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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.

a5 32y 51 J S sloeilolio =Y
wadosls Hlas (V) IS5 0 a4 S len IS job 4
Sloalls” 5l diges o St Gy 51 S slaailoles
5 S Sow ol 0 &5 cl Tenday IS
sgamma —aily Sz Sl gloaSd by 5,58
Gk 3l IS Blebs slao S [10] wg o Jaio o0 4y
5 calies LlaplSe 1o il Ll 5l Wiy oo a5
3 JpaS &lele o (IS adg, ol asils 18 o 5l g0
By g, laml 4 conl Ojso pay aSlS 5,
Slale 05 5k 5l 5 0ad (Sl S g
S JESew e 9dee Jlo)l SRS @
@ Sl B8 &b 5l SRSl eaelowsay
a JLezms loosls (Jare S 325 5l g sy o0 S e
o)bg0 o1 5l e g Jlasl olfiws &5 5 Joas SlLT
5 o0 6 yeS0ilail T Lawgi olSiws Sl g ,>
Sl 8 G sk 5l g oud b Jlioms JUSew 4
Pedse Jlo)l SIS a Ghiln sly Jlems
& JiSew b SU5S by (8L slaJlSe
Ol bl 2 g ojluies | s JUSew 5 99 o0 dunlie
bl oS o 0y |y IS JiSms coslin oo
GleaSed (SopnS fdsay o @b 5l Js
Jod 5 2l (oo puliw jo Sipl Rl Slpbe
olltws wizr Glojen J 7S o6 I 5 ead &y jo S
ol o a1 ailolos (s pdy S 55 Sgpe 5 O1Se S
3] 5)ls
sloop)l5 wSed @bl S slaalele
by lad psle 5 (rio (Sap Glaoje> 3 Sl
5 lnaileles 6365 ol (glo0 115 alo 3l el 00,5

dodio —)

Bl Sy s b 5 S Bl 5 sk ay
Sl oy SRS I Jlab S e Sl 5
Goased bl alle oo S o LU o1 yo a5
o [7,13] 0,5 o0 & jgo Zipnl wile Slplbxe
Sl (1) US55 oS g 51 S8 Bl S, IS
Lls )l gly opbre &0 092y Sdedy .l 00 00lo
b 5 Jelos @Sl 3 )b 5 S Alebs slovo 5
ol pol> sl Fazey g OISis gl eailols oyl
s el o 5B daslele ol 55 e 2l 59
o il ol [8] cowl aSlils jo ools (glaaing 28 cawd
cel Wlg oo g ool ailol J S o Slae ol cely
[B1s5 5 el (s sl
Sl s 3T 51 08,508 slogis, 5 o
s il et ool 575 il 5
S b Sl 5 70S ES e )0 oliws o
Blolw ;o (955 b oadiplol sl imgsy ;o o)l Sl
ol SIS L ala, 5 aSed b 5l s
S8bee p ol 55 5 oy Joo lulid @ ot
50 0554 olSwd (5.8 (g5lw Je .l ool a5 ailolw
el ghlo b g sl ot oSiws a5 b
RS Bl S8 s Slae o o Jstons
Ol o S de (2P B e 4 ]) 4l 5)b
O Goyewy emas al l eslasl L dlie
S Blabe JA5 5 Slae 3o 5 ol (gla Jas
SEele o uizmen el ool aBl 4l 5,k
P9 g emas 8eh Syl golidny S S
ol 45 Sl s aolizal SRS ilsy 35 e ol
Sk 3 JS Bl s Shee Spugy Sl 5 gaiye
salbels pogae ¥ jidu [0 cslsl jo 0gd o a0
a8l 0ols by ol slo il 5 ASed 3, S
ool gras 587 o6 b goleriny S U5S o0
Foise ,0 gdee ool madgs T (25u )0 “imiin

e Cendy 5 jekear goleidny S )

ools Gules ol mmls g ool (giluad AC jsigeg,w

D Walg> (6T ol b i 09 0
Y 2l ) 5Ll Ve Jlo


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 2025-08-23 ]

[ DOI: 10.52547/jsdp.18.1.86 ]

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

%

JUEN RSO R W WA P PRUEE -SSR I RSN T 90
S92y & S U 5S 5o hibp Sldee Sdeay 55 B3l n
el sloys b ggi 5l i |y Ghlon 5B ]
b IS Blle o Slhee o Solas b 08,5
wlolws J S o Slae als el Wlgh oo g 0,0 ol
Gl 55 895 oS o 51 S Bl (bl 2
g0 0ol glears Bolai .2l b s jgbay allas
Coedl 0590 Sl Lal el cal oal a8 5 s
3 S sloalobs 51 eolital 5 42,5 1,5 )5 ey
0557 (rl PBlue o (sl labiws 5 5100 4 4ty &b
JA G55 Srae als LS )5 beolfiws S Cgz )
D e By [12] 55 s mt &4 ol 28,5
ol 1 455 Gyl 31 S8 slaailals o lej o5
41, (MCDOB) ouis gMol sl pbe J51a3 Fosnlice

Ll 00

&Z 0 8999

R(s) .

C(s)

ool &l ples oS

[PESUNCICIN o
—t,s
e 2

O el hlug JyuS ol 555 095 J s &bl
Sppb lgsn 1y 93 ol 5l (> Jos plowl g it s
cel ol SBolal gleoasay 5 (Slnle Al 0929 [9]
5 00ls laatay aieS ( Bolas b aile ola il
IS Gylopaiged dlasd 5l 000 c0 ool ol
JuSe Jlosl dbaod b S e Loy olSons (25,5
ol wesge ) S5UsS Sl b S Jlab banags J S
RO IS NSVRUES P [ EOR { SR UE L RS PN ¢
Sloy @ae) aSih 4 bcwws b el aSs 5b
(59 ol aSet 4y ohcews 5ol b aisS o Jsb a5
Jsbo 45 Gloy Bae) a5ty Juew jlanl 5T
el (WS jgee Slpbe JUS 5l LK b aiS
IS55p aiile &St ol slo Ty 4 oSt 5L
vl 5 4D slao S olasd aSed SIS aSed
JUERCRN 1} [ R S U PO 0. S PPN

=9
ool &l plbes aS Y(s)
CRERPE G(s) —>

et

A sholad Sl Gl (18,5 S 50 b S a5 31 J S Blals IS Jlis L (Y- JSC3)
(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.
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