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Adaptive sliding mode attitude controller design for starship
based on super-twisting algorithm

CHEN Xingyu, WANG Jingyao”

(School of Aerospace Engineering, Xiamen University, Xiamen, 361102, China)

Abstract: [Objective] To adapt the starship to the complex reentry environment, many uncertain factors, and a large number of
disturbances, the spiral controller of the spacecraft is studied. Herein, we aim to attain the fast response and accurate and stable
control of the starship attitude control. [Methods] An adaptive hyperspiral control strategy is designed to establish the controller’s
self-adaptation to the disturbance when the disturbance boundary is unknown. Consequently, the overestimation of the disturbance
boundary can be avoided. For the purposed of subdividing the control process based on the control model, (a) the attitude model is
divided into inner and outer rings; (b) sliding mode controllers are designed respectively;and (¢) Lyapunov theory is used to prove
the stability of controllers. Finally, parameters and disturbances of the starship in the reentry process are set respectively to simulate
situations that the starship may encounter. [ Results] Numerical simulations are carried out with MATLAB to verify various control
situations and the high disturbance environment. It is proved that the controller can stably control the attitude of starship in complex
aerodynamic environments to achieve multi-control situation controls. Not only the control strategy secures the fast convergence
characteristic of sliding mode controller, but also the adaptive part manages to increase the flexibility of the control strategy and can
achieve rapid convergences while reducing buffeting. Finally, the automatic adjustment of parameters also enhances the simplicity of

the control design. [Conclusions] We have demonstrated that the proposed controller outperforms ordinary ones,and can meet various
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complex control needs in complex environments of similar reentry aircrafts, such as starships,on the basis of flexible adjustment of
P P y p J

control effects.
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Fig. 1 Design of starship reentry controller
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Fig. 5 Comparison of attitude tracking results obtained by smooth second-order sliding mode, PID and

adaptive sliding mode controller under dynamic tracking
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