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 Full feedback data is mostly essential in control design. Measurement of the variation of flexible joint 
robot (FJR) actuators is not as easy as the measurement of the changes of FJR links’ angles. The 
measurement of the states is also affected by noise, and the disturbance in the workspace of the robot is 
not ignorable. Hence a state observer or a nonlinear estimator is necessary to improve the performance 
of the dynamical system. The state-dependent Riccati equation (SDRE) is one of the most promising 
nonlinear optimal control methods and estimators. Systematic procedure, simple structure, and 
incorporating a wide range of systems (under observability condition) are some advantages of SDRE 
method. The majority of nonlinear techniques linearize the model, but the SDRE directly uses the 
nonlinear state space; it is one of the reasons for its precision and flexibility in design with respect to 
other methods. The goal of this work is to merge the SDRE controller and estimator simultaneously to 
reduce the state error of the system in presence of external disturbance and measurement noise. So, first, 
the controller and the observer formulation haves been stated. Then, the procedure has been applied to 
design and simulate a 3 DOF robot arm with flexible joints. Next, the process has been tested 
experimentally using Scout robot and the simulation results have been verified. Finally, the proposed 
method of this paper has been compared with the optimal sliding mode controller. The results showed 
that the behavior of the system is more similar to the real behavior of the robot. 
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1 Flexible joint 

2 Potentiometer 

3 Observer 

4 System state variables 

5 Disturbance  
6 Noise 
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Fig. 1 The scheme of dynamical system, controller, and observer in presence of noise and disturbance 
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Fig. 2 Schematic of flexible joint 3R robot arm 
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1   
Table 1 The kinematic parameters of 3R robot arm 

 (kg) (m4) (m4) (m4) 

1 0.28 0 0 0.00005 
2 0.1 0.00008 0.00091 0.00092 
3 0.231 0.00008 0.00091 0.00092 

2    
Table 2 D-H parameters of 3R robot arm   

  ai(mm) di(mm) i(deg) 
 0 60 -90 

 100 0 0 

 210 0 0 

  

  
Fig. 3 The time variation of the angular positions of the links and 
motors 
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Fig.  4 The time variation of the angular velocities of the links and 
motors 
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Fig. 5 The torques of the driven motors and their working range 
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Fig. 6 The Scout robot (right) and the scheme of its 3-link arm (left) 
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Table 3 The dynamical characteristics of the 3R robot arm 

   
(Nm/rad) 

 
(kgm ) 

 
(rad/s) 

 
(Nm) 

1 800 0.85 5.85 0.55 
2 500 0.9 3 0.96 
3 700 0.9 3 0.96 

 

 

Fig.  7 The flowchart of the practical implementation of the point-to-
point mode 

7   

     ) 44 (
   

)44(  , ( ) = ± ,
,

,
( ) 

  .8  
4   .

100 A B  

ATMEGA2560  
 
 .

 .
        

   
  

  

Fig.  8 The time variation of the simulated and experimental angular 
positions of the links  

8 )   

0 0.5 1 1.5 2 2.5 3 3.5 4
-1.4

-1.2

-1

-0.8

-0.6

-0.4

-0.2

0

t(sec)

1(r
ad

)

 

 

Simulation

Experimental

0 0.5 1 1.5 2 2.5 3 3.5 4
-2.2

-2

-1.8

-1.6

-1.4

-1.2

-1

-0.8

-0.6

t(sec)

2(r
ad

)

 

 

Simulation

Experimental

0 0.5 1 1.5 2 2.5 3 3.5 4
0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

t(sec)

3(r
ad

)

 

 
Simulation

Experimental

No
  

Yes
  

Start

x Set point

Getting angular
position of the links

from

Input set point, first
point, end point, and

controlling
parameters 

Does new
point meet
set point?

  

u( ) = R B K(x x)

Applying u( ) as
controller to

operators (motors)

x End point

x First
point

Does new
point meet
first point?

  

Does new
point meet
end point?

End

Sending
results to
Computer
Yes

  

No
  

No
  

Yes
  



    

    

  

10  1395168  

 .
 

 

 .9 
) 

 (
 .

4 
  

4    
Table 4 The error of the first and the end of the simulated and 
experimental trajectory  

 
)mm(  )  SDRE  SDRE 

)A( 10.84 0 0 
)B(  10.10 7.58 3.72 
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Fig. 9 The simulated and experimental trajectory of the end- effector in 
point to point mode 
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Fig. 10 The time variation of the simulated and experimental angular 
positions of the links  
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Fig. 11 The simulated and experimental trajectory of the end- effector 
in point to point mode 

11 )    

0 0.5 1 1.5 2 2.5 3 3.5 4
-1.4

-1.2

-1

-0.8

-0.6

-0.4

-0.2

0

t(sec)

1(r
ad

)

 

 

Experimental

SDRE Observer
OSMC

0 0.5 1 1.5 2 2.5 3 3.5 4
-2.2

-2

-1.8

-1.6

-1.4

-1.2

-1

-0.8

-0.6

t(sec)
2(r

ad
)

 

 

Experimental
SDRE Observer
OSMC

0 0.5 1 1.5 2 2.5 3 3.5 4
0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

t(sec)

3(r
ad

)

 

 
Experimental

SDRE Observer

OSMC



    

    

  

12  1395168  

q ( ), q ( )    
q ( ), q ( )   

R, Q  
 

S x( )   
u( ) -  

,    

, ( )  
v( ), w( )   

x( ), y( ), z( )  
  

(x( ))   
( )   
( )   
( )   

   

,   

-7   
-1-7     

 SDRE 

 )  
 . 12 3 5 

 ( )    . 
  

   SDRE     
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