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Abstract. The paper presents the results of research concerning the identification of
electric power system development, which was carried out for the IEEE RST 96 test
data [4, 13]. The problem of development was formulated in the form of artificial ge-
netic code, and the results of the research concerning the regularities of the develop-
ment of the electric power system on the basis of IEEE RST 96 test data, including
the obtained coefficient-based artificial code of development.
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1 Introduction

1.1 Research concerning regularities in the development

It is convenient to examine structural changes and parametric changes in
long time 0 in order to conduct research concerning regularities in development of
the electric power system (polish: System Elektroenergetyczny: SEE). Movement of
roots on the complex variable plane s and the method of Evans’ root lines may be
used to examine the problem of the SEE system development [2, 10, 11-18].

Parametric changes are connected with movement of roots along the exist-
ing root lines, and structural changes are connected with the appearance of new lines
or disappearance of the existing ones. Parametric changes are connected with intro-
duction of new values of coefficients, and structural changes are connected with the
appearance of a higher order polynomial or the reduction of the order of the poly-
nomial. A sign of structural changes is the appearance of a new coefficient a; in the
characteristic equation.

As a result, the programming development technique is oriented towards
finding not only laws and principles of development but also laws and principles
governing the changes of the model of development in long time 0. In the discussed
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case, the model of development is a state variables model, described in paper [5, 12],
with the parametric changes being connected with the change in the value of the co-
efficients elements in the matrix th polynomials.

In case of structural changes, the quantities and the number of terms of
polynomials A(q) and B(q) as well as their orders change, which results from the
fact that the model takes into account new inputs and outputs (or resignation from
the existing ones), which may be a result of technological, organizational, etc.
changes. Structural changes taking place in the SEE system result both from the
change in the number of elements and the relations between the elements. Figure 1
presents an example course of Evans’ root lines for the model arx 524 of the
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Figure. 1 Evans’ root lines courses for the model arx524 of the electric power system
development in the years 1946-2007

SEE system. 4 lines are situated on the left half-plane of the complex variable s, and
one on the right one. Thus, the models of development used so far, apart from the
described root structure situated on the right half-plane, were rather stable. The main
goal of development is, first and foremost, shift or removal of the root line situated
on the right half-plane of the complex variable s.

On the other hand, the analysis of the SEE electric power system, based on
the changes of the matrix th elements indicates, that the SEE system, as a develop-
ing system, is characterized by a changeable structure, is dependent on long time
0 and is sensitive (susceptible) to changes of the parameters of development.

1.2 Structural and parametric corrections of the development

In order to introduce structural changes, it may be assumed that there is
a new state variable x3,(0), a new input e.g. u;5(0) or a new output y,(0), and then
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appropriately corrected parametric equations, and, in consequence, equations in the
state space may be obtained.

The introduced corrections influence the structural changes, which in turn
influences at least the following parameters (elements of matrix 4), i.e. my;, kj;, I;;, n.
In order to establish the value of these parameters it is necessary to estimate the up-
per and the lower limits of safe development of the SEE system model, and, in con-
sequence, the safe development of the SEE system.

Parameters mj; are elements of matrix 4, and parameters k;; are elements of
matrix B. Parameters l;; are elements of matrix C, and parameters n;; are parameters
of matrix D. The discussed case concerns the change of the order of the matrices A
and B.

In case of matrix A4 there are 21 parameters, for which the values must be
estimated, and in case of matrix B there are 15 parameters that need to be estimated.
In total, there are 36 parameters that must be estimated, which are necessary to for-
mulate the state equation (6 additional parameters appears in connection with the
output equation). Parametric changes do not unbalance the safety of development of
the SEE model and the development of the electric power system. However, struc-
tural changes unbalance the system and result in unsafe state of both the model and
the electric power system (SEE), which, in turn, may result in a sudden change in
the quantity characteristics and the values of quantities of state, input and output
variables.

In order to examine the stability of linear, continuous systems or impulse-
based ones it is necessary to examine the location of the characteristic equation roots
using appropriate criteria of stability, which showed that some of the models ob-
tained by means of identification, both arx models or corresponding models in the
state space were unstable (some roots of characteristic equation were not located on
the left half-plane of the complex variable). There are a lot of possible interpreta-
tions of the concept of instability.

It is possible to say, after Robert Staniszewski, that one-dimensional linear
model of the development of the electric power system is stable when the values of
parameters and the relations between them (structure) do not belong to the critical
state of the values of the elements and relations [5, 7-11], which is strictly connected
with the concept of development safety, i.e. a system of development such as the
electric power system, one-dimensional linear system is unstable when it may reach
critical states defined by the physical nature of the processes taking place in the elec-
tric power system. The interpretation of this instability may be conducted after the
analysis of the nature of the development of the electric power system.

The causes of unstable development might be the physical nature of the de-
velopment of the electric power system (some physical processes in the develop-
ment of the system may have a tendency to unstable development, e.g. imposed
emission restrictions), faults in the construction of systems and elements of the elec-
tric power system as a technical system, technological problems and errors, espe-
cially those resulting from the incorporation of new technologies concerning the use
of renewable resources of energy into the existing energy system.
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Finally, it must be emphasized that parametric changes, allow for the
change of zeros and poles on the complex variable plane so as they all were located
on the left half-plane of the complex variable in some cases only. However, an effi-
cient method is a method of forced structural changes, which by means of the intro-
duction of new zeros and/or poles result in a new distribution of the existing zeros
and poles, and a new distribution of Evans’ root lines.

Therefore, the elimination of the instability of the electric power system is
connected with the need to introduce parametric changes. If the results are not suffi-
cient, structural changes have to be made or system transformation has to take place.
In this case, it is of primary importance to eliminate the cost connected with unstable
functioning of the electric power system and the development of the electric power
system. In the discussed experiment, structural changes connected, i.a. with techno-
logical changes e.g. adding new powers to the SEE system, adding new power lines
as well as economic changes e.g. denomination of Polish currency, were the cause of
instability of the development. Moreover, the case discussed in the paper is con-
nected with the stability of the SEE system and the model of the SEE system, and
positive or negative feedback is responsible for the development. Thus, temporary
instability of the development should be treat as a warning to the development de-
signers.

It is also important to notice that state equations describe the transition of
the electric power system from one state of development to another. They are usu-
ally non-linear, which may be transformed to the linear form by means of differen-
tiation in the neighbourhood of points of the SEE system development as specific
points of the electric power system work. Moreover, it is necessary to add character-
istic roots of the SEE system and their level as regards their domination (which ones
dominate) are the stability identifiers and they measure its level.

They refer to the simultaneous connections represented by the process or-
ganization matrices 4 (so called transition matrices), which take into account the
current adjustments within a given unit of long time 6, but they result from matrix C
representing connections between periods, which were not strong in the discussed
experiments. It is said that the development system approaches the balance if it is
stable, and stability is sustained by means of steering to obtain dynamic equilibrium.

In order to reach the stability of development it is necessary to shift the
roots (and root lines) located on the right half-plane of the complex variable s to the
left half-plane or to the beginning of the co-ordinate system or eliminate them, or in-
troduce new ones. It is connected with the necessity to analyze the system balance
and stability of the development.

The SEE system development instability results in critical states, and, it de-
pended on technological, construction or organizational errors in the discussed
cases. When designing the SEE system development it is important to ensure such
shifts of roots that they do not go beyond the ordinate axis Im(s) and to maintain
appropriate relations between the amplification coefficient and time constants during
the SEE development. The source of the information allowing to evaluate the stabil-
ity of the linear system are amplitude- and phase-based logarithmic characteristics.
Changes of these characteristics provide information (warning) concerning the wear
or the improvement of the system. In conclusion, the stability of the development as
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well as changes in the stability of the development were examined for the presented
models of the SEE system by means of the conducted experiments. In this way, the
information was obtained about changes of parameters as well as the information
concerning the elements of the matrices in the state equations, which facilitated the de-
termination of the reserve of stability of the development safety. This information
should be a warning for the designers of future states of development of the electric
power system and for future models of the SEE system development to eliminate the
risk of the occurrence of states of unstable development of the electric power market.

2 The code of the SEE system development

2.1 Coding of development

Coding of the development of the electric power system is connected with
obtaining the model of development in the form of artificial genetic code (develop-
ment code). In case of the coefficient-based code of development for the SEE sys-
tem, the following artificial code may be obtained [10-15]:

K" (V,a) =[1;-0.395m,, + m,, - m,,,0.395 — m,.1]. ()

In case of structural changes, there appears a new artificial gene in the code
of development, which may be put down as follows:

K'WV,a)=[1l; —0.395m,, + m,, -m,,0.395 -m,, .1, a,], (2)

and the quantity a; may be determined analytically or experimentally,
which was described in papers [11-14].

2.2 Coefficient-based codes of development as a reflection of the changes of the
SEE system

For the models IEEE RST 96', the following artificial genetic codes are ob-
tained, e.g. for A(q) — for the coefficient at the term q ' in accordance with the for-
mula [11-15]:

Kok, q)) = (vy;a,,ayy a,3b,,b, 0, B,),
ngl(ki,ql) = (voy;alv,azy,..., an';blv,bzv,..., bm'),

' Tchorzewski J: Artificial Genetic Code as a model of development of Electric Power System. Journal of
Artificial Intelligence, AI-26°2010. Siedlce 2010
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K (K q,) =05, ,ay ..t 30,5, ..B,), (.1

i (ky, (k) (k) (ky, 7 (k) 7 (k) k)
K (k',g)=0, ;a ,a, ,..,a, ;b ,b,",...b "),

where for example for ch; — genetic code connected with parametric changes of the
first coefficient (i=1) in the term A(q) at the time shift operator q', for the coeffi-
cient-based notation (changes in the value of the coefficient take place in the periods
of long time @ and are can be noticed at transitions from one period to another):

chy 101342 ——0.1342" —-0.1342" —>—0.1342" —-0.09354 ——0.09354" —
—>—0.1342" —-0.1342"" —5—0.1342" ——0.1342" —-0.1342" —0.1533" >

1
—-0.01066"" ——0.1342" —0.1533" —-0.4884""" —-0.1342""" —» (32)
—>—0.1342"" 5 _0.1342" —-0.4884" ——0.1342" ——0.01066"" —
—>—0.1342%7 5 04884 5 —0.1342%" —5—0.1342""" 5 0.1533""
0134297 _5 _0.1342 50,1342 5 —0.1342% —0.1342 5 074137

The occurrence of structural changes in accordance with the dependence
(3), e.g. for artificial genetic code consisting of coefficients in the polynomial A(q)
and B1(q), a may also be noticed, i.e.:

[(—0.1342]),(0.343],-0.05387.,-0.14431)]
\2
[(—0.1342]"),(0.343] ,-0.05387 ,—0.14431)]
\!
[(—0.1342["),(0.343/" ,-0.05387%" ,-0.14431")]
A
[(—0.1342["),(0.343 ,-0.053877,—0.14437)]
1
[(—0.09354]), (07,05 ,07,0; ,—0.03472%,0.2841) ,—0.175} )] (4)
\
[(—0.09354]"),(0;" 05,0} 0} ,-0.03472%" ,0.2841;" ,—0.175"")]
2
[(—0.1342,"),(0.343]" ,-0.05387" ,—0.1443}")]
2
[(—=0.1342"),(0.343]" ,-0.05387 " ,—0.1443"")]
\2

Systems and information technology



Artificial genetic code of development of electric power system 35

[(—0.1342/"),(0.343/F ,-0.05387%" ,—0.14432)]
J
[(=0.1342),(0.343;,-0.05387 ,—0.1443;)]
J
[(—0.1342,),(0.343} ,—0.053875",—0.1443}")]
\!
[(0.1533,"),(0;",0.6345" —0.1422]" ,-0.3217,")]
\2
[(=0.01066;""),(0;"" 03,04 ,-0.3397,",0.05204 " ,0.1923,"")]
J
[(—0.1342,7"),(0.343;"" ,-0.053875" ,—0.1443,"")]
J
[(0.1533]"),(0;",0.6134," ,-0.1422}" ,—0.3217,")]
\’
[(—0.4884.""),(0;"",02" ,0.05535;"" ,—0.01004,"" ,0.09545")]
\2
[(=0.1342,""),(0.343;"" -0.05387,"" ,—-0.1443"")]
J
[(—0.1342""),(0.343,"" —0.05387,"" ,—0.1443;""")]
J
[(—0.1342{"),(0.343;" ,—0.05387 3™ ,—0.1443 ;)]
\2
[(0.4884:%),(0;%,05%,0.05535:",~0.01004 ;% ,0.09545 )]
J
[(=0.1342),(0.343;"",—-0.05387," ,-0.1443"")]
\2
[(—0.01066:""),(0;*" 057,05 ,-0.3397," ,0.05204" ,0.1923.")]
J
[(—0.1342;%""),(0.343;"" ~0.05387 " ,—0.1443 )]
J
[(—0.4884%"),(0;" 05" ,0.055353" ,-0.01004 " ,0.09545 )]
\2
[(=0.1342""),(0.343;"" ,-0.05387,"",—0.1443*")]
\2
[(=0.1342;""),(0.343;"" ,—0.05387 )" ,—0.1443""")]
\2
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[(=0.153377) (0% 0.6347" —0.14227" —0.3217 %7")]

J
[(=0.1342.577) (0.3437" _0.05387 7" 0.1443 7]
J
[(—0.13427%),(0.343 5% ~0.05387 % ,—0.1443 %]
J
[(—0.1342,%%),(0.343%% —0.05387 —0.14431)]
\!

[(—0.1342%9) (0.343° —0.053877 ,—0.1443 £7)]
J
[(=0.1342%711) (0.343 X% _0.05387%% _0.1443%")]

J

[(_O 74 1 31)()()(111)’ (OIXXXIIH’ngXXHH’ngXXHI’OA)thXIIH’()fKXHII’OgY}YXHI)oiOOHH’O;QO(HI,_zo- 1 25{){){1{1)] .

and, in case of structural changes, the matter concerns the appearance or disappear-
ance of the gene s;, and in the artificial coefficient-based genetic code, which, in par-
ticular, may be the artificial genetic code of a subsystem, converter, element, e.g. in
case of transition from period IV to period V, from XII to XIII and from XIII to XIV,
or from the period XXXII to the period XXXIII.

3 Conclusion and project development

The artificial genetic codes obtained in this way, may be further use to gen-
erate the initial population for the System Evolutionary Algorithm SAE [1, 3, 6, 16],
that may be used to search for more robust population, i.e. for the conditions of the
discussed task of a more robust model of electric power system. As a result of using
the SAE algorithm, polynomial A(q) and polynomials B;(q) or the elements of ma-
trices in the equations in the state space may be obtained.
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