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 In this paper, an intelligent robust controller is proposed for a class of nonlinear systems in presence of 
uncertainties and bounded external disturbances. The proposed method is based on a combination of 
terminal sliding mode control and adaptive neuro-fuzzy inference system with bee’s algorithm training. 
For this purpose, a sliding surface is firstly designed based on terminal sliding control method. This 
sliding surface is considered as input for the intelligent controller which is an adaptive neuro-fuzzy 
inference system and using it, terminal sliding mode control law without the switching part is 
approximated. In the proposed method, an intelligent bee’s algorithm is also used for updating the 
weights of the adaptive neuro-fuzzy inference system. Compared with fast terminal sliding mode 
control, the proposed controller provides advantages such as robustness against uncertainty and 
disturbance, simplicity of controller structure, higher convergence speed compared with similar 
conventional methods and chattering-free control effort. The method is applied to an atomic force 
microscope for nano manipulation. The simulation results show the robustness and effectiveness of the 
proposed method. 
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Fig. 1 Structure of proposed ANFIS for the studied method with one input-one output  
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Fig. 2 Overall schematic of atomic force microscope tip [33] 
2 ] 33[  

1   
Table 1 Parameters of bee’s algorithm in different runs  

4 3 2 1  
-1.7054 -1.9103 -1.3831 -1.3836  
-1.2042 -1.8530 -1.2248 -0.6293  
-1.0164 -1.6954 -0.9412 -0.6141  
-1.9275 -1.4053 0.8556 -0.8683  
-1.3348 -0.8187 -0.1928 -0.4775  
-0.5957 -0.3915 -0.1049 -0.1780  
-0.5174 -0.9388 -0.2399 -0.1389  
0.4947 0.1677 -0.0175 -0.0209  
0.9449 0.8032 0.3381 0.3955  
0.0870 0.1897 0.1905 0.1499  
0.5965 0.5018 0.4798 0.2119  
1.7593 1.7629 0.9942 0.4823  
1.3963 1.3223 0.7605 0.6230  
1.8779 1.5364 1.2713 0.7549  
1.9949 1.8090 1.2715 1.4032  
0.4086 0.8007 0.83 0.69  
0.8595 0.9203 0.5529 0.1879  
0.6245 0.1749 0.6684 0.1524  
0.6221 0.0205 0.3914 0.3368  
0.7003 0.1168 0.6073 0.3657  
0.7113 0.6487 0.5258 0.3396  
0.8832 0.5001 0.8018 0.1927  
0.8635 0.6503 0.2461 0.4420  
0.1333 0.0434 0.3101 0.1382  
0.1884 0.8515 0.1449 0.7928  

284.9512 282.7005 315.6459 305.2849 error 
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Table 2 Qualitative comparison of three methods used in this paper 
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Fig. 3 Simulation results of conventional sliding mode control in AFM model a) error of tip position (e1), b) control input (u), c) AFM tip position 
(x1). 

3  AFM a (AFM )e1(b)  (u(c (AFM )x1.( 

 
Fig. 4 Simulation results of terminal sliding mode control in AFM model a) error of tip position (e1), b) control input (u), c) AFM tip position (x1). 

4  AFM a (AFM )e1(b)  (u(c (AFM )x1.( 



    

                     

  

276  1395161  

 
Fig. 5 Simulation results of proposed method in AFM model a) error of tip position (e1), b) control input (u), c) AFM tip position (x1). 
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Fig. 6 Structure of ANFIS with two inputs and one output [31]  
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