[ Downloaded from joc.kntu.ac.ir on 2025-07-15 ]

[ DOR: 20.1001.1.20088345.1396.11.1.3.0]

J 8 dlxe
ISSN (print) 2008-8345
ISSN (online) 2538-3752

V-0 domis VFA9 5l ) oylek )Y s S

e

mo—on-—

EL 3979 b (ol (- pd (S 981 3 Al s 390 Al S 57
Olojl miio 9 Ol Sloj w6 9 b &5 oo
Tasls elaslip G, Do e g
s_ganjefar@basu.ac.ir duw e 5 o&iils o5 05 o wdign 51SCiils Ll |

s.rezaeisS5@gmail.com i e 5 oails (G 05 S 5S-G p (onige 653 S geiils |
farzad.hashemzadeh@gmail.com «;, s ol «J 28 05,5 5 5uealS 5 G wign 5K bkl |

QYA dlin 30y )6 PR/ /YA dlie S5 5 i ,b)

b oS e g Lsl s 4 e 5 Comal o o () 510 A8 Sla (s (s puboe (s oS J2ST o1k ot dlie ol 3 oS
oS J 18 &S (galgibn IS Sl le ol Ul 5 Oloj b it oy g 4 5 Sledbl JUist JUKT 55 350 o) Ll 0T 3 45T AsL e
Al s eblep sl Dlsy om Cambge b2y Gl Sl el e S 03 o b Sies oS J 5SS ol en 4 s b ol
ol il Ol Soygo 4 b Sy Sl e 5l 5 a3l e Sl imel Ol S 5 Sgdome indes 57 (la dher Cptoman LB o
cpsbaal sla eyl ais sl ol a8 s b s s Slgy I8 OVsles 5o s s o6 colie SBREI L3 ps e 035l oS J S
Skl &5 635 55 (dgdome 5 A5 (o0 Jas b &5 e ot Ll 55 o5l pen bl la omel 5 Sl b o) o olgity oS J 1S
oile b o o (gl JUE Oile 5 guomn DS 5 3la 5 5 0dile b (la Dligy mal (sla el (Sl (smndnd Al ralus (ML o I G
3 e 235 o DU S b M 4l Ll S s Skl SO 5L b S eslind L s Sy s sl 5 sl
b2 (L SBIal By 530S J 25T T oy 50 (5l e gl 3 58 (r bl b Dby Cmb o il (225 el 5 shie 4 SV
AL a5 e gL ke

.:).WL;S?:EJJJZ{;L;)‘.L”H;L&éffsnt@labjuhuﬁu@bj}f'-\:‘LSJG:'-}:‘&‘_;)}J‘J.L.\AJS:gswh“’w

Bounded Adaptive Control of Uncertain Nonlinear Teleoperation with
Actuators Saturation and Asymmetric Varying Time Delays

Soheil Ganjefar, Sara Rezaei, Farzad Hashemzadeh

Abstract: In this paper, adaptive controller is proposed for bilateral teleoperation systems with
parametric uncertainties, asymmetric time-varying delays in their communication channel and
sandwich linearity in their actuators. The proposed bounded adaptive approach is a nonlinear-
Proportional plus nonlinear Damping (nP+nD) controller which nonlinear adaptive terms are also
employed locally to cope with the parametric uncertainties. The designed controller has the ability
to deal with parameter variations in the dynamics of the master and slave robots . The proposed
controller also guarantees asymptotic stability and position tracking and avoiding the inputs to reach
their usual actuator bounds. The asymptotic stability and tracking performance of the teleoperation
system are proved using a Lyapunov-Krasovskii functional. The effectiveness of the proposed
method is corroborated through simulation results.

Keywords: Nonlinear Teleoperation; Asymmetric Time-varying Delay; Actuator Saturation;
Asymptotic Stability; Bounded Adaptive Control.
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