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An Improved Analysis and Synthesis
Approach for Networked Control Systems
with Non-ideal Network Quality of Services

PENG Chen! TIAN En-Gang'

Abstract
thesis approach for networked control systems (NCSs) with non-
ideal network quality of services, such as time-varying network-
induced delay and data dropout. Following the existing model
of NCSs and introducing the logic zero-order holder (ZOH) to
choose the newest controller signal, we employ the free weight-
ing matrices to deal with cross product items, and utilize the
convexity of the matrix function in our derivation to obtain less
conservative results. Numerical examples are provided to show

This paper presents an improved analysis and syn-

the effectiveness of our proposed method.

Key words Networked control systems (NCSs), state feed-
back, logic zero-order holder (ZOH), linear matrix inequalities
(LMIs)

M 2% 2 1i R 8t (Networked control systems, NCSs) &
A A L WA SN R R R A, SRR X
GG IR« 2% B AT 2 RO A5 P25 46 4, FH LASR It
7o ) PRV HSCHR AL, AT 2 DX 3 A AN ) it PR ) SR B B U AL
ERPP AR R SN 2% R G TP R G v AU A
ZE ) 1N (Point to point) xUMIELL, 1XH 99 45 4k 1) il
B RAT T SREE, L | AT EETE S L B B R
N R ar kN T X SO B R S DA
TR, ERERENR RS AR, S0 TSR &
25 1 ) 43 AT AL R R 24k, [m] ISt In s T I g A o S A R
2 R 2. NCSs SRR F B R AR T S HL I 24
ISR =), [R5 AR H 5 v S I 24 2540
B AR ROBLIE 5 B g

AR, X NCSs BIWFFT & 8 B 22 AR W TR — A
00 H TR RS 0 I W AT A, 411
ANty 5 P i) ) Y 5% N S S 2 R A A i) AN ]
G TSR IR 19 45 A% B 28 70 R B AN TR, 199 445 I 4 W] g

ks H Y 2008-03-07 s H 2009-07-22

Manuscript received March 7, 2008; accepted July 22, 2009

B %K AR 4 (60704024) %)

Supported by National Natural Science Foundation of China
(60704024)

1. FRUINERYA RS AL TR B #at 210042

1. School of Electrical Engineering and Automation, Nanjing Nor-
mal University, Nanjing 210042

REW. NAARE ZEHLN. BRI, Gao 0§44 M 4%
PRAS I TE 43 Db 2 3% S I IE (1) M 4 S I R BB IE 51N A
PR P Ak # A7 ST, AHE W R A, — 2658 YOI, 07 SOk
(5] S0 = W B E ST, AT G A R AR M. Yue
Se[1 =21 2 fofl AR MR L, D0 P 4 A, T
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W% iph B w(inh), BEEGHIFIREEN Z dpq1 b FEHIEENE,
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Ten INZITT AR P w(8h). FTBLRR (2) TR N % &

A B AR 2RI R H AR SRS 2 N IRkl s i o o RO
B B AR AR L, AT R BAG B R 0 T e R R
T ZOH KA IR B 4516 P 25 Pl R LR G AR Y.

7 3. FESTHR [1-2] H, $8 a8 R PAT A R FE AR IR
By, SCrh P R SR I B DR AR & R AR ST 1, (R
ST AT 25 IR0 5 R B IR AT VRIS . A6 SCik [8]
RFERS AT #5 R FH I £k 3, $55 38 R A FH4- 0k 30, Rt
ORFEDF G PAT BN B0 )25, B b Bk (1 ] FH 48 60,
AT AN B 3914 .

NAEFAE, & X n(t) =t —igh, Wt € [igh + 74,
iksrh+Ti, ), k=1,2,3, - AERENXIE [igh+7i,,, iks1h+

Tig ) 1
0< Tip <0(t) < (kg1 —in) b+ Tip s (3)
WX (3), A
0<m <n(t) <m (4)
o gy = infir, ], n2 = supy[(tesr — ix) b+ Ty ). BT

m(’tkh) = x(t - (t — ’ikh)), Mt e [tkh + T, te+r1h + Ttk+1)
i, 20 (2) mIEEL N

€ [77727771] (5)

&(t) = Az(t) + BKz(t —n(t))
2(t) = $(t),
o (1) i REHIA L
I EIEE SN Wk Tt AN E S X ey S
BN R A EEEH.
SIE 19, Q1. Qu, Qs HLH (T HMLI B KOEE, (1)
HERA L TR AR 1 < 7(t) < 7, A (6) KALH
FA TR (7) .

Q1+ (12 —7(1)Q2 + (1(t) = 1)Q3 <0 (6)

{ Qi+ (r—1)Q2<0 7

Qi+ (2 —711)Q3 <0

2 EEHLR

T Mt KA A B (2), @5 H B AE
BELCT 7 T BARAE et R e 7 2B PR A8 S, 3 i X
(4) HERIC BRI AL S5 n(t) Mg HAA R (6) MERBIEL,
RJGIEIL T 1 SN BT %R (7) M ERREA S
(Linear matrix inequalities, LMIs). AJf33a0 N4 /M
& 3.

EE 1. GEbri g > m > 0, HikE K, BfAE A
MU R IEERE R (1 =1,2) >0, T; (i =1,2) >0, &
HIELHERATENE Vi (1= 1,2,3,4), S; (i =1,2,3,4),
% LMIs J%37.

* F22 0

1_‘11 1_‘12 1_‘113
*k * F33

]<0, i=1,2 (8)



190 H T/ A 36 &
e e
D11 P12 P13z Pug 91 = t—m, Y2=t—nt), 95 =1t—12
Iy = * Doo @23 Doy §T — [ l‘T(t) JiT(’ﬂ1) JZT(’L92) $T(193) :|
* * P33 D3y T
* * * Dyy Ve = [ VlT VQT V3T V4T ]
mA T (2 — ) AT §* = [ st sf st st
0 0
I = - - FEAEHERE Ty > 0, 1 T FIARSE AT
771K B T1 (7]2 —7]1)K B T2 P
1
L0 0 26OV [ i(s)ds < ((t) —m)E VT TVIE +
9
Tiy = [ (m2 —m)V ], I = [ (n2 —m)S ] ;1
/ &7 (5)Thi(s)ds (13)
il U2
Y2
Fo2 = diag{=Th, —(m — m)T:} 2608 [ alo)ds < (m - n(e)E"STSTE +
9
33 = —(n2 —m) T2 1392
&1y = PA+ AP+ R, — /9 & (s)T2i(s)ds (14)
3

S =V1i+1T
$13 = PBK — Vi1 + 51
Py = =51

Boy = Ro—Ri+Va+ Vo =T
Doz = —Vo+ V3 + 5

R

Bg3 = Vo — V5 + 53+ S5
Py = —V)' — S5+ S5

Py = —Ry—S1—Si

MARE (1) EHTFE M.
JERR. FAg AN ik Lyapunov—Krasovskii 2R

Vize) = ( VPz(t) +m / v)Th@(v)dvds +
t—m1 Js

t—m
/ 2" (v) Roz(v)dv +/ 2" (v)Riz(v)dv +
t—mno t—m1
o / T v)Tex(v)dvds 9)
Hd R, (i = 1,2,3) >0,T; (i=1,2) > 0. % V(x) B47
WMorIEHE, WS
V(xe) = 20" () Pir(t) + =" (t)Rix(t) —
mT(t —m)[R1 — R2]z(t —m) —
w(t — mo) Row(t — m2) +mid " ()T (t) —

m /t t T () Ty (t)dt + noz™ (£)Tow(t) —

/H“ & () Tod(t)dt — ma" (t)Tei(t)  (10)
FINAHEBERE V; MS; (=1,

ek A, FHIESEA AT

4), A A - 3

26TV (1) — 2(9) — [} @(s)ds] = 0 (11)
267 S[x(¥2) — w(s) — [;2 i(s)ds] = 0 (12)

PEAh, M4 Jessen ANEE, AIHEH R AIASERX

/x s)Tiz(s)ds <
Y1
T-n T
[ w0 | [ -1 T || ) }(15)
z(%1) Y x (Y1)
B (1) FIxl (12) S5 WA a2l (10) &5 104

oy, N AR (13) ~ (15) AT RUEHE, w75

Vi) < €Tug+Q+ () —m)e VIy Ve +

(n2 —n(t))§" STy 1S7¢ (16)
Hr, Q@ = 2" () [Ty + (n2 — m)Te)a(2).
H20 (8), M4l Schur #h5 13, UKL

{ ETTHE+Q+ (e —m)ETVT, ' VTe <0 an

ETT1E+ Q+ (2 —m)ETST, 1STe <0

gl 1, R (17) FHER (16) 1 Vi(ze) < 0. HR4E Lya-
punov FEMER, WR RS (1) AWHERE . O

E 4. MoE B (R T L, FRATEAE AR LEIR (1)
HAEK A n2, P KB 2 (t) Wby, BATHAT A
FH R B MR EAT AR B, Lk X (16) Bl (17) %
PRk, XFE, LT3R [3, 6] T, BHTHOK na2(t) 5l
FEC AR 57 ) A SR FH A SCIR AR B 7 0 R A L. 534,
U W 5 AR Y A 2 B AT AR A8 SO i 5973 40 D
FF (R A TR DR A b BEAIG PR < 1

FERL 1 WA REE 2% 0 v vl 1)
TR, a0 e HL

EIE 2. HENE g > > 0, BUNAFAERATIE Y45
IRTFRIESERE R (i = 1,2) > 0, Ty (i = 1,2) > 0, A&
UYEMAT AR Vi (6= 1,2,3,4), S; (i = 1,2,3,4), 55k
Y, A8 B RN S 2o

[fn I Iy

, 7% RS B

* fzg 0

<0, i=1,2 (18)
* * 1:‘33



134 A P SO IR LA AR B AR I R0 1 I 2% 3 T R 8 03 W 5 5 T 1 191

Hrp
i Dy Do &’13 D1y
=~ * ci’22 &)23 ‘i)24
F11 = ~ ~
k * (1)33 @34
L * * * &344
[ mXAT (g — )X AT
P — 0 0
mY B (g2 —m)Y'BY
L 0 0

Mo = [ e-m)? | Ba= r-m$ |
Ty = diag{—XTy 'X, —(n2 —m)XT; ' X}

I'ss = —(772—771)T2
Bl

b1y = AXT+XAT+ R -Th
P = Vi+Th
13 = BY - Vi + 51
Py = —51
Py = Ro—Ri+ VotV —Th
Poz = Vo + V5 + S
Doy = V' =S
‘i>33 = —%—f/g,T-l-gg-i-ggT
Py = V' =S5+ 85;
dyy = —Ry—Ss—Si

MWa, RE (1) SEERE N HEH#S RSN K =
yXx—1

ERR. X X =P Y R, = XRX, T) = XT:X (i =
1,2). JH diag{X, X, X, X, I, I, X } & I B 553 il 7e T
£ (8), W AN & XA, Al (18). O

e (18) AT IEL S — XTI X A — (e —
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0 1
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T, WHEEKARFLEIR LA (Maximum allowable transfer
intervals, MATTs), Kim 254 #3%] 0.7805, Yue 252 733
0.8695, Jiang %5 Il Peng 41 4535 0.9142, J T A&
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Table 1 The maximum allowable delay bounds under

different values of n; (1 # 0)

n 0.00 0.01 0.05 0.10 0.15

Jiang*!] 0.9410  0.9421  0.9475  0.9520  0.9586
Hel0 1.0081  1.0085  1.0103  1.0127  1.0151
SEFE 1 1.0432  1.0446  1.0502  1.0564  1.0619

B e Tl 3 B It i R, R TR B RANBHCR, Yue
a2 EH A (21) T FGER FIORGE o = 402, K
= [-0.0025 — 0.0118], He %5 35| n, = 600, K =
[—0.0001 0.0273], AL HRZE ne = 1200, K = 1074
x [—0.0524 0.404] W R5E (21) J15RFEE.
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