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Reset-control systems with restricted communication bandwidth
GUO Ge

(School of Automation, Dalian Maritime University, Dalian Liaoning 116026, China)

Abstract: The modeling and stabilization of time-varying networked reset-control systems closed via a channel with
restricted communication bandwidth are studied in this paper. Exponential stability criteria for such systems are obtained
using Lyapunov method, which is further extended to the case of robust stability of such systems with bounded perturbation.
Then a more easily testable exponential stability condition is derived based on Riccati matrix differential equation. This

result is proved to be applicable to the asymptotic tracking and disturbance rejection problems of such systems.
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2 ] Bi3#IR (Problem description)
2.1 HFEEFIIEAL (Basics of reset-control)
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. (t) = A ()2, (1) + Br(t)ex(t), e:(t)#0,
(1) = Arg:(t), ex(ti) =0, (1
u(t) = Ce(H):(t) + Di(t)en(t).

Forpe AR & (t) An e, u.(t) Fle, () 4E £ 23 5l
ApHg, A(t), Be(t), Co(t) KD, (t) 3 A1 R HE 1R B
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s 2 P AR IE L RGN
{ &y (t) = Ay (D) (t) + By (t)u, (1),
Yp(t) = Cp (), ().
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RGN H
&.(t) = Aa(D)z(D)+ Ba(O)r (), @(t) #M (D),
z(tT) = Ax(t), z(t) € M(t), 3)
y(t) = Ca(t)z(t).
bz = [2F 2], #(t) %R MRG0 5%
A, iZ/%éEEPE’J%EFﬁE 7 'JilHT.
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Ba(t) = | ol Cu(t) = [Cp(t) o] .
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M(t) = {B €R" : e(t)

Hrfn =n, +n,.

=0,(I =A)B#0}, 4

2.2 M EERT ¥ W (Influence of delays)
EPRETE
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er(t) = T(t) - yp(t - Tsc) - US(t - Tsc)v Q)
Up(t) = up(t — Tea) + va(t). (6)
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PATERIERT, v, (¢) v, (8) 7053 4 e A 1 75 R T

AEE e

W (L) NS HERN. TREERTE N
&, (1) = A (). (t) — Be(t) Co (D)2 (t — Tc)+
B, (t)(r(t) — vs(t — 7)), e(t) # 0,
m( ) Ar mr() (t):O,
u,(t) = Ci(t)x (t — 1) + D.(t)e (t — 7).
(7
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@, (1) = Ap(t) () + By (1) Ci (1) — Tea) —
By (8) Di(t)Cp (t) (¢ — 7))+

B, (t) D, (t)(r(t — Tea — Te) — Us(t — Toe —

Tea = Te)) + Bp(t)va(t). (8)
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z(t) = Ao(t)x(t) + D Ai(t)x(t — 1)+

i B(ho(t - ), () ¢ M), (o)

x(t) € M(t),
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3 LyapunovA|#E (Lyapunov criteria)

T B AT WS NI T AL A
PAT 2 1 AL B RS, WMo, = 0, vs = 0,
r=0. TRRGEOEN

() = Ao(t)a(t) + i:ilet)w(t —7),

2(t) ¢ M(t), ()
z(th) = Aqw(t), x(t) € M(t).

HrpA;t) (7 = 0,1, m) ko B 8 B R
. XT0 € [—7,0], {FXW\WJ;ZD/J\#FjJiB( ) = xo(0),
Hrhr A0 Es, X BT, = supr.
X1 FEHFGEN)  WRAFfEo > 0Fly >
1, {15 R LAY U 4% trao(0) T & —
fifta (t, zo) AR AL
[ (t, 20)[| < Yllzoll-e™", ¥t > 0.

bl = jnax, |20 (0)]], WIFRIZ R Gt dia H A=
€, Bo-FE
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a#up”mwmo+§&awa—m,

A_

, Ny +No =n.

0<t¢ T,
D(tY) = AJD(t), 0 < t € Ty

HLhro) =1, I't) = 0t < 0), WHKEN R
GEA D HIFEAARRE.

BIEE A BEAR I R
ST = TOA(0) + 570 - ) A0,
0 < t ¢ Tsw7
rtt)y=rt)A, 0 <t eT,,.
S1H 204 R () KRG D IIFEAMEEE, T
YHTEE > 0,
x(t, z0) =1'(t)xo(t)+
zj I(t—7; — 0) Ai(t)zo(0)d6.
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(1) 78 53 45 A J& A7 A0 JE SE T TR BV ()
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D V(x) >0, x#0;

2) V(x) ;< 0, fFfiTz # 0;

ERAE S
R" — R,

3) AV(xz) = V(Aqx) — V() <0, fEfx(t) €
M(2).

Mg AR g e, IR B A TR R,
XHEATECR.

EE 1 WR IR G| B0 4 AR o, WX
TATATER0 < 7 < 75(i = 1,2,--+ ,m), MEALI
BEE RGN DIREE

1 BB EE R RGN BOE L, B
A 3E Mk gs, BRTE— NN e ¢ M (z) AR
UEV () < OFOT.
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.
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x(t) = (Ao(l) + Ao)z(t)+

m

Yo(Ai(t) + Azt — ), ¢ € M, (12)

i=1
z(tT) = Aqx(t), =(t) € M(t).
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1) Wy > NZU( VH'U(0) + popr™ (1 + ZTi)L

=1
2) Ry(t) >MA;F(t)U(Ti+0)(iH{1)UT(n+0)-
1=0
Ai(t),0 € [-7,0],i=1,2,--- ,m,
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Forb HOAAE R AR E AR, S 19

GVt ) <" O 2+ S -
pU(0) (S H U0 (t)-
> i j° (t+ O)[R (1) — pATOU 7+

KHEH = (1/v)H;, i = 1,2,--- ,m. W EH20M

PITAT A AL, AT

d
3V @+

) < 0. (13)
[Fi s

AV(z) =V(z(t")) - V() =

V(Aa(t)) — V(@) <0, a(t) € M(t). (14)
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4 RiccatiH|#g (Riccati criteria)

BT T4 I fe B e A e AR T R
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AO( )= Ay(t) + o,
Ai(t) = e T Ay(t), i =1,2,--- ,m

S1H 4 BS e R NXTFRIEE M, R, Q€
R ™ Sy SERCHE, WX FVu, v € R,

vIRT™w 4+ 20T Qv — uTSTu <
v (R+QS™'QM) v

TN AT A5 R

FEIB 3 WIRAEE P IE R P ()WL T
A RiccatiHi 4> T5 FE

P(t) + 2[P(t) + I Ao (t)+

SS[P(t) + IJA () AT (6)[P(t) + 1] + mI = 0.

) (15)
TR P 28 Ak, T 42 T R e (1 D PR B e

z(t) = e"'x(t).

U 28 Ak B R R G (1D RS

z‘(t):Aou)z(t)éx&i(t)z(t—m,z<t>¢M<t>,
2(tT) = Az(t), z(t) € M(t).
(16)

oA M () R 7 i () X T WX RRA R P (1) >
O3 A& I Riccatikf B 7k 4> 5 B2, % 18 a1 F 2K
Lyapunov 8 £

V(t,z(t)=

zT(t)[P(tm]z(t)é [ 2" ()z(s)ds.
Hiz(t) @ M (t)i, WTLRE] TR
2(t

V(t,z(t)) =
2T () P(1)2(t) + 22" (8) P* (t)(t) +

227(0)z(t) +ma" (0)=(0)- =" () =(t )=
2T () P(t)z(t) + 22T (1) AT PT (8) 2 (t)+
2327 (t — m) AT P (1)2(1) + 22" (1) AT (0)+

zszT(t — ) AT2(t) + m2T(8)z(t)—

m

Zz (t—T1)z(t—m7).

EE?PT(t):
Vvt 2() li=
2T (1) P(D)z() + 22" (1)[(P(1) + ) Ag]"

QEZ (t—m)[(P(t) + DA 2(t)+
mz" (t)z(t) - ZZ (t —7:)z(t -
- i:le (OIP() + DIAAT[(P() + D]=(t)+
2izT(t — m)(P(t) + DA 2 (1)

zz (t — 7)z(t — 7).

T2ty #an 5
V(t, (1)) |:<

gz%)[( (t) + DAAT(P(t) + I)—

P(t), Bt

z(t)+

Ti) =

(P(t) + DA AT(P(t) + I)]"2(t) = 0.
R, 05T 2(8) € M (6) 1R 255 1351

AV(t, z(t) = V(2(t7)) = V(2(1)) =
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2T (O{AG[P(t) + I Aq — [P(t) + I]}2(t) +
iLtTizT(s){AqTAq ~Dz(s)ds<0. (7

PRI S B3 AT
il 2% L8 M 2 AL EE AR R S
T = Ao(t)ic + A1 (t):c(t — 7'1) + Ag(t)a:(t — TQ).

Horp:

[3.5e”" —2.5
Ag(t) = | L1+e™ ;
I 0 —75
1
A(t) = | V2e(1+e™) 7
0 V3/e
1
—9t
Ay(t) = \/%(1 +e)
2 0o 0

WEIERT T = 0.5, 70 = 1, m = 2. %2(t) =
e’tx(t), o = 1. & H3[¥IRiccati /7 FE A7 7E 1E 7 X Bk it

-9t
HiEP() = |© 2,&&2@%%%%?‘6%&%*

I3 T SHEEAr WA B, 5% mR kI
B L U, (BB A A

(1) = Ao(t)=(t) + g:lAi(t)z(t — ),

r(t) = Cq(t)z(t).
BT o 948 e 6 ) R G PO, O 8 0,
ST B2 = 0, va = 0, vs = 0. & LHRAD = 2 — 2, WA
o= Ag)m + S A (BBt —71), @ & M(1),
=1

o(tT) = Aq@(t), @ € M(t).
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5 458 (Conclusions)
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