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 Intelligent Auto pilot Design for a Nonlinear Model of an Autonomous
Helicopter by Adaptive Emotional Approach

%�
&����	�1
!
%�%�
'����2!
&�
(��"�
)�	��	3
���
%�
'����"���4

There is a growing interest in the modeling and control of model helicopters using 
nonlinear dynamic models and nonlinear control. Application of a new intelligent 
control approach called Brain Emotional Learning Based Intelligent Controller 
(BELBIC) to design of autopilot for an autonomous helicopter is addressed in this 
paper. This controller is applied to a nonlinear model of a helicopter. This meth-
odology has been previously proved to present robust characteristics against dis-
turbances and uncertainties existing in the system. The simulation results of this 
controller arecompared with a PID controller. The policies for PID and BELBIC 
controller are the same.  The controller design goal is that the helicopter tracks a 
special maneuver to reach the commanded height and heading. The performance 
of the controllers is also evaluated for robustness against perturbations with in-
serting a high frequency disturbance. Simulation results show a desirable perfor-
mance in both tracking and improved control signal by using BELBIC controller.
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2  Helicopter mathematical model

2.1  Rigid Body Dynamic
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2.2  Main rotor Thrust Magnitude
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2.3 Thrust Vector
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2.4 Rotor control
��
����	��
	���	
����
��
�
������
	���
��������
��
��

����
���
	���
����!
	�������
��
��������
���
����	��

�����������
 ��
������
 �������
8	��
 ��
 ����
�����!
 ��

����	��
 	���	
 	�������
 ������������
 ���
 ����	��
 ������!

���
����
��
����
	���	�
H��
������
��
����
	���	!
��

����
���
	������
���
����������
�����!
���
���
����
���

�	�����
���
����
���
�����
	�����
��
�
������
�����
��

��
����	��
	���	�
��
����	��
	���	
���
���
�����
���-
����
���
��
�������
��
*+?5Q

β β ψ β ψcr cr s cr c= − +, ,sin( ) cos( )1 1
 
 
 
 
 













�+;#

��
 �	�����	�
 ��	
 ���������
 ��
 �������
 ������
 �	�

��
����
��	
 ��
����	��
 	���	
��
���
��������
��
 ��

����
 	���	�
 H�
 ��������
 ���
 ��
 ��
 �������
 ���
 ���

��
���
������
�	
	���	
�����!
��
��
��������
��
���
��

�����
�������
������

β β ψ β ψCR C CR S CRCR CR
= +cos sin                

                �+>#
��β βCR CR CR

a

b

M
I

CR

CR

+ =Ω2



:O A. Mokhtari , A.A. Nikkhah , M. Sabze Parvar and A. Novinzadeh

��
�������
���
���
��
������
��
�������
�����
�	�

��	��������!
 ���	����!
 ����	������
 ���
 ��	��������
 ��

���
��
�������
�����!
��
�������
�	�
�������
��
"�	��

8	��
��
������������
�M inecos #
���
����	��
�M esin #
��-
�����!
���
�����	������
���������
����	�����
������������

���
����	��
�������
�	�
���������
���
�����
��
����
	�-
����
��
��
����	��
	���	
�������
����������

�

�

β γε γε

γεβ γε

cr ic sw

cr c

t B p t

q t

, ,

,

( ) ( )

( )

= − −

− − −

1
16

1
16

1
16

1
16

1

1

Ω

Ωββcr s t, ( )1

                 �+O#

%��

�

�

β γε γε

γεβ γεβ

cr s sw

cr s

t A P t q t, ,

,

( ) ( ) ( )1 1

1

1
16

1
16

1
16

1
16

= − +

− +

Ω

Ω ccr c
cr ct

t
,

,( )
( )

1
1

2
−

��β
Ω

                  �+?#

<�	�
��
��	�
� 
��
�����
��Q

ε = − +( )1
4

4

R
R

l                �+@#

��
�������
��
��
����	��
	���	
��
�����
���
��
��-
���
�	��
��
����
�����
�Asw ,1 !Bsw ,1#
��
��	�
��
���-
�����
 ����
 �����
 ��
 ��
 ����
 	���	�
 ��
 ������
 	����

�������
����
�����
�����
���
��
����	��
	���	
�����
��

����	���
��
��
���������
�����
����������
��
����

�����!
����	��
	���	
���
��
����
	���	�
����
�����
�Ksw  
���
 Kcr #
���
��
 �����
��
�����	������
��
 ��
����

	�������
��
�
����
�����
����
�	
�
����	��
	���	
�������

������
��
	��������
������
�	�
���Q

A K A K
B K B K

sw sw cr cr s

sw sw cr cr c

1 1 1

1 1 1

= +

= −
, ,

, ,

β

β                �+C#

2.5 Main rotor Forces
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3   PID Controller Design
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Figure 1. Step response of vertical speed  controller channel VZ

Figure 2. Step response of yaw controller channel

4     Brain emotional based intelligent controller (BEL-
BIC) [20-21]
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Figure 3. The abstract structure of the computational model 
mimicking some parts of mammalian brain.
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5   BELBIC Controller setup and simulation results
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(a)  (b)

Figure 5. Yaw channel tracking. (a) PID controller  (b) BELBIC controller

 

(a) (b)

Figure 6. Yaw angle error. (a) PID controller  (b) BELBIC controller

 

(a) (b)
Figure 7. Vertical Velocity program tracking. (a) PID controller  (b) BELBIC controller
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(a)  (b)

Figure8. Vertical velocity tracking error. (a) PID controller  (b) BELBIC controller

  

(a) (b)

Figure 9. Vertical Position. (a) PID controller  (b) BELBIC controller

Figure 10. Exerted disturbance on vertical velocity
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(a) (b)

Figure 11. Vertical velocity tracking in presence of high frequency disturbances.  (a) PID controller (b) BELBIC controller

 

(a) (b)

Figure12- Vertical velocity tracking error in presence of high frequency disturbances. (a) PID controller  (b) BELBIC controller

6 Conclusions
In this paper, application of on-line brain emotional 
learning based intelligent adaptive controller (BELBIC) 
has been introduced to maintain commanded attitude of 
a scale-model helicopter. A survey of results obviously 
implies that BELBIC shows effective performance in 
the presence of exerted uncertainties and disturbances 
when compared to classical PID controllers. Besides, 
due to simplicity of the proposed BELBIC which ma-
jorly is because of requiring little information about the 
system dynamics, implementing the controller is easily 
possible. Requiring less number of calculations com-
pared to other adaptive controller strategies, meanwhile 
having better robustness performance are other advan-
tages of BELBIC. The results show the applicability of 
the BELBIC for real world functions where high oscil-
lated disturbances and unknown conditions make con-
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