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RESEARCH OF METHODS FOR 
IDENTIFICATION OF EMERGENCY 
MODES OF POWER SUPPLY SYSTEM IN 
TRANSPORT INFRASTRUCTURE PROJECTS

Об’єктом дослідження є режими роботи системи електропостачання залізничного транспорту. Класич-
ною є класифікація аварійних режимів, що ґрунтується на визначенні пошкодження по кожному з фідерів 
або фаз. До основних причин аварійних режимів відносять різного роду короткі замикання, що виникають 
внаслідок пошкодження ізоляції фаз, обривів та перенапруг. Пошкодження обладнання відбувається із-за 
природного старіння ізоляції, атмосферних впливів або механічних пошкоджень, комутаційних перенапруг.

В ході дослідження використовувалися системний підхід, методи системного аналізу, теорії множин, 
сучасні методи обробки зображень та інтелектуальної обробки даних, із забезпеченням властивостей 
масштабованості розроблюваних методів.

Досліджено методи для алгоритмічних рішень та представлені математичні моделі обробки та орга-
нізації інформаційного простору, представленого множинами багатовимірних масивів даних з прив’язкою 
до часової області, яка формується на ієрархічних рівнях корпоративної комп’ютерної системи діагнос-
тики. Розглядуваний інформаційний простір у вихідному виді утворює дані, які розглядаються у якості 
параметричних зображень процесів, отримувані від мікропроцесорних пристроїв реєстрації параметрів 
систем. Це пов’язано з тим, що методи ідентифікації аварійних режимів електроенергетичних систем 
на основі відповідних параметричних зображень процесів дозволяють отримувати схожі за структурою 
алгоритми ідентифікації режимів для енергосистем різного типу та призначення.

Завдяки цьому забезпечується попередня обробка даних для зведення параметричного зображення 
аварійного режиму до стандартної форми матричного представлення у частотній області. У порівнянні 
з аналогічними методами, це забезпечує такі переваги, як можливість роботи системи діагностики як 
в «off-line», так і в «on-line» режимах. А реалізація алгоритмічних рішень може бути забезпечена як 
на нижньому рівні систем діагностики, так і на верхніх рівнях ділянок електропостачання, а також 
на корпоративному рівні і характеризуватися властивостями масштабованості та гнучкості відносно 
розглядуваних ділянок енергосистем.

Ключові слова: алгоритми ідентифікації режимів, система електропостачання залізничного тран-
спорту, комп’ютерні системи, інформаційний простір.
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1.  Introduction

The present dictates new conditions for the efficient 
operation of power supply systems, providing for reliable 
and uninterrupted power supply. Cases of violation of the 
normal operating modes of the system are considered as 
accidents or abnormal modes, depending on the nature of 
their course, the degree of equipment damage and conse-
quences. The main task of the operational dispatch control 
of the modes of systems and its energy facilities is to en-
sure constant monitoring of the parameters of the regime, 
as well as predicting possible unacceptable changes in the 
operation of systems. Based on the values of the parameters 
of the modes, the operational identification of the state is 
carried out with the aim of forming control actions for the 
redistribution of energy flows, preventing the occurrence or 
localization of emergency situations  [1]. It is worth noting 
that in real operating conditions, the power supply system of 

the railway is fully equipped with the necessary monitoring 
systems and is not fully automated, which complicates the 
task of recognizing the mode of electric networks. With 
the development of computer and intelligent technologies, 
the level of automation in the management of systems and 
objects is growing. In this case, the identification of modes 
is solved by intelligent computer systems, which, for the 
implementation of the necessary functionality, processing 
data from geographically distributed energy facilities  [2].

The experience of scientists  [3–5] shows that the ap-
proaches and methods for identifying emergency conditions 
of the power supply system allow to obtain good accuracy 
and efficiency at the lower levels of the hierarchy of the  
system. But they do not allow to generalize the results of 
development and transfer relevant information to higher 
levels of the hierarchy of the system.

At present, solving identification problems is of great 
scientific and practical value precisely at system levels [6].  
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Therefore, it is urgent to combine data from various regi
strars and other monitoring devices, process significant 
volumes of information and synchronize and systematize 
it. In this case, the object of research is the operating 
modes of the railway transport power supply system. And 
the aim of research is studying methods for identifying 
emergency modes of the power supply system for their 
parametric images, based on set theory, modern image pro-
cessing methods and intelligent data processing, ensuring 
the scalability of the developed methods and the unification 
of identification algorithms. At the same time, the desired 
properties are achieved by an effective target combination 
of these approaches and theoretical principles.

2.  Methods of research

The solution to the problem of identifying emergency 
conditions lies in the field of a certain classification system, 
covering the full range of possible situations, and is a metho
dological basis for the application of preventive, liquidation 
and repair measures. In addition, the results of the opera-
tional determination of the location of damage depend on 
the reliability of the results of identification of emergency 
conditions. Moreover, data mining plays a fundamental role 
in the development of modern systems, namely, the railway 
power supply system  [7]. The main problems, first of all, 
should include the selection of useful information from the 
available recorded data – parameters of voltage currents of 
modes or from data obtained in real time.

The railway power supply system is characterized by 
specific structural and parametric features, it is characteri
zed by significant transient conditions, as well as «moving  
loads». Therefore, the tasks of determining the type and 
location of damage are more complex compared to general-
purpose power systems, and are also complemented by 
increased requirements for the efficiency of finding the 
location of damage.

3.  Research results and discussion

To identify the accident in each set, a minimum basis 
of parameters is allocated, which is sufficient for identi-
fication. For a comprehensive solution to the problem of 
identifying emergency modes of establishing the causes of 
accidents, identifying abnormal conditions, and also reali
zing the possibility of preventive control, it is necessary 
to process information on analog signals characterizing 
the operating modes of the system  [8].

Developed emergency recognition algorithms should 
carry out «on-line» or (and) «off-line» identification taking  
into account the values and dynamics of changes in the 
parameters of the mode, type of power supply system and 
configuration of the electric network  [9].

For a formalized representation of emergency mode, 
let’s accept the following notation:

A Ai= { } – set of emergency conditions that may occur  
in the system;

Ac – set of emergency conditions that occurred and 
were perceived by the system;

An – set of emergency conditions that have not yet 
occurred.

Based on these notations, the set of emergency modes A  
is the union of two intersecting subsets that can occur 
in a system which mathematical model:

A A Ac n=  . 	 (1)

Emergency modes that belong to the set Ac, when re-
occurring, are identified by the system. Elements of a set of 
emergency modes An can also be recognized by the system 
if their characteristics are known in advance.

Each emergency mode Ai  is represented by a set of 
time-variable parameters or a set of signals, which can be 
considered a parametric image of the mode.

Since simple methods of logical conditions and conclu-
sions can be used to process a plurality of discrete signals, 
within the framework of this work, only a plurality of 
analog signals are accepted for identification of emergency 
conditions  [10].

Thus, for an arbitrary emergency mode, it is possible 
to record:

A u t t Ti j
i= }{ ≤ ≤( ) , , 0 	 (2)

where u tj
i ( ) – the amplitude of the analog j-th signal  

( j m= 1.. , m  – the number of signals characterizing the 
accident) of the i-th accident at time t; T – the duration 
of the emergency mode.

The change in the j-th analog signal during emergency 
mode T is characterized by an array of signal values u tj

i ( ) in  
the time domain:

u t u t u t u Tj
i

j
i

j
i

j
i( ) = … }{ ( ), ( ), , ( ) .1 2 	 (3)

That is, each emergency mode can be submitted as:

A u ti j
i

j

= ( ).


	 (4)

The whole set of possible emergency modes (1) is cha
racterized by changes in analog signals. In this case, the 
subsets of accidents with a common set (1) are characterized 
by the same subsets of signals (2). For this reason, the 
emergency mode identification process can be shortened by 
identifying common features. To reduce the identification 
time, a common set of parameters for all emergency modes 
is determined according to the expression:

A Ar ii
=


. 	 (5)

If Ar = ∅{ },  then a search is made for emergency 
modes that have common parameters by which the group 
is determined for further identification. Under real operat-
ing conditions, it is impossible to describe all emergency 
modes An ,  the sets Ac  are subject to a description and 
the system sequentially learns with the onset of a new 
emergency mode. According to the given conditions and 
judgments, the total set of parameters that is determined 
depends on the operating time of the system. The process 
of determining the set of parameters A tr ( )  is carried out 
constantly with the arrival of the parameters of each new 
emergency mode:

A t A t A tr rl l l+ +( ) =1 1( ) ( ), 	 (6)

where A tl( )+1  – the set of parameters of the new emergency 
mode, arrived at time tl+1;  A tr l( ) – the set obtained as 
a result of crossing (5) at time tl.

A t A t A tr l l lr r
1

1( ) = ( ) ≤ ( )+ . 	 (7)
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Thus, the first set A tr
1( )  is formed, obtained by crossing 

the sets of parameters of the regimes completed.
If as a result of (7) there will be an empty set:

A tr l+( ) = ∅{ }1 , 	 (8)

then

A t A t A tr rl l l+ +( ) = ( ) ( )2 2 , 	 (9)

the second set of sections begins to form.
The search for the emergency mode is carried out, 

the set of parameters of which give a non-empty inter-
section with the set of this emergency mode, while the 
process of forming the set A tr

2 ( ), like the set A tr
1 ( ), is 

continuous. With the arrival of the parameters of the 
new emergency mode A ti l p( ),+  for which the following 
relationships are true:

A t A t

A t A t
i l p l

i l p l

r

r

+

+

( ) ( ) = ∅{ }
( ) ( ) = ∅{ }











1

2

,

,
	 (10)

a new common set begins to form by determining intersections 
with other sets of emergency conditions that took place.

Thus, when identifying in real time, the set are con-
stantly being formed:

A t A tr r
iΣ ( ) ( ) .= { } 	 (11)

All elements of the set (11) change in time and the 
process of change occurs with the arrival of a new emer-
gency mode, which has not yet taken place for the entire 
duration of the system.

To speed up the identification process, a distribution 
of the elements of the set A tr

Σ ( )  is carried out according 
to the number of emergency conditions covered by the 
most common characteristic that are assigned to them. 
With the arrival of analog signals indicating the emer-
gency mode, which took place for the first time, set of 
parameters are formed for subsequent comparison with 
the elements of the set A tr

Σ ( ) . Moreover, the elements 
of the set (11) are arranged in sequence in descending 
order of the number of elements of the set.

A t A t A tr r r
n1 2( ) > ( ) > > ( ) . 	 (12)

So, first the first set is compared, by determining the 
cross section and, accordingly, the emergency mode in 
the existing ones:

A t
A t A t A t

i l
i l l lr r

+
+( ) = ( ) ( ) = ( )
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The one indicates that A ti l+( )1  belongs to the group 
of emergency modes that form, zero indicates the need 
for comparison with the subsequent set A tr

2 ( ). Thus, the 
definition of the group to which the emergency mode be-
longs is carried out by the formation of the set:

A t
A t A t A t A t

i l
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where k  – the pointer to the group of accidents which 
intersection sets gives A tr

k ( ).

4.  Conclusions

The methodology for constructing generalized classification 
systems for emergency modes for use in computer systems 
for diagnosing railway traction power systems is analyzed.

Methods of identification of emergency modes of the 
railway power supply system are investigated, which al-
low identifying modes that allow building solutions that 
have the desired scalability, adaptability and flexibility 
regarding the structure of the diagnosed power systems.
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