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ABSTRACT:Parallel robots have received 

increasing attention due to their inherent 

advantages over conventional serial mechanisms, 

such as high rigidity, high load capacity, high 

velocity, and high precision. A definite advantage 

of parallel robots is that, in most cases, actuators 

can be placed on the truss, thus achieving a limited 

weight for the moving parts, making it possible for 

parallel robots to move at high speed. The 

simulation showed promising results when using 

enough accurate mechanical models. 
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I. INTRODUCTION 
Up to now, robotics are still receiving the attention 

of many researchers manufacturers because of their 

great advantages in many fields [1-25]. Parallel 

manipulators are multibody systems with a loop 

structure. Their motions are described by 

differential-algebraic equations  [26-35]. The 

tracking control of chain robots has been studied 

extensively [36-45]. However, controlling parallel 

manipulators to follow the desired trajectory has 

been rarely studied. In this paper, the authors 

introduce using the PID controller to control 

parallel manipulators 

 

II. MATHEMATICAL MODEL 
The motion equation of the dynamic models is 

rewritten in the following: 

 ( ) ( , ) ( ) ( )T

s   M s s C s s s g s Φ s λ τ    (1) 

 ( ) f s 0                        (2) 

Where    , ,M s C s s  are square matrices of size 

n n , ( )sΦ s  is a rectangular matrix of size r n . 

, sτ are column vectors with n elements, f  are 

column vectors with r elements. The residual 

constraint coordinates s  and the actuation torque 

are written as.  

Denoting    ;  Fa z

a

F
 
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f f
s s

q z
, the Jacobi 

matrix sF (s)  is rewritten as below: 

. 
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where E is a unit matrix of size f f .  

We have: 

    T T

sF R s s 0               (4) 

   as R s q             (5) 

Multiply the two sides of equation (1) by the matrix 

 T
R s  while simultaneously substituting equation 

(5 )and its time derivative into equation (1),  we 

get : 

      ,a a a  q qM s C s s g s τ    (6) 

where:  
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Matrices    , ,M s C s s  have the following 

properties: matrix  M s   is a positive definite 

symmetric matrix, matrix    2 ,M s C s s   is a 

skewed symmetric matrix. We will use equation (6) 

and the above properties to design controllers for 

the parallel robot. 

 

III. CONTROL DESIGN 
We choose the control rule u (t) as below 

       , at   u M s ν C s s q g s   (8) 

With 
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0

t

I

d

a D P d     eν q K e K e K       (9) 

where ,  ,  ID PK K K  are positive definite diagonal 

matrices: 

 

     1 2 1 2 1 2,, , , ,  , , , , , , .P P P Pna D D D Dna I I InaIdiag k k k diag k k k diag k k k     K K K

M is a positive matrix, we obtain: 

0

t

D P I d    e 0K e K e K e   (10) 

Taking derivative both sides of ((10) w.r.t. time 

yields: 

D P I   e 0K e K e K e                              (11) 

Since , ,D P IK K K  are diagonal matrices,we 

deduce third-order differential equations as below: 

 

0
ai ai ai aiDi Pi Iie k e k e k e        (i=1,2,…, an )  (12) 

 

Equations (12) are the linear differential equations 

of the constant coefficient. Characteristic equations 

take the following form: 
3 2

0.
i i iDi Pi Iik k k       (i=1,2,…, an )  (13) 

 

According to the Hurwitz stability criteria, the 

conditions for characteristic equation solutions to 

have a negative part are: 

0 0, 00, ,Di Pi Ii Di Pi Iik k k k k k                 (14) 

(i = 1,2,…, an )  

 

Thus, if the coefficients are chosen such that the 

conditions (14) are satisfied, the differential 

equations (12) will be exponentially stable.  

PID controller:

3500diag(1,1,1); 350diag(1,1,1); 250diag(1,1,1);P I D  K K K

 

The trajectory of the moving table is given as 

below: 

0.05cos(2 );  0.05sin(2 ); 0.5( )P P Px t y t z m     

 

The control diagram for the manipulator is shown 

in Fig. 1.  

 

 

 

 
Fig. 1. Control diagram 

 
Fig. 2. Position error 

 
Fig. 3. Torque control 
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IV. CONCLUSION 
This paper presents the construction of 

controllers for parallel robot manipulators based on 

a system of Differential-Algebraic Equations. The 

new matrix form of Lagrangian equations with 

multipliers for constrained multibody systems was 

used to derive dynamic equations of the parallel 

robot manipulator using computer software 

packages. The controller for spatial robot 

manipulators based on inverse dynamics was 

developed. The control law to compensate for 

uncertainties in the parallel robot manipulators is 

then presented in detail. The 3-PRS spatial parallel 

robot manipulator controller was investigated 

through the numerical simulation with MATLAB 

/Simulink.The simulation results showed a 

reasonable control quality when using accurate 

mechanical models. 
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