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Use of GPS communication on the railroad

Introduction of the modern satellite technologies in optimization of management of infrastructure and traffic
safety on the Karaganda railroad is a basis of transition to complex management information technologies of
the highway work with use of means of satellite navigation, monitoring and communication. The main objec-
tive of creation of road geo-informational system is introduction of new technologies in the sphere of safety
and train dispatching, management of transportation process and logistic operations, monitoring of infrastruc-
ture condition, engineering geodetic support of works on projection, construction and operation of the rail-
roads. This article describes the GLONASS / GPS monitoring system. The main advantages of implementing
this system in the work of railway transport are indicated. The principles of operation of the monitored moni-
toring system are presented in the form of illustrations and structural diagrams. The use of GLONASS / GPS
monitoring system using ground-based correcting GPS stations will ensure fast and high-quality engineering
and geodesic performance in the design, construction, repair and maintenance of Karaganda railway facilities.

Keywords: traffic control center, wireless system, mobile solution, GPS monitoring, GIS map.

The necessity of application of satellite technologies on railway transport does not raise doubts any
more. It is provided by further prospects of branch development, including plans of transition to the high-
speed and speed motion, and also increases in intensity of the transport traffic streams on highways.

In these conditions the advance to higher qualitative level of transportation management and traffic
safety of trains becomes the key to success. And, in turn, it demands basic changes in the sphere of coordina-
tion and time ensuring work of railway transport. It is necessary to have the most exact information on dislo-
cation of a rolling stock, at any time and under any weather conditions, to be able to control its movement
and a condition of onboard systems. But it is impossible to solve this problem without modern global naviga-
tion satellite systems, such as GLONASS/GPS, and high-effective digital communication.

Soon the work on equipment of navigation of passenger electric locomotives by satellite systems will come
to the end. All this will allow to provide the remote reflection of provision of the train on the electronic scheme of
sites of the Karaganda railroad in real time. Use of such navigation systems will give the chance to control opera-
tional and financial performance, and also precisely and quickly process production information [1].

Modern GPS monitoring of transport on the railroad will allow:

— To make satellite GPS control of railway transport while its movement in the real time and to obtain
all specifications: time for start of the engine, speed of movement of the train, acceleration, braking, place
and time of stops.

— To use GPS control of fuel consumption for transport on the railroad (using the exact sensor of fuel con-
sumption), for the purpose of suppression of casual leaks, discharge of fuel and inappropriate use of vehicles.

— To increase efficiency of railway transport use, to conduct the general system of the accounting of
fuel consumption, to modify employment of drivers, to plan the operating mode, to cut down expenses on
servicing and to repair railway transport.

— To make general reports on the basis of GPS of railway transport monitoring, to optimize schedules,
to simplify work of dispatching services.

— The satellite GLONASS monitoring system will also allow to control safety of freight and its move-
ment on the railroad, preventing its losses by drivers.
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Also the important fact that on the basis of this system it is possible to develop system of the warning
the driver of the situation on a railway crossing which the train is approaching to. And efficiency of access to
information on the provision of the train on the scheme of sites of the railroad will conduct traffic safety of
trains to new level [2].

Railway crossing. The cells located on railway crossings are sent to both parts of train traffic for the
purpose of the best review. Each cell is connected to the control unit which include the block of program
control by formation of video stream and the block of video of analytics. Control units are connected through
a special communicator to the wireless device of data transmission. The BST system covers space in both
directions, using two antennas directed in both directions of the traffic. Antennas are installed near the crossing.

Locomotive. The train-driver will see the video stream from moving in real time when the train is at the
distance about 5-7 km from a railway crossing (depending on conditions of direct visibility and precise ar-
rangement of moving). The video stream will be visualized on the LCD screen of the monitor located in the
driver cabin. The monitor through the Ethernet cable will be connected to the radio receiver located on the
locomotive. For reception of information on the locomotive two antennas will be provided. The locomotive
has to be equipped with GPS to transmit the location to CCSP and further to CC by driving on a site.

Control center of driving. The operator of control center driving will be able to see data-flow video in
real time from the crossing in the system of video management when the train is at the distance of 5-7 km
from the crossing (on condition of direct visibility and precise information about the arrangement of cross-
ing), on optical network / wireless lines of dumping (depends on the existing infrastructure) [3].

When the train is in the zone of wireless communication, on the CCD panel its GPS coordinates are
displayed.

The topology of system is shown on the following Figures 1a and 1b.
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Figure 1. Topology of wireless system
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The wireless system is realized by the principle of radio PtMP (Point to Multi Point). Each BS can sup-
port two locomotives at the same time, providing speed. The structure of wireless system in the locomotive is

shown in Figure 2.
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Figure 2. Structure of Wireless System in the locomotive

Mobile solution. The unique solution which provides a reliable high-performance wireless communica-
tion with train structure, moving with speed up to 200 km/hour. The solution is based on covering of a site of
a way by means of BS each 57 kilometers, when ensuring fast relay transfer service between base stations.
The offered wireless technologies provide high reliability and a good channel capacity by transfer of a video
stream. Mobile solutions are based on use of several stationary base stations and mobile devices with a small
shape factor and small power consumption [4].

Advantages of the solution:

— The high level of channel capacity of UpLink/DownLink provides efficient, bilateral data exchange

(for example, video of a high traffic definition between the base station and the locomotive).

— Steady radio interface: provides high availability and high efficiency of system.

— Reservation — intended for the complete reservation of system which guarantees the continuous op-

eration of the complex.

— Maintenance — includes the complete diagnostics of system by online radio.

— The wide frequency range of 6 GHz — provides flexibility at radio-scheduling.

Mechanism of monitoring and notification. Depending on distance (or time) when a train approximation
to the crossing the analytical system automatically defines whether it has to warn the driver of the train, the
operator and people who are on the crossing. So far the train is at the distance more than 2 km that is equiva-
lent to 30 seconds, the driver and the operator can see the situation on the crossing and no notification hap-
pens. While at the distance of 2 km and less, the analytical system warns the driver and the operator about
the dangerous situation and includes the automatic notification about the coming danger to the people who
are on the crossing (Fig. 3).
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Figure 3. Image on the operator monitor

As shown in Figure 4 the train-driver sees on the monitor, installed in a locomotive cabin, current state
on the crossing in real time. The driver sees the GIS (Geographic Information System) card on which the
current location of the train is displayed, the image of the approaching crossing in its present state and the
real image from the cameras mounted on the crossing (the thermal cell is necessary for extreme conditions,
such as fog, rain, snow, etc.) [5].

Figure 4. Image on the driver monitor

New technologies of train traffic monitoring will provide the dispatching personnel with reliable infor-
mation about all movements of the rolling stock, passengers and freights in real time. Application of satellite
technologies will allow to reach a new qualitative level in implementation of the automated train schedule at
train dispatchers of Transportation Control Center, to conduct further development and introduction of the
perspective systems «Automatic Dispatcher» and «Auto-train-driver».
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Besides, coordinate systems with use of the earth-based correcting GPS stations will provide fast and
high-quality realization of engineering and geodetic works in projection, construction, repair and content of
objects of the Karaganda railroad.
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Temip xos1a GPS 0ailyiaHBICHIH KOJIAAHY

Kaparauas! TeMip:koiI KO3FaIBICH Kayilci3airi MeH HHpaKypbUIBIMABI OacKapyabl OHTAMIaHABIpyIa Ka3ipri
3aMaHFbl CEPIKTEC TEXHOJOTHSUIAPAbl CHTi3y CIYTHHKTIK HABHTAIlUsd, MOHHUTOPHHT >KoHE OaislaHbIC
KYpalJapblH KOJIIaHy apKbUIbl MarvCTpallb JKYMBICBIHBIH aKMapaTThIK-0acKapy TEXHOJOTHSCHI KeLICHiHEe
KOLIyaiH Heri3i Oonbin Tabbutagpl. YKo reoakmaparThlK JKYHWECiH KypyZIbIH HEri3ri MakcaTbl — MOe3[i
Oackapy *oHe KayilCi3/iKTi, TachiMaiay IpoLeciH KAMTaMachl3 €Ty )KOHE JIOTMCTUKAIBIK ONepaIUsIapibl,
UHOPAKYPHUIBIM KYHIHIH MOHHUTOPHUHIIH, jxo0amay OOMBIHINA HHKEHEPIK-T€0e3MsUIBIK JKYMBICTAPIbI
YaKTBIIBl OTKi3y, TEMip >KOIZapAbl KYpacThIpy MeEH MaiijajaHyIbl KaMTaMachl3 €Ty asChlHIa JKaHa
TexHosorusuapas! eHrizy. Consiver karap GLONASS/GPS monnTOpHHT JXYHeciHiH cumarTaMachl Gepinai.
Temip:kon KemiriHiH KYMBICBIHIAa Oy >KYHEeHI €HTri3ymiH HeTi3ri epeKIIeNiKTepl KepceTinreH. 3epTTelin
OTBIPFaH MOHHTOPHHT JKYHECIHIH )KYMBIC icTey KaruIachl KOPHEKITIK KoHe KYPhUIBIMABIK cyi0anap TypiHue
xepceriren. XKepneri Tysererin GPS Gexerin maiinanansin, GLONASS MoHUTOpHHT >XyHeciH KoymaHy
KaparaHIbIHBIH TEMip JKOJIBIHBIH HETi3ri HbICAaHIAPBIHBIH Ma3MYHbBIHAA MEH JKeHJIEYyiHJe, KYPbUIBICHIHAA,
xobaayblHa HMHKEHEPIIK-Te0Ie3HsIBIK JKYMbBICTAPbIH Canalbl JKOHE JKbUIAAM  OpBIHIAyFa MYMKIHIIK
oepai.

Kinm cesoep: TpadukTi 6ackapy OpTalbIFbl, CHIMCBHI3 yie, MoOmibal mewiM, GPS-monuropunr, I'AX
KapTachl.
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HUcnoan3oBanue GPS cBsi3u Ha Kejle3HOM q0pore

BHeznpeHHne COBPEMEHHBIX CIIyTHMKOBBIX TEXHOJIOTHI B ONTHUMH3ALMH YNpaBleHUs HHQPacTpyKTypoil u
0€30MacHOCTBIO JBMKEeHH Ha KaparaHaMHCKOMH jkeNe3Hoi 1opore SBISETCS OCHOBOM Nepexoa K KOMIUIEKC-
HbIM HH(GOPMALIMOHHO-YIIPABISIOIINM TEXHOIOTHAM PabOThl MarUCTPaIM C UCHOJIb30BAHUEM CPEICTB CITyT-
HUKOBOM HABHUTAILlMM, MOHUTOPHHTA M CBs3H. OCHOBHAsI IIENb CO3IAHHS JOPOKHOH TeOMH(OPMAIMOHHON
CHCTEMBI — BHEJ[PEHNE HOBBIX TEXHOJIOTHH B cepe odecriedeHns: 6e30IIacCHOCTH U YIIPABICHHS JBIKEHHEM
TI0€3/I0B, YIPABICHUS IEPEBO30YHBIM MPOLECCOM H JIOTHCTHIECKIMH OIIEPAIAsIMU, MOHUTOPHHTA COCTOSTHHS
HHPACTPYKTYPHI, HHKEHEPHO-T€0JE3NIECKOTO 00eCIIeueHnsI paboT 110 IPOSKTHPOBAHUIO, CTPOUTEILCTBY U
SKCIUTyaTalllH JKeNe3HbIX Jopor. B cratke mpuBoautcs onucanue cucreMbl MouuTopuara GLONASS / GPS.
YKa3aHbl OCHOBHbIE IPEUMYILECTBA BHEPEHUS JaHHOH CHCTEMBI B Pa0OTY JKEIE€3HOIOPOMKHOTO TPAHCIOPTA.
ITpuHLHIIBI pabOTHI HCCIIEAYEeMON CUCTEMbl MOHUTOPHMHIA NPEACTABICHBI B BU/IE WIUTIOCTPALMIT U CTPYKTYp-
HbIX cxeM. Ilpumenenue cucremsl MonutopuHra GLONASS ¢ ncnonb3oBaHHEM Ha3eMHBIX KOPPEKTHPYIO-
mux crannuii  GPS  nosBoimt obecnednTh OBICTpOE M KaueCTBEHHOE BBINOJHEHHE HHXEHEPHO-
reoIe3nYecKUX paboT B IPOCKTUPOBAHHUN, CTPOUTENECTBE, PEMOHTE U COJICp)KaHUN OCHOBHBIX 00beKTOB Ka-
paraHIMHCKOH >KeJIe3HO! JOPOTH.

Kniouesvie cnosa: ueHtp ynparieHus Tpadukom, OeclpoBOJHAas cuctemMa, MoOmiIbHOEe pemieHne, GPS-
Monurtopunr, kapta ['MC.
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