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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

NG BEUUNCUPRLIVON K g JUEL S L oW
st Sl SIS Sl i sl
Sy Semdy S pplaied SUS cnl sdiee
ad, )5 4 GS) Jows &b b oly Yo rAC j5i50g,m
sl 0 00l Lt (F) byl 1o G(S) yks als .o
Olis () alasly jo 55 olRiws dtwgu ylej > Y slre

Sl 00 00l

6(s) - 104(0.0585+3.221) f)
$(0.000152+0.0195+1)

-190 -78.125 0 2048
X =128 0 O|x+| O |u

0 10 0 ()
y=[0 2213 1228.7]x
&0 8993 s JUSw
RGs) | v ~EO
+ + NN_C
iy _
1—g S NN_P

ool &l plsee S
t oy b L

\'\ejs\j

Sdss sl e () IS
a5 Sl (g yimmyy (omas 4SS S NN_C (golgaiy
Sl IS - ls SRS S wile 60 Sles
&S Cewl K gy emas Al G 5 NNLP
A8 oo Sl e 1) S cod ol
2 i Somslgras S JS l esliiul slac g
23,5 Ol S5 o Ol oo 1) 4Sed Gk 5l S dlel
3 NN_P ae a0l 5l colainl cdeay )
Joe oidls 4 g5k el Jow olulis
s oo 2,y Gado
Cowd ONN_C rac a0 Sl oslan] cdeay -Y
A Oll (ot slaanT b s 5 s
W Y
el oy Job 4o olKtws 5l solaul a8 el 51 -Y

wydse ol ko gl slagelly s

&z
ools &l plses 4l Y(s)
ty ileg s b G(s) >
gt

e Somousl = a5 73S 3l 0linl b a5 32 b 5 J 55 Bilabes (63giniay L (F- JS8)
(Figure-4): The Proposed Structure of Networked Control System using Neural-Smith Predictor

Y 2l ) 5Ll Ve Jlo

4


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 2025-10-16 ]

[ DOI: 10.52547/jsdp.18.1.86 ]

M@).b)ld)u.\’G&Mbh»é)lhcéw‘sl)aouuiugmluuu)fd)uf

9y oiws 4 PRBS LS Jleel b >

99 (g rum y (omal AS e 3] 0 Gy olKid
5 53955 gdce oyl FVFO-Y sl L NN_P &Y
Sl M) 9 (V) leakaly SNN_P ac dS0i 25,5

Sl 00 00l

input_NN_P=[u(t-1) u(t-2) u(t-3) y(t-1) y(t-2) y(t- V)
AT

target_NN_P=[y(t)] )

INPUt_NN_P o sbo jlislos Gl cde 2lg 0

aS cewl opl A) 9 (V) slaalal, )5 target NN_P

Joe 1y dw A0 b olfiws G L8, b (peae 400

oll casee &Y ONN_P ac 485 Jlasl ol oS

sl ol b5 gl s &Y 535 Sple
el 00l ol lis () IS ;o NN_P cac a0l

99 Ol g o gy

a2 = pureline (LW2,1 a1+h2)

a1 = tansig (IW1,1p1+b1)

NN_P mas &0 jlislw :(P- JSi)
(Figure-6): The Structure of Neural Network NN_P.

LS (V) U5 o NN_P (s 353 Ll sl
15 b g Sdgrmls il JESl b el snd ool
Sl 00 0als ul-MAJ (\ *) 9 (Q() ‘Lvlj)

Neural Network transfer function for hidden layer

L]

,_,—/

-3 2 -1 0 1 2 3

Neural Network transfer function for output layer

purelin
=)

3 2 -1 0 1 2 3
NN_P s 850 JUsl alsi (V- JS05)

(Figure-7): The Transfer Functions of Neural
Network NN_P.

21 @)

tansig (x)=
l+e

purelin(x)=x (\ )

Y 2l ) )bl Ve Lo

ol Ol yuti 9 b &b (5w Joo - Y-
Ol obin 250 il Bl pglae hoos 6 LSl S
Sesle 5l eolaiwl by, cwiess ] Casods sl
3L 9 50 S sdelCawady Juw ST cel e fygew S,
Bayre w08 g (as il sla LSl ladl aslai,
> oy [5] osd oo coliiwl ac laasli wile
Sly g Sl (29,553,980l (solaw 4 55 (s sleJoe
S eNigd S8 e oy it glacdle a5y
5B b gl AT 0ed e eolainl JUKew
as 09l oolawl JUSew 5l aul @dlg o cwl (glos pus
adgi awd lid plls 9 1,a5 clls o 1) olSiws o ,Sles
051y Sl i 45 ol (oSS 31 S i
Ji £ L (65 Bppme JUfans i ol o U
el o oolaiwl (0) IS Billae JBolas 4l s,k
el &)le SBolasas 6,0l JuSw leolaiul Jle
Mpho @95 4 Cod ol e 5 iluosly bl

Sl Solw bl jo g3lwe 53 colild

PRBS signal
[ — - _ -

sample value
=

-2

-3

0 50 100 150 200 250 300 350 400
sample time

olEss Jie oy lwlids aliiods PRBS U (b JSu)
(Figure-5): The PRBS Signal to Identify the Plant Model
PRBS JUXiw 3l aiges duo,loz slass (0) Ko yo
S A ey gl g lwancs jo Ll oads ools iuled
dges )l Sl el oo plulid o 6
adgi 5l o s cll> yo .l oal oolaw! PRBS UK
4 g oo oolainl (-VgV) bagase jo (glasls b agan
(=Y 9V) bogume 0 55 PRBS JLKiw &ls JJo cper
el oald Ools]
ol&ws lal colws 0 PRBS LK Jlas! (sl
cdl> SYolee g onds (gjlwdinns 3,2 do LWlS 3 L
Bl a0 (B) Ayl & jgoas olKiws
0.0066 —-0.2973 o} [7.7924
X[k +

X[k +1] = |0.4870 0.7295 0 7.0009 | u[k]
0.0035 0.0089 1 0.0277 *)

yIkl =[0 2213 12287]x[k]


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 2025-10-16 ]

[ DOI: 10.52547/jsdp.18.1.86 ]

5 b p Ojgoar U ogd a8 S e jo e cnl b gl
Ol 4 (b sl aiS peis S Ll pa b el
Ol o sl oo eolawl [4] jo golpsiwn b, 3l cdun
ool Jlosl lo s ylopaigad B3k yo (glal yo (b,
85 Alwgay ools 2l Gloy 5 S 85 Abwsn
S5 slade ulsl cpl g dline 0,15 &Y o 5 Jld
drnsla 0013 Jlal )l 5o 50 LS &0t 4 3T
SodSh ;3 ;b eds Goloriny wha sl 05 s
o8 alie cl 40 sl 00 00,1 [4] Wl () 5 (A)

S 352y b press slas a5 Coul oads

Slwaands s -F

3 8eh Goyb sl S8 Bl o Shee (o) 0 jslaiens

SOPIUR N UNRCIONI JEURYSIR O [CEC g PRSFEO JO | P
M) IS sllae 4ty b a5 conl onds aid 3 L o
PR N IS 50 S peis Al Lo 7o 9 Fer G
S O ygody a5 150 @Al VO b ho dlasd o
Ve YA o S8Iee g b SBolad e
oS b o Al b o3l dlasd 5l g ol 4l oo
9 0% G CSIESH @9 b (Bolal piie SO O jg0h
Al g ol Do pled jo pizmes (el 4l Lo £V

el 0=0 )‘MA

Time Delay

@
3
3

~
=]
3

=
=3
3

a
=3
3

milisecond
IS
8
3

@
=1
3

N
S
3

=
1)
3

o

0 5 10 15 20 25 30
Time (Second)

A Hobad yusli & gommo gloud (A JSi)

(uuslf'“ 900-?00)

(Figure-8) : Random Time Delay of Network in Interval of
[400 - 600]ms.

o 0 Biws (g S 5 g e JUKw

B¥ede JL..i..w el 00l ool ul.....; Q) Ji,..; N cJl>
BYSTVTSVRRLI WV EC A R-PR RO RN SN (1 EL D R W
JUEs 55 (0 -9) IS g el sl 5 Lol o> 5
oanlie aS oblen o o lid 1) wlbls >g,5>

oK (g5l Joe g omas &l oola] Conas

3,5 5 olfiws o w45 09l oo aine Siloj
&b g3se nl (owyp Gl S s by Jsb o
Rgdee Giledae (V) Ay & j50a j5igeg,m oo

10% (0.0585+3.221) Y

G(s) = >
(s+a)(0.00015 +0.0195+1)

50 s b b s ololas gl &8lg 5o
ST Gygods S gl a0 (V) dlaly 75w by Jobo
Alroley sk o &5 Lae (el o iy
O yd y5ige o @b slacdad olKiws (0 518
wlolis o Slac a5 el (gl allio ] 1o Cpaizean thins s
Gl Jlae 5l wes bl goue gaxls L
OY) daly sllae “Uas lhejad 1o loy wpo fol>
sl 00l oolazul

ITAE=] 3t | e(t) | dt Aav)

95 S o S e(t) JiKew (VY) il o
ool @2 o JUiSw 5 olSs

ool gmas )5 J S 0310 5 35 po -¥-¥
Sooslsras 578 655 50 G NN_C grae 3500
SIS S aile cras 808 ol aas o oSS |,
Gk 5l Jrs dlbe o S (oo Joe (RSNl
g Sy e 95 50 40 aSLh b as s o oS
b igespm JriS gly il yio ol JUSw cotS
e b Sl els SY5S Syl (F) dslee

LNN_C (g mp (orae 355 [4] 25 o0 oolital
A 3550 ISl cnls 558 0 e Y-0-) JlSLe
owrsle NN_C  iae a0 (699, o)l
JiZw o] 5,5 5 iNpUt_NN_C=[E(k) E(k-1)]"
ou 00ld i (F) JSi ) B(S) JuSew ccanl IS
Lol SUS 650 P 60955 JWKem &y 50 5
e b wile NN_C peae &5 Jlas! oy
el OB 5l (oas A0S 90 58 53 ool NN_P
aSs iygel  lp  Levenberg-Marquardt slas

el 00l solail
(b &S 5 o rpesis —¥-¥

9 098 035 Gwess b3 O jg0 Wb (litl) (Sl e

@olgiing S U Jsle 5o (tn) Comenl yiolyly ugns gdj

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 2025-10-16 ]

[ DOI: 10.52547/jsdp.18.1.86 ]

M@).b)ld)u.\’G&Mbh»é)lhcéw‘sl)aouuiugmluuu)fd)uf

@

gl oalaiwl ool s Comewl 8 ]S j1aS
la_ oo @L.»L».w u.»‘).sl.u o] g_i» ﬁ‘ﬁ ITAE )‘A.a.c
Sgnt 1y alolu JyuS o Slae ¢ grac a5 51 ool
&b s Jlade ax 2 (V) S Gillas ol ooy
S8 8l sl s 0T adsl jlada jl oS Jhas
bl JyuS o, 8les g 1 it Coroms| gmac
a5 Sl 3 (V) IS8 50 aiged plgreay 35800 i
)L:.a.o ugLﬂ.’ .\...ul.’ /Y ).3‘).3(1 dSLleD- o9 W IRYA WA
Sz cpl o sl 1YY L ol el g0 0 ITAE
wlolo 3 ,Shoe Sgutp 5l il iy o &b Ol s
obles yiin ol S8 5l eolawl sljla

D9 50

18

T T T T T
{ A (a)Using Neural-Smith predictor [#
16 | +  (b)Using Smith predictor

14

1.2

1

ITAE

0.8 A

0.6

0.4

2~
0.2

0 0.02 0.04 006 008 01 012 014 016 018 0.2
alpha(plant pole changing)

Fowd 2l i 11 ITAE jlro dug Lo :(V)- JSC)
O, ol gmas (5 508 51 eoliwl b (A Lolliws
Camomnl 5 yisS 51 ool b (@

00lw iy
(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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