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Bilateral Teleoperation System in the Presence of Non-passive
Interaction Forces and Actuators Fault

Robab Ebrahimi Bavili, Ahmad Akbari, Reza Mahboobi Esfanjani

Abstract: This paper addresses the asymptotic stability, position and force tracking problem in the nonlinear
bilateral teleoperation system in the presence of non-passive interaction forces, varying time-delay in
communication channel and actuators fault occurrence. For this aim, a passive Fault Tolerant Control (FTC) law
is presented which uses the joint positions and velocities of local and remote manipulators to reach control ends.
Using the Lyapunov-Krasovskii theorem, sufficient conditions for asymptotic stability and position tracking are
derived in terms of Linear Matrix Inequalities (LMIs), to tune controller parameters. The main contribution of
the proposed method is that can compensate the bias fault and loss of effectiveness of actuators in nonlinear
teleoperation system. Also the asymptotic stability of positions errors in the system with non-passive interaction
forces is assured using the integral control. Simulation results of teleoperation system with 2 and 3 degree of
freedom manipulators with proposed method and comparison to some rival method show the effectiveness and
advantages of the proposed method.

Keywords: Bilateral Teleoperation system, Non-passive Interaction Forces, Actuator Fault,
Asymptotic Stability and Position and Force Tracking

b e a5 i o013 =011 335 1) 5 S Olctige ezl o 57 alone ST e 1L s odge ok 5


http://dx.doi.org/10.52547/joc.14.4.43
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.4.8.2
https://joc.kntu.ac.ir/article-1-655-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-10-26 ]

[ DOR: 20.1001.1.20088345.1399.14.4.8.2 ]

[ DOI: 10.52547/j0c.14.4.43 ]

b e e 5 Jadte o (golad (slag 5 5 g 53 b33 533 5| Jos 2w £F
@w'k;wu)‘d;‘wlgﬁjlf@:ﬁ\ﬂ'gl{)

P Sosh 5 L 5y e LS eiS J ST [NN1P] e
Jrte b (el Slag )3 93 1) e SOILL Lils ST 555 0
o les L

G5 IS S S s Ve sl [WV] 5 [VF] caes ol s
Sl awdd Sleslinal by Al 035 ke 1) cled Slag e
5 g Sl 03 IS Wleeil g ¢ (ISS) * I & (63555
5 DAL 53 S Sl b (Bl b gl 3 1y ol sl
Lvee 5 Ll ST Cab 65,5 L elad 53 533 1 s @R V4]
5 Camdsn (Sl Gl e 53 a5 6Tl ol £ ks fade
G5 ol 4 (Bham oalS Jslize oS J ST ot Loy
JUS" s ka5 ub Gl b sl 03 5 4 (PDH) 7 e
sl ks DU (LK) Y Sl Sl avdd b bl
ol por 4 PDHA ; ne sl oS mS [YV] 5 [Y0] 55 impes
1SS (ool Lol 5 5 dlos 43 SIS 4 g $SKlys 51 (SHhear
Jrito s oy 5 (Bl b e s pre
PR

Sl kS o e 1SS (g5l S SHG S SV ST 5
SLsss o B g Comw daly Oloj o 5 (gl oML aend
An (b by Juabde Co w5 Coisn) (e Gl 5 oled
@los ol (ol ods H5m SV 1K s imes LD
o @l S8 g 4 ol ol s il 03 S5 e 1 g 0 5 (23
Lo Crmpar Sl 3p0e (Kb Silaand @S )3 b o
e oS 7 Shae s 55 e sl

2533 5 e sla Dby 53 3 e sla Shee 3 oo sl
olin oSS Lo B 5 el pdiloli 5 5l Jos s
4 8355 (e (©ILLE 5 5 Shes 31 sl L5 e 055 Ol
o Sy FTC) P iy Jood iS5 (b e an
ol Jie o8 53 o st 4 il e ol Bl 593 5l e
FTC (i &K Stn 5L 5 5,800 sl plie 55> Slas b 53 ]
oMl B g opllan (63 Shes Ll s 53 St (281 K
-@JJ;S‘.:“__.“qmélk\):&ljs.)%;u,’.)(@)gj
b ol S gl (Ks51 b b i FTC (sla s [YY] 3L
S Ol b edd (g S o pslie (b Gl )
495 ¢S5 ) eslizal b Jlb FTC (sla e ¢ blis bl ) Sl s
Ca HlediS RS sk sy 0 S b o b e s et
[YE-Y] S e Ol 1y

S FTC (m1b g absn (o5 DV (f 050 onal o2 e
FTC wi, oSG [¥8] 5[Y0] 53 el onls 2sig 1) 43 3 Jas o

dodo -

,:QT)zfgwlﬁlf}zolUw&i')};)'ld...;r;...._..u
e Dby S5 e Dby 5 Ll H1E e 3l 6,0 alols s L,
Sl S o JBs g e 0nls &S Sl gl pl s ST,
Sy S 4y 35 Dby b 15 5 51 (Kb (e 3 Sas 55
w3 1) 593 Lms d bl GLSTH 51T G 550 o0 JLl (e
5l T bss 553 ) fee w45 Ay S o DIl ol s t3L
S Ll JUS e b 5Ll DNl Telas glls
L 3 3,8 o Sose LS o Al 1) Sy 55w Sl
Sl ol il Oloj b e 5 0)lizels ol oS 457 b L3I JUIS s
258 0T L (o b 5ss 51 Jas o s Shes 53 (6 Sader
3 Sl oS ekl o b iSRS (b e s o
3 ot ien 5 ksl (Bl JUST s stb sls s s > Sas
ssb a8 Sl a3 5l e gt Sy Ui sl Gl S gl
ol adlan & sl Sl 4B S S5 ) 3,50 SVlie 3 rs
s lad asllae |, Y=Y ] ol L5 (or ol 5 4 3

T 5 oS Y287 (b 3 5500 e 5 e Jole 51 S
@8 515 a5y o dl 55 & 55 5l e e SOILL
sE lme 5 SLHFIA L D3 S e pte O ax e ol
Jor gt sl p o S| S8 gl Bs) ST Bl e T rite
- ey d0-F] z g e 5 SAST 1y gme (sla sy dher 3l 55
b s IN-4] ik ols fSs 5[A-F] ol Gu5 2 5o gle
3 o 5 Sl 5511 a8 S e 55 ol LT 5 oS J xS
o ol S s s Jadte il Ol db s 551
uu,,;j\ywwL;u;j)tf,awxﬁﬁa.ws;,w
DY=AY] 050 a8 6 b 5 oid BB (o) ol 5 plor! o

Lo U bl g0 oK dhaine Lo B, I S s
S 550 Je 0Ly Jsb 55 Sob 65,8 K dlasl S 4 L5 o0
S Lol Ll 5o 5 S 0 G5 o 4 1y S35l (555!
PUT}@MJF{@‘}JD‘)CF)AJ‘d:jWQYL&.J}&OT
dls (S0 SVGe Ol cpl 5 g Ll osls 515 e e S5
oS Jade g (poled Slag S 5 sdm 53 |y e (e G514
A 53 5 ged (G alb s g3 53 Ol o 1) OV oyl L les S
O3 Jrite 5 (b mp oS 28 o1 s [VO-VF] Sl Jl
S mS (gl esly gl bl (il ois w3l ol slag s

P33 &> )3 L W kzen 5 9 OLF 4 5,0 Gla puin 4
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* Propotional Deraivative and damping injection
" Lyapunov-Krasovskii

* Fault Tolerant Control

' Teleoperation system
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