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ARTICLE INFO ABSTRACT

Article History: Reliability of the attitude determination and control subsystem (ADCS),
. particularly during emergency conditions and prior to entering precise
ng/?s'\efgdzggM'\gvgg;%er 2025 p_ointing modes, i§ of -critical importance. This issue can _be addressed
Accepted 25 June 2026 either through.rellablllty_ analysis metho_ds or by emplo_ylng hardware
Available Online 2? August 2026 components with low failure rates. In this paper, magnetic torquers are
considered due to their simple structure, continuous operability in

different mission modes, and lack of consumable resources. Accordingly,

Keywords: an integrated attitude determination and control system, incorporating
Magnetic attitude control both attitude determination and control processes simultaneously and
Integrated system utilizing only magnetic torquers in all operational modes, is proposed for
Magnetorquer a low-Earth-orbit microsatellite. Attitude determination is performed
Operational modes using sun sensor, magnetometer, and gyroscope measurements based on
MQEKF the multiplicative quaternion extended Kalman filter. Sensor noise and

misalignment models are incorporated to evaluate estimation
performance, while major environmental disturbance torques are
considered to assess system robustness. Attitude control algorithms are
designed for three main operational modes, including detumbling, sun-
pointing, and nadir-pointing, and their stability is proven using Lyapunov
theory. Numerical simulations are conducted to evaluate system
requirements and performance. The results indicate that the detumbling
process is completed in less than two orbital periods, while sun-pointing
and nadir-pointing accuracies better than 22° and 5° are achieved,
respectively. Comparison with representative references demonstrates
that the proposed ADCS can effectively operate during emergency
conditions and before transitioning to high-precision pointing modes.
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Fig. 1. Body and refernce coordinate systems for attitude
determination.
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Table 1. Structure of MQEKF for attitude estimation [26].
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Table 2. Satellite physical properties for simulation.

111 -02 06
Moment of Inertia Matrix | J=|-0.2 136 -0.1
06 -01 14
Mass 150 kg
cp-cg distance 2cm
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Table 3. Noise characteristics of attitude determination sensors.

Sensors Parameter | Bias Noise Variance
0.01
o deg 0.3 deg
Sun Sensor
0.01
B deg 0.4 deg
T
Magnetometer [L57]"nT [200 lr?.?_ 120]
0.15
ARW 1 degiih
Gyroscope 0.5 deg/h
5
RRW deg/h3/?2

ROWIE S JPL SYWENPR PSS ERVRE RS S PR

Table 4. Misallignment values of attitude determination
Sensors.

s | 3 | o |
Sun sensor 0.5 -0.5 0.5
Magmetometer -0.5 1 0.5
Gyroscope 0.4 0.2 0.5
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1. Software In the Loop (SIL)
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Fig. 4. Magnetic dipole of magnetorquers in detumbling mode.
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Table 5. System requirements for evaluation of attitude control
algorithms.

Operational

Modes Description

® < 0.5 deg/sec (in less than

Dol two orbital periods)

Sun-Pointing error < 25 deg

Nadir-Pointing error < 10 deg
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Fig. 3. Angular velocity in detumbling mode.
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Table 7. Control parameters in nadir-pointing mode.

Control Parametl\e/lrgdien Nadir-Pointing Value
k1 1
ko 2.5
ks 2
Ko 0.1
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Table 6. Control parameters in sun-pointing mode.

a 0.8
045 O 0
K 0 015 O
0 0 045
05 0 O
Ki 0 01 O
0 0 05
100
K, 010
00 1]
60
345
(/SJBO’
25
150 260 460 6(;0 8(;0 10‘00 12‘00

time(sec)
Ao o 4 (£9y0li5 (lbas —0 KU

Fig. 5. Sun pointing error.
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2. Linear Quadratic Regulator
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