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Attitude determination of cubesat during eclipse

considering the satellite dynamics and torque disturbance
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ABSTRACT

Attitude determination of satellite is categorized by deterministic and recursive method. The
recursive algorithm using Kalman filter is widely used. Cubesat has limitation for payload to
minimize then only two attitude sensors are installed which are sun sensor and magnetometer.
Sun sensor measurements are useless during eclipse, however cubesat keeps estimating attitude
to complete the successful mission. In this paper, Attitude determination algorithm based on
Kalman filter is developed by additional term which considering the dynamics for SNUSAT-1
with disturbance torque. Verification of attitude accuracy of the algorithm is conducted during
eclipse. Attitude determination algorithm is simulated to compare the performance between
typical method and proposed algorithm. In addition, Attitude errors are analysed with various
magnitude of disturbance torque caused by space environment.
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Table 1. Orbit information
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10710 Gravity gradient disturbance torque
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Fig. 2. Gravity gradient disturbance torque
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Table 3. Magnitude of disturbance torque
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Fig. 9. Estimated angular velocity
TFE 4o Ae A2 ier & AAAE ‘3}% o] FA3e st
g A7l Wi edy TS /\}%Q 27174 2L FEAAC "AA] AFo=
A ool o7 A& o S AHH Aste] BjF AlA et A7) AlA B o] ZHk-g o]
F7ret] S gdd ANFAH s ?:4% # £ A9 F AA AL Bl A el A
Att. &0 BVl sithd ZtaSAe] "ol A 4%
F AAFAHORE A 7oA AFE A ETHOE
V.28 E Ty F gk olo Wi WLo 2 Y F
Aotz EAS A 2"RdE 7153 T4 9
B oATeE Fge) dutHel Ay Tl NS ASElH. olg wges 7 A
dE| =S suo F 3hol %O_d' stz EXQS —ygq 3t AzE FEA A5 AAsI i e
st 2w el A2E mdz ggsge o 0 = AR AAFAHC] ThedE B & AT
o] HE= 7)=o A=} A oket %}1\“4% AMe Axglrde 27 =fddwts vhgst
BE 2] 7)7ke] Aolo HlEsle] Zvlet= gy o Moy AA A48 88 AsiME e =27
2 JlAt A Ao A B AAe =gx= o wEt S8t #FE 24T F e FHSEE
LA Far] W dwtAel duelFe W AIF FURHoR vhe @ Zlo® Hiln
7tSAe] W AHdAs duiHor FAHg
& A FAeR A3 dFE ATHoR I F 7
g 4 Qo wie E3 9@y 914 595HE
—}—ET/_‘E}% .J_liqt:il' dagFL 4 7R v H B g3E= dEAFAGS =3 we Fzy
B ATl ThedS AREUNAE T gno gasams NRF2013M1A3A3A02042468)
AFsAth o yvolrl AAl 58 A WA o who} S E ST
2 Qo] thFet A7]ok HE Rde] FEA
et WAskE Ak FEo] st A48kl o
oE HPoE FAH SHL Ay By References
aystE A APARE BAGEEAH. AL
¥4 A7), AA a8 ?—]]_,_01] w2} 7] ot 1) Wahba, G. “A least squares estimate of
E o} 7)ol BEIws vy wElA 9 satellite attitude,” SIAM review, vol. 7, no. 3,
@o] 3717 94 BARWE Bl FojFog 1965, pp.409.
F A ¥y IJAFAE A2H mdFE ALE 2) Shuster, M. D., and Oh, S. D., “Three-axis



Boa4 B 455 2016 4 ATHAY FYH E3 e vE@ FEA48Y 4 713k - 307

attitude determination from vector

observations,” Journal of Guidance, Control,
and Dynamics, vol. 4, no. 1, 1981, pp.70-77.

3) Bar-Itzhack, I Y, and Oshman, Y,
“ Attitude from

observations: quaternion estimation,” Aerospace

determination vector
and Electronic Systems, IEEE Transactions on,
no. 1, 1985, pp.128-136

4) Lefferts, E. ]J., Markley, F. L., and Shuster,
M. D., “Kalman filtering for spacecraft attitude
estimation,” Journal of Guidance, Control, and
Dynamics, vol. 5, no. 5, 1982, pp.417-429.

5) Crassidis, J. L., Markley, F. L., & Cheng,
Y., “Survey of Nonlinear Attitude Estimation
Methods,” Journal of Guidance, Control, and
Dynamics, vol. 30, no. 1, 2007, pp.12-28

6) Kang, C. W,, Park, J. H, Jeung, I. S.,, and
Park, C. G, "Development of a robust attitude
determination system for a nano-satellite."
Control, Automation and Systems (ICCAS),
2014 14th International Conference on. IEEE,
2014.

7) Cordova-Alarcon, J. R., Mendoza-Barcenas,
M. A. and Solis-Santome, A., Attitude
Determination Vector

System Based on

Observations ~ for  Satellites  Experiencing
Sun-Eclipse Phases, Multibody Mechatronic
Systems. Springer International Publishing,
2015, pp.75-85.

8) Mimasu, Y., van der Ha, J. C, and

Narumi, T., "Attitude Determination by
Magnetometer and Gyros during Eclipse,"
ATAA/AAS Astrodynamics Specialist
Conference and Exhibit, Honolulu, Hawaii,
USA, 2008.

9) Titterton, D. and Weston, J. L.,
Strapdown inertial navigation technology. Vol.
17. IET, 2004, pp.309~334.

10) Wertz, J. R, Attitude
Determination and Control, Kluwer Academic

Spacecraft

Publishers, = Dordrecht,  Netherlands, 1978,
pp-113~152.
11) Hughes, P. C., Spacecraft attitude
dynamics, Courier Corporation, 2012,
pp-232~280.

12) Inamori, T., Sako, N., and Nakasuka, S.,
“Compensation of time-variable magnetic

moments for a precise attitude control in
nano-and micro-satellite missions,” Advances in

Space Research, vol.48, no.3, 2011, pp.432-440.



