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 In this paper, design of an adaptive controller, as a combination of feedback linearization technique and 
Lyapunov stability theory, is presented for a parallel robot. Considering a three degree-of-freedom 
parallel mechanism of the robot, which serves pure translational motion for its end-effector, kinematic 
and constraint equations are derived. Then the dynamic model of the constrained system is extracted via 
Lagrange’s method to be used in the robot control. Two optimized trajectories are designed for the end-
effector in the presence of some obstacles using harmony search algorithm to be tracked by the robot. 
An objective function is defined based on achieving  the shortest path and also avoiding collisions with 
the obstacles keeping a marginal distance from each obstacle. The first trajectory is a 2D path with four 
circular obstacles and the second is a 3D path with three spherical obstacles. Performance of the 
designed controller is simulated and studied in conditions including external disturbances and varying 
system parameters. The results show that the proposed adaptive controller has a suitable performance in 
control of the end-effector to track the designed trajectories in spite of external disturbances and also 
uncertainty and variation of the model parameters. 
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Fig. 1 Schematic structure of the 3-PUU parallel manipulator 
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Fig. 2 Kinematic chains of the 3-PUU mechanism 

2 3-PUU 



    

3-PUU       

  

190  13951611  

  
1   

-4 
  

 .
 .

   
) 13 (  

(13) = + ( = 1,2, … ,6) 

j  
 .  
 .

(14)   
(14)  = [ ]  

  .
(15)   

(15)  , = , ( ) 
 ,  ( ) 

  .(16)   

 (16) 

=
1
2 + + +

1
2 + +  

, = + 2 , = + 3 2  

 
  .

 . 
(17)   

(17) = ( + + ) +  
(16) (17) (15)

(18)   

(18) 

=
1
2 + + +

1
2 + +  

( + + ) +   
(13)

(22-19)   
(19)  2 + = ( = 1,2,3)  
(20)  2 + ( )cos = 0  
(21)  2 + ( )sin = 0  
(22)  + 2 + = 0  

  

 1   
Table 1 Dimensions and angles of the robot 
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Fig. 3 Block diagram of the control system 
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Fig. 4 Flowchart of harmony search algorithm 
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Table 2 Specifications of circular obstacles in the first trajectory 

) mm( ) mm(  ) mm(    
8.00 30.0 (-100, -130, -250) 1 
8.00 64.0 (-60.0, 0.00, -250) 2 
8.00 20.0 (70.0, 20.0, -250) 3 
8.00 36.0 (130, 120, -250) 4 

3  
Table 3 HSA parameters 

  
10 N 
10 HMS 
0.8 HMCR 
0.3 PAR 

0.01 BW 
1200 NI 

4    
Table 4 Optimization results for accuracy points 

T (s) X (mm) Y (mm) Z (mm) 
0.0 -200 -200 -250 
0.5 -156 -128 -250 
1.0 -86.1 -83.6 -250 
1.5 8.02 -43.4 -250 
2.0 36.8 72.4 -250 
2.5 98.1 157 -250 
3.0 200 200 -250 

 

  
Fig. 5 Optimized trajectory generated by HSA 
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Fig. 6 HSA Convergence 
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Table 5 Specifications of spherical obstacles in the second trajectory 

) mm( ) mm(  ) mm(    
8.00 60.0 (-70.0, -70.0, -500) 1 
8.00 70.0 (-20.0, 20.0, -400) 2 
8.00 40.0 (80.0, 80.0, -300) 3 

 
  

  
Fig. 7 Objective function variation with respect to decision parameters 
(X coordinates) 

7 ) X( 

  
Fig. 8 Objective function variation with respect to decision parameters 
(Y coordinates) 

8 ) Y( 

  
Fig. 9 Desired and actual paths of the end-effector 
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Fig. 10 End-effector motion plots 
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Fig. 11 Sliders motion plots 
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Fig. 12 Tracking-error components 
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Fig. 13 Control signals 
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6   
Table 6 Optimization results for accuracy points 

T (s) X (mm) Y (mm) Z (mm) 
0.0 -200 -200 -600 
0.5 -144 -94.6 -475 
1.0 -102 -83.8 -435 
1.5 31.9 -29.2 -379 
2.0 42.8 104 -306 
2.5 105 154 -292 
3.0 200 200 -200 

 
Fig. 14 Optimized trajectory generated by HSA 
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Fig. 15 HSA Convergence 
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Fig. 16 End-effector trajectory – 3D view 
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Fig. 17 End-effector trajectory – Front view 
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Fig. 18 End-effector trajectory – Top view 
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Fig. 19 End-effector motion plots 
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Fig. 20 Sliders motion plots 
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Fig. 21 Error components 

 21   

0 0.5 1 1.5 2 2.5 3
-200

-100

0

100

200
End-effector Motion (x-Direction)

t (s)

x 
(m

m
)

 

 
Desired Curve
Actual Curve

0 0.5 1 1.5 2 2.5 3
-200

-100

0

100

200
End-effector Motion (y-Direction)

t (s)

y 
(m

m
)

 

 
Desired Curve
Actual Curve

0 0.5 1 1.5 2 2.5 3
-600

-500

-400

-300

-200
End-effector Motion (z-Direction)

t (s)

z (
m

m
)

 

 
Desired Curve
Actual Curve

0 0.5 1 1.5 2 2.5 3
-250

-200

-150

-100

-50
Slider 1

t (s)

q 1 (m
m

)

 

 
Desired Curve
Actual Curve

0 0.5 1 1.5 2 2.5 3
-1000

-500

0

500
Slider 2

t (s)

q 2 (m
m

)

 

 
Desired Curve
Actual Curve

0 0.5 1 1.5 2 2.5 3
-400

-200

0

200
Slider 3

t (s)

q 3 (m
m

)

 

 
Desired Curve
Actual Curve

0 0.5 1 1.5 2 2.5 3
-15

-10

-5

0

5

10

15
x-Component Error

t (s)

e x (m
m

)

0 0.5 1 1.5 2 2.5 3
-15

-10

-5

0

5

10

15
y-Component Error

t (s)

e y (m
m

)

0 0.5 1 1.5 2 2.5 3
-15

-10

-5

0

5

10

15
z-Component Error

t (s)

e z (m
m

)



    

3-PUU       

  

198  13951611  

  
Fig. 22 Control signals 
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