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Abstract

In this article, a new approach has been presented in the design of a satellite attitude
controller using reaction wheels. First, a PID control structure whose coefficients are
dependent on the state variables is formulated and the process of extracting its constant values
is explained using the Genetic Algorithm (GA) optimizer. Then, using the results of a number
of tests, sufficient data for meta modeling of the system is extracted and finally the relevant
control gains are extracted. A simulator platform for determination and control of satellite
status based on air bearing was used to evaluate the proposed approach. Laboratory test
results show that the performance of the proposed method is up to 30% better than the classical

PID controller with fixed coefficients.
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1. Introduction

In every satellite, in order to achieve success in carrying
out the mission, it is necessary to design a subsystem
for determining and controlling the situation [1]. By
using this subsystem, the satellite can be placed in the
desired direction and target. Different tools in the
position determination and control subsystem such as
motion measuring wheels, feedback wheels, thrusters
or magnetic actuators may be used. One of these very
important tools is the reaction wheel operators, which
today a lot of effort is being made in this direction. This
operator, in addition to its simplicity and reliability, has
a high production torque [2-3]. Several linear and non-
linear methods have been proposed to control the state
of satellites, which are implemented on simulators. In
the category of linear controllers, due to the importance
of energy consumption in satellites, LQR! optimal
control methods are widely used. The LQR optimal

1. Linear Quadratic Regulator

control method is considered in references. The
implementation of this controller requires having all the
states of the system in the output. LQG? and LTR
method is a systematic method based on shaping and
retrieving eigenvalues [4-8]. Proportional-derivative-
integral linear control method is also considered as a
desirable controller due to its simplicity in
implementation and structure [9].

2. Methodology

In this article, using conventional linear control methods,
a non-linear controller has been designed for the platform.
Here, proportional-derivative-integral (PID) linear control
is designed, whose control gains are updated online by an
optimal function based on system states at any moment.
This optimal function is built based on the data bank
extracted from the genetic algorithm method in different
test conditions. Finally, the designed controller was
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implemented in a laboratory environment on a three-
degree-of-freedom platform, and the test results showed
that the proposed control approach has a good
performance. In the second part of the article, the
simulator of three degrees of freedom is introduced, and in
the third part, the dynamic equations governing this
platform are stated. After the linearization of the
equations, the desired control method is presented, and in
the next section, the method of extracting the optimal
functions of adjusting the coefficients is explained.
Finally, the results of the laboratory test for the proposed
method and classical PID with fixed gain coefficients have
been compared and evaluated.

3. Discussion and Results

As the Results, the proposed method has less steady-state
error while it shows more overshoot than the PID method.
of course, this behavior is somewhat natural because in the
optimality criterion function from which the coefficient
adjustment function is derived, the goal is to minimize the
address and not to reduce the overshoot. It is clear that
different criteria can be defined and used for the proposed
method and there is no limit in this regard.

4. Conclusions

In this paper, a new method is presented for online
calculation of control coefficients to control the state of
a satellite simulator platform using reaction wheels.
The proposed controller is a nonlinear controller whose
control coefficients are updated at any moment based
on the system states. For this purpose, it requires a
number of data including the initial and final
conditions, the values of the control gains and finally
the value of the cost function (error). Based on these
data, a quasi-model (meta-model) is extracted from the
system and the optimal values of control gains are
extracted using the GA optimizer. It is natural that the
more the number of data (tests), the more accurate the
extracted pseudo-model and the more accurate the
extracted control benefits. Based on this, unlike the
methods that optimize the control gains for a specific
boundary condition, a group of boundary conditions is
used in the proposed method. This process (similar to
learning in a neural network) can be implemented
inside the satellite and therefore can be implemented
onboard. The use of the term "online" refers to the fact
that after this process, the implementation of the
proposed nonlinear controller does not involve any
problem with double boundary conditions (TPBVP).
Then this new approach was implemented in the
laboratory environment on the platform and the
simulation results showed the proper performance of
the proposed method. The results of the laboratory test
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show that the error in the proposed method is improved
by about 30% compared to the classic PID controller
with fixed coefficients.
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