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The paper contains selected results of research on identification of the development of
the electrical power system, presented in the table in the form of development models th,
matrices of state variables and characteristic polynomials. An algorithm of development
was also presented along with assumptions concerning the evaluation and examination of
regularities in development.

1. Introduction

Examination of regularities in the development of the Electrical Power System
(hereinafter called the EPS system or EPS) comes down to the examination of
structural changes and parametric changes of the system in long time 0 [years]. For
this purpose, it is necessary to begin with the identification of the development in
order to obtain a model of development, and then, bind the problem of the system
development with the movement of roots on the complex variable plane s using the
Evans root locus method [35].

Parametric changes on the complex variable plane s are connected with
movement of roots along the existing root loci, and structural changes are
connected with the appearance of new loci or disappearance of the old ones | 26-
33]. Therefore, the goal of the programming development technique is to find not
only the model of development [2-4, 22, 34] but also the rules goveming its
development in long time 0 [23]. In the case examined in this paper, the model of
development is a model expressed in the form of the arx model matrices or in the
form of the state variable model, with the parametric changes being connected with
the changes of values of coefficients in polynomials A(q) and B(q) or with changes
of the elements of matrices 4, B, C, D in state equations, and the structural changes
being connected with the change of the degree of the polynomial or with the
change of the dimensions of the matrices, especially matrix A, which is responsible
for internal organization of the EPS system. While examining changes in the
control system, it is convenient to study elements of matrix B, which is responsible
for the control effect expressed through it by the influence of control quantities on
the EPS system development. Examination of changes in both matrices A and B is
especially significant from the point of view of technological changes leading to
more flexible functioning of systems and their robotization, as matrix A4 is a carrier
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of knowledge about the degree of internal organization of the EPS system
development, and matrix B - is a carrier of knowledge about the level of the EPS
system development control.

2. Identification of the EPS system development

To find a new model of the EPS system, identification of the EPS system
development ought to be performed in a specified period of time to define so far used
models of development. Then, appropriate assessment ought to be carried out in
accordance with the theory of system development engineering [26-33]. The
development of a mathematical model of the EPS for the purpose of studying
regularities in the development, using modelling is not possible due to the fact that the
EPS system is a great and highly complex system. Thus, the only way to obtain a
model for the above mentioned purpose is by means of identification, ¢.g. by means of
interval identification in the stepping system [37]. As a result of identification, #h
matrices are obtained, and, following their transformation into the state space in the
MATLAB environment, state equations and output equations that describe the EPS for
the studied periods of development are obtained. From this perspective, states of the
EPS system are described by state vectors, which change their dimension and
composition as well as values in each period of development.

As a result of identification, models of the EPS system development are obtained
for appropriate periods of the EPS system development, which may then be used to
generate a metamodel of development, which is a specific information code of the EPS
system development - an artificial genetic code in the context of genetic algorithms
(fig. 1). The operation of coding development results in obtaining the above mentioned
development code, which, in fact, is a specific genetic model of development, and the
operation of decoding the development of the system leads to obtaining a new state of
the EPS system on the basis of the new artificial genetic code that has been obtained. In
works [26-33], examples how to use the proposed system development engineering as
regards the electrical power system were presented.

The developed conception of system development engineering was verified in
practice. First, a series of processes of identification of the electrical power system
and its sub-systems was performed. Then, the obtained model was used to study
regularities in the development by performing a series of experimental tests in the
MATLAB and Simulink environments using its toolboxes, especially the System
Identification Toolbox and the Control system Toolbox.

Identification of the system is a fundamental issu¢ as regards the theory of
control and systems, especially in a situation, in which a model to be developed is a
model of a great system, and such a model is the electrical power system. When
developing a model of the system in the state space, a state vector that describes the
state of the system is sought. A state of the system may change in long time 0, and,
in this situation, it is possible to speak about a state of the electrical power system

86



J. Tchorzewski / Searching of regularities in the development of ...

(EPS) development in the state space, expressed by the vector of state variables
x(0), which is the vector with the smallest set of elements x;(0), which fully define
the results of past influences on the system. If the initial state and the input function
in a certain interval of long time (A0) is given, it is sufficient to define states of the
system and its output in this interval of time, and the state of the system
development may not be directly observed.

Systems of development, and similarly, dynamic systems, for which the state of
the system development in long time 6 is measured by the derivative of the state
vector x(0), may be described using a system of n linear differential equations. E.g.
a system of such equations may be presented in the following general form for the
SISO' object:
dx(K,8,t = const)

de

and supplement it with the output equation:

(K, 8,t =const)= f,(x(K, 0.t =const),u(K,8,t =const),z(K,8,t = const), ), 2)
where: x(K,6) — system development state variables, u(K,6) — input variables (input
signal, inputs, input functions), z(K,8) — interference, K — a set of characteristic
quantities for the electrical power system, which, in case of a developing system
(development of the system) depend on long time 0, ¢.g. K;(0), Kyx(0), ... , K,(0) -
they occur in the form of e.g. components of vector K(0) - a vector of ¢lectrical
power system development state, which, ia. indicates the dynamics of the
electrical power system development. Thus, in dynamic systems as well as in the
systems of development, the current value of the output variable depends not only
on the current values of external stimulating signals but also on the state of the EPS
system development.

In subsequent periods, the examined electrical power system undergoes changes
as regards values Ki(0) (i=1,2,...,n) in time 0 as a result of external interactions
caused e.g. by the inflow of new technical and technological information allowing
for the upgrade of the EPS system, and, consequently, improvement of its safety;
the inflow of new economic information allowing to increase the efficiency of the
clectrical power system and information about new requirements that allow to
improve reliability supplied by electrical energy recipients who wish to be supplied
with power that meets quality requirements and parameters on time. For these
reasons, changes that the electrical power system undergoes may conveniently be
measured using the derivative of the vector of the system development state.

A mathematical model may be obtained using modelling provided that it is
possible to use e.g. physical laws related to circuits theory and electro engineering.
In case of difficultics in obtaining a phenomenological model a process of
experimental identification is applied when the inputs and outputs of the system are
available for measuring.

= fi(x(K,8,t =const),u(K,8,t = const), z(K ,0,t = const ), ), )]

! SISO — Single Input Single Output, i.e. a control system described using one input variable and one output
variable.
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Fig. 1. A diagram showing how to obtain models of development and a metamodel
ofthe DEP system development. Explanations in the text
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Differential equations (or their discrete equivalents - difference equations) are
used to describe dynamic phenomena in modelled real systems. There exists a
finite number of parameters used in the models, and because of that such models
are called parametric models. In the MATLAB's library named the Sysfem
Identification Toolbox differences between individual parametric models result
from the method of considering the influence of interference on the work of the
system. One of these models used in this work is an autoregressive model with an
exogenous input - ARX [37], described by the following equation:

A(q)-y(0) = B(q)-u(6 —nk) +e(6), )
which may be written down in the following form of a difference equation:
WO =—ay@-)—-a,y@-2)—...—a, y(O@—-na)+bu(@—-1)+...+b, u(@—nb—nk)+e(0)
e@)=e@+ae@-D+..+a,£6-na), €]
where: u#(6) - input of the system observed in a discrete instant of time 0, y(6) -
output of the system observed in a discrete instant of time 0, v(6) - a replacement
interference that occurs in a discrete instant of time 6 (non-correlated randomly
generated signal of the "white noise" type with a normal distribution and the
average value equal zero and with constant variance), € - a random variable with
the average value equal zero and constant variance, na - a number of factors
connected with the output signal y, nb - a number of factors connected with the
input signal u, nk - a number of factors connected with the lag between signal y
and signal u, A(¢)=1+aq'+a,q” +..+a,q " - rational functions of the lag

operator q of a polynomial connected with y(0), which have constant coefficients

representing parameters of the model, B, (q)=b, +b,q”"' +b,q”" +...+b, q """

rational functions of the lag operator q* of a polynomial connected with u(6),
which have constant coefficients representing parameters of the model.

ARX model (AutoRegressive with eXogenous input) is defined with the help of
the model structure used for modelling technological object as in practice the ratio
of noise to the signal is small. The function call has the following form: th=arx(|y
u],[na nb nk]), where: y, u - i/o column vectors, /na nb nk] - coefficients of the
equation describing the model, ma' specifics the number of poles (denominator's
roots), 'nb-1' specifies the number of zeros (enumerator's roots), nk - number of
factors connected with the lag between signal vy and signal u, #7 - a matrix of
identification factors with the THETA format. It contains the whole information
about a model, its structure and estimators of parameters together with their
estimation using covariance. This matrix has a strictly specified dimension. The
clements of the first row contain in the following sequence: estimators of the
variance of the parameters, sampling interval, the values of parameters na, nb, nk,
etc. The second row contains: FPE (Final Prediction Error) index, year, month,
day, minute, and numerical code of the command used to generate a specific
model. The third row contains estimators of the model parameters in the
alphabetical order: a;, a,, ..., b, by, ...(with zeros and ones at the beginning of the
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polynomial being disregarded). Rows 4 to 3+n contain estimations of the
covariance matrix [37].

Therefore, the current value of the output signal depends on a certain number
na of previous values of the output signal y (autoregression), a certain number nb
of successive values of the input signal #, on the time nk between the lag y and u
and on the value of the interference signal (denoted by €). The structure of the
model is unequivocally specified by three parameters na, nb, nk. The arx model is
stable when all its poles are inside the unit circle on the complex variable plane Z,
and it is minimum phase if this condition is also satisfied by its zeros. It is also
necessary to examine the roots lying on the unit circle. The parametric method used
in the paper is the least squares method. In order to find a model that specifies the
relations between the output signal y and the input signal «, based on N samples
corresponding to successive instants of time kTp (Tp — sampling period,
k=1,2,...,N), coefficients of the model expressed as equation (4), which is only
satisfied in approximation when the input signal, the output signal and the
interference are intercorrelated, and estimator ® for the least squares method is
biased [37]. Due to the fact that the coefficients vector [na nb nk]| specifying the
rank of the enumerator and denominator of the transmittance and the lag is
unknown, it is sought according to the criterion of minimization of the error
determined during the verification of the model. In order to analyze a greater
number of the structures of models in a relatively short time, a method which
automatically generates the best results of verification performed on all possible
structures with parameters [na, nb, nk| within the interval <1,10> was used. From
all the structures, the system automatically selects parameters [na, nb, nk] so that
the obtained arx model approximates the expected output signal to the real output
in the best possible way.

3. Evaluation and examination of regularities in the development

A model for the evaluation of the system development contains, i.a.:

- information about the EPS system related to the structure, parameters and
characteristics of the system,

- criterion or a set of criteria for the evaluation of the EPS system development
quality, which contains information about energy and power as a product of the
system,

- algorithm allowing to determine the value of the criterion, which contains
information about the EPS system and about energy and power as a product of
the system.

In the technique of programming development of systems there occur two
groups of problems, namely: problems connected with the formulation of the
model of development and problems connected with determination of laws
governing the changes it undergoes in long time 0 (examining regularities in the

90



J. Tchorzewski / Searching of regularities in the development of ...

development of the system). This work deals with problems connected with
working out models of development as well as problems connected with the
specification of parametric and structural changes of the electrical power system in
long time 0. In the control and systems theory, and especially in systems development
engineering, evaluation involves working out a model of development on the basis of
appropriate information about changes in the system. Evaluation criteria, the subject
and the object of evaluation as well as the essence of the evaluation are elements
connected by a certain relation, which make up evaluation, and the relation between the
subject and the objects of evaluation is called a system of evaluation. Different
evaluation criteria are adopted, and these criteria are always tightly connected with the
value of the system. In his work, [21] Piotr Sienkiewicz emphasizes that evaluation
applies to certain values due to specific needs of the system. In the studied case of the
EPS system development, the value of the system is connected with the demand for
power and electric energy, thus, in the evaluation phase it is possible to examine the
difference between the demand for the system development usefulness and the
obtained results as possibilities of the development of the system.

Therefore, evaluation of the development can be brought down to the evaluation
of needs and evaluation of the development potential, and needs of the system of
development as regards the security stream are equal to the financial outlay it can
afford, and the capability of the system of development is equal to its operational
potential as regards power and eclectrical energy production. Ultimately, the
evaluation of needs connected with development may be reduced to the evaluation
of the system inputs (usefulness income and the potential connected with securing
development), and the evaluation of the development potential may be reduced to
the evaluation of the system outputs (operational potential and outlay on
usefulness) (4). The evaluation of needs and potential of development may be
supplemented with the evaluation of development strength based on the theory of
systems and control (evaluation of power- and information-related complex
quantitics). Assuming that the EPS system state is defined by the following
formula:

s(K,68,t)=<Z(K,0,t,.u(K,6,t) >, &)
and the function Z(K,0,t) and the function u(K,0,t) are called indexes of the system
state, and the change of the system state is called system's movement, the sequence
of system changes for the selected instants of time is called a system trajectory [6-
7]. The subject of the study is the EPS system as a technical system or technical-
economic system, in which, over the years, parameters and structure undergo
changes®. An independent variable of the EPS system development is time 6, in the
long aspect, measured in months, years and even decades. It was assumed that the

% Jacek Malko is of the opinion that "apart from the complexity of the system itself and its relations with the
neighbourhood it is also necessary to consider development dynamics while studying the problem of planning”,
and he emphasizes that ..."a phenomenon of object structure change occurs in time, and is connected with the
dynamics of increase in power demand (and with installing new power-generating units) and the process of
ageing and taking operating objects out of active use”[100].
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EPS system is a system with a developing structure, which evolves in time, at
successive stages of development (1, 2,....N), corresponding to individual states of
the EPS system development, and e¢ach stage comprises the identification phase
and development assessment phase. Successive stages of the EPS system
development should show improvement in time, though it was not necessarily
reflected in reality [18, 20, 22, 24, 26-33].

In order to describe a developing system at each stage of development 8 we

assume the theory of developing systems [23] after Robert Staniszewski, and in
case of systems that belong to the same class as the EPS system, it is not possible
to directly provide characteristic quantities because of the fact that a model of
development obtainable using modelling development method is not available as
well. However, a model of development may be obtained as a result of the
identification of the EPS system development, and an artificial genetic code may
be extracted from it, and written in the form of model (evolutionary model), whose
genes are specific cumulated characteristic quantities describing the system.
If one is in possession of the artificial genetic code (evolutionary model), i.¢. if one
is in possession of a finite set of values of characteristic quantities of the EPS
system expressed as the set K(0 )=<K;(0), K5(0), ..., K, (0)>, one should seck a
function of the system quality J(K;, K, ..., K;) as a uniform criterion of evaluation
of individual stages of the EPS system development. A set K(0 ) may be expressed
in the state space as a multi-dimensional vector of the EPS system development
state in the following form [17, 26-33]:

K,0)=[K,(0) K,©) .. K, (6)

and some components of the vector of the EPS system development state may
constitute probability distributions.
The above formulation gives the possibility to use dynamics of systems
development [1, 4, 6-20, 26-34], with the assumption that the researcher is not
interested in the functioning of the system but in its development and,
consequently, methods that allow to study and examine regularitiecs in the
development. Thus, as such, the EPS system and its subsystems are interesting
from the point of view of the changes in the values of K;(6) (i=1-n) in long time 8,
which took place because of deliberate actions taken by the designers, producers,
users, etc. of the system. These actions were taken in the form of control influences
s(0) as technical influences, economic influences or influences in the form of user
requirements. Changes in the structure of the EPS system may be measured using
the derivative of the state development vector K;(9), i.e.

LD K, Ko K VK (O=C ™
and: C; (i=1,2,....n) specifies the initial state of the EPS system structure, 6 — long
time as an independent variable of the EPS system development process, Ki(0) -
components of the EPS system development state vector.
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The development of the EPS system in the years 1946-2007 was multi-stage in
nature. Thus, successive states of the EPS system were influenced by previous
states, ¢.g. resulting from the stream of technical and economic information
connected with various epochs. The pace of changes of the EPS system state vector
also results from the multi-stage nature of changes, and it depends not only on the
current state but also on the form of the system in the past, which may be expressed
as follows:

dK;(6)
deo

It is necessary to emphasize that that the change of the transition process in time
0, and not the course of the transition process as it is considered in the dynamics of
systems functioning, is important for the processes of the EPS system
development. In the EPS development, there occur two opposing processes,
namely a process of the EPS system operation and a related process of ageing of
the system as well as a process of improvement of the system and related process
of modernization (a process of positive development of the system, modernization).
Thus, if, as a result of the EPS system development, new states of the system
characterized by transition processes gradually becoming gentler are obtained, the
system seems to gradually improve’. Therefore, from the point of view of the
development of the system, the functioning and development of the EPS system
may be expressed jointly in the following way:

dK"(dLe’e’t):J[K(K,@,t),KO(K,H,t):C], &)
where: K — a set of parameters of the electrical power system development, 6 —
long time of the electrical power system development, t — short time of the
electrical power system operation in one period of development 6;.

Thus, the vector of state development in (9) in relation to 0 provides
information about development, and in relation to t - information about dynamic
properties connected with the system operation. Thus, there occurs one dynamic
function K(K,0,t), jointly comprising the dynamics and the development of the
EPS system, and examination of the system was brought down in this work to
states expressed in the following way:

aK (K. Ha}; = COMSD) _ JIK(K. 6.1 = const), K, (K. 6.1 = const) = C], (10)

What seems interesting in this case is the change in the quality of successive
states of the EPS system. And this work focuses on this case of the EPS system
development, i.¢. the case connected with its structural and parametric changes for
the situation =0 or t=const seen from this perspective.

=JI(K(6).K,(0-6)...K,(0-6)).K,(0) =C]. )

* In the theory of control and systems it is possible to speak about gentler processes when the shapes of
characteristics become less steep and, consequently, the anticipated responses are more predictable. In the case
of the SEE system operation, the quality of the system becomes worse as 6 increases, which is reflected in the
worse shape of the characteristics of the transition process (in short an ageing process occurs).
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To show a clear-cut difference between the behaviour of characteristics of the
EPS system in the function of operation time ¢ and the behaviour of characteristics
of the system in the function of time of the system structure development, it is
possible to make a simple comparison of behaviour of such characteristics as
deflection, time of the initial process establishment (transition process), or the
number of pulsations in the initial process. It is also worth mentioning that
characteristic quantities are not characteristics of the system operation, and which,
in turn, are not characteristics of the EPS system development. Characteristic
quantities of physical systems are quantitics which assume appropriate values and
shape the system, influence and decide about its weight, dimensions, physical
properties, functional usefulness, etc.

In the process of operation (a course of physical process in short time t) these
quantitics change as a result of the operation of the system (its wear) and they
change their values. As a result of development (long time 0) the structure of
machines, devices and systems changes, and sometimes, as a result of technology
upgrade, physical process also changes, which results in the changes in the set of
these quantities (the existing quantities disappear and new quantities appear,
propertics of the existing quantities change, etc.). Sets of these quantities are
bounded from below and above, which may apply to certain external characteristics
of the physical system (¢.g. occurring capacities, inductance, energy characteristics,
etc.) as well as certain characteristics of physical phenomena (e.g. maximum
voltage, permissible frequency, etc.). Depending on the degree to which individual
characteristic quantities influence the above mentioned characteristics, we may
distinguish sensitive and insensitive characteristic quantities. Their positions may
be marked on the characteristics. However, we may also speak about generalized
characteristics, such as efficiency characteristics and characteristics of the safety of
the EPS system development. It is also possible to speak about evaluation
characteristics or ageing as well as characteristics of the electrical power systems
development [23, 26-33].

Moreover, it is necessary to add that the EPS system, seen from this
perspective, should only be treated as a technical object, and it should be used to
study only working processes, i.c. material and energy flows, i.e. power and
electrical energy transfer. One may also study it as an object of management and
distinguish information-decision flows in it - e.g. functioning of the Energy
Regulatory Office, etc. as a regulation system for the EPS system. Finally, it can be
seen as a control system, in which it is possible to distinguish processes of energy
flow and transfer services flow as well as processes connected with the flow of
financial means.

It was assumed that the EPS system comprises control processes, i.¢. takes into
account processes connected with physical flow of energy and services (realization
system) and oppositely directed processes connected with the flow of information
and financial stream (control system), which allows to distinguish in the EPS
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development model energy and material processes as well as oppositely directed
information and financial processes. The development of the EPS system presented
in this way comes down to examining regularities in the development of the EPS
system treated as a technical-economic system, where: u={u u,,.u}- a set of

quantities influencing the system e.g. a set of input quantities, y={y,,y, ..y }-aset

of external quantities of the system e.g. output quantities.

Thus, based on the theory of control and systems, the EPS system is composed
of two sub-systems: a control system and the object of control, and in the object of
control there occur working (technological) processes and in the control system -
processes responsible for the organization of operation, i.e. processes that decide
about the degree to which working (financial) processes are used.

When studying regularities in the EPS system development over years, i.c.
taking historical data into account, it is significant to examine individual
characteristic quantitics as regards sensitivity to structural changes and parametric
changes. It may turn out that small change in the value of the quantity K;(8) may
result in significant improvement in the quality of the EPS system development,
and, in another case, even a significant change of these quantities may not result in
any changes at all, and even result in the deterioration of the quality of the system.
Therefore, it is important to determine, which artificial genes, i.e. which values
K;(0) are able to improve the quality of the system, and, to what extent. Among
problems connected with the EPS system development, there is a problem
connected with control of development using specified characteristic quantities, in
this case using specified artificial genes. Mathematical description of the EPS
system development control, as a technical-economic system, in accordance with
information about technical, economic changes and about the change of the EPS
system users requirements that appear in specified time is important. Hence, the
following model of the EPS system development may be adopted in order to jointly
present working and control processes:

Z—I; = J[K(0).5(0).7(0)] an
where: s(8) - control vector, r(6) — vector containing technical and economic
information, as well as information concerning users requirements (interference
vector).

Examination of the EPS system development state changes in the state space
expressed using (11) depends on the current value of the development state
described by vector K(0), the control vector (usually external input functions) s(0)
and the vector of technical, economic and functional information r(0), which can be
jointly written in the following form:

%{939) = A(K,0)- K(6)+D(K.0)-5(8) +1(0), 12)
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where: A(K,0) — development process matrix, D(K,68) — control matrix, K(6) — state
vector.

If the process is of n-th rank, then matrix A is a square matrix n X n with
constant coefficients, and the process is linear and non-stationary process.
However, when the process and control matrices depend on time 0, the process is
linear and the parameters are random.

It is worth noticing here that there occurs a special case for short time t=const
(dependence 15), i.e. A(K,0) is a square matrix n x n with constant coefficients,
which ensure linearity (in relation to t - which results from the formula). It may be
added that in relation to t, the process is a stationary process, with the parameters
independent of short time t for a given stage of development 6;, but the process is a
non-stationary process in long time 6 (the matrix of process A and control matrix
B depend on long time 0) or a process with random parameters if the above
mentioned matrices depend on random values of process development parameters.
If matrices A and B do not depend on time 0, the process is stationary in relation to
long time 6.

Examination of regularities in the EPS system development is not about solving
equation (15) with the set initial conditions but it is about defining the model on the
basis of the process of system identification, and finding artificial genetic code
based directly on the model of the system, as well as studying sensitivity of
changes in the model quality depending on changes of individual parameters and
the EPS system structure.

In case of the development of the EPS system, understood as an integrated
automated system (a system that develops in the same way as unmanned factory)
work quality may be determined e.g. by the degree of control error (deviation)
during the whole period of the EPS system operation, i.¢. in long time 0. However,
due to random nature of interference, analytical determination of the real course of
the control error is not possible. Thus, it is convenient to perform the evaluation of
the system development quality based on the features and parameters of processes
that occur as a result of certain typical input functions, such as unit step, sinusoidal
function, or other typical input functions. The quality (goodness) of control
systems is evaluated using appropriately adjusted indexes of quality expressing
technological, economic and other requirements the system must meet (in the
theory of control and systems they include, i.a. the following regulation quality
criteria: stability margin, distribution of the characteristic equation roots, time,
frequency and integral criteria).

4. Models of the DEP system development

It is convenient to bring down the examination of regularities in the electrical
power system (EPS system or EPS) development to studying structural changes
and parametric changes of the system in long time 0. For this purpose, a problem of
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the EPS development may be bound with movement of roots on the complex
variable plane s using the method of Evans root loci [35].

Parametric changes do not undermine the state of safe development of the
system and the EPS system model. However, structural changes introduce an
unsafe state of the development, both as regards the EPS system and model, which
may result in a sudden change of characteristics, in the number and value of the
state variable quantities as well as system's inputs and outputs.

Examination of stability of linear continuous and pulse systems comes down to
examining the positions of characteristic equation roots using appropriate criteria
of stability [7, 23, 35-36], which showed that some of the models obtained as a
result of the identification process using data for years 1946-2007 [24], both arx
and corresponding models in the state space, were unstable. These models as
models of the EPS system development and models of the EPS model of
development (metamodels) were discussed in detail in works [26-33]. Therefore, in
this work, the author will only discuss certain tendencies resulting from these
models, obtained based on the examination of the behaviour of the course of Evans
root loci.

Due to the fact that in the obtained models of the EPS development (table I)
some proper values (eigenvalues) did not have negative real parts, these models are
unstable. Usually, stability of closed models, and not open models is examined.
Therefore, the stability of the EPS development as a closed system was assessed in
the work, with denominator's roots being assumed poles and roots of the
transmittance enumerator being assumed zeros. Then, the problem of the EPS
system development was bound with the movement of roots on the complex
variable plane s using Evans root loci method, and making amplification factor
variable. Movement of roots along the existing root locus was obtained when the
parameters of the system were changed (k as a cumulated amplification parameter)
and appearance or disappearance of root loci in case of structural changes was
observed.

Unstable development may be caused by the physical nature of the EPS
development itself (some physical processes in the system may have a tendency
towards unstable development, e¢.g. imposed emission restrictions, construction
errors of the systems and elements of the EPS as a technical system, technological
errors, especially those resulting from cooperation of new technologies connected
with renewable power engineering with the existing elements of the EPS system,
etc.
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Table I. Models of the EPS system development
FOR THE OUTPUT ELECTRICAL POWER CONSUMPTION AND 14 INPUTS
(YEARS 1946-2007)

arxl11
90,1%
ul
y21
46-75

Bl=[2162 5

A(qQ) = 1 +0.1786¢"-1, B1(q) = 2.162q"-1, B2(q) = 5.626q"-1, B3(q )=
223.9¢"-1, B4(q) = -2.289¢"-1.bB5(q) = 1.255q"-1

B6(q) = 0.2639¢-1, B7(q) = -10.66q"-1, B8(q) = -0.003189¢"-1, B9(q)
=1.261¢"-1, B10(q) = -2.09¢*-1, B11(q) = -1.822¢"-1, B12(q) = -
4.284q"-1, B13(q) = 27.43q"-1B14(q) = -18.55¢"-1,

ans’5=[-0,1786]

Al=[-0.1786|

626 223.8853 22886 1.2551 0.2639 -10.6557 -0.0032 1.2615 -2.0896 -1.8219 —4.2842 27

Cl=[l]D1:[00000000000000] 1

> cElzz.lsz-m
arx113 | A(Q) = L - 1.554q"-1, B1(q) = 0.0157¢"-3. B2(q) = -1.113¢"-3. B3(q) = -
98.7% | 106.2q"-3. B4(q) = -78.44q"-3, B5(q) = -0.4607¢"-3. B6(q) = 0.05317¢"-
us 3, B7(q) = 0.3395¢"-3, B8(q) = 0.05702q"-3, B9(q) = -0.3424q"-3, B10(q)
¥25 =-0.4439¢"-3, B11(q) = -0.3456¢"-3, B12(q) = -4.166q"-3, B13(q) =
50-79

6.395q"-3, B14(q) = -0.9239"-3, ans5=[1,5545 0 0]

0

BS5 = 0
09157 -1,

0

0 0 0 0 0 0 0 0 0 0
0

0 0 0 0 0 0 0 0 0 0
1125 -106,2195 —78,4388 —0,4607 0,0532 03395 0,0570 -0,3424 -0,4439 —-0,3456 -41656

13345 1 0] C5=[L 0 0] D5=[0 0 000000000000
A5=| 0 01
{ 0o 00
Cos =0,0157~2;
s7(s +15545)
112 98.6% A@ = 1-1.766q"-1, Bl(q) = 0.03545q"-2, B2(q) = 0.06842q"-2, B3(q) =
ulo | 8357072, B4(q) = -1.5849"-2, B5(q) = 0.1385¢"-2,
210 B6(q) = -0.09277q"-2. B7(q) = -2.464q"-2, B8(q) = 0.02396¢"-2, BI(q) =
gs-s f -0.2675q"-2, B10(q) = -2.324q"-2, Bll(q) = -0.7672q"-2, B12(q) =

0

2.762q"-2, B13(q) = 17.04q"-2 . Bl4(q) = -4.71q"-2

B10={

1,7656
AlO ={ 0

ans1=[1,7656 0

0,0354 0,0684 83,5675 —1,5837 01385 -0,0928 —24637 0,0240 —-0,2675 -23241 -0,7672 2,7618 1

0 0 0 0 0 0 0 0

0 0 0

1}(?10:[1O]DIO:[OOOOOOOOOOOOOO] 1
0 >

5Cp =0,0354 ————,
s(s+1,7656)

|

arx111
90,067% ul5
y215
61-90

A(@ = 1 + 0.1786q"-1B1(q) = 2.162q"-1B2(q) = 5.626q"-1B3(q) =
223.9q"-1B4(q) = -2.289¢"-1B5(q) = 1.255¢"-1, B6(q) = 0.2639¢"-1,
B7(q) = -10.66q"-1, B8(q) = -0.003189q"-1, BI(q) = 1.261q"-1, B10(q) =

-2.09q"-1, B11(q) = -1.822q"-1, B12(q) = -4.284q"-1, B13(q) = 27.43q"-
1B14(q) = -18.55¢"-1
Al15=[-0,1786]

c15=[1]

B15=[2162 5,626 223,8853 —2,2886 12551 0,2639 —10,6557 —0,0032 12615 —2,0806 —18219 —4,2842 27,43

DI5=[0 0 0 000 00 00O O 0 0]
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C..=21620. 1 ans15 =[-0.1786 |
(s —0,1786)

arx113 A(q) = 1 - 1.554g"-1, Bl(q) = 0.0157q"-3, B2(q) = -1.113g9"-3, B3(q) = -

8.7166%020 106.2q"-3, B4(q) = -78.44q"-3,
’ y2200u B5(q) = -0.4607q"-3, B6(q) = 0.053179"-3, B7(q) = 0.3395g"-3, B8(q) =
66-95 0.05702q"-3, B9(q) = -0.34249"-3, B10(q)=0.44399"-3, B11(q) = -0.3456
"3, B12(q) = -4.166q"-3, B13(q) = 6.395q"-3, Bl14(q) = -0.923q"-3

0
0

BZO={
AZO{

ans 20 = [1,5545

0
0

15545 1 0
0 1
00

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0,0157 —11125 -106,2195 —78,4388 —0,4607 0,0532 0,3395 0,057 —03424 —0,4439 -0,3456 —4]1656

Cc20=[1 0 0]D20=[0 0 0 0 0 0 0 0 0 0 0 0 0 0] 1

Clp =0.0157 —————
s (s +1,5545)

0

0 0]

A(Q) = 1 +0.1786q"-1, B1(q) = 2.162q"-1, B2(q) = 5.626q"-1, B3(q) =
arx111 223.9q-1, B4(q) = -2.289¢"-1,
90.1% B5(q) = 1.255¢"-1, B6(q) = 0.2639q"-1, B7(q) = -10.66q"-1, B8(q) = -
u2s 0.003189¢"-1, BO(q) = 1.261q"-1,
y225 B10(q) = -2.09¢"-1, B11(q) = -1.822¢"-1, B12(q) = -4.284¢"-1, B13(q) =
71-00 27.43q*-1B14(q) = -18.55q"-1

B25=[2,162 5,626 2238853 —2,2886 12551 0,2639 -10,6557 —0,0032 1,2615 —-2,0896 —1,8219 —4,2842
A25=[-01786] c25=1]D25=[0 0 0 0 0 0 0 0 0 0 0 0 0 0]
2

Crps = 2,1620-
(s—0,1786)
ans25=[-0.1786 ]
arx111 | A(gq) = 1 + 0.1786q"-1. B1(q) = 2.162q"-1, B2(q) = 5.626q"-1, B3(q) =
90,067% | 223.9q"-1, B4(q) = -2.289¢"-1, B5(q) = 1.255¢"-1, B6(q) = 0.2639¢"-1,
u30 B7(q) = -10.66q"-1, B8(q) = -0.003189¢"-1, BI(q) = 1.261q"-1, B10(q) =
¥230 22.09¢"-1, B11(q) = -1.822q"-1, B12(q) = -4.284q"-1, B13(q) = 27.43¢"-
76-05 1B14(q) = -18.55q"-1

B30:[2,162 5626 2238853 -—2,2886 12551 0,2639 -10,6557 -0,0032 12615 -2,0806 —18219 —4,2842 2

A30=[-0,1786] €30=[1l D30=[0 0 0 0 0 0 0 0 0 0 0 0 0 0 510 ]
g0 (s—-0,1786)"

ans30 = [-0.1786 ]

5. Summary and directions of further research

The work shows that it is possible to obtain a model of development of the
domestic electrical power system using stepping identification, which is connected
with the preparation of appropriate numeric input and output data of the system,
initial processing of data, selection of the arx model and its structure
(determination of na, nb, nk) for each stepping model, determination of parameters
evaluation (sclection of the appropriate estimation algorithm), performing the
verification of the model ¢.g. by comparing the signal obtained from the model
with the real signal and interpretation of the model obtained as a result of
identification.
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As a result of identification, 33 arx models were obtained in the stepping
system, which were then transformed into state variable models. It is important to
examine the rank of matrices in the models of state variables and changes of their
clements while studying regularitics and tendencies in the development. The
second part entitled "Part 2. Analysis and interpretation of development" is a
continuation of this work.
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