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Abstract. A simplified linear model is studied for the complex nonlinear model for a class of 
saucer-shaped aircraft in this paper. Then a feedback control law is designed to achieve the tracking 
of given attitude angle. What is more, a kind of gain adjusting law by fuzzy changes with errors is 
designed in order to achieve better matching of backstepping gains. Finally, detailed analysis results 
of the simulation show the effectiveness of the proposed fuzzy control law. 

Introduction  
The saucer-shaped aircraft, which is a disc shape without a tail or rudder, can provide lift power 
with its whole body, and the mechanical problems caused by mass center and nozzle angle need to 
be considered for flight control, so the control of real-time, anti-interference and robust 
performance is very important [1-3]. At present, there are a lot of experts and scholars to give the 
control scheme. The paper [4] presents a variable structure control method for the system with a 
variable mass moment compounded with thrust vector. The paper [5] proposes a compound control 
strategy by combination of genetic algorithm and fuzzy logic based on genetic-fuzzy logic. The 
paper [6] uses the method of Lyapunov optimization controller, which is applied to the whole 
trajectory simulation of saucer-shaped aircraft. All of these methods have good robustness, but these 
algorithms are passive anti-interference algorithm, and the control accuracy cannot be guaranteed 
when the system interference is large or the change rate is high. Therefore, this paper proposes the 
method to use fuzzy algorithm for controller design, which can activate the anti-interference 
capability of the system [7-8], and meanwhile, the robustness of the system against the mismatched 
uncertainties is enhanced by the utilization of backstepping method. [9-11]. 

Model Description 
According to literature [5], the ordinate dynamic model for saucer-shaped aircraft can be described 
as formula 1. 
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Theorem1: Assume the linear approximation system of nonlinear system is asymptotically stable, 
and then any linear feedback that can make the linear approximation system stable can also 
asymptotically stabilize the original nonlinear system, and at least make the nonlinear system locally 
stable. 

The linear dynamic model of missile is studied in literature [12]. Similarly, we can also study the 
linear approximation system of nonlinear system as described in formula 1, in order to find the 
control law which can make the original nonlinear system asymptotically stable. According to the 
literature [5], the linear approximation system for the system as described in formula 1 can be 
presented in formula 2. 

5th International Conference on Machinery, Materials and Computing Technology (ICMMCT 2017) 

Copyright © 2017, the Authors. Published by Atlantis Press. 
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). 

Advances in Engineering, volume 126

784











=
++−=

′+++−=

z

x

zbz

aaaa
axaaa

ωJ
xJθθ

xJθω







343433

252424

)(                                             (2) 

The definitions for all the symbols in formula 2 can be found in reference [2]. 
The transfer function can be derived from the above state equation, and this is a non-minimum 

phase system, as described in formula 3, where 0,0,0,0 2434 >>>< xz aaaa .  
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Simple Fuzzy Backstepping Mode Controller Design 

Define an error variable as *
1z J J= − . 

Then we get 
 *

1 zz J J ω= − = 

                                                            (4) 
Design the desired acceleration signal d

zω as 

1 1
d
z k zω = −                                                                 (5) 

Then its derivative can be written as 
 1 1 1

d
z zk z kω ω= − = −

                                                         (6) 
Define an angular velocity error variable as 2

d
z zz ω ω= − . 

Then we get 
2 24 24 25

d d
z z b z zz a a a x aω ω θ J x ω′= − = − + + + −  

                                     (7) 
Choose an auxiliary control variable as 

25 b zu a x a x′= +                                                             (8) 
Then design the backstepping control law as  

24 24 1 2 2( ) zu a a k k zθ J ω= − − + − −                                               (9) 
Fuzzy laws are established to design proper backstepping parameters 1k and 2k  Choose the 

initial gain values as 10 5k = , 20 25k = . If 0e > , then 1ak and 2ak should increase the value. 
And 1 0 1ak k k= + ， 2 20 2ak k k= + . 
Design the fuzzy system with input e , and output 1ak  and 2ak . 
Definitions of fuzzy set for inputs and outputs are described as the following.  

{ }e NB NM ZO PM PB=  

1 { }ak NB NM ZO PM PB=  

1 { }ak NB NM ZO PM PB=  
And then define a medium error value as 5 / 57.3me = , 1 30amk = , and 2 140amk = . Then the 

membership function can defined as below figure 1 to figure 3. 
Define the fuzzy law of 1k∆ and 2k∆ as the following:  
R1：IF e is PB Then 1k∆  is PB and 2k∆  is PB  

R2：IF e is PM Then 1k∆  is PM and 2k∆  is PM  

R3：IF e is ZO Then 1k∆  is ZO and 2k∆  is ZO 
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Figure 1 Membership function of erro 
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Figure 2 Membership function of 1k  
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Figure 3 Membership function of 2k  

Simulation Analysis 
To testify the rightness and effectiveness of the above fuzzy backstepping control method, 
numerical simulation was done and model parameters can see below Table 1. Figure 4 Shows the 
attitude angle of aircraft and we can find that the rise time is only 0.1s, it is a very quick speed for 
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saucer shaped aircraft. Figure 5 show that no mass control was used and Figure 8 shows the jet 
control curve. Figure 6 and Figure 7 shows the adjustment of control gain K1 and K2. All above 
curve testified that the proposed fuzzy backstepping control method was effective and reasonable. 
So it has a high value for engineering application. 

Table 1 Kinetic coefficients 
24a  25a  34a  37a  xa  za （ za′） 

829.0773 -19.1620 2.3230 0.0013 0.0289 -12.8979 
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  Figure 4  Curve of attitude angle             Figure 5 Curve of Mass control 
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    Figure 6 Curve of coefficient 1k                Figure7 Curve of coefficient 2k  
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Figure8 Curve of Jet Control x  
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Conclusions  
This paper proposes a fuzzy backstepping control algorithm based on the simplified longitudinal 
channel model of the saucer-shaped aircraft. The simulation results show that compared with the 
backstepping control method, the algorithm proposed in this paper has a more simplified control 
law expression and better anti-interference performance, and meanwhile with less requirements for 
model precision . 
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