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In high-resolution remote sensing satellites, achieving stability and
meeting stringent pointing requirements are crucial for mission success.
Accurate gyroscopes are employed as primary attitude sensors to ensure
this stability. However, gyroscope data must be calibrated at appropriate
intervals to maintain high attitude estimation accuracy and prevent drift
over time. This research investigates an extended Kalman filter (EKF)-
based approach for gyro calibration, aiming to enhance the precision and
reliability of attitude estimation. Initially, a comprehensive model that
includes the main gyro parameters—such as biases, scale factors, and
misalignments—is proposed. This model is the foundation for
developing an EKF-based algorithm designed to estimate and correct
these gyro parameters dynamically. Following this, the study implements
a multiplicative quaternion extended Kalman filter (MQEKF), which
utilizes star sensor data as inputs to improve the accuracy of attitude
estimation further. A quaternion feedback controller is implemented to
evaluate the effectiveness of the proposed gyro calibration method within
the attitude control loop. The simulation results demonstrate that the
satellite's stability and pointing are maintained with accuracies better than
0.005°/s in angular velocity and 0.15° in angular positioning. These
results highlight the method's potential to significantly benefit missions
with tight control requirements significantly, providing enhanced
performance and reliability in high-precision space applications. This
approach offers a robust solution for improving satellite mission
outcomes where precise attitude control is essential.
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Fig. 1. Estimated gyro bias.
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Fig. 2. Estimated gyro scale factors.
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Fig. 3. Estimation of upper entries of gyro misalignment matrix.
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Table 2. Specification of the state estimation sensors.

Sensor Parameter Value
Angular random
walk J10x107 rad/s"?
Gyroscope Rate random

walk 10 X107 rad /s%2
i 5 arcsecond

Cross-boresight (RMS)

Star

tracker . 55 arcsecond

Around boresight (RMS)

Yodsts polie gpli lapell pess o uaen
Wgd g0 4B)S Hla3 )3 595 lasuie lgiea

c9pl5 g Olasuie -V Jodo

Table 3. Gyro noise properties.

Parametr Value

Initial covariance of

T S (0.2/3600 % 7/180)’ 1, (rad/s)’

Initial covariance of

0.002/3)° 1, (rad )’
scale factor (0.002/3)" 1 (rad)

Initial covariance of
upper misalignment
elements

(0.002/3)" 1, (rad )’

Initial covariance of
lower misalignment
elements
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Fig. 4. Estimation of lower entries of gyro misalignment matrix.
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