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Abstract: For the shortcoming of previous fault diagnosis studies that the upper of faults or faults derivative and disturbance
of system should be known, as well as the difficulty to diagnose the actuator faults and sensor faults simultaneously, an
adaptive unknown input fault diagnosis observer is proposed, which can reconstruct the actuator faults and sensor faults
in nonlinear dynamical system simultaneously. Firstly, an H., performance index is employed to restrain the influence to
fault reconstruction caused by the unknown input, and a Lyapunov function is employed to obtain the robust asymptotically
stability of the observer error dynamical system. Then, the gain matrices of the observer are solved by using the linear matrix
inequality, and fault reconstruction is fulfilled. Finally, results of the simulation on a DC motor system show the effectiveness
of the proposed method.

Keywords: fault diagnosis; fault reconstruction; unknown input; nonlinear dynamical systems; Lyapunov function

=

=

5l

W1 H 3 JE K ) R e e i R 2 (K34, BIAR T
Wb FGE— R AR, an SR A BE RS DG O Ab B, AT
BE 2 i Rl AR 32 1™ B JE R 1A AR Tl &
g ox 22 A PR AT SEVE I IE D R OR, Bl A R G
I 52 Wi (FDD) f£3d 2 () L4 45 21 1 VR
JEU-41 FDD 1A 32 A FH A2 R i e, ik 5 s 4 7
R BRI J5E, SR SR T PR35 A R IR R PR
BT AR GU AR TERE R

FEIE TR AT TUAR I AR A B, 2 T W00 2%

R T 1 AR G 0 I R R B R G, KWL % )
i 5 R G 2 AR ZE R AT R G2 K
AR, SR, RSN R R E 1 i By 2R A 1 K
AR, AN REXT MO AT IR 2 DGR, i R A
REWS BLIE e Wb 1 AR AL 1L A, AT DAS W H SR 2 IR
GRS

AR, JE T LI &5 77 125 P g o A ) R 2 22 B
15 7 A DBETERSCR. SCHR [10-13] 5% A1 100 0 25 5K
HR R, (HI% 07 B R B R T ) B 5
CURA. SCHR (14-15) SR B 38 BRI 25 R B A s, %

FA A BB A 7 AR 3 T R D8 e i S A AR 07 1 T B NE S S R S AU B SR, 7R LR
S BHA: 2015-02-15; &= HER: 2015-07-12.
HEWB: EXAMRREEELTH (61473306).
TEEZ BN HIEm0986—), T, i, NFEHE RS MFELHITT, EZRA964—), T, %, M4 S0, NFEHshE

ARG 2 W 5 AR R SR AL



902

* R % 31 %

S, M LSRR R Bl S DA K R ST
() b5, AT BR 1] 1 S5 v 0 B TS L A, STk
[10-15] H- 6 5 FE R Gt [R I 2 A2 $hAT 28 i B A A% JK
AR, SCER [16] 385 B B 2 DT VE BT 1 REBYUL
245 S H KA 22 90 TR ARUAT 94 e A U 2 e, {HL
A % I8 RS TS BB A 2 M 55 K A N 1)
SEMA. AT 0, SEBR 2R G0N R Ik G 82 B R K N
IS, a1 BASBEA A FE R G AR Fnia N, B4
T OO R (R AR S b, SCHR [16] AT 7 I8 Bk
N2 B L ) A OR T 0T 28 B 5 A S 2 e 1 4
Kz R0, Xk — B BRI T BN YE L STk [17-18]
T I T AR R i N UL 2 S B AL R CR A ), R
W T R 2R ME R 4, TS b R G832 AR 4 1t 1.
BT BRI, ASCHR H —Ff 3 AR N N
B2 UL 2%, BE RN B A JE S it 3h Al R G b T
B AL AR . S CF TR B, AR ST T
VRN T B HTE W O R S B DL R R T B,
R E 2 T TAR SN, D 1 PR A b R A 38 IR 3 v il
e 2 M (R B, A SO H o PEREFRAR 51N B UL 2%
VEUE e, T 490 1) A e N %o e A 2 ) @ o
A A 80 A 8 SR AR T A WA 12 TR O T 45 1 1 25
T 7 (6 B T W 28 B i, AN SC U7 VN T AR
b A= = g 2 2 N B B FATL R S i R s
Wi, T BT S VR I T AT R R
1 B E#R
e HEL & RS
z(t) = Az (t) + g(t, z(t)) + Bu(t)+
Fofa(t) + DE(2),
y(t) = Cx(t) + F.fs(t).
Horf: 2 € R*y € RP,u € R™ 35N R A HPIRES
W& AN € € RV RS IR R A
SEVEERFBIN; fo € RY, fs € R™ 3N RG AT
A I A SRR U g NN RS (1) R RIAEZ A
&, H# /& Lipschitz 264, BI# @ A5 ||g(t, 2 (1)) —
g(t,2()l < ILg(x(t) — 2@, Hh L, € RN
Lipschitz # {8 %5 B, H A ¢(0,0) = 0; A,B,C,D, F,,
Fy 7 OO IE 2 15 (8 0 I, B B Fy Bk
N7 B AR RS WO, R TR RS (1) U R
AR RGN &
E=[l, 0, M=[A 0, H=[C F].

(1)

T

-1
m%{E;%ﬂ%ﬁﬁ@Jwi<E E)
H H H
ET E _1ET
ﬁﬁx%wiﬂ( ) T
H H H

SE+TH = I\, 2)
ENXC =[x TN T, JESCE TR
BIIREAR R, RS (1) A LU A
{ E( = MC+ g(t, EC) + Bu+ F, fa + DE, )
y = HC.
JE TP EE X R G0 (3) T 1 38 B A S i N e 12 W i
TN 2%, AR 5 8L BT B 0 00 T % 45 B PRAT 2R W £,
RO S Wb £, (VBRI A, AT 58 X AR 2R 1tk
R (1) ML .
2 WaEs it
2.1 WMIBEHKE
BN R G0 (3), BeiHan T IR 3E LA S N i
2 WAL 2
2= Nz+ Ly+ Sqg(t, EC) + SBu + SF, f,,
é =z+Ty,
j = H,
fa = —Gey.
Horb: 2 WM EIRAS, g Ny EME, e, = § — v,
CR fo 53510 R GE (3) HPRAS ¢ AT B8 4B £, 1 26
FIME, N LI G BT IR 2% 3 25 B
Le=C—-CHRAQO~@THe = —(¢ =
z+TH( - ¢ = z+ (TH — I,++)¢( = z — SEC.
ey, = fa., fa, VHE R
t. = fo—fo=—Gey— fo = —GHe — fa.
A, H
£(t)=2—SE( =
Nz+ Ly+ Sqg(t, EC) + SBu + SF, f, — SE¢ =
Nz+ Ly + Sg(t, EC) + SBu + SF, fo—
S[M(¢ +g(t,EC) + Bu+ F,f, + D¢] =
Nz+ Ly + [Sg(t,Ef) — Sg(t, EQ)|+
SFo(fo = fa) = SM( = SDE =
N[(¢—¢)+¢— Tyl + Ly — SD¢+
[Sg(t, EC) — Sg(t, EQ)| + SFaey, — SM( =
Ne+ (N —-SM)(+ (L - NT)y+
Slg(t, B) — g(t, EQ)) + SFaef, — SDE =
Ne+ (N - SM)¢ + (L — NT)HC+
Sly(t, BO) — g(t, EQ)] + SFaey, — SDE.

/?\‘\

“)

o)

F=L-NT, N=SM — FH. (©)

f
¢=Ne+ (N—-SM)+(L—NT)H(+
Slg(t, EC) — g(t, EC)| + SFaey, — SDE =
Ne + (N — SM + FH)(+
Slg(t, EC) — g(t, EC)] + gFaefa —SD¢ =
(SM — FH)e + S[g(t, EC) — g(t, EQ)]+



555 PIER ¥ KT AER Kbt NN B 69 3F RS R AR 903
SFaey, — SDE. D g Lsrieg = 9t EQ) — g(t, QIS 0]
EXe=le ep )T IFLd= (€0 JIT TR [sig, BO) — gt BO]|
(5) F1(7) " 40 0 B
- = At g+ Dd ® sg(t, B gt EQN <ISIllg(t, B —g(t, EQ)|| =
At ISIlg(t, EC) — g(t. B [g(t, BC) — g(t. BQ)) <
i |SM—FH SF, Jﬁz_ﬂ)ol, IS — P ETLT L, BE — (] =
o0 0 ISILoElEnsr 08 Lyl 0) =
g::lSw@,EC)—g@,EO]_ ISIET(L,E O [L,E 0] =
0
o [ISIEE) LyE O] | 4,
_ s
iE./L: SM SFa 7A2:[H OLQZ[FT GT]T. 0 0
Lo o il
WHA=A - Q4. T Age — G Tnrqg = 0. (12)
N T 0 RN d o I BB, - T2 _ 42414
He, PEREARRR 7 > 0 115 S R
el < ~lid)- ©) [ e+ V 03
BA Nl = N1 fa — fall. Bl > [1Fs — fall HFLL o g
254, (0) WS, BT AT SEBULAH AT MR . qa j — S e =NV kg S < 0

B bR EE AL T 3 (9) T, BN o RS R A
NI B A PR M /0N I TR 3 o SR AR AL ) Rt
733y 1B /ME, RN 1R IR 2385 R 48 (8) £ B
HHLRSE 1.
22 RREMIER

EIE1 FHRIFLEDE R GG MR R 5
(4), # A7 1E 1E € 35 e P AR R Y {3145 TH IR SR 146
AN AL )

min -y,
s.t.y >0,
' P PD Intriq
- * —Ingrig 0 0 <0
* * —Y14q 0
£ R
(10)
A, WR Z B35 RS (8) 2 & i fa e 1y, Hr:
s 7R PR AR B (R0 FR I, HL
Iy =PA - YAy + ATP - AJYT + Ay,
ISI(LeE) Ly 0
A; = .
0 0

UEBA & X LyapunoviZ BV = g1 Pvye. XV iy
ARG (8) KFAH
V=6"Pyé+ETPre=
e'Py(Az + g+ Dd) + (A + g+ Dd) " Pyz =
EY(PyA+ AT Py)z + e Pyg + g* Pye+t
e PyDd + d* DT Pre. (11)
BEA, TR AN

E’J#/\ﬁﬁmﬁ:%
- e 2dTd+V

J = 5 < 0.
mﬁanﬂamﬁﬁTﬁ
Fo el —42d%d+V
’y \
1 o
—[EYe —42dTd 4 ET(PyA + AT PH)e+

5
T Pyg + gt Pyé + Y PyDd + d¥ DT e+

e AgE — " Iniriqd <

o (PA +ATP+ A5+ %Inﬂﬂ)e}

e'Pg+ gt P+ ' PDd+

d*DYPz — yd"d — G 1,1 r 143

EXX = [T gt dNT, B ERT T <

XTrx. Hik, B I < 0mfLAE3E] J < 0. Hr
F:

L 1 _
PA+ATP+Aj+ —Iiryq P PD
v
* —Iniriq 0
* * —v1144

HE—25, FIF Schur #NEH P41 T < 02540 T
]_—‘ =

PA+ ATP + A; P PD Liirig
* _In+r+q 0 0 <0.
* * -1 44 0
* * * _'YIn+r+q
XY = PQ, WWHA M PA = PA, — YAy, NI I" <

048N



904 % | 5 3 R ¥ 31 %
I P PD  Iniriq ATLUE H, R4 (15) 1%ty FI4EECN 2, ST
=" ~lnyriqg 0 <0. (14) W £, FNAE S T f, dEE RN 2, ANTT SCHR [16]
* * Y144 H L SR B T 4 RO T AT 2 I G R A R
* * * = Vnirig PR SR TN S A AN AL, PR SRR [16] 1Y 7 vk

X (14) CERE MR FEALEA. BRSNS
2 (14) T, Hak 15 2 (10) oz, W J < o, #Eif
J <0, ANTTAT %1 [l2]) < y)ld). O

O 31 R W R R ] B, RERE (FT G
Py, N335 F A1 G. R )5, B 6) al 5
N =SM—FH. il L = F+NT 3% L, Ml 56 W
MES (@) BTt teab, 22K AR LA FEASE 2 (10) B,
10 I SR i fo /DML ] A4 3 R RE R AT e T EOK, BB
AT PR E LR ME ymin TH ORI ~, G I SR i 2 V58 [
ANEEZ (14) Y ATAT MAERAT BRI &5 (4) B34 o P
3 WFEEA

EE2 FHEIAELMEINE RS Q) MU R 5t
(4), FAFAEIE 2 F B P VR B Y {75 28 PR SR B AN 25
2 (10) G A, W £y = [0 I,)¢ S Ab IS ek £, (&b
WEEH, fo = [ ~Geydr AT HBE f 1984
i EL A

UEB HEEL LRI, R ¢ R L A,
B fe = [0 1) RALRES I £, &AL E. [
BT, fo = [ —Geydr AT 28 4L £, 10 B AR AT
rEM. O
4 e

F BT AL B L R G, HORE T
EIpE e

)
Bo(t)

+
113.9706 —0.009 52

lﬂﬁ@+

lo.m 7] () + [0.0075sin xg(t)] |

B —0.4751 —-0.0396
(1)

lxl (t)

0

) 1)+

0 0
lyl(t)] 1 o] [xl(t)
ya(t) 0 1| |z2(t)
(15)
Forpr: RS0 8 oy M o 73900 J9 HEAK FLIAR (A) TR AL
IR (rad/s), u AT AKX HE (V). 24151

TN E(t) = 0.003sin5t. HEE ARG (15) KAEWTF
(R HRAT 745 i e A A R g o

0,0<t<5;
2sin(2t) cost + 3, 5 < ¢t < 50;
){

+ | | fs()

0

Jfa(t)

0,0t <4
fst 4t
5(1 —e*7") +sinmt, 4 <t < 50.

TCVEE R R G0 (15) W, T T R A ST iR 7
PRE M RS (15) .
SRR A MR B A A L A0) T BLAR B i =
0.503 5, AH N 4R B Ry
2.9974 x 103
—18.9596

2.9657 x 103
—1.006 9

—18.9596
5.2886 x 103
18.8877
3.6859 x 10~4

2.9657 x 103
18.8877
2.9974 x 103
1.0069

—1.0069
3.6859 x 10~*
1.006 9
0.0670

)

[2.6958 x 107 4.9864 x 10*

9.9876 x 10 5.5940 x 107

2.6960 x 107 5.0013 x 10*
0.488 8 2.7396

1.5382 x 10°
17.9516 1.1678 x 10*
4.6600 x 10> —1.5381 x 10°

—4.1739 x 103 4.6233 x 10°
ATLLE H Q A MUK K, N Tk G B K
NI 28 18 25 6 B y = 0.7. 383 SR A 2 0 b AN 45 1

] 4.3818 x 10°
F —
Re

(14) M ATAT R4S 21
[ 4.8883 —0.6432 —1.3930 —0.8323
p_ | 06432 03505 0.1598 —0.0194
~1.3930 0.1598 2.0778 0.6550 |’
|-0.8323 —0.0194 0.6550 0.3498
[—0.3200 1.3780
v _ | 06303 4.4935
5.7808 —0.7478|’
| -0.3824  0.0282
—4.0551 11.2463
[ F] | —12.6090 42.2635
C=1G 17| 13100 _12.8543
—32.6309 53.2459
T

3.5800

N =1 69.5943
—10.8439

0 5.6033
L=10 211293 .

0 —6.4074

—11.2859 4.0551
—42.2683 12.6090 |,
12.8939 —-11.3190



ERR PEZ F: AT AETKF AN B G IE XM E R AL 905

ARG (15) VIR E B N2, = 0.8, 20 = —12, 7
MME @) WPIERE R N2 =0 0 0]T. Bl1~ K4
NARGE(15) WR S 5 A AV M iR 22 #h 28, 7T DLE H,
AT U A BE 5 AV PR IER B R S8 (15) RS,
AT 78 R0 B 2% 1 e 55 B A R EE ) R 22 45 R ] 5 ~
Kl 8 A, 1 LLE Y, A8 SCHT 4 HA (1) B 3 B2 o 20 A\

Angular fault
reconstruction /V

PR 12 DU 4w DA ] B SRR FEZR B 2 R g b t/s
PAT BRI AL RS R G E . BT T 5 PUTEEMEE £, SEWME S,
I, PHAT 7 i e B ) LA SR e e o ) ) i L 1
i, 5.
1.00 gg R
£< EX
Eé -0.25 E 2
s & 88 .
- 3 ) 0 25 50
_1.500 2,? b - X, 1 ts
t/S 6 ?A??%EWBEE$@1%§ fa - fa
E1 EBRER e SEME 7

0.4

L—WMN\A/\/V\AWNWNW\A

Sensor fault reconstruction /A

Error of armature current
reconstruction/A

-0.3}F
“1.9 25 50 t/s
s 7 EREEES £ SEAE f,
&2 HERXEREWIRE 21 — 21
140 .
B 5.
58 52 05
55 “—
— g = 0
23 5 =
Qo - 1
= 0'20 25 50
tls t/s
3 5 8 F‘I}; = in As — Js
3 AR 1) SEME s B8 RRBMEEMRE ) -/
>
g 6 7
sZ _=
Z3 =2
= g§ 2 % g 3
=5 22
g e
R <38
5 B » ,
é I —2O 2'5 350 0 25 50
5 t/s t/S
B4 HBHAREEMIRE &2 — 22 9 BUTREMPE f, SEME f. STEK[15))

N T YA S VE LR, SR SCER (1518977 5 L7 B9 R 10 1% B m DA, SCHR [15] (44
AT SR E A, AR 9 M 10 s, B AT a8 SR A I BRSO AR, HICRse BRI
g EEL A



906 = #l 5 * R ERIEE
7 [7] Yang Y, Ding S X, Li L. On observer-based fault detection
- % for nonlinear systems[J]. Systems & Control Letters, 2015,
ERS)
L.ES ‘g 3 82: 18-25.
5 L
g 2 [8] Chen J, Cao Y Y, Zhang W. A fault detection observer
o
& 8 design for LPV systems in finite frequency domain[J]. Int
1 . J of Control, 2015, 88(3): 571-584.
2 0
0 ; /z > [9] Hwang I, Kim S, Kim Y, et al. A survey of fault detection,
o - . . isolation, and reconfiguration methods[J]. IEEE Trans on
10 fEREEEANRE £, SEMIME £, (STAK[15) £
Control Systems Technology, 2010, 18(3): 636-653.
aoufi R, Marquez , Zinober . Sliding mode

5 g:'!': 1,@ [10] Raoufi R, M H J, Zinober A S I. Slidi d
ST T — Tl [ S A B N R 2 0 observers for uncertain nonlinear Lipschitz systems with

52 FF H F ARG T o S Aot e 2 ) fault estimation synthesis[J]. Int J of Robust and Nonlinear

P oo N 2 EH],
. . . N = ma Control, 2010, 20(16): 1785-1801.
SEEL T Lipschitz E 2 4 21 7 £ 40 b $0AT 48 W A A% (1] Lee Dong-Jac, Park Y  ark Y . Robust
R ee Dong-Jae, Park Young-jin, Park Youn-sik. Robus
5 W ) 5 B WA S, 15 L 5 VA L, o e
. s - e H sliding mode descriptor observer for fault and output

SCHT IR B2 T T VAN T e i b R S R Gt 4 o .

. EEE B ,{%2]_(1 B disturbance estimation of uncertain systems[J]. IEEE Trans

LR - R, A LB " on Automatic Control, 2012, 57(11): 2928-2934.

12 W Wy Vi 21 bz ] . .

Lk NSRS L (e e L AR [12] Veluvolu K C, Defoort M, Soh Y C. High-gain observer

N Hes oy sy
GERRI T AR J7 R AT AT PERIAS R with sliding mode for nonlinear state estimation and fault
reconstruction[J]. J of the Franklin Institute, 2014, 351(4):
2% ik (References
( ) 1995-2014.

[1] Marzat J, Piet-Lahanier H, Damongeot F, et al. Model- [13] Han X, Fridman E, Spurgeon S K. Sampled-data sliding
based fault diagnosis for aerospace systems: A survey[J]. mode observer for robust fault reconstruction: A time-
Proc of the Institution of Mechanical Engineers, Part G: delay approach[J]. J of the Franklin Institute, 2014, 351(4):
Journal of Aerospace Engineering, 2012, 226(10): 1329- 2125-2142.

1360. [14] Ichalal D, Marx B, Ragot J, et al. New fault tolerant control

[2] BERA, B, U, 2 — AR RS IE N Sk strategies for nonlinear Takagi-Sugeno systems[J]. Int J of
B2 VAT, #2853k, 2014, 29(5): 925-928. Applied Mathematics and Computer Science, 2012, 22(1):
(Huang J J, Jiang Z, Xu T L, et al. Method on component 197-210.
fault diagnosis for nonlinear systems[J]. Control and [15] Qiu J, Ren M, Niu Y, et al. Fault estimation for
Decision, 2014, 29(5): 925-928. nonlinear dynamic systems[J]. Circuits, Systems & Signal

) »29(5) ) y Yy y g

[3] Witczak M. Fault diagnosis and fault-tolerant control Processing, 2012, 31(2): 555-564.
strategies for non-linear systems[M]. Berlin: Springer, [16] Aldeen M, Sharma R. Estimation of states, faults and
2014: 1-7 unknown disturbances in non-linear systems[J]. Int J of

. . L . Control, 2008, 81(8): 1195-1201.
[4] Alavi S M M, Saif M. Fault detection in nonlinear stable
[17] Lee K S, Park T G. New results on fault reconstruction

systems over lossy networks[J]. IEEE Trans on Control
Systems Technology, 2013, 21(6): 2129-2142.

[5] Arrichiello F, Marino A, Pierri F. Observer-based
decentralized fault detection and isolation strategy for
networked multirobot systems[J]. IEEE Trans on Control

Systems Technology, 2015, 23(4): 1465-1476.

[6] Keliris C, Polycarpou M M, Parisini T. A robust nonlinear
observer-based approach for distributed fault detection of
input-output interconnected systems[J]. Automatica, 2015,

53: 408-415.

[18]

(19]

using a finite-time converging unknown input observer[J].
IET Control Theory & Applications, 2012, 6(9): 1258-
1265.

Lungu M, Lungu R. Reduced order observer for
linear time-invariant multivariable systems with unknown
inputs[J]. Circuits, Systems & Signal Processing, 2013,
32(6): 2883-2898.

Krishnan R. Electric motor drives: Modeling, analysis, and
control[M]. Upper Saddle River: Prentice Hall, 2001: 18-
23.

(FAEBI: T E)



