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Attitude determination is a key requirement for mission success in
small satellites, particularly during orbital injection and early
operational phases. However, stringent constraints on mass, power,
and cost make the design of accurate and reliable attitude
determination systems challenging. To address these constraints, this
study proposes a low-cost sensor fusion architecture based on
gyroscopes, a sun sensor, and a magnetometer. The gyroscope
provides high-bandwidth angular rate measurements for short-term
attitude propagation, while the sun sensor supplies periodic absolute
attitude information and mitigates long-term gyro drift. During
eclipse periods, when the sun sensor is unavailable, the
magnetometer serves as an alternative measurement source and also
complements the sun sensor to enhance estimation accuracy. Since
magnetic disturbances and solar activity can degrade magnetometer
performance, the proposed fusion strategy is designed to maintain
both estimation accuracy and robustness under sensor degradation or
partial failure. An Extended Kalman Filter is implemented to
estimate spacecraft attitude. The filter propagates the attitude using
the rotational kinematic model driven by gyro measurements and
updates the estimate using sun sensor and magnetometer
observations. Simulation results under multiple operational scenarios
demonstrate that the proposed algorithm achieves accurate attitude
estimation while maintaining robustness against disturbances and
varying environmental conditions.
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Unit Reference Sun Vector in Orbit Frame

Unit Reference Sun Vector in Body Frame
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Fig. 4. Unit Sun vector in orbit frame.
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Gyro Bias, deg/sec
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Fig. 8. Estimating gyroscope biases in eclipse mode with
gyroscope and magnetometer only.
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Fig. 9. Error in estimating Euler angles in eclipse mode with
gyroscope only.

PoSwgn] g geomblie wudysh ol ySue jlodliial b ol slae 13 (Bjz S8 ojlgale S 385 Cuniy

Cuol 0as plosl YU Cda b o)lsale Cundy pmosd Cuwl astiv oS
Al oo Bate (oABly Cumdg (59) p (eSS Cumdg g

time 54036 2>

psi -0.00076 2 2
theta -0.01772
phi 53.83014 0 0

2 2

(Silodnd b S a2 ye & Cans ojlgale (gimdn Cunsy =1 S

Fig. 6. The 3D attitude of the satellite relative to the reference
at the end of the simulation.

T T T T T

Angles errors, deg

5000

3000 4000

Time(sec)

0 1000 2000

—abline g ©gSug 5 b BguS o 55 bl (sblgj e slhas —Y JSud

Fig. 7. Error in estimating Euler angles in eclipse mode with
gyroscope and magnetometer only.

O3S 9 kgl (sblos (S lad iy 4 AV s S

I Ggus b 3 ojlple & Julyd 3 bosSwgpj bl
a8 (oo odlitul g (pedS Slp g8y g g uablise
4l 5l ol oad odly L Y S jo &S jelailen Lo o L
Slds 4 cdls cpl ) ccanl sal S 5)lg 0)lsale YAYY 1 YYFR
S 39 S b Candy e kg S 8 S



Gyro Bias, deg/sec
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Fig. 17. Comparison of the error in estimating Euler angles in
the absence of magnetometer.
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Fig. 18. Comparison of gyroscope biases estimates in the
absence of magnetometer.
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