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Stability and transparency are both very important conditions in bilateral teleoperation systems. For the 
design of such systems, different methods have been suggested. Among the approaches presented, 
passivity framework is widely utilized in which human and environment is considered passive. The 
operator does not make the closed-loop system unstable. In addition, it is passive against an external 
input. Thus the adoption of this assumption is correct for the human. Nevertheless it is a conservative 
presumption for the environment and according to some modern applications of teleoperation systems 
such as cardiac surgery, it is absolutely not acceptable. In this paper a novel control structure for 
nonlinear bilateral teleoperation systems interacting with active environments is addressed. In this 
approach, first a criterion for measuring activity of the environment is presented. Then by developing a 
PD controller, an algorithm that guarantees master-slave position coordination and static force reflection 
is introduced. The overall stability of closed loop system is proved using passivity concept and 
Lyapunov-Krasovskii technique. Simulations are performed to verify the performance of the proposed 
bilateral teleoperation systems in contact with passive and non-passive environments. Experimental 
results were carried out to validate the theoretical consequences. 
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Fig. 1 Block Diagram of a teleoperation system 
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Fig. 2 Coupled systems 
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Fig. 3 The Schematic of an environment with positive feedforward 
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Fig. 5 Master and slave x-position 
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Fig. 6 Master and slave y-position 
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Fig.4 Schematic of a 2 DOF revolute planar robot 
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Fig. 7 Force applied to the master by the operator 

7   

 
Fig. 8 Force applied to the slave by the environment 
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Fig. 9 Energy applied to the environment by the slave 

9   

0 50 100 150 200-4

-2

0

2

4

Time (Sec)

En
vi

ro
nm

en
t I

np
ut

 E
ne

rg
y 

(J
)

  

 Passive environment 
Active environment 

0 50 100 150 200 -8

-6

-4

-2

0

2

Time (Sec) 

En
vi

ro
nm

en
t x

-f
or

ce
 (N

)

 

 Active environment
Passive environment

0 50 100 150 200 

-80 

-40 

0

40 

Time (Sec)

O
pe

ra
to

r x
-f

or
ce

 (N
)

  

 Passive environment
Active environment

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

6.
29

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

10
 ]

 

                               7 / 9

https://dorl.net/dor/20.1001.1.10275940.1395.16.6.29.2
https://mme.modares.ac.ir/article-15-7783-en.html


    

    

1395166  385  

 
  1 

Table 1 Parameters of the Slave 
  ) (  ) (  ) (  

  0.3 0.135 4.5563  
  0.2 0.235 9.2042  

 .
 .

) 
   

 11 12 
) 20 15  (

) = 20 s = 45 s(-
 .  

 -
 . 

 .13 
 .

   .
  

 
 

 .14  .
sec ) 

15.( 
 .

 .

 .14 
  

8 -   

 .

 
 .

  

  

  
Fig. 11 Master and Slave x-position 
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Fig. 12 Master and Slave y-position 

12   

  
Fig. 13 Master and Slave x-force 
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Fig .10 The Schematic of Experimental Setup 
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Fig. 14 Master and Slave x-position in second test 
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Fig. 15 Energy applied to the environment in second test 
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