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Abstract - An adaptive algorithm is presented for
diagnosis of actuator faults. The concept of unknown
input decoupling is combined with an adaptive
observer, leading to an adaptive diagnostic observer,
which has the robustness property in the presence of
an unmeasurable term such as uncertainties. The
observation error equation for the adaptive
diagnostic observer does not depend on the effect
of uncertainties and used to construct an adaptive
diagnostic algorithm that provides the cstimates of
the gains of actuators, which can be obtained
directly via the use of the augmented error
technique. The simulation results indicate that the
proposed algorithm is more realistic in the sense
that better robustness properties can be assured
without knowledge about uncertainties and is
potentially useful in the development of a fault
tolerant control system.

1.4 2

2AFEIG JlYe A4y A8E A4 A 2
W Ropo A sl@E ol @ 2P AGgL 4N AEE &
A 83 md= 29y "i‘}°i‘ﬂ ddxog B3
293 i 9 Fg, 9}% oz °1§l' 5’_‘2;.1_1-4 2844
s E g nAHEAG "é £ 2R 5 3le 42
HEE AAse Aol 3’&%71011 '37‘]$} AR &G
AAAE AAANA g8 vAdE &S 7“‘%6P9\i°"1
714 mdel 28449 w27 B‘Si} 3}3}“ BHE
A d wAYHez FFgdh 131‘4 o] 7 ‘ﬁ"“ﬂ
A5 AFY $+ARE(Dominant part)2 H#olm 7]
A Ao JHEEY (1)(2). AU4 S F3NE + Y
E G @ Wygoer Hg dueldgd 2A% 1Y (1-4)
€ E # Utk o] MM AE @y 4 ¥R
o 37‘15}@ AAE Ag dnedFL wAg 1y steivig
(g B8 2 =FdAXNE 73719 oj5)& F39Fe=
N nAe NS ?ﬂ%?}w‘fﬂl ol &€t gl =A W
35t 2 stEvlee] dg date WRsg tﬂ"]% &
Ak, (2-3)AM AANE 1ge FHH %ﬁ&c& g 2=
o] wj ¢ Exatn Fei9 ‘QQ-—] o] BE AFRH R
g a3t [1]. HZ Wang 5 (114)e =2dy 2844
53 e &3 BEASE Az 24 sl A¢ g3
Z9 AFEE BAY ¢ U= nye 2L g
g 7AR Al dE52&(Dead zone)d ZYT A
% G &g A}, 20 AAG HE nEde
UAE Fo] thh w3 sl (11{4)e04 AA"
Hg #57E 24 B uAgEd g 2A49 A
‘é°} A o] otk wEld (Ag BE7lY 33 %a%i}
€ x¥ea ) HF HAAz 2AFE 449 B
gngld ¥ NHsEE 2ANE g RAHA %’\?}

B ey BAL (UM 875 2de) 2844
@ mgol WA FEsN FAF Hg ujAYY
71& @2%63'. a g3 Sﬁz}"li‘ﬂl 3?‘14‘4 A#48 3
58 757 o5 2Heted £Usd 1 4%
ste A

2.

i

_,

ﬂl
é
HE

W*rﬂé
0

R
Aot &

olo

aZFL g

o

FE7 4L 28 J (1Y AFE 2EEA.
#() = Ax(f) +BAYuD + Eo(D) 10
KD = Cx{(D)
AN ) er"e AEY S, W) er™E A5

A8, oy er’s A% 29, o) er‘s 24 BEYA
& Jehag, #2 A, B,CEc A4 (n,w, (n,m),
(p, ), (n,q) FLolT ADE (m, m) XEY A EE YB &
= @A Aststs A g3 2A 3E7] ojSelth. At
D& 449 A dAe 409 AF U8 dge B
M EE ek oHe] B PRE G Helr)

I 3y — CAx($) — CBAHu(t) — CEu(D ] (2)
A7 rank(CE)=q, (a<pE 7PE3tH 38 (CEY #&
Aadgd, (cp*7E EASH (e T 2o

o) = (CE* §y CAx~ CBRAHu(H) (8)

<ca)* = ((CE)T(CE) ""(CE)T er ™
A(3)% A1)l gyshd
() = A+ BAOWSH +E(CE)* y(2) (4)
W = Cx{D

A7 H=I,-E(CE'C, A=HA, B=HB °g #
(Zf 07} 7HREad, A4 A3 e e g Yyr ¥
o () = Ax D)+ B 7DD +ECE vy
+L(A8) ~yn (8)
yu(t) = Cxn()
A7 1, () eR"S FAH JuEs
AlzdHe] 29 20w Ay FEA,
NEE AH 2 =1z, ~ECE'¥»E

. ) €R*E 339
L& B37] oSt
Bolsa 24 29

‘%H IZ_P HES AAL 4 o g 22 2 g
23S 4& &
2B = A2 +CyB+Tuy (6)
() = 2 + E(CE)*y(H
G= A,E(CE)*+L, T=BX» (7

A7 A, = A-LColn L2 A,9 DAXE5o] Higdo
Fuko] Y=g A48 AP, AA e 23
g Auuige] A48 FAUA e.() = 2,0 ~2(HE, 2YHE
HE D=y, =3, FH=FHH-AHE FeAsH 4
(4, A(6)=R8 fie] 54L& g7 &t
enld = A enld + BT (Dold) ®)
& = Ce,(d

2.1 nFHc du2lE: dUUEH A5 AR
adlzd A%y A5 HA(0)e e 94EY ¥hz
#ert,
) = Ws) T (DD (9

Ws) = C(sl ~ A,) ' B (10)
§1’3}‘7;}-‘%‘3(Augmented technique) (1]} ol&) thg 2lo] &
o3

W(S)?(l‘)u(t) = 7 (OWs) (D)
Wis) 7(2) — F()) W) + 2D
A71M W He Z]T‘E}'rz‘f]"i Zashe goeg FAY
o (1), A€ A9 dgatd 4(12)% 232

o714

an
% 3l

- 665 -



)= T (OWs)u(d) +[Ws) F() — }(H WMs)]u(d (12)
ool Bgd HA UEE A4S F g
o) =e()—[W(s) ?(t) 1f(t) W(s)]u(t) (13)
=7 (OW() u(d) = 67()
A7 D= F (), &)= W(S)u(t)°l‘4. 4(13)"1] A8t

o thee] Ag FnilZo] LD & U (1)(5-6).
L __A0e
9 (t) :[ L4 1+E(t)TE(t) (" O(t) " )/‘) (14)
~ 0 o)l <)
ﬁ'zgz A OW D
dt ol <2

A7 > 0e FFECT D 0E FFY o= 23 mx
)7t A& ARFA 2(14)9) ¢S FL AojolA
gitEo g olgso]e YPoz A AojAxHe] ARE
EAse] (5, pp. 91) °ldl ti¥ FHL (6, pp. 323} 7]
=9 o}

2.2 @yt a2 F: e EY Alge AR

oYgEY A% A% 40109 WMo (b, m x4
HHolt}, of YA 5 3P, ; 49 228 wi9estn, P2
79 i3, ;jde 848 F(H A tyYEy AS9
A AOQ)e AN E?’.ﬂ;‘é\:k

a®d= [2w O HBu(d (k=129 (15)

A7 wi(HE HEl w(H9] U 8202 ()= WY
N9 k¥R 820tk tdgdEY A% AS A1De ¢
£ Aoz wHAY,
wi(s) F(Du(d = FDw*(s) ui() (16)
+ (w9 ) — 70 wr(9]le; (O + 9, (D)
AN p(de AFPrHoz Ardle oz BAE £
ATk (1), Wby 4(17)S Aelsa

m= i;f;[w“(s) Fio —

(k=1,2,-
205 HeNE 4.
() = 2 N5 (00F (D i) + (), (k=1,2,,9(18)
238 ¥R AsE e 2
() =e(D—pe(8), (k=1,2,-,9) (19)
= A H 00 @ ud = 67 &0
A7 6D, E(DE mmAL G WHZ TheF B
KD=17, Fo - Fom Fu Foo :;]T
8D =[w" (91 w(Dum® ~ w'Du.d (90
o wmDm ) WD w@® o w9 u, (917
J(19)eIH B2ulel 28 A3t A8 49 Fgol prle =
£ 9349 dehimz 4(14)% 2e PHe A3 LuaF
78 5 glon (1) eIME thee) FANEES A2sks
H¢ gnelEE AT
= 1 Bla 0 = Lot Rawe e @
AT &) Thee) ¢ YaelFe] QojAnt.
g0 { Oy S A E.CL R N
Td (1a(dl <A

H@wr9ly(n A1)

rir mlor

714 7> 08 FEE, dde ald), (k=1 p)Z T4%
Helola 4(19)9) 4(21)2%H
Tf:,%)— 2. 0, () wh(s) u;(9) (23)
o},
3. H& Alg]

ALd 7199 B3AE dFar) 99 198 2539
Ze g9 2344 (118 2838
2() =Ax() +BROw(D +Ev(d) (24)
HH = Cx(1)

vt a-[ 48] a=[1] e[ c=[ 35 8]

3.1 Wang & (119 ¥& a2lF

rank([ CCA]) =22 % (A, Ot 7tBEsth BE3 o
5¢ 92Xy Ays
_ [—0.6143 —0.4455
L_[—0.0857 0.9273 (25)

BE A, =A-LCY afAE (-6,-150lt FE &5
7te o 22 39z yadd (1.
Zu() = Axy (D) +B F()u()) + LD —yu (D) (o)
yn() = Cx, ()

g7 x,(H eR’S F3E Feds, y,.() RS 3FE
Alz"le]l &8, 7(0e AHY FAAL. en() =x,.()
—x(, e(t)-[fl("]—y,,(» WH, T =FH)-Roe 3
W Ao BEALS O 2T}

(D =A,e, (D +BTF () u(d) —EuD)
b = oty 27

4(28), 4(29)& Bosta

0
W) = [’”218] O(sI~A,) 'B=|"FF7.5:49 | (28)
555+8 25
&£ +7.55+9
1 _3.55+21
Wl<s)=[w;1(5) == UsT-4,) 'B=| 2175549 |(29)
wi (s) —5.55—8.25
s*+7.55+9

L=, MO =RO-fu®, wd=1wu,, o=
n(He 1Y A (27)25Y 929 ¥a e

D =MW +uf (D (d (k=1,2) (30)
o1z 4(16), 4(17) R o) =& () —m (HZHY &7
#H Hia Jd3e

() =, () —[wH(s) - fu(t)w (S)]ul(t)(31)

= Dw* () 1, () +wi () v,(H

T /09 23X, A (OE 9L zo.

Af@ [~ i‘,dk(t) w' () uy (B, () o(B ] >/1)(32)
Tdt o, (o)l <

AN oD a(d, (k=120 FAE HEo|t},

3.2 Fotd Hg dnalF
4(24)9) AFAA

s
B=HB= [ 0"2;;;8 (36)
g 78 4 mnk([cA])~2§ % (A, 0 7o
stk B34 oS NG AFeY
L=[ "t 1imt (37)

g8 A,= A-LCY nHAE {—6,—1.5001th. weA
2739 A2FF WMeoE
wo =[] = mTs gy

2.4912s+ 14,9471
£ +17.55+9
1. s+2.3779
s°+7.55+9
oltt. A AYY BEZN e B 2o},
z2() = A,z2(D+GyD)+ Tu(h (39)
2u() =20+ ECE)*y(2)

- 666 -



3714 A= A-Lc=["35 0

0 -6

(40)
G= AECH +L =[N3 ~0IT 4

olm #HF T= Bt F) =0, w®=wuOF
BAE a(H, (k=1,D%e HU4)9d Zu Ane FHA,
fa(HE A (43)5} thg3t 2t
ol =el® —{wM (e AO-
= fn(Ow®(s) u, (8

a7 (9 _{"7’11 S u (D, (oD E>D
a o, (I o() ] <&

3.3 AlE8jo]lM Y dn HE
A g ol AEHY F7l= 0.0isecl, 2(32)9 4
(43)NA BFE, =252 32 FF BT Az
wWHY =& TSl Rez 71-7@51'@1 /1 0.42 HAH3}
Ak, TEV] nFe] AR FL BE FEI 5L
) = fup=1, 2832 F{OF 2AX, A0 =fus
=12 AAFsPen d9AT AP S AF ez 43

34, e 43 2ol

D) = {qu—l (¢<sec])
0.4 (t=Tlsec])
F%7] o]5o] §43) ¥3l(Abrupt change)¥ BS$E 1
oz 7t er EZAAYC d ALY 48 E HE
stuzl Bk, 471N o(H = 2sin(30HE FPP SR LD ole
(1)elA A48 #(0.01sin(23.69) 2Tt ) 2008 =}
28] F4A, AH(H, B HAANE (). (k=1,2)E
¥ 1-2¢] Jdehiit. A(@E1)2EE Wang § (1)9

G F) g & Wi AEE

?;1 ) wkl(s)]ux (9 (42)

43)

0 3.55+21

[?Eg]=7ﬁ(f) £ +7.55+9 |a{D+| & +7.55+9 {2(D
2 5.55+8.25 —~5.55—8.25
s*+7.55+9 s*+7.55+9

°li, H(42)25E Atd daFd oF FF WA
e
2.49125+14.9471
£ +7.5549
1.5853s+2.,3779
s +7.55+9
oltk. WA Wang 5 [(1)oAde &4 A AF,
2 (08 T3 AT FFgo] AL
H(32) A7 FF7] o] FH 4L VFX2YA X
(g 1), ¥ A9 dudY A gzlél*éﬂ
FAA AA A& 6 () =0, 6(H=022 Wzd
22 ¢ FF7 15 FHEEE BFEE ¢ F d(2
g 2). ARAAR 2go 2 AAHAs agAlg xﬂ%%
dnzEY 2SS BEAAe 27 2 Fo5 AR T
A BG4 E nBAE A5 E A
=

4. &4

i wEdAe FE718 aAeE A% A
ﬂl“?ﬂi&‘# 2o B8l EAstdx
l"i-"c}% RE=F oAQ9Y AA3te] g
E‘%J%}d e AgddZ7E FEsAen
AN A FREA Lo}, o) F
4 8 RAARZTIGA 2As] 3G o5
A% A% Iy Fo] dAUG. Add ¢
IS AFer] st Ad El
(1)9 #g dass 75719 33U
¢ 238 vu 7&&6}‘}11’»} A3 )
rjé ¥ HEMWE Atd A e 1“4"3%0]

—4_
See R

[O'I(t)] — -?l—l(t)

o (9 nlf)

a ()
g Fel WY =

ol
L]
>

ok

(@) 2R FAR, 7l

o 5 6 s

A

(b) B34 A A%,

o 0 6 s

() 292} 232, A

o -
() #HE B AE, ()

=i ]
() H38 B AE, o)

Oy 2 dMetE YnalFol 2% N

(1

[2)

3]

(4]

5

Puit}

(6)

- 667 -

#1g 3

Wang, H., Z. J. Huang and S. Daley, "On the
use of adaptive updatmg rules for actuator and
sensor fault diagnosis,” Automatica, Vol. 33, No.
2, pp. 217-225, 1997.

Ding, X. and P. M. Frank, "An adaptive observer
based fault detection scheme for nonlinear
dynamic systems,” Proc. of 12th IFAC World
Congress, pp. 307-311, 1993.

Sider, M., “Implementation of failure detection
system with adaptive observers,” Proc. of
American Control Conference, pp. 1205-1211,
1983.

Wang, H. and S. Daley, “Actuator fault
diagnosis: An adaptive-observer-based
technique,” IEEE Trans. Automat. Contr., Vol.

41, No. 7, pp. 1073-1996, 1996.

Butler, H., Model reference adaptive control:
From theory to practice, Prentice Hall,
Englewood Cliffs, 1992.

Narendra, K. S. and A. M. Annaswamy, Stable
adaptive systems, Prentice Hall, Englewood
Cliffs, 1989.



