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Abstract: The paper deals with the issue of modelling traffic prediction in operational applications
of infrastructure managers to increase the quality of decision-making at the direct level of railway
traffic management. First, the paper defines traffic prediction and the influences that can generate
traffic conflicts. Then, it proposes an approach to modelling traffic prediction that eliminates the
generated traffic conflicts and evaluates the benefits of the proposed model. The authors' proposal is
based on their knowledge of the direct-level Traffic Management System (TMS) in the Czech
Republic. The aim is to propose options for traffic prediction solutions to be used primarily on the
railway network of the Czech Republic, but also elsewhere. The solutions are proposed with regard

to their realizability in currently used computing resources.
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1. Introduction

Traffic Management Systems (TMS) are used for effective railway traffic management at the level of
direct transport management. [1] They enable dispatchers to have all the traffic documentation
automatically registered and to communicate automatically or manually with other information
systems on the railway. However, the main benefit of TMS is to make the necessary information
available to the dispatchers. This means the train traffic timetable, according to which the dispatchers
manage the traffic [2] and make optimization decisions based on the information available in it,
leading to the elimination of traffic conflicts. This is supported by auxiliary automation functions and

tools that help the dispatchers to improve the traffic prediction [3].
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The traffic prediction is the state of the current daily timetable, which carries information on all
approved train paths [4] in accordance with the timetable. By traffic prediction interval, the authors
mean the time interval from the current time to the future of approximately 8 hours. This interval
already contains almost all regular passenger and freight train paths. Based on the authors’
experience, these trains should already be conflict-free at the time of their introduction due to basic
timetable planning. In order to draw up the annual timetable, the infrastructure manager (Sprava
zeleznic in Czech Republic) offers technical capacity of the path, which is based on the equipment of
the railway infrastructure. [5] This means that their spatiotemporal location will allow all trains to run
smoothly without any interaction between them.

Ad-hoc trains ordered according to the needs of carriers can be included in the timetable at any
time, even minutes before the scheduled train. The data of such an ad-hoc train is distributed by the
operational TMS level, where the carrier submits the train path request. [6] This is especially typical
for freight trains, which usually run on customers' demand, as stated in [7]. Unlike regularly running
trains, the paths of these trains are not conflict-free and their mere presence may create traffic conflicts
with other trains that are already scheduled. This brings about a set of traffic conflicts that must be
resolved. Conflicts caused by some train delays are not dealt with centrally in the Czech Republic
today. The research divides causes of traffic conflicts according to their mode of occurrence into
uncontrolled and controlled.

Uncontrolled (randomly occurring, cannot be predicted) causes are:

the influence of weather,

e technical faults on the train or on the infrastructure (randomly occurring),

e the driver's observance of journey times,

e deviations from normal passenger demand (extended train stays),

e the influence of external factors (emergencies, intervention of the emergency services).
Controlled causes are:

e unresolved traffic conflicts at the basic level, especially for ad hoc trains,

e the inconsistent description of the railway infrastructure,

e the impact of infrastructure restriction (construction works),

e waiting for connecting trains and regional bus connections,

e the operational dispatcher's decisions in case of emergencies and traffic deviations.
The result of resolved traffic conflicts is conflict-free traffic, which includes the planned train

paths (timetable) adjusted by the amount of actual delay and also adjusted by the elimination of traffic

conflicts. [8] In paper [9], a conflict-free timetable is considered essential to ensure efficient and

reliable operation. Research suggests that traffic conflicts should not only be detected at stations and
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line tracks or occasionally at the platform edge. Besides that, conflicts at crossing points of train
routes must be considered.

In the Czech Republic, one of the used TMS software is called “Graficko-technologicka
nadstavba zabezpecovaciho zatizeni (GTN)”. The GTN used “Disposition Criteria” to resolve traffic
conflicts in an operational manner. [3] These are tools for planning train overtaking, train crossing
and waiting for the train to arrive. It allows the modelling of traffic prediction train paths, or parts of

paths, to eliminate traffic conflicts.

2. Data and Methods
In this section, the research first divides traffic conflicts into several types. Next, the issue of
identifying and illustrating traffic conflicts is examined and then possible solutions to the identified

conflicts are proposed.

2.1 Types of Traffic Conflicts
The traffic conflicts examined in this research can be assigned to individual trains or pairs of trains.
They generally relate to train movement on individual stations and line tracks. The research divides

the types of detected conflicts into several basic categories, which are described below.

2.1.1 Conflict of Completeness and Consistency of Train Parameters
In this case, missing train parameters that make subsequent conflict investigation within the other
categories impossible have been identified. Typical data are as follows: train length, without which it
is not possible to check the correct lengths of station tracks or platforms of stopping trains, missing
traction vehicles to check electrification, differentiation between passenger and freight trains, and so
on. Furthermore, various data consistency checks can be added, such as train type, braking method
and resistance type, etc.

In principle, these conflicts inform the user that the entered train parameters are not sufficient to
identify its traffic conflicts correctly, or they themselves represent an unexpected or unauthorised

combination of parameters.

2.1.2 Conflict between the Train and the Infrastructure

This group includes conflicts where the relevant train parameters do not match the infrastructure used,
usually station or line tracks. Typical cases are non-compliance with the (cumulative) length of the
station tracks for a stopping freight train, non-compliance with the length of the platforms for a
stopping passenger train and non-compliance with the (type of) engine — diesel or electric locomotive.
More specific cases may be a mismatch of transient types, a mismatch of ETCS equipment between

train and track, etc. A specific problem is monitoring this type of conflict in case of lockout and other
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temporary restrictions. However, it is more a problem of continuous availability of this data or adding

information about the temporal validity of the infrastructure data.

2.1.3 Conflict between Two Trains

This type is primarily represented by train overtaking and train crossing on the station track and on
the line track (at conflicting time intervals). A similar algorithm can also be used to monitor the time
interval between the start and end of the occupation of the track by a pair of trains and thus to some
extent replace the methods of checking compliance with the operating intervals. A refinement of this
model can be achieved by replacing track objects with smaller parts of train paths, taking into account

block sections, etc.

2.1.4 Conflict between Scheduled Travel Times and Adherence to Operational Intervals

The conflict between scheduled travel times and adherence to operational intervals are two points of
view. In the first case, the fact that the planned travel time differs significantly (by a selected value
or ratio) from the regular travel time corresponding to the train and line parameters is considered. In
the second case, it is a failure to comply with one of the traffic intervals, the travel following interval
(interval between two trains in the same direction) or the electrical following interval. In addition, the
recalculation of travel times and intervals may be required to adjust the time positions of the train
paths when the used tracks are changed or the train is stopped.

The reason for separating the conflict issues related to the calculation of train travel times and
intervals is fundamentally higher demands of these algorithms on the scope and accuracy of train and
infrastructure parameter data. Furthermore, it is their high computational complexity, especially in
the case of repeated and iterated recalculations in the process of conflict detecting and designing
conflict resolution. The last reason is the specificity of using these calculations in the case of
operational management. The recalculated theoretical or even regular travel time may not yet be
transferable in a realistic and correct way to the driver's journey, with additional specificities in the
case of ETCS or ATO driving. On the other hand, the observance of the different types of train
running intervals is directly monitored by the signalling equipment, and an indicative forecast may

only be sufficient for the traffic forecast.

2.1.5 Deadlock Conflict

Deadlocks, i.e. traffic congestion in infrastructure bottlenecks, occur when traffic density is
extraordinary and may not yet exhibit conflicts at the level of the first three types in the time horizon
under consideration. Alternatively, a traffic situation may appear on a linear section of infrastructure

(track lines) divided into several independent spatial compartments where the interlocking system
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logically allows two trains to run against each other without the possibility of crossing. This type of
conflict also requires significant attention, but its scope is beyond the scope of this paper. The issue

of deadlocks has been addressed in [10,11].

2.2 Identification of Traffic Conflicts and their Standard Display

Within each group, you can select the range and depth of conflicts to search for. However, with their
growth, the requirements for accuracy and availability of data description of train and railway
infrastructure parameters, complexity and correctness of the used conflict detection algorithms and
their computational complexity increase. On the other hand, the ergonomic possibilities of conflict
indication in the user interface and the ability of the dispatcher to react meaningfully to the given
range of information are also limiting.

An identified and still unresolved traffic conflict should be properly displayed to the user, e.g. in
the form of a colour-coded circle. The type of conflict can be distinguished by the use of different
colours. The colours can be combined or the one with the highest traffic priority can be displayed.
Clicking on the conflict symbol opens a window with a more detailed description of the conflict,
suggestions for further actions, etc. The indication of traffic conflicts in the TMS application is shown
in Figure 1. Red circles indicate a conflict between two trains and purple circles indicate a conflict

between the train and the infrastructure.
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Fig. 1 The traffic conflicts display in the TMS (GTN). Source: [12]
Mathematical models can be used to find and resolve conflicts. Their problem may be their
excessive computational complexity and/or lack of fidelity to the specifics of rail traffic. However,

we find a simpler model useful for the conflicts of the first three types studied here. This consists of
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mapping train movements onto the occupancy timeline of individual track objects, typically station
and line tracks. The lists are arranged according to the time of track occupation and separated for each
direction of train movement. When creating the lists, it is also possible to make immediate use of the
considered forecast time horizon, possible limitation to only part of the infrastructure, etc.

This creates a two-way link between trains and the infrastructure elements they use. The basic
cycle of conflict identification and processing takes place not along the paths of individual trains, but
along the traffic points (stations) and sections of the monitored area and their tracks. Especially in the
case of conflicts of the third type, this significantly reduces the computational complexity. The first
reason is the use of preprocessing of the time arrangement of the data, the second reason is the need
to compare occupancy data only for neighbouring or temporally close pairs of trains. For conflicts of
opposite direction travel, in principle, testing the overlap of the intervals of occupancy of the object
by “temporally close” trains is sufficient, where the first disjoint pair allows the cycle to be
terminated. In the case of overtaking trains, the order of occupation and track clearance is monitored.
The details of the calculation are controlled more thoroughly by other parameters that can also be

selected by the user.

2.3 Traffic Conflict Resolution - Modelling Conflict-free Traffic Prediction
The problem of designing and implementing conflict resolution is a degree more complex than
conflict identification. Traffic conflict resolution in the form of train rescheduling is dealt with e.g.
in [13]. The solution may use the Blocking-Time Theory, which is specified in [14]. In [15] is applied
the Blocking-Time Theory to solve traffic conflicts. The operational traffic control system they
propose consists of two sub-problems: identifying and eliminating traffic conflicts and determining
operating intervals. They consider that traffic conflict occurs when two trains occupy one blocking
window simultaneously. They also consider the so-called “buffer time” for each pair of trains and
each section of the block, which is the minimum time between window occupancy. A detailed survey
of methods for resolving prospective traffic is published in [16]. The problem of crossing trains on a
single-track line and assigning station tracks to trains is addressed in [17]. In [18], the authors briefly
mention the use of reserved windows for determining the consumption of railway capacity. This is
elaborated in more detail in [19], where the advantages and disadvantages of reserved windows are
also defined. We see this as important because the need to resolve traffic conflicts increases with
increasing traffic intensity and exhausted capacity. Some lines in the Czech Republic are even running
out of track capacity, as stated in the analyses [20] on the railway operator's website.

The authors have gained considerable experience in resolving conflicts within the long-term
planning or train scheduling tools used in Kango-GVD. Conflict-free traffic planning in Kango-GVD

or TMS is presented in [21]. There the author considers the use of the marking algorithm and
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Blocking-Time Theory for the purpose of ARS (ASVC in the Czech Republic). They can be used as

a starting point for designing a conflict resolution procedure for operational and direct management,

but it is anticipated that they will need significant modification and subsequent testing and validation.

Therefore, in this paper a rather conceptual proposal and its stages are presented.

The resolution of individual conflicts is proposed just after they have been identified. Where
possible or appropriate, multiple solutions are proposed, usually with priority given to their use. In
the case of conflicts between two trains, the train with the lower priority is identified and intervention
is assumed to eliminate the conflict, although the variant solution may involve changing the running
of the priority train. A composite function is used to determine the priority, which may take into
account the type of train, penalties for stopping and delaying the train.

After gaining sufficient experience, it is possible to gradually limit the number of variant
solutions to proven types, fix the parameters of the function, etc.

The research expects the main ways of resolving the identified traffic conflicts:

e Change the track to another track that is unoccupied at the required time and has the required
parameters. The solution applies mainly to station tracks, exceptionally also to line tracks.

e Stop the train and wait for the necessary infrastructure to be released. A distinction is made as to
whether it is just an extension of the train's stay, or whether it is also stopping a passing train. In
long-term planning, only the occupation of the station tracks was extended and, if the extension
of the stay was not possible, the train stay was extended at the previous stations. It is a subject to
consideration whether a stop on the line track at the entrance signal can be considered.

e  “Dynamic” conflict resolution by linking the train running order by Disposition Criteria. The
automatic calculation of traffic prediction thus stably maintains a conflict-free train timetable. At
first glance, this is more of a computational traffic prediction tool, but if the dispatcher or
functional ARS (Automatic routes setting) system respects this prediction, it is an effective and
currently already used conflict elimination tool.

To resolve traffic conflicts, it is considered that passenger trains with a published timetable must
not leave the passenger boarding station earlier than the timetable. To resolve traffic conflicts, the
authors consider that passenger trains with a published timetable must not leave the passenger
boarding station earlier than the timetable. Furthermore, when solving traffic conflicts, it is necessary
to consider the operating intervals (defined in the Czech Republic in [22]), which must not be violated.

The research considers the application of traffic conflict solution to have two phases.

In the first phase of implementation, it is assumed that a suitable solution to individual conflicts
will be chosen and implemented by a dispatcher. The dispatcher is automatically presented with a set
of alternative solutions together with a tool for previewing the traffic situation after the solution has

been accepted. The operator either confirms one of the variants or returns to the previous state. The
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phase is a first step to verify the correctness of the proposed algorithms and the reactions of their
users. The gained experience will allow us to move on to the next stages. It will also be very important
to obtain a data base for the eventual use of Al methods. Relevant data will be the structure of the
identified conflicts, the solutions chosen by users, the order and hierarchy of the resolved conflicts.
Collecting this data in a suitably designed format can be a significant asset in itself. The block diagram

of the proposed methodology is shown in Figure 2.
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Fig. 2 The block diagram of the proposed methodology. Source: authors
In the next phase, it is expected that conflict resolution will be gradually automated. The
application of a heuristic method is considered, which will not include the consistent calculation of
the tree of all possible solution sequences of the identified conflicts. A correct hierarchization of the

solution order will be crucial instead. Unacceptable solutions (e.g., an electric train cannot run on a
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track without electric traction lines, a stopping passenger train cannot run on a track without a
platform.) must be eliminated primarily. Conflicts can be resolved only after this correct track
assignment. In order to optimize and make these algorithms efficient, a number of parameters will
need to be identified and set correctly, such as the size and overlap of the time windows of the traffic
situation calculation, the extent of control of the occurrence of secondarily generated conflicts (after
the solution has been accepted, the possibility of user intervention, tools against looping or excessive
computational demands...). The scope and complexity of this task is the reason why we will not or

cannot currently specify the exact extent of these stages.

3. The Using Conflict-free Traffic Prediction Timetable (Result and Discussion)

Optimized (conflict-free) traffic prediction supports quality in traffic management and decision-

making of dispatchers, as a result of which the "optimal" train path provides for its smooth running

(minimization of starts and stops, reduction of real travel times). This is followed by other benefits,

which the research divides into:

e benefits for the infrastructure manager - support for traffic management, transfer of conflict-free
traffic prediction to other systems, more efficient planning,

e benefits for the carrier - saving traction energy, less wear and tear on vehicle parts while
minimising acceleration and deceleration of the train,

e Dbenefits for customers (especially in passenger transport, use of more accurate train positioning),

e Dbenefits for track capacity - according to [23], traffic prediction modelling is a low-cost tool for
increasing track capacity. All the above mentioned parties benefit from increased runway
capacity.

Customers (passengers, freight customers) will benefit mainly from more accurate train
positioning and traffic prediction, which specifically means:

e better solution of connecting trains in case of delays of some train connections (While waiting
times are nowadays set by service guidelines, from the operational point of view it will be
possible to extend these waiting times ad-hoc if there is additional time margin that does not
affect the operational concept on the related adjacent railway network.),

e prerequisites for better decision-making conditions for regional integrated transport systems
dispatchers (Regional dispatchers often decide about the delay of a connecting train, often due to
waiting for a delayed connection of a main bus line. Nowadays the decision-making of regional
dispatchers is often intuitive due to the lack of relevant information. Tools for the modelling
traffic prediction will make their decision-making more sophisticated and improve the final

transport conditions for passengers.),
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e waiting of connecting train for alternative bus transport, because in some cases connections from
the main line transport have a high priority,

e a more sophisticated solution to the problem of delays of periodic train connections with an
impact on other periodic train connections, thus solving the problem of the “cyclical transfer of
delays” between connections,

e Dbetter consideration of the expected delay in the train's stay at a station, for example due to the
loading or unloading of a large number of bicycles or the boarding or alighting of a wheelchair
user, especially if these anticipated conditions are announced in advance and the dispatcher has
an overview of this, which allows them to make sophisticated decisions,

e reduction of actual travel times (benefits in passenger and freight transport for full trains and

higher category freight trains).

4. Conclusion

In this paper, the authors focus on the identification and resolving of traffic conflicts. The
identification step is necessary to ensure conflict-free prospective transport in real time, given the fact
that the announced train transport plan is affected by a number of influences that cause deviations
from the plan in train operation (train delays). The research first identifies all these influences and
then divide the identified traffic conflicts into several types. The method of finding traffic conflicts
for a single or a pair of trains provides the advantage of transparency in the search for a solution, each
conflict is solved by the same set of rules. Furthermore, the computation of the results can be
performed in real time. The disadvantage of this solution may be the situation where the solution
selected by the dispatcher may not be optimal from a global point of view, but suboptimal. They then
propose a method to resolve these conflicts using traffic prediction modelling. Given the problem's
scope, the paper sets only a framework solution, which will be further elaborated on. The goal is to
find an automated traffic conflict solving system that will resolve continuous traffic conflicts in real-

time and thus keep the traffic prediction conflict-free.
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