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Research of networked control systems with data packet

dropouts based on model of impulsive systems
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Abstract; In this paper, a switched system model is presented for networked control systems with data packet
dropouts. Moreover an impulsive system model is obtained from this switched system. The exponential stability of the
impulsive system is studied by introducing the concept of dwell-time. A state feedback controller with tolerance of certain
data dropouts is designed. Main results are given in linear matrix inequalities. Finally a numerical example is shown to
demonstrate the theoretical results.
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2 )@ R R (Problem formulation)
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3) BREM KL e R K E G R, B
FHLMBETE B E 4 & A — o B 18] ] 8 IE 3 4R
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BRMG IR QB SIKE E R X H 54
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43 BRI FF R AT E] X (8] 5E A JFELE (5 1E F B8]
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4(t) = Ax(t) + Bu(t),

u(t) =0,t e 0Q;

%(t) = Ax(t) + Bu(t),

u(t) = Kx(t),t € {2,
H¥xreR",ueR", ke N, ABKHEEFER
MIEFHEE, RAEE = o ES, WHFH
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Ar) , R4 o 29 0 M5,

3 TEMSH7(Stability analysis)
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{x(z) = (A +BK)x(t),t € (),
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t, te [ty,t),
g(t) = [Tk' t =ty ke N,
t € (Ly,lyy),k e N.
(4)
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{x(z) = (A+BK)x(t) t #1,,t =15 =1y,

x(r;) =ILx(r,),ke N,
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Hrx e R",A,B,KEXFRLE(), Bk A& 416t
ZIWIE 7, = g(ty.) ke N T FIRSHRROPREE T =
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WRER3) , MRFRAFRERL(L).
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SHEMNHRGEGS) NERE: e T LIRE.

E APBERGE (1) MRLE(S) KR F~iHER
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Y, <t<t =7 B

x(t) | 5, = exp((A +BK) (¢ - 1)) + %, =

(g™ (D)) |, .
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x(t) |(5) =
exp((A +BK) (g7 (1) -t,.,)) -

[ Hlj +exp( (A +BK) (¢, , -tzj-z))]'

I ~exp((A +BK)(t, ~15)) * % =x(g7' (1)) |y

LEEFTRA (1) | 5 = (g7 () | ) ot € TH
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i BT RE LA B SRR AR
EYE R R eSS TNRE (D) MRS
() e &R ey B R E 2SN MRS

KFRGS), X7 HH T REHMHE,
SR MR T T LR EIE. LT ERZEM
Hespanha '’ {77 % , RITEM WS REHTIAR
4 Bta] (dwell-time ) A1 #4753 85 15} 8] ( average dwell-
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FyERE P .
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n
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KF%TF 7).

EE2 HFERZKG)F (A +BK) #HRE: e,
Ao > 0 fH1R

lexp((A +BK)t) | < cexp( - Apt)  (6)
InM¢

B JURE 7, > D06 B REE(S) 9B

REMZFIHR T e O,.[7,] B, REHBRLE
T ERAFERER A, fEEUERRE. P MR
M = exp(|A|T,) - (7)
e —BetE, X B Me > 1.
iE @ Ww=A4+BK WA
lexp(®,) | cexp( = Agt).
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a(t) = exp(lfl(t _Tm))'( H Lexp(¥(r, "Ti—l)))'

Lexp(W(T, —1)) * x(ty),
B (3),f
(7.l exp([lAlT,) < exp([AlT,) = M,k e N,
Wt x(t) B FR A PABERA
(o) <
lexp(w(z = 7,))Il*

CTT MM lexp(w(r, = 7)) )

50 lexp(W(r, =) I+ la () I
c(Mc)™ » exp( = Ao(t —t)) "x(to) . (8)

HEREHRK M EENRFIHELE T <
Q. Ly ), WL [A] R (2 ,0) P9 AR K o B 28 FY

WHEN(Lyt,) = m < Ny + — 2 A

Tp
lx(e) =

¢+ (Mc)" + exp( = Ag(t 1)) - lacCeo) | =

¢ +exp( (- 4} (1= ) latig) 1 (9)

Tp

Hec' = ¢ exp(N, « InMc) HHEH.
MR(9) T, HE 7, > 2 50

FRTE 1y, 0 ) LRALATEWE A, IEHTIERE.
L.
EE3 HERKG) F(4+ BK) HEK

(6) URHERHI A € (0,0,), FiE 7, > M jy

WA R (5) BIBK R R AN RIFEIIEE T e
Ol7,]  BHEPBRE T ELAFRE A, BERETLR
B (X B M R(7) f5ik)

iE %8 Hespanha'® R LI K B2, fHEA
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F o3 mEn 2 AEYVIMA YR EMNEE
WERAEBBAFFENRRA FR T, MERT, HEETE
P 2 18] R BBV R IE % T B A/ T 7y BOBS(E]
(BFEMNBE ERTEE S E R TAENBANT 7)), BA
B MR RGBSR e o r, B T, IRER
GEWAHRMEE
4 EEE%EAYIE T ( Controller synthesis

for stabilization)
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8] 7, FEKEEIFEEN E] T, B 5emiE a9 o0 T 88
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A" +K'B" +A+BK+2y-1<0 (10)
B, P IERR y R
y > I'T‘—M (11)
M#ERA(T) ,NFRLGE(S) BBk vh &A= 2075

BT eQr,) 8T e 0,.[7,], REHMRAET 1y
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iE WREG) MEEME () B XEH
V(x(t)) = 2" (¢)x(2) .
M%t e (r_y,7) .k € N Wb F
V(x(t)) =x"(¢)((A +BK)" + A + BK)x(1) <
-2y - " ()x(e) = -2y V(x(t)) .
o Vi, ,t, € (1h.,7) ke N &, > ¢, HHE
JRIEBRE
V(x(2,)) s exp(=2y(t, ~t;)) « V(x(t,)) .
MR HERR TR 2 LA
l(e,) 1< exp( = y(2, = ¢)) * = (e) (|- (12)
A—-THE, ERPRESLE

xS 1L llx(r s M- flx(z) |- (13)
TR A X 8] (2,8), Yt > ty, B IT1,70 " T
m eN | C I it X (] B % A Bk vp Bk AL B Bt %)
£48. THAFEMERITE:

1) BRGE(S) Mk EENZFIHE T
OQlrp ], THERR ¢ > 0, REEHK(12) (13) ATHH
fRETE = 2
lx(e) |<exp(-y(t = 7,)) « [la(r)) <

exp(=y(t=7,)) M- la(r,) < = <
exp(=y(t —7)) « M™ « |lx(r)) ||
exp(—y(t =) - M" - |x(z,) || =
exp(m - InM = y(t = 16)) + () |
ERE K REMZFI T e O[r,] EHILAA

(m 1) 1y < ¢ = to, W LT AR

(o) |1<M - exp(- 1y = 12¥) - =) Ixta) | =
Meexp(= A+ (0 =1)) * la(eo) |,

RIRSGE(S) BORTE T 1 LISEWAE A HERORIERE.

2) HREGS) Mk RAERZFIIHET e
nave[TD] 1@#*&%5&%(12)(13) EI%D%\%(S) Bgﬁ
WA (14) BoHER.

Eiliope =l
N(t,t,) :msN0+t;t°. (15)
B (15) AR (14) AT 4G .
(o)l =
eXp( (No +t ;to) “InM — (¢ "to)) ' ”x(to)" =

exp(N,InM) - exp( - (y - I;I.—i”) - (¢ -to)) x| =

MY - exp(=A(t =16)) * lx(eo) || -
M IR RGE(S) BIRTE (15,0 ) LEATEWIER A 85K
W RRE. SRR EM 1) ,2) B HARIE
T EEABEHERNESHARBERR -2
TR AT 5 i i) 52 0 4% 04 ) &% AL B A SR M8 T =X (10)
LMI ) m] 4k (] B, A 770 1) F MATLAB 1 () feasp T 848
AT AT EGEEAT R . BRI F V BB IR B %
By, BRI T8 4 AR A B A AR, 2 A R, 2 (10) B R i
LMI & Z 7] (BT
5 X% (Examples)
SES(),BxeR?,u EIRZ,A=[2 1],
0 -3

B=[ ] IR (0) =, = (10 7T,
wT, =1s,7) =5s.
RIET2(7) T34
M = exp(|A||T,) = 25.9615,

y > 1;‘—M - 0. 6613.

n

Ry = 0.6623, F#EEH 4 RATRW

_ ) _3.2624 - 0.3228
(10) B LM FIA3K = | 0.3228 -0 0342]’Erj
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