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Abstract: This article deals with the problem of fault detection of a spacecraft’s actuators. The authors introduce an extended
unknown input observer for nonlinear systems. This is an extended form of unknown input observers which are used for linear
systems. Since faults are not available, those are considered as unknown inputs. Unknown input observers can estimate states without
full information of inputs if some conditions are satisfied. The authors suggest a continuous-time extended UIO (eUIO) and prove the
convergence of state estimation errors. Since the dynamic equation of a spacecraft is nonlinear, an extended UIO can be applied.
Three eUIOs are designed to monitor three reaction wheels. The moving averages of each eUIO’s residuals are selected for decision

logic. The proposed method is verified by numerical simulations.
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Table 2. Three extended UIOs design.
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Ao BAZ 2| N& AE 1141
X 10°
o — @,
0 !
5
X 10°
) — 0,
() e e s o e e S e e P N ]
5
X 10° ‘
;-0
_5 L L
0 100 200 300
time (sec)
a9 3.2 mAYgE #5719 49k
Fig. 3. State estimation error by eUIO.
Oy =y
x1
5
eUIO1 o |

200

~o

100 200 300

a9 4 A AR B3] A,

Fig. 4. The residuals of three eUIOs.

pul —

gk Aojt}
3. I HE I Mef F=H

¢S AE3 eUI09] F44S o]83l7] Hste], 19
59F &2 TxE A&k 4 ndE MR Yy BT &
2H2 Adstal, o9 olEddS ALkeitt F ) d&7]
2] o] 5 (moving average, m’) ETF7F AN A= B
oMW o A ol SR V1S mf oA olefHEAL
= 948 sAFEAY oAE IrsHEERE 7S o 9

SR W), 51 A j a0 sl S 2
23 et e FHOR 1% o Bk,

7
._|

then RW1 is faulty

if Hml H>A and Hml H> >

if o (8)

>4, and HmzH > 4,,, then RW2 is faulty
if Hm3H > 4, and Hm3 H > 4,,, then RW3 is faulty



Moving
Average

Moving

i m; !
Average l

Y(////Kc;;t\o\ri\\\ Y ///Tkzt/u;t;r\?\\\\ Y/////Kc/t:;o\r?\\\\\
l_ T isfault?_— l_/\\\\is\fau\t/?////// l_ T isfault?_——
N N N
& =) ) =&} 3 =3
N YA - ~ L(~1 &~ N N S A
a=tlot i) e=gleeal)  ay=1lol+ai)

o =2 T B ) o = R e

Fig. 5. Decision of fault occurrence and estimation of angular speed.

[ameee s ® ewemmiew scsswms ool

RWL

[eme mosseme @ cocome ocmensoccmwes o o0 0 o o 00 s * cmemesn s o mme oo

RW2 4

RW3 4

0 100 Time (seq) 200 300

a7 6. WHERE 2] g v Ak
Fig. 6. Decision results of three reaction wheels’ health.

(o}
ok N
o, %
b a3
3 o, l—"l
ki
A
ot
U
flo
i
)
N IN
2,
)
roh
k1
o T
o
i

to dlo
o,

i
2

X (false alarm)=
X (missed alarm)E =
el g, A 49] A
i 460 4 94 AvE A& & ik 2%
%ol 10]H 317, ool ;g}b]'% oujsl=d), o)z AR
Zo|7] 3}, AAGE A o)z TFEHale 2ujE A
AEFATHA, = 26). 12t Nxﬂ o] S| SroReT|E
1o 2 FAEE= AT 9

o3t LARE FoIFV] —r]o]—O:] O]E,ﬂi}% HEEI T

%’ig‘ﬁ LS

x
9

—r
i)
ont

43 o

o O
jﬁiﬁ
i b
_,mlo
“H

tlo

it

S Xl—o]

j I ==
-
O — @) D = @2 O3.m — @3
x10° x10° x10°
2 ) )
elIol - R I i U
2 > 2
[} 100 200 300 “o 100 200 300 [ 100 200 300
10 10° 10
2 2 2
eUIO2 o — o
2 B 2
TR R R - S R R a—
10 10° 10
2 2 2
o o
eUI03 WMWM
B B B
0 100 200 300 "o 100 200 300 0 100 200 300

a9 7. A PA Y B5719] ke ol FHEHN=10).
Fig. 7. The moving average of residuals of three eUIOs (N=10).

Rw1

0 100 Time (sec) 200 300

a9 8 wkEg 2o wd 94 Avjo| ST 18,
Fig. 8. Decision results of three reaction wheels’ health.

A

£ 3. AlEEelA A
Table 3. Results of Simulations.

False alarm ratio, % Missed alarm ratio, %o

RW1 RW2 RW3 RWI1 RW2 RW3

Fig. 6 4.52 3.8 5.52 | 4092 - 3832

Fig. 8 1.64 0 1.96 7.19 - 7.58
SANe g7 AT FAZ F12 s, 485 N=102.
2 A AlEEelds st AlEdold AihA ol

0.1% o|B2 A% A7]= 127} "k

a7 78 BAF 2 thste] 2 D719 el

o] 5 1f(moving average, N=10)5 A3+ Zojt}. 17 49

ula) ooz o] gol Fojet,
Y 8 UARE A = 1207 FFAL W, G ¥4 A
solt}. =18 63} WlaLaluw, Akl Solxdel, o 4

Bspl WS WATS & F Yok A AnA
oARg U reAAuES ¥ 3o Aesith oAns)
S ol FolEeld



‘ T
W3 — @3 ‘
B o -0.06 L L
0 100 fine e 290 300

|
|
1 - -
200 300 OF 11 AHFAEE o] &3 AAAle] A
Fig. 11. The results when the estimated states are used.

Time (sec)

% 0. e 34 A1 EH .

Fig. 9. State estimation errors(moving average). o PAE T 1G] mE AgEA7|HS Aorsilth
B3jo] AlQke ol EAHAS AFeAh

i ﬂJlO
i\
N
w
i
il
i)
i,
nj
=i
o
<
9]
&
I
g
a¥
=2

a O

% n|alel, 2he o] WEZ wF 7Eo] 7153l MMFe] 7
LR

I

i o] ¥ gt A w57 AAEo
7heEaL, wAdE e Tl Adgehs Al ARE FA
ZgobA] H3rke dile] glok el BE FEAEE o
g3kl ol TS SEshaL RS A 7] wiiel,
AT7A7E At

5 s, SAH 54 SHshaL HEAAE
= 7Me A7ehs Aolth dan AKEE 2 &
TE71e] A9 gl SATA 23S wiAlESIt o

H

b 23l i 7] agHE 7

o

Hu=d
Time (sec) [1] W. Lee, C. Park, D. Lee, and K. Kim, “Improvement of the
18 10, AA 2EL o] 83k AAAlo] A} double fault detection performance of extended parity space
approach,” Journal of Institute of Control, Robotics and Systems
(in Korean), vol. 15, no. 10, Oct. 2009.
a9 9 13 59 WAL AR 24 AEro] o [2] S. Wang, E Davison, and P.. Dorato, “Observing the sta‘tes of
wAlE Aotk wbo] ubAlgIThT FhehE e systems with unmeasurable disturbances,” IEEE Transaction on

e . o ~ Automatic Control, vol. 20, pp. 716-717, 1975.
HAatom gkt ol et ol85hA [3] P. Kudva, N. Viswanadham, and A. Ramakrishna, “Observers

Fig. 10. The results when the sensor measurements are used.

=Hke olgsto] 7l for linear systems with unknown inputs,” IEEE Transaction on
ofgt Azfolr, 19 112 F43 JeElghs o83 Aot Automatic Control, vol. 25, pp. 113115, 1980.
Jdegy 2T S A}8ste] AojdHEHe T NS [4] P Hsu, W. Houng, and S. Yeh, “Design of an optimal unknown
ATl AgHoR FEr)e] ugS AEIEAME A input observer for load compensation in motion systems,” Asian
Zezke WEYsls Bue tadslelt) Journal of Control, vol. 3, no. 3, pp. 204-215, 2001.

[5] J. Chen and R. J. Patton, “Optimal filtering and robust fault
diagnosis of stochastic systems with unknown disturbances,”

V. 4E ) o
WD uAE EEAS 2 olxe] s 14 flEoElPl})’(;c;eld;if;gSI;9C6'ontrol Theory and Applications, vol. 143,
= AEs] -?48}?%, AEAE Y mAYE A571E Al [6] M. Hou and R. J. Patton, “Optimal filtering for systems with
ersiiom, AJElFd exte] FEAAE BT g, Al unknown inputs,” JEEE Transaction on Automatic Control, vol.
el #5715 AAska, dape] olgHws ol8ste] ad 43,10. 3, pp. 445-449, 1998.



1144 &

>
=

[71 M. Darouach and M. Zasadzinski, “Unbiased minimum
variance estimation for systems with unknown exogenous
inputs,” Automatica, vol. 33, no. 4, pp. 717-719, 1997.

M. Darouach, M. Zasadzinski, and M. Boutayeb, “Extension of
minimum variance estimation for systems with unknown
inputs,” Automatica, vol. 39, pp. 867-876, 2003.

A. Pertew, H. Marquez, and Q. Zhao, “Hoo synthesis of
unknown input observers for non-linear Lipschitz systems,”
International Journal of Control, vol. 78, no. 15, pp. 1155-1165,
2005.

L. Imsland, T. Johansen, H. Grip, and T. Fossen, “On non-linear
unknown input observers—applied to lateral vehicle velocity
estimation on banked roads,” International Journal of Control,
vol. 80, no. 11, pp. 1741-1750, 2007.

P. Pretki, M. Witczak, J. Korbicz, and J. Quevedo, ““Stochastic
robustness approach to designing extended unknown input
observer,” The 4th Workshop on Advanced Control and
Diagnosis, Nancy, France, Nov. 2006.

M. Witczak, P. Pretki, J. Korbicz, and V. Puig, “Design of an
extended unknown input observer,” The 4th Workshop on
Advanced Control and Diagnosis, Nancy, France, Nov. 2006.

M. Witczak and P. Pretki, “Design of an extended unknown
input observer with stochastic robustness techniques and
evolutionary algorithms,” International Journal of Control, vol.
80, no. 5, pp. 749-762, 2007.

8]

&)

(10]

(1]

(2]

(13]

[14] H. Bang, M. Tahk, and H. Choi, “Large angle attitude control of
spacecraft with actuator saturation,” Control Engineering
Practice, vol. 11, no. 9, pp. 989-997, 2003.

[15] J. Jin, “Angular speed estimation and two-axis attitude control of
a spacecraft using a variable-speed control moment gyroscope,”
Journal of Institute of Control, Robotics and Systems (in
Korean), vol. 16, no. 11, pp. 1104-1109, 2010.

[16] K. Kim and Y. Kim, “Robust backstepping control for slew
maneuver using nonlinear tracking function,” /EEE
Transactions on Control Systems Technology, vol. 11, no. 6, pp.
822-829,2003.

A E
Ao} - 2 - A|2~E8kE] =5A] A6 A5 FaL

719

4 ZF $3A 9 g2 KOMPSAT
3/53A, GeoKOMPSAT 915 . 4]
3 4 2 ndE #57] 5.

ok AAE S



