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Abstract: A nonlinear networked control systems (NCS) with continuous plant and a time-delay shorter than one

sampling period is described by a continuous model. This continuous model is transformed into a discrete one by using
the methods of linearization and discretization. A sufficient condition of stability for the transformed NCS is derived by
using Lyapunov method and linear matrix inequality approach. A state feedback controller is designed for ensuring the

NCS with uniform quantizer to be uniformly bounded. By adjusting the quantization error range, states of the system can
be controlled to stay within a finite range, and the quantized level and the code length can be determined accordingly. The
Matlab simulation of an example is given to illustrate the effectiveness of the proposed method. Meanwhile, the effect of

the quantized error is analyzed.
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Fig. 1 The model of networked control system
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[12(ko)[l < po-

UL
EH 2 TR AR L vk R 24 R

a8, IS S EATE OLT, BRI R SR A
[ A s, BIA (2(k)] < 6G = 1,2,--- ,n),
1A (u(k))] < 0( = 1,2,---,m), Ruw =
66 - 8T eR>™  wy=1[56--- 6" € R,
$T RGBT, WRAFAEREX > 0, Q) > 0,
Qo > 0 S K He > 0 L 2R M FEAN
[ - X XGT"+ MH"ME"™ X X |
x*x —X+eDDT 0 0 0

II=| x * -l 0 O < 0,
* * x —Q; 0
| * * * * —Qg_
(14)
a
1+ > 0, (15)
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Hrf: M = XK, Q) = Q' WR©)FT &tz
SR A B 2 P B R G (11) B S I L A
120 Ko« WIS 2 (o), 24k > kol

[} )\max (P)

l2(R)]| < max(—~= B\ A (P)

[|2(ko)ll),
Hrr:

0gp =

Amin(P) (_b + v b2 — 4CLC)
2a ’
a=—Anin(Q2), ¢ = | P[||A]?,
b=2|ATPG| +2|A"P|([ oMl ds + 1)K,
iE 5 RV (2(k)) = 2T (k)Pz(k), Hd
P > 0. WA RGEBAL), i ABUE F1HIE
HipprREIEES
V(z(k+1)) = V(z(k)) <
2T (k) (G+2+A+(H+DF(1)E)K)"P(G+
A+Q+(H+DF(1)E)K)z(k)—2" (k) Pz(k) +
2ATP(G + Iy(1)K)z(k) + ATPA. (16)
WR 4 o, W A2) ko, ARG H, w15
E{Ed > 0, Y4|z(ko)|| < diY,
Viz(k+1)) = V(z(k)) <
—2T(k)Qq2(k) + 2AT P(G+
Io(T)K)z(k) + ATPA <
—Amin(Q2)[|2(K)[[* + 2[| AT P(G+
Lo(m)E)|l[[z(F)[| + [Pl A%,

Hrp
|ATP(G + Iy(1)K)| <

T—1
|ATPG] + HATPH(HIO e®*ds|| + 1)Kl <

|ATPG|| + HATPH(LT eltleds + 1)) K.
R 5182, Al 13
Al =

|| Io(1)A(u(k)) + I (1) A(u(k — 1))

0 +

Io(T)

| Eaaam)) <

T T
| et dslllwall + (] el*lds + 1)]| Krwn].
a7)
PR,
V(z(k+1) =V (2(k)) Sal2(k) [+ ] (K) ||+ e,
Hf: o= —X\un(Q2), b= 2| ATPG|| +2|ATP|| -
([ el41ods 1) K], e = | P A1

Amin(P)(=b++v/b>—4ac)

2a
01

)\mln (P)

A2 (ko) < T(P)HJ Qo = ao; Az (ko)|| >

7'0-— max H

é >O'0EIT

/%\0'0:

+c¢<0. (18)

0o

)\max(P)
I

k’o || I)_”JO'>O'0

V(2(ko)) < Amax(P)|I2(ko)[I* < 0. (19)
T
V(z(ko + 1)) <
V(2(ko)) + allz(ko)|I* + bllz(ko)|| + ¢ <

© W (a(ho)) + by | LEED)

(1+

)\min(P) Amin(P) ©
WA (15) b > 0, W
_ % Nerap 9
V(Z(k0+ 1))<(1+)‘mm(P))o- +b )\min(P) e

Hi T o> 00, 4G RA6) T KT o052 X, 17
V(z(ko 4+ 1)) <

1+ U 2

a 2
- b <
Amin(P) )U - )\min(P) tese
F VKR 07 3l e, T 78K > kol V(2(k)) < o2,
NI}

V(z(k)) o

I2(R)|l <
II]ll'l mln

W > 0, [|2(k)|| < o, ﬁ?% %%a@ﬁﬁ
)\mdx( )

mln n’lll’l

B(a) < max{ al,

13 RGA DR 2(k, ko, 2 (k:o))ll < ﬁ( ),k: > ko,
e LI ARGEAD—8F . b

4 15 ' K 45 B 4y tr(Simulation and result

analysis)

ZIGAEL R RL(t) = 0.12% + 0.1x, SKRH X
HR AR IR T VR AT R PR AL, T AR PR T 4 R
i(t) = Az + g(z), Hf: A = 0.1, g(z) = 0.122,

et im WEODN _ o sz
a(t)—0 [|z(t)||

GRFER M N T = 0.5s, P23 6 & 48 A

FENTF—ANRFER W, Blr < 0.5s, 6 M &% 5
FRGATT), tHHEATE2(k+1) = (G + (H +
DF(7)E)K)z(k) + 2, .
o 1.0513 0.5127 ~0.2532
N 0 1.0000|" " [1.0000|’
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JH I B, SRR FEAE R (12) T R A
~ [0.3290 0.1554 01— 15.3250 0
T 10.1554 0.3221 |7 ' 0 15.3250|°
M, 42855l 2 H A5 Aff o T
K = [—0.7582 —1.0380],
TEAE o = 2.66443H5 /2
—Amin(Q1) + 20 (|| PG| +

T
IPIICS el #ids + 1)) + ] P < 0,

INd = 0.1130, Hz(ko) < dif, W 4545 ] 2 S
TR, K24 T R SR 4.
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Fig. 2 State of networked control systems without quantizer

FIBR G P A S RS, B0 = 0.01, R4
SEHIN SRAFK = [—0.4054 —0.7365], K34 T
Bt AR gk, WEI3RIE H, M isdl R8T
BB RRRE, HRSE—MEENEY. REBREI
SUAE—E (MG L, M B2 0T DU H, 345 R G i
AW S AR 5 AR e B RN )LD, ik
— R AL 5% &R, 4% 76 = 0.01F16 = 0.1
IS A 428 0 GOIR A B0 i 2, A mT DA H A 15 22
R, RGMCSG HLRRZE . 759205 B H] Hh, AT R4 S bk
i SRR BT A 2% 10 B R A R 22 (R DA BT
ARG AL A5). R M, MRS = O, REIR
A G AL R 2 S, W E B 4.
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Fig. 3 State of networked control systems with quantizer
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