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Abstract: This paper presents the optimal control problem of a nonlinear industrial robot manipulator in the 

absence of holonomic constraint force based on the point of view of adaptive dynamic programming. The 

Adaptive Dynamic Programming algorithm employs techniques to tune the actor-critic network simultaneously 

to approximate the control policy and cost function. The convergence of weight, as well as position tracking 

control problem, was considered by theoretical analysis. 
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I. INTRODUCTION 

The control methodology for robotic manipulators has been widely developed [1-15]. The main 

challenges of the control design have been considered, such as robust adaptive control problems, motion/force 

control, input saturation, and entire state constraints [16-23]. Several control techniques have been employed for 

manipulators to tackle the issue of input saturation by adding more terms into the designed control input 

considering the absence of input constraint [6,11,27]. In [6,8], the authors proposed a new control system 

reference due to the input saturation. The additional term world is computed based on the derivative of the 
previous Lyapunov candidate function along the state trajectory under the control input saturation. 

Furthermore, authors in [11-13] give a new approach to addressing the input constraints and handling 

the disturbances. The proposed sliding surface was employed the Sat function of joint variables. The equivalent 

sliding mode control algorithm was designed then the boundedness of control input was estimated. The 

advantage of this approach is that input boundedness is absolutely adjusted by selecting several parameters. The 

authors in [27-29] present a technique to implement the input constraint using a modified Lyapunov Candidate 

function. Because of the actuator saturation, the Lyapunov function would be more the quadratic term from the 

difference between the control input from the controller and the real signal applied to the object. The control 

design was obtained after considering the Lyapunov function derivative along the system trajectory. Optimal 

control algorithm obtains the control design that can tackle the input, state constraint based on considering the 

optimization problem in the presence of constraint 

 

II. CONTROL DESIGN 

Consider the following robot manipulator without constraint: 

       , ( )
d

M q q C q q q G q F q t                                   (1) 

Assumption 1. The inertia matrix M(q) is symmetric, positive definite, and guarantees the inequality 

( )
n

t  as follows: 
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1
( ) ( )

T
m M q m q                                                    (2) 

where 
1

m  , ( )m q  ,     is a known positive constant, a known positive function, and the 

standard Euclidean norm. 

Assumption 2. The relationship between an inertia matrix M(q) and the Coriolis matrix ,( )C q q can 

be represented as follows: 

,( ( ) ( ) )2 0   
T n

CM q q q R                                                 (3) 

It should be noticed that this manipulator is considered in the absence of Holonomic constraint force.  

By using the control input (4) for manipulator (1) with nonlinear function (5) obtaining from (6), (7), 

(8), we lead to the nonlinear model (9):  

d
u h                                                   (4) 
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Now, the control object is to design a control law u to guarantee not only stabilization (9) but also 

minimizing the quadratic cost function with infinite horizon as follows: 

 0

0

( ) ,V x r x u d t



                                                                         (10) 

   ,
T

r x u Q x u R u                                                                  (11) 

In which,  Q x  and R is a positive definite function of x , symmetric definite positive matrix, 

respectively. 

Consider the following affine system  

( ) ( )x f x g x u                                                         (12) 

where 
n

x R  , 
m

u U R  . ( )f x and ( )g x  satisfy Lipschitz condition and (0 ) 0f  .  

The cost function is defined as (10).  

A control policy ( )x is defined as an admissible policy if ( )x stabilize system (12), and the 

equivalent value function ( )V x


is finite.    is denoted set of admissible control policy.  

For any admissible policy ( )x , the nonlinear Lyapunov Equation  can be formulated 

           , 0
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                                    (13) 

Defining Hamilton function and optimal cost function as follows:  
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We lead to the following Lyapunov Equation  equation: 
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It can be noticed that, 
*

 is optimal policy corresponding with the optimal cost function and 

( , , ) 0
x

H x V


    

Now, the optimal control policy can be obtained by taking the derivative of Hamilton problem with 

respect to policy   

 

 
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This work present Policy Iteration algorithm for a robot manipulator including 2 steps as follows: 
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Initiate admissible control policy 
0

( )x  

Repeat 

 Step 1: Policy Evaluation 

         Solve NLE for ( )
i

V x corresponding given control policy
i

   

            , 0
T

i i i

x
r x x V f x g x x                                (17) 

 Step 2: Policy improvement  

         Update new policy according to 

 
1 11

2

i T i

x
R g V

 
                                                                           (18) 

Until 
m a x

n n  or 
1i i

v
V V 


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Where 
m a x

n is a number of limited iteration and 
v

 is arbitrary given a small positive numbers 

This algorithm proves each policy control 
i

  is admissible control. The cost function 
i

V was reduced 

at each stet each stepuntil it converged to optimal policy and 
i

  converged toward optimal policy. 

 

III. CONCLUSIONS 

This paper mentioned the problem of optimal control design for a. With the optimal technique, the solution 

algorithm to obtain the controller satisfies the convergence of weight and the position tracking. The algorithm's 

intersection with the general object has been demonstrated in this study. The author will apply a specific object 

and the system simulation in the next research in the future. 
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