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Stability Analysis of Networked Control Systems with Packet Dropouts

Jae Man Kim", Jin Bae Park’, Yoon Ho Choi™
Yonsei University”, Kyonggi University™

Abstract - This paper presents a stability analysis of networked
control systems with packet dropouts. The packet dropouts are
modeled as a linear function of the stochastic variable satisfying
Bernoulli random binary distribution and weighted moving average
(WMA). The observer based controller scheme is designed to
exponentially mean square stabilize the NCS. Simulation results is
provided to show the applicability of the proposed method.

1. Introduction

Networked control systems (NCS) are feedback loop systems in
which a number of intelligent devices and control systems are
connected over local or global communication networks. In NCS,
networks are used to transmit a control signal and a information
between plant and controller. Due to various advantages (low cost,
reduced weight, etc.), the NCS have wide application in the robot,
vehicle, and smart space. However, one of the major problem about
the NCS is the packet dropouts, which occur when the data are
transmitted between plant and controller. Packet dropouts may make
systems unstable and they are occasionally a cause of poor
performance. Therefore, many researches study the effect of packet
dropouts in NCS, and investigate the stability of the system.

The Bernoulli distributed white sequence is the most popular
method to deal with the packet dropouts in NCS. It takes on values
of zero or one with certain probability. In [1]-[3], the random packet
dropouts are models as a linear function of the stochastic variable
and observer based controller is designed by linear matrix inequality
(LMI) approach. These papers represent the measured output as
Yy, = (1—=08)y, +dy,_,, that is if the output experiences a packet
drop, the measured output substitutes the present output values with
the previous output value.

In this paper, we take the weighted moving average (WMA)
method to deal with the measured output. For the case of packet
dropout, the measured output is represented as the WMA of previous
three measured output.

2. Problem Formulation
Consider the continuous-time NCS given by Fig. 1.
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Fig. 1. Structure of NCS with packet dropouts

where 7, ER", u,, ER" and 2z, ER" are the state, the control input
and the controlled output, respectively. A,B and D are known
constant matrices with appropriate dimensions. The measured output
with packet dropouts is described by

=,
{y’” : ®)

Y = (1- 6)yk +6yk/

where the stochastic variable dJER is a Bernoulli distributed white
sequence with

Prob{6=1}=E{§}=4¢ ®)
Prob{§=0}=1—E{s}=1-0 (4)

and C'is the known constant matrix with appropriate dimension, and
Y., SR is the measured output, y,ER" is the output, and Y, is
the WMA of the last three output

Y = Pt T0Y— o TP ®)

where p,;,i=1,2,3(p, >p, >p,) are the weight parameters.
The observer based control scheme for (1) described by

. ﬂzkﬂ :Aik+Buc.k+[’(yr.k*1_/u,k)
Observer: {— S N R R (6)
Yor =(A=0) Qo+ 5Cpay +pp1y 5 Tpy7;5)
w, = Kz
Controller: { * k (7)
" {uak = (lfﬂ)uk+/3uk,1

where ,SR" is the observer state, y,,SR’ is the observer

output, LER"*? and KER™ " are the observer gain and controller
gain, respectively. The stochastic variable BER is also a Bernoulli

distributed white sequence with expected value B.
Let the estimation error be

€, =, — T, (8
The closed-loop systems is obtained as follows:
3
w4y = (At (U= B)BR)w, — (1= §) Be, + BBK Y p, (1, — e, )
i=1

3
- (ﬂiﬁ)BKx/‘+(ﬁfﬁ)Bf(€1‘ +([373)BKZR (l'kf,; 75k7,;)
i=1

3
€y = (A+(1 *S)L@ek 78[/62311%6’“”" +(6— B)LCZEk

3
—(6—3)LOY  pyz,_,

i=1

We rewrite (9) in a compact form as follows:

Ny, = (A+An, (10)
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Ty
n= l,f’: Li=1,2,3
61\‘71
|- (8-B)BK (3-B)BK (3—B)BK —(3-p)B.
J=| (6=dLc 0 —(6—9)LC 0
0 0 0 0
0 0 0 0

Theorem 1. Given the controller gain matrix K and the observer
gain matrix L. Then -closed-loop system (10) is exponentially
mean-square stable if there exist positive definite matrices

P,S,i=1.2 satisfying (11), o = [(1—3)@]1/2,
o =[(1-)3]""

where

proof: Define a Lyapunov functional as follows:
3 3
Vo =alPay+elSe+ Y ial_ P+ Y el Se, (12)
i=1 i=1

where, P/S/ j=0,---,3 are positive definite matrices.

E{V;¢+1‘xk:7"'737076k7"'760}7 Ve

3
={[4+(1-B)BK]z, — (1— B)BKe, + BBKY ) p,_;
i=1
3 A
fEBKEpizk,i} P{la+0-B)BKlz, —(1— ) BKe,
i=1
+BBKiP,'%7,'_BBKiP,'%ﬂ]*{[A+(1_a)Ld6k
i=1 i=1

3 T 3
—SLCZpiek_fl} Sl{[A+(1—E)Ld ey, —BLCZpEekﬂ}
i=1 i=1
3 3
+(1*B)B[BKJJA»*BK€L« —BKY pw,_, 7BKZp7‘,ek:fl}
i=1 i=1
T

3
+(1—3)8[Lapk_—wzxk,l S
i=1

3
LCx,— LOY, xk_ﬂ]
i=1

2 2 3
r T _ . Tp,. _ T
+ Eajk—fpﬂk—i + Zf‘k7i528k71 r, P, ka,—ipz%—i
i=0 i=1

i=0
3
_ T, _ T
i Z)lek—i%ek—i
1=

=nlAn, (13)

By Schur complement, (13) implied that A <O0.
From the equation (11),

E{Iﬁcﬂlwkv'"7$()7ek?”'?€0}_ Vi - 14
:nl\lAnk S7Amin (7A)77k <7O”7[<177]\

Therefore, the closed-loop system (10) is exponentially mean square
stable. | |

3. Simulation Results

Consider the NCS as follows:

0.9226 —0.6330 0 1
A= 1.0 0 0|, B=|0|, D=1[0.100], (15)
0 1.0 0 0

C=[23.73820.2870],6=0.1.
Using the LMI toolbox, we obtain the controller as follows:
u(t) = [—0.2036 0.1150 0.0885]x(t). (16)
4, Conclusion

In this note, an observer based control scheme has been designed
for NCS with packet dropouts. The packet dropouts are modelled by
Bernoulli binary distribution and WMA method. The closed-loop NCS
was exponentially mean square stable and simulation results has
shown the NCS with the packet dropouts can be effectively stabilized
by the proposed observer based control scheme.
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