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This paper presents a nonlinear predictive approach for Stewart platform (6 degrees of freedom). The 
optimal control is computed directly from the minimization of receding horizon cost function with 
offline optimization. The main purpose of this research is to design the predictive controller for Stewart 
platform. In this study, the kinematics and dynamics of Stewart robot are introduced, considering the 
dynamics of actuators. Following the introduction of nonlinear model predictive control will be 
discussed and according to robot dynamics, controller will be designed. In addition, given the various 
uncertainties, robot dynamic equation could be rewritten. The controller is designed according to these 
uncertainties and then stability control is confirmed using Lyapunov theory. Due to the limited engine 
power and the output torque electric drive in practice, the proposed controller manages Stewart platform 
in such a way that it could track the desired trajectory well. To review the proposed method at the end 
of the study, Stewart platform is simulated and the control method proposed in this paper was compared 
with computed torque control (CTC) method, sliding mode control and Proportional-Integrator-
Differentiation (PID) controller. 
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Fig. 1 The Stewart platform  
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Fig. 2 The Simplified structure Stewart platform 
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Fig. 3 Dynamic Analysis of the robot link 
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Fig. 4  Dynamic Analysis of the robot 
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Fig. 5 Electromechanical actuator 
5    

            
          

    .           
   .     )7(  

.  

=  )7(  

) 7 (   
    

   ) 8( 
 .  

= ,
= , + ,

)8(  

)7( )8( ) 9 (  .  

= , , , )9(  

)6()9(
    

( ) + ( , ) + ( ) =  
= [ + ] 
= [ , + , + , ] 
= , [ + ] 

  

  

 )10(  

) 10(  .
 

 
  

3-     
            

     .       
              

  .  
    )11(   

=
1
2 ( ( + ) r( + )) d =

1
2 ( + ) d  

 )11(  

 )11(   ( ) ( ) 

     .

,

( )

= ( )

( )( )

,

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

1.
11

.4
 ]

 
 [

 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
 ]

 

                             4 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.1.11.4
https://mme.modares.ac.ir/article-15-4640-fa.html


    

      

1395161  45  

   
)  )12( (   

( + ) = ( ) + ( ) + 2! ( ) )12(  

    ))10((

    

)13(  
  
  

  

)13(  

( ) =
( )
( )
( )

=
( )
( )

( ) ( , ) + ( )

+
0 ×
0 ×

( ) ( )
 

      )14(  

.  
( + ) = ( ) ( )

 
)14(  

 )14(( ) = × × × !
× ×  × 

6 × 6  .  
   

) ( + )  (   

( + ) = ( ) ( )
( ) = [ ( ) ( ) ( )]  

  

)15(  

)14()15(   

 )16(   
( + ) = ( + ) ( + )

= ( )( ( ) ( )) 
  

 )16(  

 )11( 

) 17 (  

=
1
2 ( ( ) ( )) ( ( ) ( ))  )17(  

   )18(   

= ( ) ( ) d  
   

=

× × ( 2 ) × × ( 6 ) × ×

( 2 ) × × ( 3 ) × × ( 8 ) × ×

( 6 ) × × ( 8 ) × × (20) × ×

 

  

  

  

 )18(  

)18(=    

 )17(

  .
 = 0    

( ) = ( ) ( )( ( ) ( )) 

( ) =
( )
( )

( ) ( ( , ) + ( ))
 

( ) = (
10

3 ) × × (
5

2 ) × × ×  

  

  

  

)19(  

)19( ) 20 (  

( ) = ( ) ( ) + ( )
( ) ( , ) + ( )

= (
10

3 ) × ×

= (
5

2 ) × ×

  

  

  

  

)20 (  

3 -1-   
              
    .           

              
     .       
              
    .        

              
   .           

            
    

       ]21.[  
 

     
( ) = ( ) +

( , ) = ( , ) +
( ) = ( ) +

 
)21(  

( ( )  
)10(  . 

 )22( 
  

( ( ) + ) + ( ( , ) + ) + ( )
+ + ( ) = + ( )

  

 )22(  

)22( )23( 
   

( ) + ( , ) + ( ) = + ( , , , )
= { + + + }

  

)23(  

  
 

 . 

)  (      . 
   

)24( 
  .  

( ) = ( ) ( ) + ( )
( ) ( , )

+ ( )

  

 )24(  

3 -2       

    

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

1.
11

.4
 ]

 
 [

 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
 ]

 

                             5 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.1.11.4
https://mme.modares.ac.ir/article-15-4640-fa.html


    

      

  

46  139516 1  

)24( 

    

)23(  

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

  

)25(  

 )25(   .
= [ ] = [ ]    

= +  

=
0 × × , = 0 ×

×
 

  

)26(  

          A   
          .    

          Q    
 P     )27(  .  

+ =  )27(  

       )28(  .
= +  )28(  

  )28(  .

 )26(

) 29 (  

= + 2 {( ) + } )29(  

      )29 (  )30(   

= ( )  )30(  

      .

=  )31(  

     ( )      .  
  ] 19 [

  
 = 0 

 ) 32 (  

= = 0 =  )32( 

 
  . )  30)   (33 (

  

= = ( )  )33( 

( ) = 0 
    

]17) [34 (
  

= ( , ) ( , ) = ( , )  )34( 

 )  34 (    ×  .
 )34(   :  

+ ( , ) = 0 )35( 

   

 
 .( ) 

) 36 (  

( , ) = ( ) )36( 

= × ×> 0  > 0  .
 )34( ) 37 (  

= ( )( ) )37( 

 )36()   38 (

  

+ = 0 )38( 

  )37(  )23() 39 (

  
= ( ) + [ + ( )( ( , )

+ ( ) ( ))] 
)39( 

)39(  

  )24(  )38(

     
= ( ( ) + ( ) + ( )) )40( 

  ) 40 ( 
)24() 41 (   

4-    
  

   . 
   1    

 
  . 1x2y 

 3z 6  

1   
  

Table 1 Physical Properties robot 
  

)   kg)( 50  
  (m) 2.075  

  kg)( 2350  
   2.082 (m)

   (kg) 140

   (m) 2.5

  (Nm) 26.25  
  Nm) (78.76

1- Moving along the x axes (surge) 
2- Moving along the y axes (sway) 
3- Moving along the z axes (heave) 

( ) = ( ) +
( ) ( , )

+ ( ) [ ( )

+ ( ) + ( ) d ]

 
  

)41( 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

1.
11

.4
 ]

 
 [

 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
 ]

 

                             6 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.1.11.4
https://mme.modares.ac.ir/article-15-4640-fa.html


    

      

1395161  47  

 x12y 3z 
7 .  

 
    .

1 
   

     
4   5     -

  - 6   
    

]22[   PID   
 . 

 

 .
   PID  .

 5 6
  8 9  . 

    
  

 
 .
10 

   
  7 )ISE( 8 

)ITSE (  9 )IAE (
  

   .  

   
Fig. 6 Desired trajectory moving along the x ,y and z axes 

6 x z  

1- Rotation around the x axes (roll) 
2- Rotation around the y axes (pitch) 
3- Rotation around the z axes (yaw) 
4- Computed Torque Control (CTC) 
5- Sliding mode control (SMC)  
6- Proportional-Integrator-Differentiation  (PID) 
7- Integral Square Error (ISE)  
8- Integral Time Square Error (ITSE)  
9- Integral Absolute Error (IAE)  

   
Fig. 7 Desired trajectory rotation around the x, y and z axes 
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