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Robust H.. -guaranteed Cost Fault-tolerant Control for Uncertain NCS Based on Dynamic Output Feedback
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(College of Electrical and Information Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract For a class of networked control system with delay and data-packet-dropout in consideration of both parame-
ter uncertainties and external disturbance with limited energy, the problem of robust H., guaranteed cost fault-tolerant
control for networked control system with actuator failures was discussed using dynamic output feedback control strate-
gy. A type of Lyapunov-Krasovakii functional was proposed which contains some triple-integral terms,and a delay-de-
pendent robust H.. guaranteed cost integrality sufficient condition against actuator failures was derived, meanwhile, the
optimization design method of controller was given via solving several linear matrix inequalities. Finally, an example was
used to illustrate the effectiveness and the feasibility of proposed approach. In the proof the model tranformation is not
used and the informations of delay are fully used in piecewise processing,so the results possess less conservativeness,
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6 0 0 0 0 0 0 O S =diag{ —(6—2) X1, +U1;; + C—adUp1» — (6—2a)
ﬂl) 0 Zﬁé” 0 24(1%1) 0 2191) 0 Xt Uiz +(2—a) Uz s — (1 +a)U211 y— 1+
P =34V =3P =30 =HTLTB" Uz s —(6 =20 X + Wi + 2~ Wi, — (6 —
212 =3 28 Xoe tWiare + Q=P Wi, — U+ Wi, —(1+

PWiz }
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S5 = diag{ — Wy, — Wiz, “Wan, Wi, =W,
Wi s —Wans ~ Wiz}

Spe=[D' 0 D' o D'

S =3I, S =—¥1

219=diag{ - (1/h§»z)U111 s (l/h%m)UIZZ » — (1/h%,)
Usi s —(1/h%m)U322 s (4/h41m)Wm s (4/’1%7,;)
Wiz _(4/h%m)W311 s = (4/h )Wz }

0 DT 0]

™ 0 0 0 0 0 0]
0 0 Y" 0 0 0 O
MO0 0 00 00
|10 0 YT 0 0 0 0
p MO 0 000 0 » D2z = a0
0 0Y" 00 0 0
M 0 0 0 0 0 0
Lo 0 YT 0 0 o ol

S =diag{ —(1/k{)Un1, —(1/h U5 ,
7(1/}1%: Wi » *(l/hgs)Um s (l/h%r)WZH ’
- (1/h%r)W222 ’ _(]-/h%r)Wéll ’ _(]—/h%r)WAIZZ }
Sy =diag{—¢'I,—el,—e; I, —ei*I,—I1,— Ty,
—T3Y}
MIFEAESh A H R R AR (6) , B8R E A NCFS R
QO EERE, WSS v, BEREERR A FELH
R (AZE D, PRTHEBBRAZ (1O RAEER Ha
RUEBEAFEE . BHBESHTH A =GXz', B.=Y"/
e, C.=HXz' K48,
IERA - A Schur b5 138, XA FR (16) EFM AR
N T R R SR SR RAERL R, 58 SCH R A RS -

Py, 0 ), 0
P=[ :\,Q,:[Q“ :l(i=1,2)

Ru 0
R,-=[ i ](j=1,2,3,4)

0 R,'zg
S-=[S’“ 0 ]('=1 2,3,4) (32)
j 0 szz J 9Lsdy

KR AGCHK A, B, . By RFARARERU16)
FFRLFA Schur #6351 BEM A e, XTI RAT S RER,
i

2,<0 (33)
H,

By = B8P S % % S S|
x B OB 0 0 Zn S Zi

* * =P 0 0 0 0 0

= o=
= * * * * S 2 e 0
* * * * ¥ B 0 Sy
* * * * * *  Za 3z
L * * * * * * * Doz |

EfY =diag{AX1 + X1 AT+ Qi +Qu — P! Riyy Pt —
Pii'Ron Pi! — bt Pi! Sun Pt — 3, Pt S Pt
—h5P it Spn PR — RSP S Pt GHGT +Quze +
Qo2 —Pz' Rizz Pp' — Py’ Ry Prg' — 15, P2 Sizy Pt —
13 P 22" Ssz2 P2t —hi.P 3! Spzo Poa' —RE P2} Sens Pt )

Bip =

PRy Pt 0 00 P1i' Syn P! 0 00
[ 0 P#'Ri2: Pt 00 0 P! Ss P2' 0 OJ

B =diag{ — (1 —m )Quu — 3P Royy Pt — (1 — )
Qu22 —3P3" Roze P72ty — (1 — 1) Qeny — 3P0 Ry
Pr'y —(1—1)Qu —3P%'Riz Pi2'}

0 Py 0 Qa
aP' Ryl Pyt 0 A— Xy 0 0 0 0 0
—) 0 aPz' Rypb Pr? 0 A—a) X, 0 0 0 0
= 0 0 0 0 AP Rt} P! 0 A—p Xy 0
0 0 0 0 0 BP7' Rzt Pr} 0 AP Xy

B =dlag{— P Rin P —(2— ) Pi' Ry P11 » — P32
Rz P! — (2= Py' Ry Pt s — (1+a) Uz, — (1
+a)Uzz » — Pi* Rsn Pi' — (2— @) Pi' Ry Pt —
PRy Pt — (2— @ P! Ryzs s Pt — (1 4+ Uy »
— 1+ }

Pi'=Xy,Pn' =X

Pi'QeuiPit =Qgii G(t=g=1,2)

Ry =U ,Sit =W (1=1.2,;=1,2,3,4)

G=AX5,Y =B, H=C. Xy,

HER E PBFE Pi'RuPy' Py 'SPyt ,i=1,2,j=

1,2,3,4 U, HRABESCER(18], X H AT a0 T Ab#

BH Ru>0,5

(Ri' —Pi DR (R — Py 1) =0

)

Py'R;uP:' =2Pi' —Ri' =2X; —Ug 34)
13,

PilSuPi'=2P; ' —S;t =2X; — Wy (35)

R34 R B L% FERBUR R (33) R A R, -
B AREFEAXGED,
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HA GO AATHE , B ARS 33855 B R SR
MRS A B, C..

W22 ER 2 PR T NERS BRSSO EH
B PATES LR A B AR IE bR A Aame A ~Pont < o » B AR BT
HIRIE AR AR g1 5 g0 555 BT AS55 R 2 B PR W AR AL R 2%
1, ELXFRAE R 18R B SEHE .

T 3: 3CH ¥ K Lyapunov-Krasovskii ¥, 5IA T =&
BN, AEHE X — A " 2T (DR, # (o) ds TURGALH,

t—h 1m
=hip
lm

° 2" (I Rz () ds, TPEMA T

t+—h
—hy G

REBHK N —
—h [ TRy ds T I 5 R P 4 BEAL B AT

GIABFEET 5 > Ao XIS F] I G536 BOARSFHEDS 20

7 4: CHFE Lyapunov-Krasovskii 26 %5 %038 X 3 i1 4b
Heh, BERMARSAFERXEAR, RSIAKE A PER, B
BT R R AN B T D
3.2 EHEBRLLigt
3.2.1 Ha#mHE y ehHhi

XHAER 7, R 2 KRWE B H R EEAS TS
SOUh IR ERES . BB EMSFHEAER, T LGET



O ML
st. (31), X1 >0, X5, >0,G>0
Qu: i=g=1,2)>0,H>0,Y>0
Uw(i=1,2,;=1,2,3,>0,W;; (=1,2,j=1,2,3,
H>0 (36>
Xty R, KREBUE NCFS R (14) BA B /h i sh il %
Yo BOBLALHEE R 28
3.2.2 MERRIMARBH LAR T 6k
ERET v/E.RAEHE 2 RBOERSTERERA
—EMERRER LA, HER T IR, TR SRRy —
WG BRI RS . BT k.
min J* =9+ Trace(y) 4 Trace(y; ) +Trace(s;)

(i=192!j21,2y394) 37D
a)(3D)
T - IT
b)[ 7 = )]<O,c‘) [: '7‘ B ]<0;
— * _Q 1
— A —oj 7
d)[ 2 w]<o,e)[ > y_]<o
*  —R™ * =57
Qi 0 Ril 0
wwa = [3 L) = [ 2]
0 Qi 0 72

KA S RS W
0 U,'zz ™ 0 S;zzl 0 Wj22

0

2Z7(Dz(Hds =TT

=1

2T (Dz(s)ds = TIT:
himz T ()2(s)dsdd = AT A

hi2T(s)2(s)dsdd = AT As

hezT()2(s)dsdf = AT A

j (2 /2% ()2()dsdAdd = v 71

"1

Fro
o
)

)

[, Phaimoiads = ain,
Lol

Lo

f J Jhlszz(s)dsdxdg_ A7,

J iy LL (W3 /2)27 ()2(s)dsdAdg = 773

—hy,, (O[O0 .
J'ithJ‘eJ/‘hzyZT (s)z(s)dsdAdg = ')’4T'}’4

ARABEE T B/ N B B R R AR A SR I 25
ERREE—RA LML 43R ML R, B &
BRI MATLAB S48 % 0 AR TR yalmip FRE.

4 HOFRE
Z BT RGER (14) R SCHR 6] B RIMEE , Jop

—1.3 —0.5 1 0.5 —0.4
a=| R
0.7 —1.8 0 1 0
0.9 0 sin ¢ 0
c=[ ],F(t)=l: ]
0 1 0 cos t

0.4 0 0 0.2 0 0.2
L s L ey
0 0 0 0 0 0

* hzm=0. 05, hy, =0, 45, hp = 0. 12375, 12

1 0 1 0
SHNES
0 1 0 1

()= {COS(Zﬁt)eXp(“O. 28), 5<r=<<15
0’ ﬁrE'

FRE y=0. 9, RGBRAEAIN T=0. 1s, MERLFH]
EHSHAEHBAPRTESNBERZEHB BN 2, HIX
faI At AB AT ZE % Ay (2) =0. 05-+0. 35| sin £| +0. 1Random(0~
2) 0 Ry =0. 6, k1, =0. 05, by, =0. 55, b1, =0, 17875, 41 =
0. 35, & FUATHE o =0. 0540, 15|sin ¢, WIAER X ] A AR B 2E
Rz (£)=0. 05-+0. 1Random(0~2) +0. 25| sin ¢| » ha =0. 5,
=0, 25, H9 Ran-
dom(0~2) F/RBERIEBEN 0,1,2,

WREGWIHRERN (O =[1 117, ¢ HhITEEEFEF
B RMBIEREIE , B b Lo =diag(1, D FRMITREHE
B, Ly =diag(0, DF L, =diag (1,0 4 PIFRFIATE 1,2 &
LR, FIARBREHERXE), b e 2, RER
HEERER (D), AT B R 2SS RN

—0, 4405 —0.0008
A =CXz = [ ]
—0,0006 —0.4341
0.0865  0.0809
Bc =YT/51 = [ ]
—0. 0617 0.0380
—0.0069 —0.0053
C.=HXz = [ ]
0. 0084 —0. 0039

APATHIERW U R EE L A1 L, 8RBT, 2RSS
B 2, B0 R RHER B 2B A0 E 1.8 2 B,

12

1

08

06
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t/s

B1 BERRGERE = BN LR

12

— 1 $ATBEH
1 oo 2 RATEINE
- 3 BATH2K R
08
% 06
3
5 o4
02} Y\
0
02 5 1 i x
/s
B2 HARRGERE x BWILHLE

MOTE M FTA H A E NCS BT R A4 R 3 B
BAURA RAFHSHZSERR , T ELATA 20m ISRt sl , 38
ACHRIT N TRERTR R EME QY HHAE
NCS, BEPITREE LB BN RE B H Ho RIS
7.

H— LR GO RALB B Yo =0. 2186, W IFH
TERAE LMIGD , X8 Bt B8 He (R4 A2 s
%gt

A, —GXa |:—o. 4534 —o0. 0002]
# | —0.0003 —0. 4435
—0.1296 0. 1251

B,=Y" =|: ]
v =Y /a=| | 2006 —o. 2858

« 311 -



C -*HX’I—I:O' 0002 0. 0049]
ey T 2z —

0.0022  —0. 0009

HTAR AT MATLAB ¥ yalmip T B4, EWRE y=
0. 9, MRIBKXGOHATAL B, TR BB He. BLRIERR
R ER T =2. 6457, %R R R 2N

—0.4487 —0.0014
Ay =GXzn'= l: ]
~—0.0013 —0. 4473
0.1520  0.1278
Bd =YT/€1 Zl: ]
—0.0372 0.0631
—0.0031 —0.0025
Cy=HXz'= [ ]
0.0018 —0.0019
HRIE AKX RANENEREZLHSHEAHE

NCS, ¥ Z 41 YR BRET 2E , 5K FB 3h A M R i il 4,
TR O ik, B i W — FP BT 9 Lyapunov-Kra-
sovskil i, fE B FRAAREREH R, BiFHERAHE
NCS M HATR R R A B8 Ho A SR
HEN, FIRT A TR BRI ., BEU—HEH
BIBAE T A SC 5 B M AT AT PE AN 20 PE . B T o JOE B HIE
o, R BT RS B, %ot B E AT BRAL BE, 74 iE B &
s B IR T RED R R EOR & T8 L, B ItE i
BARAMRETE. R, 5B A BHPUER, JL TR,
XA RBEH SR A TSN EENEA RN,
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