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Department of Electrical Engineering, Yazd University, Yazd, Iran

Abstract

Networked control systems (NCSs) are distributed control systems in which the nodes, including
controllers, sensors, actuators, and plants are connected by a digital communication network such as the
Internet. One of the most critical challenges in networked control systems is the stochastic time delay of
arriving data packets in the communication network among the nodes. Using the Smith predictor as the
controller is a common solution to overcome network time delay. Online and accurate modeling of the
plant improves the performance of the networked control system, especially when the plant is nonlinear
and has unknown parameters and time-variant behavior. In this paper, a novel controller, Neural-Smith
predictor, is proposed, which firstly models plant using a perceptron neural network and secondly,
another neural network is used as the core of signal processing of the controller. The parameters variation
of the plant during time is considered online by the controller, and then the desired control signal is
generated. The Integral of Time multiplied by the Absolut value of Error (ITAE) is a proper performance
index for position control, so this index has been used to compare the results. Results of simulations show
that NCS using the Neural-Smith predictor has better performance in comparison to the common Smith
predictor and the novel compensation method using a modified communication disturbance observer
(MCDOB) when the values of network time delay and variation of plant’s transfer function are excessive.
For example, while the range of stochastic time delay is between 19 and 21 ms, the difference between the

* Corresponding author Ll Hloouge 34-1»4,94"

Y 2be) 5l Ve Jlo g asillne £93® VFeelo¥ [0} 1Ll g 50 VWARNIY/NY 1h s F, 6 IFAV/Y/TY tallie Jluyl Z b @


http://dx.doi.org/10.52547/jsdp.18.1.86
https://jsdp.rcisp.ac.ir/article-1-594-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-07 ]

[ DOI: 10.52547/jsdp.18.1.86 ]

ITAE of controllers is 0.0004. This value increases to 0.027, while the range of stochastic time delay is

between 910 and 930 ms.

Keywords: Networked Control Systems, Neural Networks, Neural-Smith predictor, Online System

Modeling, Smith predictor, Stochastic Time Delay.
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(Figure -1): General Structure of Networked Control
System.
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(Figure-2): Networked Control Systems Taking the Stochastic Delay Challenge into Account
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(Figure-3): Networked Control Systems using Smith Predictor Controller
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(Figure-11): Comparison of ITAE according to Changing
Tansfer Function of Plant. a) Using Neural-Smith
Predictor. b) Using Classic Smith Predictor.
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(Figure-9): Simulation Results of NCS using Neural-Smith
Predictor for Stochastic Delay in Interval of [400-600] ms
and 0=0. a) Reference Signal, b) Output Signal of Plant using
Proposed Controller.
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(Figure-10): Random Time Delay of Network in Interval of
[100 - 200]ms

4 oo Soel S8 el 5 o

5o oliws Jaw pils ccl anagly oKiws Jias &b
STl 35,56 wlelus 5 558 o ,Slas o cala) ,o
o lade 5l (V) ) oo e olBiws 0,55 JI o
Gk 3l U Sl o, Slae S s /Y lade 4
it ol grae S5 S 3 oolisl sl 4
Sl (1) US5 9 el s ol SUS 5
Sislo jlas 28 (V) USSS Billas conl ool ools
S 09l osliinl A Cuenl —(gras S S
30 diged Glaieds .l (6,565 lade sl alels ITAE
SdpsS 5l eolaal gl wsl a=0.1 a5 Sl


http://dx.doi.org/10.52547/jsdp.18.1.86
https://jsdp.rcisp.ac.ir/article-1-594-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-07 ]

[ DOI: 10.52547/jsdp.18.1.86 ]

WEiws by g3l o 5 5l e Soe sl

IS llas oS 5b a8 gb o 485 L 0 >

Ol jlade g 009y il Lo [R+ o=V Ve 1] 55L 0 (VYY)
Asb =/ bl olKiws bos b

Time Delay

1200

1000

800

600

milisecond

400

200

)

0 5 10 15 20 25 30
Time (Second)

A Bolai sl ¢ gommo (gloud (1Y - JS)

(‘\'."‘Ugsl'."" “oo_ﬁoo)

(Figure-12) : Total amount of Random Time Delay of
Network in Interval of [900 - 1100]ms

Cundg J S Gl oleads =l ol o
ol o ool las (V) S [ oSiws

(a)Input Reference

3
o
8, \
3 \ L]
1
0 5 10 15 20 25 30
(b) Neural-Smith predictor
4
o
8o [ AR I
3 / N NS —
0
0 5 10 15 20 25 30
(c)Smith predictor
4
22
vV JST L
0
0 5 10 15 20 25 30

Time(second)

A @2 b 31 J S Al (g3 ludnds domii (VY- JSC0)
JUSns (il 0=2/0 g anili Lo VVee—qee 13l (ol5la
31 eolasw! gljla oliwd (29,5 JUSKow (22 30
955 JUSw (T 10w Sy Sl s 5 58

00l (o it o] ,F ] 0S50 oolasw! (ol 3l oiws

(Figure-13): Simulation Results of NCS for Stochastic Delay
in Interval of [1100 - 900] ms and a=0.5. a) Reference Signal,
b) Output Signal of Plant using Proposed Controller, c)
Output Signal of Plant Using Classic Smith Predictor.
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