I55N 2664-93969

INI-'I]RMATIIJN AND CONTROL SYSTEMS:
REPORTS ON RESEARCH PROJECTS )

2. Xie, S., Chu, X., Zheng, M., Liu, C. (2019). Ship predic-
tive collision avoidance method based on an improved beetle
antennae search algorithm. Ocean Engineering, 192, 106542.
doi: http://doi.org/10.1016/j.oceaneng.2019.106542

3. Zhao, L., Roh, M.-I. (2019). COLREGs-compliant multiship
collision avoidance based on deep reinforcement learning.
Ocean Engineering, 191, 106436. doi: http://doi.org/10.1016/
j.oceaneng.2019.106436

4. Yang, R., Xu, J., Wang, X., Zhou, Q. (2019). Parallel trajec-
tory planning for shipborne Autonomous collision avoidance

tasks and human failure events. Safety Science, 116, 33—44.
doi: http://doi.org/10.1016/j.ss¢i.2019.02.038

. Blincov, V. S. (2007). Sovremennye problemy sozdaniia elek-
trooborudovaniia i avtomatiki podvodnykh apparatov. Radio-
elektronni i komp’iuterni sistemi, 5 (24), 90-98.

. Unmanned Systems Integrated Roadmap 2009-2034 (2009).
Department Of Defence United States Of America. Washington,
195. doi: http://doi.org/10.21236 /ada522247

=]

w

10. Leonenkov, A. V. (2005). Nechetkoe modelirovanie v srede

MATLAB i fuzzyNECH. Saint-Peterburg: BVKH-Pererburg, 736.

system. Applied Ocean Research, 91, 101875. doi: http://doi.org/
10.1016/j.apor.2019.101875

5. Oh, H. N. H., Tsourdos, A., Savvaris, A. (2014). Development
of Collision Avoidance Algorithms for the C-Enduro USV.
IFAC Proceedings Volumes, 47 (3), 12174—12181. doi: http://
doi.org/10.3182/20140824-6-za-1003.02362

6. Zhao, Y., Li, W,, Shi, P. (2016). A real-time collision avoidance
learning system for Unmanned Surface Vessels. Neurocomputing,
182, 255-266. doi: http://doi.org/10.1016/j.neucom.2015.12.028

7. Abilio Ramos, M., Utne, I. B., Mosleh, A. (2019). Collision
avoidance on maritime autonomous surface ships: Operators’

Nadtochii Victor, PhD, Department of Automation and Electri-
cal Equipment, Kherson Branch of the Admiral Makarov National
University of Shipbuilding, Ukraine, e-mail: nva074@gmail.com,
ORCID: http.//orcid.org/0000-0003-3869-3546

Nadtoshyi Anatolii, PhD, Department of Automation and Electri-
cal Equipment, Kherson Branch of the Admiral Makarov National
University of Shipbuilding, Ukraine, e-mail: tasman.leh.85@gmail.com,
ORCID: http.//orcid.org/0000-0003-1905-0895

UDC 658.51
DOI: 10.15587/2312-8372.2019.187278

RESEARCH ON THE POSSIBILITIES
OF SOLUTION OF THE MONITORING
PROJECTS OF THE RAILWAY POWER
SUPPLY SYSTEM

O6’cxmom docaiodncenns € napamempu MOHIMOPUHzY CUCTEMU eIEKMPONOCIMAUAHHS 3ATIZHUYH020 MPAHCTIOPY.
IIpucmpoi peecmpauii napamempie pobomu 06’ekmis cucmemu nocmavanns exexmpoenepeii PMUs cxaadaiomv oc-
HOBY cucmemu Monimopumzy nepexionux pevcumic WAMS. Baxcrusum acnexmom enemenmic WAMS e cunxponisayis
O0anux, KA MEXHONI02IUHO 3a0e3NeUYemvCst 34 00NOMO20K CYNYMHUKOBUX CUCTNEM OPIEHMAUI.

B x00i docridoceris sUKOPUCTOBYBANUC CUCTREMHULL AHAT3, CUCeMHUTE N10XI0 00 NPobLeMU, G MAKONC CROCOOU
CUHXPOHI3AUTL MaA CUCTNEMAMU3AUIT OAHUX.

Hocnioaceno memodu po3e’s3ysantsi 3a0au npoyecie MOHIMOPUH2Y CUCTEMU eLeKMPONOCMAYAHHSL 3ANIZHUYHO20
mpancnopmy. Oyuxuii diaznocmuku, wo 6 danuil yac peanisyiomocs 3a donomozoro PMUs, WAMS, ¢paxmuuno socepe-
Oanceni ma obmednceni na OULANKAX eAeKMPONOCMAUANILS, | BKIIOUAIOMb 8 ce0e MOHIMOPUINZ HUSHKOUACTOMHUX KOTUBAHD
cucmemMHux napamempis. A maxooc idenmugixauio asapitinozo PexcuMy ma GUSHAUEHHS MICUs NOUKOONCeHHsL 8 00 €K -
max cucmemu exexmponocmauanus. Kpin mozo, ons suxopucmanis yux Gynkuiil, pasom 3 mum, exce npu cyuaciomy
DO3BUMKY CUCTEM, HEOOXIOHUM € 3a0e3neueiis OlazHoCMUYHUX DYHKUITL 6 Macumadi enepeocucmem, 3 MiHIMI3auieio
yuacmi ma 6nauey 00U Y (POPMYBAHHT PE3YTLMAMIE OUIHIOBAHH. PEICUMIE. Le no6’s3ano 3 mum, o € Heobxionicmo
PO3UWUPEHHS DIAZHOCIIUYHUX PYHKYIL w000 napamempis 00 €Kmie cucmemu eieKmponoCmaiyanHst, BUKOPUCTIOBYEAHUX
cucmem MoHimopunzy, ki 003604Mb PO36 I3Y6amu 3a0aui onepamusHo-0UCNEemUePCLK020 YNPasiinms uux 00’ exmie.

3asdsxu yvomy 3ade3neuyemvcs MONCIUCICING PO36 A3AHHS ONEPATNUSHO -OUCTEMUEPCOKUX 3A0at, OUIHIOBAHHS
ma npozno3yeanis cmany npu 06podui ingopmauii, ii cunxponizayii ma cucmemamusauii. A maxodxc cnocmepe-
HCCHHS T CUMXPOHIZAUTT BUMIPIE 30 UACOM, ULO 3HAUHO NIOBUUYE PIBEHD ONEPAMUBHO-OUCTEMUEPCHKO20 YNPAGTIHHA
pevcumamc pobomu 00’cKmie cucmemi eLeKmponoCmauanis. Y nopieusmmni 3 Anaioziunumi mexnoL02isamu, Hoei,
sacnosani na suxopucmaniui npucmpoie PMU ons 360py danux, maiomov nepesazy neped mpaouyiinumu mexmo-
nozisimu SCADA, sixi nposodunu sumiprosanist 00°ekmie cucmemu 6e3 CUHXPOHI3AUTT 3a UACOM.

Kmouosi cnosa: cucmema erekmponocmavanis, 3ANSHUMHUL MPAHCIOPM, CUHXPOHIZAUIA OAHUX, KOMN 10mepHi
3aco0u, Haraumysanis inmeppericy o0una -Mauuna.

Holubh H.,
Kulhovskyi I.,
Skliarenko I,
Hannoshyna I,
Klochkov Y.,
Kharuta V.

Received date: 12.09.2019
Accepted date: 04.10.2019
Published date: 30.12.2019

Copyright © 2019, Holub H., Kulbovskyi I., Skliarenko I., Hannoshyna I., Klochkov Y., Kharuta V.
This is an open access article under the CC BY license
(http.//creativecommons.org/licenses/by,/4.0)

the power supply system can be achieved when moving
to a new level of information support. The functions of

The solution to the problems of operational manage- time synchronization of data in distributed monitoring
ment, ensuring reliable, flexible and efficient operation of systems are most often implemented on the basis of existing
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satellite-based orientation technologies — GPS satellite
global positioning system and GLONASS (global naviga-
tion satellite system). They are solved by the tasks of
monitoring transients, which provides for the creation of
appropriate means of collecting information and software
systems for its processing, which must meet a number of
requirements [1]. And to ensure the necessary level of
reliability and safety of the system, it is necessary to solve
the problem of monitoring the frequency, power, current,
voltage and their angular parameters. This is possible due
to the development of a new technology for vector mea-
surement of the operational parameters of these systems,
which provides synchronization of measurements using
GPS, provides operational personnel with qualitatively
new information in the form of voltage vectors [2].

The synchronized PMU voltage vector measurement
devices form the object level of WAMS mode monitoring
systems. They also open up the possibility of solving the
problems of operational dispatch control of electric networks,
based on the information exchange protocol that is used
in the data collection system with PMU.

The experience of scientists in works [3, 4] shows that
monitoring systems are designed for continuous monitoring
of the parameters of the modes of electric power systems,
assessing and forecasting the development of current operating
modes. As well as the issuance of the received information
in digital form to control systems and information systems.

Therefore, the urgent need is the combination of para-
meters from various registrars and other monitoring devices
for the possibility of solving operational dispatch problems,
assessing and predicting the state of information processing.
At the same time, the object of research is the monitoring
parameters of the railway transport power supply system.
And the aim of research is studying the solution of prob-
lems of monitoring the railway power supply system by
processing significant amounts of information due to its
synchronization and systematization.

2. Methods of research

In order to continuously diagnose and predict the state
of electrical equipment, of the «Regina-F» type controllers
(Ukraine) are used to register emergency modes of traction
substations of Ukrainian railways. Based on these regis-
trars, a transient the wide area monitoring systems (WAMS)
monitoring system (TMS) is created, which is designed for
continuous monitoring of the parameters of the electric
network modes, assessment and forecast of the development
of current operating modes. As well as transmitting the
received information in digital form to control systems and
information systems, it provides functional capabilities for
diagnosing the power supply system, in particular, assess-
ing the condition, monitoring transient conditions and low-
frequency oscillations [4]. With the help of the «Regina-F»
controllers, it is possible to obtain research results for mo-
deling the modes of electric networks and, in particular, for
solving the problems of state assessment.

3. Research results and discussion

Monitoring of the parameters of the modes of electric
networks, evaluating and forecasting the development of
current operating modes and issuing the received informa-
tion in digital form, measuring the instantaneous values

of phase currents and voltages and calculating electrical
parameters is carried out using WAMS. The system consists
of PMUs, data transmission channels between electric
power facilities and dispatch centers, as well as means for
processing the information received. The communication
server provides the collection, registration and archiving
of data from multifunction measuring transducers, the
reception of accurate time signals from a GPS receiver,
and the provision of data at the request of remote con-
sumers in on-line and off-line modes [5].

In general, in assessing the reliability of WAMS, three
risk categories are distinguished, which include informa-
tion security, equipment reliability and the operability of
the human operator. The focus is on research related to
the elimination of WAMS vulnerabilities related to the
dependence of the time stamp of synchronized measure-
ments on GPS signals [6], the reliability of PMUs and
software. As well as the resilience of servers and data
concentrators with respect to concentrated cyber-attacks.

WAMS for monitoring the state of the objects of the
power supply system of the railway transport is built on the
basis of «Regina-F» devices [7]. This implements monitor-
ing at the level of world power supply intellectualization
programs and gives the potential for the implementation
and development of analysis and control functions in ac-
cordance with the latest trends.

In connection with the transition to intelligent energy,
including in traction substations, the number of monitoring
devices is growing, in turn, they accumulate more available
data to help operational dispatch personnel monitor the
status of the power supply system in real time. However,
more data does not necessarily mean more information.
Only processing converts data into useful information. The
next generation monitoring functions are designed to pro-
vide dispatchers with useful information, not primary data.
Data forms the basis for decisions made by dispatchers [8].

It is especially important to observe not only the
instantaneous values of currents and voltages, but also
other quantities (parameters) and signals, since all these
quantities can be indicators of monitoring. In the form
of linear or nonlinear functions of input signals, the re-
sults of their operator transformations, including obtain-
ing functionals, their harmonic analysis, etc. Obtaining
these parameters and signals is the basis for performing
calculations of various other parameters of current and
voltage of electric networks, as well as other parameters.

The phase angles of voltages on substation busbar systems
are the most «important» variables of the state vector,
since they are related to the boundaries of static stability
and the flow of power along the power line [9]. Therefore,
for the active power transmitted along the line between
the busbar (p) and (%), the actual expression:

_ Ub ) Ue

P, = sing,,,
Xbe

(1)

where U, - the voltage at the beginning of the line; U, —
the voltage at the end of the line; 3, — the angle bet-
ween them; X, — the transmission reactance.

Permanent registration of synchronized state variables
of the system allows verification and refinement of the
design models of the network and the results of mathe-
matical modeling. According to the expression for reactive
power, let’s write:
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vz? U,-U,

=%, X,

C0S 0y, (2)

hence the transfer reactance:

U,>-U,-U,cosd,,

X, =
be Q};e (3)

The analysis of archives of synchronized measurements
of phase angles at the «key» points of the power system
before and after emergency shutdowns also allowsto draw
conclusions about the availability of reserves in the power
system to respond to various violations of the regime [10].

The next generation monitoring and control functions
offer advanced visualization methods and the ability to
easily customize the man-machine interface for each dis-
patcher based on itspreferences in order to help quickly
comprehend information. With the use of human-orien-
ted monitoring functions, the effectiveness of operational
dispatching personnel will increase in understanding the
current working conditions, identifying abnormal operating
conditions, and considering potential problems [11]. More-
over, the monitoring system should provide information
in real time so as not to overload the dispatcher with
messages, it may interfere with the work.

Information from sensors in traction substations and
power lines, instead of being sent directly to dispatchers,
can go through an intelligent data processing procedure
to quickly determine the viability of equipment. Providing
dispatchers with potential data on component malfunctions
can help them anticipate problems in the operation of the
traction power supply system and develop a plan to miti-
gate the consequences of an emergency condition [11, 12].

For example, a substation protection system can record
incidents of malfunction (emergency condition). Instead of
providing the dispatcher with the full amount of recorded
data, he can be provided with information about specific
types of faults and where they occurred. The provision of
such information will allow operational and dispatching
personnel to save a large amount of time. Information can
be additionally used in an operational safety assessment to
help dispatching personnel analyze system stability prob-
lems and develop optimal strategies for their correction.

4. Conclusions

It is revealed that new technologies based on the use
of PMU devices for data collection have an advantage
over traditional SCADA technologies, which performed
network measurements every 2—4 seconds without time
synchronization. Therefore, technologies with PMUs pro-
posed in this work, due to synchronization with GPS,
will ensure synchronization of time measurements of the
modes of objects of the railway power supply system. This
significantly increases the level of operational dispatch
control of operating modes. The research results will allow
the registration of the results of the monitoring measure-
ment on-line, as well as in real time, which is especially
important for their current use. It is proved that it is
precisely PMU devices with time synchronization that
allow real-time monitoring of network parameters and
elimination of emergency situations, information opera-
tions of temporary and spatial synchronization, which is
necessary for monitoring the railway power supply system.
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