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Design of H-infinity output feedback controller for

networked control system with random delays
WANG Wu, LIN Qiong-bin, CAI Feng-huang, YANG Fu-wen

(College of Electrical Engineering and Automation, Fuzhou University, Fuzhou Fujian 350108, China)

Abstract: A controller design is proposed for networked control systems with two types of random communication
delays. One is from the controller to the actuator, and the other is from the sensor to the controller, via a limited bandwidth
communication channel. The random delays are modeled as a binary switching sequence satisfying a Bernoulli distribu-
tion. We present a sufficient condition, in the form of matrix inequalities, for the existence of a dynamic output feedback
controller which makes the closed-loop system exponentially mean-square stable with a prescribed H-infinity performance.
The sequentially linear programming matrix method (SLPMM) is applied to solve the matrix inequalities. A numerical
example is provided to demonstrate the validity of the proposed design approach.
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2 8 338 (Problem formulation)
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{x(k: +1) = Az(k) + Byw(k) + Bou® (k), 0
z(k) = Ciz(k) + Dyyw(k) + Dipu® (k),

Hrp: z(k) € REHRGERE, uf'(k) € R™ AR
g Hlm A, wk) € REOMINEIEE S, |8
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D7 R IR Dy
{y(k) = Cox(k) + Daw(k),
yF (k) = (1 B()y(k) + SRk — 1),
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LR RIS T 3 15 2 K R GE I & A H, Co M Dy 72 B AN
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{PFOb{ﬂ(k) =1} =E{B(k)} := 3, 3
Prob{f(k) =0} =1 - E{B(k)} :==1 -3,
Horb B S AN TE2L.
BV B A H R s ol
&(k+1) = Apz(k) + Bry" (k),
(k) = Cpi(k) 4
u” (k) = (1 —y(k))u(k) +y(k)u(k - 1),
Horp: 2(k) € R EHIZR PR, w(k) I H 455
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Fig. 1 Structure of a networked control system with

random delays
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H., dynamic output feedback controller)
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Cacio = [09D12Cr ],

Caar = [0D12Cr |,

M2
Aa = Aao + (v(k) = 7)Aenr + (B(K) — B) Acia,
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FER AT LAY /EHSLPMM(sequential linear programming matrix
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Hik

B SR NKERREN, R e
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A% = 7,580 = 7,50 — 2 k=0

W3 GREMA, H, H, Ap, By, Cr, X, S, YIS,
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min
s.£.(9),(12),(13)

F4r R
lte(HA™ + AW F) —an+5 - 6W)| <,
T2 Yt AT AT, SRR
FSEH WK > N, EREH
Fexx Hp" €0, 1]

p€[0,1]
5 4 p(5 — 5y
BIE TP REAIE
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4 fii B4 F (Simulation example)
N T B R e H A 42 i s v E VR A R
il y-1 F SCHRI91 1 1, HeZHan i
0.9226 — 0.6330 0

A= 1.0 0 ol .
0.0 10 0
0.5 1
Bl =10 7B2 =10{,
0.2 0
Cy = [0.100} Oy = [23.73820.2870} ,

D11 =0,D12 =0,D9 =0,

5 =0.1,5=0.1.
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[0.7737 —0.6597 —0.1934
Ap = |0.7645 —0.0590 — 0.0937 | ,
01057 0.6140  0.0884
[0.0054
Br = | 0.0098 | ,
0.0055

Cp = [—0.0106 0.0122 0.0029] .
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Fig. 2 The state response z(k) of the closed-loop system
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