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Networked Control Systems

Ali A. Afzalian, and Morteza Pirmohammad Talatape

Abstract: Networked Control Systems (NCS) is a new field in control systems that has emerged
by the use of communication networks in control systems. NCS refers to a control system in which
sensors, actuators, and controllers are connected via a communication network and enable remote
monitoring and control. The use of communication networks in control systems have many
advantages, like reducing the cost of wiring, increasing flexibility, and improving scalability.
However, the integration of communication networks in control systems will also carries new
challenges such as data transmission delay, data packet loss, and network congestion, that require
new methods for modeling and designing control systems. Research in the networked control systems
is focused on the development of new modeling, estimating, identifying, and designing methods,
which the effects of communication networks on the system’s behavior will be taken into account. In
general, the field of NCS is an important research area because it allows the control systems to be
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applied in a wide range of applications and develop it in more efficient and flexible way. NCS can be
found in various applications such as industrial automation, smart energy grids, transportation
systems, and house automation. This article describes the emergence of control systems from the field
of continuous time to networked control and compares it with traditional control systems.

Furthermore, the most important challenges in

NCS and related approaches will be discussed.

Important applications of networked control systems by reviewing some featured case studies in Iran
and other countries are also discussed. In the end, possible future directions in the development of

networked control systems will be presented.

Keywords: Networked control systems, Sensor networks, Data network constraints, Network

topology, Connected autonomous vehicles.
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7 Uniform quantizer

8 Asymptotic stability

° Bit errors

10 Multi-agent systems (MAS)
1 Agents

! Quantized control

2 Finite-alphabet quantizer

3 Limit cycle

4 Chaotic behavior

5 Static or dynamic quantizer

8 logarithmic and hysteresis quantizer
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" Edge probability
8 Time-triggered

9 Event-triggered

10 Clock

11 periodic sampling

! Laplacian matrix theory
2 Perron matrix theory

3 Self-loop

# Induced subgraph

5 Spanning subgraph

6 Sample space
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9 Commensurable rate

0 Impulsive

1 Linear time invariant

12 event-triggered impulsive control

18 input-to-state stability

* integral input-to-state stability

15 connected autonomous vehicles

18 Infinite-dimensional delay differential equation

! Event-generator

2 Event-triggered sampling

8 Event-triggered transmission

4 low-gain feedback

5 Halanay-Type matrix Inequality
& Event-triggered predictive control
" Lifting approach

8 Holder
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8 delay convexity information

9 Nonconvex matrix inequalities

0 Finite-time

1 Switched system approach

12 pjecewise signal

18 Dwell time scheme

4 Mode-dependent average dwell time approach

! Free weighting matrix approach

2 Jensen's inequality approach

% Wirtinger’s inequality approach

4 Matrix-dilation technique

5 Sum of Squares (SoS)

6 Quadratic polynomial negative-definite method
7 delay-product LKF

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oyled (Vo J 25 dlone


http://dx.doi.org/10.61186/joc.17.2.129
https://joc-isice.ir/article-1-1002-en.html

[ Downloaded from joc-isice.ir on 2026-06-01 ]

[ DOI: 10.61186/joc.17.2.129 ]

AR

df'}ﬂg,\,‘wﬁ

IS 8 gt
5 OGS ST e

;&wﬁ%%&ééj)}&éb&w)).@ww
o gl ysbiea 5L 5550 Sledbl b b flas (s 13 JUS
dls Il (5SS el Gl Dl S0le 3555k
b Sl o S0l (oIl 4 oliws sl p5Y e [53] 53 350 0
Ao 6355y Ay @S0l Glapten 53 ol UL
RO PR [ s

SIS J 057 (S b (SS 3l ¥

JSw e S 5l (F 0 50 SNCS o slas )5 caalsl 55
Aol oy 23 sl 4 ok 4 S

(CAVs) 0l 53 = ooz sASS e —\-F

Sobr 03,5 s sl KaSs 4 T Jlatl 5 lagya 5 5 el
ot B oks Kb U5 gt & Ol 4 (Siles (ol
AS@‘.A!)\JQKA&LI FW2X) 55355 4 sLal Jlas| bl . diuas
V2X [58] b J2alS g5 BB Olsee 4 bagys s Slislas b
SladS i 5o 5 a8y Jam Slapten sl 52 1y (ol 2
b bl Jodll 8o QU1 (e 03 313 D3 Juase
b b S Sl b s 23,8 o ol e (sl
b s )l ST 5 S el S 1y T 5 0sls jaseis
@S el 6 T ol ()2 5 e kiS58 2oglina g5
S5 4 3L &l (gl Oles bl 555 o atls L5 5550
Sl 4 Sl 3Y pile (6,550 53 b ke (ML) e
3035 o AS s/ Ay lanl Los 4 S (5,5 3L
W) JSa 55 rsn b Uy OS5 Lo g ods (b 0o

Sl oo 0013 Ol

[55]

ﬁ-

e a5 e Bl Ol s b G5IS 2b VL OIS (5
Glaw gas L3 o PWA Joko 03,055 cpl 53,503 ©gome gladis
Llods 41,1 [48,49] 55 55 s alie

OS5 sl o iy 3 S s, AT

ol wlﬁwdk:;u‘_;j;ﬂ&ﬁ‘_;ha)): S oplaarg b
2,8 eslizal 0T pwyp 6l T 058 sl 0y a5 5 Ol e (kL
ol 0 g8 g g s 3 8555 e 38055 (2l 53 (S5led e 0 g2
313 3 oS el Cilitn (a5 JU 3 0T Sl g3
o.»\.':c_)",SHeo oS J 1S 3635l g0 53 [S0] LS o onlizal 5 S 5le
S g o o3linal (3La5 (6513 4 ged b (514G IS (gla gt 3
B8 B 53 Sl T Soen Gl pise 3p, JE
gt @ )M el 53 808 sle s 1 € 355 58
[51] 555 oo 03lizul

L@usbu,l&.u&&y,l o Il J 287

g adl-die J S Sk el 6l Cl a5 gdeee AL
e bl o o3l OS5l o b Sl gt ¢l S5 o
Slao g 03557 Szt sl Jo 0208 S (gm0l
o oY & ol S 6 s g ki oS S
S h el |y A al

DAl 4y gme s S5, -0

Candy 3l SleMbl iy Oy (514 J x5 Sl s (o)
53 e Dl a3 G BT 28 b s p L OISG bLs,1 U
JUS™ 25 Wlos S g Oliioms (i d8 ans 53 .l Sl 4 i3
s 33 a3 Sl 5 andllae 35 40 SleMbl 4 ki o8 s 511, LNCS s
@ 2 QU ST o gy (V il e i ol 3 !
Sl el s (BN U 53 p5Y S B (Y 5 od 257 ot

- e -

L

Move—Box

Oas5 S50 pes SSlad A IS0

G383 a2 S5 5 53 (GPS ST | adts dewy ol 535 &S 5405
u[::“.u\ K LS},.J""UJ% A5k ‘j}'au\m L_SLkMLJJJ Ls\]: .\.S k.ﬁ[i'})

pobas 3l esland Uy add dewy Sl 236 o il (Gla e

5 6RO Ol s A8 Jo oI Sl pt
(PXD) 333 5500 5 (PCD) sl 6l oo ool &S5 il o 115 1) 5 5

¢l [56] eHorizon S de ol 388 e esls 3 gy5 5 (il 695y p

4 Vehicle-to Everything
5 Machine learning

! Piecewise affine
2 Markov chain theory
3 Mahler measure of plant
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