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a b s t r a c t

The problem of finite-time attitude regulation for multiple rigid spacecraft with leader–

follower architecture is studied. The desired attitude for spacecraft formation is represented

by the attitude of a leader. A distributed finite-time convergent observer is first proposed to

estimate the leader’s attitude in a finite time. By using the technique of finite-time saturation

control, a bounded finite-time attitude controller is designed to track the estimated attitude

and then the leader’s attitude in a finite time. A simulation example is finally given.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Recently, the problem of distributed attitude control has attracted a great deal of attention. The interest is motivated by its

many applications, such as formation flying, satellite surveillance, etc [20,28,36,41,49]. The advantages of distributed control

strategy lie in its greater efficiency, higher robustness, and reduced communication requirement [12,17,30]. For these reasons,

the distributed control has been applied in many areas, e.g., formation control of underwater vehicles [26], decentralized control

of stochastic nonlinear large-scale systems [44], network synchronization [4,37], etc. Nevertheless, it is well-known that the

attitude dynamics of spacecraft are coupled and highly non-linear [21], which means that the distributed control of multiple

spacecraft is more challenging than that of linear multi-agent systems. To this end, there have been some reports about the

distributed control for multiple spacecraft in the literature.

In order to achieve attitude synchronization, the work [18] proposed two distributed control laws that require the communi-

cation topology to take on the form of a ring graph. The work [29] demonstrated that this ring topology can be extended to more

general cases. In the case that the angular velocity is unavailable, the corresponding attitude synchronization control algorithms

via output feedback were proposed in [1,18,45]. When there is a single leader or multiple leaders, the problem of distributed at-

titude tracking control was discussed in [5,31,38]. In [39], based on the adaptive sliding mode control, two decentralized attitude

control laws were proposed to address inertia uncertainties and environmental disturbances. In [24], the distributed cooperative

controllers with and without angular velocity feedback were designed for spacecraft formation flying missions.

Note that the previously listed distributed attitude control laws are asymptotically stable control laws, which only guarantee

that the attitude synchronization is achieved asymptotically with infinite settling time. In order to increase the convergent rate

of closed-loop systems, the technique of finite-time control has been recently developed, which can guarantee that the systems’
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states converge to equilibrium within a finite time [3]. The finite-time control of dynamic systems is of interest due to its faster

convergence rate, and better robustness and disturbance rejection properties [3,43]. Because of these advantages, the finite-time

attitude control problems for single spacecraft have been extensively discussed in [6,14,19,47,48] and for multiple spacecraft in

[8,25,46,49]. In [8,46], the problem of distributed finite-time attitude tracking control for a group of spacecraft with single leader

was investigated. The work [25] considered the case of multiple leaders. In [49], the terminal sliding mode control method was

employed to design a finite-time attitude cooperative control law. Nevertheless, it should be pointed out that actuator saturation

is not explicitly taken into account in these proposed distributed finite-time attitude control laws [8,25]. From the viewpoint

of practical application, saturation nonlinearity will definitely have an important influence on system performance. To this end,

in [23], a distributed finite-time control law was designed under input constraints, which requires the precise information of

the inertia matrix. Based on a fast terminal sliding mode and Chebyshev neural network, the work [22] proposed a distributed

finite-time control law which only guarantees that the tracking error converges to a small region in a finite time. In [13], based

on a finite-time convergent observer, a bounded finite-time coordinated attitude control law via output feedback was designed.

However, the results are about semi-global.

To solve the problem of distributed finite-time attitude control for a group of spacecraft under input saturation, an observer-

based distributed control strategy is employed in the present study. First, a distributed finite-time observer is designed to es-

timate the leader’s attitude in a finite time by imposing certain assumptions. Then, the distributed finite-time attitude control

problem for multiple spacecraft is transformed to a finite-time attitude control problem for a single spacecraft. In order to sat-

isfy the requirement of control saturation in practice, the physical structural features of the attitude control system were fully

exploited, and a Lyapunov function was constructed and a bounded finite-time attitude controller was designed. Under the pro-

posed controller, based on homogeneous systems theory, it is shown that the leader’s attitude can be tracked in a finite time.

Hence, the problem of distributed finite-time attitude control of multiple spacecraft via bounded control is solved. In addition,

given that the physical structural features of the attitude control system are fully exploited, the proposed finite-time control law

does not need the precise information of the inertia matrix. Thus, it is easy to tune the control gains by satisfying the actuation

bound in practice.

2. Preliminaries and problem formulation

2.1. Kinematics and dynamics of spacecraft attitude

Without loss of generality, n rigid spacecraft will be considered in the present study. Let � = {1, . . . , n}. Modified Rodrigues

Parameters (MRPs) were used to describe the orientation of i-th spacecraft with respect to the inertial frame [15,32]. For

i-th spacecraft, σi = ηitan(φi/4) ∈ R3, −2π < φi < 2π, represent the MRPs, and ηi, φi represent the Euler axis and the Eu-

ler angle. Given a vector v = [v1, v2, v3]T , the symbol ( · )× denotes a 3 × 3 skew-symmetric matrix, which is defined by

v× = [0,−v3, v2; v3, 0,−v1; −v2, v1, 0].

Based on the MRPs, the dynamics of spacecraft is presented as that in [32]:

σ̇i = G(σi)ωi, Jiω̇i = −ω×
i

Jiωi + τi, (1)

where ωi ∈ R3 is the angular velocity , Ji ∈ R3 × 3 and τ i ∈ R3 are, respectively, the positive definite inertia matrix, and the control

torque of spacecraft. In addition, the matrix G(σ i) is defined by G(σi) = 1
2 [(

1−σ T
i
σi

2 )I3 + σ×
i

+ σiσ
T
i

], which has the following

property [34]:
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4

)
σ T

i ωi,

G(σi)GT (σi) =
(

1 + σ T
i
σi

4

)2

I3. (2)

Remark 1. Note that the attitude description based on MRPs has a geometric singularity when φi approaches ±2π . As in [35],

the stability analysis of this paper refers to the attitude system described by Modified Rodrigues Parameters. Thus, it means that

the basin of attraction of the proposed control law is for all initial attitudes except for the singular point.

2.2. Control objective

The goal of this paper is to design a bounded distributed finite-time attitude control law for a group of spacecraft such that

all the attitudes can reach synchronization in a finite time and the final attitude is the desired constant attitude. This problem is

called the distributed finite-time attitude regulation problem under the constraint condition that the control torque is required

to be bounded. Motivated by [11], the definition of thefinite-time regulation problem is extended from the case of single agent

to multiple agents.

Definition 1. (Distributed finite-time attitude regulation problem.) Given a desired constant attitude σ d ∈ R3, find an attitude

control law that is based on the local state information from itself and its neighbors, such that all the attitudes of system (1) can
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