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Abstract. A control model for the direct parameter approach for spacecraft attitude tracking is presented in this paper.
First of all, the spacecraft attitude tracking control model is built up by the error equation of the second-order
nonlinear quaternion-based attitude system. A problem of control system stabilization is raised based on the control
model. Compared with other control models, the second-order can offer the advantages of no- approximation and
clear control states. The basic spacecraft control model has to focus on to the two variables which are angular rate and
attitude quaternion, however, the new attitude control problem is only with respect to one variable which is the
spacecraft attitude quaternion. Therefore, the second-order model is simpler and clear than basic first-order model.
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1 Introduction

As a significant part of spacecraft navigation control,
spacecraft attitude control has been a hot problem for
several years. Many different methods are applied on the
problem of spacecraft attitude control as in [1-6] and
[9-11]. For instance, Bang designed a new sliding model
control method which can deal with flexible spacecraft
attitude maneuver problem in [5]. Singh utilized adaptive
output feedback control method to track the flexible
spacecraft attitude in [6]. Additionally, Guan raised a
direct parametric approach to stabilize the nonlinear
second-order spacecraft attitude model, and the controller
can turn the original model into a stable linear constant
system certain degrees of freedom in [1].

According to the research background of spacecraft
attitude control, it is suggested that spacecraft attitude
tracking needs further research and has more profound
applications. Compared with Euler representation,
quaternion representation can describe large-angle
attitude tracking without singular points which should
appear when the changing of Euler angle is bigger than
90< Moreover, this paper raises a second-order system
based on the spacecraft attitude dynamical and
kinematical differential equations. Although most of
methods would like to deal with the spacecraft attitude
control problem by first-order models, this paper takes
advantage of the second-order model. Furthermore, the
second-order control model is with no-approximation,
which means it can precisely describe the process of
spacecraft attitude tracking. Moreover, the second-order
model is only with respect one control variable which is

simpler than first-order model with two control variables.
In addition, the second-order model has broad application
prospects, for instance, Duan offered a direct parametric
approach which can turn a nonlinear second-order system
into a stable linear constant system by the parametric
controller as in [1-3], and [7-8].

2 Basic spacecraft
problem

attitude tracking

According to the attitude dynamics and kinematics of a
rigid spacecraft in the inertial system, the error attitude
dynamics of a rigid spacecraft relative to a mobile
tracking target in the inertial system is given by

Jo, =-oxJo

+J(@xC(a,) o, ~C(q, ), ), 1)
+u+d
where
J =diag(J,.J,.3,) )

is the rotating inertia matrix of the spacecraft,

w is the angular rate vector, w, is the error angular rate
vector relative to the mobile tracking target, w, is the
angular rate vector for target, u is the input control torque
vector, and d is the disturbance torque vector. Besides, o,
we, wr, U and d belong to R*%.In addition, the C (q.) is the
transition matrix and its expression is

C(a.)=[C.(a) C.(a) Ci(a)], @

where

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).


javascript:void(0);
javascript:void(0);

MATEC Web of Conferences 198, 05007 (2018)

https://doi.org/10.1051/matecconf/201819805007

Ueo O Oz —Ues

:l Ueo s O o, |, (9)
2 O3 Ueo —Oa
qe3 ez Qe Ueo
where w, is the error angular rate vector relative to the
mobile tracking target, and ¢, is the error quaternion
relative to the target.
To solve the attitude problem, a suitable controller u is
given by

ex
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which can make the close-loop spacecraft attitude system
stable.

When the system is stable, which means
limo, =0, limq,, =1 limq, =0

toowo
. . , 11
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the spacecraft will successfully achieves the attitude
tracking goal.

3 Spacecraft attitude tracking problem
based on the second-order control
problem

In this section, a second-order spacecraft attitude control
model is built by attitude dynamical equations and
kinematical equations. Additionally, that model is
described by quaternion and without any approximation.
The problem of quaternion-based spacecraft attitude
tracking is raised based on the attitude control model.
Generally, the error quaternion g has the constraint which
is

qe02 + qezl + qu + qez3 =1. (12)
Based on the (12) a simple variable e can be expressed
as

e:[el €, es]T :[qel 0., Qes]T' (13)
Additionally, the geo can be denoted as

Qo =€ =1 (&f +€ +€) . (14)
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The w, can be expressed by where
o,=0-C(e)a,. (8) B @, (e)
Then the kinematics of a rigid spacecraft in the inertial <D(e) = ( I —eeT) =0, (e) . (18)
system based on error quaternion is given by o, (e)

Thus the variables of the w, can be expressed as
w,, =20, (e)T" (e)é
@, =20, (e)T" (e)¢. (19)
0, =20,(e)TT (e)é

The next step is to summarize the second-order

spacecraft control model through the (1) and (16). First of
all, the expression for @, can be derived by (1) as

i, =" o, x(Ja,)]
~3Hao,x[IC(e)m, |}
—3H{[c(e)o x[Ia.]}

. (20)
—3H{[c(e)o, |x[IC(e)o, ||
+ @, x(C(e)o,)]
—C(e)a, +I " (u+d)
When these expressions are denoted as,
0 0 T,
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and the model can be written as
dT
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In addition, the spacecraft attitude tracking model (25)
can be written in the second-order form as

A (0.e8)E+A(0e8)é
A (Oe)erE(0et)=B(Oeeu 2D

where
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To solve the second-order spacecraft attitude tracking
problem defined by (25), a suitable controller u is given by

u=f(e,e,et), (32)
which can make the close-loop spacecraft attitude system
stable.

A(0,e6)=- ", (28)

When the system is stable, which means
{Iime1 =0,lime, =0, lime, =0

t—>
S - - ) 33
limég =0,limé, =0,limé, =0 (33)
t—> tow t—>o

the spacecraft will successfully achieves the attitude
tracking goal.

4 Conclusion

A control model is built by the error attitude dynamics and
attitude kinematics for spacecraft in this paper. This model
is based on the quaternion representation which can be
suitable for the spacecraft large attitude angular tracking.
Additionally, this model is a nonlinear second-order
no-approximate attitude system. As mentioned earlier, the
control model can precisely describe the error attitude of
spacecraft relative to mobile target in the space. Compared
with the first-order model, the second-order model is only
with respect one variable which is the spacecraft attitude
quaternion. Thus, the second-order model can be
considered simpler and clearer than first-order model.
Finally, the model is expressed in the general second-order
quasi-linear system form, which has profound application
prospects on nonlinear control and linear control methods.
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