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RESEARCH OF METHODS FOR
IDENTIFICATION OF EMERGENCY

MODES OF POWER SUPPLY SYSTEM IN
TRANSPORT INFRASTRUCTURE PROJECTS

06 exmom docaioncenis € pewrcumu PodOmu CUCMeMU eAeKMPONOCMauaniis 3alsnuunozo mpancnopmy. Knacuu-
1010 € KAACUDIKAUIA ABAPTUHUX PEHCUMIB, WO TPDYHMYEMBCL HA BUSHAUCHHT NOWKOONCCHHS NO KONCHOMY 3 (idepis
abo ¢as. /Io 0CHOBHUX NPUUUN ABAPTUHUX PEHCUMIE BIOHOCAMY PI3H020 POOY KOPOMKI 3AMUKANHS, WO SUHUKAIOMD
8HACHI00K nowKo0Ncenns i3oaauii ¢pas, o6pusie ma nepenanpye. Ilowrodicenns obradnanis iddysacmocs i3-3a
nPUPOOHO20 CIAPTHHS I30JL8UiT, AMMOCPEPHUX 6NIAUBIE AO0 MEXAHIUHUX NOUKOONCCHD, KOMYMAUIHUX NePenanpye.

B x00i docridacenisn 6UKOPUCOBYBANUC CUCTIEMIULL NIOXI0, MEMOOU CUCMEMI020 ANALI3Y, MEOPTi MHONCUM,
cyuacui memoou 06pobxu 306paxceny ma inmeiexmyanvioi 06pobku danux, i3 sabesneuennsm 6iACMUEOCMmen
macumabosanocmi PospooII0Eanux memoois.

Jocrioncerno memoou 0st anzopummivHux piuenb ma npeocmasieni mamemamuuni mooeni o6pobxu ma opza-
Hisayii ingopMayitinozo npocmopy, NPeocmasier020 MHONCUHAMU OaAzaMOSGUMIPHUX MACUBIE OANUX 3 NPUE S3KOI0
00 uacosoi obnacmi, sKa GOPMYEMvbCst 1A IEPAPXTUHUX PIBHAX KOPROPATMUBHOT KOMN t0mepnoi cucmemu diazioc-
muxu. Posensidysanuil ingopmauitinui npocmip y uxionomy éudi ymeopioe oami, sxi po3zisioaomocs iy SKocmi
NaApamempuunux 300paxcetb nPouecie, OMpPUMYEani 6i0 MiKPONPOUCCOPHUX NPUCMPOIE peecmpauii napamempis
cucmem. Lle noe’szano 3 mum, wo memoou idenmuixayii a8apiiunux Peicumis eieKmpoenHep2emuunux CUucmem
Ha 0CHOGI 6I0NOGIONUX NAPAMEMPUUNHUX 300PANCEHD NPOUECIE 00360LAIOMb OMPUMYEATU CXOINCI 34 CMPYKMYPOIO
anzopummu idenmupixayii pejcumie s enepeocucmem piznozo Muny ma NPUSHAUeHs.

3aedsxu uvomy 3abesneuyemvcs nonepednus 06podKa danux Ons 36e0enis napamempuunozo 300PaNcenis
asapitiinozo pexcumy 00 cmandapmmoi Gopmu mampuunozo npedcmasienis y uacmomuii oonacmi. Y nopieusmnii
3 ananozivnumu memodamu, ye 3abesneuye maxi nepeeazu, K MONCIUGICML POOOMU cucmeMu JiazHOCMUKU SK
¢ <off-lines, max i 6 <on-lines pewcumax. A peanisauis anzopummivnux piwens moxce 6ymu sabde3neuena sx
HA HUNCHOOMY PieHT cucmem 0iaznoCuKU, max i Ha 8epXHIX DIGHAX OLNSAHOK eLeKMPONOCmauanis, a maxoxic
Ha KOPNOPaAmusHoMy pieHi i Xapaxmepusyeamucs: 6AACMUeOCMAMU MACUMAO08ANOCTNT MA ZHYUKOCTME 810HOCHO
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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
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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={A} - set of emergency conditions that may occur
in the system;

A, — set of emergency conditions that occurred and
were perceived by the system;

A, — 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 UA,. €))

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

Each emergency mode A; 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 ={ui(t)}, 0<e<T, (2)
where ui(t) — the amplitude of the analog j-th signal
(j=1.m, m — the number of signals characterizing the
accident) of the i-th accident at time ¢; 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}(¢) in
the time domain:

wi () ={ui(t), ui(t,)..

L uj(D)}. 3)

That is, each emergency mode can be submitted as:
A =Juj@). (49
j

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=A

If A ={@}, 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 A,, the sets A. 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,(¢) is carried out
constantly with the arrival of the parameters of each new
emergency mode:

)

A, (tl+1) = A(tlﬂ)n Ar(tl )’ (6)
where A(¢,,,) — the set of parameters of the new emergency
mode, arrived at time ¢, A.(;) — the set obtained as
a result of crossing (5) at time .

Ar1 (tl)=A,. (tl+1)SA, (t[) (7)
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Thus, the first set A!(¢) 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 (t)={2}, (®)
then
A/'(t1+2):A(tl+2)mAr(tl)r (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%(¢), like the set A!(¢), is
continuous. With the arrival of the parameters of the
new emergency mode A;(¢,,), for which the following
relationships are true:

Ai(tl+[))ﬂ1411'(t1)={®}y (10)

Alen,)N 42 (0) {2}
anew 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:

Ax()={AiD)). (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 Af(t) 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,Z(t). Moreover, the elements
of the set (11) are arranged in sequence in descending
order of the number of elements of the set.

Al(t)> A2 (t)>---> A (¢). (12)

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

A(tin)= {1’ at At )4 ()= 4 1), (13)
0, in other cases.

The one indicates that A,(¢,,) belongs to the group
of emergency modes that form, zero indicates the need
for comparison with the subsequent set A?(¢). Thus, the
definition of the group to which the emergency mode be-
longs is carried out by the formation of the set:

A(t ): Ark ([1), at Al' (t1+1)mA,k (tl): Af (tl),
o 0, in other cases,

(14)

where %k — the pointer to the group of accidents which
intersection sets gives Af(¢).

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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