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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-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-01-29 ]

[ 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
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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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Comparing Methods using ITAE Criterion

25

[ ------ Neural-Smith Predictor |
memn—— MCDOB [12]

ITAE
I
o

0.5 1
‘

o
o] 0.5 1 1.5 2 25 3 35 4 4.5 5

Time (s)

31 00liias! L MCDOB U (g3lpiiuny (sbs 5 domas Uio :(18 - JS)
A5 Al Lo Voo Sloj 3 4o ITAE jLae

(Figure-15): Comparison of ITAE between the MCDOB [12]
and the Proposed Scheme when Network
Time Delay is 100 ms.

31 o0liiuw! 5314 ailolus ITAE jloro fuuss Uio :(Y— Jg0i)

IRV ‘5|).3 [12] yo MCDOB g s s W‘sﬁhﬁ: ;J)A—AS
A4Sy 31 (U Al o Vo 53T 5 46 O (o
(Table-2): Comparison of ITAE between the MCDOB [12]

and the Proposed Scheme when the Network Time Delay and
the Duration of Simulation are 100 ms and 5 seconds,

respectively.
9% E ol b9y | Amalie
MCDOB MCDOB 2250 o, &
[12] [12] kil [S53)
Sos YIFVEA \AYE- ITAE

S 35 Az =0
aloles glyz! e L3, eaSes a,b 5 s &bl 4o
Gy S ies Sogo Slple slaaSes 5l eolinul L
Wl s,Skes 5 aSs Bolas 36 31 50 o)
D9 a0 00lusl (o Cenosl ISl Jgena gl
SIS o Slee ;0 38,506 Jole G ol (g5l Jas
Pl L s e cnl )0l i Coen
Lol 5o a5 oad &) iy Cool orae S 5087
olBiws (g3l 4 (49 sy (omas A 9o 3l oolanl
Sorte el 5 ool aBly JpS JLSew by s
S sl o oo s alels JpuS o Shee
2 b3 Opoa oBiws i @b Ol (solpiiay
aS wad oo lid gilwand bl sl cald a8 5
26 s et Seenlpas S S

Y 2l ) )bl Ve Lo

S ) oslinl sl olfiws g JiSem
aS ol ylor .ol 00l 0ols Lis ool s i Caows!
Sdpss las b ol asie (VW) Sl
bl o>9,5 b oo ooliwl oolu (po i ool
39 Lol sl wils cdl> gllas 5 Sllugs o gl 3 slls
ooliiwl e Sl gras S S 1 a8
5 Sblogi (izr)b 4T gen alols (25,5 50 05 o0
CBo b aibels (29,5 5 090 ged 0y odls Cdl> sl
Sl 99, [12] yo 055 oo JLio 1) a2 0 JuSs YL
w) aSes Goyb 5l S8 sleakes s 5 b L ablis
o2 555 Byan als Ulas 4 o> b a5 ol o
20 dolas slo sl o cpae jo g ool asls
a5 iloas a8 )8 b o ol cunS g S8, s g0
ly Bolas sl anciny Cad iz cnl Joe o
alleo oty e (] 5 Sy 5 26y o o
g oad adyS Ll o (4l wo ggeme jsba)
sy o S Wl sl RBlo B8 L [12] )0 (rizmen
b adlie cpl o cnl onid azd & a5 ats 38, Caws )
oolaiwl (gl oiws Jaul als ez YU LuilS )8 508
& 055 bl g Jlossl JolS j5bay 5 s sl yo
ool pl el ool ais § s o oSiws bl JLal
Slasss b 0l soleriny by b1, [12] Wlas i,
2 ITAE polie guls a5 00,5 owypm dlis cpl o
o dmslors 4l oo b fgezme 3G (sl (V) Joo
dolie colgay 30 (VO) 9 (V) b s o el
Slabsd ITAE polas g axly A 4 muly sl jloges
o905 g00e zull 5l a aiss lad .ol o g )3
OP @ S Al pl oleiinn ) el aie
b bt bl o anudly [12] L sndasl)|

S, 02 (6 5eS ITAE [laie g auS Ceoglio yige a0

Position Control

3.5

25

Command
15—« | === Neural-Smith Predictor |’
- MCDOB [12]

Position

0.5

0.5 :
(0] 1 2 3 4 5 6
Time (s)


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

[ Downloaded from jsdp.rcisp.ac.ir on 2026-01-29 ]

[ DOI: 10.52547/jsdp.18.1.86 ]

[8] Z. Xian-Ming, H. Qing-Long, Y. Xinghuo,
“Survey on Recent Advances in Networked
Control Systems,” |EEE Transactions on
Industrial Informatics, vol. 12, 2016, pp. 1740-
1752,

[9] H.-C. Yi, H.-W. Kim, J.-Y Choi, “Design of
Networked Control System with Discrete-time
State Predictor over WSN,” Journal of Advances
in Computer Networks, vol. 2, no. 2, 2014, pp.
106-109.

[10] K.-E. You, L.-H. Xie, “Survey of Recent
Progress in Networked Control Systems,” Acta
Automatica Sinica, vol. 39, no. 2, 2013, pp.
101-117.

[11] L. Zhang, H. Gao, O. Kaynak, ‘“Network-
induced Constraints in Networked Control
Systems—A Survey,” IEEE Transactions on
Industrial Informatics, vol. 9, no. 1, 2013, pp.
403-416.

[12] T. Yamanaka, K. Yamada, R. Hotchi and R.
Kubo, "Simultaneous Time-Delay and Data-
Loss Compensation for Networked Control
Systems  With Energy-Efficient Network
Interfaces,” in IEEE Access, vol. 8, 2020, pp.
110082-110092.

0,5 os Sguty” ¢ B doZe S u_w)..\.dl g L;,_-fsl:;-[\\"]

oz eslatul b oSl & )b 5l S sbaileles
g oMo Uhslon Uil Bl SIS ol o
ATAY FY-F) Sl « (V) )Y o,les ool

[13] P. Hajebi, S.M.T. AlModarresi, “Improvement
of Networked Control Systems Performance
Using Rotation in Fuzzy Logic Controller
Rules.” Journal of Signal and Data Processing
(JSDP), vol. 11, no. 2, 2015, pp. 31- 42.

Sl ox> W@ meles
g |, 053 byl clid S 5 ol IS

Br e A, 0 odSa
G e AR, 5 (SgysD)
SAYAY 5 WA o Lo jo (&l plses)
05,5 a3l o3 olRiils g Lo )S ol ez Sl (28 olKisls
o 1S gemmails oS B AYAD Jlo 5l olasl el
el 0095 51l oRils (Wl ples) (B o &,

JESm el o3l il gateadle sloaius;

el a3,k 5l S sailelw 4

5 el & le il &bl Slas
b.haghniaz@stu.yazd.ac.ir

c..\....:l.' yiias oo JJ..\...: é’b u‘)...uu 9 AS....» k_%_eol..a..
Jlo sy o by dilalus o Slae dgupy 10 (55 550 Lyl
2SS g sl Spbe i 5T s 5
Cod ITAE oo gy el aslb Lo [VA-Y1V] 550

solitul oole (o iy Coenl 5,8 5l a8 b 4
Syl as o o Lol sl /oo ¥ Ll gl

bl 4l e [V -2+ 850 0 S 1giSs a5 sl
oS o 50 izmen Zaol <[+ YV Ll ITAE cglis
e Sglis a2l Y plp o @ odd ol
b i a5 o 50 g scanl <YV L ], ITAE
PR ITAE Lo Sglis bl /Yl olSs oo s
S Bl o Shae i Sy jl olad 45 cenl /YD
My by Sl —gmae 5 S 5l ealazal L

6- References &y %

[1]1 F. Du, W. Du, “Networked control systems with
RBF neural network control and new Smith
predictor,” 4th IEEE Conference on Industrial
Electronics and Applications, Xi'an, 2009, pp.
2744-2748.

[2] W . Du, F. Du, “New Smith Predictor and FRBF
Neural Network Control for Networked Control
Systems,” Eighth IEEE/ACIS International
Conference on Computer and Information
Science, Shanghai, 2009, pp. 210-215.

[3] M. Mahmoud, M. Hamdan, “Fundamental Issues
in Networked Control Systems,” IEEE/CAA
Journal of Automatica Sinica, vol. 5, no. 5, 2018,
pp. 902-922.

[4] C. L. Lai, P. L Hsu, “Design the Remote Control
System with the Time-delay Estimator and the
Adaptive Smith Predictor,” IEEE Transactions
on Industrial Informatics, vol. 6, no. 1, 2010, pp.
73-80.

[5] A. C. Meruelo, D. M. Simpson, S. M. Veres, P.
L. Newland, “Improved System Identification
Using Artificial Neural Networks and Analysis
of Individual Differences in Responses of an
Identified Neuron,” Neural Networks, vol. 75,
2016, pp. 56-65,

[6] Z. Tian, S. Li, Y. Wang, X. Wang, Q. Zhang,
“The Time-delay Compensation Method for
Networked Control System Based on Improved
Fast Implicit GPC,” International Journal of
Control and Automation, vol. 9, no. 1, 2016, pp.
231-240.

[7]1F.Y.Wang, D. Liu, Networked Control Systems:
Theory and Applications, Springer Publishing,
2008.

Y 2l ) 5Ll Ve Jlo

g


mailto:b.haghniaz@stu.yazd.ac.ir
http://dx.doi.org/10.52547/jsdp.18.1.86
https://jsdp.rcisp.ac.ir/article-1-594-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-01-29 ]

[ DOI: 10.52547/jsdp.18.1.86 ]

2
!
!
g
Y
%\'
%
d
3
3
3
\3.

BY by ) 6yl VFee Jlo

Sl emyoedl  Hdexe  duww
‘) 095 JwJ)‘ stl.».w)ls 9 stLu.u)L{
Br e &) 3 oSS
‘ B e ALy 5 (Seexsdh

VWEA 5 VY50 sl Jlo 4o (&l ulses)
Slise Shae g il Glbel pee Kl
393 (JUSw dalign (319 5y Sy SN (3 2 (oviiges
VYAl o LSl 19iS gancsl ol&ails 5l 1,

gac VWP Lo 5l awyaell 2S5 cal o050 2él o
baszils [Leadls aiSTlen g 009 03 oKiils sole ui...a

Sxeadle gladio) aiiws o) oKy 5y owdige
(oras eaSid (JLSw wiedss iy ol
sadgn aSd 5 4d ok 3l SRS slaalils
|
1 el Oyl il &b, SLas

smta@yazd.ac.ir

il o o ld)5 Sy (2l by
Solke g ( Sy G (ot
A o 1) 093 slaSe g o)l wls)ls
m e i (Sl pBe) B (owiige &5,
SIATAY 5 AYAA ATYAF Glals o
AYAY Jlo jo plasl sl 00,5 cdl o oy oKails
chie )3 35 oAl &ged S teh seiils oy
5 UMBgR dw) 0 ol uSs el Obkl (58
olon 39> b b pe (Sg Sl slaoliiws el
bl gueaddle slaaie) )b cold JLSw
Gl Gijloy S ol 33l
sloslole WSt B 5| S sloaille « Soslse
el gras SaSed 5 651 Bhie e e e
5l ool ke il &b, s
Hajebi@stu.yazd.ac.ir


mailto:smta@yazd.ac.ir
http://dx.doi.org/10.52547/jsdp.18.1.86
https://jsdp.rcisp.ac.ir/article-1-594-fa.html

[ 62-10-9202 uo J4rJe-dsidps( wouy pspeoumo( ] [98' 18T dpsl/2¥S250T ;104 ]


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

