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 In this paper, using both linear and nonlinear identification methods based on iterative and recursive 
least-square, the performance of a backstepping control system of a quadrotor in the presence of 
uncertainties is improved. At first, the dynamic model of a quadrotor is introduced and descriptive 
equations are presented in an appropriate state-space in order to design a controller based on 
backstepping method. Then the backstepping controller is designed using virtual controller for 
trajectory tracking. In this control system, the control performance is not satisfactory because of the 
physical uncertainties existed in quadrotor. Consequently, an online identification method is introduced 
and used to improve the performance of the controller. In this regard, some parameters, which are linear 
in the model structure, are identified by least square error technique and iterative least square method is 
used for identifying other parameters. The results indicate that the steady-state error is decreased and the 
ability of tracking of a desired trajectory in the presence of uncertainties is increased. Furthermore, the 
results demonstrate the stability of roll and pitch angles, while the method prevents the vibration of 
control forces. 
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Fig. 1 Body-fixed frame and earth-fixed frame for the quadrotor 
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Table 1  parameters value 

   
kg 2 m 

Nms /rad 1.2416  
Nms /rad 1.2416  
Nms /rad 2.4832  

m 0.01  
m 0.2  

m/s 9.81 g 
Ns/m 0.01  

Nms/rad 0.001  
 

 

Fig 2. Reference path for , , ,  
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Fig. 3- a roll angle in presence of uncertainties and without 
identification 
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Fig. 3  - b pitch angle in presence of uncertainties and without 
identification 
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Fig. 4  - a Tracking error of x in presence of uncertainties and without 
identification 

4 -      

 

Fig. 4  - b Tracking error of y in presence of uncertainties and without 
identification 

4 -      

 

Fig. 4  - c Tracking error of z in presence of uncertainties and without 
identification 
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Fig. 4  - d Tracking error of  in presence of uncertainties and without 
identification 

4 -     
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Fig. 5  - a  propeller force in presence of uncertainties and without 
identification 

5 -     

  

Fig. 5- b  propeller force in presence of uncertainties and without 
identification 

5 -     

  
Fig. 5  - c  propeller force in presence of uncertainties and without 
identification 

5 -     

  
Fig. 5  - d  propeller force in presence of uncertainties and without 
identification 
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Fig. 6  - a roll angle in presence of uncertainties and with identification 
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Fig. 6  - b pitch angle in presence of uncertainties and with 
identification 

6 -    

  
Fig. 7  - a  Tracking error of x in presence of uncertainties and with 

7 -    

  

Fig. 7  - b Tracking error of y in presence of uncertainties and with 
identification 

7 -    

 

Fig. 7  - c Tracking error of z in presence of uncertainties and with 
identification 

7 -    
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Fig. 7  - d Tracking error of  in presence of uncertainties and with 
identification 

7 -     
  

  
Fig. 8  - a  propeller force in presence of uncertainties and with 
identification 

8 -     

  
Fig. 8  - b  propeller force in presence of uncertainties and with 
identification 

8 -     

  

Fig. 8 - c  propeller force in presence of uncertainties and with 
identification 

8 -     

  

Fig. 8 -d  propeller force in presence of uncertainties and with 
identification 

8 -     

 

Fig. 9- a Roll angle in presence of uncertainties 
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Fig. 9  - b Pitch angle in presence of uncertainties 
9 -    

  

 

Fig. 10  - a Tracking error of x in presence of uncertainties and with 
identification 
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Fig. 10  - b Tracking error of y in presence of uncertainties 
10-    

 

Fig. 10.c. Tracking error of z in presence of uncertainties 
10-    

 

Fig. 10  - d Tracking error of  in presence of uncertainties 

10-    

 

Fig. 11  - a  propeller force in presence of uncertainties 
11-     
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Fig. 11  - b  propeller force in presence of uncertainties 
11-     

  
Fig. 11  - c  propeller force in presence of uncertainties 

11-     

 

Fig. 11- d  propeller force in presence of uncertainties 
11-     
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