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Abstract : Network-induced delay is one of the most important sources resulting in degradation of control performance
or even instability of networked control systems (NCS). How to overcome such disadvantages owning to delay , by
diminishing it or reducing its uncertainty, is one of the key problems in the area of NCS ever since. A detaled
description and summarization of the existing research results concerning network-induced delays are made in two
basic agpects: control and communication network. Some essential problems and shortage of these theoretical results
are presented by systematically analysng and comparing. Finaly , several important topics and potential directionsfor
future research are outlined , together with beneficial advices.

Key words: Networked control systems; Delay; Scheduling; Co-design

1
(NCS) M, . ,
[5]
NCS , :
[2-4] NCS el
NCS NCS ,
: 2007-10-10; : 2008-03-27.
(60504017) ; (NCET-04-0982) :
(111006) .

(19729, , , ; (1984 4 ,



NCS
. 2.1.2
2 Luck Ray'™! NCS
NCS , ,
NCS . ,
., NCS ;
| Chan'*
2.1 :
[13] :
3 AN
2.1.1
. [14]
NCS : NCS
,NCS ,
, LMI Ho ,
[7]
[15]
: : NCS
[8] , NCS
[16]
, NCS
, L yapunov- Krasovskii
, [9] :
MIMO NCS. , Heo ;
MIMO ,
, : [17] ,
NCS . . z
(LM1) : [18] NCS
, NCS
(s1 [10] , (FDI) ,
FDI

: : [19]



1 3
, L yapunov [31]
LMI NCS
.[20,21] , ;
.[22]
.[23] ,
, LMI , , Riccati
; , LMI
.[24] , [32]
, NCS
NCS , LMI
.[33] V-K ,
[25] [34]
' LMI
.[26] NCS Ho )
NCS, ,
, 2.2
He '
NCS Ho .
[27] 2.2.1
[35] NCS ,
, LMI
Ho , ; ,
; , ,Suk Lee ¥
. [28] NCS profibus ,
(Qoc) .
, LMI ,
2.1.3
[5] NCS, ,
, LQG Qoc.
, 2.2.2
[29] . Wal sht®"! MIMO NCS
NCS .[30] [29] : TOD ( Try-once-Discard)  tokenr
ring-type ,
NCS NCS TOD
p . Walsh (38 39
[40]

mixed traffic scheduler (M TS)

CAN



24

DM (deadli ne-monotonic) ,
earliest-deadline ( ED)

NCS
[41]

token passing

SISO
MIMO
Hong'*!
fieldbus
2.3
[45]
[45]
NCS,
[47]
NCS,
, LOR
LQR
3

polling
[41]
. [42]
3 )
fieldbus
. [44]
NCS
. [46]
NCS ,
NCS,
. [46]
NCS
NCS
NCS
LQR ,

1) ,
[48] [28]

NCS

2) :
3)

4) ,
( [27]

[49] )

(Qo9) (QoP)

[4547]

5) [17 ,36 ,47]

( References)

[1] Lian FL. Anayss, desgn, modeling, and control of
networked control systems[D]. Michigan: University of
Michigan, 2001.

Yang T C. Networked control system: A brief survey
[J]. IEE Proc of Control Theory and Application,
2006 , 153(4) : 403-412.

Antsaklis P, Baillieul J. Guest editoria special issue on

[2

—

(3

—_—

networked control systems [J]. I|EEE Trans on
Automatic Control , 2004 , 49(9) : 1421-1423.
Antsaklis P, Baillieul J. Special issue on technology of
networked control systems[J]. Proc of the IEEE, 2007 ,
95(1) : 58.

[5] NilsoonJ. Rea-time control systems with delays[M].
Sweden: Lund Institute of Technology , 1998.

Zhang W, Michael S B, Stephen M P. Stability of
networked control systems[J]. |IEEE Control Systems
Magazine, 2001, 21(1) : 84-99.

[7]

[4

—_

[6

—_

[J].
, 2005, 34(5) : 567-575.
(Qiuz Z, Zhang Q L, Lian Z C, et a. Exponentia
stability of statefeedback networked control system with
time-delay and data packet dropout[J]. Information and



Control , 2005, 34(5) : 567-575.)

[8] Battilotti S. Control over a communication channel with
random noise and delays[J]. Automatica, 2008, 44(2) :
348-360.

[9] Feng L L, James M, Dawn T. Optimal controller
desgn and eva uation for a class of networked control
systems with distributed constant delay [ C]. Proc of
American Control Conf. Anchorage, 2002 : 3009-3014.

[10] Park B I, Kwon O K. Networked control system
design accounting for delay information[ M]. Berlin:
Springer , 2004 , 3314: 130-135.

[11] Luck R, Ray A. An observer-based compensator for
distributed delays[J]. Automatica, 1990, 26(5) : 903
908.

[12] Chan H, Oguner U. Closed-loop control of systems
over acommunication network with queues[J]. Int J of
Control , 1995, 62(3) : 493-510.

[13] Liu G P, Rees D. Sability criteria of networked
predictive control systems with random network delay
[C]. Proc of the 44th |IEEE Conf on Decison and
Control , and the European Control Conf 2005[ C].
Spain, 2005: 203-208.

[14] Wang Y L, Yang G H. Ho control of networked
control systems with time delay and packet disordering
[J]. IET Control Theory and Applications, 2007, 1
(5) : 1344-1354.

[15] Hu S S, Zhu Q X. Stochastic optima control and
analyss of networked control systems with long delay
[J]. Automatica, 2003, 39(11) : 1877-1884.

[16] Goo HJ, Chen T W, Lam J. A new delay system
approach to network-based control [J]. Automatica,
2008, 44(1) : 39-52.

[17] , : :

[J1. ,
2003, 32(2) : 156-159.
(Zheng Y, Fang H J, XieL B, et a. Parity space
based fault diagnoss of networked control system with
random delay[J]. Information and Control , 2003, 32
(2) : 156-159.)

[18] , :

FDI [31. ,
2003, 20(5) : 25, 12.
(Zheng Y, Fang H J, Wang H. Observer-based FDI
desgn of networked control system with output
trander delay[J]. Control Theory and Application,
2003, 20(5) : 25, 12.)
[19] , : :
[J]1. , 2004 , 21(6) : 33-37.

(Fan W H, Ca H, Chen Q W, et d. Sability of
networked control systems with time-delay) [J].
Control Theory and Applications, 2004, 21 (6) : 33
37.)

[20] Xu S, Lam J, Chen T. Robust H« control for
uncertain discrete stochastic time delay systems([J].
Systems and Control Letters, 2004, 51 (3/4) : 203
215.

[21] Song SH, KimJ K, Yim C H, et d. Hw control of
discrete time linear systems with time varying delaysin
state[J]. Automatica, 1999, 35(9) : 1587-1591.

[22] Pan Y J, Horacio J M, Chen T W. Remote
stabilization of networked control systems with
unknown time varying delays by L M| techniques[ C].
Proc of IEEE Conf on Decison and Control. Spain,
2005: 1589-1594.

[23] Xia Y Q, Shi P, Liu G P, et a. Output feedback
control of discrete systems with time-varying delay[J].
J of Guidance, Control and Dynamics, 1994, 17 (4) :
701-711.

[24] Xie GM, Wang L. Stabilization of networked control
systems with timevarying network-induced delay[ C].
Proc of |EEE Conf on Decision and Control. Bahamas,
2004 : 3551-3556.

[25] Chen C H, Lin C L, Hwang T S. Stability of
networked control systems with timevarying delays
[J]. IEEE Communications Letters, 2007, 11 (3) :
270-272.

[26] Zhao H, Wu H, Liu G P, et 4.
networked control system with time varying delays[J].
Jof Control Theory and Applications, 2005, 2 (12) :
157-162.

[27] , , .. LMI

He [J].

H. control for

, 2004 ,
29(1) : 17-21.
(Jiang P G, Jiang X F, Li C W, et a. Robust He
control for the networked control systems based on
LMI[J]. Control and Decison, 2004, 29(1) : 17-21.)

[28] GwoL W, Wang Z D, Shu H S, et a. A delay
dependent stabilization of stochastic interval delay
systems with nonlinear disturbances[J]. Systems and
Control Letters, 2007 , 56(9/ 10) : 623-633.

[29] Yu M, Wang L, Chu T, et a. Sabilization of
networked control systems with data packet dropout
and network delays via switching system approach[ C].
Proc of the 43rd IEEE Conf on Decison and Control.
Bahamas, 2004 : 3539-3544.

[30] Zzhang X M, Zheng Y F, Lu G P. Stochastic stability



24

[31]

[32]

[33]

[34

—_

[35]

[36]

[37]

[38]

[39]

[40]

of networked control systems with network-induced
delay and data dropout [ C]. Proc of the 45th IEEE
Conf on Decison and Control. San Diego. 2006 : 5006
5011.

ZhangL Q, Shi Y, Chen T W, et a. A new method
for stabilization of networked control systems with
random delays [ C]. 2005 American Control Conf.
Oregon, 2005: 633-637.

Costa O L V, Fragoso M D. Sability results for
discrete-time linear systems with markovian jumping
parameters [J]. J of Mathematicd Anayss and
Applications, 1993, 179(2) : 154-178.

Lin X, Arash H, Jonathan P H. Control with random
communication delays via a discrete-time jump system
approach[ C]. Proc of the American Control Conf.
Chicago , 2000: 2199-2204.

SunM H,LamJ, Xu Sh Y, et a. Robust exponential
stabilization for markovian jump systems with mode-
dependent input delay[J]. Automatica, 2007 , 43(10) :
1799-1807.

[J]. , 2003, 18(5) : 545-549.
(We Z, Li C H, XieJ Y. Online delay-evaluation
control for networked control systems[J]. Control and
Decision, 2003, 18(5) : 545549.)
Lee Sue, Lee Kyung Chang, Kim Hyun Lee, et a.
Remote control for guaranteeing QoC of networked
control system via profibus token passng protocol [ C].
The 29th Annual Conf of the IEEE. Berlin, 2003:
1425-1430.
Walsh G C, Ye H, Bushndl L. Sability anayss of
networked control system[C]. Proc of the American
Control Conf. California, 1999 : 2876-2880.
Wash G C, Ye H, Bushnel L. Scheduling of
networked control system[J]. IEEE Control Systems
Magazine, 2001, 21(1) : 57-65.
Walsh G C, Beldiman, Bushnel L.
behavior of nonlinear networked control systems[J].
IEEE Trans on Automatic Control , 2001, 46 (7) :
1093-1097.
Zuberi

Asymptotic

K M, shin K G <heduling messages on

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

controller area network for real-time CIM applications
[J]. IEEE Trans on Control
1997, 3(2) : 310-314.

Hong S H. Scheduling agorithm of data sampling

System Technology ,

times in the integrated communication and control
systems [J]. IEEE Trans on Control System
Technology , 1995, 3(2) : 225-231.
KimY H, Kwon W H, Park H S. Stability and a
scheduling method for network-based control systems
[C]. Proc of the Int Conf on Industria Electronics,
Control , and Instrumentation. Las Vegas, 1996: 934
939.
Hong S H. Bandwidth alocation scheme for cyclic
service field bus networks [J]. I|EEE Trans on
Mechatronics, 2001, 6(2) : 197-204.

[J]. , 2004 , 30(6) : 961-967.
(Ba T, Wu Z M, Yang G K. A new scheme of
bandwidth allocation for networked control systems
[J]. Acta Automatica Snica, 2004, 30(6) : 961-967.)
Hristu Varsakelis D. Stabilization of networked control
systems with access constraints and delays[A]. Proc of
the 45th |EEE Conf on Decison and Control. San
Diego, 2006: 1123-1128.
Zhang L , HristuVarsakelis D. Communication and
control co-design for networked control systems[J].
Automatica, 2006, 42(6) : 953-958.
Li Z, Fang H J.
eva uation for networked control systems with time
variant delays[J]. J of the Franklin Institute, 2006,
343(2) : 161-167.

A novel controller desgn and

[J]. , 2000, 15(5) :
518-521.
(Yuz X, Chen H T, Wang Y J. Control of network
system with random communication delay and noise
disturbance[J]. Control and Decison, 2000, 15 (5) :
518-521.)
Yin FJ,Jding Y W, Gong Y J. Congestion control
agorithmin large-delay uncertain networks[J]. J of

Control Theory and Applications, 2007, 5(1) : 67-70.



