
Z-transform artificial neural networks

P. Szymczyk
AGH University of Science and Technology, The Faculty of Electrical Engineering, Automatics, Computer Science and Biomedical Engineering,
Department of Automatics and Biomedical Engineering, al. A. Mickiewicza 30, 30-059 Krakow, Poland

a r t i c l e i n f o

Article history:
Received 21 February 2015
Received in revised form
2 April 2015
Accepted 1 May 2015
Communicated by R. Tadeusiewicz
Available online 9 May 2015

Keywords:
Z-transform artificial neuron (ZTAN)
Z-transform artificial neural networks
(ZTANNs)
Z-transform
Automatic identification of objects in digital
control system

a b s t r a c t

This paper focuses on a new kind of artificial neural networks – the Z-transform artificial neural
networks (ZTANNs). It is proposed to use the Z-transform instead of ordinary weights and a linear
activation function of an artificial neuron. This extension allows to use artificial neural networks in new
areas. The ordinary description of artificial neural networks is a special case of the description proposed
in this paper. It also contains a description of the use of the ZTANN for automatic identification of objects
in digital control system.

& 2015 Elsevier B.V. All rights reserved.

1. Introduction

It is common knowledge that the artificial neural network is a
set of artificial neurons connected together to form a network
which mimics a biological neural network [1,2]. During last years,
many models of neural network have been created [3]. Neural
network is a very simplified model of a brain. It consists of tens or
hundreds of computing elements. A single computing element is
called a neuron. An artificial neuron is a simplification of a real
biological neuron. Neurons are connected to create a neural
network. The connections have weights and neurons have activa-
tion functions. Most of the presently built and used neuron
networks have a layer construction [4]. Layers included in neural
network can be divided into three categories [5]:

� Input layer.
� Output layer.
� Hidden layer.

Neural networks can be divided into:

� Networks with one-way connections.
� Networks with feedback.

Three elements are crucial for every neural network model [6]:

� Node structure.
� Network topology.
� Algorithm of network learning.

One of the most important features of networks is their ability to
adapt and organize themselves. This trait is used in most of the
practical implementations. It allows to substitute a given algo-
rithm with a neural network, which will automatically find the
solution of a given problem [7]. Finding the solution may require
from a few to few thousand iterations. The process of finding the
solution automatically is called network learning [8]. Network
learning algorithms may be divided into:

� Supervised learning.
○ Corrective learning.
○ Reinforcement learning.

� Unsupervised learning.

The most valuable quality of neural networks is their ability to
learn. An important characteristic is an ability to compute data
simultaneously. Neural networks have diminished vulnerability to
damage in individual nodes compared to implementation of other
algorithms [9]. Classical neural networks are not useful in imple-
mentations where a time dependence of a signal must be
expressed – for example in dynamic systems of automatic regula-
tion [10,11]. Therefore, an attempt to define a new type of neural
networks is presented in this work. The neural network that is
described is an artificial neural networks with Z-transform. The Z-
transform is described in detail in Appendix.
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2. Proposal for a new type of artificial neural network

2.1. Z-transform artificial neuron (ZTAN)

The Z-transform artificial neuron presented in Fig. 1 can be seen
in its mathematical description below. If we assume that
XiðzÞ ¼Zfxi½n�g, UðzÞ ¼Zfu½n�g and YðzÞ ¼Zfy½n�g, we can write it as

UðzÞ ¼
Xk
i ¼ 0

GXUiðzÞXiðzÞ ð1Þ

where k is the number of the given output,

YðzÞ ¼ GUY ðzÞUðzÞ ð2Þ
After putting Eq. (1) into (2) we can obtain

YðzÞ ¼ GUY ðzÞ
Xk
i ¼ 0

GXUiðzÞXiðzÞ; ð3Þ

which results in

YðzÞ ¼
Xk
i ¼ 0

GUY ðzÞGXUiðzÞXiðzÞ ð4Þ

This Eq. (4) can be simplified by substituting the following
formula:

GiðzÞ ¼ GUYGXUiðzÞ ð5Þ
It will be shown in Fig. 2 and it will be written now as

YðzÞ ¼
Xk
i ¼ 0

GiðzÞXiðzÞ ð6Þ

i-th transfer function (transmittance) is given as

GiðzÞ ¼
Pβi

l ¼ 0 bi;lz
lPαi

j ¼ 0 ai;jz
j

ð7Þ

where:

i the number of the given input,
k the number of inputs,
j the number of the given power of factor of the polynomial in
the denominator,

αi the amount of the given power of factor of the polynomial in
the denominator,

l the number of the given power of factor of the polynomial in
the numerator,

βi the amount of the given power of factor of the polynomial in
the numerator.

The given vector of transform can also be written in the following
form:

GðzÞ ¼ ½G0ðzÞ;G1ðzÞ;…;GkðzÞ� ð8Þ
and the input vector:

XðzÞ ¼

X0ðzÞ
X1ðzÞ
⋮

XkðzÞ

2
66664

3
77775 ð9Þ

Using the notation introduced previously in Eqs. (8) and (9), the
formula (6) can be written as

YðzÞ ¼ GðzÞXðzÞ ð10Þ

2.2. Learning process of Z-transform artificial neuron

Learning process of ZTAN is shown in Fig. 3. It consists of a lot
of iteration modification coefficients ai;j and bi;l from Eq. (7) in

order to minimize the value of ΔðzÞ, which is given as

ΔðzÞ ¼ ZðzÞ�YðzÞ ð11Þ

Z(z) is the known learning value of the output signal in response to
input signals X(z). Y(z) is a real value of the output signal. The
learning idea is represented by the block ID in Fig. 3. The ID
module is responsible for errors minimizing. It can be done by
means of various techniques, e.g. PSO optimizing algorithm can be
implemented. It will be done in the future work.

2.3. The Z-transform artificial neural network (ZTANN)

By using previously presented artificial neurons (ZTAN), it is
possible to create a new kind of neural network – Z-transform
artificial neural network (Fig. 4).

The input vector is

XðzÞ ¼

X0ðzÞ
X1ðzÞ
⋮

XnðzÞ

2
66664

3
77775 ð12Þ

Fig. 1. The Z-transform artificial neuron.

Fig. 2. The Z-transform artificial neuron after simplification.

Fig. 3. The supervised learning ZTAN.
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