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The purpose of this article is dynamic modeling of a quadrotor and control of its Roll and Pitch angles 
based on the experimentally measured sensors data. So, after driving nonlinear model of quadrotor 
equations, the control of the quadrotor’s angular situation was simulated using PID and feedback 
linearization algorithms. Due to the widespread application of MEMS sensors in measuring the status of 
various systems and to have a more realistic simulation, sensors data was measured and used in 
simulation of controllers. Due to errors of MEMS sensors, vibration of motors and airframe, and noise 
on outputs, Kalman filter was used for estimation of angular situation. As one of the purposes of this 
paper was the use of its results in actual control of a quadrotor, motor model was used to determine 
PWM control signals. The results obtained from simulation in Simulink showed good performance of 
both controllers in controlling roll and pitch angles. 

Keywords:
Quadrotor 
MEMS Sensor 
PID Control 
Kalman 
linearization feedback 

  

 -1 
 

   .
  4–4 

4 4  .  -  - 
  . - -  

  . 

 

4 
 .

 6 4 
  .

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

12
.3

2.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                             1 / 11

https://dorl.net/dor/20.1001.1.10275940.1395.16.12.32.7
https://mme.modares.ac.ir/article-15-4060-fa.html


    

        . . .      

  

176  13951612  

   
]3-1[    

 ]4[ 
    

     
-   

 -  - 

  . 
 

]7-5[. ]8[  
 .K 
   A 

 ]9[ 
H  

 .  
 ]10[ 

H  
  

 
H    .]11[

  GH 
 

 ]14-12[ .
  

  . 
]15[   . 

  .]16,7[ 
  

 .]17,16[  
 .]18[ 

  
  

 
  .]19[  

 
 .]7[  

  . 
  .  

 
 .]20[  

  .
 

  
  

   
 

 
  . 

   
   .

 
    

 .

  

 .
– 

   
      .

    

   
  

 -2   
     

  
    .1      

 ]21[. 
 

 .   
      

       
   .      

1   
Table 1 Effective forces and torques on Quadrotor movement  
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Fig. 1 Controller and dynamics block diagram of the Quadrotor 
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Fig.  2 The structure of the applied controller for roll, pitch and yaw 
angles control 
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Fig. 3 structure of the applied controller for height Control 
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Fig. 4 Experimental specimen 
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Fig. 5 Angle output in the case that motor in off and motionless  

5    

 

Fig. 6 Angular velocity in the case that motor is off and motionless 
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Fig. 7 Angle output in the case that motor is on and motionless 
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Fig. 8 Angle output in the case that motor is on and manual 
8    

  
Fig. 9 Angular velocity in the case that motor is on and manual 
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Fig. 10 Height and Euler angle variation in motionless state, using PID 
only (without using Kalman filter) 

10 PID 

  

Fig. 11 Quadrotor direction in motionless state using PID only (without 
using Kalman filter) 

11 PID 

  

Fig. 12 Height Euler angle variations in motionless state using Kalman 
filter for PID controller 

12 PID 

  

Fig. 13 Quadrotor direction in motionless state using Kalman filter for 
PID controller 

13 PID 
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Fig. 14 Height Euler angle variations in motionless state using Kalman 
filter for feedback linearization controller 

14 
    

  
Fig. 15 Quadrotor direction in motionless state for feedback 
linearization controller, without Kalman Filter 

15 
    

  

Fig. 16 Height Euler angle variations in motionless state using Kalman 
filter for feedback linearization controller 

16 

    
 2   

  

Table 2 The standard deviation of results for both off and on states 
        

  0.93  1.4 0.33  
  2.0  1.2  0.6  

3    
Table 3 Control gains applied to the model 

    P  Q  R       h  

  
1  0  -0.1  10  -5  2  20  10  10  0  0  -10  

4  PID  
Table 4 Control gains applied to PID controller 

      h  
KP  2  2  3  2  
KI  1  0.05  0.03  1  
KD  1.5  1  2  1.5  

5      
Table 5 Control gains applied to feedback linearization  

      h  
KP  10  14  8  5.1  
KI  2.7  0.8  0.66  4.3  
KD  4.4  1.9 2.4  3.5  

 

Fig. 17 Quadrotor direction in motionless state using Kalman filter for 
feedback linearization controller 

17 
    

  
Fig. 18 Angular velocity variations in motionless state without using 
Kalman filter for PID controller 

18 PID  
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Fig. 19 Angular velocity variations in motionless state using Kalman 
filter for PID controller 

19 PID  

  
Fig. 20 Angular velocity variations in motionless state without using 
Kalman filter for feedback linearization controller 

20 
   

  
Fig. 21 Angular velocity variations in motionless state using Kalman 
filter for feedback linearization controller 
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