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ABSTRACT

In high resolution remote sensing satellites, meeting stability and pointing requirements are very
crucial in mission’s success. In this regard, usually, very accurate gyroscopes are utilized as one of the
main attitude sensors. In order to avoid decreasing attitude estimation accuracies, gyroscopes data
should be calibrated in appropriate time intervals. In this research, an Extended Kalman Filter (EKF)
based approach is investigated for gyro calibration. Therefore, at first, a model which contains main
gyro parameters, namely, biases, scale factors and misalignments is proposed. Then, an EKF based
algorithm for gyro parameters estimation is presented. Next, a Multiplicative Quaternion Extended
Kalman Filter (MQEKF) which uses star sensor data as measurement is applied for attitude
estimation. Finally, in order to evaluate the performance of the proposed gyro calibration method in
attitude control loop, a quaternion feedback controller is implemented. The simulation results show that
satellite’s stability and pointing are maintained with accuracies better than 0.005 deg/second and 0.15
deg which demonstrate the proposed method will be beneficial for missions with tight control
requirements.
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1. Introduction

Attitude determination/estimation subject is one of the
major issues in most of the space missions. Specifically, it
plays an important role in mission’s success of remote
sensing satellites. In typical Low Earth Orbit (LEO)
satellites, different combinations of attitude sensors like sun
sensor, magnetometer, star tracker and gyroscope have
been widely utilized. Stability and pointing requirements
play an important role in attitude sensors selection. In high
resolution missions, maintaining stability and pointing
accuracies are very crucial. Therefore, usually, very
accurate sensors like star trackers and advanced gyroscopes
are utilized for attitude estimation [1,2].

On the other hand, according to the required attitude
estimation accuracy, different algorithms can be employed.
EKF is one of the well-known nonlinear approaches which
has been used in many missions. In the structure of EKF,
nonlinear attitude equations are applied in estimation
process and estimated states are updated with measurement
data recursively. Another version of EKF which is
developed based on multiplicative error, has been utilized
in applications in which high attitude estimation accuracies

are required [3 and 4]. In addition, unscented Kalman
filters and particles filters which belong to the sample based
nonlinear filters, have been used in applications in which
system and measurement equations are highly nonlinear.

In order to maintain stability and pointing accuracies in
remote sensing satellites, gyroscopes data should be
calibrated appropriately. In this regard, filter-based
methods and batch approaches have been utilized. In this
research, a batch approach which is based on smoothing
technique is developed. For calibrating a three-axis gyro,
three biases and a 3x3 matrix which contains 3 scale
factors and 6 misalignments are considered as calibration
parameters [5]. Bias usually considered as an invariant
parameter in measurements. However, in practice, it varies
with time and is modeled using a random process. In this
research, a structure which contains 15 state variables is
used for gyro calibration and attitude estimation.

Gyro calibration algorithm which is based on an EKF is
developed in section 2. Next, in section 3, implementation
results are discussed. Then, a quaternion feedback
controller is implemented. Finally, summary and
conclusion are presented.
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2. Gyro calibration algorithm
For the purpose of gyro calibration using EKF based
approach, system equation will be considered as follow:

AX(t)=F (t)Ax(t) + G (t)w(t) €Y
in which F (t) will be [5]:
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3. Implementation and results

In order to implement gyro calibration algorithm, a typical
LEO remote sensing satellite with 94 min orbital period is
considered. Attitude sensors which are used in imaging
mode of the satellite are a gyroscope and a star tracker.

Using the algorithm presented in section 2, simulation results
of bias estimation are shown in Figure 1.

As it can be seen from Figure 1, considering initial
uncertainties in gyro parameters, estimation results are
completely stable. Therefore, using calibrated gyro data,
satellite’s attitude can be estimated highly accurate.
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Figure 1: Estimated gyro bias

4. Design of Quaternion Feedback controller

In remote sensing satellites, usually, large angle
reorientation maneuvers are required. Since, in this
research quaternion approach is selected for the purpose of
attitude estimation, in order to evaluate the performance of
the gyro calibration method in attitude control loop, a
quaternion feedback controller is implemented. Therefore,
a state feedback controller which is suitable for real-time
application is considered as bellow [6]:

u=-Kg,-Cw (3)

in which @, =(0,, 0.0 ) is attitude error quaternion
vector and K and C matrices are controller gains.
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With selecting k=0.1 and c=1, simulation results of the
attitude control loop are shown in Figure 2.
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Figure 2: Nadir pointing accuracy

As it can be seen in Figure 2, the final accuracy of pointing is
better than 0.15 deg which is quite adequate in high
resolution remote sensing satellites.

5. Conclusion

In this research, a method for gyro calibration using an
EKF based approach is presented. In high resolution
remote sensing satellites, according to the stability and
pointing requirements, gyroscopes should be calibrated in
appropriate time intervals. Therefore, at first, a gyro
model which contains biases, scale factors and
misalignments is represented. Then, an EKF based
approach for estimation of gyro parameters is developed.
In order to study the performance of the proposed
method, a typical LEO satellite which uses a gyroscope
and a star tracker data is considered. At last, in order to
evaluate the performance of the proposed gyro calibration
method in attitude control loop, a quaternion feedback
controller is implemented. Simulation results show that
the accuracy of stability and pointing are maintained with
accuracies better than 0.005 deg/sec and 0.15 deg.
Therefore, regarding to the mission requirements about
maintaining stability and pointing with high accuracies,
the idea of gyro calibration using EKF based approach
will be an effective solution.
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