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Abstract. A kind of double terminal sliding mode surface is constructed with a subsystem with a 
terminal sliding mode. This new strategy is proposed to solve the height control problem of a kind 
of airship system. And the main goal is to compute a ideal pitch angel such that the height of airship 
can trace the expected value. Also a Lyapunov stability theory is used to prove the whole system is 
stable. And at last, detailed simulation is done to testify the rightness of this method. 

Introduction 
As early as more than a century ago, Germany, Russia began to research and produce the airship, 
although airship technology development after a period of twists and turns, but since 1994, the 
world began to reconsider the airship for commercial and military value, and airship technology 
began to attract people's eyes, airship technology began to enter a period of prosperity[1-5]. The 
airship control technology research mainly concentrated in the inner loop of the system is stable or 
attitude stabilization, and emerged on top of the basic attitude stabilization height control external 
circuit research method is not much, most still use PID control method[6-10]. Mainly because the 
PID control method can satisfy the control task of the slow maneuver in some small airspace. But 
when the airship is in large scale maneuver and has a certain requirement of rapidity, the 
conventional PID control method is difficult to meet the requirements. Based on the above reasons, 
this paper attempts to study a kind of dual sliding mode control strategy Terminal method. 

Model Description 
Based on the previous work, the pitch channel model of airship can be described as follows:  

( ) ( )Mx f x g x u= +
                                                                 (1) 
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The definition of ija  see the definition of M in previous work. 
Choose the expect value of all states , , , , ,u w q x zq  are , , , , ,d d d d d du w q x zq ,Define the error 

variable de x x= − ，e x= ，then it hold[6-7]  
( ) ( )Me f x g x u= +                                                                  (3) 

Use the inverse matrix of M  
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1 1( ) ( )e M f x M g x u− −= +                                                          (4) 
To make it convenient for reading, some functions can be written as follows 
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And  
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Then the system can be written as follows[8-9] 
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Sliding Mode Controller Design for Height Loop 
Below design and research is based on the assumption that the pitch angle control system of airship 
is effective so the goal of height loop is to design the desired or expected value of pitch angle. 

Assume the expected height is dz , and define the error variable as 

1566



 

d
z zze −=                                                                 (9) 

Then according to the above model, its derivative can be solved as 
sin cosze z u wθθ = = − +                                                   (10) 

And choose a integral sliding mode surface as 
9/13( )z az az azs c s s dt= + ∫                                                      (11) 

Where 
11/13( )az z z zs c e e= +                                                            (12) 

Solve its derivative as 
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Design the expected value of pitch angle as 
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where 
1 2sin[ / ( )]z z az z z z z zs c c u k s k s s ξ= − + + + ∆                                     (18) 

For the following inequality, there exist positive constant 
1pk and 

2pk such that  
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 For a smallθ , when∆  compare  with θ , it can satisfy θrd<∆ , so 

sin[ ]z z azs c c uθθθθ   = − + ∆                                                  (20) 
Then it holds 

2 2
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(21) 
So it is easy to choose proper control gain such that  

0z zs s ≤                                                                   (22) 
And according to Lyapunov stable theorem, the system is stable.   
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Numerical Simulation 
To testify the rightness of the above method, a numerical simulation is done as follows: choose 
control parameter as 06.0=zc , set 1.01 =zk , 52 =zk , 10=ξ , then assume 20u m s= , 8000mT N= , 
initial position 0e e ex y z= = = . Other quantity of state is 0, choose 500dz = − , simulation results 
are as following figures: 
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Fig.2. Forward Velocity Fig.3. Vertical Velocity 
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Fig. 4. Angle Velocity Fig.5. Pitch Angle 
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Fig. 6. Flying Distance Fig. 7. Height 
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Fig. 8. Pitch Actuator Angle Fig. 9. Expected value of pitch angle 

The simulation results show that airship can follow the tracks of expected height 500m but there 
exists overshoot and steady state error, and the pitch angle and actuator angle also exists chattering 
problem. It means that the system does not has enough damping ratio, and this is because there is no 
derivative signal in the whole control law.  

Conclusion 
A kind of novel sliding mode method is used to solve the height tracing problem of airship system, 
where sliding mode surface is constructed with a big terminal surface, and the big terminal surface 
is composed with a small terminal surface. The whole strategy which is proved to be stable by 
Lyapunov stability theorem, is used to generate a ideal pitch angle of airship system. And the 
simulation result shows that the proposed method is right but the dynamic performance is not very 
good because of the appearance of steady state error and oscillations. This disadvantage can be 
solved by introducing damping ratio or properly setting of terminal sliding mode parameters, which 
will be the main point of our future research. 
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