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1 Current situation in the remote control of
railways

Transport Crisis management is an important element of the transport
system.

1.1 Brief definition of crisis management problems in
rail transport

The rail transport infrastructure must be judge as the critical
infrastructure element. However, readiness for crisis should be an integral part of
creating every new element, which can become a potential element of critical
infrastructure, but in many cases it does not happen.

Risk management

Risk management should be an integral part of the all enterprises
management. Risk management define risks level, identifying the causes and
impacts of risks.

The risk identification should be placed before the negative effect of forces.
Therefore, the Crisis readiness plans are created.

Crisis readiness plans

For individual crisis readiness plans, it is necessary to take into account
the extent of the emergency in rail transport.

Other intensive and harmful powers may also impact CTC than the
possible disease dispatchers, whether in the form of full shutdown of the or partial
shutdown.

1.2 Current situation in the train movement control and
train paths safety in the Czech Republic

The train traffic management, can be divide on the two types of traffic
control. The first type of control is the local or normal train traffic control. The
second method of train traffic control is remote control. Remote traffic control is
characterized by the control of several line sections and stations from one control
point.

Remote traffic control can be of two types, too. The first is line traffic
remote control, the second type of remote control from dispatcher centers. We can
consider two different systems for dispatcher centers system. In the first system,
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can be identified using local dispatchers. The second system does not use local
dispatchers. The local dispatchers places are permanently or even only for part of
the day occupied by a deputy dispatcher, who serves to reduce the workload of the
central dispatcher.

The traffic management resilience on the network with local dispatcher is
higher. The local dispatchers have other functions and in many cases they are not
able to take over the function of central control centers completely or without a
qualitative decline.

1.3 Remote control of rail and crisis situations

The traffic control point is a place where the control of interlocking for
several line sections is concentrated. Control of the interlocking to the one place
brings benefits mainly in the operating costs reduce. The disadvantage of the
system represent an infrastructure critical element from the operation of railway
traffic scope.

1.4 Current solution of central control center failure

The railway traffic control system depend on the use of the local
dispatchers.

System without local dispatchers

Remote traffic control without local dispatchers is less resilient to crisis.
Takeover is only possible locally. In the event of a CTC failure, the station will be
occupied by a dispatcher who controls train runs by the emergency service desk.

System with local dispatchers

In the case of high intensity of rolling stocks movements in the assigned
area, the local dispatcher may not be able to process the given volume of traffic in
the required quality. This issue is currently not addressed.

Partial conclusion

The number of operated interlocking elements does not differ in the
system with local or without local dispatchers. The load of dispatchers is usually
lower with local support, but the usable power capacity is the same. Calculations
on the replacement of the central dispatchers will not affect the presence of locals
dispatcher. However, local dispatchers will affect the overall resilience of the
system to crisis.

The fact that the operating time of the interlocking systems is always be
longer than dispatchers physical preconditions is no longer right. From the
6



interdisciplinary analysis, it was found that a similar issue is being addressed in
the area of air traffic dispatchers utilization.

1.5 Current situation in the crisis management

The approach proposed in the dissertation is can be also used for non-
crisis situations, due to the profitability and sustainability of the proposed
solutions.

Current state of crisis planning and management in railway transport in the
Czech Republic

In the Czech Republic, the protection and renewal of the railway
infrastructure is solved by the system of Technical Railway Renewal. In order to
determine the decisive conditions for the renewal of the railway infrastructure, it
is necessary to know the limiting conditions for the renewal of the railway
infrastructure. In the Czech Republic, the system can be implemented in 3 days
using construction and technical concessions for short-term or temporary
restoration. According to the plans, it is not necessary to renew the signalling
equipment in its entirety. However, with the damage to the dispatch sites, the
question is whether it is possible to provide the necessary staffing at the required
locations if the equipment is not restored. Issues relating to signalling equipment
should be further addressed by the Technical Railway Renewal System.

Summary of subchapter

Rail transport, and the system of train running control, has changed in
recent years. The current system is no longer adequate, as it is based primarily on
dealing with military crisis. However, the likelihood of a non-military crisis is now
increasingly likely. New elements of critical infrastructure are being created. There
isaneed to protect the new elements and prepare for the possibility of their failure.

Current state of scientific knowledge in the Czech Republic

Only a few subjects are involved in research in the field of crisis
management in the Czech Republic. There is no research in the field of security
equipment in relation to crisis situations. Thus, in the Czech Republic, large-scale
damage to safety equipment is not addressed on a scientific level.

Current state of scientific knowledge in foreign countries

In the case of scientific knowledge in the field of the workload of
dispatechers in railway traffic, the identified sources are very vague.

The scientific knowledge was evaluated in air traffic dispatchers
workload. Smith (2003) solves the problem of dispatchers using the BCMS with
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stochastic inputs. However, the evaluation is related to air traffic dispatchers and
the exact values of the inputs are not given. Evaluation using stochastic methods is
relatively frequently inflected.

He (2019) just uses the fuzzy logic method to evaluate the level of air
traffic control and evaluates fuzzy logic as a suitable tool. However, He (2019)
turns his attention further in the paper to fuzzy-neuron systems.

Current status of the crisis planning abroad

Access to information related to crisis planning is complicated. As a rule,
it is sensitive data related to national security, and therefore the literature is only
vaguely referring to it.

From the available sources, it was found that there is generally no rapid
recovery system abroad, most of the time the approach is higher resilience of the
rail transport system.

Interdisciplinary evaluation of the transport control

For the work of thedispatchers, air traffic was used for comparison. Air
regulations are internationally applicable and, like rail transport, airspace traffic is
controlled by dispatchers.

2 Dissertation Objectives

The aim of this paper is to determine how traffic management within the CTC
can be made more resilient. In particular, to increase resilience at the level of rail
traffic management, given the current state of automation of traffic management
and the use of existing human.

In order to fulfil the objectives of the dissertation, namely to increase the
resilience of long-distance traffic control, it is necessary to determine how many
routes (movements of railway vehicles) one dispatcher is able to serve in the
required quality.



3 Dissertation Methods

First, it is necessary to determine what activities the CTC dispatcher
performs. Once this has been established, a decision can be made to transfer the
activity in a systematic way.

3.1 Data support

Measurement and evaluation of the dispatchers work controlling the
movement of railway vehicles, the dissertation evaluates outputs from real
operation and also outputs from a simulation program.

Evaluation of the performance of dispatchers, it is essential to know the
time between tasks.

Comparison of the section with other the railway network sections in the
Czech Republic

The section for data validation was selected on the 1st railway corridor,
namely in the section between the stations Poricany and Kolin. Due to the
possibility of comparison with other sections with inhomogeneous timetables and
the possibility of verifying the universal application of the proposed solution, this
double-track section is evaluated.

For comparison purposes, the author considers compare with a controlled
section without the locally located dispatcher with similar traffic volume to be
appropriate. This section is Prosenice - Hranice na Moravé. This section does not
have locally located dispatchers. The locally located dispatcher can act as a back-
up workplace.

Partial Conclsion

The dispatcher who control the train movements has a very uneven
workload. The work of the dispatcher controlling the movements of railway
vehicles can be evaluated according to different methods.

3.2 Use of fuzzy logic

Fuzzy logic is also suitable for evaluating the dispatchers work.

Fuzzy logic
Fuzzy logic is all about the relative expression of state. For real events,
fuzzy logic may be more appropriate than ordinary logic. This is because fuzzy logic



accounts for states that are not sharply bounded. Logic is unable to account for
values beyond 0 and 1.

Zadeh (1973), describe fuzzy logic with two distinct meanings. In a precise
sense, fuzzy logic and its logical system is an extension of multi-valued logic.
Although, in a broader sense, fuzzy logic is almost synonymous with fuzzy set
theory. Fuzzy logic is based on a common description of the world works, where
the information in ordinary human communication is not exact.

The basis of fuzzy logic is the fuzzy set. A classical set can be described:
A= {x|x > 6} ()]
Fuzzy inputs
Each time period is needed to be determined with the relevant
membership function. This data is crucial to decide how much time the dispatcher
controlling the movement of rail vehicles has to decide on the movements of rail
vehicles.

In the case of dispatchers controlling the movements of rail vehicles,
a verbally expressed situation was described as "how often the movement of rail
vehicles was disrupted against the plan (against the timetable)."

Fuzzy operators

The fuzzy operator is used in cases where it is necessary to obtain a single
value that represents the result of the predecessor of this rule. The value is then
applied to the output function.

Implication method

After assigning the correct weight for each criterion, the implication
method is implemented. As a result, the fuzzy set is represented by
the membership function.

Aggregation of all outputs

Aggregation is the process by which the fuzzy sets representing
the outputs of each rule are combined into a single fuzzy set.

Defuzzyfication

The fuzzy process helps evaluate the rules during each step, the final
desired output for each variable is usually a single number. The process practically
demonstrates the application of fuzzy logic to traffic management and the
workload of dispatchers controlling rail vehicle movements.

3.2.1 Fuzzy Logic application to Traffic Control process

Fuzzy logic was applied in the dissertation because it better describes the
activities of dispatchers controlling the movement of railway vehicles. Input values
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cannot be quantified accurately. The known variables can be used to create a list
of rules against which the system is further evaluated.

An important factor is the quality of train running. There is considerable
unevenness in the activities carried out by the dispatcher controlling the
movement of railway vehicles. The evaluation was based on the number of
activities that needed to be performed at a given time, as well as the time from the
start of the simulation run to account for fatigue. From the trace, it was evaluated
that the experience of the dispatcher was weighted more heavily than his
exhaustion. The weights are determined by the expert system and, when validated,
most closely match the real values obtained.

3.3 The dissertation solution

The technical point of trains running control from CTC is sufficiently secured.
The weak element is becoming the staff who control the traffic (dispatchers).
For the purpose of this work, the scientific method of fuzzy logic was chosen
to determine the load of dispatchers controlling traffic.

3.4 System design based on fuzzy logic

The design and simulation of solutions for the dissertation were
performed in the Fuzzy Logic Toolbox, which extends the MATLAB computing
environment with tools for designing systems based on fuzzy logic.

3.5 Determining the number of activities for dispatchers

Initially, a value of 15 seconds between activities was chosen as the
auxiliary time. According to the results of the defuzzyfication, it is not possible to
determine one time period for the movements of the rail vehicles in order to
maintain the full quality of the stringing. If the inter-task gap is increased by
10 seconds to 25 seconds the quality increases to almost 93% even in the most
serious variant. The transport infrastructure capacity decreases. In the case of the
25 seconds per activity threshold, this threshold is shifted from 15 seconds.

Usually is necessary to supplement the dispatcher with another employee (usually
alocally located dispatcher), to whom part of the activities will be deployed so that
the dispatcher controlling the operation can perform the given activities correctly.

3.6 Possibility to transfer the central dispatcher function
to local dispatcher or regional dispatcher center

The transfer of the dispatcher's function from one place to another must
reflect the distribution of the functional parts of the signalling equipment.
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Technical conditions

The dispatcher always only manipulates with the control elements of the
signalls, remotely from the CTC. If the function of the dispatcher is therefore
transferred from the control room to the station, it is therefore technically possible
to transfer the function of controlling the signalling equipment elsewhere. Rail
traffic control is a closed computer network, it is not possible to control traffic from
anywhere, but only from predefined locations. Another advantage is that the
logical core of the signalling system is located in the junctions. It is hardware
protected, too and does not allow a situation to be created that threatens the safety
of the movement of train running.

Staff requirements

Atpresent, it is necessary that the interlocking is operated by an employee.
A condition for the dispatcher's activity is his medical, psychological and
professional competence.

3.7 Costs spring from the dissertation proposal

Reducing the potential cost of operations is not a good solution by moving
staff to one location, as it again increases the criticality of the infrastructure
element in question.

4 Verification of the proposed solution

Unfortunately, it is not possible to verify the proposed solution in real
operation. In this paper only a calculation verifying the CTC failure mathematically
is presented.

4.1 Verification of the proposed solution on the section
controlled with locally situated dispatchers

The section from the station Praha - HoleSovice and Kralupy nad Vltavou
was selected for verification of the proposed solution. When applying the rule
given in the dissertation, it results that the number of routes that can be served by
a given traffic controller in a given time is exceeded only in the case of the peak
hour. Thus, not only in the case of CTC failure, but regularly it is necessary to
transfer the activities of the dispatcher controlling traffic from CDP to another
employee between 7 am and 8 am. The appropriate solution here seems to be to
transfer the control of train journeys from one of the selected services to a locally
located dispatcher, who is there for these cases. However, in the event of an crisis
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situation where the CTC is unable to control traffic on the designated
infrastructure, traffic management is taken over fully by the local dispatcher.
During peak hours, the local dispatcher is unable to serve all stations with
sufficient quality. It is therefore desirable at that moment to reduce the load on the
local dispatcher by taking away some of the tasks he performs.

Lockout in a selected junction

One solution is to close the selected junction. However, this will reduce the
capacity of the transport route. This will not make the work of the dispatcher
easier, it will only reduce the necessary train operations to a smaller number of
junctions. There is no doubt that the closure of the service is a compromise solution
and that the capacity of the route decreases when the junction is closed.

Transfer of dispatcher's activities to another location

In the case of a good scheduling of activities in crisis situations, it is
possible to ensure operation on the railway network without lack of train running,.
For the assessed area, the duties of the dispatcher controlling the operation was
removed to the local dispatcher for the regional line, namely in the section Kralupy
nad Vltavou, Predmésti to Zvolenéves. This is a regional line with very low traffic
intensity. Due to this low intensity, if the given conditions are met, it is possible to
transfer traffic control from the area under the supervision of the dispatcher
controlling traffic from CTC and there will be no overload of the dispatcher
controlling traffic on the line controlled from local dispatcher centre.

Sub-conclusion of the section

The local dispatcher is an element that increases the resilience of traffic
management. The presence of a local dispatcher may not be sufficient backup
in the event of a CTC failure. Delegation of duties to a dispatcher managing another
line may serve as a backup. The necessary local knowledge increases the cost
of training such a dispatcher. The increase in the resilience of the infrastructure in
question is unquestionable.

4.2 Verification of the proposed solution on the section
controlled from CTC without locally situated dispatchers

The option without local dispatchers is not ideal because the regional line
dispatchers will not be able to take over the operation of the lines completely
without the support of local dispatchers.
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Comparison of the section Prague, Bubenec¢ - Lib¢ice nad Vltavou with the
section Prosenice - Drahotuse

The Prosenice - Drahotuse section was selected for the dissertation. This
section is without locally situated dispatchers. The movements of railway vehicles
are more evenly distributed here.

CTC duties transfer without locally based dispatchers

The possibility of lockout in definated junction would be possible as in the
case of the section with local dispatchers, too. The transfer of the duties of the
dispatcher controlling the traffic from the CTC would take place in the same
systematic way. The only difference is that there is no locally located dispatcher,
which is an element that increases the overall resilience of traffic control from CTC.

4.3 Chapter conclusion

The logic of delegation of CTC dispatcher activities does not differ whether
or not the system uses locally located dispatchers. However, that if local
dispatchers are used, the stability of the CTC control system during off-peak hours
is such that on many of the controlled sections there is no need for the support of
entities other than local dispatchers.

5 Contributions of the dissertation

The dissertation benefits is in remote traffic control from CTC during crisis
situations. Thesis show a new method to determine the workload of controllers.
However, contrary to the author's expectations, this benefit is also for normal
operations, not only for a potential crisis situation.

The dissertation shows how the existing traffic management system can
be supplemented or even partially replaced, which is the contribution of this thesis.
The possibility of replacing the control dispatcher increases the resilience of rail
traffic management as a whole.

The level of knowledge in terms of the work and workload of controllers
has increased, thanks to the dissertation. The workload of the controlling
dispatcher has been accurately quantified and limits for his quality and mistake-
free work have been set. Furthermore, a partial proposal for the evaluation of these
limits of controllers was developed.
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5.1 Discussion

Readiness for crisis situations is essential, it must follow the society needs
and respect technical developments. It is by assessing the work of controllers that
it is possible to determine how much of the controllers' activities need to be
transferred. The theoretical contributions of the dissertation are in terms
of readiness for crisis situations. Thanks to the dissertation, it is possible to
quantify the replacement personnel number for traffic management in crisis plans.

Knowing of the activities number for a specified time period is benefit too.
It can be determined at which control in junctions will be transferred and where.
Another practical benefit is the determination of the number of activities that do
not overload the controllers managing the traffic. By determining the number
of activities that do not overload the controllers, it is possible to better comply with
hygiene standards in labour law terms.

The proposed solution also has its disadvantages. One of the
disadvantages is the remote communication between dispatchers. Another
disadvantage is the need to maintain additional buildings. Without the CTC, the
dispatcher usually does not have accurate information about what is happening
outside his area.

Automated path construction systems are currently being tested. It will
reduce the workload of traffic controllers. The logic for determining the activities
for controllers will have to be redesigned. However, the calculation logic using
fuzzy logic will still be functional and, if the input data is modified, will be
applicable in the new system.
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Abstract

Dissertation thesis deals with the crisis situation in the railway transport
in relation with the Central Rail Operating Centres and in relation with a remote
control of railways. Currently created Rail Operating Centre is an element of the
Crisis infrastructure. It is important that, this system does not reduce the overall
resilience of the railway infrastructure system, especially during times of crisis.
The current crisis plans address the recovery of damaged transport infrastructure
only for the reconstruction and building of railway lines using technical
concessions. Current crisis plans not calculate with the interruption of the
functionality of rail traffic control. This dissertation deals with the ensuring
of Railway Traffic Management by Rail Operating central Control Centres due to
the possibility of disrupting their operation by delegating to lower levels of control.
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