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Control of a Manipulator with Elastic Base Moving on Unknown
Path

Ali Salehi, Mohammad Jafar Sadigh

Abstract: Cooperation of man and machine is one of the best solutions for moving the end-
effector of a manipulator on a specific path with unknown relation. In such a solution deviation
from the path is assessed by operator and necessary correcting command is generated by him based
on that. This navigation command is, then, used by control algorithm of manipulator to move the
end-effector on the desired path. This problem gets more difficult if the base of manipulator is
moving on a platform such as a cart or a large manipulator, with inherent flexibility, to achieve a
large workspace. In such cases it is impossible to use a master similar to the manipulator itself. This
paper presents a fuzzy navigation algorithm for moving end-effector of a manipulator mounted on a
moving base. The algorithm which is based on estimation of cross track error of end-effector,
generates necessary command which is used by a proposed computed-torque method algorithm to
move the end-effector on the desired path. Simulation results shows versatility of the proposed
methods for navigation and control of the system even in presence of disturbances due to flexibility
of base.

Keywords: Man and Machine Cooperation, Navigation, Unknown Path, Flexible Base Robot.

[ DOR: 20.1001.1.20088345.1391.6.2.4.8 ]

o sb i ol i o~ 01 83 151 5 J S Oldkige el ¢S s G i dasme 1L ls odge okins 5


https://dor.isc.ac/dor/20.1001.1.20088345.1391.6.2.4.8
http://joc.kntu.ac.ir/article-1-59-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-11-05 ]

[ DOR: 20.1001.1.20088345.1391.6.2.4.8 ]

el e (53 SVl 0l b o Db oy &S o U8 6l le 5 DLl (6,8 ¥

Lol cle Cypo ) Kin) g0 Slles Dby o5 s 4 il
ATl & s Al S el

4 ol s s el sl e JS 0n, S b
33 S e i 328 Glagn s S 1 6ok AT Sl
Sl ol J xS s wwadl> 5 g,k e eSS Cad
S J ST 5 o llan s alslee 5 Sy (Salys die plol 550
g5 ol Lsd o (b o 5 Comd g gl lal y atadl
b 03 5,5 o311 LB 5 O dslae 0355 b 035 psbae e sllan o
J:S: Ot 4 .J.Sl)lfﬁil: oS’ J 8 b b 054
Sl Uy L 6 S st b SISy bl s xS
Bl a8l [y s 03 el 51 AU e 53 sddsbul slales
O3gr el il pslie L (8 o5l 3 C8s e 4 s S
C 5 O ails Sy geo 53 g ot acloes OIS ¢ s dslas
S Uas 5557 5 55 Oludl GUI5 Sl eslizal 55 5 0 Ol 511y aze
Sl s slae 3 e slice clus op) é)

IS 55 e Jles 51 (S8 ly clin (SO Sl L Sl
Cod Dby & (F) 30 53 Lol 525 aly gy Sl ealinal b bl
wlis s (g pmaly Ol 55 oo il 087 OT (Slagjl sl 5 il osle J 257
b Oll & Sl S 8 ol Uy - (Sl 5 51— )
S o 15T lisl aan Ll ooty 35 Caws 4 OT 035 Jozie
534S dUs s Ul plad sl ) S o Oles Ls 55 Dby 5 as
SV S5 s3T smp 505 5 aly O o o &K 0 & Bls &
sdomy o ol L b5 0T slasl sl 5 AL sdomy Sy
A g DI o s 15w (Sl 5 s L 0Ll 5 555 e
Sl opl 5 S Jlis 1) T by b uS” Jlesl el g5, 1 255
Lol g pdOlanl sy ol osde dBal S )8 08 0E 5 e
S o 1y ol paly glael Ll )8 51 o &S s5d
5 S s L5 05y SleseS b4 by e
WSS Bl s S JWs 1y Ll G bl st sls S,
Lelo gt oo ol o AT dalgini sz 505 5 5ol S >
pyOlanl 5 odomy Gl 5ol pls 0 5d e L Glalles sl
Jin = 1y domy O L any pal) 3 Seslinal any sl Sk
bssl oS o (S8 5 A g el = e ol 4 S > )
A S oz S o iy ol o S o g 8l
a8 e e b 4 IS o5 (slagn 5 S

Sleatunn uomar 5 pdsOllanil 4l b sl J 28 e 5o
R R e R . los 28 (slgas, Ji‘a-‘—pf
A I ol Dby iy &S o U ST 6l o sy Sl
SV &) el J =S [1-0] Wlods 4yl LT ade 5 4l Slalas|
s Hishinuma Wlews vy 55 [A] (3w e bl (10
2 Olanl b G (55 6531 S, S5 ee S g 4 51K

doddo -

L pde sy e L) &S e wl L Clo ol
B Szl gl & Joame o Db 6 Ol e 4l <S>
T amy S J 28 0 ol 65850 sl S3s 51 S 0
(SIS (Dl s (o3l 53 LBl pl e O sl s
5 blegls ()5 O3l a8 dlghy 035 s 5 T )
Gy Ollanil 35 bl 413 5 )8 lats 5 2T 5 Slusuls
e Ll ol IS 5 et 4 5 1 Rhesm oS g )
Sl & Cod S 5 63,005 334 amie S 55 034015
ol by ol ble dl ol bsyls 6 2 Gl Stony Jpens
wop a B Calazsls OT 5 1) Olddows 5 ol WGT 0953055, 5,8
531 T Sl eslizel 4 by o MSCte Jo g folies

S el Ol Sl Coxbge J S ol e
Ll b o Gl oo blie 53 . OT 51 (230 sl 85 5
o Dbyl &S Sl ealinl L OIS o 85 Sl ol dySollan]
05 ccdoo Dby 385 JSTL 55 8 eSospel s dabi a1 G2 5
b odaT 32 (sllas (0T e 5wy Dol 51 51 (6,8 sl 4 gl
b alial gladase s lAr:M:..u el oz s )8 5 S 0l
laao o cpslaal dslan b OIS K ()8 2 a5 ooy Slles
54l @ pdOlnl b )8 ol 5o Ll 1y Olidss | g
3550 s el 53 Lo g S S 531 5 g ESG 1 peas dslne umals
500430 6y W oz s S5 1 (65K s s 31
6uﬁ,}§llj\¢;m\ QT Yool &5 o5 Wi o ol 11y Uas s
deoly ol il Dby ES o Culds G oile 5 0Ll (6,
03l &8 o b Ol Yas 5 035 98 = paly dze S eslinal e
ol o ola 1) (Jol Dby sl 15l 6

53 0Ll slgsbl s 51 eslinl g a,m paly ) Cuje oo fpe
Lyls ol aa 1 e 6555 (CS o s iS5 odalie
Wy s Glls s s e Glp oY S Gty S
S s 355 gy ol ) ol s ()'Y ol Ol s
55 0Ll 5B 585 6 5 51 (AL Bkes 45755 dal s e | sy
= P o 03 emes Ll (J RS Ol W5 s et aseis
sloul 1) lider ONSe b (6 dy Oolanil - ble 5 DLl (5 Ken
Ll

S5l eslizal Ol o Sanl ol IS (slas oy K5 (5 g
4 & B e 53 535 8 o ol s i dskia L sl )
55Ok 3 3 se gladle b 5 Oludl (g 5w Sl epslo L0l b o S
Ll &Sty colie 5l ol b Sk ) 155058 e Sl
I emen 5 ease 8Ly Ol G 1, s, e ladle

AA:.-,:CJL.J)'L:::),eQl)}:wsg\)al)};ﬂ;alxl}:{fﬂ)ﬁl

Journal of Control, Vol. 6, No 2, Summer 2012

IFAY Gl oY o5le F Al o 28 dloes


https://dor.isc.ac/dor/20.1001.1.20088345.1391.6.2.4.8
http://joc.kntu.ac.ir/article-1-59-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-11-05 ]

[ DOR: 20.1001.1.20088345.1391.6.2.4.8 ]

£ ool s (95 Szl 4l b Cloo Dby amey &S > U587 (ol edile 5 0Ll (Ko

sl 3l alie Gl by, 5o Sl 53 Sl I8 glab s oolbs
las 355 5,57 5 Sl @ a5 .l ol ezl folie (cls e
ol l 5 S Olail gl Candge gl 4 S sy
u)&c}djég}glégézl{@f&wlajéﬁdﬂbjzw
‘5\13()'\1Ja}jijoﬁw)ﬁzﬁdzjjTﬁ@w)AQuﬁélks
S w5 Como Cul odd asis s dbalae golub
.Q‘d;)‘}w)ﬁ))y}éd}”&juw&}b)wéﬁ%
OT SV¥slas (s K8 5 dlae ¢Salus Il dlie ol o
ok )l by e Lailg, 5 o\t IS 05 O 5wy 5 (oouz
)Audﬁf&y:wju)lhnwd:l&au:ywbj‘w-\.:‘
2l sy b s (S3IL 5 aelsl 53 g e e oSl
OT 51 oSl ok OUS) amy &S > S gl 5,50
03> b 5l )5 (G56 Siledde (NS 5 ulia 0z, NI
5 SR edd bl slagluad s B L) 5oy el

el 0T (6, St

Ealyd -
Sae M 5 @7 eys N oshls pholbat 4l L SL)
31 o3lizil b ot S o S¥sls el atzas £ i 55 (M<n)

LT Sy 5 g 515 )
MﬂXn (q’t)qn + hn(q’q’t) = anm(qlt)Tm (\>

S heR" (v ol sl MeR™ o7 55 &
GHLE s S S bl Sl e i
5 T eR" b Se il e sLBeR™
SV dzen 0laj b5 e S sl iz 0, G € R s Shes
Dolee P O)son oy &S O an e

gl(q't)=0 I=]H2||p ’ p<m Y)

S e B PSS ) e Ol 5 wbs

x4 BAS ol Odd e8] 23 8 ks (Y) Al Oy son
36 Kae P4 ol ln s eap stae e 535 4y IS
Moy AT Sles P oegiss S 55 Cusgdome slaul 05 .ol
widy 5 Lph o OBl C gd la,sksS Ol T skeS
S o SVslas 015 oo cnl ol il odge 1) Ladkd 0557 03,57

35 e 25 o pen s

M, . |h B,, B, |U
o P P
2 2 21 22
‘hl eR"P ‘MZ e RP" 4M1 e RPN T 9 S
B, eROPP B eROPMD g

C‘ﬁ.w\ Lgb..v ‘) o,i}) Misra;@_w [i] -UJ;J):S)}Jﬂ ‘)
GLdd Cov (Saled Glagtenn 43 Plis OS5 o SVl
CRS 5 Gt b s m By ool [V ] 38wl 6 le
JL&.&\D-\::MQSJP-C}WJ«:L»‘J:)L)‘MAA.SJJ:.{@J)]&QP
ab Gloly ol SleemoS Gleily 1y gt 4 (£ 5me 358
SIS sl ] s 3 8 4 Sl gl 5 oS e
Glos Ol (6l ol adl S 05558 b sl 5 Brds Lo g
A ealial Sy 5 Sl S U5 (5l 3 Bl o sy
S S JST Gln U sl s oemes WT VY]
5 S 0 IS o paly ey 5 Sl 0T 5 &S W, LIS O,
25h Doy S o gl S 550 IS Gl 4 5 S
Ikt

Sl S ol GOlH 4 g sess G 1AL Gt o5 0l
}é}ifuj]dﬁ-jw}lwb‘j‘)jb LsLﬂJa.?uJb a.:\.ﬁn-.:.,= 6&)\{ rbu\
4w Qf_‘)é 6‘03,’.‘.3 CJUL_-E’J}[\F] Llodds dv\d u’.'»‘j’- J—o&rbul
e OT L das o bolus 5 985 ualy (5sy 5l eslizul 55 5 [V0-Y0]
bl Gl b s s ate) 5o Slidsw ST Y ] Cl ws €
[FV¥V] 0l il 2y el (Glapis (5oL

J})bd}f}ﬁﬁrlw ) S au\..f'-rr\qd\ QLE._.E;J odes S
J::'-U Q_,g- gslf.l"‘“ 4 9 ol ol oslatnl ))b JTA‘) )‘ UJA)fj...h‘)
Ll sy 0t 551k 5 SAeMT 080E ¢ Bl e Sl
et Lol 45 K551 5 gy 3550 pdyCollanil g ay s J5[YA]
IS Gl s ms— el s 3l eslimul &S aas e Ol LS Dladss

s (b il ey Sl sl 5 el L)

G ol Dl g T Ll J 1S gl By, s ol
ay paly Sleslamal )5 Olg o )y 4 opl s I8 Oladss b ol
O lad Cysgde b 5 (6 53 L s bl e S Ll
€ s ) gl O Gl by (S Ko
e 03 ey B3 el sl Y (SRS o) S 5 s o, S
kel s Jles ol Jom 08T 2 sm s wly GIU IS o B
s e JSE5 1) il G

03 ek alyl ey b b LS Olides aslsl js Lol dlis )
2 B ph Ol 4l b gl S Gl YO el
54l 08 o (psian gladd Ol 4 slbe e SYslas Lol
e 31 s alons OSGl pte 5 gllan s dslan 033 pslnali 30
S b Guod | emman sl 0l any 5 OT (a1 ogllas
Olso s s 3 doty gl pond Ol )8 Lo 5 iy Sulils )
Wl 03 g0 ol 15 0287 025 (53558

2l bl CTM 2 oS Y 287 8l 3 oty oS J 257
e ) oty (gl 0T s 4l 5 eslitul 350 sl S Sl

Journal of Control, Vol. 6, No 2, Summer 2012

AN Dl o o5l F o (=S dloes


https://dor.isc.ac/dor/20.1001.1.20088345.1391.6.2.4.8
http://joc.kntu.ac.ir/article-1-59-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-11-05 ]

[ DOR: 20.1001.1.20088345.1391.6.2.4.8 ]

el e (53 SVl 0l b o Db oy &S o U8 6l le 5 DLl (6,8 Al

C e «(0) alaly 55 OT 18l 5 (1) alasly 51§ awlons b

LT o s ) Sy 4
C:(Bzz)_l(MZM_l(EU_E)"'hz _821U) A

2 AT sy e i e gl s a4 S L

a4 omlie 3,55k bl 5 S OT Ol 4 6 Sljlbe oS’ 28
lalas (C (kd (slayskeiS ol L 5 350 Lol oS Y28 oyl
3 e Sl s 03,8 Blad b g shie pl sl Lish S 5 O

Aslas oY) dasly o 554

g(a,t) = 5(t) o

53 Sl Sy domy s S 15 2 OT 53 oS 3550 Jol

Sl eslinal b amty &S 5 il pshas Cslls s dilan 7 il 5
Sis 0358 e Jolie sla e 5, S 0I00 L y Sly SSlet
23 Sl dlon BB 0T Sk F 5y ey OS> sl s,
AL B 3 g dvsloes O 5 pnal gl e dlsles STl
P 315 s b sl s Sl eslizal g5 e ol (g 8o 5100
ooy SUae Bl 4 5 01 Sl L5 0 2 (0l 33,8 (or e
OIS slab 5 Sy S 4 035 o L Ol s (s S 8L
ol G 3 S, oS 2,05 1y b CaS opl 058 5,57 bl
2 PR L el s S Bl ) eslind

b Sl V) bl g3 32s cllas 5l 53 03 g7 o e

An@a, +A, @ 1a, =E, @t +8,0) OV

LT oo Cawds (W) 5 (F) SVolan LS 5 L &S

Mg+h=BU+Db 0%

M= R
A Ag-E

o E 0(n— )%

an(np):|:0} ’anp:{ ijp p}

(F) daly 55 0T @Kl 5 (VF) dasly 51§ avwlbons b ol

{_)T):‘\f

)

LT
M'$+h' =B,,C 09)
QT BE) ny
M'=M,M'D o

h'=M,M*BU-h)+h, -B,,U

L.CeR? , UeR™P 4822 e RPP LBZl e RPm-P)
93 4 Al ol oY) ol Hs [l _BlZ(BZZ)il] Y. -

[\Y]s52 0 v._mijji)' Aslas azws

Mg +h =BU ®)
C=(B,,) "(My§+h, —B,,U) ®
ol BL) "y
M(nfp)xn =M, - B12(Bzz)-lM2
Hn—p =h, - Blz(Bzz)ilhz )

E(n—p)x(m—p) = Bu - BlZ(BZZ)_lBZl
dolas opl Lol e o a0 Jild DYoo (F) byl
S das o Sy dslas N (Y) dlaly cladd dlslas £33 i ol penay
S a 0351 15 kb o lgen 5035 C 5 U (slaysks I fizes
s dlael sl p3Y (543 slaysksS Ol oo 55 () olas
3,5 danlous

J ¥
Al adls bus Jlesl gl 63157 4 ys S o3l & by S

—PD oSS e — gy el Ll e U ktS lis
all 338 i 250 Csllan s (S35 50 4 IS o Lsl S
Jlesl b Js s dal o by 4y &S 385 J 287 Lol g !
S35 Sl amy 5 ot 0357 lad Lz o(8) sl 51 C (sla 5z
p53 Grbe bzl C ambous gl [1Y] 8 0 oS sllan s

Q)}«ﬁ@(\')‘dm.l)&d:éoy:w
A1) oty ALY .08, =E(@,1), V)

5 R o215 el AERPT OT s 8 T
033531 b Conl Osllon e (65, dmy oS = kb s, E€RP

s o S Iy 5 OVYslas azus (F) dslas 4 (V) dslae

{ M- ppaln +op = Biopym-pUn-p "

A1) pr i +AD ) 8y =E@1),
355 (g 53 5 A p b 4y il 5 0 S

Mg +h =BU @

'\7|n><n: M 'ﬁn: h - !énX(mfP): > ")
A Ag—-E 0

Journal of Control, Vol. 6, No 2, Summer 2012

IFAY Gl oY o5le F Al o 28 dloes


https://dor.isc.ac/dor/20.1001.1.20088345.1391.6.2.4.8
http://joc.kntu.ac.ir/article-1-59-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-11-05 ]

[ DOR: 20.1001.1.20088345.1391.6.2.4.8 ]

Fr ool s (95 Szl 4l b Cloo Dby amey &S > U587 (ol edile 5 0Ll (Ko

JAS St sl 2 on) 2015 &S o g i 50 a5
s ol 3l B e il gblws BB 5 Jsine 5l

LT 0 25 S e 4 d S 056 5 eslinal S o (sl
C=BAM+M(K F1)d+K 8 ()
T o Cands <(19) alaly 55 0T 03l 13 L oS
3+Kf(t)3+K,8=0 (YF)

3o L OT Ol (K 5 K 035,68 231

NRY
6 +K, (06, +K,5=0 i=1...p (o)

K a (m sodle Cgm 1 il S5 51 058 i 0l

d+K,f(t0+K,6=0 ()

Sheslizal L 0T (obee o Ko e oML (o e
S BT e T T s T e

1/. 1
V=161 asf +1b)s?
2( +0’)2+2 ® )

b(t) =K, —a® +aK, f t)

PALS

O<ax< /Kp (YA)

03 Oll 5B 4 o 5Ll o 58 o e See VD 5LU AU

S 5 Sl Jlsan g sy Wt 5 )8 55T Jsene Ll
pn wilen — 5 5 s Sy ) uals (IS e 5 BT
5oog wwg foab bog ol walp oS > e S,
A @b ol Gl )3V O b (S gy b ol ol

Lol
V =[a—K, f (1)) Jr%[va'(t)—zKp]a2 (v4)

sl e it Vs by s 334 oS ol el

o
30
K
! )
2K,

K

v
Sl Jaie Ol L, KK 4 4l oo

2 Fly o S Sl 5 L 5 3 g bl a5 e

ft)<

a3 amey gl B, edas Ol faudl i dslae ol L

s pots G4 sla kiSOl bl
C=B;(-M'(k,6+k_,8)+h) (A)
LT o oy 35 dslan dV9) sl 3 0T K

d+k,d+k 8=0 (19)
a3 s O 1y i 4 st iloe o Ken &

el o AI3lro —F

E sl ¢ B ooy ite 5 48U pslae s dilae S Ul
LT 53 25 Soge 4 OA) daly 0,8 513

C=B;}(M,M*BU+h, B, V)

~ h . (¥+)
MMk )
Ag+E
LT o Gy (V8 bl 53 0T 0515 15 L o7
" . vans =l O
0+K,8+K 8=M"M,M™| . = ()
E-E

Jos S o (65,0 ¢S5 Ol g 4 Sy S dozr Alslas ol 5o

S W0 I ) 355 e i e s 55 E g Ll S
6};5‘33}:#@‘)353}2&’%‘6‘43;4{& E cul
JQ‘Wu\wk}yﬂtbqueﬁﬂgfu
Cffdkjld‘-bﬂ@yb@wﬁ E=0 ol b
e o ot )M (E—E 0355 i bl & s 635y
68 S o S oS Ol s 4 s s e Sl e
5 S S Ol ldde o (s Sy llanil (sla 5 &S o

..Uh@g\{:)wj:}w‘;ﬁ‘ﬁtijo&b:}w

s g Sllas (S w051l 50 CdS pus -0

@ o dslas ey Co w9 Combge sl 335 pslie oals L
Sl 3 548 55 STl T o ot (V4) daly & 50
Gis e ol Hldie 5 3, sy (S C8s amy e sl
6"-Qﬁ@‘@))@dT%bj}))ﬁwé‘Kfo)‘&‘
Q)‘,.paf‘tfar‘ud;ajlu\}ls Jl.\iﬁs
f)=0ifiz]

(¥Y)
0<fi()<F;

6 =F ()6, {

b5 Ol a4 55 Lo yls 55 (63 5dee YUt oS ol e

Journal of Control, Vol. 6, No 2, Summer 2012

AN Dl o o5l F o (=S dloes


https://dor.isc.ac/dor/20.1001.1.20088345.1391.6.2.4.8
http://joc.kntu.ac.ir/article-1-59-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-11-05 ]

[ DOR: 20.1001.1.20088345.1391.6.2.4.8 ]

el e (53 SVl 0l b o Db oy &S o U8 6l le 5 DLl (6,8 \at

by sllae e 555 15T 5008 ool 53 1 ey 08 ol
alge 93) (839,55 Ller Sl 4 ras opl g2 2l CS - glhe gus
5 S o S350 30 b (Cs i sl adl e 53 5 Condse sl
3 Gk 3 s 2o a5y O el 1 5132 S 0510
wsl Llgr &S o S el Gl S sk e W5l
Ity &S5 Ay 515 S 5 5 S 5 paly b5 1) 2ol
53 Ol & Sl gy and Sl w (..:i),le ol S oy
bl S o g & oo iy LS oo oalizal 535 (S,
by 53 A o e Iy 03,28 L 1) &8 (65 5 Ol b O >
23 E e Oljn 5 (s p Al a5 1) e Sl s 5 Ol )8 35
S 0 S I e § 1) e sl

Gl 4 ar g b IS 4l g ol 4 el o, S
Slas Hlis 5 Gas Sy b ) OT Ol ol G 5 yonne 1 aely
L 2508 g 53 05 L i 5la 5 g (s 0510
Iy db gy 5 paly Gob 511 omdpe sl Ol sk & b
o535 bl 5> (Il S o 5 1) OS5 Skl i
Garg b pylS &S dmen O o S slas g sl amey (sl
5 E gl Sl b ) S ek S g s A 50 T
Ol s Lo 5 i i 1) 08 o (63 Ml e 5 (0T 23508
() JK2) 487 o M5 JIy

(Caly b o) o e i )0 5 e

e 51 Uas Ol b amws 3 b 5
E—— —_—
S
e e

S o o sllas S T ol ke
J g bl
s r’w;ﬁ‘ Sl s s by slage ) S
St 5131 3lal )3 o sl e Bl 3 s )
..A.:fsa_;,._.uljdfﬂwﬁ:r&;lmlpg;&ﬂcwljlﬁﬁ}
Slastes (5,503 oluly amiy Sy Sldtal Sol 4 a5 L
ol tslonn BB s St 1 o3lial b 5 ot 4l poess
G5 Y s X S 53 355 Glaadl s 4 Ol5 o 1) Co i Sls
bad so Ol g o 1 9 ol C)MUWJ!A}&GA‘A&‘A;{-JA.:F
S 53 0T Glaalge 1) s 23508 S 53 Lo 2Nl s
D2 ozl & 555 0 B S ol 8 8 25 Y s X
(1) 58 4 a5 b s ol 0 L sl s S5lpe S e
AT a Sty (FY) alal

4 Ky AL (0 5 (YA) bs 3 b)) g s ol 3 5me 5 f
Lyl s 4 55 K| 5 oS 5 (San s b @ 8555 SIS o100
.u\l}.&%)Bdlcr;?uéﬂ.kili}&_blf&xdjm&;%}gff
@l B ab el Y- f<F Oy S okl
I me e 0le 5 s @b
vV =1(5+a6f + Lbe?
2 2 )
1(; 1
S§(5+a5)Z+E(Kp—a2+aKVF)§2

sl sshe OSLU ab sy ol SSe S

g Sy g sldae ol s ol b ol uly .ol (Decrescent)
B85 015 1 Y4 5 o o s st ol e Sl
sy b G s Tl YU ds 0oyl Lo &S 505

[F2] 55 dal e @lgujl.,\.ll.;r:.w.:w

Calod s 5 g1 -F

1 B PR WV A PR e S - - TSR T §Y)
dolae 03 50 shan 4 a5 LSl IS (SLad 55 ety Lo o 5 i3
ol (lpr 5,8 4 5 ol oyl (5,8 05101 03 JSCon 5 e
030zl 5 OT Ll &8l 5, L OT Kl 5 bags ,Sojlul o
b oil O eomss 5 aty &S o ol jadets 5o Ol U155 |
by e 3 eslimul o) (algihy eSS Coale 4 a5
Colda r—‘wf“ RS r;_)}in o)l oolgiiy Joely 3,8,
S 0 (sl Ol 51 (b OT (g 5 48 58 (o1 b I S L
Ll 2 S ol med B e Szl > e s
S A5 S I 28 gl 05 sl

31ty o Ll g s 5 Sl ey 4 05 oSS L DL
Ll das Gadeii ) amy &S > oA slo iomes 5 Cglbe s
SN ey &S o 1 e slaadlge den e L5 g
3 e 3 dmty Aol CoaST 53 1 o) e el b ol
L) s oolae 51 oS5 5 bl gy OS5 sl
Bl el 558wl 2, S s 5 Olse 6 (T i
L5 il ey S gl Al Sler p st 4,36 Ol
@ ol ol G b 5 bl ) el S 3505 Dler Olajen
G T s 5 WS s Eel 5 g 0K Sl
3 Fedomy Sl w2005 Dl L b Ll ol esde 5k e
ilpe 4 35 OT L 05 SIS b 5 5,05 G355 33 45 Sl (5 al,
el S

O3l i b oS Sl byl e 5 ol o2, KU1 b
odi b s Ol s 03 K s e Ll o3Il 5 S b

Ol sr ol o 2 lpl 3 S 28715 O89S 5 03 by

Journal of Control, Vol. 6, No 2, Summer 2012

IFAY Gl oY o5le F Al o 28 dloes


https://dor.isc.ac/dor/20.1001.1.20088345.1391.6.2.4.8
http://joc.kntu.ac.ir/article-1-59-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-11-05 ]

[ DOR: 20.1001.1.20088345.1391.6.2.4.8 ]

£ ool s (95 Szl 4l b Cloo Dby amey &S > U587 (ol edile 5 0Ll (Ko

bl g cosllae s 51 OT gl Olje 5 DLy ey IS >
CS o3Il S POl sl Y e ol r:i)}i“
Lot pslie & loaS (p) o &S o 5 s 3o b 51 1) ay
ST 2T gk e 0313 iSRS a4 (63555 Ol ey 5 odd JodS
Ol sl 05Y sl s (s Cons 5 st polie w5 L 35
L g s ast o opl ST o Jlesl Soby 4y 5035 s |y lalles

S 1SS e glallast 4 a5 LS

%Jﬂ}@:ﬁfﬁ\h&ﬁ@j

OE sl
Sl ey 05 Syls 5 SRS s ol SUs Sk ¥ IS

e IS Sl 02y S GBS (s 5 il sl
I3 o Fbie .l 515l )8 5l e sl ol 5355 e
Jsl Cand Gl (656 B9y 5 Gkt Ol ke, giludds gl
5 domy 0S4 Ol &S Sl Slaj 4 by e sl = 58 (5led e
S o 65 sl 5 s Sl ey Ol il Olioe 5 A8 0 oS s
S o) S 0 2551 5 5035 e Sbj Slapuie bl 51, OT
o 5 b ge sl olie 55 e Sleisil K L OIS o s
o Olse a s slasysTy 5 3,8 o 63505 Olge 4 1)
S o M5 G5 Sl ine el

SWasTy sop i & bape 0 Giledis A s
(SEr sl S e lg 5 gad IVokl 5 gl s
Sl yoite oy balas Ol 6l p3Y Dloeal L 5 e
353 3 63 el ol Cad 53 Jols il e )Ll G
o ol 3303 255 pal b L;):f(,fm; Ol b sl (556 ezl
oA 38l i 4 b e SU5 6l akte o e (glas T
U b sl oS o (S8 55T 2) 05 Sl 5,57 5 0T
el S5 sl ke el

N Shses Mg T3 a4 by )8 Gledhe 5T Cas
sysT 5 s IVuzul 4 a5 L OT 03l &S > b jaaly Sl G b
s e K Islae S ol ol Sl e 3 p5Y Dol
Sogen Y SMol sl (gass Olsse Sl
Sogonly Iy 5l OS g s sl 5 8 8 S (sl ke

.M@u@jﬁ}ﬁ)})&

@ﬂcwldu,l:ﬁ,uﬂ)l:ﬁ.\‘ﬂ

K=N-n +N-n,
KH=N-n,+MW-n

()

a\i:..u:); sl Gaesls L siS n,sn oT ys &
s L g ol e S ol i W 5 N XYy
4 0T plowil 5 6,83k Shsgwr 53 gy Cnl Cajr izt (s p 2l
b oS ol by Salta o8 ol (Sl 4 Cals e
G e 355 o0 533 ) 1 oty ST ol (516 8 4 s S Sl
Coon &g ey s b 53487 Sloj Lol opls s dme s Sl
Corly 5 G S a5 (A8 CS b b ) b )
e 51 (S 53 s 255 0 Sl (i 5 0 S s
Ol Koy bogas gt OB SNy 5 LBl o BLS| 55 e ois b
5 601350 55 Glaptnn Sl eslizul L 0I5 oo 1) JSia o) s oo
sl Sl eslinal L & Do (nl 4 35a8 Db g gl 2515
03153503 )l ey 65055 8 s I ed dlind gl E515
205 Gl Sl dmie g5y - (S350 Tz Do — o e
334y s Csly 5 oo Cnw Ll o1y 4 86 sl 0L
amy &S o Aly g Sl Jims) Sl Y ola p—‘u;J‘
Gar g LA RS el Sleslial L) axy OS5 das aseis
Ll 555k 5 Al Gk 5 ety Sl (Se Sl s S
Slayll Sl eslimal s e (il canlin Oludl gl LS Lae
30T 05 a5 sy G liS 5 OSB! s 2315 5 ol
@l 5 O o 5 e g Obdedss g 55 05,5 S 5 oo 5
St s g Ol b S 5,505 s M el a2y
gy 5 35800 03 g Db sz 5 GOKE Joue (5 )S 52
s el 65 0 S Sl 5
GeedS g edalia laly 8T Colda 2y o) 53 ST sk
O &8 o oo sllast 5 aomty Sy S s Sl ey Al
5035 2515 15 CS o mmal S 25V Sk JMie 5 g
©ar g bdas g oSS @ (6355 Olgisa ) &b 11 T
@3 5 333 Sl s A LIS ol )l Ol Gl 5 S ale
o 5 G5B sl s s GL) ol b 5 S S5 bl ol
4038 L S Bl odd B ie s Sl ey ST M S
A 656 Gl s OT S 5 Cambge sl (Sl 5 Ay
W5 Gy G 3L DIl b 5 G e 43 057 Ol
@36 plie ol oBTs 56 5k 4 6,83k 5 o o5 b Ll edlass”
ol 03 &S s bdS e3de uslie 4 by Lipl Sl eslizd U I,
31 oslizal b B ABL pslae dad S g g 5MEe L 0z, S
k55 8 dnlone s (sloadl e )8 Lo 5 old A5 slaisoss
Ol (1) S8 53 by amy &S Culda 5 J ST by, ol S
S8 5 5 slad 4 03 S L ) sl sl e o3l

Journal of Control, Vol. 6, No 2, Summer 2012

AN Dl o o5l F o (=S dloes


https://dor.isc.ac/dor/20.1001.1.20088345.1391.6.2.4.8
http://joc.kntu.ac.ir/article-1-59-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-11-05 ]

[ DOR: 20.1001.1.20088345.1391.6.2.4.8 ]

el s (695 Szl 4L b oo Dby amty &S > J 55 gl mile 5 Ol (6, SKan i

3355 Su e w5 S 3, K lasles ) st

AV S o a5 gl 8wty b g (gl

sles =Y sl e

SL el s RL et ol y oo 45 35 3l ol
SS canl WS RS et Sy S 4 (oS il
z el 55 L z n S35

FS RSP Y LS e e S 45 oS )
FL A5 )l LL et G S 43 30 5 3 ol

33503 (S )l 425 5 S5l Olin 4 GBI (5o e 3lie
Lsd o0 Ol T 6l ke polis lasjloac 5o
36 gzl 5 ge 5 536 Al oSl Jols (536 Je pss isu
wam g L )lS & Cledd atd g 55 ol b 636 del 8 oL ol
M (Cs s Cnly b ) Cnn g 03101 camety b o (sl
GBI s Rl ke (ST s sl il e e oW
ot &g 0 636 el oLl ol ST gn 35T 5 e e

gl g (Y)

636 2ol oKL Y Jad

CS o g o ldie 34T 5 Y JCIP S IS (Rt ST )

If AV is SLthen Ris IL If 8 is RLthen P is LL

If AV is SS then R is IS If  is RS then P is LS

If AV isZ then Ris Z If8isZthenPisZ

If AV is FS then R is DS If & is LS then P is RS

If AV is FL then R is DL If 8 is LL then P is RL

ﬁ)‘bﬁ@}b}\.ﬁ\ 6thjj> C,.:_f.a_c c‘}}' (Q)JQZJJ
@i T bl (536 Lol oSl o (65 3ol e 5 Zo

..,U\ a..Lfdab‘J QL.’L.' ce.Li:

RL RS Z LS LL

P (m/s)

R P2 P P1 P2 P3 Pa

DL Ds z IS IL

R (m/s)

-Rq -Rs R, Ry R; R; Rs R,
s 5 S e wl5 5SS
ES s ) L lasles e alee () Jdr s
o eMADJjT ‘:’i}“"

b5 Syl w5 s 485 55 ol ¥ s

P s o5 513 5 S 5 03100 Ré.u:cwu.m

sles [ sl =

RL | <wbCwmanbicsm i | DL S o) Shals

a0y S (sl el )l (656 Je V-7
50 Cumse sl Ol cls & b (2 Sl s S
3 S S 13y a5 051 — oot Sl y b o — O Cas
S Dl Olsn 5 P ls s g b Coo s 5l 51 s 3508 Sz
Sp s e e sy ol OVt b cwline ST R S >
S5 ol 65Tl ((F) JKa) S s 1) el AV Cgllas Co
.«5¢M|QT,.U,:;¢4M(.;{»§J|@|‘5,5)&)>45¢M|¢;\J
Sltsel 7 i o S5 4 Sl ko G B b S e
I 5 ol OT GV 4 amio oy 1S g 5 0350 (56 e

.:}&@ou\i:%liwb@d‘ﬁ|())yA{o)‘}o.hwjuk:'-

w{
“," Va
v v "l’
—_ /
8

a5 S (s a1l (536 Joke sl sy F JSCs

dle o sage 5 5Lu36 il ) (658 i 25 s

Sles3b slacgss,s bl 3 Sl Sy pde @l 5 Sl Slaigl s
cljSMAVdfsﬁsw)S%cﬁé)ﬁ‘gw
donty Cand g gl sl ol 0315 OLES () S8 55 LOT &y puie
PENFOT 035 e 5 oo o ol s 1ty dhols oS 0Ly
1 Gty ol pon 5L ) Cord) e Sl 5 o S 3 S ey
345 Kol i o sl e 5 Sate ol e e 0L
a5l L5 el A5 Sllas gie i andl .Gl OS> 05 LS
ook 3 g O o Cons Sy 5 0 iy 5 355 oS padeia

RL RS z LS LL
8(m)
-8, -85 8, -6; 8 6, 8; &,
SL SS zZ FS FL
AV (m/s)
Vs -AV,  -AV: -V, -AV, ‘ avy AV, AVs AV,

L3355 Su e ol 5 D JSE

& S s ad, S lasles 51 eSS dslas (1) Jp )3

! aJJen:))T C@_}ﬁé&

Journal of Control, Vol. 6, No 2, Summer 2012

IFAY Gl oY o5le F Al o 28 dloes


https://dor.isc.ac/dor/20.1001.1.20088345.1391.6.2.4.8
http://joc.kntu.ac.ir/article-1-59-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-11-05 ]

[ DOR: 20.1001.1.20088345.1391.6.2.4.8 ]

fv ool s (95 Szl 4l b Cloo Dby amey &S > U587 (ol edile 5 0Ll (Ko

Motor 1 1.5
Motor 2 1
Slider 1 0.5
Slider 2 0.5
Payload 0.1
0.8
0.6F

. nab

E

-
02k

of =
a2
D‘ﬂ EIIG D‘S 1I 1‘2 1‘4 1‘6 1‘8 é
® ()

O (sl 55 Cogllan s 5 by A S
6 5l (FF) dlasly S50 0 0l OS5 sllan e dslas
el oks 45 8 L5 55 4l 0sls &S > gl PD sslu eSS
S Sl e gl O > Glead e 4l 05
S i 5 358 oo lomle OT L 50 i OT (595 2 Ly 8 sl
5 i sl (6 llanl S skas 0l 5 5 Dbl

el S

0.75(1—cos(at)) t

IN

Xgg =

Vv
SEEENE

Yee =0

@8 s sud gl,kiS Olge w7, 57 slaysksS
25 by gjﬂmﬂjl&:’-ﬁ:uﬁ.C=[z'l '[2]T ECTENH PR
kb plal Slasilutnd 3 b ot amy sl S Ay
23l 3 gy 53 5 e Aslae 0355 L 5 O3 pshas il oIl
el 0 (g 2 o gllan s Sl ey oo (gl

G55 (S 03I 5 gpmua dslae O3 mpskae 53 L (S5l ol
e 53 ol o o3ls 0L (4) JS 53 0T ol 5 odd plowil Lo
3Oy 35 Sk Olje oy O A bl o o3l Ol ol
255 085l Csllae s Sl iy sl I o 0L 5
oy coshae s SlTl g 4B 00 0L L5 (YY) daly bl
Ol i sl Sl & 350 Lho OLEL 25 o Olid 5 del AL
b blged 53 Sblug s by ( SLSTL

oo dslan 035 plasl 53 L (Sileand mls (V1) JS s
ol s el el amny (ol slie 385 S8 eIl o slks
dlie ISl ol 5 3 é:O e e ldde g jleans

o s dhslns 035 psbrals ST sl Gattin (V) 5 (4) gl S

RS Cly G 4057 S i DS G5 (ST el
z oy s )5S o z B B
LS G S 4y 05 L S IS G5 oS I
LL G s 43k S e i IL G b5 SRl

53503 (Kos )8 a5 Sslen Ol 4y B Sla s pomn solie
055 Sy Lsde Ol T Gl posske polie bigSleand 5o
gl s sn by oyl ol il 55 g 5 015 (o0 55 56 bl
2550 3 e ol 53 0k 4yl Sl gilannd 53 & 5 S eslitl paie
el sk o3zl O ol il
5015 e OT 55 8 ol Slasb 8 ¢ 636 Jbe 2o o 5T
O gl 53 8 58 oalinel ST o Kola b5 JB S0 o s

ol 0 o3lizal ST e oSGk g, 5l o el

Silodms U -Y
ok plonil gl jluand codd wlyl ) w8 0sls ol ¢l
Clo 633k 3 5 Sas aw (o3l3T ey Jler L S BT 5o
oo sls (g iluand 53 .l ok 4 S iiys (V) S Gllas
Sl ok o5 @=77/50 L (M) dslae g0 4 4z ol

el 0 0303 OLES (A) S8 55 by ol o 4 o sllan e oS

05+0.75(1—cos(et)) t<Z
Xy = 76;’
2 t>=
@ ()
05-0.15sin(3at)?  t<”
Yo = g
0.5 t>=
w

2Okl 4l b o5k s Sy Y K
e (F) Jsir 55 Dby 6l Lo pe (S50 sl elyly 5 sl

b jloancs 53 (55500 Dby (K058 glo oy polie F St

Links
Mass (kg) Length (m)
Link 1 0.5 0.45
Link 2 0.1 0.4
Spring
Constant (N/m) Initial Length (m)
Spring 0.5 0.5

Motors, Sliders, Payload

Mass (kg)

Journal of Control, Vol. 6, No 2, Summer 2012

AN Dl o o5l F o (=S dloes


https://dor.isc.ac/dor/20.1001.1.20088345.1391.6.2.4.8
http://joc.kntu.ac.ir/article-1-59-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-11-05 ]

[ DOR: 20.1001.1.20088345.1391.6.2.4.8 ]

el s (695 Szl 4L b oo Dby amty &S > J 55 gl mile 5 Ol (6, SKan FA

Spring Deflection

0.5
o o e PR
1 ~— —
0.5
0 10 20 30 40 50 60 70 80 90 100
X 10° Errors
2
E o .
<
2=}
2
0 10 20 30 40 50 60 70 80 90 100
x 10
5
£
v)\ 0 1%
w
5
0 10 20 30 40 50 60 70 80 90 100
t(s)
Force
0.05
’2 T ]
£ o0
-0.05
0 10 20 30 40 50 60 70 80 90 100
Torques
0.01
E
=3 0
—
I
0.01
10 20 30 40 50 60 70 80 90 100
x10°
1
E
Z o
~
I
1
0 10 20 30 40 50 60 70 80 90 100

t(s)

da'v.'.a:6”4:'-dé:é;cj‘»ﬁ‘)r)lxﬁwdéwl{6)'[.»4:.3@5.«Jgﬁ

States
2
£
-
0 ]
0 10 20 30 40 50 60 70 8 90 100
4
\E/ 2 ——
XN /_'_'_//
0
0 10 20 3 40 50 60 70 8 90 100
200
C 10 AN
e . 4\\/ N
0 10 20 3 40 50 60 70 8 90 100
50
< 100
) ™~ \//\/;J
-150
10 20 3 40 50 60 70 8 90 100

t(s)

U Jsd JB it 3 0T e Jsodd e b 3 s 2155 Esly
ot 395 5 poees Aslae O3 grphae 2 (63 (Sl (il

) e s 0T C:l:;c\fg;.w\b..i;,&ﬂ sl ¢, Sojlul s
I3l Sl oy S s e o s 0 0L gl o ool 0T
aial s dalan &8 053 Sl 0 S OT Ol Jg 4L 2ol 3!
4 oS J 1S Coglin el oda b (sileacd ol .Gl 2aS (ol
S BE Do S sty S S e s s 3 s
ol o3 Sl Lls el s ediSJ xS LTHS edanolis o
BV Sl e als b Slo g O smay s gl liie (g luans
s 4 S iy (Y1) bos Cule, b bl slos Jldie Ao ys AT
)JC&J.MI‘_;UG;'-Y w}a@.:o:;d}ggé‘})‘uﬁ»d}d‘_;‘jqfw‘

sl 0daT (1Y) S

Sae Jle Ol e 4 B [rde ol Jdos DLb b s L
23 pam Sl dnd S gl Y ailge 4 bse OT Giie s f
Sl asedin byl gas ol @ a5 b LSl 0 0305 0las (V1) JSCa
by wlal, o RV P = Bl b oS
92 el g e SO S 0.1Jkp:6%‘ ]
AS-L:L 1<kv<6 BJ’L! B kv J‘v\:l.a Sl @K ol C‘j’r.”.w‘ Ls)“'\i".',

Wl s Ol _p Sl onl o

States
2
£
-
0 ]
0 10 20 30 40 5 60 70 8 90 100
4
g 2 =
=< H//
0
0 10 20 30 40 5 60 70 8 90 100
200
C 10 SN
— 4\
N 100 S A
0 10 20 30 40 50 60 70 8 90 100
-50
< w0
£ [~ \//\/;J
-150

10 20 30 40 50 60 70 8 90 100
t(s)

Journal of Control, Vol. 6, No 2, Summer 2012

IFAY Gl oY o5le F Al o 28 dloes


https://dor.isc.ac/dor/20.1001.1.20088345.1391.6.2.4.8
http://joc.kntu.ac.ir/article-1-59-en.html

4 ool s (95 Szl 4l b Cloo Dby amey &S > U587 (ol edile 5 0Ll (Ko

[ Downloaded from joc.kntu.ac.ir on 2025-11-05 ]

Spring Deflection Spring Deflection
0.5 0.5
£ , LT —— = LT L
> — — T 1
0.5 05
10 20 30 40 50 60 70 80 90 100 0 10 20 3 40 50 60 70 80 90 100
x10° Errors x10° Errors
2 1
G in z ]
E o i U/\VAA E L
e [V o
2
0 1 20 3 40 5 6 70 8 9 100 1010 20 30 0 0 6 7 8 %0 100
x 10° 3
2 5xlO
B . -
=0 A 5; 0
w© 2=
2
0 1 20 30 40 S0 60 70 80 9 100 % 10 20 30 40 50 6 70 8 90 100
t(s) t(s)
Force
0.05 005 Force
£ — Z o
w T~ T — IR
-0.05 0.05
0 10 20 3 4 50 & 70 8 9 100 "0 10 20 30 40 5 6 70 8 9 100
Torques Tort
0.01 001 orques
E £
z 0 ;
£ z 0
= T AV \V
-0.01 0,01
0 10 2 3 40 5 60 70 8 9 100 "0 10 20 3 40 50 60 70 80 90 100
3
10 3
1X lxlO
B B
Z 0 /\ Z 0
- <
-1 -
0 10 20 30 40 50 60 70 80 90 100 lo 10 20 30 40 50 60 70 80 90 100
t(s) t(s)
3 pstne s dalas L Siload mls VY S SE=0 5 lbon s dholas D3 pglaal 3 b sSland s N S
- . E . - - 2
oy oy sllas (6 S 051l s et 5 g g ay sl ,slae 535 (6,8 051
States
2
! E T
6><1o3 =1
x
Error 0 —
R 0 10 20 30 40 5 60 70 8 90 100
) ‘ Estimated error 4
|
4 —
} 11 £ 2 —_—
|
0
2 | I 0 10 20 30 40 50 60 70 8 90 100
‘ | 200
—_ 1 ( —
v e ( " n | h T e LT
£ 1M | A ~
£ Al LVAAAA < [N
st 0 Y : AAA L~
B W“‘(‘”" 100 e
P | | 0 10 20 30 40 50 60 70 8 90 100
© | I ¥ -50
2 i T oo
| £ ™S~ \//\/;J
| -150
| 0 10 20 30 40 50 60 70 8 9 100
4 t(s)
| |
-6

0 10 20 30 40 50 60 70 80 90 100
t(s)
P St S (gl Y add go ad 5 (Sl e anglie VY S

[ DOR: 20.1001.1.20088345.1391.6.2.4.8 ]

Journal of Control, Vol. 6, No 2, Summer 2012 AFRY Oliasls oY ojlad o o o 287 alowa


https://dor.isc.ac/dor/20.1001.1.20088345.1391.6.2.4.8
http://joc.kntu.ac.ir/article-1-59-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-11-05 ]

[ DOR: 20.1001.1.20088345.1391.6.2.4.8 ]

b s (655 SVl b o Sy 4y &S o 287 (6 dle 5 0Ll (5,0 o

States
2
S
-
0 =]
0 10 20 30 40 50 60 70 80 90 100
4
E, -
XN 4_,_//
0
0 10 20 30 40 50 60 70 80 90 100
200
< 150 EEEIN
@v« )\\/ |
100
10 20 30 40 50 60 70 80 90 100
50
< 100
N [~ \//\/;J
-150
10 20 30 40 50 60 70 80 90 100
t(s)
Spring Deflection
0.5
£ o T B
= — —
0.5
10 20 30 40 50 60 70 80 90 100
x 102 Errors
1
s -
g, saal A
e yyvy
-1
0 10 20 30 40 50 60 70 80 90 100
x10°
5
E o 1™ fAn
S A
2=
5
0 10 20 30 40 50 60 70 80 90 100
t(s)
Force
0.05
~—~ Y
€ o —
-0.05
0 10 20 30 40 50 60 70 80 90 100
Torques
0.01

T, (N.m)
<°>
<
=

=

2

1, (N.m)
i

0 10 20 30 40 50 60 70 80 90 100
t(s)

SE=0 5 polaeli e dslan b gjloast s AP S

iy e sl (S 0310 s st 5 g
oy el e IS o s b el et ol 1S 4 Sl
Coale 4 ar g b (Jy Sl 035 JLs 1) e (orulis bned 235
S 5 ailen (Lo s S e OISl e 5 Sula 05, S
@\ul;vbeLﬁ}SL;\Jl; Cslbe s Jgm dmmy Ad o St
FO LT wals )8 Sslge Srulol 5 sy 505,08 ¢ 5w a5 LS
sl e el

15

fzz(t)

N R

df, byl

t(s)
C,Mé;u@aﬂsuaﬁ.yw}whﬁfj_;m, fzz)l.L&A.\T'Jg.i

5}?}W}MdbwoJﬁf}l’*Udl’JJqub%@u

Wl 0k 03,5T (VF) K8 )3 amty sy gllas (o, 5100 5 Lo
Alen 5okl 5 I%:O e e i 5 g jleand opl 5o
Jg.é): el odds LS Lo gl 4 s (g5l ¢ S (g 5luans
Lﬁ&wadjuwdwalﬁgwuwdldw@l:;(\a)
sl Gl las 4 Conl ol s 25 polasl s Jslre
ol sl s 5 (19) JS8 5wl edd pis sliTogy
Lo amglie 351 pglan e dslan &7 g (Glaand b (Sluard
S5 ol b Gileand ) s ol s
2o S sl pen 4 Ol on 5 3lgrty 2SS 00, SIS
22 K ey b el e 6 i sl s (ool

ol edias Ol &S

s 4 s (6,8 03I Ol 23 L oS - oyl (5leand s
bzl o ol w151 (V) Ko 53 0350 Sl gl 1) Jaw g (56

Llos 41,1 (0) Jgd 53 Cslia ;»—‘wfﬂ Solednd )3 L jie

Cols o2, S S5l )3 o ke Sy e wl 5 sla sl O Jsder

1) (m) 61= 62= 0.005 63= 642 0.01 -
AV (m/s) AVi= AV,=0.005 | AV5=AV,=0.01 | AVs=1

P (m/s) P.= P,= 0.007 Ps= P,= 0.018 -

R (m/s) Ri=R,= 0.006 R3= R4= 0.015 -

Journal of Control, Vol. 6, No 2, Summer 2012

IFAY Gl oY o5le F Al o 28 dloes


https://dor.isc.ac/dor/20.1001.1.20088345.1391.6.2.4.8
http://joc.kntu.ac.ir/article-1-59-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-11-05 ]

[ DOR: 20.1001.1.20088345.1391.6.2.4.8 ]

o) ool s (95 Szl 4l b Cloo Dby amey &S > U587 (ol edile 5 0Ll (Ko

States
2
= SR [
=1
><H /
0
0 10 20 30 40 50 60 70 80 90 100
4
E, .
XN 4_,_/‘/
0
0 10 20 30 40 50 60 70 80 90 100
200
< 150 TN
@\—4 )\\r/ L 4
100
10 20 30 40 50 60 70 80 90 100
50
< 100
£ [~ \_//x‘/g |
-150
0 10 20 30 40 50 60 70 80 90 100
t(s)
Spring Deflection
0.5
a LT B
£ o0
< — "
05
10 20 30 40 50 60 70 8 90 100
X 10° Errors
5
E 0
< O
x
« MMMWM«\/’W
5
0 10 20 30 40 50 60 70 8 90 100
x10°
5
£
S
w
5
0 10 20 30 40 50 60 70 8 90 100
t(s)
Force
0.05
= L
£ o i
w P~ | —T
0.05

0 10 20 30 40 50 60 70 80 90 100
Torques

x 10
4
i\ 3rd Simulation
24 N o | 4th Simulation
iy FSAN N S
i ] do £
B i ! A !IARAG,
O] E 1 SIS S A N S VLT LR N
S TR NN ARt R
%) Whalt Yoo NS ||‘l|“
"‘.' ’ ‘“." ) Y
2 l‘,
4

x 10" Errors

2nd Simulation
4th Simulation

0 60 70 80 90 100

2nd Simulation
4th Simulation

'E::_—.
=2}
e 13
e 2
T
<E
%
2

-

0 10 20 30 40 5 60 70 80 9 100
t(s)

(;)Q:v-)(;}:tshgjha:.j):%stbwuﬁ.\bﬁ

x 10* Errors

™

T 11 -
3rd Simulation
4th Simulation

s
Py

0 10 20 30 40 50 60 70 8 90 100
t(s)

Pl 5 p o Gl loast 52wy 0S5 o (gl alis NP S

70 80 90 100
x 10°
R R I i F
E' “NLIH ““ HALIA ‘L
=, s Mo
b | | | |
) 0 10 20 30 40 50 60 70 80 90 100
t(s)

SE=0 5 poael e dslan b g3luat s Y S

F Y 5 X S 2 50 e ey gl e Sl 0l
Ll o daT (£) Jgidor 53 (oS duglin g codplndl (glacgsluant
S jpen Slgul b 53 amy Gl odd )y (il A s
53 o 3y g o dslae O3 psbaal Ll 5 55 (2 5 348
Jsd BB 5 sguome bt olie 55 amty o gl L;J_.f‘s)'l.ul
sl 0 ST 28T i S THIS eias Ol &7 Az

oy Syl o) S 3 elil

S5 dom 9 SNy o —A
b Dl O ey 02108 o sl sl I 58T MRl 5o
w dlee Sy opl 53 s a8 (Gl 3 (6 e S35 1 Sl
03l oS J 8T S5 ST 4 Syl Ml 5 s o S Coad 53
Sy > S 53 s B S (0 08 e O llan s (S35 55
b oman 358 Gl prodd (b 2 lS U RS e il L

Ao 15T 5 03,5 Ol 1) s 1ty sl by S > s

(o e ) Calies (slag L 53 o 5l oS a7 Jsuter

sl o e o zi sl o s o zie it
Yy X
5x10°° 1x10°° Jsl
2x10° 5x10™* £2°
1x10* 2x10°7 £
3x10° 1x10° poler
4x107° 4x10° =

Journal of Control, Vol. 6, No 2, Summer 2012

AN Dl o o5l F o (=S dloes


https://dor.isc.ac/dor/20.1001.1.20088345.1391.6.2.4.8
http://joc.kntu.ac.ir/article-1-59-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-11-05 ]

[ DOR: 20.1001.1.20088345.1391.6.2.4.8 ]

el s (695 Szl 4L b oo Dby amty &S > J 55 gl mile 5 Ol (6, SKan oy

[10] Sadigh, M. J., Misra, A. K., “A Direct Method to
Generate the Minimum-Order Equation of Motion
for System with Artificially Imposed Constraints”,
Proceeding of the AIAA/AAS conferences,
Scotsdale, AZ, paper 94-3737, 1994.

[11] Sadigh M. J., Zamani Fekri M., “A New Approach
Based On Constrained Motion to Control of A
Moving Base Manipulator”, International
Astronautical Federation or International Academy of
Astronautics, 2001.

[12] Sadigh M. J., Salehi A., “A Robust Closed Loop
Control for Fast Maneuvers of Micro-Macro
Manipulators”,  Proceeding  of  International
Astronautical Conference, Vancouver, Canada, Paper
no. IAC-04-1AF-A.5.04, 2004.

[13]Sadigh M. J., Salehi A., Keshmiri M., “A Semi-
Manual Master-Slave Algorithm for Control of
Flexible Micro-Macro Manipulators”, 13th IEEE
IFAC Int. Conf. on Methods and Models in
Automation and Robotics MMAR, Poland, pp. 991-
996, 2007.

[14] Passenberg, C., Peer, A., and Buss, M.,”A survey of
environment-, operator-, and task-adapted controllers
for teleoperation systems”, Mechatronics, Vol. 20(7),
pp. 787-801, 2010.

[15] Hirabayashi T., Akizono J., Yamamoto T., Sakai H.,
Yano H., “Teleoperation of Construction Machines
with  Haptic  Information  for  Underwater
Applications”, Automation in Construction, Vol. 15
(5), pp 563-570, 2006.

[16] Sadeghi M. S., Momeni H. R., Amirifar R., “Hoo and
L1 Control of a Teleoperation System via LMIs”,
Applied Mathematics and Computation, Vol. 206 (2),
pp 669-677, 2008.

[17] Shim H., Jun B., Lee P., Baek H., Lee J.,“Workspace
control  system of underwater tele-operated
manipulators on an ROV”, Ocean Engineering, pp.
1036-1047, 2010.

[18]Arata J, Kozuka H, Kim HW, Takesue N,
Vladimirov B, Sakaguchi M, Tokuda J, Hata N,
Chinzei K, Fujimoto H., “Open core control software
for surgical robots”, Int J Comput Assist Radiol Surg,
Vol. 5(3), pp. 211-220, 2010.

[19]Haddadi A., Hashtrudi-Zaad K., “Bounded-
Impedance Absolute Stability of Bilateral Tele
operation Control Systems”, IEEE Transactions on
Haptics, Vol. 3(1), pp. 15-27, 2010.

[20] Botturi D., Vicentini M., Righele M., Secchi C.,
“Perception-centric Force Scaling in Bilateral
Teleoperation”, Mechatronics, Vol.20, pp. 802-811,
2010.

[21]Mohammadi A., Tavakoli M., Marquez H. I,
“Disturbance observer based control of nonlinear
haptic teleoperation systems ”, IET Control Theory
& Applications, Vol. 5(17), pp. 2063-2074, 2011.

[22] Janabi-Sharifi F., Hassanzadeh 1., “Experimental
Analysis of Mobile-Robot Teleoperation via Shared
Impedance Control”, IEEE Transactions on Systems,

LgUa,}g;.u‘M-dJ[xc Ozy. (}lubjdpjs e Q{‘)) .Lfgsa
by Selte 02 S ESS b 5l s ol by g e Sl
228 Al s ey ol b o a4y el S eslaal
9 Al QU‘ L.Lﬂi abls Sy 1253 dmly oy L;Ua:- Lgﬁfoj‘.\.;‘
O35 palel 325k 5 8 L1, (636 iledas b Eay LT
oeT s B A enls Ol (gluass L g Cgllae s dslas

G5 o3 5 Ogllae e dslan D3 g et 4 oS J 2S5 pde

s e QLI | domy Lo gl (385

&y

[1] Nenchev D.N., Yoshida K., Vichitkulsawat P.,
Uchiyama M., “Reaction Null-Space Control of
Flexible Structure Mounted Manipulator Systems”,
IEEE Transactions on Robotics and Automation,
vol.15, no.6, pp.1011-1023, Dec 1999.

[2] George L.E., Book W.J., “Inertial Vibration
Damping Control of a Flexible Base Manipulator”,
IEEE/ASME Transactions on Mechatronics, vol.8,
no.2, pp.268-271, June 2003.

[3] Bassan H., Talebi H.A., Patel R.V., Moallem M.,
“Real-time Vibration Control of an Industrial
Manipulator Mounted on a Compliant Base”,
Proceedings of the American Control Conference,
vol.6, pp. 5766- 5771, July 2004.

[4] Ueda J., Yoshikawa T., “Robust Arm Configuration
of Manipulator Mounted on Flexible Base”, IEEE
Transactions on Robotics, vol.20, no.4, pp. 781- 789,
August 2004.

[5] Mavroidis C., Dubowsky S., Raju V., “End-Point
Control of Long-Reach Manipulator Systems”,
Proceedings of the Ninth World Congress on the
Theory of Machines and Mechanisms, Milan, Italy,
pp 1740-1744, 1995.

[6] Salehi M., Vossoughi G.R., Vajedi M., Brooshaki
M., “Impedance Control and Gain Tuning of Flexible
Base Moving Manipulators using PSO method”,
International Conference on Information and
Automation, pp.458-463, June 2008.

[7] Wongratanaphisan T., Cole M., “Robust Impedance
Control of a Flexible Structure Mounted Manipulator
Performing Contact Tasks”, IEEE Transactions on
Robotics, vol.25, no.2, pp.445-451, April 20009.

[8] Oftt C., Albu-Schaffer A.; Hirzinger G., “A Cartesian
Compliance Controller for a Manipulator Mounted
on a Flexible Structure”, IEEE/RSJ International
Conference on Intelligent Robots and Systems,
pp.4502-4508, October 2006.

[9] Hishinuma T., Nenchev D.N. “Singularity-
Consistent Vibration Suppression Control With a
Redundant Manipulator Mounted on a Flexible
Base”, IEEE/RSJ International Conference on
Intelligent Robots and Systems, pp.3237-3242,
October 2006.

Journal of Control, Vol. 6, No 2, Summer 2012

IFAY Gl oY o5le F Al o 28 dloes


https://dor.isc.ac/dor/20.1001.1.20088345.1391.6.2.4.8
http://joc.kntu.ac.ir/article-1-59-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-11-05 ]

[ DOR: 20.1001.1.20088345.1391.6.2.4.8 ]

or ool s (95 Szl 4l b Cloo Dby amey &S > U587 (ol edile 5 0Ll (Ko

[31] Shahdi A., Sirouspour S., “Adaptive/robust control
for time-delay teleoperation”, IEEE Transactions on
Robotics, Vol. 25(1), pp. 196-205, 2009.

[32]Ryu, J.-H., Artigas, J., Preusche, C., “A passive
bilateral control scheme for a teleoperator with time-
varying communication delay”, Mechatronics, Vol.
20, pp. 812-823, 2010.

[33] Ganjefar S., Najibi S., Momeni H., “A novel
structure for the optimal control of bilateral
teleoperation systems with variable time delay”,
Journal of the Franklin Institute, Vol. 348(7), pp.
1537-1555, 2011.

[34] Slawifiski E., Mut V., Fiorini P., Salinas L.,
“Quantitative Absolute Transparency for Bilateral
Teleoperation of Mobile Robots”, IEEE Transactions
on Systems, Man, and Cybernetics, Part A: Systems
and humans, Vol. 42(2), pp. 430-442, 2012.

[35] Hosseini-Sunny K., Momeni H., and Janabi-Sharifi
F., “A modified adaptive controller design for
teleoperation systems,” J. Robotics and Autonomous
Systems, vol. 58(5), pp. 676-683, 2010.

[36] Forouzantabar A., Talebi H. A., Sedigh A. K,
“Bilateral control of master-slave manipulators with

constant time delay”, ISA Transactions, Vol. 51(1),
pp. 74-80, 2011.

[37] Forouzantabar A., Talebi H. A. Sedigh A. K,
“Adaptive neural network control of bilateral
teleoperation with constant time delay”, Nonlinear
Dynamics, Vol. 67(2), pp. 1123-1134, 2012.

[38] Hokayem P., Spong M. W., “Bilateral teleoperation:
An historical survey”, Automatica, vol. 42(12), pp.
2035-2057, 2006.

[39] Slotine J. J. E., Li W., Applied Nonlinear Control,
Prentice-Hall, 1991.

[40] Rouche N., Habets P., Laloy M., Stability Theory by
Liapunov's Direct Method, Springer-Verlag, 1977.

Man, and Cybernetics, Part B: Cybernetics, pp.591-
606, 2011.

[23] Veras E., Khokar K., Algasemi R., Dubey R.,
“Scaled telerobotic control of a manipulator in real
time with laser assistance for ADL tasks”, Journal of
the Franklin Institute, Vol. 349, pp. 2268-2280,
2012.

[24] Horise Y., Nishikawa A., Sekimoto M., Kitanaka Y.,
Miyoshi N., Takiguchi S., Doki Y., Mori M,
Miyazaki F., “Development and evaluation of a
master-slave robot system for single-incision
laparoscopic surgery”, Int. J.of CARS, Vol. 7(2), pp.
289-296, 2012.

[25] Hirche S., Buss M., “Human-Oriented Control for
Haptic Teleoperation”, Proceedings of the IEEE, Vol.
100(3), pp. 623 — 647, 2012.

[26] Noguchi N., Will J., Reid J., Zhang Q, “Development
of a master-slave robot system for farm operations”,
Computers and Electronics in agriculture, vol. 44, pp.
1-19, 2004.

[27]Wojtara, T., Nonami, K., Shao, H., Yuasa, R.,
Amano, S., Waterman, D., Nobumoto, Y.,
“Hydraulic master-slave land mine clearance robot
hand controlled by pulse modulation”, Mechatronics,
Vol. 15(5), pp. 589-609, 2005.

[28] Tavakoli M., Aziminejad A., Patel R., Moallem M.,
“Discrete-time bilateral teleoperation: modelling and
stability analysis”, IET Control Theory &
Applications, Vol. 2(6), pp. 496-512, 2008.

[29] Malysz P., Sirouspour S., “A Kinematic Control
Framework for Single-Slave Asymmetric
Teleoperation Systems”, IEEE Transactions on
Robotics, VVol. 27(5), pp. 901-917, 2011.

[30] Khademian B., Hashtrudi-Zaad K., “Dual-User
Teleoperation Systems: New Multilateral Shared
Control Architecture and Kinesthetic Performance
Measures”, IEEE/ASME Transactions on
Mechatronics, Vol. 17(5), pp. 895 — 906, 2012.

Journal of Control, Vol. 6, No 2, Summer 2012

AN Dl o o5l F o (=S dloes


https://dor.isc.ac/dor/20.1001.1.20088345.1391.6.2.4.8
http://joc.kntu.ac.ir/article-1-59-en.html
http://www.tcpdf.org

