
www.SID.ir

Arc
hive

 of
 S

ID

  

  1395165 178 -186
                

  

    

     
mme.modares.ac.ir

  

    

    

    

    
                

 

  
:  Please cite this article using:

S. A. Moafi, M. Masoumnezhad, Optimal Switching Times of Bang-Bang Controller for Uncertain Overhead Crane System, Modares Mechanical Engineering Vol. 16, No. 5, pp.
178-186, 2016 (i Persian)

       -       

  1   2*  

1-           
2-              
*   3756 masoumnezhad@tvu.ac.ir  

      
  

 :26  1394  
 :06  1395  

 :29 1395  

                           
  .                       

        .               .     
         .             

               .    -      
      .      -           

 .                        
 .                   -   

           .          
          .  

  
   

  
   

   
 -   

  

  

Optimal Switching Times of Bang-Bang Controller for Uncertain Overhead 
Crane System 

Seyed Ali Moafi1, Mojtaba Masoumnezhad2* 

1- Mechanical Engineering Department, Ahrar Institute of Technology and Higher Education, Rasht, Iran. 
2- Mechanical Engineering Department, Chamran Faculty of Technical and Vocational University, Rasht, Iran. 
*P. O. B. 3756 Rasht, masoumnezhad@tvu.ac.ir 

ARTICLE INFORMATION  ABSTRACT 
Original Research Paper 
Received 17 November 2015 
Accepted 25 March 2016 
Available Online 18 May 2016 
 

 These days overhead crane is widely used in different industries such as automobile, harbor, navigation 
and also transportation of tools in storerooms. Most models which are done through industrial dynamic 
systems include some vitiated parameters with noise and disturbance and overhead crane model is no 
exception. Disturbance in system can be due to its model or measuring tool. Kalman filter is a practical 
method in order to recognize the model and also filtration of disordered data. Given that overhead crane 
is a nonlinear model, asymmetric sigma-point Kalman filter improved by genetic algorithm (GA-ASKF) 
is intended to estimate system parameters. One of the common ways to controlling overhead crane 
parameters is using controlling force, Bang-Bang. By the way, function of Bang-Bang controller 
depends on controlling force switched times. In this paper, besides using this controller, its switched 
times are found by using genetic algorithm for noisy system. The design aim is to achieve the target 
point in minimum time with minimum error. Also, by considering Bang-Bang controller entrance part, 
the article compares the situation of the system in different mass relativeness. Simulation results shows 
improved performance of the GA-ASKF algorithm to determine the switching time of controller and 
also achieve the target point in minimum time. 
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Fig. 1 Overhead crane model 
1  
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Fig. 3 Variation of cost function during the generation for fixed 
length system 
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Fig. 2 Schematic of Bang-Bang controller input 
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Table 1 Optimal switching time for overhead crane with fixed length 
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 2.883 
 4.559 
 6.395 
 9.7 

-  .

 5-10  . 
 GA-ASKF 

   
  

   GA-ASKF 

 .    
  

 

Fig. 4 Bang-Bang controller force obtained from ptimization 
of overhead crane with fixed lenght 
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Fig. 5 Variation of crane position with fixed length for the presence and 
absence of the Kalman filter and noiseless condition 
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Fig. 6 Variation of crane velocity with fixed length for the presence and 
absence of the Kalman filter and noiseless condition 
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Fig. 7 Variation of load angular position with fixed length for the 
presence and absence of the Kalman filter and noiseless condition 
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Fig. 8 Variation of load angular velocity with fixed length for the 
presence and absence of the Kalman filter and noiseless condition 
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Fig. 9 Variation of crane velocity relative to crane position with fixed 
length for the presence and absence of the Kalman filter and noiseless 
condition 
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Fig. 10 Variation of load angular velocity relative to load angular 
position with fixed length for the presence and absence of the Kalman 
filter and noiseless condition 
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Fig. 11 Variation of the mean of dimensionless error of noisy system 
than ideal system for the presence and absence of the Kalman filter 
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Table 2 comparison of mean error for fixed length in the presence or 
absence of the Kalman filter 

= 0.2   
GA-ASKF 0.3292 

 0.6852 

3    
Table 3 Optimal switching time for overhead crane with variable 
length 

  = 0.4 
 3.244 
 4.798 
 6.214 
 10 
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Fig. 12 Variation of crane position with variable length for the 
presence and absence of the Kalman filter and noiseless condition 
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Fig. 13 Variation of crane velosity with variable length for the 
presence and absence of the Kalman filter and noiseless condition 
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Fig. 14 Variation of load angular position with variable length for the 
presence and absence of the Kalman filter and noiseless condition 
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Fig. 15 Variation of load angular velocity with variable length for the 
presence and absence of the Kalman filter and noiseless condition 
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Fig. 16 Variation of crane velocity relative to crane position with 
variable length for the presence and absence of the Kalman filter and 
noiseless condition 
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Fig. 17 Variation of load angular velocity relative to load angular 
position with variable length for the presence and absence of the 
Kalman filter and noiseless condition 
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Table 4 Comparison of mean of dimensionless error for variable length 
in the presence and absence of the Kalman filter 

=0.4    
GA-ASKF 0.2036 

 0.8678 
 

  
 5     

Table 5 Comparison of the fitueare of the system in different mass ratios 

 

 (rad/s) (rad) (m/s) (m) (s) (s) (s) (s)  
0.1262 0.021 -0.061 -0.004 14.67 9.38 6.05 4.609 2.715 0 
0.1161 0.0371 -0.05 -0.006 14.71 9.68 6.214 4.684 3.066 0.2 

0.042 0.0015 -0.012 -0.008 14.69 10 6.218 4.798 3.244 0.4 
0.087 -0.048 -0.002 -0.026 14.7 10 6.389 4.967 3.388 0.6 
0.258 -0.0104 -0.063 -0.006 14.77 10.15 6.46 5.064 3.478 0.8 
0.146 -0.059 -0.054 -0.0149 14.707 10.3 6.787 5.14 3.84 1.0 
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6 500 
   

Table 6 Mean and variance of system dimensionless error as for 
category of 500 noises for different relative mass ratio 

 

 
 

  
0.0326 0.293021 0 
0.2865 0.858719 0.2 
0.7816 1.284773 0.4 

1.26 1.590058 0.6 
1.6535 1.832774 0.8 
2.5793 2.243420 1 

 

 

Fig. 18 Variation of the mean of dimensionless error of noisy system 
than ideal system for the presence and absence of the Kalman filter 
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