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Abstract. This publication includes a concept and research results regarding the search
for regularity in the functioning of an intelligent system using the example of a system for
forecasting national power demand. The research employs the ARX regression machine
learning method to derive models of the functioning of the electricity forecasting system.
The study uses actual values of electricity generated by both uniform and non-uniform
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domestic electricity systems as input quantities, and forecasted national power demand
as the output values from January 2023. The main aim of the research was to obtain
several hourly models and several monthly models to demonstrate changes in selected
system parameters and to show whether, and what changes occur in the direction of
increasing the system’s independence, enhancing the system control level, etc. The
research methodology also employs, in addition to the machine learning method, the
method of control theory and systems. At the same time, an example of obtaining
a model of the national system demand for electric power using the ARX machine
learning method, which was transformed into state space model, whose matrix elements
were used to interpret the correctness of changes in the intelligent system.

Keywords: Degree of internal organization, Electric Power Demand system, Forecast-
ing demand for electric power, Intelligent systems, MATLAB and Simulink environment,
Regression machine learning methods, System control level.

1 Introduction

Intelligent systems, which include The power system as a unmanned factory and its subsystems
such as the National Power Demand system (NPD system) are modeled to study their quality
on models, not on systems, as well as learn their regularities and use them in the control and
development of the system and its subsystems. In Annexes 1 and 2 to the document entitled
Poland’s energy policy until 2040 regarding applications from prognostic analyzes for the
energy sector [9-10]. The need for a more precise forecasting of the demand for power and
electricity was noted and was indicated, among others, that in recent years many different
assessment methods have been developed, which generally indicate a relatively large change
in the structure of power and electricity production in Poland in perspective until 2040. It was
indicated in the document, among others, that these changes concern in particular the increase
in the power of the achievement of production sources from the value of 47.3 GW in 2015
and 46 GW in 2018 to the value appropriate in the year: 2030 - 59 GW (increase by approx.
58.0%) and up to 72 GW in 2040 (increase by approx. 93.0%).

2 Modeling of the National Demand for Electric Power

In these studies, modeling was carried out using the ARX machine learning method (also
known as the identification method) [11-18] on the example of the National Power Demand
system in order to obtain a discrete parametric model determined as ARX using numeri-
cal data regarding electricity production by a uniform domestic electricity system (marked
as JWCD) [GWH], which were adopted as 24 input quantities and data on the demand for
electric power in the national power system [MW], which were adopted as individual output
quantities [19]. Modeling was carried out in the MATLAB and Simulink environment using
such program libraries as System Identification Toolbox (SIT) and Control System Toolbox
(CST) [20] system with a discreet model of the NPD system marked as ARX. This model was
then pulled by obtaining a continuous parametric model of the NPD system marked as TH, and
this was converted to a continuous state space model marked as SS. Detailed transformations
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and obtained results were included in the previous work of the authors [11, 12].

It can be noted, among others, that the national demand for electric power is a multi
Input Multi Output system, hence the obtained model is a type model, even where the output
size is the hourly streams of the daily domestic demand for electric power, and in the input
sizes in the presented tests the hourly total generation of the uniform system designated as
JWCD. At the same time, research on system modeling is also carried out, which in addition
to the daily total generation of electricity by uniform JWCD units in the inputs to the NPD
system are also the hourly size of the total generation of non -uniform units marked as nJWCD.

It is assumed that the output quantities are delayed by one day in relation to the output
size [11-12]. As a result of regressive machine learning, the NPD system is obtained, which
for the purposes of testing the internal degree of organization of the system and the level of
control is also obtained as a model of variable states. The research experiment included in this
publication uses a numerical example regarding the NPD system for numerical data recorded
from January 1, 2023 to January 31, 2023 with a measuring period of 31 days and one day
progress (daytime days) [19]. Example of a course of data on electricity production between
1 and forecasting the power demand for 24 is shown in Fig. 1.
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Figure 1. Course of data on: upper chart - real demand for electric power for 24:00 (output from the
electrical power demand system) in January 2023 [MW]; Lower chart - real electricity production by
JWCD [GWH] units. Source: own study using the MATLAB and Simulink and SIT environment [19-
20].

Course of data on: upper chart - real demand for electric power for 24:00 (output from
the electrical power demand system) in January 2023 [MW]; Lower chart - real electricity
production by JWCD [GWH] units. Source: own study using the MATLAB and Simulink and
SIT environment [19-20].
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As aresult of regressive machine learning, hourly models of the NPD system were obtained
as discrete and continuous parametric ARX and as discreet and continuous state space model
marked as SS. As a consequence, an important issue was to obtain changes in components of
matrix A, B,C,D and K model variables of the NPD system, the changes of which show the
state of independence of the system, the level of its control, etc., as well as, among others own
values and the location of the elements on the plane of the complex variable s.

3 Methodology of research in the field of NPD system modeling

3.1 Description of the research process

Due to the assumed main purpose of the research, including the adopted detailed goals and
the complexity of research in the field of regression machine learning, the designed research
process for work [15] consists of eight stages of activities, namely:

1) For the purposes of conducting studies and research in the field of modeling nd meta-
modeling of the NPD system, a comparative modeling study with a structure should be
developed: modeled system, type of modeling, including used identification methods, data
used for input and output modeling, forecasting horizon, tests (matching the model to the
system, this is a matching to real data), used measures, obtained forecast results (including
types of errors and their value) including IT calculations, etc.

2) In order to conduct experiments, it was necessary to analyze the processes occurring in
the NPD system, as well as obtain recorded numeric data in individual hours of the day, and
preliminary procedures had to be carried out on numerical data.

3) In order to obtain a catalog of NPD system models and carry out identification experi-
ments using numerical data listed in NPD system in the MATLAB and Simulink environment
using the Systems Identification Toolbox (SIT) [20].

4) Due to the need to improve the parameters of the MPD system model, you should
choose architecture and method of artificial learning neural network in the MATLAB and
Simulink and Deep Learning Toolbox (DLT) environment and conduct possibly neural learn-
ing experiments [20], in order to improve the quality of the regression model, which was
shown in number examples, among others in the following work [21-23].

5) It is necessary to obtain information about the degree of internal organization of the
system which is the NPD system and obtain information about the control level occurring in
it, which is associated with the need to conversions parametric models of discrete ARX to
parametric models continuous TH, and those on continuous state space model (marked SS
model) in order to obtain a matrix catalog A, B, C, D and K appearing in the space states
[21-23].
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6) The quality of the model should be carried out in relation to the NPD system, which
requires, among others determining: discrepancies, absolute and relative errors and, e.g. map,
as well as the effectiveness of NPD system models, system efficiency and intensity and their
models, and also requires examination of the sensitivity of the model of the NPD system
[14-15].

7) The discussion of the obtained test results should be conducted and the conclusions
indicate to what extent the target goal and detailed goals were achieved, as well as directions of
further research, which requires setting MAPE errors and reference to them currently received
in this respect in the electricity.

3.2 Selected modeling results of the NPD system

In accordance with the adopted methodology, the NPD system modeling was conducted in p.
3 using the regression machine learning method for the system with 24 inputs on information
on produced electricity from the uniform NPD system and with one output regarding the
demand for electric power for selected characteristic hours of the day (MISO models), this is
for the hour: 3:00, 6:00, 9:00, 12:00, 12:00, 12:00, 18:00, 21:00 and 24:00.

Recreation parametric models discreet and continuous MISO models for the above men-
tioned hours of day were obtained using hourly numerical data from the month of January
2023 available on the PSE Operator website, which was then transformed into continuous
state space models. Selected results of detailed tests regarding these models were included in
author’s work [17-18].

At that time, attention was paid to the need to check how much changes:

- degree of internal organization of the NPD system, and especially the correctness result-
ing from coded information in values and in the structure of matrix A,

- the level of control of the NPD system, and especially the correctness resulting from
coded information in values and in the structure of matrix B, and similarly in the values and
structure of other matters appearing in the variable models of the state, primarily in the C and
K matrix, because the D matrix is of zero values.

For this type of need to conduct research in the field of the National Power System (KSE),
attention has already been drawn to, among others at work [14], and then in the scope of
the next day system functioning on TGE S.A. in work [15] and the National Power Demand
system in work [11-12].

These research results are a continuation of research in the NPD system, in particular in
the scope of parametric and structural changes of the NPD system, which results from changes
in the value of elements of individual matters occurring in individual daily models of variable
state variables, including in the own values resulting from individual A elements, this is the
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matrix of the process, and thus the internal way of organizing the system.

4 Models of the Electric Power Forecasting system

Therefore, as already mentioned on p. 3 as a result of regression machine learning, hourly
parametric models were obtained discrete and continuous MISO, as well as hourly discreet
and continuous state space models of the system states using the MATLAB and Simulink
environment with the library of programs entitled. Identification Toolbox and Control System
Toolbox [20], while modeling uses data on the demand for electrical power from January 2023
obtained from the part of Polish electricity networks S.A. [19]. As a result of modeling using
regression machine learning, hourly parametric models (continuous and discreet) and hourly
state space models of the NPD system were obtained, while in this publication their presenta-
tion was limited to eight characteristic hours of day, and, for example, for the presented data
from January 2023 for 24:00 received:

1) Discrete parametric model marked ARXr202301h24441-Fig. 2 (with an accuracy of
almost 100)%, MSE error = 7.845 e-23) characters:
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Figure 2. The course of changes in electrical power for 24:00 (output from the ARXr2023m01h24 model
and output from the National Power Demand system) in January 2023. Source: own study using the
MATLAB and Simulink and SIT environment [19-20].

A(2) - y(1) = B(2) - u(1) + (1), ey

where:
A(z) =1-0.8411z7" - 0.4568z74,
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Bl(z) = -0.256177%,

B2(z), B3(2), ..., B8(z), B10(z), B12(z), B17(z), B19(z), B21(z), B23(z) = 0
B9(z) = —0.494277" — 0.4832772 — 02336273 - 0.514377%,

B11(z) = -0.05373z73,

B13(z) = 0.3275z7! +0.3513z72 - 0.056627 73 — 0.401477%,

Bl14(z) = —0.2308z72 + 0.3589773 + 1.25977%,

B15(z) = —0.4239z 7,

B16(z) = -0.2693771 —0.2122772 — 0.08817z73 — 0.27967 74,

B18(z) = 0.1025772,

B20(z) = 0.9415z7!,

B22(z) = —0.69677%,

B24(z) = —0.5468771 +0.6153z72 + 0.017647 73 + 0.9827z~* z - time delay opertor.

2) Continuous state space model designated as SSR2023m01 - see: Fig. 2 (with an accu-
racy of akmost 100)%, MSE error = 5.603 e-23) characters:

dXi

i Assr2023m01h24 - x(¢) + Bssr2023m01h24 - u(¢) + Kssr2023m01h24 - ¢(¢), (2)

y() = Cssr2023m01h24 - x(¢) + Dssr2023m01h24 - u(r), 3)

where:

[-1.752 4.553 —4.948

Assr2023m01h24 = | 0.105 -1.84 3.53 |,

|—0.242 -0.003 -1.358

[ 2.14  2.01 -0.96-2.10 -1.82 3.84 -1.08 -0.36 ... 1.11

Bssr2023m01h24 = | 0.105 -1.84 2.57 2.73 1.81 -3.08 1.12 -2.33 ... -0.28|,
|—0.242 -0.003 -0.38 —-0.65 0.88 3.01 -1.98 -0.53 ... -1.33

Cssr2023m01h24 = [1.00 —0.79 1.09] ,

Dssr2023m01h24 = [0.00 0.00 0.00 ... 0.00] .
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1.31
Kssr2023m01h24 = |-1.31
0.16

5 Results of the National Power Demand System changes test during
the day

Elements of the matrix of the internal organization system (designated as A) when limiting its
dimension to 3 x 3 for the eight characteristic hours of the day (i.e. for 3:00, 6:00, 9:00, 12:00,
15:00, 18:00, 21:00, 24:00) for January 2023, set in Table 1, and the changes of individual
elements of the matrix were shown in Fig. 3 [20].

Analysis of parametric changes of matrix elements Assr2023m01h24 showed, among
others, that the daily changes were not significant, but there was, for example, an increase in
the value of all and a21 elements and the decrease in the value of elements al2 and a33.
However, the value of the a31 element basically remained at the same level.
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Figure 3. Medium - length changes in the value of Assr2023m01h24 matrix elements and determined
for January 2023. Source: Own study using the MATLAB and Simulink environment as well as SIT and
CST libraries [19-20].

In addition, changes in the elements of B, C and K matrix were examined by placing the
values of selected elements in Table 2, and the course of their hourly changes at: Fig. 4 - forb11
element of the Bssr2023m01h24 matrix, Fig. 5 - for the c11 element of the Cssr2023m01h24
matrix (the D matrix were with elements witch values were zero), Fig. 6 - for the k11 element
of the Kssr2023m(01h24 matrix.
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Table 1. Values of matrix components Assr2023m01h24 in the variable model of the status of the
Electric Power System in characteristic hours of day. Source: own study in the MATLAB and Simulink
environment using SIT and CST [19-20].

Hour/aij| all |al2| al3 | a21 | a22 |a23| a31 | a32 | a33
3:00 |-1.97|4.41|-4.50|0.18 |-1.71{3.78|-0.22| 0.02 |-1.50
6:00 [-2.39|4.60(-4.65(-0.08|-1.983.68|-0.10| 0.16 |-1.60
9:00 |-1.94|4.60|-5.17(-0.07|-2.16|3.83|-0.56| 0.54 |-1.62
12:00 |-2.27|4.68|-4.98| 0.06 |-1.47(3.23|-0.16| -0.02 |-1.55
15:00 |-2.23|4.87|-5.06|-0.53|-1.62(3.17|-0.23| 0.41 |-1.53
18:00 |-2.25|4.73|-4.86|-0.02|-1.63|3.39|-0.27| 0.16 |-1.67
21:00 |-2.27|4.68|-4.98|0.06 [-1.47|3.13]-0.16| -0.02 |-1.55
24:00 |-1.52|4.55(-5.00(-0.11|-1.84|3.53|-0.24|-0.003|-1.36

Table 2. Values of selected elements of Bssr2023m01h24 , Cssr2023m01h24 and Kssr2023m01h24
matrix occurring in variable state space models of Electric Power Demand system. Source: own study
in the MATLAB and Simulink environment using SIT and CST [19-20].

Element\Hour 3:00(6:00(9:00{12:00(15:00{18:00|21:00{24:00
b11 of Bssr2023m01h24 matrix [1.41(1.33(1.75| 1.89 | 1.84 | 2.23 | 1.89 | 2.14
cl1 of Cssr2023m01h24 matrix |1.13{1.43(1.26| 1.17 | 1.43 | 1.28 | 1.17 | 1.00
k11 of Kssr2023m01h24 matrix|2.83(0.49(1.25| 3.49 | 0.75 |-0.04 | 3.49 | 1.31
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Figure 4. Changes in the value of the element b11 of Bssr2023m01h24 matrix occurring in the variable
state space model of the Electric Power Demand system. Source: own study in the MATLAB and
Simulink environment using SIT and CST [19-20].
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the status of the Demand for Electric Power System. Source: own study in the MATLAB and Simulink
environment using SIT and CST [19-20].

315

w

25

X1
Y 2.83

i
X4
Y 3.49

X7
Y 3.49

X8
Y 1.31

X5 ]
Y 0.75
X2

X6
Y -0.04

Value of k11 element of K matrix

®
T
o
|

Time [Hour]

1
-0.5
3:00 6:00 9:00 12:00 15:00 18:00 21:00 24:00

Figure 6. Changes in the value of the k11 element of the Kssr2023m01h24 matrix in the state space
model of Electric Power Demand system. Source: own study in the MATLAB and Simulink environment
using SIT and CST [19-20].
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Figure 7. Zero and pole in the state space model of the Electric Power System for the ul-y18 subsystem
occurring in the variable state model for hour 18:00. Source: Own study in the MATLAB and Simulink
environment using SIT and CST [19-20].

Table 3. Own values determined on the basis of the Assr2023m01h24 matrix in individual state space
models. Source: own study in the MATLAB and Simulink environment using SIT and CST [19-20].

Hour

Eig-1

Eig-2

Eig-3

03:00

-3.7060 + 0.00001

-0.7379 - 1.00361

X

06:00

-1.2432 + 0.7314i

-1.2432 - 0.7314i

-3.2873 + 0.00001

09:00

-3.0130 + 0.00001

-1.1741 + 0.6358i

-1.1741 - 0.6358i

12:00

-3.4605 + 0.0000i

-0.9146 + 0.95361

-0.9146 - 0.95361

15:00

-1.2383 + 0.9527i

-1.2383 - 0.9527i

-2.9004 + 0.00001

18:00

-0.8419 + 1.0838i

-0.8419 - 1.0838i

-3.8727 + 0.0000i

21:00

-3.4605 + 0.00001

-0.9146 + 0.95361

-0.9146 - 0.95361

24:00

-3.5737 + 0.00001

-0.6860 + 1.0233i

-0.6860 - 1.0233i




58 J.R. Tchérzewski, R. Marlgga, and W. Nabiatek

6 Conclusions and directions of further research

This publication includes the main elements of the research methodology and selected results
regarding the intelligent system on the example of the National Power Demand system for
electric power using regressive machine learning. Numerical research was limited to testing
the intelligent system functioning in the period of January 2023, taking into account 24 inputs
representing hourly electricity production in a uniform NPD system, and at the output the
demand for power in the selected day of the day, which was a total of eight characteristic
hours, this is: 3:00, 6:00, 9:00, 9:00, 12:00, 15:00, 18:00 and 24:00.

Parametric models of the NPD system MISO discrete model were obtained, as well as dis-
crete and continuous models in the state space model, which is characterized by the matrix of
the internal organization of process Assr2023m01h24 (with a deliberately limited dimension
to the size of 3 x 3 in order to present on the number of more transparent research methodology
in number), and thus with three sizes of variables.

However, the control matrix is matrix Bssr2023m01h24, which as a consequence of the
above mentioned. The assumptions are 3 x 24 with the process control values in a stimu-
lating or inhibitory manner, which was shown in this publication only on the example of
changes in element b11 (similarly only changes in the value of the c11 element for of the
Cssr2023m01h24 matrix and of the k11 element of the Kssr2023m(01h24 matrix, the value
of elements dij of the Dssr2023m01h24matrix were of zero value).

The research is continued. Subsequently, research for 48 input quantities will be carried
out, taking into account the heterogeneous NPS (nJWCD) system and the demand for elec-
trical power in the remaining months of 2023. Ultimately, an important issue will also be an
important issue to propose the measurement indicators of the degree of system intelligence,
which requires comparative research for all months 2023, and maybe even a few years. In
this respect, achievements regarding research results in the field of security and preventive
automation [24] as well as the possibility of using many methods in control and systems [6]
are already important in publications.

Changes in the order of A matrix Assr2023m01h24 mutual relations between the elements
of the matrix and, for example, during the year 2023 in the study of changes in models received
for individual months of the year. Also important will be changes in matrix Bssr2023m01h24,
and even a Cssr2023m01h24 matrix from the point of view of changes in the control level
and compounds of the NPD system with the environment. The first important research and
attempt to interpret their initial interpretation were shown in this regard.

Due to the complexity of the subject of changes taking place in the power electricity during
the transformation in Poland, Europe and the world, the methodology and practical examples
presented in the publication respond to the current demand for methods of modeling complex
systems using artificial intelligence methods, including using machine learning methods [25].
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