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Abstract—There is a serious aerodynamic cross-coupling in 
the high-maneuvering missile flying at high angles of attack 
among each tunnel. When the effect of coupling is very weak, 
coupled items will generally be considered as a perturbation 
in the design of traditional three-tunnel ，overcome the 
coupling factors through the design of strong robust control 
system. However, there is a clear theory’s defects in this 
method: When the effect of coupling is strong, Coupling 
terms will change the structure of the system. Thus, 
decoupling need to be considered in the design of control 
system under high angle of attack because of the stronger 
aerodynamic coupling. Considering these coupling factors, 
this paper firstly establish small signal linear coupling 
model of the pitch–yaw tunnel. The decoupling controller 
for high angle of maneuverable missile is designed based on 
the multivariable control decoupling principle of P and V 
criterion. From the simulation, the design of decoupling 
control system performs well and  improves the dynamic 
quality of the missile. 
 
Index Terms—missile flying at high angles of attack , PV 
criterion, decoupling control 

  I.  INTRODUCTION 

With the reequipment of the fourth generation  fighters, 
the new generation of short-range air-to-air missile 
should have a larger off-axis launching and the capacity 
of the over-shoulder fire as well as Omni-directional 
attack in order to serve the modern warfare. It is unable to 
complete the mission only relying on the aerodynamic 
surface control. Thus high-speed turning is carried out by 
rudder of thrust vector or other measures. However 
turnning in the initial paragraph will lead to high angle of 
attack flight status. In the high angle of attack flight 
conditions, the greater resistance and moment of induced 
roll will be generated. This will result in movement of 
serious cross-coupling, sometimes even makes the system 
unstable. So it’s difficult to realize design of high-quality 
system by the method of traditional three-channel 
independently. However design of decoupling control 
based on some advanced methods of control theory will 
be hard to achieve in project of flight Control System. 
Considering the real situation of over-shoulder fired 
missiles, this paper establishes mathematical model 
which can describe the characteristics of the missile 
longitudinal-lateral coupling. The control law with strong 
robustness is designed by decoupling principle of PV 
type norms. Simulation results verify the validity of the 
method [1.2.4.5]. 

  Ⅱ.  MATHEMATICAL MODEL OF COUPLED BODY 

The coupling between pitch and yaw is mainly caused 
by lateral induction for missile of normal-type 
distribution. The main reason is that airflow through 
missile’s body isn’t a symmetric. The effect is more 
obvious when angle of attack is more than 20°. 

Small pertubation  linear model： 

βδαθ Δ+Δ+Δ=Δ 3244 daa z
&              （1） 

αδβψ Δ−Δ+Δ=Δ 3244 hbb yc&            （2） 

yyy bbbh δωβαω Δ−Δ−Δ−Δ=Δ 31222&    （3） 

zzz aaad δωαβω Δ−Δ−Δ−Δ−=Δ 31222&   （4） 

Where zωΔ ， αΔ ， yωΔ ， cψΔ ，  θΔ ，

βΔ ， zδΔ ， yδΔ  are the increment angle separately 

as follows: pitch angle, attack angle, yaw angle, trajectory 
deflection angle， trajectory inclination angle, sideslip 
angle and rudder angle of pitch-yaw tunnel. 

Change the small perturbations equation into the form 
of state equation，  

The state variable is: 
T

x yU δ δ⎡ ⎤Δ = Δ Δ⎣ ⎦  

Then get the state equations of pitch-jaw channel： 
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which 4 2,X R U R∈ ∈  
The coupling model of pitch - yaw channel which is 

the object of multi-input multi-output coupling control 
system is described in formula（5）. When the attack 
angle (sideslip angle) becomes larger, a larger lateral 
(pitch) moment and side (vertical) force is induced by 
result of aerodynamic hinge moment. There is a 
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coefficient of hinge driving force (moment) 22h  ( 22d ) 

and 32h  ( 32d ).At this moment the movement of pitch 
perturbation to the lateral perturbation should be 
considered.  

  Ⅲ. DESIGN OF DECOUPLING CONTROL LAW UNDER HIGH 
ANGLE OF ATTACK 

A.  Principle of multivariable object decoupling Units 
1) Control object of P criterion and V  criterion 
For a coupling system with input of 1 2, ,..., nU U U and 

output of 1 2, ,..., nY Y Y , there are two different kinds of 
coupling phenomena in essential: one is the couple 
between input and other tunnel and the other is between 
output and other tunnel. According to these 
characteristics, control object can be divided into two 
different types of form. That is P normative control object 
and V normative control object. 

P criterion：In P criterion each input iU will impact 

any output 1Y in system. Figure 1 is the schematic of this 
coupling.(Take dual-input dual-output system for 
example) 
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Figure 1.  the Schematic of P criterion coupling 

V criterion ： In V criterion each output iY will be 

impacted not only iU  by input  but also by the i output 
which goes through tunnel in the system. Figure 2 is the 
schematic of this coupling. 

2) Best decoupling structure of  bivariate P criterion 
control object 

  Study shows ：  V criterion is best decoupling 
structure of  P criterion . The result of bivariate V norm 
specification system design is shown in Figure 3： 
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Figure 2.  Schematic of V norm coupling 

 
Figure 3.  Best decoupling structure of bivariate P normative control 

object 
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3) Best decoupling structure of bivariate V normative 
control object 

For the control object of V norms, feedback 
decoupling method can be used to achieve the full 
decoupling. The result of bivariate V norm specification 
system design is shown in Figure 4: 
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Figure 4.  Full decoupling structure of bivariate V normative control 

object 

Where 
21 21 22 21 22 22f V R V V W= =  

12 12 11 12 11 11f V R V V W= =  

11 11 11W V R=  

22 22 22W V R=  
So: 

( ) ( )1 11 1 11 1 111C V U W X W= + +  
( ) ( )2 22 2 22 2 221C V U W X W= + +
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B.  Design of decoupling control law 
The typical structure of pitch-yaw missile flight control 

system is showed in figure 5 ,which is not including the 
decoupling part. 

 
Figure 5.  structure of pitch / yaw flight control system 

om formula (5) it is clearly that：the effect between 
pitch movement and the yaw movement mainly has two 
aspects: power coupling and moment coupling. Because 
the impacts of the moment coupling are big for control 
system than that of power , the control system is designed 
by the method of decoupling to achieve decoupling. 
Power coupling has small impact in control system, so it 
is designed with the method of integral correction to 
achieve static decoupling; 

Change moment coupling part into style of equivalent 
rudder angle 
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From above , coupling path is from the coupled angle 
of attack to the position of rudder . So the coupling 
between longitudinal and lateral channel can be described 
by bivariate V norms control object. 

   Considering object with V criterion, feedback 
decoupling method can be used to achieve full 
decoupling which is the output to the input with 
interference .Figure 4 shows that full decoupling structure 
of bivariate V norms control object. So decoupling 
structure of pitch - yaw coupled flight control system can 
be achieved which  is shown in figure 6. 

 
Figure 6.  decoupling structure of Pitch - yaw coupled flight control 

system 

Formula of decoupling gain： 

21 21 22f V R=  
Ignore the impact of damping feedback loop gain of 

the transmission ，so decoupling gain 10K  is: 

22
10

1 0 3

1 hK
K K b

= ⋅
⋅

                    （6） 

  Ⅳ.  NUMERICAL SIMULATION 

Simulation conditions ： Hight:2000m;Ma=1.5;Angle 
of attack 25α = o

，Directive of pitch yaw overload 
1g;Controller parameters： 

2 3 0 10.07, 0.000667, 6.33, 0.09K K K K= = = = −

    
The simulation results of high angle of attack missile 

pitch - yaw flight control system shows in figure 7-10 
Adding decoupling which express the red signal, blue 

indicated that they are not joined. 

 
Figure 7.  Response curve with Angle of attack 

 
Figure 8.  Response curveSideslip angle  
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Figure 9.  Response curve of Normal overload 

 
Figure 10.  Response curve of Lateral load 

  Ⅴ.  CONCLDING 

Based on the aircraft pitch-yaw channel coupled 
mathematical model, the paper designs decoupling 
control system based on P-type and V-type norms 
multivariable decoupling control system theory, 
numerical simulation verifies the effectiveness of the 
method. The work has some reference value for engineer 
implement of high angle of attack missiles realize 
decoupling works. 
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