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Abstract—The paper analyzes the prospects for the formation
and implementation of digital data transmission technologies on
railways of Kazakhstan, taking into account the potential for
the development of high-speed railway transport (HSRWT), as
well as new approaches for solving the development problems
of advanced automated dispatch control systems (ADCS). It
was shown that the solution of these problems is possible by
automatization of the train traffic coordination based on the
use of the potential of the GPRS data transmission technology.
The work further developed models and algorithms used in
ADCS of the railway transport. There has been carried out
the formalization of the tasks of navigation data transmission
for ADCS and for the subsystems of the railway rolling stock
movement coordination, including HSRWT using GPRS data
transmission technology. Also, the article describes a modernized
algorithm for simulation of the GPRS channels operation in
ADCS. The proposed algorithm differs from the existing ones
by the ability to make predictive estimates for determination of
the railway rolling stock location. Also, the developed algorithm
provides opportunities for coordination of the trains movement,
taking into account the optimization of the GPRS resources use.

Keywords—dispatch control automation, railway transport,
data transmission, GPRS technology, simulation modeling, al-
gorithm block diagram

I. INTRODUCTION

HE transport system of Kazakhstan, including railway
transport, is an important link of the country’s economy.
Therefore, ensuring traffic safety, timeliness of cargo and
passenger transportation are quite important management tasks
of a complex transport process. This task acquires particular
relevance in a situation where one of the priority tasks of rail-
way transport development in Kazakhstan is the development
of promising high-speed railway transport systems (hereinafter
- HSRWT It should be noted that one of the most important
subsystems in the data transmission system and HSRWT
rolling stock movement coordination are the subsystems of
automated traffic coordination based on the use of mobile
communication technologies. As a particular example, GPRS
data transmission technology can be considered.
The basis of the development of an automated system for the
HSRWT movement coordination is a communication standard
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that satisfies the necessary requirements for the operation of
the communication system as a whole. Taking into account
previous researches in the field of automated dispatch control
systems (ADCS) design on railway transport, as well as the
results of the work of other authors [1-3], it is proposed to
use the GSM standard as a mobile communication standard.
The use of GSM technology provides information support for
the locomotive group through voice transmission, as well as
transmission of control messages based on GPRS technology.

Modernization of GSM networks, as well as the creation of
networks of the fourth, fifth and subsequent generations, are
directly related to the problems of high-quality radio coverage
[1, 2]. The corresponding increase of load, as well as operation
in limited frequency bands, necessitates an increase in the
controllability of channel resources (CR). The task of assessing
the quality of the joint transmission of voice messages and
service data packets for HSRWT rolling stock (RS) appears
as an accompanying one.

For the full functioning of ADCS it is necessary to use
navigation equipment and on-board intellectual systems [1],
which are installed on the HSRWT means. They provide
information on the HSRWT location as well as on operational
management decisions. The increase of the amount of HSRWT
trains and, as a result, the increase of load on the GPRS
and GSM networks requires the use of higher frequencies
compared to those commonly used in mobile communication
systems. This leads to the need to improve the controllability
of CR, and to solve the problems of estimating the existing
GPRS system in order to provide the communication sub-
system and data transmission for the needs of RWT. For the
designed system, there is provided an equal access mode of
the HSRWT rolling stock to each of the provided channels.
In the ideal case, all users, involved in the HSRWT traffic
control system [1, 2], should be able to transmit data packets
or voice messages. We believe that voice traffic, as of a
higher priority, can interrupt the GPRS packets service. In
[1,4] it was proposed to use the term superposition. That is,
the superposition determines both the intensity of received
packets and those that are re-transmitted, for example, from
the accumulator (buffer) of packets. Taking into account the
above mentioned, the following such tasks are relevant for
prospective HSRWT systems: 1) formalization of navigation
data transmission tasks for traffic coordination systems, taking
into account optimization of the GPRS network resources use;
2) the task of estimating the capacity and capabilities of the
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existing GPRS network in Kazakhstan in order to ensure the
required quality of service and data transmission speed.

II. LITERATURE REVIEW

In [3-5] it was noted that an important direction for the
modernization of existing and in the design of new ADSCs,
primarily for HSRWT, are the tasks related to the coordination
of the HSRWT trains movement under conditions imposed on
solving time constraints.

In [6,7] there were analyzed the circumstances that con-
tribute to the imposition of restrictions on the time for solving
tasks of RWT RS coordination (including HSRWT). These
researches are continuing at the present time, because the task
has not lost its relevance.

In [7,8] the authors conducted a detailed review and analysis
of various ADSCs, including the HSRWT. We shoul note
that by the analysis of these and other publications [9,10]
the task of dispatch control and movement coordination in
the existing automated dispatch control systems requires the
further development of the used mathematical models [10].

According to the analysis of a number of publications [11-
13], it was revealed that a promising direction of the research
in this subject area is the organization of assistance in decision
making by the driver and the control of the data relevance that
are transmitted to mobile means of HSRWT.

Also, as the analysis of the researches showed [12-15], there
is not well understood the problematics of algorithmization for
GPRS channel operation simulation in ADCS, for example,
for predictive assessment of the location and coordination of
HSRWT traffic, taking into account the optimization of the
GPRS network resources use.

Therefore, the analysis of previous works in this area
confirms the relevance of our research.

III. PURPOSE OF THE ARTICLE

The purpose of the work is the development of models and
algorithms for automated dispatch control systems on railway
transport, including high speed railway transport.

In order to achieve the goal of the work it is necessary to
solve the following tasks:

to perform further formalization of the tasks of navigation
data transmission for the automated dispatch control system
and the subsystem of RS movemnet coordination;

to improve the algorithm for simulation modeling of the
GPRS channel operation in ADCS, in particular, for the
predictive assessment of the location and coordination of the
HSRWT movement, taking into account the optimization of
the GPRS resources use.

IV. MODELS AND METHODS

The main technological feature of ADCS in the context of
the HSRWT system formation is the need to ensure the control
and coordination of the mixed traffic of high-speed, high-speed
passenger, cargo (in particular, container or trailer) and other
trains. Therefore, the ADCS functions and RWT movement
coordination should be linked to the appropriate categories of
movement.
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The automated workplace (AWP) of the dispatcher (or the
client part of ADCS) is a program that is intended for the
use on a ordinary PC with access to a public network. There
should be noted that the client part of the system can receive
information both in real time and retrospectively from the
history stored on the database server (DB). Such information,
in particular, includes GPS monitoring data on mobile units
(MU) of RWT. Data from the database is displayed on an elec-
tronic map of the area with reference to a specific MU. This
architecture of movement dispatching and coordination system
of HSRWT (MDCS) on the basis of the GPS-navigation allows
dispatchers by areas of their responsibility quickly to make
decisions necessary to eliminate conflict situations.

A distinctive feature of data transmission systems for geo-
graphically distributed ADCS is, first of all, the use of wireless
communication channels - radio channels, satellite and mobile
communication channels, see fig.1.
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1- GPS navigation system of global positioning

2- Transportation means equipped with navigation and communication
equipment

3- Automated workplaces of dispatchers

4- Emergency services

5- Telematics server

Technological monitoring:
1. Monitoring the trains
movement.

2. Movement speed control.

Central control unit:

1. Automation of centralized
traffic control.

2. Automatic creation of the
operational movement schedule.
3. Dispatch control and
monitoring.

4. Automatic set of routes.

5. Monitoring of technical

Technical monitoring:
1. "Green wave" control.
2. Equipment control.
3. Others.

Fig. 1. Scheme of information exchange of the automated dispatch control
system and HSRWT movement coordination system

The technology of MSCS exchange information provides for
the use of navigation signals from GNSS satellites. Signals
are received using special GPS/GSM receivers. Further, the
signals are processed and the navigation data in the WGS-84
coordinate system (latitude, longitude, time, etc.) are obtained
from the processing results. In this system there are used
receivers with a frequency of information update at least 5
times per second (5 Hz), since they provide the necessary
accuracy in calculating the location of the RWT object on the
map.
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Navigation signals are received at a frequency of 1227.6
MHz using GNSS Navstar/GPS. Or at a frequency of 1200
MHz for GLONASS. The use of GPRS technology on RWT
has led to a significant increase of the transmission capacity
of data transmission channels [1,16,17].

If EDGE technology is used [37], which is not very different
from GPRS, it can also be implemented on existing networks.
Modernization of MDCS at the implementation of EDGE will
entail the need to solve other problems. This, in particular,
relates to issues that relate to changes in coding schemes,
as well as to the modernization of software on network
components.

In connection with these features of modern ASDUs func-
tioning on RWT, the task of communication subsystem op-
timization with respect to such parameters as time, cost and
reliability of message delivery has a particular importance.
The fig. 2 shows the structure of the navigation data acquisi-
tion subsystem. The scheme has a hierarchical structure, the
elements of which are MU of RWT, the railway dispatcher’s
AWP, the railway dispatcher’s AWP for Kazakhstan, message
commutation centers (SSGN) and communication channels. At
the top level of the hierarchy is the dispatcher’s AWP of the
corresponding dispatcher zone (DZ), and the lower level of
the hierarchy is represented by the MU.

Automated dispatcher place for the corresponding
railway control area

=
=

Fig. 2. Structural diagram of the navigation data collection subsystem for
ADCS

The main data flow in the subsystem shown on Fig. 2 con-
sists of the results of received navigation information coming
from the MU to the upper level - AWP for the dispatcher
zone (DZ). In addition, the system can also transfer other
information, for example, control actions in case of conflict
situations on railway. The peculiarity of the MU movement
coordination system is the binding to time and a given time
of the data relevance. The fig. 3 shows the procedure for data
collection from the MU.

Afy Az, Az

Fig. 3. Scheme of time intervals for linking navigation data collection process

The figure describes the periods: At; - data collection; Aty -
data processing; Atz - control message sending; 7" - the period
of time during which the data is relevant (time sufficient for
decision making on the MU movement coordination).

Optimization of data collection and transmission subsystem
for ADCS is proposed to be implemented according to one of
the following three criteria:

1. optimization according to the message delivery time.
This criterion implies prompt delivery of messages or transfer
of information maximum per unit of time with available
communication channels (CC);

2. optimization according to the message delivery cost. This
parameter provides that the cost of sending a message will be
minimized for existing CC;

3. optimization according to the transmission reliability. The
third criterion provides that the probability of an error during
data transmission is minimized.

The GPRS system, as well as any communication network,
is modeled by a queuing service system (QSS). Accordingly,
in the calculation of the capacity the are used formulas that
correspond to the selected model of QSS.

Since the GPRS system uses the packet commutation mode,
then in our case we will use the queuing-based QSS model
[17] for modeling.

In the modeled subsystem it is proposed to use statistical
information. That is, we use data that characterize the flows in
the GPRS transport network. And, moreover, there is adopted
a limit on the memory size in the nodes of the GPRS system. It
is possible to simulate the operation of a GPRS switch using
QSS - (i.e., the Poisson flow at the input, then the general
distribution law for operation time, one server unit, the buffer
size is infinite).

The average delay value for the protocol block (PB) in this
case can be calculated from the Khinchin-Polacek dependence

(see [16, 17]):
1+C?
a1 R 1
(er (i) o

where @ - average queue length in QSS; p = A/u - QSS load
intensity of the type M/G/1; A, u - the intensity of the receipt
and service of packages in the QSS, respectively; u = 1/7; 7
- average size of PB; average service time; C2 = D(t,)/(t,)?
- quadratic service time modification coefficient.

In the course of maximum capacity calculations of the data
transmission subsystem for ADCS, it is necessary to take
into account the fact that as the scale of the development of
the HSRWT system in Kazakhstan increases, the amount of
MU equipped with these devices will increase accordingly.
Consequently, the value A will increase. This, in turn, makes
the task of control automation over the value ¢, actual as the
traffic increases over the GPRS channels used by RWT.

Because the GPRS node serves packets, for its modeling
there can be used a relation M /D/1 (since the maintenance
time is a constant value).
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Then the expression (1) takes the following form:

))

For calculations according to the equation (1), except for
intensity A\ (taken as the amount of PB per unit of time) and
according to the average length of the PB (bits per block),
the parameter C? is required. In turn, the capacity of the
GPRS transport network is determined by the requirements
for quality of service indicators, in particular, by the delay
parameters [16,17].

Let consider the process of GPRS channel modeling as a
QSS with one serving channel, see fig. 4.

nete (14 (rd @

SSGN

Fig. 4. Scheme for SSGN channel simulation on RWT. 1, 2 - control messages
for MU; 3, 4 - navigation information in ADCS

Let introduce the following notations: 7 - time of appli-
cation servicing in QSS (adopted distribution law - f(7)).
Applications are alternately served in the received order, and
the time spent in the queue does not exceed 7¢ with its own
distribution law ¢(7¢). For different applications, the value
7¢ is independent. As a result of simulation, we will track
such parameters: 1) serviced orders; 2) rejected; 3) average
waiting time in the queue. You can also make a forecast for
free channels. The work of the QSS is considered in the time
interval [0,7]. Applications submitted outside this interval,
are not considered. This also applies to applications whose
service began in the specified interval, but was not completed.
We believe that the application was rejected, if inequalities
are true t°¢ < T,t"? > T, where 5 t¢™¢ - the time of
the beginning and end of the application service, respectively.
The fig. 5 shows a step-by-step block diagram of the algorithm
for simulation modeling of GPRS channels operation as part
of the ADCS data transmission subsystem. The steps of the
algorithm are described below (Points: P1 P20 on Fig. 5.):

1. Generation of random values of the moments of the
applications receipt in the system.

2. Application control, which arrived at the moment ¢;, in
the interval [0, T']. If this condition is not satisfied, then go to
step 19.

3. Verification t; < ¢7_;, where ¢7_; - the moment of
release of the service channel from the previous application.
If the condition is false, then go to step 8.

4. Generation of random queue length values for the distri-
bution law ¢(7¢).

5. The calculation of the upper limit ¢ for the waiting

interval [t;,t5] of the application in the queue.
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6. Control of t; < t;_l. If the condition is true, then go to
p. 14.

7. Generation of service starting time of the j application
tj-t = t’_, and transition to the step 9.

8. Generation of service starting time of the application
5t =t;.

9. Generation of the time period 7 when the channel is busy
according to the distribution f(7).

10. Calculation of time t; for the j application (SSGN
channel release).

11. Control of t; < T'. If the condition is false, then go to
step 14.

12. Increasing the counter value of the served requests - m.

13. Calculation of waiting time (3 —t;) for service of the
J application.

14. Increasing the counter value of the amount of applica-
tions m that were rejected.

15. The calculation of the intensity of packages receipt and
their service.

16. Calculation of .

17. Control of the condition ¢, < T, where Ty, - the size of
the maximum delay in the GPRS channel. In case of a channel
overflow, it is necessary to switch to another service channel
(SSGN) - step 18.

18. Switching to another service channel.

19. Assessment of simulation modeling results of the SSGN
channel.

20. Compilation of channel (channels) employment forecast
estimate.

In order to test the effectiveness of the algorithm for
simulation modeling of the SSGN channel, there was written
a corresponding program in Delphi language, with the help of
which computational experiments were implemented.

V. EXPERIMENT

The fig. 6, 7 show examples of the results obtained during
computational experiments. These results allow in subsequent
researches to talk about the possibility of tasks automatization
on RS movement coordination and dispatching. Computational
experiments were performed on a PC with an i7 processor.

VI. DISCUSSION OF THE RESEARCH RESULTS

Therefore, during the simulation modeling there was con-
firmed the expediency and prospects of GSM technology use
for information data exchange organization in the system
of railway transport movement coordination in the Republic
of Kazakhstan, including the prospects for the development
of HSRWT systems,. There is considered the technology of
information data exchange in the system of transport means
movement coordination, are described the main characteristics
of the components of the data transmission system. During the
research, there was solved the problem of estimating the GPRS
network capacity on the basis of the mathematical apparatus
of queuing systems. The developed simulation model for
navigation data collection has an acceptable adequacy; the
deviation from the experimental data does not exceed 7-9%.
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Fig. 5. The block diagram of the algorithm for the simulation of the GPRS
channels operation as a part of the ADCS data transmission subsystem
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Fig. 6. The results of the algorithm testing

In our opinion, the advantage of the proposed approach is
the fact that the developed algorithm for solving simulation
problems of the SSGN channel allows, in general, an increase
in the efficiency of ADCS and RS movement coordination.

The research is currently ongoing.
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VIII. CONCLUSIONS

It is shown that with the development and implementation
of digital data transmission technologies on the railways of
Kazakhstan, as well as taking into account the prospects for
the development of high-speed railway transport (HSRWT),
the tasks of further improvement of the automated dispatch
control systems (ADCS) does not lose its relevance. The
solution of this task is possible, in particular, by automatization
of the train movement coordination based on the use of
mobile communication capabilities, for example, GPRS data
transmission technology;

The models and algorithms used in ADCS by railway
transport, including high-speed ones, were further developed.
The tasks of navigation data transmission for ADCS and the
subsystem for railway rolling stock movement coordination,
including high-speed ones using GPRS data transmission
technology, are formalized;

There was described a modernized algorithm for simulation
modeling of the GPRS channels operation in ADCS, which
differs from the existing ones by the ability to make predictive
estimates of individual channels, as well as to determine the
location of railway rolling stock, and for train movement
schedules coordination (for example, HSRWT), taking into
account the GPRS resource optimization.
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