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Abstract

Every year a new annual timetable is being prepared. Under the work on its preparation the organizers of
transport together with railway undertakings determine the shape of the transport offer, which will be best
suited to the needs of passengers. A multitude of factors which should be taken into account can cause some
mistakes. The article presents the concept of computer application supporting the work of the rail transport
offer construction and its visualization on the graphic trains timetable. The paper presents the mathematical
model of transport offer and its display on the graphic timetable. The article also shows example of using the
application to construct the timetable for the selected railway line.

Keywords: Computer application, construction of trains timetable, organizers of railway transport

1. INTRODUCTION

Organization of railway traffic is a very important issue, because it allows for arranging of trains displacement
in time and space on the railway network. Its introduction guarantee movement in a timely, fast, safe and
secure manner. Expression of the correct method of its preparation is the timetable, which should meet the
needs of different groups of stakeholders. On the development of timetable consists shaping the transport offer
and its visualization on a graphic train timetable [6]. Shaping the transport offer consists of properly
determination of customer expectations and capabilities of service providers in terms to meet the needs [13].
Process in detail was presented in paragraph 3 of this article. For the preparation of rail transport offer are
responsible railway undertakings and organizers of the transport. At present, this process is supported by text
editors, spreadsheets and commercial software: packages for the analysis of traffic flow distribution in the
communication network (e.g. PTV VISUM) or information systems for railway undertakings (e.g. DPK Railways
or city Line Designer). There is a lack of tools to support the shaping of the offer and its visualization on a
graphic timetable.

In Polish literature the issues of shaping the transport offer relates generally to public transport [13]. It was also
pointed to one of the most important elements of shaping which is timetable [12]. In the field of railway transport
offer were discussed factors influencing the shape of the offer [15]. In addition, presented approach to the
mathematical modelling of the transport offer [6], [18] together with the characteristics of the application used
to this [7]. An important part of problems of shaping the offer is also distribution of traffic flow in the transport
network [1], [10], [11]. It should be also ensure that that the offer allowed for the implementation of services in
a reliable and effective way [9].

In world literature a lot of space devoted to mathematical modelling of the transport offer, where the problem
is referred to as the "Line Planning Problem” [3]. Mathematical formulation of various researchers is as close
to each other. The differences are mainly in terms of indicators to assess the quality of solutions and methods
of solving the problem. Used, among others, branch-and-bound method [5], [14], tools of integer linear
programming (ILP) [2], nonlinear mixed integer model [4], branch-and-cut method [8] or Lagrangian relaxation
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and heuristic methods [16]. As an objective functions assumed among others number of transported
passengers [2], [5], the cost of implementation of transport tasks [4], [8], [14] and the number of transfers
between train sets [16].

The article presents the concept of application BEERJ supporting the work of transport offer designers: railway
undertakings and transport organizers. We introduced the concept of the application and the mathematical
model being the basis of its action. At the initial version of the computer application we conducted the trial of
methods works - we prepared the transport offer and it illustration on a graphic timetable for the railway line
285: Wroctaw Gléwny - Swidnica Przedmiescie.

2, CONCEPT OF APPLICATION SUPPORTING TRANSPORT OFFER CONSTRUCTORS

As mentioned above, the application [7] is designed to support the designers of railway transport offer:
transport organizers and the railway undertakings. Through the utilization of this application, responsible for
the preparation of the offer, after the introduction of input data will be able to shape it and illustrate using
graphic train timetable. Display the transport offer in graphical form allow for its more accurate development
and eliminating of potential errors. Comprehensive preparation of the transport offer will also facilitate the work
of the constructors of graphic timetable (who are the representatives of the infrastructure manager), who
receive input data much more accurate.

BEERJ application will allow for a solution of three problems. The first is allocating of the volume of traffic flow
to transport on previously designated communication lines. The second problem is to assign for each
communication line, on the basis of the specified volume of the traffic flow, the type of train set to support and
frequency of running. The third problem is to develop graphic timetable for the previously prepared transport
offer. Problems have been characterized in detail at point 3 of this article. Figure 1 shows the main BEERJ
application window and Figure 2 an example screen shot.

The BEERJ application is prepared in the programming language C# (C Sharp) [17] in a free Microsoft Visual
Studio 2015. This environment supports the designing in visually manner - objects and elements are at first
placed on the form and then are programmed their behaviour. Editor on an ongoing basis indicates errors in
the code and suggests how to fix them. BEERJ application will be available for Windows. The application is
prepared in the technology Windows Forms Application.
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Figure 1 Main application window Figure 2 Example screen shot
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3. MATHEMATICAL MODEL OF TRAIN TIMETABLE CONSTRUCTION WHICH IS THE BASIS OF THE
APPLICATION

BEERUJ application will allow for solution of three problems. The first one is allocating to the designated
communication lines appropriate volume of the traffic flow which will be transported over them. We look for the
volume of traffic flow d(tx?"?* kat,okrdob), which should be transported in a direct relations along the route
tkat®°P* € Tyat®*"P* by the trains category kat € KAT, in a specified period of the day okrdob € OKRDOB
record as a vector D:

D = d (0", kat, okrdob) | (1)

The set Txat®™P*is developed separately for the specific periods of day okrdob and for each category of trains
kat. To this set are classified all train routes £ € Txa®*"¥P - these are the routes, which beginning and /
or end is not included in operating offices where it is possible to begin and terminate of trains run.

To solve the first problem is also needed to define additional input data. The railway network should be
presented using graph GK = <WK,LK> consisting of a set of operating offices WK (wk € WK) and a set of
connections between these operating offices LK (/k € LK). In addition, for each period of the day okrdob and
each category of train kat should be defined matrices Pka®*"? determining the demand for transport between
all operating offices.

As an indicator of assessing the quality of solution f;(D) we used the demand for transport, which was
transported in direct relations:

fi(D) = Z Z Z d (t"’”d”b * kat, okrdob) —> max 2)

kat
(Phrdob se okrdob s kare KAT okrdobeOKRDOB

In the model should be apply the boundary conditions as: the volume of the traffic flow transported in direct
relations should not be negative, should not exceed the flow to transport on the given route, and be less than
the supply of seats on the route.

The second problem is the allocation to the routes t°@°**, the type of train set po(tka®%°°*) € PO(tia®™P*),
which can handle the trains for this category in a given part of the day, and the frequency of running f(fy">*)
for a specific period of the day okrdob and specific category kat, so we need to determine the values of the
elements of vector X:

X = (%, po (1 #), £ (1" *) kat, okrdob) | 3)

The frequency of running f(t.*""*) should be selected from the interval <|f(ta®"°*)|,[(tka® " *)]> specified
for given category kat and the day period okrdob. In addition, to solve the problem, it is neccesary to define a
parameter indicating the train capacity c(po(txs°"%°"*)), their numbers /(po(tx°°*), number of running hours
on the route ta®™@P* - Jh(ta®9°P*), travel time of the vehicle type po(ta®@°*) along the route fa P -
to(tat® P * po(tia®™@°P*)), the average stop time at a operating offices wk of the train category kat - A(wk,kat)
and the amount of operational costs of ride the trainkm by train type po(txa®"°*) - ko(tia®"°?*).

To assess this problem we used two indicators for assessing the quality of solutions. Indicator first f1(X)
describes the operational costs associated with running of all trains:

ko (tu/a‘dub *) .

kat . 4
HX) = z z z Jrdob rdob frdob o @
0ndob s pokrh x katc KAT okrdobcOKRDOB -x(t,fa, ? *,po(t,;t ? *),f(tfa: ? *),kat,okrdob)
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The second indicator f2(X) describes the number of train sets required to operate trains in all periods of day:

x(tokrdob*,po(tokrdob *),f(tok‘rdub *),kat,okrdob)~

kat kat kat
(5)
7 (X)= Z Z Z z[lh(t;:z-dob *),lrf(tigob*)U,(w(t;ﬁrdub*’po(tkuﬁrdab *))+A(wk,kat))—>min
kat

(ghdob s cpokrdobx kate KAT okrdobeOKRDOB

60 Ih (e *)

kat

In the model should be apply the boundary conditions: each line should be handled by only one train set, and
that the assigned number of train sets should not be greater than at the disposal. An important issue is also
the fact that we need to determine the number of train of each category kat to run poc(txa®"* kat) €
POC a2 "P* kat) on specific routes t°"%?* and leading hours for them gw(poc(ta<%"* kat)).

The third problem is to develop graphic timetable for prepared transport offer. We look for relative positioning
of train paths poc(tk®™"* kat) in time and space Ir(lk,poc(t«"°°* kat)), which can be presented as vector Y:

Y= [y(lr(lk,poc(t,‘;‘fd""*,kat))ﬂ (6)

For the preparation of a graphic timetable it should be presented in the form of a graph GR = <WR,LR> consists
of a set of time moments WR (wr(lk,poc(ta®™°* kat)) € WR) and a set of states LR (Ir(Ik,poc(tka®"°* kat)) €
LR). In addition, itis necessary to define the parameters: length of station time spacing Irns(wk), length of open
line time spacing szl € SZL - Irsz(szl,kat) and the length of time needed for transport connections Irsk(wk).

To assess this problem we used indicator for assessing the quality of solution f;(Y) describing the volume of
differences between time taking into account and not taking into account the principles of proper conducting
the railway traffic p(Ir(lk,poc(ta@°°* kat))):

£i(Y)= 3 p(lr(lk, poc(z;j;"""*,kat))) : y(lr(lk, poc(z,:j;‘d””*,kaz)))—>min (7)

lr(lk,poc([,fgd”h *,kal))eLR

In the model should be apply the technical and security boundary conditions. To technical boundary conditions
we can include, among others, that the train should have one moment of appearance and leave on a chart,
and the intermediate nodes only one predecessor and one successor. To security boundary conditions we
include the need to maintain station and track spacing and time needed for transport connections.

4, CASE STUDY OF TRAIN TIMETABLE CONSTRUCTION FOR SELECT RAILWAY LINE

We prepared in application BEERJ transport offer and its presentation on the graphic train timetable for
a railway line 285: Wroctaw Gt. - Swidnica Przedmiescie. As part of the testing procedure, we assumed that
will be launched the agglomeration trains in relation Wroctaw Gt. - Wroctaw Klecina, regional trains in relation
Wroctaw Gt. - Sobétka Zachodnia and freight trains in relation Wroctaw Brochéw - Swidnica Przedmiescie (on
line 285 from junction signal box Tarnoga;j).

Presenting the line 285 as a graph we identified 22 operating offices (vertices) and 21 edges. Timetable will
be prepared for the one period of day (whole day) for three segments of demand (agglomeration, passenger
and freight trains). For each segment we prepared demand matrices.

After collecting the data for each trains category and for each period of the day we searched the communication
lines (e.g. for the first category - six routes). Then we conducted aggregation of lines to those that are between
points where it is possible to begin and terminate of trains run (for all categories are two routes) and assigned
to them volume of traffic flow to transport. Then we assigned the type of train to service from pre-defined (we
adopted to use rolling stock owned by the Lower Silesia Province) and the frequency.
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The effects of the work are as follows: to handle the 12 pairs of agglomeration trains we assigned rail-bus
SA106 and frequency 120 min., to handle the 6 pairs of regional trains in relation we assigned rail-bus SA135

and frequency 240 min., to handle the 2 pairs of freight trains in relation we assigned locomotive SM42 and
frequency 720 min.

For prepared transport offer we developed a model graphic train timetable (Figure 4)

'WYKRES RUCHU DLA LINII KOLEJOWEJ NR 285

i

//

/

Figure 4 Model graphic train timetable for railway line 285 Wroctaw Gtéwny - Swidnica Przedmiescie

On model graphic timetable there are many collisions between trains. There are not preserved times spacing.
Included are only leading hours for trains. It should be removed all problems threatening safety of traffic.
Removal of the conflict should be carried out under the supervision of the constructor. Through experience of
the researcher timetable becomes more adapted to the needs of customers. After removal of collisions and
application of experience of constructor it is preparing a real graphic timetable (Figure 5).

'WYKRES RUCHU DLA LINII KOLEJOWEJ NR 285

\
|
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Figure 5 Real graphic train timetable for railway line 285 Wroctaw Gtéwny - Swidnica Przedmiescie

5. SUMMARY AND CONCLUSIONS

A well-constructed timetable allows for conducting of movement smoothly and safely. In prepared timetable
should be taken into account the time associated with any determinants - e.g. adequate time to change of the
passengers, the time required to realize train announcing by train dispatchers, time of non-simultaneous arrival
etc. Timetable should take into account satisfying the needs of all participants of movement - mostly
passengers, so capacity of train sets and frequency of running should be adjusted accordingly.
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The aim should be to develop applications to support the work of timetable constructors (both transport offer
and graphic timetable). Use of application will reduce the risk of error, which can have more or less serious
consequences. Article presents the author's assumptions about the computer application BEERJ, which is
intended to support railway undertakings and transport organizers in preparing the transport offer, together
with its presentation on the graphic train timetable. Graphic form of presentation of the transport offer will allow
the constructor for a holistic look and possible correction of plan in places generating problems and ensure
accurate implementation of transport needs.
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