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 This paper presents a new Neuro-fuzzy control system to control rigid-flexible manipulators. Enhancing 
the performance of fuzzy controller and intelligence in fuzzy and non-fuzzy units is the goal of this 
research. Proposed control system includes a fuzzy controller in the feedback and a neural network is 
the feed-forward. The network has the responsibility of estimating the inverse dynamic of device and 
then, the production of control command. Updating weighting coefficients of network is done online 
using the fuzzy controller output. On the other hand, two dynamic recurrent neural networks are used 
for making fuzzy unit intelligent. Networks are responsible for regulating the main factors of 
membership functions in the fuzzy controller. The input of these networks is error and error change rate 
and their weights are done by using an error back-propagation algorithm. To verify the effectiveness of 
the proposed method, simulation is conducted for skilled manipulators with three interfaces where the 
end interface is flexible. System responses to step input and sinusoidal input are separately obtained for 
fuzzy controllers and proposed controller and compared. Comparison and studies indicate the 
effectiveness of the provided method. 
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Fig. 1 Manipulator with the last flexible arm  
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 1  
Table 1 Mass and dimensions of manipulator arms 

 
1 2 3 

(cm) 20 20 60 
(mm) 10 10 20 

(mm) 15 15 2 
(gr)  81 81 65 

  
2  

Table 2 Membership function of error 
 1 2 3 

 
  
  

  
  

  
  

ZE 0.014 -0.014 0.070 -0.070 0.070 -0.070 
SP 0.020 -0.008 0.100 -0.040 0.100 -0.040 
MP 0.008 0.000 0.136 0.004 0.136 -0.004 
LP +  0.026 +  0.130 +  0.130 

  
3  

Table 3 Membership function of change in error 
 1 2 3 

 
  
  

  
  

  
  

ZE 0.028 -0.028 -0.035 -0.035 0.035 -0.035 
SP 0.040 -0.016 0.500 -0.200 0.500 -0.200 
MP 0.054 0.000 0.0680 -0.020 0.680 -0.020 
LP +  0.052 +  0.650 +  0.650 

  

 
Fig. 7 Fuzzy role base 

 7  

) 
5  (16.81 10.59  .

 48 %59 % 
 .

  .
 .

1 
3 22%24 %27 .  %5 

0.6 1   .  
  

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

10
.1

2.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

20
 ]

 

                             7 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.10.12.3
https://mme.modares.ac.ir/article-15-2835-fa.html


    

-     

  

170  13951610  

 
Fig. 8 Angular position of joint 1  

8  1 
  

 
Fig. 9 Angular position of joint 2  

9  2 
  

 
Fig. 10 Angular position of joint 3  

 103 

 
Fig. 11 Tip vibration 

11   
  

  
Fig. 12 Angular position of joint 1  
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Fig. 13 Angular position of joint 2  
13  2 
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Fig. 14 Angular position of joint 3  

14  3 
  

4  0.6 1 
Table 4 Overshoot for inputs 0.6 and 1 

  )  

 = 1 = 0.6 = 1 = 0.6 

1 1.201 0.764 1.052 0.628 

2 1.203 0.757 1.057 0.635 

3 1.101 0.692 1.027 0.632 
  

5 
 0.6 1  

Table 5 Overshoot reduction percentage in proposed controller 
comparison with fuzzy controllerfor inputs 0.6 , 1 and sinusoidal 

 1 2 3 

= 0.6 21.7 19.2 9.5 

= 1 14.2 13.8 7.2 

 227 23.8 26.7 

   

-7    

-  .
 

  .DRN 

FLC   .
 

 
  . 
 .  

   .  
FLC    .

   .
 ( )  

  . 
     .

 NNE NNCE   .
  

  . 
  

    . 
 

 .  
 .

  

-8   
[1] N. Karami, M. Habibnejad Korayem, A. M. Shafei, S. Rafee Nekoo, 

Theoritical and experimental investigation of dynamic load carrying capacity 
of flexible-link manipulator in pointto-point motion, Modares Mechanical 
Engineering, Vol. 14, No. 15, pp. 199-206, 2015. (in Persian ) 

[2] F.C.Sun, Z.Q.Sun, P.Y.Woo., Neural network-based adaptive controller 
design of robotic manipulators with an observer,IEEE Transaction Neural 
Networks, Vol.12, No.1,  pp. 54–67,2001. 

[3] O.A.Bauchau,Flexible multibody dynamics,First Edition, pp. 617, New 
York:Springer, 2011. 

[4] M. Tokhi, A.Azad,Flexible robot manipulators: modeling, simulation and 
control, control engineering series, First Edition, pp. 1-3, London:The 
Institution of Engineering and Technology, 2008. 

[5] S. Dwivedy, P.Eberhard, Dynamic analysis of exible manipulators, a 
literature review, Mechanism and Machine Theory, Vol. 41, No. 7, pp. 749–
777 , 2006. 

[6] R. Vidoni, A. Gasparetto, M. Giovagnoni, Design and implementation of an 
ERLS-based 3-D dynamic formulation for exible-link robots, Robotic and 
Computer-Integrated Manufacturing, Vol. 29, No. 2, pp. 273-282, 2013. 

[7] R. Caracciolo, D. Richiedei, A.Trevisani, Experimental validation of a 
model-based robust controller for multi-body mechanisms with exible links, 
Multibody System Dynamics, Vol. 20, No. 2, pp. 129–145, 2008. 

[8] P. Boscariol, A. Gasparetto, V.Zanotto, Active position and vibration control 
of a exible links mechanism using model-based predictive control, ASME 
Journal of Dynamic Systems, Measurement, and Control, pp.1-4, Vol. 132, 
No. 1, 2010. 

[9] H. Yang, H. Krishnan, M. H. AngJr, Tip trajectory tracking control of single-
link exible robots by output rede nition, IEE Proceedings-Control Theory 
and Applications, Vol. 147, No. 6, pp. 580–587, 2000. 

[10] J. B. Mbede,  X. Huang, M.Wang, Robust neural-fuzzy sensor-based motion 
control among dynamic obstacles for robot manipulators, IEEE Transactions 
on Fuzzy Systems, Vol. 11, No. 2, pp. 249–261, 2003. 

[11] K. Lochan, B.K. Roy, Control of two-link 2-DOF manipulator using fuzzy 
logic techniques:A Review, Proceedings of Fourth International Conference 
on Soft Computing for Problem Solving, Springer India, Vol. 1, pp. 499-511, 
2015. 

[12] S. Mallikarjunaiah, S. Narayana Reddy, Adaptive neuro-fuzzy interface 
system controller for flexible link manipulator, ACTA Electrotechnica, Vol. 
54, No. 2, pp. 91-98, 2013. 

[13] Y. Gao,  M. J. Er, W. E. Leithead, , & D. J. Leith, Online adaptive control of 
robot manipulators using dynamic fuzzy neural networks, American Control 
Conference Proceedings of the 2001, Vol. 6, pp. 4828-4833,   2001. 

[14] S. Hu, M. H. AngJr, H.Krishnan, Neural network controller for constrained 
robot manipulators, Proceedings of the 2000 IEEE International Conference 
on Robotics and Automation, San Francisco,USA, Vol. 2, pp. 1906-1911, 
2000. 

[15] M.  Mirshekaran,  F.  Piltan,  Z.  Esmaeili,  T.  Khajeaian,  M.  Kazeminasab,  
Design sliding mode modified fuzzy linear controller with application to 
flexible robot manipulator, International Journal of Modern Education and 
Computer Science, Vol. 5, No. 10, pp. 53-63, 2013. 

[16] A. M. Abdullahi, Z. Mohamed, M. Muhammad, A. A. Bature, Vibration 
control comparison of asingle link flexible manipulator between fuzzy logic 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

10
.1

2.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

20
 ]

 

                             9 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.10.12.3
https://mme.modares.ac.ir/article-15-2835-fa.html


    

-     

  

172  13951610  

control and pole placement control, International Journal of Technology 
Enhancements and Emerging Engineering Research, Vol. 2, No. 12, pp. 236-
241, 2013. 

[17] Y.  Zhang,  J.  Wang,  Y.  Xu,  A dual  neural  network  for  bi-criteria  kinematic  
control of redundant manipulators,IEEE Transactionon Robot and 
Automation, Vol.18, No.6, pp. 923–931,2002. 

[18] G.  Sahamijoo,  O.  Avatefipour,  M.  R.  S.  Nasrabad,  M.  Taghavi,  F.  Piltan,  
Research on minimum intelligent unit for flexible robot,International 
Journal of Advanced Science and Technology, Vol. 80,No. 6, pp. 79-104, 
2015. 

[19] S. S. Rao, Vibration of Continuous Systems, Forth Edition, pp. 335-336, New 
Jersey: John Wiley & Sons, 2007. 

[20] F. Matia, G.N.Marichal, E. Jimenez, Fuzzy Modeling and Control: Theory 

and Applications, pp. 69, Amsterdam: Atlantis Press, 2014. 
[21] T. J. Ross, Fuzzy Logic with Engineering Application, Second Edittion, pp. 

101, New York: Wiley & Sons, 2004. 
[22] R.  Boucetta,  M.  N.  Rahma,  Abdelkrim,  Neural  network  modeling  of  a  

flexible manipulator robot, IFIP International Conference on Computer 
Information Systems and Industrial Management. Springer Berlin 
Heidelberg, pp. 395-404, 2012. 

[23] D. E. Rumelhart, J. L. McClelland, Parallel distributed processing, 
Explorations in the microstructure of cognition, pp. 444-458, Cambridge: 
MIT Press, , 1986. 

[24] G. Lightbody, W. H. Wu, G. W. Irwin, Control application for feedforward 
networks: neural networks for control, pp. 51-71, Cambridge :MIT Press,  
1990. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

10
.1

2.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

20
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.10.12.3
https://mme.modares.ac.ir/article-15-2835-fa.html
http://www.tcpdf.org

