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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
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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
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(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.

odls ooly ylid (@l VYY) S )0 az o JUS

> p Pigegpe SBLD Sy Sepe Soly &S
e b s (25,5 JUKw el a6 5 L0l
o> Ji (0 V) U8 o 0 oo ) gz
Cooml = crac F S 5l eolasl glila olKiws
o (z -VY) s 0 el oals sols plis s

S8ee Ssrte Sln Gmite Saewlgras S S
Sl YL oyl jo oSl &b 5l Jus Al
Jsoz Gl diged (lgicdy ol dgpiin jliv « Slple
Wil adb Lo [VA-YV] 5L o oS ;. 5b a5 35())
SdrsS 5 ool lilay ailelss ITAE ade glis
Ot Soelgras 5 S 5 oole i Coen!
SR JUE LT St PURN I EPCON IRV RS S
Soles il asli e [1V--2Y-] 5L Lo Slpbee
omae 85 5l oolitul (plpliy sceul /- YV U ol ITAE
S Sles gy el wliws Jow b oLl ol
ool 558 5l oolaial b aSos & )b 51 J 58 Sl
31 eolasw! (gl3las dilolw ITAE jlaro o lio :(V\- Jguz)

= iy, Sl )5 J 4S9 (ot ey, Sl omas 5 S
o0lw (yn

(Table-1): Comparison of ITAE in NCS Applying
Neural-Smith Predictor as well as Classic Smith
Predictor.

aSs b ade

ITAE jlse SRS g5 (b )

Sdrs
YYfe/. Cponnsl e
2 S g6

SNARSAY|

Y'Y/

Yra¥/- VO [y
2 S8 a8

sL[V V-]

\AtZNE

YYaA/- Copo] e
2 S8 a8

55L[v - -vy-]

ARV

5; M Af/ . Wlsf.a_c
2 EleSs g

s;u[0)--ov-]

AYVY/-

YOVY/- Copons] e
2 S8 a8

55L[VY vy ]

< Y&

AAVY /. Copon] rare
2 S8 58

a0 --av-]

ARATVA



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

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-22 ]

[ DOI: 10.52547/jsdp.18.1.86 ]

A (33 b jl JpiiS glddiloln 3 yShos Sgua e opais caowl guac )5 yiis

<

L golaniion (09 by J piuS dm Lo :(VF - JSC0)
A 4l Lo Vor Sloj sl ;o MCDOB
(Figure-14): Comparison of Position Control between the
MCDOB [12] and the Proposed Scheme when Network Time
Delay is 100 ms.
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