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In this study, the control problem of a knee rehabilitation robot is examined. The main drawback of 
rehabilitation facilities, such as continuous passive motion, is the lack of feedback from the interaction 
force between the robot and patient leg. This means that if during the exercises an involuntary motion 
by patient is generated, the increased interaction force can then damage the patient’s leg.  The 
interaction force is increased because the robot tries to hold the patient’s leg along the prescribed 
reference path. In the current paper, to realize the compliant behavior of the robot, the concept of 
admittance along with two control methods including adaptive model reference and integral 
backstepping will be utilized. Adopting admittance control method, the robot will deviate from the 
prescribed path so that the interaction force can be decreased. The obtained simulation results reveal the 
good performance of the robot even in the presence of noisy sensory data. Additionally, it has been 
shown that the proposed combined admittance and backstepping controller has better performance in 
terms of tracking error and decrease of interaction force, as compared with the model adaptive reference 
model.  
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Fig. 1. Robot arm and patient leg (on the right), forces/ torques applied 
on the robot's arm (on the left)  
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Fig. 2. Force exerted on the foot (on the right) and shank (the left) 

 2 )  ( )   

      .  

= sin cos
= cos sin

 

)4(  = cos
= sin  

) 2)  (3( ) 5 (
   

)5(  + = + + ( + )g sin  
 

)6 .  (  

(6) 

+ G( ) =
+ ( ) = +

 

  

(7) 

=
( ) = g sin

= +
( ) = ( + )g sin

 

   
 1 ]22[    

2-1 -   

 
 

 
  . 

]23[ .  
 

 ( )   
 .    

 
)  .8 (   .    

(8) =  

   .
    .

)  9 (
   
(9) = sign( ) 

   .  

1 Anthropometric 

=
= g

cos + sin + = + g sin
 

)2(    
  
)3(  

+ cos =
g + sin =

+ = + g sin
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

12
.7

0.
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                               3 / 9

https://dorl.net/dor/20.1001.1.10275940.1395.16.12.70.5
https://mme.modares.ac.ir/article-15-9047-en.html


    

     

  

138  13951612  

   )  10 ( 
]24[.  

(10) = + sign  

 
) 11 (   

  
)11(  

+ + sign + ( ) =
+ + sign + ( ) = +

 

  

  .  
-) 12 (   

)12(  = = ( ) + ( ) 

 .
   

 1. ]25[ 
  

)13(  ( ) + , + ( ) =  

    .  
     .

 
 ) 13 (  .

    
 2 .  

]21[ .  

)14(  
= + + sign + ( )

= = [ 1 sign( )] [ ]  
     

3 -  
   

 .
.  

      
    .

3 
. 

3-1 -   

  
Fig. 3. Block diagram backstepping and admittance controller  
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1     
Table 1 parameters for robot and human in simulations   
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Fig. 7 Tracking error in model reference and backstepping control 
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Fig. 8 Interaction torque in model reference and backstepping control 
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Fig. 9 Interaction torque with admittance control and without it despite 
involuntary movement of the patient leg 
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Fig. 10 Robot angle with control admittance and without it in the 
presence of involuntary movement of the patient leg 

10  
  

  
Fig. 11 Interaction torque despite involuntary movement and noise 
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Fig. 12 Tracking error in the presence of noisy sensor data 
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