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ABSTRACT

The authors propose a nonlinear unknown input observer to estimate the angular speed
of a satellite and to detect faults of reaction wheels. Input values are necessary to estimate
the angular speed. Therefore, estimation errors are inevitable if faults occur in actuators or
reaction wheels. Unknown input observers are useful to estimate the states of a system
without being affected by unknown faults. The authors have designed a nonlinear
unknown input observer by using the SDRE method and verified the proposed observer
via numerical simulations. In spite of various and simultaneous faults, we have estimated
the states and detected faults exactly by the proposed nonlinear unknown input observer.
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Table 1. Parameters for simulation
Parameters Unit Parameters Unit
diag[30,30,40] |kg-m” Jv = 0.003 kg-m”
g 0502-08027| - = [-4,12x107 | rad/s
2,=[12,1,-11x100 | rpm a =45 degree
b,=[1,0,0] - ¢,=[0,1,0] -
Q=1 N R=0.1], / 1004, N
o, o, = 0.001 0,=01/05 | rad/s

Quaternion
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0

0.1 3000

2000

0.05 — — - -

1000

Fig. 2. Reference States of a satellite :
faults, guaternion, satellite
speeds, wheel speeds.
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Fig. 3. Simulation results with R=0.11
o,=0.5rad/s: satellite speed,
faults
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Fig. 4. Simulation results with £=1001,
o,=0.17ad/s: satellite speed,
faults
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Fig. 5. Simulation results: speed estimation
error norms

S7FA 718 process EHEol g oj&/Jo] Eo}

WA SAHgke g JETVF Foled ¥

o re WFW, 2d 2 Fo tigh WFETH
ol A-T Fe AAst= 3ol Tt

e g FHS 2 A5 34 #Heo
FEFe Bol wevh nFe A7I7F A Aol
e AE9IA #< + dt(fault missing). ZZ A
T dEE FHd e S VIAA = 4S5
T F42 EAAY =93 B9 7] WEelt
(2 (6) F1). 1 A= A= vt &
of ek T2 +e] HHE FH o] ast

v.&d &2

Ao A&HE=E FAHsta wizg g 1A
S AE37] A% ez vAdE uAYg"E #
715 At 53], #%7] 2Al9 SDRE
(State-dependent Riccati Equation) 71%-& %8

shel, MGzl g B2 FEIAT
S 3gE A Bl AEEs)
14 #3452 AFdA BANE HISY
AR, ARA WA ZHE b FF,
239409 280 F5T Ao Jlhsin,
o % 27149 A7E AYT AFolok

References

1) Carmi, A, and Oshman, Y. “Fast particle
filtering for attitude and angular rate estimation
from vector observations,” Journal of Guichnce
Contradl, and Dynamics, Vol.32, No.1, 2009, pp.70~78.

2) Tortora, P, et. al. “Spacecraft angular rate
estimation from magnetometer data using an
analytic predictor,” Journal of Guidhnce Contrd, and
Dynammics, Vol. 27, No. 3, 2004, pp.365~373.

3) Oshman, Y., and Dellus, F., “Spacecraft

5) Azor, R, et al,
estimation from vector measurements,” Journal of
Guidance Contrd, and Dynamics, Vol. 21, No. 3, 1998,
pp450~457.

6) Bar-Itzhack, I, “Classification of algorithms for
angular velocity estimation,” Jowrnal of Guidance
Contral, and Dynamics, Vol. 24, No. 2, 2001, pp.214~
218.

7) Azor, R, et. al, R, “Angular rate estimation
using delayed quaternion measurements,” Jjournal of
Guidance Contrd, and Dynamics, Vol. 24, No. 3, 2001,
pp-436—443.

8) Choi, K. and Park, C., “Design of fault isolator
of satellite reaction wheel system using dual filter
and multi-hypothesis extended Kalman filter,”
Journal of The Korean Scciety for Aeronautical and
Space Sciences, Vol. 37, No. 12, 2009, pp.1225~1231.

9) Choi, K and Park, C, “Fault
technique of reaction wheels using star tracker
measurement,” FProceadings of the 2009 KSAS Fall
Conference 2009.11, pp.962~965.

10) Tudoroiu, et. al., “Real-time embedded fault
detection estimators in a satellite’s reaction wheels,”
Proceedings of the International Multiconference on
Computer  Science and  Information  Technology, 2010,
pp-759 ~766.

11) Tudoroiu, N. and Khorasani, K., “Fault
detection and diagnosis for satellite’s attitude control

“Satellite angular rate

isolation

system using an interactive multiple model
approach,” Proceadings of the 2005 IEEE Conference on
Contral Applications, 2005, pp.1287~1292.

12) Tudoroiu, N., et. al, “Interactive bank of
unscented Kalman filters for fault detection and
isolation in reaction wheel actuators of satellite
attitude control system,” Praceedings of the 32nd
Annual Conference on IEEE Industrial Electronics, 2006,
pp-264 ~269.

13) Meskin, N., and Khorasani, K., “Fault
detection and isolation in a redundant reaction
wheels configuration of a satellite,” Praceedings of the



290 3=

Ho

. A

AAE A2 T A RS

IEEE Infemational Conference on Systems, Man and
Gybernetics, 2007, pp.3153~3158.

14) Jiang, K, 7A fault
detection, isolation and reconstruction strategy for a

T., and Khorasani,

satellite’s attitude control subsystem with redundant
reaction wheels,” Praceedings of the IEEE International
Conference on Systems, Man and Cybernetics, 2007,
pp-3146~3152.

15) Talebi,

isolation for

H., et "Fault detection and
uncertain nonlinear

al.,
systems with
application to a satellite reaction wheel actuator,”
Praceedings of the [EEE International Conference on
Systerrs, Man and Cybernetics, 2007, pp.3140~3145.

16) Tudoroiu, N., and Khorasani, K, ”Satellite
fault diagnosis using a bank of interacting Kalman
filters,” [EEE Transactions on Aerospace and Electronic
Systens, Vol. 43, No. 4, 2007, pp.1334~1350.

17) Jin, J. and Yong, K, “Fault detection of a
spacecraft’'s reaction wheels by extended unknown
input observer,” Jowrnal o Institute of Control
Robotics and Systems, Vol. 17, No. 11, 2011, pp.113
8§~1144.

18) Bang, H., Tahk, M, and Choi, H., “Large
angle attitude control of spacecraft with actuator
saturation,” Confrd Engineering Practice Vol. 11, No.
9, 2003, pp.989~997.

19) Lee, H, “A study on the determination of
star sensors mounting direction for remote sensing
satellites,” Journal of The Kaean Sodely for
Aeronautical and Space Sciences, Vol. 35, No. 8, 2007,
pp-735~740.

20) Wang, S., et. al, “Observing the states of
systems with unmeasurable disturbances,” [EEE
Transaction on Automatic Contrd, Vol. 20, No. 5,
1975, pp.716~717.

21) Jin, J, et al, “Time-delayed state and
unknown input observation,” Infernational Journal of
Contral, Vol. 66, 1997, pp. 733-745.

22) Yang, C, et. al, “Research on the Design of
Helicopter Nonlinear Optimal Controller using SDRE
Technique,” Jowrnal of The Kaean Socely for
Aeranautical and Space Sciences, Vol. 36, No. 12, 2008,
pp-1152~1162.

23) Kim, S. and Kwon, S, “SDRE Based
Nonlinear Optimal Control of a Two-Wheeled
Balancing Robot,” Journal of Institute of Contral,
Robotics and Systens, Vol. 17, No. 10, 2011, pp.103
7~1043.

24) Mracek, C, et. al, “A new technique for
nonlinear estimation,” FProceadings of the 1996 IEEE
International Conference an Contral  Applicatians, 1996,
Pp-338 ~343.

25) Cloutier, J., “State-dependent Riccati equation
techniques: an overview,” FProceadings of the 1997
American Contrd Conference Vol. 2, 1997, pp.932~
936.

H
g5 5

> 2 (17) =

-213_1411 000 _Bl- zlg_AMOOO 0 ]
— Ay 2100 0 Ay 000 0
—Ay 0210 0 Ay 000 0

0 00zIJ,;/ || 0 000J;
0 700 0 0 1000
0 070 0 0 070 0
0 007 0 | 0 0070 |

z —z g —z_ a(t)—z(t—5At)
AT AT 5At
z = % [&(t) ++2(t—4AT)]

7= % [2(t— AL 4+ a(t—5AT)]



