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An overview of intelligent systems (neural networks) from the
perspective of classical theory and their application in modeling
and control of complex systems

Mohammad Lotfi, Mohammad Bagher Menhaj

Abstract: In recent years, with the advancement of industry and technology, we see that systems
are becoming more and more complex. This complexity in the industry has required a parallel
progress in control systems (controllers), which has multiplied the need for advanced and intelligen
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t controllers. One of the most important criteria in the design of any control system is the accurate
knowledge of the system or, more precisely, the modeling of the system. Considering these two
challenges, this paper examines intelligent systems and specifically neural networks from the
perspective of classical theory and their application in modeling and control of complex systems. At
first, the basic element of neural networks, i.e. neuron, is introduced and its types of models (collective
and radial) are also presented. Then the types of neural networks such as multilayer perceptron neural
networks (MLP-NN), radial basis neural networks (RBF-NN) and recurrent neural networks (RNN)
are described and the appropriate number of layers and also the appropriate number of neurons in the
hidden layers in neural networks for different applications and especially for the approximation of
nonlinear functions (modeling) are discussed. Then, it is tried to build a bridge between the concepts
of neural networks (intelligent world) and the concepts of classical world and analyze neural networks
from the perspective of classical theory. It is shown that from the point of view of classical theory, a
neural network can be considered as a model structure and its weights and biases as unknown
parameters of this structure. In neural networks, learning algorithms are used to determine the
unknown parameters of the network (weights and biases). Therefore, learning algorithms of neural
networks are studied from the point of view of classical theory and specifically in relation to
numerical optimization and a bridge will be built between learning algorithms and numerical
optimization methods. Also, the most important neural network learning algorithms are introduced
along with their advantages and disadvantages. In the end, two important applications of neural
networks, modeling and control, are discussed and for each of these applications, several illustrative
examples are presented and simulated to show the effectiveness of neural networks.

Keywords: Intelligent systems and neural networks, Classical theory, Identification and control.
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11. Input Layer
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2. Saturating Linear

3. Positive Linear

4. Hard Limit

5. Perceptron

6. Log-Sigmoid
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6. Local Optimization 1. Iterative

7. gradient 2. Steepest Descent

8. Hessian 3. Newton

9. Stationary Point 4. Momentum

10. Saddle Point 5. Genetic
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2. Generalization

1. Learning Rate
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2. Backpropogation

1. Gradient Descent

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oyled (Vo J 25 dlone


http://dx.doi.org/10.61186/joc.17.2.47
http://joc-isice.ir/article-1-1010-en.html

[ Downloaded from joc-isice.ir on 2025-11-05 ]

[ DOI: 10.61186/j0c.17.2.47 ]

ooy lapts J 287 5 (g5ledibe 53 OT 5,5 5 S (6555 o5 1 (s (l0dSl) i pa SWpten 2 S50 7f

0Ll 8 isseT ‘..g,,ij\ i w3 e > & shiles
Slp bl sl e oSt 25T Gy sy el 55
b 5 0bslE s K1 0l 1l 457 s (sl )l
.3 g o3 lazul p s

Sl bl 5 1055 cpstiage b (55 0bs1S (5550 02,80 5
1 g el ) als) b e S

W7, =W," —(1—7)as” @

m=M,M -1,..21 re)

by, =vb —(L—7)as" ;

m=M,M -1..21 7

o)l S B o o OT e 5 3515 06 pgzage Y il
ol s 055 S Dlvbes g ol Cgr 5 Al 51 oolad el
Ll b Wbl 5 059 Sleyissw oo
ETS IR PARSPNIA S

s (o h ( edbdilyl 35 seT (slagn s Sl aen )3 0586
S s 5 skl (s o O S 5 gl b LS
PR PSR L NI RS

L=(clk]D" elk]1=(y[k]-alkD" (y[k]1-alkD)  (rv)

4nS e ((Y=F fd0) s> (s3ds kgjb%ﬁﬁ&e\iﬁbb.&
R b 2 alows 1B U5 o 5 e (285 oS 51 B
s sl i 4 63 g0 Slasjonn 25 Sosea s O Ll b

ey

Wy =W, —ag, (¥A)

(1) s b 0Ll amlone 1y (258750 25801 o s
e w8 i 53 o 5 dal 55 0sl 8 25T o), S
RCH . N I P PR P [ P R S W
LS5 9 2500 oolizul 5o gade Gluaig ) 5l 015 o0 el 2l

5T s 4 5 Sy pen )

Wy =W, _(Hk)ilgk (Y4)

(9i) s o 0b318 w51 oy (22575 o2 5 S ol 4t
ol ol 58 55T (,;,_)}il\ C(H) 7 it ot e o sSas 5
Wl (FR) sl a5 o bl e (51 2550
Y. Z . .. T . &
SISO i (s ey S FYF
O PP PV | E P Pl JPC P JPHEM N

ui‘ﬁi 14 ,\Lw‘)‘ﬁ))edmiy}axp QT A?ML’E.ASJJ‘J (Hk)71

W:§ (Ya)
1l ol gt (YY) sl 3 (Y4) 5 (YA) sy MG b el ol
s"=F"(")x@W ") xs" (¥+)

Y Sllos M 0¥ Dlislons 5 Lol s G padaly 4 e 57 L

1
S Gl ((Y0) daly 5 ekd &yl L b el il s ML

B PHN] P )

. ar.T P
m+1= d‘] _0(: §)=_2 dg X(X—Q)

S =
- 0nm+1 anm+1 aﬂmﬂ (\"\)

— 2FTE Y x(y - a)
plcwim+l oY 5Ll ol e Fm(n™ ) cabasly opl 53 oS
e S bl 2285k Aty i (51 015 n s Slwlos L,
sls C\;J B
s St G 25 50T S esnpar Olsoa 5 ads 5b o
dlons gz 5 (2850 Ly, Sl e a5 0bsl S pes 4 Y ML

225 gn 03Ul Y 2 Gla bl 5 0SS

o =W, —as™(@" )y
b{',, =b{ —as" (rY)

m=M,M-1.,21

Ll 3L 30 SamMl Y s 2" Ly ol s
LY e s M 2T 4Y gl 8 col S Sl 3 g3l
Py R ) S peh

s" =—2F" (n")x(y —a)

§m:|:'r|1(ﬂm)><6Nm+1)T ><§rn+1 (W)
m=M-1M -2,..,21

PP 4G o S K Do 4 Gl Y a jladls b Gl

Pyt A R

f"@)) o 0
. o f"(ny) - 0
Frnm)=| | (;2) S *F)
0 0 - f"(l)

Soisel Sl Olgie 1y (FF) G (FY) Ly, oS Al wils a> g
s 45 Bl 4l a5 s alizul 4 Y sl A L e claaSls
S o b ke 5k 4 5 (FF) B OMY) Lals) g5l s
P33T 4 Ol or 3 b e TP b 55 & (Sledig s B

L e sl

) . LT &
ptese b (55 0Ll 8 oh5 50T 2 KU1 F-¥-

2. Levenberg—Marquardt

1. Momentum
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4. Polak-Ribiere
5. Powell-Beale
6. Scaled Conjugate Gradient

1. Incremental Training
2. Batch Training
3. Fletcher-Reeves
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2. Radial Neuron

1. Radial Basis Function (RBF)
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2 Least squares

1. Spread
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3. Delay

1. Recurrent Neural Network (RNN)
2. Feedback
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3. Model Reference Control

1. Model Predictive Control (MPC)
2NonlinearAutoRgressive-Moving Average-L2 (NARMA-L2)
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1 Prediction horizon
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