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Abstract–  This    work   presents     a grass hopper optimization 
algorithm  based  fuzzy system  for  trajectory following  in robot 
manipulators. The   idea is to optimize the parameters of  the fuzzy 
control scheme .  The   modified copy  of  the  algorithm  is    
presented and adopted in the optimization process of   parameters  of   
fuzzy controllers. The developed  modified   grasshopper based  
fuzzy   scheme  is applied for trajectory tracking  in   two link   
robot   manipulator  and compared with that of  using  the basic  
grasshopper optimization  algorithm.  Simulation. Results     show  
good  tracking performance  for the new developed scheme. 
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I. INTRODUCTION   

        It is  very  common that robot  manipulators are 
complicated and    nonlinear systems. It is widely used    in   
welding , painting and  accurate positioning systems  .  
Manipulators are  required to follow some given trajectories  
in many applications.   Trajectory tracking  is   an important 
concept in  robotic manipulators and it was  considered in 
many research works.    A   conventional  proportional, 
integration, derivative (PID) controller  was adopted  in  [1].  
In [2]  a nonlinear feedback  strategy was  adopted.   An 
adaptive control concept  was used in   [3].   A tracking 
control of manipulators using sliding surface was presented 
in[4],     fuzzy  control  for tracking enhancement was adopted   
[5],[6]  .   Fuzzy controllers  are widely used  in different 
applications[7]-[11]. 
Authors in [12] presented    a fuzzy controller    combined  
with  pole  placement  technique  for the control  of a robot 
manipulator . The  fuzzy controller was designed   to modify   
the   components  of  the controller  for the purpose of   
elimination  of  the effects of  the change in  payload  and the 
parameters  of the system   . 
An adaptive fuzzy   mechanism  approach  is proposed for 
motion following  in  [13].   The Bacterial Foraging    
 

algorithm   is  used for the  determination  of   fuzzy controller 
for  motion  tracking    and compared with    Particle Swarm 
Optimization algorithm  [14]  A fuzzy position control scheme 
designed for a three-link manipulator in [15]. Simulation 
results   are presented   which indicate good tracking 
performance. Authors in [16] presented  the design of  an 
optimal linear quadratic regulator   based on   using fuzzy   
controller   and  applied it  for the robot manipulator   . The 
stability analysis was presented.  In [17]  a combined control 
scheme of  PD-type fuzzy controller   with a conventional PID     
is used for trajectory following  of robot manipulator . 
The grasshopper algorithm (GOA) is a new optimization  
algorithm that was inspired from  movements of grasshoppers 
in groups[18]. Many works have  been presented that used 
GAO in different applications[19]-[21] . Several authors 
propose to modify the GOA[22]-[24 ]. 
      In  this article  an optimal   control scheme   is designed 
using  a modified grasshopper optimization algorithm  and  
was compared with   that  using the    basic  GOA . The aim of 
this work  is the presentation of  a modified GOA   based on  
using chaotic initial population  and study  the performance of  
chaotic GOA and       compare it with  the basic   GOA. 
       The rest  of the article  is arranged  as: Equations   of 
robot manipulator were presented in section2. Section3 
contains introduction to fuzzy controller . The grasshopper 
algorithm is presented in part 4 . Part 5 is for the   results  and   
the conclusion is presented in the last part.  
 

II. ROBOT MANIPULATOR MODEL 

The dynamical equation   of  n-link robot manipulator is   
[25]: 
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Where   � is � x 1   joints displacement ,   U  is � x 1  

 applied joint torque  ,  �(�)  is � ∗ �    inertia matrix,   
(�, �� )��  is � x 1     centrifugal term, (�)  is  � x 1    

gravitation vector, and �(�) is ��1     disturbance vector.  



The dynamic equation for  the two links manipulator 
illustrated  in Fig.1 is:  
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      The mass of  the first  link  is m1 and   that of    the other    
is m2. The angle   of  the first link  is q1 and that of  the other  
is q2. The  length of first  link is l1  and that of  the other link   
is l2 .    The control signal for the first  link  is u1 and that of  the 
other  link  is u2 

 

 

 

 

 

 

 

 

 

 

 

 

          

Fig. 1.  Two-Link robot manipulator 

 

III. FUZZY CONTROLLER 

      Fuzzy control system is  used in many applications.   The   
basic concept  of fuzzy controller  is illustrated in    Fig.2. It 
consists of four stages : fuzzification, inference engine,  rule 
base  and  defuzzification.    
      In this work    MGOA    is used  for   modifying     
parameters of fuzzy controllers. In this work  a fuzzy 
controller   is   used   for each link.      Each  controller 

has two inputs and one output . The inputs are  the  
error  in   position and  the derivative of error.  
The  output is the control variable.   The   membership 
functions for the input variables  were selected to be   
symmetrical about the y-axis. 
       Seven  fixed and equally spaced triangular membership 
functions are utilized for input variables as  we see  in Fig.3.  
The input membership functions  shown in  Fig.3    consists   
of three positive (  big ,    middle and   small )   , one  zero 
membership function and three negative   ( small,   middle 
and  big ). The  seven output   membership functions are  to 
be    optimized using MGOA. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.  Fuzzy controller 
 

           

 
 

Fig. 3. Membership function of Inputs 

                          
 IV. BASIC  GRASSHOPPER   ALGORITHM 

        The grasshopper    algorithm (GOA)   was inspired from 
movements of grasshoppers in groups .  A mathematical 
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model was proposed to describe the behavior  and relations 
between  grasshoppers  in groups. . The model was illustrated 
as follows[18]  : 
         �) � *) �  � +)                                                                               (3) 

                                            

 

 where xi   is the location of    grasshopper  i,  Si is   the  
relations in a group, G is the gravity force.  A is the  direction 
of wind  .  Equation (3) can be expressed as  in(4) : 
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Where  
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 is a function  that show the effect    of  relations.   N is the 
number of grasshoppers.  
 

and ,      +)    � �;= ;    �   (;̂.                     
 

where g is the gravitational constant  and ;̂ is a unit vector. 

The letter  u  is a constant drift and  ;= is a unit vector ,  dij is 
the distance.   

 D)0 � E�0 $ �)E 
 
The effects of wind and gravity are  small and can be 
neglected [18] .  The   model in equation (4) can be   modified 
as in equation(6)  below: 
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where ub and lb  are  boundaries of the   space, IJd is  the best 
solution , and  c is a decreasing factor   defined as follows: 
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where cmax  is equal to 1 and  cmin is  equal to 0.00004.  The 
variable iter is adopted for  the  current iteration.  The constant  �Y�)Z[?   indicates     the maximum number of iterations. 
In the basic GOA  the initial population is selected randomly. 
In this work  the selection method is replaced by using chaotic 
function . The initial population is generated using  
chaotic  function: 

 �F(i � 1) � 4 �F(i) ∗  .1 $ �F(i)3                                  (8) 

 

 Then convert  xc    to   x , a  chaotic  quantity   in the range 

[�A     �]]     using (9):    
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V.  SIMULATION RESULTS 

   The aim of the experiment is to test  the   performance of the 
proposed   control scheme  . The   robot manipulator   shown 
in Figure 1  is considered.  It  has   two links.    Parameters 
values   for 2-link robot manipulator are    from [25]. 
 
Length of upper link (l1) = 1m. 

Length of lower link (l2) = 0.8m. 

Mass of upper arm (m1) = 0.5kg. 

Mass of lower arm (m2) = 0.5kg. 

The inertia of two joints (J1 =J2) = 5kg.m2. 

 

        To simulate the above   robot manipulator  model, Matlab  

and  Simulink are used.   The search space consists of 14 

dimensions, seven dimensions  specified for   the first  fuzzy  

controller  which   represent  the        centers    of           output  

membership functions  and seven   dimensions for centers of 

output of the  second fuzzy    controller . The MGOA  initial   

values are illustrated  in Table 1 .  

 

        The proposed    control scheme   for  the 2-link robot 

manipulator consists of two controllers one for each link.  The 

rule base is shown in[11]. The trajectories are chosen  as  the 

cubic polynomials   generated based on the following 

functions: 

 

�7� � Y^� � Y��� � Y���� � Y_��_ 

�7� � Y^� � Y��� � Y���� � Y_��_ 

 

 
TABLE I: MABC initial values 

Parameter Value 

Size of population 50 
Maximum iteration 80 

Dimension  14 

minc ,  maxc  1 ,   0.00004 

 

where 

Y^� � Y�� � 0;  Y�� � 0.0937;  Y_� � $0.01562 

a^� � a�� � 0 ;   a�� �  0.75,   a_� � $0.125 



 

       The assumed desired final positions q1f  = 0.5 rad  and       
q2f  = 4 rad  for each link at  the final time  (tf = 4 sec) .  

 The initial positions (q1=q2=0).The initial and final  velocities  
are equal to zero. 
      The fitness function chosen is    the  mean square error       
( MSE): 
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       The presented results were done based on six   trials  for 
each method . The best results for both methods are  presented  
.      Fig.4  shows  the trajectory q1 for both methods. Fig.5   
shows  q2  for both methods. Fig.6 illustrates the error in q1 
and Fig.7 for the error in q2 . Clearly results show some 
improvement when MGOA is used.  
       The best MSE =0.0086  for  GOA .  For MGOA  the best        
MSE =0.0039 ; Average MSE=0.0092   for  GOA .  For  
MGOA  the average  MSE =0.0059. 
 
 
 

 

Fig. 4. Response  q1 for both methods 

 
 

 
 

Fig.5. Response  q2 for both methods 

    

 
    Fig. 6.  Error in  q1 for both methods  

 

        Fig.7. Error in  q2 for both methods  
 

 

 



VI. CONLUSIONS 

        In this work,   the  modified GOA based fuzzy control   
scheme  is applied for trajectory following  of  two link robot 
manipulator. Two design methods are considered  one is  
based on   using the basic GOA and the other is based on 
using the modified GOA  controller. The test is repeated six 
times. The best result   show good performance for both 
method . The average fitness    is also good in both 
method. In general there is  no big difference between 

them and  the MGOA show better results in most trials . The 
work may be extended  to further study the performance of 
GOA. 

REFERENCES 

[1] J. Y. S. Luh, "Conventional controller design for industrial robots — A 
tutorial,"   IEEE Transactions on Systems, Man, and Cybernetics, vol. 
SMC-13, no. 3, pp. 298-316, May-June 1983, doi: 10.1109/ TSMC.198 
3.6313163.  

[2] P.K. Khosla, T. Kanade, “Experimental   evaluation of nonlinear 
feedback and  feed forward control schemes for        manipulator”, The 
International Journal of Robotics Research. 1988;7(1):18-28. 
doi:10.1177/027836498800700102. 

[3]  J.J. E. Slotine and Li Weiping, "Adaptive manipulator control: A case 
study,"   IEEE Transactions on Automatic Control, vol. 33, no. 11, pp. 
995-1003, Nov. 1988, doi: 10.1109/9.14411.  

[4] J.J.E. Slotine, S.S. Sastry, “Tracking control       of nonlinear systems 
using sliding surface with      application to robot manipulator”, Int. 

J.Control ,  38. pp. 465-492, 1983, publised online: Mar  2007,  doi: 
10.1080/00207178308933088 . 

[5] S. Purwar, I.N. Kar, A.N. Jha, “Adaptive control of robot manipulators 
using fuzzy logic systems under actuator constraints”, Fuzzy Sets and 

Systems, Volume 152, Issue 3, 2005, Pages 651-664, 
doi:10.1016/j.fss.2004.11.012. 

[6]  B.S. Chen, H.J. Uang, C.S.     “ Tseng,         Robust tracking 
enhancement of robot          systems including motor dynamics: a fuzzy        
based dynamic game approach”, IEEE Trans.      Fuzzy Systems 6, 
(1998) , pp. 538- 552.[7] , 

[7] T . Y. Abdalla, H. A. Hairik and A. M. Dakhil, "Minimization of torque 
ripple in DTC of induction motor using fuzzy mode duty cycle 
controller," 2010 1st International Conference on Energy, Power and 

Control (EPC-IQ), 2010, pp. 237-24, 
https://ieeexplore.ieee.org/abstract/document/5767319. 

[8] Z. T. Allawi and T. Y. Abdalla, "An optimal defuzzification method for 
interval type-2 fuzzy logic control scheme," 2015 Science and 
Information Conference (SAI), 2015, pp. 619-627, doi: 
10.1109/SAI.2015.7237207. 

[9] Z. T. Allawi and T. Y. Abdalla, "A PSO-optimized type-2 fuzzy logic 
controller for navigation of multiple mobile robots," 2014 19th 
International Conference on Methods and Models in Automation and 
Robotics (MMAR), 2014, pp. 33-39, doi: 
10.1109/MMAR.2014.6957321. 

[10] A. K. Abdul Zahra, T. Y.  Abdalla, “Design of Fuzzy Super Twisting 
Sliding Mode Control Scheme for Unknown Full Vehicle Active 
Suspension Systems Using an Artificial Bee Colony Optimization 
Algorithm”, Asian Jounal of control, vol.23  No.4, pp 1966–1981  ,  
2021, doi:10.1002/asjc.2352 

[11] T . Y. Abdalla, A. A. Abed, Alaa A Ahmed,  “Mobile robot navigation 
using PSO-optimized fuzzy artificial potential field with    fuzzy 
control”, Journal of Intelligent & Fuzzy Systems, vol.32, No.6, pp. 3893-

3908 , 2017  , doi: 10.3233/IFS-162205. 
[12] B.M. Al-Hadithi,  F. Matía,., Jiménez, A.        Fuzzy Controller for 

Robot Manipulators. In:        Melin, P., Castillo, O. Aguilar, L.T., 
Kacprzyk,        J., Pedrycz, W. (eds) Foundations of Fuzzy        Logic 
and Soft Computing. IFSA 2007.         Lecture Notes in Computer 
Science , vol        4529. Springer, Berlin, Heidelberg (2007),         
doi:10.1007/978-3-540-72950-168 

[13] A.   Amol . Khalate,  “  An Adaptive Fuzzy        controller for Trajectory 
Tracking of Robot         Manipulator”,  Intelligent Control and          

Automation”, Vol.2, No.4，  2011         doi: 10.4236/ica.2011.24041        

[14]  M. Aghajarian, K. Kiani and M. Fateh, "Design of Fuzzy Controller for 
Robot Manipulators Using Bacterial Foraging Optimization 
Algorithm," Journal of Intelligent Learning Systems and Applications, 
Vol. 4,  No. 1, 2012, pp. 53-58. doi: 10.4236/jilsa.2012.41005. 

[15] P. Sumathi, "Precise tracking control of robot manipulator using fuzzy 
logic," IEEE International Conference on Mechatronics, 2005. ICM 

'05., 2005, pp. 852-857, doi: 10.1109/ICMECH.2005.1529373. 
[16] B. M. Al-Hadithi, A. Jimenez, and F. Matia, "Fuzzy Optimal Control for 

Robot Manipulators", in Robot Manipulators New Achievements. 
London, United Kingdom: IntechOpen, 2010,   doi: 10.5772/9328. 

[17] S. G. Anavatti, S. A. Salman and J. y. Choi, "Fuzzy + PID Controller for 
Robot Manipulator," 2006 International Conference on Computational 

Inteligence for Modelling, Control and Automation and International 
Conference on Intelligent Agents Web Technologies and International 

Commerce (CIMCA'06), 2006, pp. 75-75, doi: 
10.1109/CIMCA.2006.103.  

[18] S. Saremia ,  S. Mirjalil , Andrew Lewis ,         "grass hopper 
Optimisation Algorithm: Theory         and application”, Advances in 

Engineeringoftware,105, 2017,pp. 30-47. doi:10.1016/ 
j.advengsoft.2017.01.004. 

[19]  M.    G.mbaz, Yengejeh, R. J. & Davami, A. H.         “Building energy 
optimization using Grey Wolf          Optimizer (GWO)” ,Case Studies in 
Thermal Eng. Vol. 27, 101250 (2021), doi:10.1016/j.csite.2021 .101250. 

[20] S. Łukasik, P. A. Kowalski, M. Charytanowicz and P. Kulczycki, "Data 
clustering with grasshopper optimization algorithm," 2017 Federated 
Conference on Computer Science and Information Systems (FedCSIS), 
2017, pp. 71-74, doi: 10.15439/2017F340.  

[21] W. Jianfa, H. Wang, , N.  Li,  P.  Yao, Y. Huang, Z.   Su,  Y. Yu,  ” 
Distributed trajectory optimization for        multiple solar-poweredUAVs 
target tracking in        urban  environment by Adaptive Grasshopper       
Optimization Algorithm”, Aerospace Science and Technology vol. 70, 
2017, pp.  497–510, doi:10.1016/j.ast.2017.08.037.   

[22]  A. Saxena, ``A comprehensive study of chaos       embedded bridging 
mechanisms and crossover       operators for grasshopper optimisation 
algorithm,” Expert Syst. Appl., vol. 132,pp.166-188, Oct.  2019, 
doi:10.1016/j.eswa.2019.04.043. 

[23] Z. Xu, Z. Hu, A. A. Heidari, M. Wang, X. Zhao, H. Chen, and X. Cai,” 
Orthogonally–designed adapted grasshopper optimization: A 
comprehensiveanalysis,''Expert Syst. Appl., vol. 150, 2020, Art. no. 
113282,  doi:10.1016/j.eswa.2020.113282. 

[24] S. Dwivedi, M. Vardhan, and S. Tripathi, “An     effect of chaos 
grasshopper  optimization     algorithm for protection of network        
infrastructure,'' Computer Networks, vol. 176, Jul . 2020, Art. no. 
107251, doi:10.1016/j.comnet.2020.107251. 

[25] W. A. Shutnan and T. Y. Abdalla, "Artificial immune system based 
optimal fractional order PID control scheme for path tracking of robot 
manipulator," 2018 International Conference on Advance of Sustainable 

Engineering and its Application (ICASEA), 18, pp. 19-24, doi: 
10.1109/ICASEA.20 18.8370949.  


