =Yg Yo S ams b lply T Gy o

Journal of Control, Vol. 4, No. 2, Summer 2010

VPAR Olsls oY 65l (F o ¢ S dloms


https://dor.isc.ac/dor/20.1001.1.20088345.1389.4.2.4.4
https://joc-isice.ir/article-1-134-fa.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1389.4.2.4.4 ]

Yo Giztr S8 53 L ey OSG algy (Sbmss b plo! gloml

Geo i (Gde]

o 4 Camse dt e 2SS S G s sl e
ot it (5l S S Akl sl alidles 5l
Pl oshr G s p5 Do 52505 edgn 1) o sl

T, =B (M{, +Mk é+Mk e+h) ()

5 03 CaS Gl e 0diasOlss g calaly pl )
5l cal s b sl s K Sk ce=qy—q
S Q) daly 033 p5 bl Joolin sl ne b blas it
Sy 5 SBhol 5 3508 a5 b Gl 5L e S
g S 5 s 3 031 2SS

1, =B'J'F o

5 Combge dy il J 28l (O) dslas pys 5 sl slap 5
e 148 ol g Oy (03 55 gm 03Litl 5 5 5l slike 287
4B 38 SRS Bl pl g edd 5,5l e b ks 50 658
ol 03Y ey gy dnl i e (556K 51 3 (55 Sl
G A8 53 683 le b ol 53 5L 3550 (555 e
3550 e 4 Sl oy 53 5L 5550 (658 M 1 b oS
PSS S L Q) dalan pg g 1 0355 el ol OT
S kS Sy DAster -Gl Lans ol (im0
Cor olae 3508 3,5 4 0T 04 1 Ker g (S350
:;};@_;u_ﬁ:ﬁj@),@rew\wwﬁ

T=BJTK (N —(N =k, ||/ 1)) Q)

J’ =[J1T Jg] S5 o ile sl 0w J| 0T 55 &S
S 6l b bl eglgen Noo sl o5 ol o il
4 I 5 03,5 S e o)l S 4 ORESH S
N on N S s 53 Jls ol 5 &S o slmil 1 0T o
S sl 0T 51 S S 815 b sl st K | F[ 1
Sl b bl JES s s s BTITKN, pr b
sl — e 51523 S 4 Ol &S o — (63508 S35 S
e of ST S I s s
St asee s Salsle BTITK (N =K, | F[/ 1)
OAS 595 —©3 508 o5 Sl ol (bl dsl 5L s, ke
G353l Dl B o ol 5 i o sl = e 05123 31 012
walsh e 2530 51 68 Sl 5 IS 1 S s S2pee
Sl 1) olgide S8 (Sob el () K8 .2l wals

3O «®) SYslre ams 1 (S5 5 () 5 (1) () by, Jols alslas
Oy Oy <Oy Oy Jpgzee \WOIg oo el o2 LI LA L
oske 1) 1:z 3 fy ‘Nr ‘NI Zy Yo Xy Qg Qs

33T Sy Ole jan

9 m-CamBgo X pud J U5 Y

Lo G b plarl glomlr old (o5 dlis 53 Sl 4 a5 L
50T o Jlesl Glag 2l 03 e el Zom il

23 W gb e e byie b A8 sl en

g g LS o SVslae oSS S Yl 03557 Sy (V)

S alsee Gl as
350 Ssse o Gl 8 Ll 2 Sl ) b Sl 65 5
oS~ S~ BIEEIYS

L fy=—yr/\lyr2+2r2x‘yN‘
o v, =Y, i+2j#0
g fz:_zr/Vyr2+zr2X‘ﬂN‘

v, = Yi+2,j=0 o

S e E) 2=
P o fly: frv
ar:yrl+ZrJ:O f :f

v, =Y,i+2j=0 . ” -
e rooro T f, =, 14V, +2.7 x|uN]|

5

.. o o 2 o 2
J"J'J ar:yri+'z'rj¢0 fz:Zr/ yr +Zr X‘#N‘

1) $3 508 (3,5 s o Lol gaz) S 4 L ol 85
b;lol’)\mgu,;,.:u:}uduv,\‘&,\iumméﬁ
w\:_Liui.Aijl?mJilb@Evﬁ‘sdbjsj.liw)'}\’.dw
ezl n ol 5 58 s S L L el e
Jtm6;55wG;ijl‘ﬁuf\)@,&;w,;,tm;,T)Mf
A 5 G LTS 25 5 e (oo S s A
ol 03 M S o eslizal J 28T s 5,8 &Ks 1 35 Gl
WJFQ&Al‘QlenL&MH{Jo&:%‘5,‘):5“;“.5
O 5 sl so50e 35 2ol 5 iS55 oS o by
e Gln 25 JKb 4 (oS 5 GRS el pl 3 5k e Gl
gk gy (s 2 205

T=Tp+Tp+7T @

Journal of Control, Vol. 4, No. 2, Summer 2010

VPAR Olsls oY 65l (F o ¢ S dloms



https://dor.isc.ac/dor/20.1001.1.20088345.1389.4.2.4.4
https://joc-isice.ir/article-1-134-fa.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1389.4.2.4.4 ]

v 28 55y oy G gy (53 i B ool gl \i2

Grbo irr (Se] o

N/ At=k,(v-ky(N=k,|f[/ &) oo
Hge 6,505 55 dhools Oloj Lo 2o At (556 dlasly 53 oS
25 sy d00) 5 (OF) Wales 55 amslio b dil o (63508 (55,5
2 OF daly) dlis ool 53 odd @yl J xS gla bl dumlons (gl

(VF daly) o 3 Gdoo b g ol @151 ) 287 (Gla sl )l Cm

B
k, = kyk, 4t 2
N, =v/ky ov)

OF) J2S° @l ods allyl (assd Lals) @ g Ll ol
A s (W) 5 (O8) Lulgy v a5 b 55 5 gl 5 ko baw g
Vslae A gl Lo e i K Olgie 4 0.001 Hluie 3 8
Sy lae ool golgiig J 28T b melyl sl e sl 25
T
No =((k, ~1)N)/((2u)(N 4 / N =1)) ()
Ky =+/5x0.001N /(2,/s, N, ) )
K,=(Ng—=Ng)/N ()

- 330 S35 e e S N (G Lalsy o S

A BT 31 e o Oliebl 5 (23 L il o o7 5L
5 Nig 5 Sg (Npg Jalss ol 53 rmpen 1l ()0
Sie 5 gl S5A Aol (63508 (5,0 sl sllae Al I
Sl Ol gy 5 CS o ks Sl s Ol (63508 (53,0
ol ($3 308 53,5 Olabl el stasolts N b Ny ol
g el e LB [Y4] TP 0> Py ol o i O
e O gy 515 o g5 3 (solgiig slin S el S p3Y
lin e 5,8 15 elizl 3550 S (sle sl (sl 4l
wa&ijJéxf%‘{?i‘{@i‘f&uﬂblﬁ

.::Jf@aa:(éjb@b_;)‘}»&&_’):uﬂ\)g

S Kol Ly o 5 a0
S5 Cal asie (OF) dsbe Llle 1«5 hiles
ol 3Y &S5 ol 573 il o S8l g 5 3l b s3lgtiy
by ol Gab 5l s pbasl Sl (g 51an B13 &S Sl g i oS
S T s ST Lams 3o (Ll b 4 a5
o 125050 (oan 53 5328 Blod 4 Sl 5 Dl i

bl el wlie alse 5 S, Loy dele il

. Ga Gg

—— 5| B'(Mg, +h)
i ‘ q, g
) qd e'é +

?Oe B'M(k,é +k ¢) >(O—>|Plant PN

Q0

I

ol SRS S sk ol S (1) g

FRT ooz B solib w6l (gwyn -F
ol &yl RS cdbiosls by (S sy oS ) sb0Ls
OT Ul Coand ok |5 ool o a5 () dlasly Lo
Crad (313 1) s il abb s (Canlods Oy (V0) daly Lo 5 &S
o el Gl 5L e S8 oK) daly g OT o
5 ke cuS STp s ekt (o Kol SKhol 5 (g3 ses
G Ll 3508 69,5 IV Ol sl S AT
pom S dlaily by Sl o o sllae (63 goe (555 4 o 0k
g0 53k 25 Los@ OF e b S
T=B UK, (N, —(N —K,|f|/ 1))
~ YY)
=B'JIN
oS 3 3ms 53,5 Ml Sy N (3 abady s
ol 3 hes o8 Tl ab Bl Csllas (655 4 S oS
N S350 S35 e 031 Jon g o 4 N alS s L8
g e 280 gla bl ol Sl BB 3 (55,5 Jil
ot 63 s rgo sla bl oy dalss Ky s No oKy o 38
53 ok sl (6350 (5,5 S ke Juls Ol e 1) S
s i i e b S B T
Sos8 & S 3508 3,5 HE Ll gl Hldie 5 a0 T3
Sl eyl o s 55 onlin (Sla et 1) (Sl Teils o gllas
o e 3 Shae 6T GNE 56 0 5 355 J 25
3 Gde Cwledd okl [YA] guex| 5 Gide Lawg odd 4l
(S 0 5 by o ol 25 6y 1] e
o 4 Jlsl S350 535 USRS Sln 25 Dose @ SIS
L3 gas e N
N =k, (v —ky (N =K, ||/ 2)) OF)
23 oz U5 Sa S Gl ol & 0 15 (1F)

e

Journal of Control, Vol. 4, No. 2, Summer 2010

VPAR Olsls oY 65l (F o ¢ S dloms


https://dor.isc.ac/dor/20.1001.1.20088345.1389.4.2.4.4
https://joc-isice.ir/article-1-134-fa.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1389.4.2.4.4 ]

v Giztr S8 53 L ey OSG algy (Sbmss b plo! gloml

Geo i (Gde]

e disl Soglize Hldie g3 ol ST dadd 5 Led awlie 55 Nj
255 ilepaa T /N, L i
OLL b 8,8 Sppo S SN e G riﬂ)}ﬂ‘ﬁ
AFAS 53 SMie ool @ls 3 e e O ) S S o3l ol o o
oo okmsols L Ks G 5 3,8 a5 eslizal 34
Gt ol Sl ol a3 Sl s
oy o (o3 g0 35 e 53 (553 o 2 48 ol 4l G 05 S
bl o 03leT 387 55 eslizal (gl 5 dmmloes 1y S ol s i
Sasl 3 0 Sl (29,8 S5 Sl 4 a5 bl S 03N
L;lbf):J&E&\%yegﬁu)b@&:}»’ylb):b
SR s, e Calies Jolse 1 s BW1 sk oS >
Sy oodd bl Ghie 4 arg b ogoedd G5 Sles e il
S sl 5 bt lie S Sl g e 02 S
2 AAS 50wy IS Sl s 5 B8 )5 sl 350
D8] e 03 o (nl 93 i S 358 0 230l OT ol

g el i B

F 5o os (R oo —F
>),ﬁwuc,b§¢tiw;udmu@)“f”zw
S 5 iy YT i 5> JS S e S o S sl
il o XY dmis 4 3 gdoee (sl 4 (Slo s c0LSSH Lo s
3 e Gy pate Galiee GBS > 558 e S
o 2l 5 B TS 5o JAS 5 Slas )y Gimpes

1wl 4y Doy see ) Il (6l gleans

4 pah g 0js U Cod S & e (35 -
Z sty 53 g 1 28 o op) Sl S Y S 0 1S
Sljlge 4 Glamio )3 G508 35 sl sl OIS 5 03
s S dalg oS o XY amin

J13 Y shizal 53) Csllan s 53 e ol 5 3 5-0
Y (stly 53 53 o G5 I ol 53 0RESS Lo 5 (XY aomis
Ll e GSIZ

Jo1s X oshtzal 53) Ogllae e )3 e bl 5 35 -2
3508 53,5 kb S5 S ol 53 0K g KV i
IS Olojen Oy s X Glinly 53 1 4y &S5 bl 5 Jlos!

puy

4 G A28 0 O b ) S Gl b5 4 p3Y S e
3 Shee cpils sl 1 5 enps polie S8l s Sk
Gherl 5 G Lawg ok sl dlie 6,8 SN L o sl
i gme SMhe i Lo e S e 157114
2 b oty s o S i) S sl oSSl
S Ly et I al oIS Sl ol !
Al dmlns | SRl o (53508 5 (S Bl glas
sl gl 5 Cadly g3l S i ol b

Cod @l @V e S Sl s i )
HZ TN n ol 65508 65,5 4 &S Sl

S Jaen FIN s (5 0T L ) 2530 Ll 5 -
ot Pl b ) 5 Bl S S350 S35 53 e 65
Wl e 53 (Saliys &5 Sas!

et e Sl S G el s el
B si n gty oS Sl

35 g1 g el 1) S8l s is 1yl 8
(s Ll 5 5 i 4 a5 )08 oo Dl )

e o g ¢ olad (Sl (5 S 03Il Al a a3 1p s 08
amlie T/ N; Sltie Uty 21 gn U5 abje b ods b5
by e el 1 slun 55 BTN Slaie $108
bl B TNG ke Oosopnl 2 53 oS 0 o T/ N; L
Lt Sogliza 5lie 55 ol ST o0 o amlie Fi AN Sl
)s‘_gx,i:\Jd;@l;;}df.xpdb):w&@l@v;ﬁl@
Doa) iyl Splis 580 ke 53 SV bl ooz 3 [ 5lie
Fi I NG Ll L ke ol by 5 03505 (G 2530 Ol & Ol on
ol Y 5 4SS 5 ST ) 55 3 5m3 o By

Lol io il S ej dl e K 5 Ny Jlaie S
o3lial S hawsl o b puedes 53 1y (6, S 031l Al o ol eS|

Wity s st Fi /N =F /N & o S s -Y
L oSl o olzbl 4 G 8 e A3 20 Jlo )5 e
Sl S sl s ly i 5 S5 S FIN; L
o by o 2 5 o 3500 o gn olzil (ol S 0 o Blne
PBF n ol 85wl L8 3,06 il 5l S LS
b s5bpBing ol ol 3V 1l ilae (Sn (55,5 Sl L

5 Np e ol 23Y b ol 45,8 Shpw i s

Journal of Control, Vol. 4, No. 2, Summer 2010

VPAR Olsls oY 65l (F o ¢ S dloms


https://dor.isc.ac/dor/20.1001.1.20088345.1389.4.2.4.4
https://joc-isice.ir/article-1-134-fa.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1389.4.2.4.4 ]

v 28 55y oy G gy (53 i B ool gl YA

Gk i (Slel

CS o e Lo 5 OSSN 2l SRS 5 e s Bl e
@u b "’%‘r*"d‘ﬁ‘)‘ﬁ-‘ Slp il 63508 (59,5 U osls

Jf&\@\))}Z%JJwSQM@W(V)p

001f
—_
d | T
E 0010 /
~ -oo2p
°
ot
7
o oosr |
oost \Z,
006 p Fi
it 002 00 008 008 01
Time(s)
02
—
E 02
E 04
=
& 08
08
12 7
Z,
g 02 004 008 008 01
Time(s)

JB Sls ll) 53 g p o S o illas S g 5 S (1) S

ol Sl ST Y Celeds A s e 055 1 bl

Loy e 5 ok OLL ¢ 1=0.058eC S s 24
IMM sus G JSK8 plle 3580 opl Sliie 55 on lgs OIS
4 538 S das o O G S ol 4t sl il
o5 eS8 gl OT 5530 walsl 51 g 03 e Sl
Sy50 Jilao Sliie ol 55 3500 U (65508 (55,0 dlas! Jlie ol 5o
il sllasl 3l se (slosly 5o LG e oS Sl A5A Olej s 5L
b RS ol s Shas dlaly Lol (g2 s [T8] slanl 5 oo
K, oltie 288 L S ldde ol 4 dims oo 0L25 OT (sla sl
S e 5 0ley il ausa b el ol adl ST Al e talS
G e o3 okd S5 e 3 s Ol & o pdy e Dose
S350 S35 GAoyd o S8 Comsn K loys om 28
An3(or O § b go (nl i Cuslodd 258 Olej (5o Ao a3
Caglin 3 gm 5 Sy g 3 Ol DK o 5 o5 8§ o alin &S
FEr s Ml oS 0l 5 o 0k 455 e )3 p5Y
S b plart sl T3 ol oS 5 b Al e 5 S
rm?)g,;ttp‘_;}a,l.\aﬂol'%:;ﬁgemtL?a\JsMT,\iL{

OESH Lo 5 XY dmies )3 i Ol jon gl 5 558 =3
Sl OSSN CS o 5 A ol 3 e baws YT amio 3
339l XY dods Oljlge 4 Glamin 53 (63508 (55,5 Jlas]
bl g GUSIZ 5 Y (gl s 53 )3 I3omn i 530
Joder b Gllee (g5l 53 eyl olae oS ol S p5Y
S o s o) 53 ORESS A ol 58 5 ek Bl (1)
b wlsl 53 dal wls IE e b les 3 5 wal (S

Clodd &1y 958 dliwn Hlg (6 5 (g 5lwans

39 WU Cod e 5% Hlgo V-7
MK g3 S s S iluans S Jgl s o

(s
anfllae 55 g0 s (Gla gl )l (e 5lae (V) ptr
m = 1kg o
I, =0.004kgm? ) Oles
Hiy =04 C]"’“ﬁé &S s Bt
!’T’li :OOlkg ’ BJ:?H.). LSLA"‘ fj,-
i=123456
[, =0.2m i=1..6 o iy Lasl J sk
. 2
I, = 0.004kgm Lael o o] Dls
i=12345,6
b=0.1m e P
k. =10000N / m e Jlan i
kp=10 )ﬁ):wuaﬁ
k, =1000 FFS 55 ke oy
23 o8 Sy Olwebl ooyl
k,=1
AFS
k,=8 AR 55 g5 e
N,=1 N AAS 53 5 b ik

B e e Sl G Jl= 53 55 05y el Cow &S

Sailen alods 4151 (0) b (Mgl JSCo 3 ab gy e s 63,5 on
S it S ed ) s ds oLl NS S
23 I loss 4 5 i 55 0Kl 5 e sl (Slodii i o
5035 CS 7 glly 5355 055 f1 bl 4 gl g Sl

ol Sy e B S S bl s s s Do

Journal of Control, Vol. 4, No. 2, Summer 2010

VPAR Olsls oY 65l (F o ¢ S dloms


https://dor.isc.ac/dor/20.1001.1.20088345.1389.4.2.4.4
https://joc-isice.ir/article-1-134-fa.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1389.4.2.4.4 ]

¥4 St S 5o b oy G ey b plo! gloml

Geo i (Gde]

41425

1425 \l
ar418k N

4141t

yr (mm)
<

41405+ | B Y,
a4t |'
41305} X

4139} \

1 L L " . L
4 3850 0.02 0.04 0.06 0.08 01

Time(s)
QTQJ’,_,J;U\;’JWQS?):QU;&\Q@}»(F)_&Z

N (N)
pd

a o o Lo oo o 006 L o L] 1
12 r
10
=2 |
B
~
.
L]
2
0 002 004 006 008 01
Time(s)

OT 055 A Cond e &S o 53 (led slag 5 (0) S

M e e S 05V 3500 S35 sl fadse 2 S

e gl g 5 ks plnil 4 S slapn ) Sl buy
FE Slge 51 my 3508 S35 SRS § 55 oS eks 18
il doy o plmil 4 J ST Ay 3 pge e Sl 0 S e
L;ur;;_,,iu el amlie pod [Y4] Giasl 5 b 3503 (5208
by pde IS e i o A8 2 S L Jpene
P R S IR PPN
S3308 G355 A L3 1y ek (I al A 6,8

Llesls plas

Gl oS o byl OT (bmlr 9 mu Hlee Y-F

Y s950 Sluiel 33
Sl e B8 53 S8 5 Slas (loacd S Cand ol
0¥ 3,5 o o3 st 2050 XY i 53 LS Lo 5 bl
uﬁ'@ff)}sba‘;bl:@Sg.wlwljué)é\qggl);@lﬁ.l{

D3 g 3o sn i La 5 loule 1S

Lil;)>lj¢;§l6;5;@u@y5(f)ﬁ@u

e o 41 QRIS S o e iy 0 DL i b el ke
IS Gl Y g s ORI S el 25 Slge g o
Sie 5 ods J &S o @ lwly ol 55 O84S das e 0Lk G
b o3 b 93 5 0l s e Sl el o $Gs 5 0T
wuily amly S Wase 0L 0) JSb il 03y g S
)@»UW&J‘*&%‘)#DJ}‘J&WU@HLQE
)L?.uuswut;@rﬂ.mﬁ&;g;ML}slbubgT
b JSKE 3 o8 0T 5L sy il & Cod olg 53508 S50
» Ny eg sy bl calods osls s o b e
poe 05 4 ol s a4 padn cnl Bl el G ime S S
Sty ($3508 S5 phe Db ML by 5 SRS
Ny SEwl sl g5 ) o b o Ny +K [ F[/ g2
Sy kﬂ|f|/ﬂ SR S35 o ostke L o
o Slp b Olabl oyl 235 o5 0 Ny ol s pu ol 5
ST s SV 0,5 L1y e Ll B AST e (650 63500

Al 6 i)

X (mm)

6195,

X (mm)

6194

6185}

o0z 004 (13 006 01

41425

414250 \l
sarsf X
PITT Y Yio

405} [N
4140 [RY M

yi (mm)

11305 bl

4139}

11,385}

Journal of Control, Vol. 4, No. 2, Summer 2010

VPAR Olsls oY 65l (F o ¢ S dloma


https://dor.isc.ac/dor/20.1001.1.20088345.1389.4.2.4.4
https://joc-isice.ir/article-1-134-fa.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1389.4.2.4.4 ]

gt SISl 93 iy S (g3 b plosrl gl v

Gk i (Slel

~ ]
S ost|
€
=
o 1t
N
| Z,
154
2k

o 005 01 015 02 025 03 035 04

Time(s)

,;ot-.:.inb}:ah;{,,,,;u):w\;;ﬂ,gfs,ﬁ ¢S
L.d«.il}ji:&ajxh&Q)Mg}UaAXAAA)Y)}m:\A:A
(Wlokz o515 Ol 5 b gl

Y laly 53 g S5 5 035 7 g 53 (B slul,

S B Lglly 53 B Okd sy bl ssad S g
spde 2 g 55 oA ol Ol B S Gilbs 35 el
S das e 0L (V) S0 s bl o e slgst 5> 1.75MM
2 G e 5 osee S Sl Sl Sl 5 o ORI
oY (F2,88 5035 08 > X g i gl 3508 sl
(il gad ol ¥ bl 53 1) ogllan s 5 03 g0d Syl e 5
b5 DLl pn 5 pllan e B33 Sl S5 3 Sl S 05Y
L S8l 3,8 St (W) IS b ..u\a)f,\)gr.aw)
S das o 0LES G S ) cas e (Bl Z Y sl o
s ol i 7 slanly 53 g5 (S8l 65,5 e slgsl 5o
Yoty 53 50 (S o5l 5 L glaoks Ol sl e
Loy A5 g 1 dm o s e 0L 35 Q) S8 ol B e

e SIS g 355 5L 3500 Jil B (5350 (55,5 2SS

= 16 1
1 |
~ 5155
x
515
|
5145 "
it 005 01 015 02 02 [ 04
20 :
c 6195
~ atat | |\
= ||V
b3 ||
B185F | |
\ \
)
618

25 e 331y g il iy DK o 028 e 553 ,8 n

Aas d}"
[ 0.4146-0.3732co8/ 2) t<0.2
) ¥ 70,0597 t>02
X, =0.5671

o gl Gl b osllan e X, 5 Yo B A, s

Q)6 () b S 55 iluans @b cias o 0L 0k Ly
23 ES (Ml 3 e 6 dms e 0L (7) K L loks 1)
b OAE o pimen 5 ORI L g Y g > gl
ol ol S& e el 533 s 1=0.25€C s slas
G S Gllas 5 0l Jlge e p 53508 G55 el b 25
Y Cloks il e L by g 4 ORI o e
Gilas o Lo g e ol gl b e A O Sl ST
ool GasTob il o s sl 53 1.5MM 550 55 IS5 L
5 o35 ae ol ys eolgiin J S by S Cul (g0 &S
Oy 4 536 IS ol 15 ol QRIS Lo e gl
4 Olg e )y st ol A pa g dal i e A1 (U sl
g Ol sib S a Sk o oK 0as5 L (Sl
ol Y (lily 53 G A dasor DL B S gy 2 et

@ly;dlqt)@fwl‘@la.m}'gzg,.@a-)zg.ijﬂ:l;%\

yo-dot (m/s)

—
£
o
=
454
40- - B
0 005 01 015 02 025 03 035 04
002 ;
—_
" T
~~— ||
— oo H 1
3 | ||
T onafl |
N | ] 5 i
|| £
0061 | 1
A n s i i i i ]
0 005 01 015 02 025 03 035 04
! reset

Journal of Control, Vol. 4, No. 2, Summer 2010

VPAR Olsls oY 65l (F o ¢ S dloma


https://dor.isc.ac/dor/20.1001.1.20088345.1389.4.2.4.4
https://joc-isice.ir/article-1-134-fa.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1389.4.2.4.4 ]

A izt S 93 b oy OGSl g3 b plosr! el

Geo i (Gde]

OIS o o bwgi OF (2bmlr 9 pur sleo F-F

X 3950 Slel 4o
OF ol 5 e Dler 1y S50 5 Slas S ) 5
3 s 353 X e iy 53 XY aomis 3 2K Loy
B e S Sl ol o bl > Sl S oY 5,8
I g sopm OIS bug gl 15 5 03y S
JAS 531y ol S QU5 ol 5sb a5k ol 2,8 e
Y il DU 4 X e il 53 g5 5 CumBse Olejen
o o Sl as O o X L 53 S - S Sl Sy
33 3508 o Dl X g 5 ks Sl Sole w L s
oo 5 ot SSKhul G5 ,5 Ml Camge LG e S Db
i S8 sl s Cleds i3s3 8 e Do

Sl el )l

I

(Yv) 0.5701 t>0.2

¥, =0.0414

{ 0.6652-0.1cos(7/2)  t<02

e bl Gl s e Xo 5 Yo G5 Al o

B O S s ilaant mli cas o 0L 1 0SS Law g
@zl 53 e & das e Ol (10) JS leds €151 (1Y)
Y o 53 Des 2 S s 35 Oy S Cow S
5okd Ll e S350 S8 Jlesl b 25 ol ol ST
il i S b 4 S e G S e
X sl 53 &S o oS dasr OLis S opl gy o Calods
C.,.-»ly;d\qtyyal.wlemzszgiﬂsbglC,.cl{
4 A X Slaly 53 o Sl 5 0390 7 S 53 (B sl S
CS o 58 L laly s B Ol sy bl bl e &S >
sl 53 L2MM 5507 gy 53 ol Ol 008 dal =
Sl 51 dm & as e 0L (V) JSK8 s (g r LBl or e
S 355 5L sy Pl B (63 5ee (55,0 =K Loy 5d
21 s S8l 5,5 5 Sl Bl S e ()UK

sl 03 405 3| 2y s (glinl

002
—_
n
S~
é oozf |
- |
o |
S ooa] |
‘o i1
N 14
008¢)
Z
0 005 01 015 02 025 03 035 04

! quasi static

a0 ; ; : it
F
/
€ /
S /
= 0 /
> P
45+ 'v-/
A
__-’/
b T T 1 03 038 04
0 ; i i
F
/
€ /
S /
= 0 /
= 4
45+ 'v-/
A
__-’/
0G0 01 015 02 02 03 035 04
Time(s)

(w?dJ’J}bﬁwb}%Oui”*’;}@fér(V)Jg

Y sma shal s 012Kl Lo 5

1
L
= 1
2
< 4
-
Y= \|
|
4t
‘s oo T o1 02 025 03 04
12 .
wof
—
p=4 4
~ 5
~
4D .-
2 1
4
2if
|‘I

i i i I i i i
0 005 01 015 0z 025 03 035 04

Time(s)

53 O Ja 5 e 08 e 3 bl (gl 5 (A) JSC

Y e sluzel
30
|
— 1 i
= fl |
~ 20 |
=2

1] 00s o1 015 02 0325 03 03s o4
Time(s)
Lo 5 e S 5l 53 e 3 5ms (55,5 (V) S
Y e sl s 0120

o @54{4?;3‘*.}“-&5&" sk il Ll abl Ji.ALf
ol Jleel b 1) o ol il J 287 68 S 015 or 25

Sl plait a1y a5 5590 08 o 5038 lge p5Y (52 508 S5

Journal of Control, Vol. 4, No. 2, Summer 2010

VPAR Olsls oY 65l (F o ¢ S dloma


https://dor.isc.ac/dor/20.1001.1.20088345.1389.4.2.4.4
https://joc-isice.ir/article-1-134-fa.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1389.4.2.4.4 ]

EXIIGE < [P PR R X PR v plor! (g lomil Y

Grbe Jirr (Slex] Cu

X (mm)
“,

622

X (mm)

619 FTT

005 01 (X5 02 025 03 035 04
4145

4144

4143

42f

4141,

yi (mm)

414
4199 ¥

4136

4137

4145

4144

4143

42f

4141,

yr (mm)

414
4138 L]

4136

3 e
it 005 o1 015 0z 025 03 035 o4

Time(s)
23 OIS L g e 05 e 53 280 by (V1) S
b ol polin 5 o Lot S g gl 310 X s (gl
(Wlouds asls OLis y Loyl

5 oS by O el 9 e sl F-F
Ol g @

23 e SIS 93 IS5 Shoe (5loas I L ol 55
s g IS o s glulr Coman 5SS u s gl
Cad ol 93 e SVslan l Shy p3Y 3,8 o 1S e
23 S Al 5 (3 s 53 3 ol 1 s Lauly ) Jolee
23 5,50 o s (gl 1y ) dmly 1 il 0 7 ) o lizel
FL bl L )

y, =0 £<0.09

() y, =5(t-0.09) 0.09<t<0.1
y, =0.1(t—0.1)+0.0005 t>0.1

_ [0.4146-0.3732 cognt/2) t<0.2
° | 0.0597 t>02
X, =0.5671

(YF)

Time(s)

Z, (mm)

ZO
s 01 015 02 025 03 035 04

Time(s)

QS o 5 OT 28 o ) 5la 53) e g 3 oo (1) IS

(X)?udbul)):

N (N)

o 005 [E] 015 02 0325 03 035 04

f, (N)

065 01 05 02 05 03 0% o4
Time(s)
Otﬁ.fdl.ln.»‘,:(.....?;;ff»)‘,ib):)é&]aw\‘;h,j_i(\\)‘)g&

X e sl y 4o

Sl Coly 5 G S & s e 0L () S8 s

S o o 3508 Sluly 5 S Hlens (63 508 (55 Sl
i bnly ol 93 1) 35 0m s S5 oM 5 035 S > X
o O L g bl 3 35 5 23V (S35 i e
o b bl (F3,85 cal Ojme o ot 5 s e
2 sl s g LS S e 0l S
@L:;@-x?,:p,w}k»'),hialjg.@u;r;%uﬂ_;u)
el b 1y e ool wtily J 28 o8 S Ol5 e S
bl 5350 s 53 15T 5 03,5 Hlge p5Y (63508 655 Jil
HB Sl ple g3 5 sladle mls alie mls o S L
okd 3 8 oo &G 0T B 3 48 e ) ks S ol stalin
33 bl OIS CS o b el gl 3 ges bl 5

welods 1S 5L sl 6l 035 ok

Journal of Control, Vol. 4, No. 2, Summer 2010

AFAS Ol oY oyl oF tlom ¢ =S aloea


https://dor.isc.ac/dor/20.1001.1.20088345.1389.4.2.4.4
https://joc-isice.ir/article-1-134-fa.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1389.4.2.4.4 ]

" iyt 2800 33 oy OS5 by (Sl il ol

G jir (el o

2 .
— % |I |'1 II‘
{ |
= ol | I-'] Iu'- I
) | ) |
z s | |r ,il:_ | |.'I Ii I,'.
[ | " il | L L
w ! *
i
Pe 905 01 015 0z 025 03 036 04
Time(s)
J‘-“}"r"?w:fiJﬁL‘ﬁc]‘-‘“ﬂ°r°t5JJ:"(W)J§i
0kxSSl 5 e
] . . . .
& I|
E 4
S 4
o :
. |
4 |
|
6 \/
By o5 o1 o1 02 0% 03 0% 04
Time(s)
12 . -
I ]
= b il I I
e 4 | | |
N |
e 6 | | | 1 ||J (]
I i [\ l
7 i
aff |
[ I
| |

0 005 01 015 0z 025 03 035 04

ouﬁ\)@bywé;),u);wuéu,,g<\a>p

03 (53,28 (19) JSa b Gillae ol 5 (o 2K man

sy

»

.b}.ﬂ

sbwl 3Y ($25es SElsl $5,5 b o3 gai sl )
5165
= 516 ! |
£ ,
E | —
—  swssf | f1 / Iy
X | al
15 ,"
I
Moo 01 015 02 02 03 035 04
620 .
=  eus
IS
(S Y. .
— 619 '.I |',‘. |'|f- : :p'.f'
s \ (¥ \ (W
x 'uli: I 1 1
8185k || \ '.| \
i \l \l
i i
B 005 01 015 02 025 03 035 04
100 T
20 /
E = i
£ =
— T T
= i
&
50 /
.
anEe=—— n . " "

z,=0 t<0.29
(v®)  {z, =5(t-0.29) 0.29<t<0.3
z, =0.1(t—0.3)+0.0005 t>0.3
bl Gl Csllan e &7 G Glb s 4 a5 b ol
e 4151 (19) B (1) sla S 3 (il gl ool
S 5 S ) 53 0k s w5 sle Ab ojLal YU 55 45T shailen
ol i 4 e g L5 Sl (A8 Caad 53 55 0l B ,ne oy 5ls
1 i 5 sl g J 2SS S Ol n b O o
v g Jsl 3508 35 5 Ser S0 5 e S S
23 Gileand ol wlia sk (las AT 5l e Jile 1) e
e (1) IS Gollas e 5530 48 dias oo OLE o8 Cond
Al 0T 5L )00 Jil B OF) o pillas (3508 S50 5 0ol

Glos o bl 5 S g 5 S8l 555 5wl

Camlo sl (10) S
A
02 ol |
w G |
E = |
|
: 015 \
o |
] 2
o A
> 005 /
R
0 005 01 015 02 02% 03 035 04
100 - *
—_
£
o
>
01 il\ EE—
0 Il
= 005 if
£ if
= f
- il
[e] r
° [ il
1 ] |
$ | | L
N nosf | v
005 01 015 02 025 03 035 04
12 T T
10 A
—
IS 8 A
E i Vi
= v
K 4 £
2
.2{) 005 01 015 U.Z 025 -03 0.3% 0.4

Time(s)

5 bes OT (oS 5 5l 53 i S o 5 Cund e (V) S8
2 bk b il slie s e s ) gy o llan 3lie) 00

(Llods 005 OLas

Journal of Control, Vol. 4, No. 2, Summer 2010

AWAR Ol ¢ ol oF o ¢J 287 alos


https://dor.isc.ac/dor/20.1001.1.20088345.1389.4.2.4.4
https://joc-isice.ir/article-1-134-fa.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1389.4.2.4.4 ]

v 28 55y oy G gy (53 i B ool gl vf

Grbo irr (Se] o

by tactile sensor: algorithms and experimental
result”, in Proc. IEEE International Conference on
Robotics and Automation, Minneapolis, MN, USA,
pp. 3234-9

[4] Trembly, M. R., Packard, W.J., and Cutkoscy, M.R.,
1992, “Utilizing sensed incipient slip signals for
grasp force control”, in Proc. Japan-USA
Symposium on Flexible Automation, San Francisco,
California pp: 1237-1243

[5] Glossas, NI. , and Aspragathos N.A, 2001, “Fuzzy
logic grasp control using tactile sensors”,
Mechatronics, vol. 11, pp.899-920

[6] Hadian, H., Keshmiri, M., and Sheikholeslam, F.,
2008, “A new approach on object slippage control in
a cooperating manipulators system”, Advanced
Robotics, Vol. 22, No. 13-14 pp. 1559-1584(26)

[7] Nakazava, N., Kim, I., Inooka, H., and Ikeura, R.,
2001, “Force control of a robot gripper based on
human grasping schemes”, Control Engineering
Practice, vol. 9, pp.735-742

[8] Lopez, J.A.D., Damper, R.l., Crowder, R.M., and
Harris, C.J., 2004, “Adaptive neurofuzzy control of
a robotic gripper with on-line machine learning”,
Robotics and Autonomous Systems, vol. 48, pp: 93—
110

[9] Arimoto, S., 2004, “Intelligent control of multi-
fingered hands”, Annual Reviews in Control, vol.
28, pp.75-85

[10] Al-Gallaf, E.A., 2006, “Multi-fingered robot hand
optimal task force distribution Neural inverse
kinematics approach”, Robotics and Autonomous
Systems, vol. 54, pp. 34-51

[11] Buss M., Hashimoto H., and Moore J.B., 1996,
“Dexterous Hand Grasping Force Optimization”,
IEEE Trans. on R.&A., Vol. 12(3), pp:406-418

[12] Li Z.X., Qin Z., Jiang S. and Han L., 1998,
“coordinated Motion Generation and Real-Time
Grasping Force Control for  Multifingered
Manipulation”, in Proc. IEEE International
Conference on Robotics and Automation, Leuven,
Belgium, pp:3631-3638

[13] Murakami K., Hasegawa T., “Novel Fingertip
Equipped with Soft Skin and Hard Nail for
Dexterous Multi-fingered Robotic Manipulation”,
Fukuoka 812-8581 Japan.

[14] J. Trinkle, J.S Pang, S. Sudarsky, and G. Lo., 1994,
“Complementarity Formulations and Existance of
Solutions of Dynamic Multi-Rigid-Body Contact
Problem with Coulomb Friction”

[15] Han L., Trinkle J. C., and Li Z. X., 2000, “Grasp
Analysis as Linear Matrix Inequality Problems”,

E -

€ | e

~ far e

= /,/

B _0-:5-:-- 01 018 02 0% 03 035 04
Time(s)
5 by e (S sl 3 ORI Coie (19) S5
R
S 5 4omis Y

S s b plr) gl s Slee i )

35 S8 Sl S IS 4 g by 88 15 g 355
5 Camge RS 5 LED 5 90 4 ) Sl e )3 (S Cond e
Ail)lu,)):;fr:.:)jfil lan cpl 5o 6B ok Lab 5 8 45 5,8
BT PP N ylbgwd)l@@ﬁ.&@\ ol
A Gloe g5 Al st Jas 3 S i S >
303505 oo 0kipd bl e 5 i S5 o oaled (slas
AAS o S aal 1) 5 Jlasl glaly 53 S ga J 557 OISl
A Oy g |y amBgn 5 9,0 5035 oS 5 kL 1yls ekl &1
e 4y J 28 Saly 4t 5 b blai o 2SOl pmn gl 5 i
2 Sl il prads Sy S S Bl (b ms
Ol 5 glite 4y . Coslocs slgitiy bl (slas 5 (5,5 o3Il sl
53 S o (b3 e ool 5 5lgs pabsn J S5 Shes
s p 3osn OISl i s dabee slalialy 3 SWSL Co
35 Sadbge pogde (oalgiiy S8 S Ad el Ol 5 255,18
elie RS QU1 055 o bl e OS5 o by S e e

,;;.»b\:}z_.ibW&éléy&@}})wé‘xb%‘

&y

[1] Shinoda, H. and Ando, S. A., 1996, “Tactile sensor
with 5-D deformation sensing, in Proc. the IEEE
International  Conference on Robotics and
Automation, Minneapolis”, MN, USA, vol. 1, pp. 7-
12

[2] Jockush, J., Walter, J., and Ritter, H, 1997, “A tactile
sensor system for a three-fingered robot
manipulator”, in  Proc. IEEE International
Conference on Robotics and  Automation,
Albuquerque, NM, USA, pp. 3080-6

[3] Holweg, E., Hoeve, H., Jongkind W.: L Marconi, C
Melchiorri, and C. Bonivento., 1996, “Slip detection

Journal of Control, Vol. 4, No. 2, Summer 2010

VPAR Olsls oY 65l (F o ¢ S dloma


https://dor.isc.ac/dor/20.1001.1.20088345.1389.4.2.4.4
https://joc-isice.ir/article-1-134-fa.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1389.4.2.4.4 ]

Yo Giztr S8 53 L ey OSG algy (Sbmss b plo! gloml

Geo i (Gde]

[24] Carelli, R. and Kelly, R., 1989, “Adaptive control of
constrained robots modeled by singular system”,
Proceedings of the IEEE Conference on Decision
and Control, 2635-2640, Dec.

[25] Jean, J.H. and Fu, L.-C., 1991, “Efficient adaptive
hybrid control strategies for robots in constrained
manipulators”, Proceedings of the IEEE Conference
on Robotics and Automation, 1681-1686.

[26] Su, C.Y., Leung, T.P., and Zhou, Q.J., 1990,
“Adaptive control of robot manipulators under
constrained motion”, Proceedings of the IEEE
Conference on Decision and Control, 2650-2655,
Dec.

[27] Arimoto, S., Naniwa, T., and Liu, Y.-H., 1995,
“Model-based  adaptive  hybrid  control  of
manipulators with geometric endpoint constraint”,
Advanced Robotics, 9, 1, 67-80.

53 G b el el VAL (sl o (o e [YA]
CES sl LS 4 e 55 G Dby K o S

Ol colasls ot O-F 0y senla gl 5 G5 5l oJ 28 il &S

VYRV i uS

[29] Sadigh M.J., and Ahmadi H., 2009, “Robust Control
Algorithm for Safe Grasping Based on Measurement
of Contact Forces”, Submitted to Mechanic &
Aerospace Journal.

[30] Lewis, F.L., Abdallah, C.T., and Dawson, D.M.,
2004, “Control of Robot Manipulators”, Macmillan,
NewYork.

IEEE Transactions on Robotics and Automation,
Vol. 16, No. 6

[16] Tremblay M.R., Cutkosky M.R., 1993, “Estimating
Friction Using Incipient Slip a Manipulation Task”,
in Proc. IEEE International Conference on Robotics
and Automation, Stanford University, Atlanta, GA,
USA, vol.1, pp: 429 - 434

[17] Maeno T., Kawamura T., and Cheng S.C, 2004,
“Friction Estimation by Pressing an Elastic Finger-
Shaped Sensor against a Surface”, IEEE Transaction
on Robotics and Automation, Vol. 20, No. 2, pp:
222-228

[18] Ahmadi H., and Sadigh M.J., 2008, “Safe Grasping
in Presence of Multi Phase Friction”, in Proc.
International Conference on Control, Automation,
Robotics and Vision, Hanoi, Vietnam, pp: 155-160

[19] Sadigh M.J., and Ahmadi H., H., 2009, “Robust
Control Algorithm for Safe Grasping Based on
Force Sensing”, in Proc. IEEE International
Conference on Robotics and Biomatics, Bangkok,
Thailand, Page(s):1279 — 1284

[20] Raibert, M. and Craig, J., 1981, “Hybrid
position/force control of manipulators”, ASME J.
Dynamic Syst., Meas., Control, 102, 126-132, June.

[21] McClamroch, N. and Wang, D., Feedback
stabilization and tracking of constrained robots,
IEEE Transactions on Automatic Control, 33, 5,
419-426, May 1988.

[22] Hogan, N., 1987, “Stable execution of contact tasks
using impedance control”, Proceedings of the IEEE
Conference on Robotics and Automation, Raleigh,
NC, 595-601, March.

[23] Anderson, R. and Spong, M., 1988, “Hybrid
impedance control of robotic manipulators”, J.
Robotics Automation, 4, 5, 549-556, Oct.

Journal of Control, Vol. 4, No. 2, Summer 2010

VPAR Olsls oY 65l (F o ¢ S dloma


https://dor.isc.ac/dor/20.1001.1.20088345.1389.4.2.4.4
https://joc-isice.ir/article-1-134-fa.html
http://www.tcpdf.org

