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Abstract. Aiming at the simplified linear mathematical model of the pitch channel of a class of 
aircraft, a kind of angle of attack tracking controller is constructed by using the feedback scheme of 
attitude angular velocity and angle of attack. This kind of controller can avoid the use of angle of 
attack derivatives which are difficult to accurately measure, and at the same time can ensure the 
accurate tracking of the aircraft angle of attack. This kind of angle of attack stabilization controller 
can be widely used in aircraft control, trajectory design and scheme prediction, and has high 
application value.  

Introduction 
With the continuous upgrading of missile defense system [1-7], the global military powers require 
more and more high tactical and technical performance of missile weapons, which makes missiles 
rapidly develop from traditional subsonic and low altitude penetration to subsonic and supersonic 
combination and large airspace maneuver. Such as supersonic and hypersonic flight capability, high 
maneuverability in large or small airspace, etc.  

With the increase of maneuverability, the level of angle of attack measurement [8-14 ] has been 
improved. It is more and more meaningful to study the attitude stabilization loop or overload 
stabilization loop by using angle of attack measurement to form angle of attack stabilization 
controller instead of the principle. Based on the above reasons, a class of angle-of-attack 
stabilization controller is studied in this paper.  

Pitch Channel Model of Aircraft  
The nonlinear pitch channel model of a kind of missile system can be described as  

                                        

(1) 
And if the attack angle is very small, then its linear model can be written as  
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(2) 
And the control objective is to design a fractional order controller to make the missile attack 

angle to track the desired value.  

Attack Angle Tracking Controller Design 
Because of its powerful control performance, the PID control device has been widely applied in 
various fields. From simple single-loop control device to the collective control system consisting of 
hundreds of control devices, its variety can also be applied in all walks of life. At present, the 
well-known PID control device appeared and developed between 1915 and 40. Since then, various 
control methods have emerged in endlessly, but because of the advantages of simple structure, easy 
operation and robust to model errors of the PID control device, it can still play an important role in 
all walks of life. In the process of the research and development of new control methods, 
researchers have found that the PID control device can be used as the basic technical support to 
make various control algorithms evolve and upgrade. 

We design a kind of controller similar to traditional PID controller as follows 

 

Fig. 1 Attack angle tracking system 
And the control law is designed as  
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(3) 

And 
dα is the idea  attack angle , pK and IK are coefficients of controller。 

Simulation and Figures 
We can write a short simulation program by using the Simulink toolbox with Matlab software 
according to above analysis as following fig.2. 
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Fig.2 Simulink Program Structure 

And we choose parameters of aircraft body as v=1000, 4 0.0215a = , 2 0.396a = − , 1 0.0198a = , 

3 5.389a = , 5 0.01a = , and limit for actuator is 30degree, and choose control parameter as 
3.5Kω = , 2IK = − , 30PK = − . And simulation result is shown as following figures. 
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Fig.3 Attack angle 
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Fig.4 Pitch angle speed 
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Fig.5 Actuator response 

Result Analysis 
According to the graph, the angle of attack can track the desired angle of attack quickly, the rising 
time is about 0.4 s, the adjusting time is less than 1 s, there is overshoot, less than 20%; the pitch 
angle speed quickly reduces to a smaller value. At first, the rudder deflection reaches saturation 
greatly, and then converges to a smaller value. Therefore, a class of angle of attack controller 
studied in this paper achieves the desired design goal, achieves the goal of fast angle of attack 
tracking, and the control structure is simple, and takes into account such factors as command limit 
and so on.  
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