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6-DOF fixed-time adaptive tracking control for

spacecraft formation flying with input quantization

Ruixia Liu, Xibin Cao, Ming Liu, and Yanzheng Zhu

Abstract

This paper addresses fixed-time tracking control problems for spacecraft formation flying (SFF) with model
uncertainties, external disturbances, and input quantization. Firstly, a coupled model based,on dual quaternions is
introduced to describe the six-degrees-of-freedom (6-DOF) relative motion of spaceeraft formation flying. Secondly,
hysteretic quantized control input is implemented to reduce the required communication rate and to avoid the
oscillations caused by the logarithmic quantizer. Thirdly, a fast terminal sliding mode tracking controller with
adaptive updating laws is proposed to guarantee that the resultingsclosed-loop system is fixed-time stable, and
that the relative motion tracking errors converge to a neighborheod around the origin in a fixed time, despite the
presence of model uncertainties, external disturbances, and“input quantization. Finally, a simulation example is

presented to show the effectiveness of the proposed control design scheme.
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1 INTRODUCTION

The past few decades have seen spacecraft formation flying (SFF) as a recurring research theme
owing to its enhanced flexibility; efficiency, and reliability compared with traditional monolithic spacecraft
systems [37], [30]s[12]. Te.is well known that the modeling and control of orbit and attitude are two core
technologies forSEFE tasks. Because of the significance of modeling and control, a rich body of research
results has been published regarding the modeling and control issues of spacecraft formation [20], [5], [38].
It should be'noted that in the aforementioned literature, the modeling and control of orbit and attitude are
often considered separately. In practice, however, the attitude control system and the orbit control system
should be regarded as a single six-degrees-of-freedom (6-DOF) system, considering the strong coupling
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