BUJa (TeXHUYEeCKUe TpeboBaHUs) HOPMUPO-
BaHMUS KaTajaora BceX 00beKTOB MOJEU, KO-
OPIMHAT TOYEK U MMapaMeTPOB JUHKOB.

Hanpumep, wis Kaxnoi cTaHIMU pa3pa-
6otku I[[MIIP opraHu3yOTCS OTAEIbHbIE
XpaHWIMILA TUMA: «CTAHIIUOHHBIE MapKu»,
«U30JIUPOBAHHBIE CEKLUU», «CTPEJIOYHBIE
TIEPEBOMIBI», «CBETO(MOPBI», «IPAHUYHBIE TOY -
KW», «IUHKW», «BaTOHHBIE 3aMeIUTEIN»
u 1p. BBonuTcs npu3HaK HarpasaeHus (JIeBo,
MpaBo) MPU MEPEYUCICHUU TOUEK, OTpeiesie-
HUM HamNpaBJIeHUS MoKa3aHU cBETO(POPOB
U B IPYTUX HEOOXOAUMBIX CITydasix. ATpUOyThI
00BEKTOB XpaHWIUI TO3BOJISIIOT YETKO UACH-
TUOULIUPOBATH KaXAbI1 OOBEKT U MOJy4YaTh
JIAHHBIE, UCTIOJb3YEeMbI€ MTPU PELICHUU 3a1a4
ABTOMATU3UPOBAHHOTO yIPABJICHUS MOABMK-
HBIMU OOBEKTaAMU.

HapuranroHHbIe TOACUCTEMBI CITyTHUKO-
BOrO MO3UIIMOHUPOBAHUS, BKIIOYAIOIINE
B cBOiUl coctaB I[MIIP, yxe pa3paboTaHbI
B KomIuiekce MAJIC 1St HECKOJTbKUX COPTU-
DPOBOYHBIX CTAHIIUA.

OTO CO31aeT XOPOIIIYIO OCHOBY JUTSI pEaJI -
3allMM UHTEJUIEKTYaJIbHBIX CTAHIIMOHHBIX
CHUCTEM C aBTOMATU3UPOBAHHBIM YIIPABJICHU -
€M MOE3AHBIMU U MaHEBPOBBIMU MapIIpyTa-
mu. [Ipu 3TOM UCTIONIB3yeTCS TEXHUYECKas
6a3za MAJIC, koTopasi TOMOJIHSIETCS TPoTrpam-
MHBIM 00€CIe4YeHUEM MHTEJIEeKTyaabHOU
CHUCTEMBI.

InaBHOIt cocTaBsIOLIEN YaCThlO TAKOTO
MPOrpaMMHOTO 00ECTIeYeHUs! SIBISIETCS UMU-
TallMOHHAsI MOJEb ONepaTUBHON pabOThI
CTaHLIMU, MO3BOJISIONIAST OCYILECTBIISATh MPO-
THO3 MTOE3IHBIX U MAHEBPOBBIX MEPEIBIKEHUIN
Ha 3aJaHHbBII TJIAaHOBBIA MEPUO, OLIEHUBATh
pe3yabTaThl paboThl MPU PA3TUYHON ouepen-

HOCTHU BBITIOJTHEHUS ONepauii ¥ IPUHUMATh
ontuMainbHbie peuteHus. [Tpu atom [[MIIP
JTaeT BO3MOXHOCTb OIPEAESATh BCE PACCTOSI-
HUST HaMeYaeMBbIX TIePEIBIDKEHHI 110 JIIOOBIM
MapIIpyTaM, a 3HaYUT, ¥ BPeMsI UX BBITIOJTHE-
HUS$I, YTO, COOCTBEHHO TOBOPS, U CTAHOBUTCS
OCHOBOIT OIITUMU3ALINH BHITIOJTHEHMS CTAHIIN -
OHHBIX TEXHOJIOTMYECKUX OTepaLnii.

TakuMm o6pa3om, pa3zpaboTKa B COCTaBe
MAJIC cnyTHUKOBOM CUCTEMbI MO3ULIMOHU -
poBaHus, BKJItouatoleit B cedst IIMIIP, obec-
MeYrBaeT pellieHre He TOJbKO 3a1ay 1o 6e3-
OMacHOCTHU ABUXKEHUSI, HO Y aBTOMaTU3aluu
OonepaTUBHOIO yrHpaBjieHUs1 pabOTON cTaH-
L.
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ABSTRACT

In order to use automatic control of train and
maneuvering routes it is necessary to position moving
objects (locomotives, maneuvered trains, rail cars)
at station tracks in real time mode. So there is a need
for tools of satellite navigation, intelligent systems
based on digital models of station tracks. The article
describes approaches of that problem, methods of
database development, needed for simulation of
system elements as a selection of different types, as
well as methods of solution of equations describing
trajectories of the axis of rail tracks.

ENGLISH SUMMARY

Background.

Intelligent station control systems (ISS) are intended
to considerably enlarge the range of tasks solved
automatically from within the set of tasks which refer
to technological process and are usually solved in
«manual» mode by operational personnel — station
and maneuver dispatchers, assistant station-masters,
duty yardmasters, tower men, shunting masters.
The existing MALS and GALSR systems provide
possibility of automated control of arriving and
of breaking down of the trains, as well as of safe
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maneuvering operations. But the decisions on
the priority and timing of train and maneuvering
operations are still made by station staff. Station
automatic control systems give more data for human
decision making, while there are thousand and more
decisions made at large stations daily.

One of prerequisites of automatic control of train and
maneuvering routes is real time positioning of moving
objects (MO) (train and maneuver locomotives, cars)
at station tracks. It is necessary so to provide ISS
with technical basis of MALS, equipped particularly
with subsystem of satellite positioning of MO. Digital
model of track development or gridiron of the station
(DMTD) constitutes one of the independent elements
of the mentioned subsystem.

Objectives. According to studies and practical
expertise, if coordinates are determined by
establishing link between satellite and a moving
object, then the accuracy of measuring constitutes
about several meters. The mentioned level of
precision is sufficient for road navigators. But the
normal distance between station tracks is about 4-5
meters, and the distance at the points of tracks joining
is even less. So such positioning system causes risks
of fixing of a MO at neighboring track and not at the
correct one, which is not acceptable, particularly
according to safety requirements.

In order to increase accuracy a method of
determining of coordinates of MO under so called
differential mode is used. Such mode provides
for signal reception not only on board of MO, but
also by base reference station (BRS) with known
geodetic coordinates. In that case, taking into
account special mathematical apparatus, precision
of determining of coordinates of a MO increases
by 8-10 times and becomes acceptable for the
objectives of station technological processes’
control, as well as for automation of decision
making on priority setting and timing of train
and maneuver operations. So it is necessary to
study processes of organization of such mode of
positioning, and to offer relevant equations for its
designing and computation, and finally to propose
a method of automatic data reception for building
of DMTD using locomotives as MO with repeatable
trajectories while they are moving by different
station tracks.

Methods. The authors use mathematical apparatus,
methods of mathematical statistics and standard
Excel statistical and economical software.

Results. The necessary components for realization
of navigational system of positioning at rail stations
are shown in fig. 1.

Any moving object(e. g. maneuver locomotive at track
# 4in fig. 1) using the proposed mode of positioning
could be fixed with sufficient accuracy at different
moments of its moving along station tracks. Such
moments for instance are illustrated by point 1 with
geodetic coordinates X, and ¥,, by point 2 (X, Y,),
by point 3 (X, ¥,). Those coordinates of maneuver
locomotive (MO) should be linked to coordinates of
station infrastructure.

Coordinates of station tracks and of their joining
points together with allocation of switches, isolated
joints, limit columns, color light signals and other
technological objects should be reflected in
DMTD. Substantially DMTD is a basis of geodetic
(coordinates) and technological (objects) interrelated
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data, presented in form of tables and mathematical
dependencies that provide decision of management
problems.

The tracks of the station and all infrastructural
components are represented in DMTD as a database
of a set of points of different types, as well as of
equations describing trajectories of track axis.

Three types of points are used.

1. Border points. Those points are limits for allocation
of MO on the station tracks or the sections there-of
(isolating joints of isolated sections of tracks, station
borders with adjoining legs, v-blocks of dead-end
sidings, derailing switches). This type of points includes
also the blades of switches as during maneuver mi-
passage a MO should pass over the joint of frame rail to
ensure blades’ transfer to another position. Temporary
border point can be placed at the track point till which
the MO can go during track repair works.

2. Track points are represented by two types of points.
First one is a projection of track column on the axis of
astraight track. The second type is a point to describe
coordinates of tracks and possible routes of MO along
the sections with isolating switches. To increase
accuracy the trajectories of the axis of such track can
be described by some sections, allowing therefore
using of more simple mathematical dependencies.
It is similar for describing of MO moving in curves.

3. Special points describe coordinates of different
devices of station infrastructure.

Trajectories of station tracks within the limits of border
points respond to equations Y = f (X).

It is possible to use traditional geodetic survey
to create digital spatial model of a station. But it
requires an increased volume of geodetic works
and considerable expenditures. Reduced costs of
development of DMTD are ensured by data on location
of MO if they are positioned according to fig.1.

An idea if automatic surveying for development of
DMTD is based on the use of locomotives as of MO
with repeatable trajectories passing along different
station tracks. Navigation antenna is fixed in the center
of the top of locomotive edgewise. High frequency
cable (1.6 GHz) connects antenna to navigation
receiver in the driver compartment. The receiver does
measurements with assigned discretion and transmits
data to processing block. The coordinates received
are stored in special data storage device for every
track section necessary for DMTD.

For instance the fig.2 shows stored data on n points
ofa certain track section # 5. The volume of sampling
from n points within constraint zone a (fig.2) is
determined by the methods of mathematical statistics
taking into account admissible probability of limit error
and dispersion level (root-mean-square deviation)
of coordinates of different points as compared to
population mean value.

Using data on n points and real curvature of station
tracks, the geometry of their axis lines could be predicted
with accuracy (sufficient for practical purposes) using
polynomial not higher than of degree 3:
Y=f(X)=a,+a X+a,X’+aX. (1)
Factors a,, a, a, and a,can be defined with the
help of the method of leastsquare if the condition of
minimization of the sum of squares of root-mean-
square deviations (dispersions) for n points is
respected:

S=3(Y-a,taX+a,X +a.X)?=min,  (2)

where Y, X, — are current coordinates of n points,
received through field survey.



Using of standard tools of Excel statistical and
economic software permits rapid obtaining of the
values of searched factors.

For practical purposes it is useful to present within
DMTD station curved tracks between border points
as a set of their sections. Every section is defined
through border and track points. The number of track
points for each section depends on track geometry.
More is curvature then more track points are used.
To define discretization (points of location) of the
points the authors introduce mathematical criterion,
which explicitly (by single-value solution) determines
maximum distance L between the points at the track
section dependently on the curvature radius R of
that section:
L=2VR2—(R-A)? (3)
where A — maximum admissible distance of computed
points from real geometry of a track section with
known curvature.

For DMTD adopted for MALS and GALSR systems
criterion A= 0,3 m. According to (3), for instance, if R
=2000mthen L~70m, if R=1000m then L~ 50 m.
Then a track section between border or between
border and track, or between track points (including
the sections with different curvature which is
characteristic of the areas in front of switches and
of approaching tracks) can be represented as track
sections A, ... A, ... A,, determined by set of border
and track points 1, 2... i, (i+1), ... (N-1), N (fig.3).
Such station track sections are called links.

An example of presentation of station tracks and
structures (for a limited sector of a station) by points
of different type and by links is given in fig.4. Within
DMTD the points are identified with coordinates, and
the links are identified by values of factors a,, a,, a,
a, in equations of a type (1). Using those factors the
length of each link can be calculated.

As fig.4 illustrates, the number of points and links

for large stations can be rather considerable.
That fact explains why a special attention during
development of DMTD is paid to organization of
data storage. There are special requirements
(technical specifications) concerning development
of catalogues of all the oblects of a model, point
coordinates, links’ parameters.

There are separate data storages for each station
(e. g. «station shed», «isolated sections», «light
signals’ etc.). The index of direction (to the left, to
the right) is introduced for enumerating of points,
definition of signals of light signals etc. The attributes
ofthe objects of storage permit to clearly identify each
object and to receive data which are further used
to solve problems of automatic control of moving
objects.

Conclusions. Navigation subsystems of satellite
positioning, containing DMTD, have already been
developed within MALS system for some freight yards.
It is a good foundation for realization of intelligent
station systems with automatic control of train and
maneuver routes. The technical base of MALS is
completed by software of intelligent system.

The main component of the software consists of
simulation model of operations of the station which
permits to forecast train and maneuver dislocations
for assigned planned period, to assess the results
of work with different priority of separate operations
and to make optimum decisions. The DMTD allows
defining of all the distances of future movements by
any routes and therefore the time necessary to fulfil
them. It constitutes a basis of optimization of station
technological operations.

The development within MALS of a satellite system
of positioning, including DMTD, contributes to safety
maintenance as well as to automation of operational
management of stations.

Key words: railway, station, track system, track development, gridiron, digital model, intelligent system,

routing control.
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