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Due to the importance of autopilot systems in Micro Aerial Vehicles (MAVs), in this paper, first,
parametric guidance and control systems are designed and are then implemented on simulated
nonlinear six-DOF MAV. The control system is fuzzy-supervisory and its gains are optimized using
genetic algorithm. For designing the guidance system, first, two-dimensional (constant height)
path following algorithms of vector field and carrot-chasing are developed to 3D algorithms. Then,
an optimized 3D fuzzy carrot-chasing guidance system is presented using combination of the
carrot-chasing geometric algorithm, fuzzy logic, and genetic algorithm. Augmentation of the fuzzy
logic to the carrot-chasing algorithm improves its performance significantly. In any autonomous
flight maneuver, guidance and control systems affect the performance of the aircraft,
simultaneously. So using similar control system, the performance of the 3D carrot-chasing
algorithm, 3D vector ield method, and the proposed 3D fuzzy carrot chasing algorithms are
compared with and without applying the wind external disturbance. Results have shown
signi icant superiority of the proposed 3D fuzzy carrot-chasing approach in the horizontal plane
of motion and the 3D vector ield method in the vertical plane of motion.
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Fig. 1 Cooperation of autopilot system components for MAV 
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Table 1 Definition of variables used in equations of motion
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Table 2 Geometrical and physical parameters of the simulated MAV 
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Table 3 Parameters of non-dimensional aerodynamic coefficients 
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Fig. 2 Block diagram of the supervisory control system 
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Fig. 3 Membership functions of the error absolute value
3 
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Table 4 The cruise equilibrium values of the control surfaces
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Fig. 4 Membership functions of the error rete absolute value
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Fig. 5 Membership functions of the normalized P-gain
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Fig. 6 Membership functions of the normalized D-gain
6 



    

   -     

  

14  1395161  

3 .z b0.10 
4 .s z0.80 
5 .s s0.60 
6 .s b0.35 
7 .b z1.0 
8 .b s0.80 
9 .b b0.60 

]24[  
1 .z z0.60   
2 .z s0.80   
3 .z b1.0 
4 .s z0.35 
5 .s s0.50 
6 .s b0.70 
7 .b z0.1 
8 .b s0.25 
9 .b b0.40 

    
  .

"" "" 
 .

 
   

 

-1-1-2 
 7 

 .

 
7--

 )8 .( 

[0 0.4] [0 0.2]  
  . 

  .8

    . 5 
 .  

   

Fig. 7 Velocity Control sub-system for the simulated MAV
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Fig. 8 Velocity Control Block
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5  
Table The final gains of the velocity control subsystem
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Table The final gains of the height control subsystem
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Fig. 9 Height Control sub-system for the simulated MAV
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Fig. 10 Height Control Block
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Fig. 11 Pitch Control Block
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Fig. 12 Heading Control sub-system for the simulated MAV
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Fig. 13 Heading Control Block
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Fig. 14 Roll Control Block
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Table The final gains of the heading control subsystem 
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Fig. 15 Two-dimensional vector field path following method
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Fig. 16 Two-dimensional carrot-chasing path following 
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Table Definition of different amounts of

= 0| |

= 03
< | | <2

2
| |  

3
< | | <2

2
< | | <

2
2

3
< | | <| |

2
2

| |
3

2
2

< | | <
2

2
| |

3
2

2
| |-

| |
3| |

2
2

-

| |
3

2
2

< | | <
2

2
  

)   (
 -

)  (

 -
)  (

) = 9.3 m .  (
 

   

-3-3 
 

]25[ .

 .
  

17 
  

1)  .| |(  
2)  .| | (  
3 .

7  
18 8   

 8 
 

   

Fig. 17 Required parameters to describe the MAV situation 
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Fig. 18 Different values of delta in terms of the MAV situation 
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Table Final optimized values of
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Fig. 19 Membership functions of the directional error absolute value
19 

  

Fig. 20 Membership functions of the rate of the directional error absolute value
20 

Fig. 21 Membership functions of the sign of
21 

Fig. 22 Membership functions of the output of the fuzzy inference engine
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Table 10 Waypoints coordinates 

) ) ) 
3000100

00100

0150120

150300130

300150120

3000100
  

Fig. 23 MAV horizontal plane of motion in all three methods of vector field,
carrot-chasing and fuzzy carrot-chasing without applying wind disturbance
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Table 11 Horizontal error comparison of guidance systems 
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Fig. 24 Triaxial wind with Dryden turbulence 
24 

1 Dryden wind turbulence model

Fig. 25 MAV horizontal plane of motion in all three methods of vector field,
carrot-chasing and fuzzy carrot-chasing with applying wind disturbance
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Fig. 26 Height error without applying wind disturbance 
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Table 12 Height error comparison of guidance systems 
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Fig. 27 Height error with applying wind disturbance
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