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Abstract: Considering the uncertain long time-delay of networked control systems( NCS ), the problems of modeling
and stability of NCS are discussed and analyzed. If the sensor node of NCS is time-driven » the actuator and the controller are
event-driven > the sampled data are lumped together into a single data packet and the NCS with uncertain long time delay is
modeled as a discrete linear system with uncertain time-delay. Then based on Lyapunov stability theory sufficient conditions
of asymptotic stability of closed-loop systems are derived»and the state feedback controller is obtained based on the feasible
solution of the linear matrix inequalities LMI ). The simulation results verified that this method is valid for the uncertain long
time-delay problem of NCS.
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Fig.1 The system structure of NCS

K hxic)e B () e R 435 3R w450 42 1R
B R AR B BOR I B S mer™. aeR™I3HIF
AR R AR AT O A 8% . T 25
A AESHIERAAERTE, SR v, oo RFOR,
B SUNER kA SRR I 20 A4 8 as 2135 i 25 140 £ i F5F 428 A1
PR 2R BN PAT AR A0 E N RE . SEBRE R RGP, B
BRI ARE, — AR IR Bk o ASEF g,
XX HEA RGBT = S 1 .

FEXTIEL 1 s MRS R GE, AWifEan T ik,

Bi& 1 LR S SR B, DU E B R
T (T>0 ) XX RA, R EHE (BIEx g aik
B ) AR AR A P AT AL e

Bi&2  FEhle A SRR S, RS Rk
B Z oA s il I s BT AR T S A AR K S

s ] 45 300 3 B 20 AUE T AR L 8 B A
Bi& 3 W D ABH AL A I S, 51 [m]
AL ¢ = 1+ 1o, Ho<rt <T.
Bi& 4  WEH R IR LK.
PR AL I AR (R X GRS BRI R R
(0= Ax()+ Be()+ B (i i
L(f}= Cxlii) -
Hrb e x(r) e R WM GUIRE
u(f) € R" WM REIA ;
w(r) € R* NI, How(r)e L,[0,2)H
5 RIS
y(1) € R NI GHH
A B. C. B, W& SYEEUH RBOERE
KU, L83 R GE T SRR G B Es 7 Ry

X =Ax B (v )u + B, (v +B.w, (2)

Hot: g, ="

(1)

oo
B0t )= J o™ By

&

B,(t,)= [ «*“Bus

-

B, =[c"Bds.

i 3, BT« RERTIER, FIE (1),
B, (T )M RAER, W% B RS0 R %
(2) R AT IS SR B R S

HT, TS R HBI Z B T A R
Gi, — ORISR R 5 R SO — F AT
AAERBE, BRI B RS R I AT R
SSRGS, TS RSB E IE.  (2)
2 BN AR 5 024 6 5 A BB, R
MOS0 ACSCE SR [ RS R L
S — 3 T

HURAE IS RIRT AL, 25 4 AT 5 O
A, WEAT AR A, T {24 b
B ARG, ORI A L A, . 4 70l 445
M. A—[A, . A (A 4 BORFE B TR
MURERE . AR —ftE, A, 4,, . A BARHo,

2

[l it
B ’-r—rx &V Bdi = Addicsr ['_r—_:% ¢ar "T_T% el _[T_:é ("‘.’"rdf.) A B = Adivr —i , —L ..... _L- AlB+
EL B i A ’ RN I ’ } 5 ;‘-1 : :*Ll yises ;-”
e[ L EANLINENES I |4 . 1 l 1 1
Adaag ¢ e f..._m,‘_e,_.v B=A£f.tag LI g
a4 ':tz Ao, — “11 P ;Lﬂ
AG’ILTH —lgiml ,—Lg@;u: yeein __ieiuie-! . fffﬂg ieh Tr—a ] ie']'é Fompmel Le’_"’ £ e AR
b t - 4 Ay A,
L | 1.
/%Hulc = Adbag| = - I AR (3) = Adiag - e Af_‘? (4)



o 5 0] MBEE, 7 B

AN R IR [0 285 475 ) 28 8 ) A5 A S PRI S 67

F&u=&@'%gﬁﬁﬂ““"4ﬂkﬂvmq»<s>

E=A"'B, (6)
Mg, z9=8,,-BF(t,)Ec HHPXTa (=1, =, n)
(A A AR DGR SCRR S, AT AR SR a7 S i)
73“721;‘:

HAS0MF, Mg =75 HA<0lf, We, ~ oo
2, 8,z )=8,+DF(r, ) E, HT

B.‘J’I = Adli{)—g(’igllr+- ) .+‘1L(‘T';"?. ]A_I fto

"'1

M 4 BA o FHEEFNEREERT, ANR—erE, &%
HA 1A 0 RAfiEE, AR 1 A ERAEE A7, HARBh
Ik 0 HSHFHEME, Bld= Adag(0, 4, 534", Hiy
S A WMESREM A, . A AR AL,
g, e g IR AT X RIS SER AT A

" :Adfr.rg[?*.-.}] ;j_? ]A_IR , Hirr

Bl
1l
-

P T [T Ty e fe AT o, 0 —| Fr
F[T_;_J—c;r'r':tg(—_—" A SN cu ]O

@,

O] IS B, = Adiag{0 . J,, J,]A 'B.
AL AT, TR R 4 AT 4%
T RARE I =K, REMRE TR
AR (7) FoR,
X, =A,x, - (B, + DFit,)E}u, -
(B, —DF(z)E)u,_ +B, w,; (7)
y. =Cx -

L1

X4, B,. B, B, D, ENEWHEI%, B,, B,
D, E, F(t)ANBERR, WE F(t)F(t)=I

I _
[
‘:1?5 I
_ ]
;-
1
. PR
.I1:< . ) j'*;é();
o L 1 1
o1y — .
_l’l ) ‘1".- ":1_' ‘;:_
diag (T~ T), A" =0,

Wi, w>1,, ﬁ?’%ﬁ‘?ﬁ?ﬁ%ﬁkﬂ a(i=2, = n—r)HY
WEPEARAG A el o (5 FOR M L 7 A A ),
P ROEXMAERE, e <,

AT 20

2 AWEMEMEER RENREME

e, WU Rt )0 B AT RS AL
SIS E X

SIZ 1 (Schur #)  HEWEHE 4, P, 0, H
Fo=0". P=pP>0. W A"PA+Q<0 BT, MHALY

[_PT_I '”I] nﬁ%[g A ].cno
AT 0 A —p

SI2 &w, M, N, FRNEAE SRS
M, B Fr o F() < 1, wRXRER, T4
WAN'F ()M +MF(k)N<0o 4 HACHFAAEHE e>0, fi
3w+ e N'N+ € MM'<0-



68 72 I 2 DO /A == S 2008 4F

W AW S BB 2 AFIBEE R B, aTEL WP 3R AR G i R E Y

BEER 1, ‘ ‘ R I =] Px, +x] Ox,,, HiF: p, 0
EE1 HRKRS: . o . '
HRRIEE B, AR

xk+l:Adxk+(Bd0+DF( Tk)E) uk+(Bdl_DF( Ty )E)uk—l » (8) V(k)>0,
HiR R QR AT, RITERAE s 0Ky . 217
TEXPRIEERE P, @ MR 6>0, (AR MEASE AT, AV(E)=Vk+D)-Vik)=
LRGN X X, — X, Ox; — X Px, —x_0x,

sDD' -P" A, +B.K B.K 0 Kl (8) FUA BTG

. ol e

(rBEY Pe0 0 (EK) |

(8,k} 0 -0 (-#K)
0 LR LK —f

AV(K)=xT (A, +B, K+ DFEKY P(A +B, K +DFEK)x, ~2x: (A, +B, K+ DFEKY P{B, K-

DFEK )%, +x' (B, ,K—DFEKY P(B K- DFEK)x,_ + % Qv —x Py, —x_0x,_ 2

[ ] QL:« } :

el

G'PG-P+ G'P(B.K-DFEK
Hif: @] QT , (1{' , ) ; (10)
(B.K-DFEKY P (B,K-DFEK) P(B,K-DFEK)-(
G=A -B, K+DEFK- = (10), @ <o, Al
o <0, HAV(I<0, WIFF R G EHIRERN .
G'PG-P-0 G'P(B, K- DFEK) .
_ . =
(B,K-DFEKY PG (B, K -DFEK) P(B,K - DFEK)-Q
. P1@ 07 [(4,+8B, K+DEFK) ] o
o * | P[(A, +B,,K - DEFK) (B,K— DFEK)|<0°
i 70 G B P a1, 5,K - DEEK)]
M Schur M7 13, EXIRATE .
—p- A +B,K B,K| [D p|
4, -B,.,K)f -P+@ 0 |+|0o|F[0 Ex -EE)+[0 EK -EK]' F'|0| <0,
(B, ) 0 -2 | |0 i
K8 Fr<r, Hi513# o, ENERT
DT P A, + B K B, K]
(4,-8, K177 -P+Q 6 |+[0 EK -EK[ s")[0 EK —-EK]<0°
(B, K) 0 -0
Hrheso, FhgIH 1, ERXFMTR (9), MK FR B.m=f. ATV B
GeEmi ke . IR
B, - j I e TR
ot
3 IRSH B % ) R SEHRRE TN 7=10 ms, 0%
e A B B A I % g i S FRE BB 2 A5 7 2 A RAR SN . 0 T w15
x,_ =4 x +8 u -8B, a_, (11) e (G,I_: Toth _ it '1]
T RS S 0 =K, - PP o b <!
y :[”-3 U]: Nl o (=1, 2), P @=0.01, w=0. KM
Tl =3

LY
R"ﬂ = 5
[—I.ﬁSS]



ML, =

BH AN E I 32 O 285 2 ) 2R G0 O -5 A e M F 5 69

1
E= o
031

I Matlab 9 LMI T EAR, ARG E B iR, 24
AR K=[-2.356 -2.097]I , R84 i R SE i
FaiE o WARBAE RGP IIRE N x, x,]=[2.0 -0.51],
i AR A 2 PR .

=

5 7 o S

------ TR I, KO0 2155 5
—— BRSO 2L
H2 RARSHELR

Fig. 2 The simulation result of system status
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