Vol. 4. No. 2. 2011 Acta Technica Jaurinensis

A possible TEN-T Railway Core Network in
Central Europe

A. Lattmerding, A. Welitschkin

University of Applied Sciences Erfurt, Transport and Spatial Panning Institute
Altonaer Str. 25, 99085 Erfurt, Germany
Phone: +49/361/6700 396, fax: +49/361/6700 757
e-mail: attila.luettmerding@fh-erfurt.de, alexej2712@web.de

Abstract: A main option of the review of the trans-&pean networks of transport is
the creation of a core network as a step forward ftwrloosely connected
30 priority projects being its base until now. This papergrissa proposal
for the Central European part of a railway core netwiaed on various
established networks and evaluation and calculation methods

Keywords: TEN-T, core network, railway network, Central Europe

1. Introduction

During the beginning of the year 2009 the European CommissimcHad a green

paper (discussion document) on the policy review of the sSExaopean Network of

Transport (TEN-T) [4]. A main option of the Green Papes Wee creation of a core
network within the TEN-T as a step forward from the &psconnected 30 priority

projects being the base of TEN-T until now [7]. Herehis paper a proposal for the
Central European part of a railway core network is preserihe reason why only the
rail network is regarded at is that for this mode a Eembpean transport infrastructure
concept is needed most. While it is hardly a problem fadgdo cross borders on
roads, this is still not the case for rail freight.rgarails still loose much time on

borders for technical (e.g. different voltage systems) andatipeal reasons (e.g.

labour laws), thus interoperability is still piecemédgcently the European Commission
published its newest White Paper on transport with mamgouraging proposals
regarding the support of railway infrastructure [8].

In the last two years two important documents were produnethe topic of the
TEN-T core networks for all modes. The first one irc®aber 2009, the TENconnect
report which was released by an international partnerocons [15] and the second
one in spring 2010, a proposal on TEN-T network planning sélyuan expert group
[13]. TENconnect mainly works with TRANS-TOOLS models aradiaus scenarios
and forecasts on traffic flows from which it identsfithe bottlenecks and corridors and
present concrete core network proposals (pp.104-107). Thet gxpep was set up by
the European Commission and is made up of external expertsaanitie mandate to
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elaborate a core network planning methodology. Its assessmbe based upon parts
of a cost-benefit and multi-criteria analysis as well spatial computed general
equilibrium and system-based models.

This paper, however, tries to offer a quiet simple, trdeeamd transparent
methodology for generating a railway core network, whies not depend on
extensive modelling and forecasting, as this alwaydudles large portions of
uncertainty. Furthermore, in this quite political decisioocpss like the TEN-T review,
it is beneficial to base the method on establishedegus and present traffic conditions.
Thus, this method includes existing networks as well aatively straightforward
calculation and evaluation methods of the current traffit socio-economic situation.

The core network of this paper is based on the methodpi@pented during the“3
SoNorA (South-North Axis EU Interreg project) Think Tank fesance where these
existing TEN-T priority projects are extended by an overlgppinthe other high level
networks which are the technology-driven ERTMS (EuropRail Traffic Management
System) corridors, the market-driven RailNetEurope ndtwas well as the Pan-
European Transport Corridors of railways [19]. Furthermore theepgsr-oriented
Railteam-Network, as well as the possibility of higleed rail service were added to the
analysis. This first part of the methodology is oréehon already established networks.
In the second part of the analysis for a core netwoekrtathodology involves various
evaluation systems like the track status and the aspectup&an integration,
represented by cross border sections as well as dadoutystems based on air traffic,
linked population, linked harbour goods and linked GDP (gross dmmastduct),
which were also included to the network selection psoces

The aim of the paper is to present a proposal for ther@leEuropean part of the
railway core network based on existing and establishedonietvas well as additional
priority calculations resulting in different levels of prigrfor each observed railway
section. In this paper the EU definition within the Epgan Territorial Co-operation is
used for Central Europe.

2. Existing TEN-T priority projects

In 2004 a list of 30 TEN-T priority projects was published byEheopean Commission
[7]. These loosely connected projects rarely form avordt as they were agreed upon
on more political than network oriented transport reashiesertheless these projects
are an important starting point for a core network asetlerridors were selected in
consensus and are all essential for the core netvatrikdd sufficient. It is obvious that
still several important connections are missing.

Out of the 30 projects, there are seven rail prigjects (PP) which are relevant for
Central Europe (sections outside Central Europe in brackets):

PP1: Berlin-Munich-/Milan-Bologna-(Palermo)

PP6: (Lyon)-Turin-Trieste-Koper-Ljubljana-Budapest-Ukrainiardieor

PP17: (Paris)-Stuttgart-Munich-Vienna-Bratislava

PP22: Dresden/Nuremberg/Linz-Prague-Budapest-(Mat-K HQV &RQVWDQ D
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« 33 * G EKafoMice-Vienna/Bratislava

* PP24: Genoa-Novara/Milan-(Basel)-/(Lyon)-Karlsruhe-(Frartkfur
Rotterdam/Antwerp)

e PP27: Warsaw-(Vilnius-Helsinki)

See figure 1 for more details, with railway lines in red.

In chapter 3 the missing sections should be evaluated and #ddecordingly form a
coherent core network in chapter 4.
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Figure 1. The TEN-T priority projects in Central Europe. Raittions in red [6]
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3. From the TEN-T project list to a core network

3.1. Methodology

The starting point is the methodology of Reents [19] predetieing the % SoNorA
Think Tank conference, where the existing TEN-T pryopitojects are extended by an
overlapping of the other high level networks, which taeetechnology-driven ERTMS
corridors, the market-driven RailNetEurope network adl we the Pan-European
Transport Corridors of railways. As a next step, the passemmgpmted Railteam-
Network, as well as the possibility of high-speed rail/ige within 2020, were added in
the definition process for a core network, thus conmethe part representing the
established networks.

The second step included evaluation and calculation m&thie the current track
status and the aspect of European integration, represented §ybordsr sections as
well as several calculation systems based on air pgesdraffic, linked regional
population, harbour goods linked to regions and linked region#&, @bich were also
incorporated to the core network selection process.

The following sub-chapters will deal with these differemitecia leading to a
calculation method in chapter 4. In general the variowdyses do evaluate each
railway section listed in chapter 4 (Table 1) in a rangetof | with 5 representing the
highest value and 1 the lowest. The evaluated railwayosscare part of the general
high level European railway network and are reaching froenlarger urban area to the
next, or to an important railway junction.

3.2.Established networks

3.2.1.ERMTS Corridors

The first corridors relevant for a possible extensiothefseven Central Euroean TEN-
T priority projects are the ERTMS corridors. The Europ&ail Traffic Management
System is an initiative of the EU to improve the esrbsrder interoperability and
signalling procurement by creating a single Europe-widedstainfor train control and
command systems. In order to foster the employment oFMER in the EU six
emphasised freight corridors (A-F) were selected [3].

The five relevant corridors for Central Europe are:

A: (Rotterdam-Frankfurt)-Karlsruhe-(Basel)-Novara/Mil@&enoa
B: (Stockholm-Géttingen)-Wirzburg-Munich-Bologna-(Naples)
D: Budapest*\ Koper-Trieste-Turin-(Valencia)

E: Dresden-Vienna/Bratislava-Budapest-(ArBRQ VWD Q D
F: Terespol-Warsaw-Berlin-/Legnica-Magdeburg-(Aachen)

Thus, sections being part of the ERMTS-Corridors are pdedtifor entering in the
core network (see chapter 4). See Figure 2 for more sletail
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Figure 2. ERTMS-Corridors in Central Europe. Main lines in yetiow [5]

3.2.2.RailNetEurope

RailNetEurope (RNE) is a common organisation of 38imfihstructure managers with
the aim to harmonise conditions in rail infrastructanel to improve operational issues
in international rail traffic. For this purpose RNE defirted corridors which are cared
by a corridor manager [16].

In 2009 the seven relevant corridors for Central Europe were:

* No 2: Genoa-Novara/Milan-(Basel)-Karlsruhe-(Frankfurt-Batam/Antwerp)
* No 3: Warsaw-Berlin/Kattowice-Leipzig-(Hamburg/Bremerhave
Rotterdam/Antwerp)
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No 4: Vienna/Verona-Nuremberg/Munich-Gemiinden-(Bremerhaieftk)

1R *G\QLD %atdnéceyY WIRHNJI€hDa-Trieste/Koper

No 8: (Lyon)-Turin-Trieste-Koper-Ljubljana-Budapest

No 9: Vienna-Budapest-(Ara&cRQVWDQ D 9DUQD % XUJDV 6YLOHC
No 10: Hamburg-Berlin/Leipzig-Prague-Budapest

No 11: Munich-Ljubljana-(Belgrade-lstanbul)
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Figure 3. RNE-Corridors in Central Europe [16]

Again, the lines being part of RNE do have a higher ehdoicbeing part of the core
network calculation in chapter 4. For an overview & BNE-Corridors see Figure 3.
Recently, RailNetEurope restructured some of the existimgdors and added a new
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corridor No 11 reaching from Munich over Salzburg-Villdghbljana-Zagreb-
Belgrade to Istanbul [16].

3.2.3.Railteam-Network

Next to the rail freight cooperation seven European gampanies have formed an
alliance dedicated to passenger transport called RailfBaenmain aim of Railteam is
to develop a high-speed network, to improve travel médgion and to better connect
the national railway systems [17]. Railteam also definedetwork whose Central
European part can be seen in Figure 4. Although only difies of Central Europe are
part of the Railteam-Network, these are preferredrimifog the core network.
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Figure 4. Railteam network map [18]

3.2.4.Pan-European Transport Corridors

In parallel to the TEN-T priority projects the Europgaommmission developed various
Pan-European Transport Corridors (PETC) in the Central and Easterof Europe
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[14]. Some of these corridors are partly identical to TENFDrity projects, whereas
others form important extensions and thus if sectemespart of PETC they have a
higher chance to constitute the core network.
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Figure 5: PETC rail corridors in Central Europe [14]
For Central Europe the following seven rail corridors atevant:
e PETCI: *GD VN :XTalliny

PETC II: Berlin-Warsaw-(Nizhniy Novgorod)
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» PETC llI: Berlin/Dresden-Krakow-Rzeszow-(Kyiv)
PETC IV: Dresden/Nuremberg-Prague-Budapest-(Ar&ARQVWDQ D ,VWDQE:
Thessaloniki)
PETCV: 9HQLFH 5L M BNdapesB/Britislava-(Lviv)
3(7& 9, *GKatdte-aLOLQD % HFODY
« PETC X: Salzburg/Graz-(Zagreb)-/Budapest-(Belgrade-
Sofia/Thessaloniki/Florina)

See Figure 5 for more details.

3.2.5.High-speed ralil

The construction of high speed rail tracks (> 200 km/hptgentable in all regions, but
for the connection of metropolitan areas of Centraloperan adequate and fast rail
system is necessary in order to compete with car arichffic. Thus, in the creation of
the core network this factor is included, i.e. a seatvbich is already capable for high
speed rail above 200 km/h or will be until 2020 under current plsuggtting a higher
value for the calculations.

See Figure 6 for high speed rail lines, with the existimgslin red-orange-yellow and
lines under construction or in planning phase with compietime before 2020 in
black.

3.3.Evaluation and calculation methods

3.3.1.Cross border lines

In order to adequately represent EU integration as an impdetetot for the rail core
network cross border lines are emphasised in a speamemal o support the European
aspect of the core network, cross border sections aea giwalue of “5” in chapter 4.
The core network should not be a mere addition of naticore networks, thus national
sections get a value of “1”.

3.3.2.Air traffic in Central Europe

An important aim of the improvement of the rail irsraicture in Europe is the modal
shift from air passenger transport to rail transport. In c@enalyse the potential for
air-rail modal shifts the amount of air passengeritrafithin broader Central Europe
was observed. Figure 7 gives an overview of the flightspaiith over 100,000

passengers in one direction in 2008 [12].
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Figure 6. High-speed rail in Central Europe 2011. Lines plannednadier construction
with completion time before 2020 in black (modified map from [1]

The main aim of the map is to show where most aisgrager traffic takes place in
Central Europe. The map shows air traffic within broaZkemtral Europe, i.e. the cities
found on the map. For the purpose of a better overvieviotlosving air traffic flows
are not included on the map: Intra-German, intra-ltaliameRe to/from West-
Germany/Denmark, Denmark to/from Germany outside Ceidumbpe and French
traffic. Although these lines are not shown in thapmthey were included in the
calculations in chapter 4.

Major air-traffic exists within Germany and Italy (nohasvn on map). Highest
amount of international air traffic within Central Eurapeyenerated along the corridor
Benelux-Frankfurt-Vienna-Budapest-Bucharest as well as betw8witzerland-
Benelux-Austria-Germany. Numerous air traffic is also foundahd from Rome,
Warsaw and Bucharest.
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Figure 7. Air traffic (>100,000 passengers one-way) in broader @&Rturope without
intra-German and intra-Italian traffic in 2008. For more detals selected lines see
text (own illustration with data from [12] on base map from [1])

In order to calculate the importance of a rail sectiorafotraffic modal shift, for each
section it was analysed how much air passengers couldigsailway line. If a rail
section is suitable (parallel) to a air connection whitshorter than 400 km it is
assumed that a 100% of the air passengers could useagitdaper service is offered.
For a distance between 400 and 500 km a modal shift of 80% islemtsrealistic.
This happened with Paris-Lyon where non-transfer affitrceded almost completely
after full TGV services were established. For largetatices the following shares of
modal shift were used:

up to 400 km 100% 800-900 km 20%
400-500 km 80% 900-1000 km 10%
500-600 km 60% 1000-1250 km 7.5%
600-700 km 45% 1250-1500 km 5%
700-800 km 30% over 1500 km 0%
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In the calculations for each rail sections the numbepassengers on air traffic
connections which could use this sections were multipligd the modal shift distance
factor and then summed up. Thus e.g. for calculating theadfic value of the Brno-
Bratislava rail section, the air passenger numbers dfnBBudapest (20%), Prague-
Budapest (60%), Prague-Sofia (5%), Prague-Bucharest (5%) and Copenhagen-Budapest
(5%) where summed up after multiplication with the modal ghdtor in the brackets
[12].

By this method each rail section gets a specific afficrenodal shift value. This
value then was scaled by extracting the square rootttibdie the values more equally
and standardizing it between 5 and 1, with 5 representiniitfnest potential air traffic
modal shift. Sections with high values are more likelgrter the core network and the
results are shown in chapter 4.

3.3.3.Linked regional population

This category shows the amount of population which is ecied by the specific
railway section. The populations of the two NUTS-2 regi¢ifi’ level statistical regions
of the EU) linked by the section were multiplied. Of thésult the square root was
extracted and classified in 5 groups, with “5” for “high humbglinked population”
and “1” for “low number of linked population”. 2008 population datas extracted
from Eurostat [11]. A division by the distance was notgrened in order to not prefer
short national sections and because most sectionsdigkbouring larger urban areas
within similar distances. Results are shown in chapter 4

3.3.4.Harbour goods linked to regions

This indicator approximately shows the importance of gketion for the harbour-
hinterland transport. Firstly it is observed in which jsdninterland the railway section
is located, then if harbour goods could use the route athimgection and finally which
end of the section is farer from the port. The goodstoaded in this harbour(s) in tons
were multiplied with the GDP (in purchasing power parityPPid the NUTS-2 region
in which the end of the section farer from the psibcated. This value then is divided
by the squared (average) distance between the port(s) afatehend of the section.
The formula is:

Harbour goods (tons) x GDP (in PPP) / (d poft far end of section)2

Of this result like in 3.3.2 the square root was extractedcdamssified in 5 groups,
with “5” for “high number of linked harbour goods” and “&5r “low number of linked
harbour goods”. 2006 GDP data and 2007 harbour data was extracteurostat [9]
[11]. The results are included in chapter 4.

3.3.5.Linked regional GDP

For this indicator the GDP (in PPP) of the two NUTS-2 negiinked by the section
were multiplied. Of this result the square root wasasted and classified in 5 groups,
with “5” for “high value of linked GDP” and “1” for “lowvalue of linked GDP”. The
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2006 GDP data was extracted from Eurostat [10]. As above aodiy the distance
was not performed in order to not prefer short natioeatians and because most
sections link neighbouring larger urban areas within sirdiltances.

3.3.6.Track status

This indicator shows the current status of the trackslf{#he status is very good, i.e.
the track is double-lined and electrified a value of “5"gigen. Very bad track
conditions like single-lined and non-electrified get a “¥alues in-between are given
accordingly, e.g. a 50% double-lined and 50% electrified segets a value of “3".

4. Analysis of sections

In order to add the most relevant sections to the 30 TEINerity projects the eleven

values of each section where calculated. For eachosettte average of the eleven
values being between 5 and 1 was extracted. On the onethanahalysis bases on
existing and established networks (chapter 3.2), and orottter hand it includes

various calculation and evaluation methods (chapter 3.3).

Table 1 shows the values of all of the 67 rail sectidnSemtral Europe, including
sections reaching out of Central Europe in brackets. Thiese@re sorted according to
total priority listed in the last column.

Three lines do have an extremely high priority with leaf above 3.5, which form
the important corridor Hannover-Berlin-PozA&/arsaw and should be primarily
included in the core network together with the bran@dchmg to Brest in Belarus.
Further important sections start from Linz over Nurembergramkfurt/Benelux and
Hannover/Hamburg as well as from Hamburg over Berlin \afrdclaw to Katowice
reaching to Kiev. The high-priority sections have augabf higher than 2.40 and
include also Brno-Bratislava-Budapest* G D -\AM GKatowice, Stuttgart-Zrich,
Munich-Zirich as well as Graz-Maribor and Villach-LjubljanBhe next class of
sections do have a value from 2.20-2.40 and the third one #.60-2.20 (see also
Figure 7 in chapter 5).
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Table 1. Rail sections with the 11 values and the total core nefwimrity
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Katowice-(Lviv) 1 1 1 5 1 5| 1.2 39 16 16 4847
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Villach-Udine 1 5 1 1 1 5/ 1.9 18 25 13 5P36
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Bologna-(Ancona) 1 1 1 1 1 17 19 30 1.8 29 PpI»8B8
Wroclaw-Brno 1 1 1 1 1 5/ 1.0 2p 15 17 3080
Vienna-Nagykanizsa,HU 1 1 ] 1 1 b 19 23 15 [19 |A08
Poznan-Wroclaw 1 1 1 1 1 1 10 36 19 2.0 B0O77
Nagykanizsa, HU- 11| 1] 1| 1| 5| 2d 11 14 1B 3la7z
(Zagreb)
Prague-Wroclaw 1 1 1 1 1 5 10 31 15 23 156
Genoa-(Pisa) 1 1 1 1 jl 1 147 29 10 P27 |86
Leipzig-Dresden 1 1 1 1 1 1 26 18 2.0 15 PpIO72
Poznan-Inowroclaw,PL 1 1 1 1 1 ] 10 31 20 (0.7 |AQ1
Szczecin-Poznan 1 1 1 | L 1L 10 28 19 |16 |5.66
Nuremberg-Dresden 1 1 1 L L 22 21 (.4 2.0 |4.62
Leipzig-Saalfeld, DE- 1] 1| 1| 1| 1| 14 18 1} 18 slas7
Nuremberg
Boba,HU-*\ U 5 1 1 1 1 1] 1. 14 15 11 18,54
Linz-Leoben,AT 1 1 1 1 1 1 1.0 18 16 1.8 41nD47
Regensburg-Hof-Leipzig 1 1 1 1 1 ] 10 15 1.3 A5 |1a85
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5. A possible railway core network for Central Europe

This chapter integrates the results of chapter 4 and prakentsin a map. Firstly, in
Figure 8 the 30 TEN-T priority projects are shown ad aglthe sections with a core
network value of higher than 2.0. Sections with a prioréjue higher than 2.4 should
enter directly in the railway core network. The smtsi with values between 2.4 and 2.2
should only enter in the core network if there are gppeatwork reasons.
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Figure 9 shows an option for a Central European core netwiased on the
calculations of chapter 4 and Figure 8. Firstly, the 7 i@eBuropean TEN-T priority
projects were included as well as all railway sectiwits a core network priority value
higher than 2.4 (chapter 4). Out of the sections with aeviaétween 2.4 and 2.2 four
have been selected for the following reasons:

* Vienna-Udine-Venice, Salzburg-Villach: Linking Vienna andrih to the
Adriatic

e Szczecin-Berlin-Dresden, Rostock-Hamburg, Pivka(Sl)-Rijekeing the port
cities to the network

» Budapest-Zagreb: Better linking of Croatia to the cotevark, probably a new
EU member state in 2012/2013

* Budapest-Subotica-Belgrade: Linking the Balkans to the metwork.
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6. Conclusion

It is of high importance to create a good and feasiblevagilnetwork in Europe and
especially in Central Europe in order to achieve a mghiiftl from air and road traffic
to the more environmentally friendly rail traffic modehe member states of the EU
should work together to build up a common European railwstgsywith a high level
of cooperation and interoperability, both for passengeredisas cargo transport.

The method presented in this paper aims at presentingeanetwork for Central
Europe in a time when the European Commission is wgrkim the revision of the
TEN-T guidelines. This method is based on establishedonks as well as new
calculation processes and thus generates a transpangnh vgaioritising European
railway sections.
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Potential Role of Regional Railways in Regional

Transportation
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Abstract: Beside Hungarian Railways Plc (MAV) and othailway companies,
local railways companies contributed to forming the raywetwork in
Hungary. The establishment of local railways was legsiligported by
the Article XXX1/1880 and Article 1V/1888. The operatioof local
railways between Arad — Koérds region was allowed bethese laws
came into effect. The constructions of local railways aamnsiderable
pace as 57% of them were built by local railway compairie$918.
The laws set simple technical conditions to start toastructions
resulting in lower construction costs. The lines builtthwiower
technical quality still met the requirements of locantsport. Local
railway companies became completely state owned after, I8&®pt
IRU /RFDO 5DLOZD\V 30F RI WKH )HBW WHKHJILR
former local rail lines were closed. Most of the curngeritinctioning
branch lines are actually the former local railwayse Tailways which
had not been closed had worse and worse technical corslitvidh a
declining number of passengers. In most of the cases thBosolwas
to close rail lines with bad infrastructure paramet&tse present study
outlines a model appropriate for a complex analysis of prablem
branch lines while considering potential roles of raike8 in regional
transport.

Keywords: local railway lines, railway act, rail regionalizatidmranch lines

1. Past and present of regional railways

At the time of flourishing railway transport in Hungary 50%tloe railway network
were local railways. Since the Trianon Treaty andtdustempts to solve the problems
this rate has decreased to only about 30%, neverthelesd, riilways are major
problems in railway traffic in Hungary even today.

Originally, there was no national interest in localways. The Article XXXI/1880
mentioned above defines local railways as follows: 'raisvaghich aim at meeting
transport and economic requirements of a region.” Discamdsallowances involved
in the Article did not apply to railways connecting twailways or serving as
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supplementary lines to major lines. The amendment ofttiele XXXI/1880, that is
Article IV/1888 also mentioned above, declares that staltica railways which are
planned to be extended to the borders of Hungary or whimhnect railways with
waterways used by steamships, is subject to legislafitre. former term, local
railways, is equivalent with the present term of regioadways.

The terms local railways and regional railways are ofteaduas synonyms.
(According to community law the term regional railways dggligalent with the term
local railways, considering the Hungarian railway system.¢ Tdcal railways are
connected to the major national railway network. Theerga to set up local railways
are defined in the law in force CLXXXI11/2005:

* The railway system is established to assure locaspatation. Its role in
national transportation is eligible.

* The local governments involved take the responsibility maltly to develop
services of local interest.

» The railway network to be established can be madenaittow-gauge.

The local railway network is designated by the Natiofrainsport Authority, right
after the application on the operation of the railwatwork is approved. However, the
local railway network is allowed to operate in at m®stounties or the network length
must not exceed 400km.

1.1. The golden age

The above mentioned two laws made the establishmdatalfrailways much easier.
The permission to construct local railways in jurisdictiof the laws was issued by
the Minister and not the Parliament. The Hungariaalloailways had their longest
network in 1918 when local railway companies constructed 0Br0of the
23,000km long network. 11.7% of the 13,000km were run only by lochlayi
companies. The local railways were constructed in theé of concession public
limited companies and were mostly run by the HungariahM@gs company. After
the expiry of concession the state of Hungary got thet idhownership, but in
practice, due to financial problems the state had gatigheé of ownership well before
the concession expired. It is important to note thatlbcal railways were always
constructed by taking only local interest into account aedlecting any national
conception [1]. In Transdanubia (West of the river Danube) imgdry a local
railway network of more than 2,100km was built. The firsel(between the cities
6]RPEDWKHO\ DQG . VIHJ ZDV ODXQ FKUWEGsL O ¥ DH DOUL@\HIVVZ
built in the region of the city Kecskemét located in tegion between the rivers
Danube and Tisza. The local railway Kecskemét-Tisza Commgened its first
railways between the cities Kecskemét and Tiszazughmvizes extended up to the
city Kunszentmarton. In the region West of the river disa Hungary the local
railway company Arad- U|VY|OJ\ KDG DOUHDG\ EHHQ HVWDEOL
concerning local railway companies was accepted. Theays of the company had a
network throughout the region West of the river Tisza wndhry, Partium and
Trasylvania. The biggest junction of the region West ohd¢hry were the cities
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Debrecen and Nyiregyhdza. Simultanously with the tcoason of railways with
normal gauge three railway companies started building impbrtailways with
narrow-gauge in the region West of the river Tisza in Huapngm the North of
Hungary railway construction was determined by the ispg@ographical features,
mines and location of industrial areas. Thus, the shoraédlstay lines were built in
this region. And also, there were construcion workghe regions Sub-Carpathia,
between the rivers Sava and Drava, TransylvaniaiufgrBacska and Banat. During
local railway constructions lasting till the First Vilb\wWar railway station buildings
were built based on standard plans. These buildings wakedan four groups. A
lower ranked building could be developed and extended in some Isaispd on the
theory of developing buildings [3].

1.2. After the First World War

The railway network in Hungary developed until the Firsori War. The first and
biggest hit on the network was made by the peace tredisiafon. The new borders
crossed and cut 52 railways (on the open ways betweennsdatvhich resulted in
ending of transportation. The new border made especially gleeabges to local
railways by isolating agricultural lands from markets, anides from proceeding
industry. The railways at the border region were |ataie territories of the neighbour
countries. Railways right at the borders connectetbtimeer Czechoslovakia, Rumania
and Yugoslavia. For data on the Hungarian railway netwofkréeand after the
Trianon treaty see Table 1 and 2.

Table 1 Data on the Hungarian railway network in 1918

Operation length, km
Name Normal Narrow Total
Gauge
Hungarian Railways Company ownership 8 279 37 8316
Community major railways 1333 - 1333
Local railways line 11 475 1574 13 049
Other/foreign railways 171 -
and peage line 171
Total 21258 1611 22 869
'6RXUFH )HMH]HWHN D pY H VOP D8JK D 8 WD/ WU R PU ADK/BEROL BV RU\ R 1 WK

old Hungarian railways)
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Table 2: Data on the Hungarian railway network in 1820

Name Operation length, km
Normal Narrow Total
Gauge
Hungarian Railways Company ownership 3068 - 3068
Community major railways 780 - 780
Local railways line 4530 268 4798
Other/foreign railways
and peage line 59 - 59

Total 8437 268 8705

1.3. After the Second World War

Between 1938-41 the railways which were cut by the Triareatyt were united again
due to the territories regained. Furthermore, new railiveas were built in order to
improve railway connections. In the 1950’s new plans wesde to build new railway
lines and some of them were even carried out. There wagalomplex plan to build a
major railway line of the direction East — West betwehe cities Solt and Szarvas,
which was just partly carried out. Some decades lagtee tas an intention to build a
railway roundabout line right outside Budapest [4]. Severalsplgere examined. For
the plans see Figure 1. One line could derive from thievagiline Budapest —
Hegyeshalom at the town Szar and connect to the Budap&shony railway line at
around the city Cegléd by running over the new Danube Brid¢feeaCsepel island.
According to the second version the roundabout rail tioeld have a branch line
deriving at Rétszilas from the railway line Gyékénykaposvar- Budapest and after
running over the Duna Bridge and via Kecskemét it contedtse Budapest — Zahony
line at around Cegléd. This is also a current issue as the@ need for improving and
strengthening railway connections between the Wedtthe East, the North and the
South without travelling through Budapest.

Closing down rail lines started at the turn of the 50’s &id. @\s a first step branch
lines cut as a result of the Trianon Treaty were doae the border line. The
transportation policy in 1968 triggered closing down a nurobeailways. The former
local railways were also subject to this processweler, the policy ignored several
factors, such as the secondary effects of closing railimag. Due to the transport

SROLF\ WKH UDLOZD\ LQ WKH U\PpDOYBajdnEeye) EvelsNV ZH H Q

closed down, which was later still rebuilt as parthed Corridor V and was conveyed
for transport in 2000. As a result of the transportatidicythe railway closing process
took place between 1968 and 1982, involving 1900km long railwayswhal and
narrow gauge. From March 2007 passenger transport was baniddaiiway lines.

2 Source: Fejezetek a 150 éveBD J\DU YDV~W W|UWpQHWPE ® R& KBEMaOIY IURP W

Hungarian railways)
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After changing the time table of 2009/2010, 24 railway linesewdiosed from
passenger transport. In 2010 passenger transport started agHinlioes of 380km
altogether.
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Figure 1 Railway line construction plahs

2. Problem solving attempts without closing any railway lines

The reconstruction of local railways with low qualtgchnical features did not take
place. Due to this fact travel time increased and comfgoassengers got much worse.
The process of closing and reorganizing big companiesilooted to a lower number
of passengers, as well. Originally, the local railMiags were built regarding only
economic needs and their distance from cities and nbeyans was down at list of
priorities. Consequently, many railway stations are &mtetr from towns or town
centres which deteriorates the competitiveness ofvagd. Furthermore, the state and
quality of station buildings is distressing. Bus transpantatonnecting towns with
railway stations and introduction of reasonable timé&tabf branch lines are not really
costly [5]. The former local railways are ranked in lingegary lll. For their percentage
see Table 3.

*6RXUFH )HMH]HWHN D pYHV PDJ\DV NIRWP~W KM | K\
of the 150-year-old Hungarian railways)
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Table 3 Percentage of railway line tyfes

Railway National Region (%)
line type (%) Transdanubia Great Hungarian Plain
l. 35 44 23
Il. 30 39 24
ll. 35 17 53

The Hungarian Railways company had several attempts tocageamroblems
concerning branch lines. In 1995 it established indepeindailway organizations
and urged transportation authorities of the governmenfin@nce investments
aiming at cost cutting. These investments focused onlgemmeasing number of
human work force. Dismission of workers was a result of drgdion
rearrangements and application of new technologies. Tivere hardly any real
investments. In 1995 three regional railways were estadal, and 17 in 1996. So,
the regional railways took 30% of the whole network syst@inese regional
network systems were not spread equally in Hungaryailways out of 17 worked
in the East of Hungary, serving the less developed regidfisen setting up
regional railways which operated within the network afnigarian Railways the
following aims were set:

Greater independence in contact with forwardig companies
Greater independence in making time tables

Right to start special trains

Greater independence of decision on issues concerning raibmages
Significant decreasing of costs

Most of these aims were not carried out. Operation efrégional railways was
significantly restricted, compared to original ideas. T that the local railways are
run within the Hungarian Railways company, contributethilore of local railways. In
1998 the system failed as the Hungarian Railways companjwveeémperation rights
from local railways [6].

In 2000 the Hungarian Railways company drafted a proposal tonaétie the
railway network in charge of the Ministry. The proposalolved closing railway lines
of some hundred kilometers, mostly those not used,adral also, establishment of 4
independent railway networks. Later these lines wemrneaf to as regional railways.
7ZR UHJLRQDO UDLOZD\V RI NP S5HILRIQRQ BO L5DAMXYD
of the Region Nograd) were launched as an experiment franukady 2005. In spite of
proposals of the Hungarian Railways company these twoagshoperated within the
Hungarian Railways company. Nevertheless, they could hase an independent
economic basis. To have a successful economy, besimieirsg independence the
regional railways should have introduced a series of agraagts in order to increase
income and cut costs. The pilot project resulted irouarexperience:

4 Source: made by the author
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* Lack of independence

* Problems with time tables due to lack of independence
» Passenger complaint about comfort level

* Neglected infrastructure

» Weak cooperation with bus transportation companies
* Relation with local governments improved

» Insufficient spheres of authority to meet local needs

3. Analysis of social economic effects of regional railways byaking a
conceptual model

3.1.Functions of regional railways

Recent practices regarded annual income and operatiorasastisasis when a decision
had to be made on a branch line serving regional interBsé former regional railways
have several functions which require considering socisiscand benefits by decision
making. These functions are related with networgiores, and natural environment

[7].

* A connected network of regional railway lines can beaais of a regional
network

* A roundabout railway line within the network

* Some branch lines serve as a basis of connectitbre toational railway network
to be developed later

* Role of leading to and off the major railways

» Improving former relations of crossborder railways

» Branch lines can attract settlers in less developed region

» Branch lines are potetials to affect transportatidicpof sharing transportation
tasks

* Some railway lines are likely to cross areas to beunaleiral protection where
there is an enormous need for restricting public roademn

3.2.A large scale description of the model

It is deemed to set up a model which allows decision mdkang a complex aspect and
reflects the complexity of the branch line issue (FigRireBy using the conceptual
model there are several scenarios made to manage braacteliated problems. By
modelling, a simplified copy of a partial network systésnmade, including the
determining features necessary for analysis [8]. Featatesecessary for analysis can
be ignored as they would complicate analysis withoutighoy any useful information.
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|Annual loss — SCENARIOS
Transportation - Lines operated by the
requirements Hungarian Railways
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Figure 2 Conceptual model for social economic efficiency arsabfgiegional
railways’

The most important inputs of the model are described indasmnatural units of
measurement which affect regional railway transportafon example:

» Railway connections of small regions

* Annual losses of the railway line

» Transportation needs

» Providing basic transportation services
» Power of keeping population

* Regional interests

* Network (connection) interests

These indicators can be expressed in sums of money atlaeryways. Concerning
an indicator the best value is 100 and the worst is thanum value of the very scale.
The value of indicators with different dimensions can dafined by beneficiary
indicators.

I _{1[ Zix Zmini X(l Zmini )]}><1OO (1)
IX— Z Z -

maxi mini maxi
where:

lix: points of input i.

Ziy: actual value of input i.

Zmini: minimum value of input i.

Zmaxi- maximum value of input i.

An independent organization makes a preference rankingdébriaput and finally, it
makes a group ranking by uniting single preferences. This rankihpeMhe basis of
determining preference values. It is important to note thggregating single

® Source: made by the author
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preferences into group preferences is a broad and consglex ilt is recommended to
use a methodological approach to set up a model. It coudah lnyerwhelming task to

analyze the social, psychological aspects of decisiddngan groups. In the process
actually voting takes place whereby experts work out thekimgrand later they do not

make any changes to this rank of preferences. Aggregattiaput indicators is carried

out by using preference values.

n

|
|
i1

Al Xsz— IixX&zi (2)

where:

Al,s7 aggregated value of inputs

lix: points of input i.

Ss;i preference value of input i. from the aspect ofekgert team (sz)

The aggregated value can be regarded as the utilization oftlne regional railways.
This value determines the potential scenario. Potestelarios:

» Lines operated by the Hungarian Railways company
» Branch lines operated by companies in the region
» Branch lines still in question

It is necessary to note that after closing down railNi@es their reconstruction is
almost impossible due to extremely high constructionscadtere is no possibility to
build lines with simplified technology, as it was petedt by the law at times when
regional railways were built first. Based on recent égpee, on railway lines without
any traffic it is highly required to spend on guarding @sart equipment.

In case one or more branch lines are opened for traatiportbased on the
model and operated by a company in the region, furtheitaagioccur:

» Contracts

» Separated accounting required

» Criteria of railway security certificate and permission
» Criteria of operation certificate

» Designating regional railway network

The present law concerning railways allows different corgsato operate railway
branch lines. Beside the central budget other resourcesmténesources, tenders)
become available. Regional operation makes it possiyelotal governments to
negotiate directly and adjust railway passenger transplatabfeatures and needs.

Summary

Due to specific railway network features in Hungaryniotalines have got a main role
in organizing railway transportation. The history of latafines is rooted in the XIXth
century. To differentiate them from major railwapds the term local railways, also
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used in other countries in Europe, was used for them.eTitadlsvays were built with

lower level technology; however, the railway systeasweally sufficient in Hungary,

even compared with other European countries. The technalggicameters and lack of
renovation works for decades have made it urgent to sblgroblems concerning
branch lines. To make a proper decision on the branek it is practical to use the
results of a complex model which is not merely basedrorual losses. If the output
confirms the idea of operating branch lines by compaimeshe region, several
guestions (maintenance of railways, organizing and accountiagsepger

transportation, human political issues etc.) are expestbd answered.
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Abstract:  Hungary has a central position considering getigraphical position and
waterway networks, so changes in the inland waterwagpiat tendencies
can be obviously experienced. In Middle-Europe the traffitputs don’t
reflect the theories of conception on sustainable pamsThe dividend of
inland navigation from total modal split is insufficteiWhat are the
reasons of the state of being slighted? How can be edfthe well-known
ecological and economical advantages of shipping? It is iangaid gauge
the specialities of river transport planning. Due to tramsébion of
shipping market and disproportional module differences, forecast
strongly focused on. Beside network development, infrastaict
modernising and a suitable charging policy it is importantnprove
reliability if you wish to take the advantages of watgywiransportation.
As a basis for this you need an appropriate transpmrtptanning system.

Keywords: planning process, structural model, general process maiteig,
dynamic calculation

1. Advantages vs. performance

In spite of the well known fact that shipping has manyaathges as it is economical,
environmental friendly and safe, its modal split ratejuite low. The Netherlands are
kind of exception with their 40%. Even on the waterwayesysof the river Rhine a rate
of 20% is achieved only in few countries [5]. To reach thte on the Danube seems a
utopist idea. This may be an astonishing fact knowing thippsg is a proper way of
transporting big masses to far distances. When definingosetation performance you
need to form a product of much bigger elements. The basiwfa [6] for a vehicle
fleet in a selected period of time is the following:

x

i M ik uDi,k @)
i1k1

where: P: total transportation performance
Mix: mass transported by vehicle number i on its trangpmrteoute number k
Dix: the distance covered by vehicle i on the transportatioe raunber k
x: hnumber of transportation vehicles used

P
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z: number of routes in a selected period of time

As M and D are high numbers, a low level of total ®npared to other fields, is
caused by the low level of x and even more that of z. Constguthere are few ships
and they have hardly any transport which results imalee transportation frequency.
As a result, P is low, too.

Shipping is claimed to be slow, so it is often ignoredufficient technical speed is a
solid feature that cannot be improved. However, due twating (forwarding) speed
shipping is competitive when it comes to transporting bégses to far distances. For
example, 10,000 tons of load is transported from Austria tBléek Sea within shorter
period of time on a pushed ship of craft than doing so bygukia vehicle fleet of a
road transportation company.

The other major problems are spatial availabilitg imited network system and the
really low number of proper ports. As a result, shippingniwlved in combined
transportation chains. With combined technology on- afittaisportation are easy to
plan and organise. Nevertheless, it is still shippingttiees the most time and distance
in the transportation process. Due to external natéfieite shipping is the least reliable
way of transportation considering punctuality. Thawlsy the shipping route section
requires the most appropriate calculation, timing, plannimtj@ganizing to carry out
bimodal transportation tasks properly. You can improggability by competent
planning which may result in a more widespread use of wajeinansportation.

The aim of the present study is also to contribute t@raving waterway
transportation by optimizing transportation task planning.

2. The transportation planning process

Waterway transport scheduling involves operational, naluémd economic issues
which are mostly strongly related. Concerning the hobrastructure of methods there
are vertical - layered -, and horizontal - independetanng methods.

The planning process consists of structural and actioseph&oncerning structure,
we are in process of preparation-elaboration-completiaction consists of the
following steps:

» defining tasks
» defining system elements
» revealing influencing factors

* matching

* modifying

» developing versions
» checking

e completion.
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Planning process
Preparation Elaboration Completion
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—> defining e » —>
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element
completion
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influencing .
factore versions

Figure 1. Structural model of transportation planning

2.1.Phase 1: Preparation

The role of preparation of planning is to reveal the ba$es transportation task and
detail basic data.

Based on orders the task can be defined. Firstly, geiine the character of
transportation (if you transport people or goods). If youspart goods you have to
define the character of joining the transportation clifiyou transport only by ship or
it is a combined bimodal or trimodal process). All shecharacters affect the
application.

Elements of transportation task:

e goods
* vehicle
* relation
* period
The load, the on- and off-loading station and transportdeailine are set according
to the needs of the contractor [1].

The transportation vehicle is usually provided fromship fleet of the transporter. In
case of leasing vehicles from an extern company the vdlgetds obviously extended.
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The transportation route on river waterways (from #tarting point to the
destination) is mostly given, there are alternative optiores only in the region of the
river Rhine.

You can define the influencing factors of the singléesyselements.
Influencing factors of transporting goods:

type (piece or bulk goods)

physical condition (liquid or dry goods)
specific density and loading co-efficience
size and geometry of a loading unit

way of storing and packaging

amount

Required features of ships:

type (according to loading and shipping technology)
capacity (data on volume and mass)

data on extern size

store geometry

Input data on relation:

» spatial features (ends, distance, inner section size)
» features of hidrology and
e hydraulics

The transportation period can change the meteorologicahgdrological conditions
on the route.

A

R

> d

Figure 2. Reliability of waterway transportation against distance
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The increasing transportation distance, the variablppsig route, the fluctuating
streaming speed and the ever increasing number of vatgosirgy actions have a
degressive effect on the reliability of waterway tramsgimn (see Figure 2).

Various spells and seasons may disturb planning and caleu{ate Figure 3): spells
with water level changes, ice and floods.

A

R

n

mo'nths

T
. I 1L v Vo VL VIL VI X X XL XL

Figure 3. Reliability of river transport by seasons

2.2.Phase 2: Elaboration

During elaboration we follow some earlier defined aspestdulfil the set aims.
Planning has operational and nautical aspects.

Operational aspects:

* harmonizing load and vehicle (according to type, amount and fetieres)
» considering range of engine ship (fuel and food supply, techrEicats)
» adjustment to operating time of ports and sluices

Nautical aspects:

» calculating hydrological conditions
» application of vehicles adapted to shipping route festur
» considering transport restrictions.

Major purposes of planning:

» best utilization of ships (concerning mass and/or volume)
» with the right trimm position and
* suitable stability,
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* keeping load safe (by proper loading and storing)
* minimizing transportation time [3].

The input elements are adjusted by matching the aboee léstpects and purposes.
Since both the elements and factors are complex, linissaimpossible to carry out a
perfect adjustment. You can solve this problem by makitigt &f preferences with
varied options.

Basic prearrangements in the first phase are:

» Selecting appropriate vehicle, that is, matching thedilga and the
transportation vehicle (character of goods — suitable ggmtity of goods —
transport capacity, matching in ‘space and time’)

* Maximizing ship load utilization (concerning plimsoll limit &dad volume -
and store size and amount of goods)

* Calculation of machinery power required

* (enough power considering the amount of load and ship typedban the
nautical and hydraulic conditions of the transportation)way

* Amendments to waterway parameters (calculations on gauged ban
hydrological and geometrical features)

» For regular, long term transportation: setting annual utitimatime, setting
time basis

« For new enterprises: calculation of returns, calcutatiof economical
utilization

It is important to note that it is not necessary to kiretability when fixing suitable
trimm position, while considering dynamic effects isdegbwith maritime navigation.

The task is even more difficult if you have to plan and miggtransportation with a
formation of several ships. Beside criteria applyingihgle ships you have to take a set
of criteria into consideration when forming ship caravans:

e an optimum size according to the waterway capacity

» sufficient engine ship performance to enable speciabments, manoeuvres
* obeying official restrictions applying to any watervesction

e creating up- and downhill forms according to actual directio

* positioning in the caravan according to load line

» connecting ships considering destination port

» separation of dangerous goods.

It is not possible to meet each criterion at the same, thus, it is advised to make a
list of priorities. Although you usually have to meetfyonne or two of the criteria,
planning still gets divergent [4].

Calculation has special position in range of shipment ta3ke single phases of its
analysis are logically related. The system model ofplaaning process is based on
these phases (see Figure 4).
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Figure 4. Process model of transportation planning

2.3.Phase 3: Completion

The single versions must be checked concerning alréimsportation relation. In case
of any differences new amendments actions and checkseessary until differences
disappear. It is especially difficult to forecast changeat tbccur during the

transportation process. Being a major issue, the @icterfneeds high consideration. By
doing so, and after a repeated check and realization ottjuired amendments, it is
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possible to make the final version of the plan, and ialee the executive order to start
transportation.

3. The roll of time in planning

Transportation on river waterways can be regardedrakahle service if you are well
prepared for occasional and unexpected conditioins on tlye While planning the
transportation process, you can select stable elemékeé type of ship, loading
machine. However, different positions of the transpiartatvehicles and various
features of the waterway require considering time factottfe single phases. There
may occur static and dynamic effects. You need to takeptsitioning list into
consideration only to calculate starting time of thipsthough, the waterway features
continuously fluctuate during a long transportation procéls. time factor has direct
and indirect affects on elaboration of the transpiarigtrocess (see Figure 5).

Affected factors

directly indirectly
geometric
hydrologic p| waterway featureq—p
waterway features _
> hydraulic transportation
waterway features time

traffic situation

A

transportatior
actions

operatiorof >
facilities

Figure 5 System of time affected factors

Technological development allows more and more reliablations for calculating
changing circumstances. Earlier you could base your cttmulan own experience,
then it was possible to get reports on daily water lewdlshipping positions. Today it
is possible to be informed about any required data arey tim

3.1. Static calculation

With classical calculation you determine the inner eactsize and streaming
characteristics based on available water level datdihg, load level and and hight of
ships is adjusted to the most crucial points of the whalesportation way. Starting
parameters are usually calculated with statistical nasthosing water level
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measurement functions. It is not possible to estaldish deterministic relation
between the single way, and also, the availableioakfre only effective under stable
hydrometeorological circumstances. In case of up-swallaterway sections natural
waterstream relations are irrelevant. The waterwayagtteristics are determined by the
operation schedule of power stations and flood preventi@magement. Classical
calculation for these areas is only possible by apprdiomaAs a result, ships are
forced to stop and wait during transportation. Major reasons

* oneway traffic in narrow waterways

* limited depth in swallows

» partial passing of big ship formations at locks

» compulsary use of a towboat at sections with heavymgea

All these constraint actions and waiting time can exereed expected transportation
time by 20-70%. This time is extremely long due to miscaledlsswallow depth
values. In critical cases ships can travel on by reducing wefdbed.

3.2.Dynamic calculation — 4D-planning

The most crucial points of planning transportation are thenging parameters
concerning time and space. The most effective way toat&in can be improved on
frequently changing waterway sections (like that on the manube in Hungary) is
waterway development and maintenance. Without these planmésgls bigger
consideration.

You can solve the problem of time changes in sevenasste

1. Firstly, you need to specify data on starting time. Nawve to switch from static to
dynamic state evaluation. The expected waterway parancetetse adjusted according
to the time the parameter is expected to be relevardoBo, you need to calculate with
transportation time and passing of water output.

The size of inner sections can be harmonized with loadgiaadf the ship. Selecting
the most appropriate ship is of great importance, asawaot expect any changes of the
size of the selected ship during the transportation prodeetential actions in case of
negative forecast:

» change starting time (if transportation deadline allows it)
» use smaller vehicle units (if available)

2. Secondly, accurate timing requires considering timerfadt dimension shipping
enables you to trace occasional changes of restriatoss-sections during the whole
transportation process. If changes are negative, theevioent solution is to postpone
passing on. If you are aware of changes well in timeygrtion is possible. Potential
adaptation options for ships of given size on the watgrwa

» timing of passing on at critical sections consideriegibility of travel speed,
vi © ¥ (with a towboat if economical) (Figure 6/1)
» decreasing former usual waiting time t t'  if possible (Figure 6/2)
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» preference of arranged facilities [2] , e.g. passing &sleg :  w'; (Figure
6/3).

Electronic information technology support allows contins information flow on
ships, as well. Before, shipping was conducted based on dhdieatral orders and
today you get up-to-date direct information during shippitigis easier to take
responsible operative measures having reliable and fastriees of information.

tA t A

v
v

bottleneck d supply bottleneck d

v

lock; lock, bottlenecl d

Figure 5/1-3. Adjustment / timing on the way

3.3.Measurable effects

Planning transportation tasks on river waterways tradityona carried out by
calculating parameters. Data are regarded as something sta¢n you forecast
waterway conditions based on the actual data atrtteedf planning.

Planning with a dynamic approach takes shipping time intouat¢cat time of the
planning phase to have up-to-date data on size of inn@rsed-urther improvement is
expected with applying potentials of 4D-shipping, which alladgistment according
to information gained during shipping.
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For differences between the process and the expectedsrefuttaditional and
dynamic planning see and compare Figure 6/1 and Figure 6/2.
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Figure 6/1. Result of static planning Figure 6&sukt of dinamic planning

where: B: port of departure
Pa: port of arrival
To: time of beginning to plan
to: planning time
Tp: time of departure
Tap: time_of planned arrival
Tae: time of earlier arrival
Tp: time of later arrival
teand t: time differences at earlier (-) and later (+) arrival
Vp: average shipping speed at planning

The types of factors affecting differences between optirand real shipping time are
as follows:
1/A: existing at the planning phase
1/B: calculable at the planning phase
2/A: occuring during shipping and can be completely avoided
2/B: occuring during shipping that can be decreased and padiged
2/C: occuring during shipping but cannot even be resolved
by using prognoses.

Classical static planning is based on types 1/A and 1/B.dititlany available
updated information a partial solution of problems type 2/Arfy possible during
transportation.

4D-shipping may be affected only by factors 2/C, by using realdaitee and there is
a high probability of preventing any other kind of peshk.
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The difference between optimum and real shipping tim#eats much bigger
deviation with classical planning.

4. Conclusions

Neglection of inland waterway shipping is caused by spatidl time variabiltiy and
unreliability of the waterway section. Complex analysesse as a solid basis for
carrying out shipment tasks. There may be differencéseisingle tasks at some points;
nevertheless, the whole process is unique.

The present study is about to demonstrate a solid basisettyng a model.
Transportation planning has great responsibility in econainsapply and keeping
deadlines. Considering time factor during the elaboraticdhetransportation task can
really improve the expected result of better utilizatbrships, shorter shipping time
and more accurate arrival time. 4D based shipping contributasfucher increased
quality.

Consequently, up-to-date, modern planning methods have an imgraffect on
efficiency of transportation. A better utilization dfigs and reliability makes shipping
both for tranporters and contractors a more attractivd wespectful option of
transportation.
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1. Some national and international time series
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Figure 1: Number of road motor-vehicles, personal injury accidentafatalities.
Main periods of the national road safety

In Figure 1 one can observe the development of the nuafbead motor vehicles,
personal injury accidents and fatalities in the perienvben 1976 and 2010. The Figure
also shows distinctive periods of the national road safétytion. (Data before 1976
are also illustrated in the time series applied by sanmteoes, however it must be borne
in mind that at that time the 48-hour- and not the 30d#dirition was in force for
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those killed.) For the time being particulars for differpatiods have not been detailed
but we note that — apart from phase |, apparently stalperiods of improvement and
deterioration of different length alternate with each otAempresent — as from 2006 —
national road safety is improving, which is alsotaaming in 2010.
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Figure 2: Number of fatal victims of road accidents in Hungary irydees between
1976 and 2010 as reflected by the objectives of transport policy EBUrend Hungary

In Figure 2 the number of fatal victims of road acciddresveen 1976 and 2010 in
Hungary is shown as reflected by the transport policycties of the EU and Hungary.

2001 being the basis year of the objectives, the numbertalf vectims of road
accidents should have been reduced either to 620 (-50%, EU ®dper) or to 867
(-30%, Hungarian transport policy) by 2010.

Since in 2009 this number decreased already to 822, one cHrat#ye objective of
the national transport policy has been ,over-fulfille&ccording to the final data of
KSH (Hungarian Central Statistical Office) [1] in 2010 in HungéaB@ persons were
killed in road accidents. This means that in comparison 2@01, more than 40%
reduction could be achieved. 739 is almost the arithmetieah (744) of the objectives
of the EU (620) and of the national transport policy (867).

Following the significant improvement in the years 2008 2009, in 2010 [1] the
number of:

personal injury accidents decreased by 8.7%,
killed decreased by 10.1%,

serious injuries decreased by 12.0%,

slight injuries decreased by 9.4%.
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In the same period the number of accidents caused by dundes the influence of
alcohol decreased by 17.2% in comparison with the previeas. yrhe real and the
“planned” development of the number of fatal victims @& tbad traffic accidents can
be seen in Figure 3 in the period between 1990 and 2010 in theeElber states.
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Figure 3: Real and ,planned” development of the number of fatalnagtf road
accidents between 1990 and 2010

From 2001 until 2009, overall the number of fatal victimhsoad accidents lessened by
36% (from 54,000 to 34,500) in the EU member states.
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Figure 4: Change in the number of killed in road accidents betweeh & 2009 in
the EU member states

In the same period in Hungary this reduction equalled to 34.G% (1,239 to 822).
This is all the same more noticeable, because éakgnh Hungary in 2 years the
reduction achieved in the number of killed equalled to tierocountries’ 8 years’
achievement.
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This, as well as the ranking of different countries is wethonstrated on the basis of
the change resulting from the number of killed due to roadieats. (Figure 4).

2. How many years should we ,go back” in time when the number of
fatalities was as low as in 2010?

Since 22 February 2011 the final statistics for 2010 are aladable: in 2010 739
persons were killed in road accidents. The 30-day-definfoo road accident fatalities
has been used since 1976 in Hungary. Before 1976 only the 4&toorme was in
force. After 1976 both data were recorded for a long tiroegraingly from these data
the so-called correction coefficient could be determifiégds was used as a multiplier
of the 48-hour-figure. So the 30-day-numbers for the perimfere 1976 could be
“produced” as well. In the database of the OECD membeantdes, the IRTAD
(InternationalRoad andTraffic Accident Database) this coefficient is 1.2. l.e. the
number of 30-day-fatalities is usually higher by 20% imparison with that of the 48-
hour-cases. For example the 48-hour-figure was 1398 in 1975.

The 30-day-data estimated for the same year was: 133 x=1.678 persons

Making calculations for the previous years:

Number of deaths Estimated number of deaths
after 48 hours after 30 days

1974 1353 1624
1973 1419 1703
1972 1507 1808
1971 1527 1832
1970 1356 1627
1969 1130 1356
1968 1013 1216
1967 784 941
1966 761 913
1965 725 870
1964 859 1030
1963 763 916
1962 685 822
1961 622 746
1960 558 670

Consequently, it was in 1961 when the number of roadiectifatalities (746) was
only by 7 higher than in 2010 (739)

The fact itself, that it was exactly a half centaryo (in 1961) when seven more
people died (746) in road accidents than in 2010higge result
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However one must not forget, that reduction of fataltitealmost the level of the 50
years earlier period was mainly due to immense progrebgeved by vehicle
technology. Significant increase of the occupants’ passaWety provides for survival
even in cases, which seemed unimaginable before.

(Airbags, automatic safety-belts with tensioners, \tehiindies tested with crash
tests, with energy impact zones designed with survpeates, etc.)

Of course, during such a long time the process of acciggntiy has been affected
favourably, too by the huge progress achieved in the resoue, and by medical
sciences. After studying Figure 1, one may draw thelasion that not the number of
personal injury accidents but that of their fatal vitdislackened significantly. l.e. in the
last decades it was not the active safety that mampyoved, nor the accident risk that
outstandingly decreased, but the outcome, the accidenitgeiat only fatal injury,
but also the risk of personal injury lessened, evempifto the same degree as the
number of killed did.

To sum it upaccident severitydecreased decisively.

As injury risk lessened, the number of registered (persojualy) accidents reduced
as well, although in a lesser degree than that of p&diad.

3. Has economic crisis any role in road safety improvement?

Several researches [2], [3], [4] demonstrated that economvaler recession (the rate
of the GDP) may influence directly road traffic and thioitghe road safety trends.

According to annual KSH figures in 2009 [5] as compared to 2008ottoeving
declines were experienced:

mass of goodgarried byroad in domestic traffic, by 12.9%;

performance of goodgon-kilometres in domestic road traffic b§.7%;
number of bus-passengersransported in interurban domestic traffic@%;
performance of passenger-kilometres interurban domestic traffic fy.0%;
number of bus-passengers local domestic traffic bg.4%;

performance of bus-passenger-kilometres local domestic traffic by.0%.

In 2009 in Hungary the number of road motor vehicles it fegistration (entry
into traffic) was 106343y 53% lessthan in 2008 (227251).

Since a long time it was in 2009 that for the first tithe national fleet of road
vehiclesdecreasedas well. While in 2008, at the end of the year the texggd number
of road vehicles was 3685677, this number declined to 3640115 in 2009.

In comparison with the same period of the preceding yea?0i® the following
changes could be observed [6]:

* mass of goodsransported by domestioad traffic decreased b¥5.1%;
» performance of goods ton-kilometresn the domestic road sector decreased by
6.8%;

225



Acta Technica Jaurinensis Vol. 4. No. 2. 2011

* number of bus-passengersransported in interurban domestic traffic increased
by 3.2%;

» performance of bus-passenger-kilometresin domestic interurban traffic
increased by.5%;

* number of bus-passengers local traffic decreased $/3%;

» performance of bus-passenger-kilometrem local traffic decreased B:7%.

In Hungary the number of road motor vehicles with fresgistration (entry into
traffic) in 2010 was 88463, which in comparison with the datastered in 2009
(106348) indicates decreaseof 16.8 %.

The national motor vehicle fleet was 3608834 in 2010, less by 3h2®1in 2009
(3640115).

4. Conclusions

Between the years 2001 and 2009 in Hungary and in all EU erestdtes the number
of fatalities resulting from road accident decrease848¢ and 36%, respectively.

In 2008 a real breakthrough was achieved in road safetyoimmrent, which
continued in 2009 and in 2010, too.

The breakthrough (2008) was mainly the result of consistenttaadnseasures (so-
called “objective” responsibility (owners’ liability) , &zo-tolerance” against drinking
and driving, rendering more stringent demerit point sysamomated speed cameras,
etc.), admitting that economic recession also contritiatéiais improvement, especially
in 2009, but in 2010, too, although in a lesser extent.

During evaluation a special attention should be paid to #thaodological questions
as well (e.g. the difference between the 48-hour- la@@d-day-outcome.)
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Abstract:  Department of Transport at the Széchenyinstidiversity participated in
27 research projects on local public transport systankingary between
1992 and 2009. This paper presents the main results of thessyssur
showing how the development of motorization drives pulbiosport into
the background. Typical trends and consequences are ahalysed on
the data gathered through the former surveys.

Keywords: Hungary, motorization, public transport, passengers, occupatecy

Introduction

Department of Transport at the Széchenyi Istvan Urityees well as its legal
predecessor have been analysing the local public transpsteéns of Hungarian
settlements since the establishment of the departmibatnumber of surveys of this
field has significantly grown since the early 1990’s. Theatlenent has participated in
27 similar projects between 1992 and 2009 [1] [2] [3] [6] [8] [9] [10] [11] [12] [13] [14]
[15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] (see Figure
1). Most of these works were based on counting public tranppesengers, however
some of them also included an origin-destination anafysitsa passenger satisfaction
survey, too.

Data gathered through these surveys can be used exceltenglyowing that public
transport has been driven into the background as motornzgtgw and this tendency is
going to be continued unless efficient solutions are introdteachprove the service
quality of public transport.

Most surveys examined the following characteristics of |lqmablic transport
systems:

number of services (departures);

service km;

number of passengers (boardings);

number and ratio of unutilized services;

number and ratio of crowded and overcrowded services;
number and ratio of unpunctual (delayed and early) ssyic
capacity km;
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passenger km;

static and dynamic occupancy rates and their ratio;
average trip length;

motorization (daily number of trips/number of inhabitgnt
average number of passengers/service.
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Figure 1. Surveys by the Department of Transport, Szécherd Idhiversity [32]

The structure of this paper is as follows. Section 1 idesvan overview of
motorization development in connection with the changehenusage level of local
SXEOLF WUDQVSRUW LQ +XQJDU&G BRFWKR CH[D\WPKROAYV R3 H
the results of six different surveys (including other worR437]) are available for this
city. Examined cities are divided into three groups basethein population size in
Section 3 and characteristics of these groups are anafysedpancy rates on different
day types (school and non-school working days, Saturdaysags)nare compared in
Section 4. Finally results are summarized and evaluated.

1. Development of motorization in Hungary

Figure 2 shows the development of motorization (humiberaos/1000 inhabitants)
from 1960 to nowadays in Hungary. It can be seen that tthi® va& monotonously
increasing: there is a slight fallback only at theetiof the regime change (1989) and at
the and of the 1990's. On the other hand, Figure 3 showshtéreges in the total
number of passengers of local public transport in Hungaddtlements: increase is
monotonous until the regime change, too, however itliswed by a drastic fallback
and then a slowing but continuous decrease.
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Figure 2 and 3 illustrate excellently the phenomenon of mskit: the share of

individual motorized transport is increasing whereasusege of public transport is
decreasing.
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Figure 3. Changes in the number of passengers of local public transport
Hungarian settlements [5]
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2. Relationship between motorization and public transportbased on the
H[DPSOH RI *\ U

*\U LV WKH VL[WK ODUJHVW FLWQRWILQGXNDWULDY LHG
cultural and tourism centre. The public transport systethefity has been analysed

not only by Széchenyi Istvan University [1] [13] [14] [19] but formesults were also

available [31] and the local transport service provider pamyg, Kisalfold Volan Zrt.

made a survey in 2008, too [7]. Table 1 and Figure 4 showltheges in the most
important characteristics of the system between 1985 &g 20

Table . KDUDFWHULVWLFV RI WKH SXEOLF WD@BVSRUW
(school days, n/a = not available)

Mot.
Avg. | Avg.
Dyna- level
Num- Num- ] Avg. Num- num- | num.
Ser- . mic ) Num- | (num.
ber of ; ber of | Capacity |Passen- trip ber of ber of of
Year vice occu- . . |berof | of :
ser- passen- km ger km length | inhabi- trips/ |pass./
vices km ers pancy (km) tants cars | cars/ inhabi- | ser
9 rate 1000 )
; tant vice
inh.)

1985( 2,726 n/al 142,596| 1,438,243| 384,011| 26.7%| 2.69| 129,116 n/a n/a 1.10{ 52.3
1992 2,519] 15,589 129,449] 1,464,673 354,451 24.2%| 2.74| 131,551(34,109 259 0.98| 51.4
1997 2,481] 15,731 129,954| 1,490,601 392,137| 26.3%| 3.02| 130,241(34,270 263 1.00f 52.4
2002 2,618] 17,569] 113,135] 1,664,880| 365,668| 22.0%| 3.23] 128,913|39,076 303 0.88| 43.2
2004 | 2,240] 16,397] 105,805| 1,553,819| 346,094| 22.3%| 3.27| 127,594|41,618 326 0.83| 47.2

2008 | 2,189]16,227| 92,404 n/a n/a n/a n/a| 130,476|43,447 333 0.71] 42.2
140 —&— Number of services
—— Service km
130 -
Number of passengers
120 Capacity km
110 —¥—Passenger km
< 100 4 Dynamic occupancy rate
—&— Average trip length
90 -
—+— Number of inhabitants
80 Number of cars
70 —l- Motorization level (number of
cars/1000 inhabitants)
60 —e— Average number of
trips/inhabitant
1985 1992 1997 2002 2004 2008 Average number of
Year passengers/service

JLIXUH &KDQJHV LQ WKH ORFDO SXEOLF WBQVSRUW
(school days, base: first available data)
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It can be seen that the number of cars (and therefore dh@ipation level) shows a
PROQRWRQRXV LQFUHDVH LQ *\ U WRRQ &R BRDUHEG WWKRD W
of motorization was on the average 18% higher than thenadtvalue in the examined
yearswhichPSOLHV WKDW WKH HIITHFWV RI WKLWHQH GRCGFW

The number of local public transport passengers is agmisly decreasing, just as in
other settlements of the country, however the amoupasgenger kilometres used to be
growing until the end of the 1990’s. This can be explainedhleyincrease of the
average trip length which was caused by new industrial ineegtim(factories built
further from the city centre) as well as suburbamrat

However, the supply of public transport (service kilometregpacity kilometres)
increased until 2002 which caused a significant decrease of ocguzda. This trend
caused a greater financial loss: as a consequencéoddilegovernment decided to
narrow the supply. Service was decreased in two steps dret®@03 and 2004: this
caused that service kilometres and capacity kilometres sti®wed a decreasing
tendency from 2004. On the other hand, this fallback of cerguality (service
frequency was reduced and some routes were completely stdppeddd to further
decrease of the number of passengers. This illustrates itieuss circle” of public
transport: lower service quality attracts fewer passengdrieh implies another
decrease of supply. This leads to a never-ending degradgii@. The only way to
stop this trend is keeping or developing service quality, howtvancial problems
need to be solved.

3. Characteristics of public transport in different sizedsettlements

Figure 1 shows that the Department of Transport at #éeHenyi Istvdn University
dealt basically with the local public transport of smaltl anedium sized settlements.
The examined cities can be grouped based on the numbeirahtfabitants as follows:

» between 20 and 35 thousand inhabitants (Dombévar, Varpaladéok,S
Esztergom, Gyodngyos, Papa, Vac);

* between 35 and 60 thousand inhabitants (Baja, Salgoétarjan,ujDéarcs,
Nagykanizsa, Sopron, Eger);

» between 60 and 130 thousand inhabitants (Zalaegerszeg, VesZptéianya,
6]RPEDWKHO\ 6]pNHVIHKpUYiU *\ U

Values directly connected with settlement size (servidemidgtres, number of
passengers, capacity kilometres, passenger kilometres) plieitign higher in larger
cities. Occupancy rate is usually also higher in lagi@ges, however there are some
exceptions, too.

There is a quite regular, logarithmic relationship betwiéee humber of inhabitants
and the mobility level for public transport (daily numbétrgps/number of inhabitants,
see Figure 5) as well as the daily service km/number obitams (see Figure 6).

Figure 5 shows that mobility level for public transperhigher in larger settlements.
This is partly caused by the higher ratio of transfenglypaxplained by larger distances
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where walking and cycling are no alternatives. Furtherptogher service quality can
attract more passengers (reverse “vicious circle”).

This implies that service km/number of inhabitants isessarily higher in larger
cities. Estimating the required amount of service kilwese (which depends on many
factors) as a linear function of the number of inhabitantiserefore a wrong principle.
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It is interesting that the average trip length for public dpa@mt does not show a
significant difference in the examined settlementugro it is between 2.35 km and 3.82
km in all surveys.

4. Occupancy rates on different day types
Surveys typically involved the following day types:

» school days (working days, Mondays to Fridays)
* non-school working days (Mondays to Fridays);
e Saturdays;

* Sundays (public holidays).

School days were examined in all cases, other day types or were not examined
based on the demands of the procurers.

Table 2 contains the occupancy rates (passenger km/cakaitior different day
types as well as their ratio to school day values.rfthmseen that occupancy rates on
non-school working days are only 59.2-85% of school day values ratio is 64.3—
91.7% for Saturdays and 44.7-74% for Sundays. The same mprabldlustrated by
Figure 7 which shows the ratio of non-school serkioe and that of the number of
passengers to school day values based on four surveys.eDsspiice kilometres
decrease by less than 10% on non-school working daysuthber of passengers does
not reach 75% of the values on school days.

Table 2. Dynamic occupancy rates on different day types and their
ratio to school day values (n/a = not available)

Non- Non- Satur-
School school school/ day / Sunday /
Year | Settlement day working school Saturday school Sunday | school
day day day day
1993 [Tatabanya 22,4% n/a n/a 18,7%| 83,3% 16,6% 74,0%
1997 |Szombathely 17,9% n/a n/a 12,9%| 72,1% 8,0% 44,7%
1997 [*\ U 26,3% n/a n/a 21,1%| 80,1% 18,0% 68,6%
2004 [Nagykanizsa 16,3% 12,0% 73,5% 12,6%| 77,3% 11,3% 69,3%
2005 |Zalaegerszeg 21,1% 18,0% 85,0% 15,5% 73,4% 13,2% 62,6%
2006 [Péapa 15,4% 9,1% 59,2% 112%| 73,1% 8,8% 57,5%
2006 |Szombathely 13,5% n/a n/a 12,4%| 91,7% n/a n/a
2007 |Véarpalota 19,6% 16,5% 84,1% 17,1%| 87,6% 13,2% 67,4%
2007 |Gybdngyods 15,7% n/a n/a 11,9%| 75,4% n/a n/a
2007 |Veszprém 15,7% n/a n/a 12,1% 77,3% 10,9% 69,5%
2008 |Székesfehérvar 19,2% n/a n/a 12,3%| 64,3% 10,0% 51,8%
2008 |Dunaujvaros 13,3% n/a n/a 10,0% 75,5% 8,9% 67,4%

It can be questioned why the decrease of the number dferpgers is not
proportionately followed by the capacity. This can be exptaihe following two ways.
Firstly, the ratio of solo and articulated buses isrdedteed based on the requirements
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of peak hours. Therefore it can happen that there arenwetgh solo buses for non-
school working days, Saturdays or Sundays and articutaises have to be used even
when it is not reasonable. However the operation okrbases would increase costs to
an even greater extent. Another aspect of this phemmmianthe minimum level of
service quality: all parts of the settlements must lpeegewith a specified minimum
frequency in order to provide inhabitants with the righimabbility even if the number
of passengers is low. Furthermore, infrequent service woulckage the attractiveness
of the system which would cause further loss of passenghis.implies that lower
occupancy rates in off-peak hours are usually necessary.
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40% - .
B Ratio of number of
30% passengers

20% -
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Figure 7. Ratio of non-school service km and number of passegers
school day values

Conclusion

This paper presented the surveys of the Department ofdoerat the Széchenyi Istvan
University between 1992 and 2009 on the local public transyystem of Hungarian
settlements. The results show how the development a@bripation drives public
transport into the background.

Unfavourable consequences of this phenomenon are knawall fof us: there are
congestions on the roads, environment is polluted arsdaitserious problem for local
governments to finance local public transport. Stopping @aat slowing this negative
trend is only possible through the development of tmdcgequality of public transport
even if it needs more investments in the short run.
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The article starts from the paradigm of moitg and its connection to the
technological basis with special regards to the teclgimabdeterminations
in the development of the transport modes. As a cortivaste approach,
the next parts deal with the excess of the barriers @radigm level,
introducing the connection of the problems with the dffi¢ integrations.
Integrations mean here both the common planning of ttyewéth the
conurbation area (territorial integration), the commondhag of different
transport modes (inter-modality, co-modality) and the tenbktween
technological platforms (interoperability). As a represématof the
problems, the article presents and interprets the relsa@iopment of the
plans for the public transport backbone network of Budapestitand
environ. A further case for the integrated approach esntaw integrated
transport strategy for Hungary: where just the prepargi@se begins in
this year.

inter-modal, co-modal, integrated transport, modernity, posem,
multi-level transport system

1. Introduction

It is a commonplace now-a-days that there is a neehtiEr-modality / co-modality —
that is the co-operation of the different transportieso— in the transport system. The
target is not really debated at that general level 4ewhis much less evident, how, in
which steps a common transport system can be formed.ofpin is the growing
cooperation between the existing transport technologieshemgives more emphasis
to searching new co-operation technologies to newlpksied transport objectives.

In the latter approach the problem is not a spec#icdport issue any more, but rather
a wider social context that touches the fundament efekpectations towards the
transport systems. The article supports this more generdérstanding of the
integration issue.
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The structure of the paper is the following. The fitsagter explains the rise of the
“modernity” approach and also the changes in our thinkirexteed those barriers the
approach would mean now-a-days. The next chapter presemgihlar appearance of
the new transport modes in the history that typicalbktthe dominance from the
previous ones earlier in leader position. In the futueeewpect a change in that respect
towards the use of an integrated mix of the different pamsnodes. The final part of
the paper shows the possibilities and the dangers in tam@dl case of the modal
integration: one in the urban public transport systethenBudapest area and another in
an integrated transport policy level.

2. The rise and fall of the idea of modernity

From 1928 on theCIAM (Congres Internationaux d’Architecture Mode)neas
operating through three decades, with architecture congresganised about three-
annual. The group declared the adjectiedern also in its name, and the Athens
Charter that was formulated in 1933 on the fourth congrefiseafIAM summarises
very well the essence of that schddubinszky 1978 The starting point of the thinking
was the solution of the housing problem, especiallyrthss housing building achieving
to the construction of the housing estate (=industrialisess+peoduction of uniformed
flat-boxes). From here the next step was adjusting tiyet@ithe philosophy of the
mass-production. The invention was the functional dailiyiding the towns to big,
functionally homogeneous quarters as dwelling zone, indugtiied, business district,
recreation area — and naturally to intensive transped #rat is able to connect the
separated zones. Behind this idea the basic principles thereefficient mass-
production, the economy of scale, the rationality, sia@dardisation/uniformisation and
the planning.

Our first thought could be that in the transport serviteg background is very
advantageous for the development of the public transpoasedbon the concentrated
passenger flows between the quarters. Still, the domireargport characteristic of the
period is the rise of the road traffic, where the usthefsmall uniform boxes spreads
over. The planners begin to create the possibilitieshef industrialised and mass
transport for these units. The main task is to make rimonthe cars in the city: it is
necessary to remove everything that would hamper th@meotithe cars, at least on the
surface. Such barriers are the trams, even more the rg¢@pshe road crossings, the
trees, the pedestrians etc. Sometimes it is necessagcupy a part of the sidewalk,
sometimes to push it under the houses (arcades). The Igeetray was, that “there is
not enough room, we need more for the cars”.

Looking back from our days perhaps such summary of thosetiastiseems a bit
caricature-like, still it is important to flash on the poslustrial, post-modern turn that
rose up just on the denial of the principles enumeratedsab

It is not the circumstances, the society, the urdanthe environment that we should
adjust to our planned systems but vice-versa: we shoul®e@gstems that are able to
respect the existing patterns, activities, the life. éadtof the keywords used like
effective, uniform, homogeneous, optimal, calculatesl new ones areo-operative,
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partner, integrated, adjusted, adaptive, networletd. The latter features can make
possible the adaptation to the existing or changing conditieven to those not
calculable in advance.

It is that context where we can interpret the new unbelicy documents like the
Leipzig Charter (2007). Its main principle is the integrated apgpro#tne mixed use
instead of a spatially homogenised one. Multifunctionahit@urhood units instead of
a macro-level functional divide of the urban space;listoans within the big cities,
mixed zones, everyday target-points should be accessed Eingvatity of small
distances etc.

One of the lessons of the transport planning now is te lgick a part of the public
space to the different slow movements attaching to haidewralks-local activities,
that is to walking, staying non-motored moving. As 18gros (2000) explained it, the
coherent urban texture must have strong links in smale sghile weak links in big
scale. If we don’'t keep ourselves to that rule, we may d¢et the roads from its urban
context and force those living in the houses to turn badke street and also to their
environment by that.

3. Marked periods of the transport: the technological dominaces

Until the middle of the 19 century the rivers and channels were the main axeseof t
inland transport. The alternative was the carts pulled bseBor other animals (beasts
of burden).
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Figure 1. The length of different transport infrastructures inWinded States between
1800 and 1980

! Source: Nakicenovic 1988
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Based on the statistics of the United Stafggure 1.presents how the rail or the paved
road (and the automobile) appeared as a new technical inveotiering a possibility
to take over the tasks from the previous actor, ewesptead the transport provision to
larger and larger areas.

The pre-industrial period can be characterised by therootish of the canals. The
goods are transported on water, the ships are made of woegeh dsi the wind (wind—
wood—water period). The industrial revolution brings the damce of the rail (coal—
steel—rail), while the times of modernisation is apanied by the glory of the car (oil-
bitumen—motorway). What composition can come next?

In the history of the past two centuries of transpoerehwvas always a dominant
transport mode (changing from time to time) and an infreistre based the given mode
and determining the possibilities of the transport.Flgure 2. the different curves
present the proportion of the built length of a singleleneelative to all the other modes
existing at the given moment. The period following the y&8B5 shows the
hypothetical expectations of the author of the figure.
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Figure 2. Transport infrastructures in the United States betvi@&&0 and 2050 — first
substituting the previous one and gradually taking over the placedsmin othet

Whether we have to accept the presumption of Nakicernandsented in Figure 2.,
namely that we have to wait for a new dominant trannspade able to take over the
service from the previous one? Really that would bduhge, just looking on how the
systems developed earlier extinct to give their placen@maand better solution?

Instead of the relative proportions of the different tpansinfrastructures, Ausubel et
al (1998) present the trend of the growth rate of the geansport networks (see the
right upper corner oFigure 3. This could be considered as the derivative of Figure 1

2 Source: Nakicenovic 1988
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(if it weren’'t a schematic diagram) the tangent showhng measure of the rising in

Figure 1 appears as y value in Figure 3. This latter figse presents that those
transport modes (new technologies) starting later are ajgwugl for a longer time and

still their relative dominance to the other modes ire@sing. It is worthy to note that
the figure is not only schematic but also ignores togmtethat the growth rate can also
be negative (we could see in Figure 1 that the lengttiseofanals and rails both begin
to decrease at a given phase.)

Based on the figure of Ausubel et al, we made slight madiidics onFigure 3 (main
diagrams). Instead of the growth rate, let us considerdthgrams rather to the
proportion of the investments into the given network {at tve could give sense to its
non-negative value range). We completed this approach tgpathesis that the
investment to the older (outmoded’) transport modes is ecéssarily closes its cycle
to zero, but the developments can be stabilised at,sstdlinot zero level. This means,
that we could recognise a transport segment that camgertd be supplied best by the
given mode and in that segment this mode keeps on developing.
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Figure 3. Supposed co-operation of the transport modes in thegzttury

We expect an evolution of the mixed use of the differenspar modes by the ¥1

century, where all modes can serve a specific segmetitei supply of the total

transport needs, without any of them getting excessive dagemaver the others. This
approach fits very much into a post-modern paradigmrenhés a general rule that the
elements of the accumulated heritage can be coupled witinnevative solutions; and
where the new technologies also have to serve théjpitgshat the different segments
could be associated to a well-operating whole. In our casahe task of the transport

% Source: Rodrigue J-P. 1998-2010 (right upper corner) refgtoi Ausubel et al 1998
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policy to promote and assure the co-operation of tHerdiit transport modes into an
integrated and co-modal transport system.

4. A practical case: local and commuter train system in Budagst and the
conurbation area

The spatial service of the different sites of the aityl the conurbation area by public
transport is an important and difficult challenge. As fa& Budapest area, there was a
significant development, rather a paradigm-change in the suppdhis task with
networks in the recent years — at least at the plgnliewvel. We can well monitor this
change by comparing the earlier (2001) and newer (2008) versibe @fevelopment
Plan for the Transport System of Budap@&®RFT): more exactly the planBKRFT
2001 S-Bahn2007andBKRFT 2008

Important historical background was the transformed publisp@n system of the
1970s, with the completion of the east-west and nortthsauderground lines
supplying the inner third core of the Great-Budapest areaeTlmes were built with
many and dense stations aiming at a direct service todteas crossed, while the
surface public transport system was converted (disintegratemdrdaed) at the same
time to formulate short lines, direct feeding the undrrgd stations and ceasing those
lines parallel with the underground.

The BKRFT 2001development plan was formulated during the nineties aftimnded
consultations. As for its philosophy for the publicnsport, there was a sacred and
central element of it: the Metro 4 — the relating plarere ready and basically followed
the earlier planning pattern: a line crossing the genire of the city, with end-points at
the border of the inner core of the city and also widmynshort-distance stations.

TheBKRFT 2001plan formed big intermodal hubs at the end-points ofrteo lines,
holding up at the same place also the commuter trainginglby that to force all
passengers to change. Such operation of the change poirgd tdopiprinciple of the
freight distributing hubs (and also the operation of theadiyeexisting metro end-
points) with technocratic rigidness. Just because of #nlele adverse experience,
specific attention has been paid on the developmenedbiuthe the changing points, to
promote the comfort of the transferring passengers. Thitiamnaturally approved,
the fluent operation of the intersections is importané pitoblem was that this intention
totally overshadowed the fact that a high proportionhef ¢hanges could have been
avoided — they were created by the planners when theytheiil plans around the idea
of the development of the big inter-modal hubs, endpointiseoarriving lines. For the
passenger the comfort is not the possibility that sdmechose among 22 directions at a
huge omnipotent junction, but rather the journey that need¢haoges or less and
simple changes.

Today it is already easy to describe the new pringjpdéd it is not necessary to
invent the base of the up-to-date move of the passeirg@sdapest either. In 2007
practically the same planner group elaborated it for tmenauter train system of the
capital (S-Bahn 2007).
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varoskomyék

Utemezés

Eldvarosi forditddllomas 1. Otem IL Otem l. Otem
(ritxabb kozlekedés, csak elovarosi funkciok)
2007-2013 20132020 2021-2028

Az ,8-bahn” kozlekedés halozati jellege

Figure 4. Scheme of a rail network that is passing nearbyityeentre offering many
connections. (The final plan in the last phase connects head-staitbrsinnel
differing from the original schenfe)

The essence is to work out a common transport systethdaonurbation zone, for the
outer districts of the capital and for the inner cor¢hef capital, that is abandoning the
earlier obligate and sharp separation of the ‘out’ and ‘in" and #le accentuated
technical separation of those braking line in the tramgpagure 4). The commuter
train is not something to turn back and keep far away fharcity any more, but the
backbone of the passenger transport to be continued intyheait of a system that
serves both conurbation and urban main traffic hubs.

With that S-Bahn plan the theoretic base of a two-lpuélic transport for the capital
and its conurbation was born. One level is the backlm@teork covering both the
urban area and the conurbation with long overlapping lioffering to all zones of the
area an easy accessibility from each other with ¢daanging. The other level is the
traditional public transport with dense stops, offering a nfiaee covering within and
between the single zones.

The newBKRFT 2008prepared in the next year already contained the S-Batuept,
but it remained a separated technological segment (‘raitirwthe plan, instead of
adapting the new principles to the whole plan. Ther@iplan yet for the whole rapid-
transit level of the public transport of the area, intenexting the zones, where beside
the rail also the elements of other modes — locaih,traetro, rapid-tram, rapid-bus —
that could serve the same level would appear in a singlensySimilarly, there is no
general concept in the plan yet for the link of this lewethe traditional level of the
transport. While the territorial integration (urban andreunding area) is already
represented, the modal integration stuck in an outmodedrofd

In spite of all these shortcomings, it is important dterthat the fundaments of a new
networking principle have been born in the recentgie@are should be taken to make
the principles more conscious and known, promoting tharagct could be prepared
based on the old, contradicting views. Instead a nevsgoah development plan for

4 S-Bahn 2007 http://www.fomterv.hu/hun/sbahn/koncepeiszefoglalo.pdf
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Budapest and the conurbation area should transform thidenel transport network to
the fundament of the future transport of the area.

5. Another future case: outlines of a new integrated Hugarian transport
policy

It is a relative new decision that the Hungarian governtoegins the preparation work

of an integrated transport strategy (=covering all transpbrsectors in one strategy).

Naturally it is not the first attempt to develop sucktmategy, actually at least three
documents exist and valid to cover that area.

The oldest in the row among the still valid strategiegkesHungarian Transport Policy
(JA] Magyar kozlekedéspolitika 2003-2015. [2004]) approved by théapaght in 2004,
and never was declared, that its 2015 horizon would be shorfEnect were also no
modifications approved by the parliament relating to doisument. The policy covered
all modes, but this statement could have been more aatlifethte separated Motorway
Act hadn't been approved by the parliament just three mbefiose the transport policy.

Shortly later a new development pladMFT 2007 and sector-specific operative
programs were prepared, covering all those projects dahatsupported from EU
development funds. One of those was the transport opepatigeam for the EU 2007-
2013 planning periodkzOP 2007. This program was based on an integrated approach,
as the main priority blocks are (1) the external accesgilif the country and its
regions, (2) the accessibility within and between tlygores, (3) the intermodal freight
hubs and (4) the public transport hubs — cities and conanbadiowever, the selection
of the projects didn't follow too strictly this structutbe priorities were rather filled up
from the old sub-sector projects.

The operative program had to be also approved by the EU Coimmissd as a
condition for that the Commission assessed the prémaraf a single transport
development strategy to show that the projects in the iDge@ogram all fit to a wider
transport strategy of the country. These strategy docsmesre very quickly prepared
first as single (all-transport) green, later white papéKFS Zold 2007 (EKFS Fehér
2007 and finally also a sector program was issUgiFS Agazati 2003. The integrated
strategy was built up on four pillars: passenger transpeighfr transport, transport
infrastructure, and horizontal issues like safety or tumsths. Somehow, the
consequences of the strategy brought no new inventionprbuéd the choice of the
earlier projects in the operative program as they aksady accepted.

In 2011 a new general development strategy was approved by theridanga
parliament (Uj Széchenyi Terv 2011) with a transport chapteit,ideclaring to
overwrite the 2007 development strategyMET 2007 but not really its part, the
transport operative program that is valid until 2013 (with {tm&me modifications).

That is the moment, when the preparation of a newmdlt integrated transport
policy has been decided. As not more than verbal piesams were until now seen
from this future document, the short comment below is miwg to possible dangers
rather than criticism based on facts.
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As we could see, the earlier integrated strategies fetloaifferent starting logics, all
of them can prove to be a good structure. On the othed hasecond and common
feature was of all the earlier documents, that the giyabeilt up carefully wasn't
consequently followed by subordinated second-third level goals dbald have
designate those tasks and programs that are suitahbhigse the general objectives.
Instead it was always considered evidence that thecgsajeecided beforehand in the
different sub-sectors are just the best in the contekteafi¢w strategy too.

Now, the first signals show that those preparing the steategy, announce a kind of
‘bottom-up’ principle, that really sounds very democratic/uakng, if the bricks at the
bottom are not people or their organisations but sulmissttitegies. The decision that
the integrated transport strategy should posteriorly balgntietween separately
elaborated sub-sector strategies seems to be the daistanding of the task of an
integrated transport strategy. It is even worse thatdifferent sub-sectors are very
differently supplied by their own strategies, the preparatighefailways strategy has
slowed down, perhaps stopped while the development plan fondgteeways and main
roads has just been finished and the transport authorégdatto pin down it by a
parliament order creating a fait accompli situationtti@r integrated strategy.

To avoid any misinterpretation of the preparation @sscof an integrated strategy,
hereFigure 5displays an empty frame just to demonstrate how thergkobjectives
can gradually be enforced in the sub-sector strategiesitierative process.

The small boxes can represent modes (inland waterwalstoad, aviation, local
transport) while the longer boxes show that during the peottee integrated analysis of
the achieved results and the integrated elaboration ohéke activities is necessary
several times.

——

Figure 5. The suggested iterative set-up of the integratedaosnstrategy
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The first block is integrated and can set general envirntahesocial, macro-economic
objectives the transport sector has to serve. Frombtesst also a commonly decided
instruction can define the common structure of theyaigbf the starting positions and
the situation. The evaluation of the starting status isnamaommon block with the
preparation of a problem-map and pointing at the causing anechs. By that way
step-by-step the process can form the general transgist tgahelp to achieve the first
level social objectives, then the programs to achikigegoals etc. What is important,
the sub-sectors can't inject directly prefabricatedgats into the last (right) boxes but
they have to lead their targets through the whole prpeessadjust the projects to the
proven goals, not vice-versa.

Conclusions

The article gives a general introduction to the integratieomd co-operations trying to
avoid a simplified view as if establishing co-operati@wzen the different transport
modes could be based on the willingness of existing (rigi)sport systems to
understand each other. The presentation of the modern ancbmitradicting (post-
modern) values and key-words first of all want to show tha biggest revolution
occurred in our use of the space (urban space or land) togeétheyur relation to the
city and to the public space in our living area. The dagrmknts, also the transport
developments have to serve, follow and promote this ghesatge.

The co-operation between the transport modes is a staalent in that whole frame,
and the viewpoints towards that have to be filtered throtige all-transport
considerations: the integrated transport system transh@tsocial expectations. The
integrated transport system unifies several differengiateons: one part of them is
external: as the integration between the transport andttie® economic sectors, or
between the transport and the dispersed users of thedran& second block is the
internal integration within the transport system asgpatial integration (local / trunk)
and the modal integration.

The preparation of the transport strategies and the tgotivithe transport planning
both have to be placed within that wider frame, to undweistae more general social
and economic macro-level objectives that the transgstés has to serve.
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Abstract:  The article focuses on the reasons behind the ret@nwide implementation
of the European reference data model for public transpoANBRIODEL
and the service interface for real time information, SIRIungéry. It analyses
the operational and institutional background, presents ailiedluction and
their role in public transport management with application mgkes,
particularly the liaison between TRANSMODEL and the locatidentifi-
cation and coding rules of ELEKTRA Hungaria, the natichgd card system.
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1. Introduction

The New Széchenyi Planidentifies the development of transport as an outbreaking
direction and within it “the reorganisation of publicrisport system, the modernisation
of its structure and financing” is a stressed horizordailig. [1.] Thekey to the
successful implementatiorof these measurés the development of coherent public
transport systems and databasesbuilt with unified terms, logic and content in the
bottom line of mind. The preparatory works and the sugierv of the development are
the duties of the Ministry.

Understanding the importance of the standards and reasons Hegimdpplication
the use of these standards is a definite requirement in tg®rRRé Operational
Programmes. [2.]

In the early stage of their implementatiannumber of questions were raisedn
connection with the standards forming some concertiseoAdequacy and use. Behind
the question a number of reasons can be identified ambiatp whe following should
be listed:

» the implementation of the standards is a tool and moiag thus the call writers
did not devote too much explanation to the exploitation of tkeerdadels;

» the applicants understood the implementation of the atdadhs a challenge in
informatics however the real goal was to support traffamagement processes;

249



Acta Technica Jaurinensis Vol. 4. No. 2. 2011

« for a long time the national traffic management and plansiygiem were
common in refusing the spatial representation and rioglelf the network in
spite of the fact that the know-how was availableesii@80’ies also in Hungary;

» the translation and the transposition of the standards did ppethan the past,
since the demand for that became clear just during the reqaatriemtation works.

The goal of this article is not to give an in-depth intraiuncof the standards, which
wouldn’t make sense in such extent anyway, but stressagdy role of standards in
traffic management, operational planning, passenger infmmaticket selling and
network planning.

Definitions of database

Before going in details it is important to clarify some uniderstandings and
misconceptions — that do exist according to the presentiggadhe easiest way of
doing this is to give exact definitions.

Thedefinitions of the following terms are necessary

» Data: Refers to factual figures with definition and unit tha® aneasured or
recorded during the operation of public transport.

» Jumble of data: The electronic storage place of data, typically arrange int
datatables.

» Database Data of a common nature and collected in a common logystem.

» Relational database:The structured, logically managed and connected storage
architecture of data, of which information (knowledgelh de derived.

* Geodatabase:A database in which the data have spatial referendetlam
geographic and describing attributes and their logical atimms — including
spatial ones (like adjacency) — are recorded together andyethnammonly. Its
key benefit is the redundancy free data storage.

» Data model: The relational and interpretation system that dsfitiee logical
description of the database, containing constructi@ndloperational elements.

Giving a practical example the departure time of a given public transport service is
a datum (transferring to the passengers is information)d#tasheet containing all
departures of a day is a jumble of data (the timetablelagieal term!); in a relation
database this data sheet is a table interpreted in aatmmsystem; in a geodatabase
these departures have spatial references (can be pesmmta map and spatially
analysed). In most cases the mixture of the above tertypical; e.g. the collection of
Excel data sheets is called database. A similar mistateesay geodatabase when we
have only a table in the database containing the stopgioates or even the vertex
coordinates and we can have a plot of the services.

It is important to emphasise thatata model does exist in any database
independently from its direct presentation during softwaaarphg and from having a
conscious design with users.

The data connection model called data block diagram carrivediérom an existing
database as well (reverse engineering).
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The base of the state-of-the-art software design is the establishrherfi a data
model, in which the logical model, the data connections atereal references of the
stored data as well as the operational rules are definedorbidden to mix these later
ones with the physical database operations like ioset¢lete.

The present practice says that in spite of the facttlieatransport and its connected
processes (like trip or journey) and events (like departure) eaeilyr connected to
spatial description and movements the geodatabas¢hamsystems that can handle
spatial connections and operations are quite raréthey are preliminary at planning
institutions). This poor availability of spatial managemeaused and still causes clear
decrease in service efficiency and quality (it is endiogimention the poor handling of
changing — if the name of the stops are different the sgstesmally do not recognise
the possible changes).

Interpreting the abovementioned definitiotise standards that were put as
requirement in the calls of the regional operational programsis not more just the
clear definition and demand on the common terminology and data motle
Additionally it takes the duty and costof one of the most important design phases
which require the broadest knowledge in transport operatitimerefore causing the
most troubles handling it as a simple software definitiask. This is extremely
important since it not just a financial tool for softwale/elopment bua chance for a
quality upgrades. the recent traffic operation and management can be segpweith
spatial domains — since typically the ground vehiclds b equipped with GIS; this
inevitably leads to new data models at those comp#mésad lack of spatial database.
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Figure 1: Sketch of business and passenger information sy&emnks [4.])
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Additionally, it should be mention thahese systems will serve a number of other
applications directly connected to public transport operation (e.g. ettiglesystem,
see Figure 1) — thus their requirements should be incorporated data model, which
— regarding the fact that the companies have very lingixperience in these fields —
practically would mean an infeasible task for softwaigirezers!

2. The role of public transport network representation

It is crucial to consider the following integrated aspettsamsport network database
building in connection with public transport:

» planning of the public transport network; calculation of the passenger demand
loads, the optimization of the alignment of the linethwle impact assessment,

» service planning timetable and service calendar planning, making of the c
and vehicle scheduling,

e assisting traffic control; assisting operation tasks by involving spatial
information and spatial connections, efficient handbh@cidents,

» developing passenger information systenprovision of timetable based route
guidance calculated with the real availability of serviftx several kinds of end-
user devices (e.g. internet, mobile equipments),

» application of electronic chipcards the positioning of the different network
elements and equipments (e.g. validators); the descripfitimetable supply
according to intended travel relations of passengershfrloading onto the
cards,

» recording and presentation of performancesfor the periodic recording of the
passenger-, deployment-, vehicle and staff performabessed on network
points and lengths and for the reporting on area/linecheesults.

An information system built with these consideratiansmind could assist the
complex planning and decision making processes of public transpoganies. For
these tasks the only common solution is to buigadatabase

The transport operation processes that can capitalizgeographic information
systems are pretty wide (see FiguyeThe common feature of these processes is that
without using localisation we could get only partial information from them,
therefore the user should — usually in mind with verb&hbular information — combine
them. In the latter case there are trivial probleings enough to mention the liaison
between service planning and demand in strategic planningoassg¢nger information
the bundling of the route and validity (e.g.: the route couldifferent on weekdays
and weekend days).

The service dataof the operators in a database systmm® collected in clearly
defined logical association groupgcategories) of which the following ones are the
most crucial:

» identification of line/service patterns/runs;
» defining of routes, stops, route sections and internalipms;t
» the schedule and vehicle type of valid and planned runs.
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In brief we can state th#te fundamental requirement of a geographic information
systemis to represent the conceptual range of the operatorand be capable to join
the data with their validity, including versioning anaddatabase rules.
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Figure 2: Transport operation processes that can capitalize on geogragbimation
systems (Berki)

3. Standards and business processes

The launching procedure and existence of standards is\reot or art's sake but they
are the keys for successful implementation of the busipegesses. This fact is further
supported by the rapid development of info-communication téobies, since without
standards and interfaces these systems never coutkée. |

This is true for public transport operation as well. A geoémple is from the
European Bus System of the Future (EBSF) research programmmeng recently
(2008-2012, 47 partners, 26milli6 EUR budget — Budapest Transport @@ isf the
partners). One of the most stressed ideas is“[Brie key innovation developed in the
project is the concept of integrative approach on information tdogmes and
telematics. EBSF is developing IP communication architecture onethiele side as
well as standard interface (like SIRI and data model like Transmodéhe back back-
office side for European buses in 2015. Integration is THE kpgcasvhile speaking
about «system» in EBSF.”
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Thefollowing EU level standardsand directivesdo exist related to public transport
data management and data interchange:

» TRANSMODEL - the Reference Data Model for Public Transport; inniyd
the database schema for network description, versionimdicle-driver
scheduling and rostering, personnel disposition, operationsitoring and
control, passenger information, fare collection arehagement [6.];

* SIRI — Service Interface for Real Time Information; an Xiditotocol to allow
distributed computers to exchange real-time information apohblic transport
services and vehicles [7.].

TRANSMODEL is a database data model whishdue to be implemented within
the Enterprise Resource Planning Systerof an operatowhile SIRI is supporting
the connectionof distributed systems.

The national implementation of these standards has been started. A&srly as
2006 a study dedicated to the passenger information systéBudafpest Transport
Association (BTA) of TRANSMAN and CDATA has stressed tild the database by
applying the TRANSMODEL standard.[8.] Later CDATA-Térképhirilt a database
for testing purposes for BTA by implementing TRANSMODEL stad@achapters
dealing with network description [9.], and an other one dssisting the national
transport count and survey program in 2007-2008. [10.][11.].

4. Network description — The key element

The central element of such databases is the networkipdest Its fundamentals have
been developed in the 80’ies with multi-modal approach mdm®ne of the pioneers
was Dr. habil Janos Monigl who summarised these issuehis study about
TRANSURS (Transport planning in urban areas) model sygfit].

The harmony between the two aspects is evident wherongare the network
schema of the two systems:
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Figure 3: The transport network description (TRANSMODEL and TRANSURS)
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Anyway, this is the fundamental structure of the TRAMRSUtransport planning
software (developed by TRANSMAN) and also PTV VISUM used byANBMAN
and FOMTERV.

Thanks to this similarity there was no need to transform the databaswhen we
shared a modelling database between these softwale #®6V VISUM is such
complex that it can work as a transport database sefeecity (e.g. London [13.]).

However, TRANSMODEL is only a reference data model. Addinthis a number of
coordination actions are needed. Like the preparation of enahkidentification system
and location code tables is the duty of the central goverrfier example in the UK the
National Public Transport Gazetteer (NPTG) provides a tapbgc database of towns and
settlements [14.] and the National Public Transport Acbexte (NaPTAN ) is a UK
nationwide system for uniquely identifying all the pointswwéess to public transport [15.].

A similar work has been undertaken also in Hungary in adgiore with the
development of the national chipcard system caleBEKTRA Hungaria which was
coordinated by TRANSMAN and led by Dr. habil Janos Moifidl.]. In that project
the author prepared the network database and the netase# balculations [17.].

The objective of the underlying work was to provide a unifietivork and timetable
description system which could be filled up directly byaatomated manner using the
existing databases of recent transport operators and could stiygpreparatory works
of transport associations in planning phase and the aperhtiasks in a latter phase
covering tasks from timetable planning to revenue sharintnisnvorkflow therole of
the spatial databaseis to support the network description by providing a framkwor
for presenting, querying and spatial analyses (like neighbowrg system creation)
of the services and support to make a mathematic gratple efansport system suitable
for path searching and network calculation (like assignmeriff talculation). It
provides a unique possibility to involve other, non-tranisgata sources — primarily
demand related ones: population, motorisation, etc.

Table 1: The identification and code system of ELEKTRA Hungarié [1

Nr. | ELEKTRA Data file File Size of ID
name

1. | ELEKTRA issuer identifyer ISSU| 1 byte

2. | ELEKTRA operator identifyer OPER | 2 byte

3. | ELEKTRA card identifyer CARD 1+4 byte

4. | Card delivery office identifyey OFFI| 2+1+2 byte

5. | Reload device identifyer RELD 2+3 byte

6. | Validator identifyer VALD| 2+1+3 byte

7. | Controll device identifyer CTRLU 2+2 byte

8. | Display device identifyer DPLY 2+2 byte

9 Computer identifyer COMP2+1+2 byte

10. | ELEKTRA location identifyeff LOCI| 2 byte

11. | ELEKTRA service identifyer| SERVY 3 byte

12 | ELEKTRA travel identifyer TRAV| 4 byte
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The fulfilment of the presented list of requirementsrse¢o be pretty demanding but
with the use of geographic information system toolsdgige easy and straightforward.

It should be stressed that tkey to the successful implementation is to have a
central auditing body to beware of the misinterpretation of the standaftss task
was dedicated by the Ministry to théOLAN Egyesiilés (VOLAN Professional
Association) Its special mission is to keep and strengthen thereohdatabase of the
national road public transport companies. [17.]
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Abstract:  Transport costing is a relatively seldom adeedopic of the researches
and the literature. At the same time, its traditiomathods are not always
sufficient to determine the real costs of services andupport the
evaluation of cost effectiveness. Thus the methodologgd# to be
developed significantly. This paper aims at working out a regpstiodel
which is able to enhance the reliability of transpadtacalculations. The
elaboration of the model makes advantages of the ralesedrch results
published in the literature. On the other hand, it wseswew approach:
connects cost allocations to the logic of technolmggesses. The model is
verified through an illustration of a simple example.

Keywords: transport costs, transport performances, calculation

1. Introduction

The widely used costing regimes of the companies operatifg itrdnsport sector are
often not suitable enough to support decision making oac@igpallocations, pricing or
business/technology process reengineering. These dalnugystems rely namely on
traditional accounting principles which use arbitrapproaches when allocating costs
to the elementary components of transport services

The main methodological problems of current transport castagement practices
can be summarised as follows:

high level of aggregation of prime cost and profitabilitypmnfiation;

cost drivers are not identified,;

widespread use of simplified average values instead ofetbtzalculations;
performance flows and cause-effect relationships in altmtations are ignored

[3].

These methodological problems lead to inaccurate infaaman the cost and profit
of transport services which may result in inefficierdauwrce allocations. Furthermore,
the bottlenecks or the weak points in the technologggs® chain remain undiscovered
which contributes to the loss-making operation of cettaimsport companies.
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Some methodological innovations aiming to improve the g@toes of transport
costing can be found in the literature. The most fruitiskearch was carried out in the
field of road haulage where a comprehensive activityebassting model was set up
and used for allocating overhead costs [1]. Other resultseoorogistics (rather than
transport). The main tool here is activity-based ogsas well. The researchers give
guidance on how to apply this method in logistics [4, 6] andsimiloution systems [9],
or how to enhance the efficiency of logistics systems aking cost calculations more
reliable [8]. Another finding is that activity-based ¢ogtcan be extended even to the
entire supply chain [7].

The results of relevant researches provide a soundfbasiee introduction of a new
transport costing model. Nevertheless, additional methoaalbgonsiderations shall be
explored to generalise the outcomes of the rather specfigwaches. So the aim of
this study is to set up a general model framework suppotltingdevelopment of
transport costing. A higher level of exactness is targeyecbnnecting cost allocations
to the logic of technology processes measured through pericarilows or indicators.
The basic mathematical formulas of the calculatilgoréithm are also determined. To
show the applicability of the model and the formulasnapk example calculation is
conducted.

2. Principles of the calculation model

Figure 1. illustrates the model proposed for transport castulation based on
technology processes (represented by performance flowshdist® of the following
elements:

» cost objects: second level intern services (L...m); first level intern services
(j = 1...n); productive cost object& € 1..p);

» profit objects (= 1...q);

» performance flows: second level intern services — lingl intern servicesij;
second level intern services — productive cost objakds first level intern
services — productive cost objecik){ productive cost objects — profit objects

(Kl).

Cost objects are various organisation units or pieces wipmegnt in the transport
company. They consume resources and produce performeépaee of them are
responsible for providing background services, while ghaductive cost objects are
involved in the production of the transport tasks. Theuess which can not be
allocated to the profit objects directly are assignedhe cost objects. The costs of
consuming these resources represent the indirect aodte transport company.

Profit objects are the transport tasks produced by the cgmjphry create revenues
while consume resources and performances. Resources edriche allocated to the
transport tasks directly cause the direct transport cbetsindirect transport costs are
allocated to the profit objects from the cost objetiough a cause effect based
calculation. This calculation is governed by the performaretations (or flows)
determined in the framework model.
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Figure 1. The basic framework of the transport costing model
The entities in the model are arranged into the followistg dtructure:

» second level intern service cost objects: cost, perfocean

» first level intern service cost objects: primary cssondary cost, performance;
» productive cost objects: primary cost; secondary costipeahce;

» profit objects: direct cost, indirect cost, revenue.

The secondary costs of cost objects and the indirect obsirofit objects are subject
to special calculations: these performance based atitos along the logic of
technology processes. The rest of the data shall be medable by the accounting
system (however, some transformations may be needed$erdl).

Note that the structure of the model shall be adapteldetspecific features of the
company examined. It means that less or more levelsosif objects can also be
introduced depending on the complexity of transport technolpggcesses.
Furthermore, the interactions between the cost objactide even more complex as in
the reference model.

If using the basic framework for transport costing (asstitated in Figure 1.) the main
calculation formula can be obtained as shown in equgtign— for the detailed
methodology of deducting the calculation scheme see [2].
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where:

C,, : total cost of profit objedt

C,, : direct cost of profit objedt
|

Cpcopk . primary cost of productive cost objdct

P, : total performance of productive cost objkct
P, : performance flow between productive cost obleand profit object

CﬂiSCOpj : primary cost of first level intern service cost object

PJ- : total performance of first level intern service aalsject]

ij : performance flow between first level intern sengost objeci and productive
cost objeck

CSIiSCq : total cost of second level intern service cost object

P : total performance of second level intern service abgecti

P,: performance flow between second level intern servicé obgect i and
productive cost objedt

Pij : performance flow between second level intern sewast objeci and first level
intern service cost objeft

Note that the general formula shall be adjusted to ¢heahcalculation framework —
representing the technology processes — applied to thpatginvestigated. If the
technology structure of the company is less or mongpticated the initial formula may
also be changed in a flexible way.

It is possible to make formula (1) less difficult when usingiquerance intensities
(formulas (3), (4), (5), (6)) instead of performance indicatosge- equation (2). The
measurement of performance indicators can be ignored Mteeedistribution of
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performance consumptions between the entities — mehgupercentage — is only to be
elaborated.

n m

p
|
|

P P
Coq Cpodl : Cpcopk Py : Cﬂiscopj Pi P : : Ciscq Pi Pu
k1 k1)1 k111
P n m (2)
: : : Csliscq pij pjk pkl
K1) 1i 1

The performance intensities between productive cost tobjaied profit object, first
level intern service cost objegtand productive cost obje#t second level intern
service cost objedtand productive cost objekt and second level intern service cost
objecti and first level intern service cost objgcespectively are the following:

P

Pu Fl: (3)
Py

Pi P_JJ 4)
R

Pi F:( %)
P.

Pj — (6)
R

If revenue data can be collected for profit objects margecome also calculable by
applying formula (7).

Mpq ch Cpq (7)
where:

M pq 1 Margin of profit object

ch : revenue of profit objedt

3. Practical use of the calculation model

Figure 2. represents an example of the transport costingwirark model. It aims to

illustrate how the model can be operated in the realdwThat is why the applicable
technology performance indicators have also been addérb tentities. The example
model has been applied for public transport services ac#melpe regarded as complex
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systems operating with a significant share of indirestsc The results can contribute to
improve the related assignment models too [5].
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Figure 2. Example costing framework for a company operating bus egrvic

Let us look at a pilot calculation for bus service #1 by apglyormula (2). The first
task is to identify the technology processes controlting cause-effect based cost
allocation. According to the framework model (Figure 2.) $ervice #1 is produced by
three productive cost objects: drivers, vehicle type #1 amd.s@hey contribute to the
realisation of the profit object by providing performanoesasured by the indicators of
working time, vehicle km and transaction. The cost objettrivers and vehicle type
#1 are controlled through dispositions of the operativencanding unit. Vehicle type
#1 is served by the vehicle maintenance unit too. Here togeréimes shall be
measured for cost allocations. The performances of IT amhgement cost objects are
measured by data volumes and the number of orders respeclihey serve each of
the cost objects of sales, operative commanding andl@ehaintenance.

Based on the identified chain of relevant technology gs®es the concrete
calculation formula of bus service #1 can be summarisedidte Ta

The detailed calculation scheme makes it possible tondigte the real cost of an
elementary transport service in an exact way. Furtheymbe contribution of the
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various performance generators (organisational unitskferae, vehicles, etc.) to the
total cost can also be identified. Adding revenues todast the profitability or the cost
coverage of transport services become transparent too. nfbisation is useful for
setting prices or elaborating the necessary finanagbat granted by the state or the
local authorities.

Table 1. Cost calculation for bus service #1

(primary cost of drivers) x (working time {6 service #}

(primary cost of vehicle type #1) x (vehicle km,%service #h

(primary cost of sales) x (transaction,%service £

(primary cost of operative commanding) x (dispositiop,2@ x (working time %

service #}

(primary cost of operative commanding) x (dispositiog$ae wype #) * (vehicle km
%bus service #)

(primary cost of vehicle maintenance) x (operation timgr wpe #) X (vehicle km
%bus service #)

(total cost of IT) x (data flow %ed % (transaction %s service 1}

(total cost of management) x (ordeg,pQ x (transaction %us service #1

(total cost of IT) x (data oW Yeraiive commanaing™ (AISPOSItion %iverd x (WOrking
time Yus service 1)

(total cost of IT) x (data flow %nicie maintenande™ (OPEration time %hicie type #) X
(vehicle Km %y service 5

(total cost of management) x (ordel,%ative commandidg™ (diSPOSItion %ivers X
(working time %s service #)

(total cost of management) x (ordefefffre maintenande (OPETation time %enicie type #)
x (vehicle km %us service 8

ldi@ect cost of bus service #1

+ direct cost of bus service #1

= TOTAL COST of bus service #1

4. Conclusions

The elaborated framework model and its formulas enalbi®r@ exact calculation of
costs and margins of elementary transport servicegnftementation makes the cost
structure of transport companies or transport servicenshmore transparent. Another
result of the application is that the generators of tramgpehnology performances
become visible and their contribution to the costprofits can also be identified.
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The reliable information delivered by the new costing rhodehances the
effectiveness of decision making in transport companies. Nmless, the introduction
or practical realisation of the improved cost managemesters may require
considerable efforts: the accounting data shall be supplethdoy performance
indicators or at least their intensities. Performadega can be derived from the
evaluation and measurements of transport technology geses

The main methodological innovation of the model develageithe combination of
accounting/financial information with the data deseripthe technology operations in
transport systems. Thus this approach relies on the dssmind tools of management-
economics sciences as well as technology sciences.
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Abstract:  Different types of models have been in usédoades in order to describe
transportation networks. These models make it possiblgottray real
systems using qualitative and quantitative parametergftinerthey can be
examined. Conventional transportation simulation modetsdifficult to
use in the case of complex systems as well as norglysirestrictedly
containing data, which are necessary to describe tkeersy Urban
transportation systems are often complex with many diffetgms of
parameters and their relationships. In certain cabese systems can
easily be described by system dynamics tools. THisleintroduces a
cooperation of a system dynamics model and conventitiaalsport
planning system.

Keywords: Transport planning, System dynamics

1. Introduction

The increasing problem of modern times is the crowdedokEssansport networks.
Experts who deal with transportation have to give answensote and more difficult
question, which provide a compromise to the passengerstirs of the service and the
service provider. Besides the increasing fuel priceiitreasing mobility need requires
that travel need of public transport will be growing.

Transport planning assisting system usually use the conventmmastep model.
The planning work with this method. In the first two step determine the origin-
destination matrix and in the next two step (mode chogsigament) we assign each
elements of origin-destination matrix to the mode amdniwork. With this model we
can examine different ideas.

2. Why we need models

In an engineering environment models are often made im tvdtter understand the
real world and real life. With the help of these modpteblems can be simplified and
the simplified models provide an opportunity for the examomatif these problems as
well as for the analysis of emerging ideas which can Hernabzed. One must strive
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not to lose any information, which may be importanéraegarding the system as a
whole and how it works, via the simplification.

The description of complex systems presupposes relationsttipd) are based on
each other, the portrayal and correct interpretatiowlath is important in order to
understand the system.

In the first step of the four-step model[4] the population gatémportant role. The
assessment of the population depends on many componefiseasting is difficult.
In transport planning software the effect the elements loaveeach other can be
described to a certain level but we need detailed a cbonesystem when run up
against a problem.

We can solve the problem with the use of different smféwused together. In this
case we can calculate first with a system dynamideatthe population and the change
of the population and after with this data we can use aldnansport planning software
so the base of the four-step model comes from amydy@amics model.

3. The structure of the system dynamics model

A system dynamics model describes the relationshipdestithe individual elements of
the system with the help of standard elements therefoie suitable to solve the
problem. Generally the verbal description of a systeamhe portrayed by a causal loop

diagram.
+ _
/ Traffic \
(R) +

Road Cons Traffic jam

N

Figure 2. Causal-loop diagram

For example, nowadays traffic jams are getting to be & greadlem. For a while a
solution could be to build new roads but in a short whiésé¢ roads also get congested.
The causal loop diagram of the previous example can bersEegure 1.

But in real life this is not so, since many basic ctods (land use, financial
situation) must be taken into consideration. A modesiprecise as the number of
basic conditions it is able to manage. Of course eveytliannot be taken into
consideration, it is the model maker’s task to deternmreegiven case which elements
and links are important that will decisively influence tinectionality of the model.
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The causal loop diagram can be two-directional, posétie negative. In the system
dynamics literature, positive loops are sometimesedallreinforcing loops” and
negative loops are sometimes called “balancing loop&mmteracting loops”.

Positive feedback processes destabilize systems andtbansdo “run away” from
their current position. Thus, they are responsible forgtioeth or decline of systems,
although they can occasionally work to stabilize them.

Negative feedback loops, on the other hand, describesgeling processes that
generate actions aimed at moving a system toward, or keapsygtem at, a desired
state. Generally speaking, negative feedback procesdskzst systems, although they
can occasionally destabilize them by causing them ttiaisci

Figure 3. Positive causal-loop diagram

For example, if a shock were to suddenly raise Varidbie Figure 2, Variable B
would fall (i.e., move in the opposite direction as Vddah), Variable C would fall
(i.e., move in the same direction as Variable B), Vaeidbwould rise (i.e., move in the
opposite direction as Variable C), and Variable A would nsmdurther (i.e., move in
the same direction as Variable D).

As soon as the link diagram is available, thus the fonatity of the model is
described, the real examination and analysis can be dansome software. The
software is not necessarily a system dynamics gdte as you will see later in the
article, in fact we are talking about solving equatiameen a spreadsheet software can
be used. Naturally the use of system dynamics softvaae several advantages
regarding their manageability.

The causal loop diagram must be transformed for furtherUseally a Stock-Flow
diagram is made, system dynamics models also portragnsysh this way.[2]

As it can be seen from its name, the diagram consfisteo main elements:

» Stock: this is a stock element in which we set thEmehts in the model
according to amount, quantity and value. Each and evenysgit may contain its
own individual characteristics.

* Flow: this is an element which affects flow. It regulates flow of moving the
content of stock elements from one to another takirmdohsideration the given
parameters.
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We can simply say that we record the starting amountsvahes in the stock
element, then the influence had on them will be givethbyflow regulating elements.
The process in Figure 1. can be portrayed by 2 stock aedaséow elements. One of
the stocks represent the number of roads, the other eepsesraffic. The flow
regulating elements carry out the conditions. For exanfgleere is a traffic-free road,
traffic may grow, if congestion has reached a certaial e new road must be built,
after which the result will be a traffic-free road and dycle continues.

With the help of the flow regulating elements, an opportursitynade to use the
values of time. The problem with these elements isttimionger the examined time
interval, the greater the uncertainty of the valudefalement.

today

forecast —>

Figure 4. Forecast or scenario[1]

We can talk about a forecast with some probabilityafavhile due to the nature of the
data, then it is only possible to create differentateons. As can be seen in Figure 3.,
the inaccuracy of the parameters lead to very differesuitse

The general conclusion that the reader should draw frasetigraphs is that real
systems often generate clearly identifiable time pagteand that system dynamic
models can be built to mimic the patterns.

What is necessary for the effective use of system dyes®mi

» a description of the problem

» the identification of important elements
» a causal-loop diagram

» a stock-flow diagram

» system dynamics software

* an analysis of the results
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4. Transport planning and system dynamics

Jay Forrester one of the creators of system dynadedmié extensively with the question
of urban transport modeling in his first work[3]. It is easysé® in Figure 4. that the
population is the one of the main factors in public trartsgde population are the
people who use the services. The aim of transport plgnisinthat the presented
connection system works well and the examination oféaetion to the changes. The
change in population is usually presented with function imspiart planning system. In
generation models there isn't any feedback so planning $eyeses ahead causes

problems.
Population \t

Travel demand / Number of passenger

Level of servic /
+

Figure 5. Simplified process of public transport

_|_

External resources

The data relating to the number of the population changes year to year depending
on several components. System dynamics model relaipgpulation can be seen in
Fig. 5.

Migrakion S

Migration & gration P

Immigrition S
Immigration P

Retiring on a Maortality
pension

Birth rate Mortality rate

Immigration &

Becoming adu

Figure 6. System dynamics model of population

The big advantage of the model is that the developed coomesystem can be
described with functions and can be built into generatiodel. Another possibility is
that the results of the system dynamics model arenpaitgeneration model and after
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assignment the results are the base of the next sydyaamics cycle. With the
cooperation of the two systems there is a possibilitgrag-term planning.

5. Conclusion

System dynamics can be successfully utilized in the ohgransport problems but it is
important under what circumstances it is applied. As we Baega, a basic model can
be expanded in many ways with the addition of further eitsn¢herefore the area of
utilization can be quite diverse. In my opinion thoughstay dynamics is rather a
macro tool in the field of transportation. Nowaday® @an observe representations
which are quite detailed. In the case of public transpartiets try to deal with each
and every passenger or every event separately. This, oectas its price: complex
and difficult to use models. In these cases, the cmfeaf suitable data is often a
problem. A good solution could be to have the usual sinoulagirocedures work
together with system dynamics. Using the model buithveystem dynamic tools,
examination of how the system works can be accomplisinedthe results of this
examination can be used in simulation models. The catigtnuof a system dynamics
model is relatively simpler, it can be used with less @dthough of course its results
are not as detailed as in the case of the usual sionufabdels.
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1. Introduction

Subsystems of public passenger transport system do not ne@udete each other but
they need to cooperate, to

» supply competitive alternative solution against privateusage to receive new
passengers who can choose both motorised modes of transport;

» furthermore persons without having car over waking distaratisfis their
movement needs.

Other words: using synergies from cooperation of publicseager transport
subsystems to be reached higher level system operttad they realize these two
objectives.

Integration can be on different level of the public transpgstem which is described
in this paper:

* service level

0 between different modes

0 between local and regional services
o tariff level
* information level

The realisation of above mentioned things can fulfil trartspolicy goal reserving
existing modal split or in some case increasing modélisdavour of public transport
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in passenger transport system in order to save astagesan environmentally, socially
and economically sustainable transport system for laildren.

Transport association is an organisation of reatisadf integrated public passenger
transport system. Transport association is a volurtaoperation of service providers
or competent authorities or both in order to harmonisallgurban) and regional
(suburban) transport tasks. Integration of public passengerparansystem is
introduced with realised or prepared solutions in frame oflapest Transport
Association alone inland example of creation of trartspssociation.

2. Short introduction of Budapest Transport Association

After one and half decades of preparation Budapest Transpartidssn (BKSZ) was
founded in 2005 by Ministry of Transport, Municipality of CapitatyBudapest and
Municipality of Pest county.

The 7,600 krh area of BKSZ consist of 193 settlements with 3.2 miltigizens in
the Budapest agglomeration.

The main objective of BKSZ is to harmonize and developiputansportation in
Budapest and the surrounding areas and to improve the ohdgese services.

On the area of BKSZ, integrated public transport servaes provided by the
Budapest local transport company (BKV), the Hungarian statsopalr transport
railway (MAV-START, subsidiary of Hungarian State Railway)Xdaseveral regional
bus companies (main regional bus operator: Volanbusz).

First measure of BKSZ was to introduce the Budapest GmdlPass, a season ticket
valid for all transport services within the boundaries oti#@oest. This monthly ticket
was launched in September 2005, to be followed by the year thnaergion on 1
January 2006. The price of the Budapest Combined Pass was 10 %thaghthat of
the regular local pass. The new season ticket typevatid on the services of all
aforementioned service providers in Budapest. Actuallg,lais a service extension for
local passengers and a fare reduction for commuters yotiiye had to buy regional
passes and tickets for shorter distances outside Budaphst ¢yt boundary). This of
course led to revenue losses for the regional operatatsganerated compensation
payment obligations for the competent authorities. ludgn2009, the Budapest Pass
was launched. It is actually the upgrading of local passenatch the coverage of the
Budapest Combined Pass. Now all local passes are vaéitl services inside Budapest.

In 2011 owners of Budapest Transport Associations organisitedeto liquidate of
existing company and organise the public passenger trarnisfegration in frame of
other companies and organisations in the future.
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3. Public transport service integration

3.1.Rail and road service integration

Aim of BKSZ is to integrate rail and road public transpsentvices in Budapest and its
suburbs. In 2007 and 2008 BKSZ was in charge of elaborati@uddipest Regional
Rail Study and Budapest Transport Development Master Plathdycompetent
authorities (Ministry of Transport and Municipality of Bymbst Capital) In both basic
development plans rapid rail (in German: S-bahn) network pthmmmethe existing
heavy rail network is the backbone of regional publiagpart system. According to
this plans road based public transport services will beemtimy to rapid rail network at
intermodal nodes.

Figure 1. Local bus services connecting to railway linesuddpest

In some cases rail and road public transport service conmeetre already working or
will be working in near future (see Figure 1). In some oditstrict of Budapest local
bus lines were already connected to suburban rail ssnat MAV-START e.g. at
railway station opened in 2007 near Airport Ferihegy termindh XVII district of
Budapest between 2 railway lines going to Keleti railweyninus a connecting local
bus line will open after construction of bus loops dway stations.

In intermodal nodes P+R facilities also will be construckgd rail stations situated
in outer districts of Budapest and 13 settlements in subtifbahd B+R facilities and
in some cases also bus loops will be constructed 280 using EU founds.

3.2.Local and regional service level integration

Aim of BKSZ is to integrate local and regional sergida Budapest. It means that
beyond rail and road service integration objective of BKSto harmonise schedules of
parallel local and regional bus services on radial rantBsidapest.
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Regional bus lines cross the capital border in 24 plaoes,go on 20 radial routes
towards a terminus (see Figure 2). On most routes therdsr parallel local lines. On
some of these routes the regional services have the aabigger frequencies in peak
hours than the local ones. On these routes the offenedlel capacities and schedules
need to be harmonised to reach more efficiency anavi®ublic money.

Heltai J. ter

iot

I

Fi
/

O

Nagyietény-Erdiigel

Figure 2. Regional bus and railway lines in Budapest

4. Tariff integration

Before existing and proposed integrated tariff system of Biiizbe described, let us
know the classification of public passenger transport tasiftems. After studying
different tariff systems in Europe seven main categoaies identified which are
summarised in the following list [1]

» Grouping of service access points (stops, stationsférgoaints),
» Algorithm of tariff calculation,

» Spatial limit of ticket validity,

» Time limit of ticket validity,

» Personal validity of ticket,

* Volume discounts,
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e Travel discounts,
e Technical solutions.

Existing local and regional (interurban) tariff system#dimgary are different from
each other according to above mentioned categories. R&” Bariff integration
introduced in 2005 and extended in 2009 consist of local seassesEasy.

Budapest local tariff is a one zone flat fee tariff whiglextended on some suburban
bus lines operated by BKV on two additional zones arourdhBest. Single tickets and
season tickets without photo pass are valid only on E@aices. Since 2009 all season
tickets with photo pass are valid also on suburban cgs\of national railway and on
regional bus services within Budapest.

Existing regional tariff in Hungary is a so called “chargikm-based calculated
tariff” calculated from starting stop to end stop uBflkm in 5 km steps until 100 km
in 10 km steps. Since 2007 tariff level per km is same drandi road services. There
are transfer tickets only on services of national railir@gs and season transfer tickets
on regional bus services. There are no single trarigfeets between rail and bus
services and on different regional bus lines. If travdllas a Budapest Pass, he or she
needs to buy a cheaper regional ticket valid only ouBidfapest on a shorter length.

Travel discounts (concessionary fares) are differenfooal and regional services
regulated by mainly governmental partly municipal degrees.

Proposed BKSZ integrated tariff need to

* be transparent, easy to understand,

e attract more passengers to public transport,

* be valid on both local and regional services with sdiseounts,
* help rail and road service integration,

* be proportional with usage,

* be extendable,

» ensure adequate incomes,

» giving adequate usage statistics.

BKSZ integrated regional tariff fulfils above mentioned cdinds with difficulties.
In the proposal of integrated regional tariff elaborated byxpgeré group of BKSZ [4],
there are three versions of further extension of teriéfgration (see Table 1).

Competent authorities did still not decide on the proposal.
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Table 1. Proposals of integrated regional tariff system

» existing “changing km-based
calculated tariff” extending between
rail and road modes in case of seaq
tickets

e introduction of 5 km broad tariff
zones

» introduction of tariff zones by
settlements and km based calculatg¢d:
tariff between zones like VVNB tarif
zone system.

5. Developing an integrated passenger information system

The development of an integrated public passenger transpsigm in frame of a
transport association also needs to elaborate anramdegpassenger information
system. This means unified information thorough the a/alite from door to door.

In BKSZ area following steps need to be realised for rsegrated passenger
information system [5]:

1. Harmonisation of station and stop names
1.1.Harmonising bus stop names at transfer points with raistajon names
1.2.Harmonising regional bus stop names with local bus stopsamigudapest
2. Better regional bus stop information
3. Introduction of numbering of regional services
4. Better information of connecting services
4.1.0nboard information on local services
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4.1.1.Route maps with connecting services (also regional)
4.1.2.Audio information on connecting services (also regional)

4.2.0nline intermodal travel planner

Figure 3. The regional bus numbering sectors

Regional bus numbering from sector to sector around Budsiaestd in August 2007
as well as harmonisation of local and regional bus stop :ameBudapest and
development of regional bus stop information. Until 2009lomoat all incoming routes
in Budapest numbered regional busses are in operatiorri(pa® 3). Parallel to bus
line numbering stop names were unified and bus stop schedfoienation was
developed. The suburban railway lines will be numbered soon.

N gk asitlomss
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24}
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Figure 4. Local service map showing regional connections [2]

In 2008 Budapest local schedules were significantly changece 8itroduction of new
schedules connecting services are signed on onboasdmayts and indicated by voice
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(see Figure 4). Also local service (bus or tram) stop nathesged near railway
stations to harmonise each other.

Railway operator regional bus services and local opetetee own travel planner
offering own transport services. Development of a prepandide local and regional
intermodal travel planner in the BKSZ area is still mbperation because different
reasons.
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1. The importance of the calculation of passenger demandtf planning
public transport

Nowadays because of congestion and pollution caused bysthg share of private
transport the need for an alternative form of mobilityhigher than before. Such an
alternative form of mobility is public transport. Publi@risport can only be a real
alternative, competing against private transport if it il argianized as well as servers
demand on an appropriate level and has long-term sustaoyssketion.

Public transport has nowadays dual roles. The primaryisasik ensure the basic
mobility for those who have no other transport optiorpi{@a riders). However, in
addition to this public transport has to offer a competititeriaative to private transport
for those who have possibility to choose between modazsrg). [3]

To fulfil the first task (basic mobility) there is @ed for a minimal level of service on
a reasonable price level but to serve task two (catiyeetlternative) it has to perform
an optimal level of service.

Difficulty of public transport system's planning lies on greblem that to plan both
level of service there is a need for knowledge on Hethand segments (captive riders,
voters) travel demand in time and space. It can be saiththabrnerstone of planning a
public transport system is the knowledge of travel demarithddt this knowledge
even the smallest measure on a public transport systentyishe result of a guessing
and the effect caused by this measure cannot be forecféletihe methods for
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discovering travel demand are naturally long time known [5]tbelr use is only
limited possible.

There are several well known methods to explore traveladdmSuch a method is
passenger survey or the application of a “check in -kchet® e-ticketing system.

The application of an e-ticketing system for this purposeigeswery accurate and
detailed day after day time-varying data. Contrary tottrésestablishment of such an e-
ticketing system is very costly especially for smalles operators.

In contrast to this to organise a passenger survey syonly temporally while it's
human resource and financial requirements are highdditi@an to this the reported
results are not always detailed and reliable enoughe sgufficiently large and
representative sample is very difficult to produce evahis needed in several time
period of the day. [1], [4]

A possible method to at least partially eliminate thas#lems is the application of
an IT system based complex counting and survey system.

2. Difficulties with traditional surveying and counting methods

The most obvious way to determine travel demand is to eguéstioners with pre-
printed formulas. For many years this method has beemmibst common way to
discover travel demand. If the aim of a study not only disive (cross-section
counting) or qualitative (origin-destination survey) but bo#ntlwve have to face more
difficulties.

2.1.Cross-section passenger counting

To study a local public transport system the questionarlteavel on the busses; it means
2-3 people per vehicles. It resulted in 80-100 persons $ifain a small city with 30-
50.000 inhabitants. It means that such a study requiceg 260 employees for a one day
counting. Their task is to determine the number of passehgarding and alighting in
every stop through the whole day. To perform this thsi them get a set of sheets related
to the number of runs they have to count. They have to ceersigely 20 runs it resulted in
800-1000 sheets for the whole crew for one day. If the @®pamwas sufficient they got
their set of sheets in the right order. However given thétfatthey have to work with these
sheets on a moving vehicle they are not able to do othsy thekefore they are spending a
significant proportion of their working time idle travellingtlveen stops.

After completing the counting the fulfilled sheets habeaaollected than ordered and
finally type in into a database in a computer.
2.2.0rigin-destination survey

Discovering travel demand's structure in time and/or spassepgers has to be
guestioned. Classical method for this task is the use gbnmmeed questionnaires by
guestioners, where questioners reading the questions amm\hi¢ answers manually.
The method is very simple but to organize and carry oabis To have sufficiently
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large and representative sample lot of passengers hagjteebtioned. [2], [6] It means
for a small city up to 2-3 thousand passengers to be quegti{olue to need for some
reserve up to 3-4 thousand questionnaires may be required). fkoowoa simple
guestionnaire (passenger sex, age, ticket type, motivatiom argi destination) does
not need more than one minute. Assuming that the inteevgespending 50% of their
working time with active questioning they need 4-6 thougairdites to complete the
sufficient number of questionnaires. Calculating with 10 hour&iwgrtime per day 10
interviewers could perform this task. Provided that:

* One interviewer can found 200-300 passengers to be questioned
* One interviewer carrying whole day about 200-300 shegtietionnaires

It is clear that such intensity of questioning is hard tagime, moreover, the result of
such a survey would provide very limited spatial coverdgeavoid these problems
even in a small city the employment of 40-50 people is neeltteal.weather (wind,
rain) could be another difficulty because under such circumossatheir work is
doubtful and the consistence of their sheets is ulestab

After the fieldwork of the counting and questioning the datah@ sheets should be
recorded on computer for further processing. The timeaddnof this recording can be
as high as the counting's one was, because of the qohlifye sheets caused by the
weather and other circumstances.

After all it can be decided that to discover travel dethécross-section and origin-
destination) even in a small city it is necessaryaee several weeks of preparation, up
to five thousand sheets to copy and about 250 people to wottkeofield. After the
field work sheets should be collected, ordered and précessby computer.

3. IT system based complex counting and survey system

Nowadays it is possible to perform the tasks mentionedeaboth the help of IT
solutions thanks to the fast development communication randiile computing
technologies.

3.1.Cross-section passenger counting

The task to be performed is identical to the passenger cguidime with traditional
methods. The difference is that there is no need to guinabout thousand sheets and
the post processing is also faster. Till the recordihgoanting sheets for 4000 runs
needs about 30 till 60 hours, the data exchange between 80 oob{}® data collector
equipments needs about 6-10 hours. Another advantage ohklthdquipments is the
automated communication without any operation done by huntfagrefore this
communication is absolutely error free but the traditiolagd recording from sheets can
have errors done by the operator itself.

A cross-section counting is not limited to counting afgengers but also can include
other tasks like monitoring the service (eq.: accuraciinetable...). At an IT-based
data collection system it is possible to collect ddiaut all departure and dwell time in
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each stop. In this way it is possible to have very Betgicture on the movements of
the vehicles on the whole public transport networkalRarto this all of the hand-held
data collectors includes GPS receiver to post mongothe job of the counter. This
feature helps to check the archivated data on time and pfahe counting.

3.2.0rigin-destination survey

The task to be performed is also the same as theysdone with traditional methods.
There is a big difference related to the traditionathm@ because there is no need for
printing hundreds of questionnaires which dependent on tigéhleh the questionnaire
could be as much as 3-8 thousands pages. Since questiomaishdwe to carry lot of
paper under various weather conditions, their job will behmaasier than before.

The questionnaires are pre-edited with dedicated softwa@nltinclude into the
questionnaires conditional jumps or branches which will afg@utomatically the
questioner do not have to think it over. Therefore numberrors could be decrease (or
eliminate) and speed of the questioning could be increasal Bp@e important feature
but not only at this stage but at the data reading intedhguter's database. Since at
such a complex system data reading is automated but éibmatimethods data reading
needs up to 15-30 hours.

In contrast to traditional counting and questioning methogletis revolutionary new
feature that since counting and questioning are done létBame equipment counters
are able to fulfil questionnaires between two stops. Wik hew opportunity the
number of questioners could be decrease (since theylasgtated by counters) or the
size of the sample could be increase. Taking the samplensbefore: 200 counters
counting each 20 runs with averagely 11 stops, the possiioildsk a passenger is 200
times 20 multiplied by 10, which resulted in 40.000 sections Hetween two stops). If
a counter can ask averagely in every second sectiorsanugs, it takes a sample with
20.000 passengers (1). If we calculate with a success factotood 11 passenger on 4
sections) it takes 10.000 passengers. This last numbesoisraich higher than the
sample size of the traditional method (2-3 thousand passgngdieout extra
employees. Very important to remark that this is onlyemrétical assumption because
length of the sections does not allow in all casesstoa passenger and the appearance
of the passengers is also not uniform.

After all it can be determined that a new IT systemetasomplex counting and
survey system has several advantage compared with trabiti@tiaods. It can work
faster and more accuracy without (or with small) demangriomied sheets. Additional
to this it can collect more and detailed data than a iwadit method. Because of
increase of tasks done by one labour the demand for higsaurce can be lowered but
the staff have to be more motivated and qualified thedore.

4. Structure of an IT system based complex counting and stey system

The structure and operation of an IT system based comgleticg and survey system
can be divided into five steps:
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» collection of base data in digitalised form

» preparation of data, building the base model
» collecting traffic (travel) data

» working up and cleaning of the collected data
» data export (if needed)

These five steps follow each other linearly and producensplex structure. This
structure can be seen on figure 1.

Data sources Preparation Data collection Processing Application

igitalised
-GIS
- Business software
- Google Transit

- other sources

Traditional

-Maps

\— Timetables /
% Transport model

(e.g.: Visum[
Datainput +
Questionnaire
editing

Datatransfer (PC-
mobile equipment)

%‘}

)~ ORTITT R E——
Data collection
(application of hand-

held equipments)

— Datatransfer, data
% control, cleaning
( Data export

QT:J—T,} -tables,
-figures

\ \ - row data
Transport models
(e.g.: Visum)

Figure 1. Operation of an IT system based complex counting and/system

The key of the operation of an IT system based complex cguatid survey system is
the traffic model. This is the centre of the systeerdfore the first step is to collect the
data needed to build up the traffic model (network - routegss lines, timetable,
vehicles...). These base data can be accessibkr @ithdigital data or only as data
“existing on paper”. If the data is in digital form the jelto import it. In the case there
is no digital data it has to be digitalized. After cdiieg all the needed data the traffic
model can be built in a transport planning software like PYA6am in our case but it
can be also other products like Cube, TransCAD etc. Tffictmodel is the base for
the counting system; it is the data source for the aogirgystem's database. The
guestionnaires are completing this database for a whotee ifhole database structure
and content is ready it can be exported to the mobile eguijzn
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The most critical point of the whole process is thenting and interviewing. If it is
well prepaid and organised without any disturbance the slatallected into the hand-
held equipments. After these the data should be readtfiese equipments into the
database. As next all the data has to be checked ggcal lout also as a mathematical
structure.

The last step has two stations. Firstly the data cavidomlised as lists but also as
figures, secondly they can be exported back to the tranglaoming software. In the
planning software it is possible to build up e.g. a demand mbdséd on the
guestionnaires to help evaluate new plans.

4.1.Hardware requirements of the system

The hardware requirements of the system can be dividedomtgarts parallel to the
process shown before:

e data input

» data processing
» data collection

» visualisation

It is possible to divide all four topics into sub-topicsisFelement of the hardware
system is the data input because of the timeline girtheess. The aim of the data input
equipment is to digitalize map information existing ordytraditional map.

Figure 2. Handheld, rugged computer

The centre of the hardware system is a desktop PC oraeserver computer. It could
be completed with mobile computers (laptop) to make postepsing and field work
more efficient. For communication between the elemezither wired or wireless
communication can be used. The most comfortable way a&we hwireless
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communication is to establish a Wi-Fi network betwdendesktop PC, the laptops and
handheld computers.

One of the most important elements is the handheld cemfigelf. There are two
major questions: what kind of handheld computer do | need? iHoeh handheld
equipment do | need?

There are lot of handheld computers; the spectrum rginga from the simplest
customer equipment till the most expensive industrial starmtangbuter. Based on field
experiences an average industrial standard equipment is good dremagise its ability
to resist against water, dust and drop. The other itirggeguestion is the number of the
equipments. Based on the size of the public transpodmyist small or medium cities
in Hungary 80 to 90 equipments could be enough for most of ties eipart the 6-8
biggest ones. In these biggest cities (other than Budapesf)eet is enough although
the counting would last up to 3 days.

Last element of the system is for visualise resultsstiy graphical results like
figures. For this purpose a plotter is the most commuurtiso although some graphical
printer in bigger size (up to ISO Al) could be enough.

4.2. Software requirements of the system

The operation of the above specialized hardware elementenipleted by a well
prepaid software background. The coordination of theseeslsris done by central
software. The operation of this central software regue processed data of the traffic
model done by the transport planning software. This centrblvaa fills the main
database of the whole system by processing the trafflem®ther feature of this
central software is the questionnaire module which all@nsating or editing
guestionnaires.

/Basedata Desktop PC\ /Handheld \

-Map, timetable... Computer

~

Transport planning
system (Visum)
|

Pre-processing system for \
counting and surveying

[ Counting and
surveying software
Post -processing system |

¢ J
K Transport planning J j
system (Visum) \

Figure 3. Logical structure of the system's elements
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The whole data structure or better the relevant paheoflatabase can be than exported
to the handheld computer. On the handheld equipment runsearsatitware product
especially for counting and interviews. The aim of thitware is to help the counting
and the surveying to be quick and precise or rather thetsted data storage.

After data collection all the data will go back to thain database for a logical check.
After this check it is possible to have a quick, firetid@valuation of the collected data.
Afterwards data can be exported to the transport plannibgaseffor further analysis.

5. First results

JLUVW WHVW FRXQWLQJ DQG VXWYWH\QOQ®J ZD VWV KAJRXH KL §
afternoon rush hour runs of a line from the most ugees|was counted and the
passengers were interviewed. The test included 20 runs therdine "11" where

parallel two groups of counters worked. Figure 4 shows thferelifces between
traditional and IT based counting.

It

14:50 15:00 15:10 15:20 15:30 15:50 16:00 16:10 16:20 16:30

90
80

m Boarding (trad.)
M Boarding (IT)

50
45
40
35
30 +
25
20 -
15 4
10 -

M Boarding (trad.)
m Boarding (IT)

15:15 15:25 15:35 15:45 15:55 16:15 16:25 16:35 16:45 16:55

Figure 4. Counted numbers of passengers there and back on th&lline

In the picture one can see that there is no or minoerdiftes between traditional
method and IT based method.

Another interesting evaluation is the running times betwsteps. (Figure 5. and
Figure 6.) It can be seen the timetable (dotted line) hedranning times of each
vehicles worked in that time period.
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Figure 5. Running times of vehicles on the route line 11 compatadetable (dotted
line) direction: from the city

There is another figure in the opposite direction. hice to see that vehicles running
forward but stacking in the jam close to the downtown.
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Figure 6. Running times of vehicles on the route line 11 compatédetable (dotted
line) direction: to the city

It is now possible to check the whole line route nekvworfind the bottlenecks.

6. Conclusions

The above shown IT based complex counting and survey systestntest which ended
in spring 2011 has shown that this system can fulfil theaapens but has some risks.
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One of the risks is the coherence of the used databastha authenticity of the base
data because they must be syntactically and logicalhgciorAnother risk is the staff.
The staff has to be more motivated and well trainedpesed to traditional methods.
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State of the Art Transportation Modeling and
Environment Calculation

L. Zubor
Planung Transport Verkehr AG Karlsruhe, Germany

Abstract  Why do we need models?
The main objective of transport modeling is to support paitation
planning processes. The quality of impact studies is inaesisie the help
of models during the planning process. One aspect of mgdahjectives
focuses on the reduction of operating and maintenance foostrsinsport
service providers. Both, revenues as well as servicdityguzn be
improved with the help of modeling.
The introduction of cost-benefit analysis systems tesil increased
efficiency. This kind of analysis should be based orcutations with
actual models based on current data. In case of EU gnamestments, it
is absolutely mandatory to provide the evidence for amastriucture
project’s usefulness before its implementation. This ispafticular
importance if independent administrative organizations paatieiin joint
tenders. Furthermore, impact studies based on generalyptad models
are recognized in legally contentious cases.
The results of studies can be presented by professiomgisliticians,
decision-makers and the public in a clearly visualizeohéa.

1. What kind of tools exist?

Current modeling methodologies require modern computer-aided inpdeith the
help of generally accepted specialized modeling softwazgafless of what software
the administration is using, it must be based on regulgriiated database records. The
databases should be maintained with GIS software and @etatmansportation
planning software. Socioeconomic data (e.g. population, empialy travel demand
indicators, etc.) should be recorded for modeling purposeasldition to network data.
This data should be available as best as possiblesporreing to the desired level of
zone detail. Modeling is based on network elements. Modweling tools manage
private and public transportation elements in one intedraystem. Theses network
elements include inter alia the railways, roads, junstiocrossings, public
transportation lines, timetables, stops, etc.

Transport modeling software can be divided into three oet=g
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* Macroscopic
Administration of network elements, building of strategic éast models, static
system
» Mesoscopic
medium-size projects, dynamic system
* Microscopic modeling system
Junctions and small-size project simulation, 3D-vizaailon, dynamic system

2. What kind of methodology will be used?

The construction of a network model is the most impdrtpart of the model
development process. If the administrative does not maiitsaown digital network the
model can be constructed with digital navigation networlg,(&eleAtlas, NAVTEQ).
Timetables, public transport lines can be imported frormagmirces or from digital
databases (e.g., Microbus from IVU or Google Transit) pravioye public transport
authorities.

2.1.Modeling on macroscopic level

The most widely used method to build transport modelsanatbrld is called 4-step-
modeling and consists of:

Trip generation
Trip distribution
Modal split
Assignment

The next stage of the modeling process should be fiimateon of modeled traffic
volume results with measured traffic count data, wherdedolai

In the past, calculations were made on paper. Today, bechtise complexity and
the amount of statistical data, calculations are goalone solely with the help of
specialized modeling software such as VISUM by PTV AG.

Model results include important details for private transpahsas link and turning
movement volume, delay, travel time and level of ser{i©S).

Modeling results for public transport contain operationaticators such as
performance, travel time management, vehicle use dsag/glassenger flow indicators
such as number of passenger boarding and alighting, segtamcy, stop accessibility
as well as service cost-benefit analysis.
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Figure 7. Screenshot of network model in VISUM macroscopic straikgining tool

2.2.Modeling on mesoscopic and microscopic level

It is difficult to draw a clear dividing line between nuscopic and mesoscopic
systems. A microscopic simulation of medium-sized nétwois extremely time
consuming. In some cases, it can take up to several daywegks) to run the
simulation. However, detailed systems evaluation requiresardic traffic flow

modeling. Therefore, mesoscopic models (e.g. Mezzo fréid)Kare recommended for
such cases.

In most cases, traffic flow will be simulated with miscopic simulation software
such as VISSIM from PTV AG. This system can be usechtalsie individual vehicles
as they interact with the roadway infrastructurefficecontrol and other vehicles.
Modern transport modeling systems integrate public transparipevate transport in
one model which allows the creation of partial netkgofEach modeled entity exhibits
different kind of properties such as speed, acceleratirs, esic.

Micro simulation systems are an essential tool fangportation planning today.
Foremost, it is absolutely necessary to use microsapiulation systems for impact or
capacity analysis of networks for which no standard awalytinethods exist. This
includes multi junction traffic signal systems, networlkth combined roundabouts and
traffic signals or highway ramps with high levels of wule fluctuation. Further use
cases are traffic signals with actuated signal contrplublic transport priority.
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Figure 2. Screenshot of network model in VISSIM microscopic siorutabl

Pedestrian simulation is a separate, specialized fietdanoscopic traffic simulation.

Microscopic simulation results typically include densityration of congestion, delay
and travel time between pre-defined cross-sections.eldsa® raw data for individual
vehicles as desired.

3. Evaluation of environmental impacts

Today, the responsibilities of transport engineering uithel the calculation of

environmental impacts from traffic. In this field weeed to distinguish between the
calculation of source emissions and environmental im@édte receptor level. Vehicle
emissions depend on the particular traffic situation andvtteécle’s engine. The

measurement results are used in a matrix commonly referrasl tengine map”. The

calculation of environmental impacts is dependent ome tharacteristics and
architectural landscape of the area.

The emission calculation can be performed at two @iffetevels. The calculation on
both levels will be dominated by traffic volume and fleetnposition.

* The most widely used network-level computational methodEurope is the
internationally recognized HBEFA.

* The highest quality of regional and local impact calcakats available by the
TNO EnViVer software program.
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For computing the environmental impacts it is necessarynate the emission
calculation results with a particle dispersion model.
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New Ways in Vehicle and Crew Scheduling
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Vehicle and crew scheduling are two majonrgleg problems arising in
public bus transport companies. Briefly stated, these prableim at
assigning vehicle itineraries to scheduled trips and citévesaries to tasks
resulting from the vehicle schedule. The main objectiv@ vehicle and
crew schedule is to offer a given service that allowsgragss to travel
easily at a low fare while minimizing asset and opeaticosts.
Traditionally, both planning steps have been approached rdéglye
where vehicle schedules are determined before crew selsedrihese
processes have two main problems first they areabi# to take into
consideration of crew scheduling during vehicles scheglulgenerally
there is no loop back to the previous step, secondpaeying horizon is
generally one day, although the crew scheduling of one dagffexs on
the next day due to labour rules.

Key words: public transport, vehicle scheduling, crew scheduling

1. Introduction

Operational plan in public transport operation means predtction plan” of the
service. It includes:

» vehicle schedules
» staff (crew) schedules
* rosters

Vehicle schedule is a group of runs which belong to am# @nly one vehicle,
practically the daily task of one vehicle. The needed rurabvehicles on a given day
is equal with the number of vehicle schedules.

Crew schedule is the work plan of one driver, which cgagf blocks from vehicle
schedules. Crew and vehicle schedule can be the santenbtihecessary. Number of
drivers is equal with the number of crew schedules.

The roster is framework valid for a time period lastdeveral days and inherits the
crew schedules to be performed by a given driver. To nhekedrvice possible there is
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a need for drivers for each roster; so the needed numlsnivefs is equal with the
number of rosters. Final task of the planning is td finvers for each roster.

The goal of operational planning is to prepare operationat pléh the lowest cost
which secure the service with the observance of skendes and laws

Operational plans are interrelated. Minimizing the num(aerd cost) of vehicle
schedules may resulted in a higher staff cost. Looking fyrthe minimizing of staff
schedules for a given day may result in a higher rostés.cos

To solve this interrelation there are several methselguential and integrated.

2. Methods of vehicle and crew scheduling in general

The two main methods for vehicle and crew schedulingsaguential and integrated.
These two main methods are basically different, asehjgential works step by step till
the integrated combine several steps.

The sequential method's three main features are:

* Vehicles scheduling with an optimum criteria only for véhigsage and vehicle
cost minimizing

* In the next step crew scheduling with minimize crew cegarding rules and
external employment conditions

» Last step is the creation of rosters using external emm@oy conditions and
taking crew schedules day by day. Aim of this step isitorize the total crew

cost
Timetable Vehicle Employ-
(lines, » scheduling ment
runs condition:
T i Rosters
Vehicle Vehicle Crew
usage schedules scheduling
condition:

Figure 1. Sequential method for vehicle and crew scheduling

The result of a sequential method is not optimal fovthele vehicle-crew-operator (as

whole) system. Therefore there are integrated metloagise better solutions.

The partly integrated methods have a sequential firstopdiin step one the needs of
step two is taken into account. The order of these stepsecas follows:

» at vehicles scheduling the employment conditions of driwes taken into

account
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» the runs of lines are collected through the crew schedatingidering vehicles
usage conditions

Another partly integrated method is where through the csetvweduling roster
building requirements are considered.

Timetable | __
(lines, runs)
Crew
schedules
Vehicle usage Integrated
conditions planning
Vehicle
schedules
Employment |_|
conditions

Figure 2. Integrated method for vehicle and crew scheduling

At fully integrated methods the optimum criteria of thethod is to minimize the costs
for the whole system (vehicles-crew). These methods progebéle and crew

schedules at once in one step. Lately there are mtwléislude also roster planning
into this single step. Therefore all three steps of ojeratplanning of public transport
are collected into one single step.

3. Sequential methods for vehicle and crew scheduling

The sequential method has two main steps: vehicle schgdafiew scheduling which
ended in rosters.

3.1.Vehicle scheduling

First models for vehicle scheduling (Vehicle Schedukngblem — VSP) are dated back
to the 60's. The heart of the matter is to connea afitines to each other. For each of
the departure runs have to search an arriving run whichleedtite to perform it. It is
possible to connect vehicles on different terminatpsstim this case there is a need for
an empty run between the two terminate stops. If tisene appropriate arriving run a
new vehicle has to be used. Till the vehicles are par&kirthe depot there is a need for
an empty run before the first and after the last Aim of the task is to find the least
cost solution for this "run connection”.

Most easy task if there is only one depot and one typeecbicle (Single Depot
Vehicle Scheduling Problem — SDVSP). The task is moffecdif if there is several
depots (Multi Depot Vehicle Scheduling Problem — MDVSP). Hréhare different
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types of vehicles it is possible to use two kind of usaget (hard), permissive (soft).
At hard restriction a given run is allowed to performydoy one type of vehicles. In
this case the problem can be divided into parts basedebitle types. Using soft
restriction (which is more realistic) a given run cancbeied out by several types of
vehicles, the only limitation is the capacity, thexa lower limit for capacity all of the
vehicles which are bigger than the limit are allowedpéoform this given run. The
vehicle usage is more efficient at this case butritush harder to find a solution.

The run connections can be figured out by using of graphs dcban network);
there are two kinds of graphs:

» connection based
» time-space network

In the connection based network the runs (included theyamnps before the first and
after the last runs) are the nodes and the possibleectbans are the links. All of the
links are directed. A link starting from a node is a dépguriun and other way round.

In the time-space network all of the terminate stoph depot have a time axle. On
these axles there are nodes for departing and arriving ruadinkis between axles are
the connections between runs. There are two kindslf: |

» link on an axle means waiting in a terminal stop for tet nun
* link between different axles means an empty run betweeninal stops and
waiting for the next run

All links have their own cost (time and distance relatdthe empty run before the
first run includes the cost of a new vehicle becauseethisty run means the need for a
new vehicle.

One possible solution of the VSP is a subset of linksMoich the followings are
right: all nodes have one and only one arriving link anglamd only one departing link.
The task is to find the least cost subset of links vt ltmitation.

If there is several depot the problem is more diffiledtause all vehicle have to
finish in the same depot where it started in the morninge feed of calculation
capacity is linear to the size of the problem but exptial in the case of multi depot
problem. It is proven [1] that SDVSP is polynomial but MBI/ is non-polynomial
(NP-hard).

There are other special limitations like maximal onimial length of running km on a
day; or one technical break for each vehicle on each day
3.2.Crew scheduling

The crew scheduling problem (CSP) is similar to the Vehicheduling problem but
more difficult because of the external employment conditmrslimitations. Based on
these limitations Fischetti had proven [2] that CSRsis an NP-hard problem.
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The first thing to solve CSP is to find interchange pointsuin the runs. Interchange
points are in time and space fixed points where the chaingew is possible. Between
to interchange points there is a duty therefore all slliiéeve two interchange points one
at the start and one at the end.

Between two interchange points the “distance” shouldsbiwrag as possible, but as
short as one driver can perform it without any break.

Shift is the task for one driver for one day it irtseeone or several duties (practically
several). Aim is to find duties for shifts fulfilling engyiment conditions and have least
cost.

Similar to VSP in this case also possible to build uppanection network; where
nodes are the interchange points. Links means the carmdwetween two duties. A
link is possible if it does not harm employment regulaionhe real problem is to
decide if a link is possible or not.

4. Partly integrated methods for vehicle and crew schedirlg

In the 90's computer capacities was not enough for irteebraodels therefore partly
integrated models were developed. Structure of thedendes integrated model with
sequential calculation methods.

One of these models was developed for Rom [3]. In this mbeetaquirements of
crew scheduling were taken into account through vehideedsiling but rosters are
planed only afterwards.

Another example is developed by Gintner [4] [5]. In this casevéicle schedule is
changed to be better for crew scheduling. This is possibtadre are several similar
solutions for vehicle scheduling.

5. Integrated methods for vehicle and crew scheduling
Integrated models have two main types:

» Integrated Single Depot Vehicle Crew Scheduling Problem BV{SSP or
simple SD-VCSP

» Integrated Multi Depot Vehicle Crew Scheduling ProblemMbBYCSP or
simple MD-VCSP

The MD-VCSP is a more complex task it can be handle tmigugh multi step
models. The main criterion is to find vehicle and c(&w each and every run) which
are located in the same depot. Integrated models aret@lpeoduce the least cost
solution vehicle and crew scheduling.

The first integrated model was published by Freling [6]. Itheese components:

» quasi-assignment model for vehicle scheduling
» a set-partitioning model for crew scheduling
» requirements for secure the compatibility between vehiutecrew schedules
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Because of the complexity of the problem even the nawedels are multi step ones.
This structure enlarges the time demand of the calculatimdlglato the size of the
problem.

6. A proposed interactive method for vehicle and crew scheding

Literature also cites the statement that professsonalild be used an interactive tool
much better than a very sophisticated model with optimhltien even when the
interactive one cannot present the real optimal smiutit cannot give one “perfect”
solution but can help the professional planer to work neagly. The models for
optimization have several problems in the everyday work:

» At real scale problem the preparation work and runnimg tis too long. With
about 1000 runs and 2-4 depots the running time of a model u$ A®dours.
Running time has strict correlation to number of depbtsteal life in rural
service number of depot can be up to 200-250 which makes gurinie
unrealistic

* Vehicle requirements are normally soft it means tlere possibility to divide
the task into parts. It makes the problem more comiglit

* In the reality lines — runs — vehicle schedules and/ @ehedules have strong
connections. It means there are runs only to makecteshscheduling more
easily. Therefore optimizing an existing timetable (setuok) gives no win (or
not too big one). It would need a higher integration teps from timetable
planning till roster planning.

* There too much limitation due to drivers employment ciords

A simpler interactive planning tool could eliminate these lerols but makes manual
planning process more effective. It could have the followiegs:

* Analyzing vehicles fleet

* Analyzing vehicle demand (requirements of types...)

» Checking of runs which indicates new vehicles — modgythese runs
* “Pre-vehicle scheduling”

» Evaluation of vehicle schedules from the side of crewveduling
Dividing “Pre-vehicle schedules” into blocks

» Regrouping of blocks with checking of employment requirements

This method seems to be sequential but it can be in¢elgbecause of the several
feed back in the process.

The effectiveness of such a process can be evaluatednigyadag costs in the
planned and the existing situation. In the practice theeaanaximal and a minimal
level of costs. Maximal level costs (maxima) for a planggstem is the cost of the
existing one. The minimal level can be calculatecdls\s:

* Vehicle scheduling with a simpler method (comparing deparamet arrival
times). It gives a theoretical minimum but it is notlista. It is the lower limit
for vehicle cost
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» Simpler crew scheduling without any consideration on Vehischeduling. This
will be the lower limit for crew cost
* The minimal level of costs (minima) for the system is $um of this to lower
limit.
The effectiveness of a solution can be measured be comgpawith the maxima and
minima. In the interactive method the cost should be terthe minima.

7. Conclusions

The research project about vehicle and crew schedulingedtpust few months ago
therefore definite results are not jet present. We desealvin this short period of time
the previous models and methods and pointed out the weals pbititese solutions.
Our project is focused to produce practically usable resultsraalels.

The first results of this project show that the pnésaodels are more theoretical and
can be used only under special circumstances. In thdifeedhe complexity of the
boundary conditions are so high that one single model tisable to give a usable
solution. This recognition of our research is resultetthénfirst statement that says: for
professionals an interactive tool is more usable thautsmatic integrated model.
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1. Introduction

In the course of the operation (use and maintenance), titition of technical devices
— realized {PA} during their production — undergo changes (detdion and
reconstruction process). The characteristics of thgseal changes are usually shown
as a means ofso-called see-saw diagraft].

- Denotes:
y | PA- condition
K- maintenance
J- repair
F- renovation
M- modernization
[A]- deterioration
limit
[C]- service life limit
te- productive
operation time
tip- unproductive
operation time

k1
*

e i P
v ' B [ = P [C]
(A o b >
0
4L tn tin t(1), [time]

Figure 1. Typical change in the condition of a technical dedse function of
operation time/performance

Some important strategic questions can be composed — cetriecthe operation of
technical systems (rolling stock), having long service lifie &igh use value — that
demands theoretical considerations and consequencesaerdn.

Such question may be for instance:
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» what should be the structure of the specified operatigstdrs,

* what factor variables are dependent on the avaikaldgictor in a specified
operational structure and how can it be calculated,

* how can the structure of maintenance system be choaeoording to desirable
target functions — and be changed in the most effective way

In the case of a specified device park (stock of vehiclesppeitional environment,
the composing of possible answers to these proposed ausestin be performed with
the help of the study of the general mathematical moddleobperational process, as a
stochastic course of events.

The paper tries to present such a general model and algoni#tranables the study
of quantitative and qualitative of the operational structareven in the case of
(operating) time distribution that is different from the axgatial.

2. General mathematical description of the operational proces

Starting from the characteristic of the operationatess of the rolling stock (technical
devices in general), the description — apart from agheweptions — of a stochastic based
model can be applied. The stochastic process — also kaswendom event process or
possibility process — can be explained as a sum of "tichariables, as explained in
the field of probability. According to this the stochagtrocess can be considered a
binary function[ Z defined by a T x. set, where TZ f, f is a set of parameters
that have a countable infinite, or continuum cardipdih our case: TZ 0, f
operation time variable], and~0,1" is the set of probabilities that can be assigned. The
[ 4t) surface (the set of points) can be derived from #e {, t, *T) plane sections of
the realization and marginal-probability functiorighe process (figure 2).

5ot

E(o,to ‘[J
/\ /'V T + }

Q n

< r oo
= - < e

toeT

w

Figure 2. The characteristic functions of the stochasticgssc
[ 4o — boundary probability functionf gt — realization (time) function
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According to the above, the stochastic process can bestool® as the assembly of the
[ 4t realization functions, where certain realization clions are differentiated
consecutively by theZ « : index.

It is known from system theory studies that procesaase explained, as sequences
of change of conditions. So, if we know the operatiomalditions, furthermore the
sequence and time of these, presumably we possess thdbaan help describe the
structure, behaviour and general characteristics of thetapetlasystem, in accordance
with aspects of quality and quantity [2].

The random sequence of operational conditions can bend¢rated as a means of a
mathematical formalism, the so-callegerational chain The operational chain is a
directed graph in which angle points can be assigned tatopeal conditions, and
edges can be assigned to contacts between these aonditio

In the case of the system-approach study of a multi-wehinteal device stock (stock
of vehicles) several random operational chain realizatfave to be calculated, which
is a unique consideration that makes the demonstration afainpance of analyses
hard. For this reason, in our study such formalism is apfhiat meets the criterion of
the weightedperational (condition-transitional) graph

The operational graph is a directed graph in which angigspdemonstrate discrete
operational conditions and edges demonstrate the possiblgecbhconditions existing
between them. If the probability — being characterist the possible change of
conditions — and/or other operational parameters argrassio the edges then we are
talking about a weighted directed condition-transitiomarational graph [1].

If we, based on our present knowledge, sum up the maind@iy@onditions — that
can be suitably separated from each other — determininavtikability then it can be
established that these are not cardinal (which is goads rfeom the aspect of
performability of analytical processes). Suxgerational conditiorcan be for instance:

the intended use,

the maintenance,

the reparation and

waiting for any of the above (including the condition wrage
and transport).

* %k *

In order to simplify our additional studies, we should acdeptfdllowing restrictive
conditions in advance, regarding to the operation of stockebicles, as a technical
system:

1. The studied system should have a tim&ligtionary feature, namelyhe
behaviour of the system should not depend on the choice of the “t

starting point of our study, but only on its't” interval. Keeping our
former denotes:

Pl (-9 <X =P+ (- (<X (1)

everyt, (t+'t),v,(v+'t) «T, Ze: and inthe case of wt.
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(In other words: the probability of P{. ¢ (29 — [( 9 < X ‘event — where
X is a positive real number — shouldibgariant contrary to the choice of
a “t” moment.)

2. The behaviour of the system has to meetatti®ricity condition namely
the probability of the fact — that in the case 6f o 0 more, than one
change in the condition will be realized - should be zerf( B =i, .

Pz Lz oz

him, " 0 )
(Note: in the case of a failureis functional in the formula and generally
it denotes a “t” moment condition.)

3. The system should have the feature ofefnoryles$ namely its next
possible condition should be only determined by its actual condition and it
should be uninterested in how the system got into the actual conditio

PIZ ) =i (ZW) =i, (Z0)=h . (Zt) =00 =
= PZ t0ed) = et [(Z 6) =i (3)

(Note: in the formula “t” represents the moment, “i" represenhe
condition, which is assigned to it.)

It is known that in the case of the synchronous and simedius fulfilment of the 1. -
3. conditions, the behaviour of the system can be itbescras a success af
homogeneous Poisson process (Markov chain) that is continuous imétspiace and
discrete in its status spac&he P(t) condition probability (row)vector is used for the
probability characterization of the specified stocttagrocess. The vector can be
determined by the following formula:

dPt ——=
- 4
" Pt Q (4)
(Chapman-type) matrix differential equation, wh&e— is a quadratigenerator
matrix (in NxN size) in which elements (besides our determinswlicgve conditions)
are constant — and have consecutivelyglydlue — Cevent densitie§T, — denotes the

expected value of the interval between two adjacent pesditrete conditions) and N
is the same as the number of discrete conditiotiseafnulti-stage system.

,Q WKH JHQHUDO FDVH HYHQW GE M VW WD W XD W K H. B\
't time, in the case ofto0 exactly one change in the condition (e.g., failure) is
produced, if — according to our former explanatigry) = i; .

Pz o2 Aoz
o lim 1 Q

N\
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3. Markov-type operational process realization

Besides the introduced marginal conditions, sum up the opeabicheme of a stock of
vehicles — having optional elements — as a technict¢raythat contains N=6 discrete
conditions (figure 3).
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i @)=ke 6 1At A
-+— t
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N 4. Planned repair 6. Emergency repair
| 2= Rt i = 2R dt o
: : | |
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¥ . x .
3. Waiting for planned repair > 5. Waiting for e mergency
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' '
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Aysit fit) fit)
Agsat | t "
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1 - (Rgs+A1 20 A 5) At > - Hfoudiesiooling
- e 14,4t )
- T '
Aasht | :
'
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Figure 3. Multistage vehicle operational system (weighted) camditansitional graph
realization

At this point it is important to remember that the studipdrational structure forms a
complete event system, so the system has no othditioos beyond the specified, and
thus, the probability of being in a running order candmniified as the availability
factor (applicability) of the system. (Of course — in firactice — the choice of the
discrete conditions and the assignable condition-tianalt graph can be performed,
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according to the current aim of study.) In our case, thatioes necessary for the
description of the operational process can be produced folkbing form:

The generator matrix:

(@& Q@ Q) @ Q@ 0 Qg O
Q Q O 0 0 0
0 0 0 Q. Q O 0
Q o o0 Q 0 o ©)
0 0 0 0 Q Qs
Q. 0 0 0 0 Q.
The system-equation (differential equation system):
Ft Q@ Q@ QRt QRt QFt QRtY
Rt QRt QRt °
Rt QRt QRt °
7 @)
Rt  QREt QRt °
Rt QRt QRt o
Rt  QRt QRt 3

The algebraic (Kolmogorov) equation-system, the charatitefis the tof balance
condition:

0 «, (, (P P (P (P 1/2
0 QP QR :
0 QP QR ; o
0 QP QP 9%
0 QP QP :
0 QR QP ;
1 RPRPPPRR :

(8) as a solution of an equation-system, we can elabbrat®rmula, suitable for the
determination of the availability factor
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P 1 1 (9)
1 1 Qo Q9 O Q9 Q 1 T T Tu T T
Q.l QA Q.l QG Ql le T13 T13 T15 TLS

in a form where,

* @ event densities can be considered &3=(1/T;) factor
variables,

* The sensitivity of certain factor variables af probability — as a
result variable — can be established through the deteiamnait
i partial elasticity according to the following:

\R/R (10)
7 aro

Within the framework of an experiment it can be inferred thighin the studied
operational structure

» the average interval between two unexpected degraded opsristi®,=2880
hours,

» the average time requirement of the troubleshooting afrezxpected degraded
operation (error) is 43 = 0.5 hours,

» the average interval between two unexpected failuressss 4320 hours,

» the average interval of waiting for an emergency repfér an unexpected
failure is Ts s = 120 hours,

» the average lead time of the emergency repaig is1340 hours,

» the average scale of the interval between two adjgidanhed repairs is 1k =
8760 hours,

» the average interval of waiting for the planned repaiij, = 6 hours,

» the average lead time of the planned repair, is=T150 hours.

Besides the presumed realizations of the factor Masalbn the basis of (9), th
applicability will have a 0.8893 numeric value, namely 88.93 %.

In analyzing the relation it can be established thatRheesult variable is finally
determined numerically by eight factor variableg 1T 3 ... Ts.1). The strength of the
effect between certain factor variables and the restilihla is shown in table 1.

The 0 3 alterations, listed in the second line of the tablere produced by
consecutively increasing the certair) iftervals by 10 % and the Ralues, calculated
in this way they were compared to the original 0.8893 nualevalue. (The 3rd line of
the table shows the differences under discussion in a pagesh
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Table 1. The rank of partial elasticities

Ei:azg €12 €13 &15 &1 &34 &4 &5.4 &1
47, 0.000013 | 0091282 | a007722 | -000001e | -00000s¢ | 0001352 | 002101 | 0.00815
AP % | 0.0013% | at2s2% | a7rezm | -goores | <0005 | -91352% | -0.2101% |-0015%
Rank ) b ! 7 6 4 3 2

On the basis of (10) it is clear that tte3 numerical values also mean a rank between
the certain (denoted in the inferior number ®P; factor variables simultaneously in
regards to the strength of their effect with referendbeapplicability index.

The data of table 1 show that — besides the succedw dhken average interval
numerical values — the most effective way to contrel applicability index in the
studied operational structure is to modify the, Variable so that it is the average value
of the occurring interval of the unexpected failuredpting the functional conditions.

The second and third most effective way is to changeahey of &, (the average
lead time of the emergency repair) angs Tthe average interval of waiting for an
emergency repair after the unexpected failure) factorhlaga

It is clear that the numerical values 8f3 have to be interpreted by considering them
on the basis of their sign. This means that in the cas “+” sign, the increasing of
intervals that represent certain factor variablesplt®sin the increasing of the
applicability of R, in the case of a “~" sign, it results in the dedrepsof the
applicability of it.

4. Semi-Markov operational process realization

The experience shows that all three simplifying condit{omainly those stationary) —
formerly conceived by us — will generally not be realizedutianeously in practice in
the case of vehicles

In the formal language of mathematics it means thatirtreedistribution between the
certain adjacent “i.j” possible discrete conditions #reltime distribution of staying in
certain conditions is not always exponential-likehvét1/Q) constant expected value.

It follows that the elements of the elements of thegenerator matrix, so the
coefficients of the equations of the Chapman-type gemi#ffalential equation system
will not be constant, but the actual — mainly thosat thave two parameters g(t)
functions, are determined by time distributions. The satagement applies to the
coefficients of the equations of the Kolmogorov-type egquatiystems.

In the case of the presumed conditions, the determinatithre @xpected value of the

limit distribution of B (t o f ) of Py(t) applicability function can be performed according
to the following steps (figure 4):

1. Drawing the operational condition-transitional graph.
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2. Production of the empiric values of event intervals, expthin the condition-
transitional graph, recording the theoretical type gadameters of their
distribution (performing statistical tests, if needed)orfrthe aspect of the
procedure — applicable here — there are two possiblésven

A.) The time distribution of every event is exponential (seekila

process realization)

B.) The time distribution of not every event is exponential:like

The solution, according to version B) can be performebdearfollowing way:

1.
2.

a control variable with k = 1 initial value has to beiatgd,

a random realization will be generated for the valudgf event
intervals — weighted on the basis of their known dstion function
— in the case oévery interval distribution, different from exponential
(in the case of exponential distribution, there is no neetb so, asQ)

= 1/T;; = constant),

the values of@® = 1/T;; event density will be calculated,

the numerical value of . applicability factor in the “k” cycle will
be calculated,

the numerical value of the control variable will bereased by one
and the operations of version B) — detailed above —beilperformed
according to the meaning as far, as at least >3Q dtuiherical value
will be available — suitable for a small sample eletmeimber,

on the basis of £ an interval estimation will be given for the P
expected value (through a previous choice of suitable sigmifca
level),

in order to prove the internal mechanisms of action resigety
(simulation) study will be performed, in regards to theeRpected
value,

the results will be evaluated and proposals will be madaerder to
improve the efficiency of the operation of the system.

Within the framework of the previous example, it is presd that in the course of the
operation of the technical system — having performed H =13@reation — the;t
(occurring interval of emergency repairs, following the goadkimg order) and thes i
(performing interval of emergency repairs, following thedyaorking order) intervals,
realizations — showing clearly different distribution fraime exponential — were
produced for (table 2 and 3 and figure 5 and 6).

For the sake of simplicity presume that our observatiosr¥fiad our previous
assumption, regarding the exponential distribution in tise cd the other studied £
toq, ... G with the T, Toy, ... T4 expected values.

313



Acta Technica Jaurinensis

Vol. 4. No. 2. 2011

fit)

Initiating k=1
control variable

Drawing condition-transitional graph

Y

Production of the empiric values of event intervals,
determining the type of their distribution

\d

Random realization
of T event
intervals weighted
onthe basis of their
known distribution
functions

Fit)
1

=

- Rnd{0,1}

0

T

A

Determination of
chosenrealization
of A, event
density

oAM=l T M

A

Inscription of Q¥
generator matrix

A

Inscriptionand
solution of
Kolmogorov
eguation system

— N

The distribution is
exponential

(&)
Aw

]
Ay

determination of
A;; event density

.Ai.jz 1/ T

Mathematical
statistic evaluation
of P limit
distribution
realizations

Inscription of Q
generator matrix

A 4
Inscriptionand
solving of the
Kolmogorov
equation system

A 4
Performing
simulation

elasticity study

v

Evaluation of
results, composing
proposals

314

P1(t) applicability function

Figure 4. The algorithm of determination of the expected \&ll&e (t o f) limit of



Vol. 4. No. 2. 2011 Acta Technica Jaurinensis

Table 2. Realizations of emergency repair occurring interval

Table 3. Realizations of emergency repair interval

Figure 5. Empiric distribution function &f s interval
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T, generation of expected value realization:

Te.* generation of expected value realization:

P,®generation ofvailability index realizations:

In addition to the accepted conditions, on the basiseot#ificulations, according to the
algorithm, shown in figure 4,

* %HVLGHYV VLJQLILBY QReHsy@rieYid Gilateral confidence
interval (u=1.96; K=30) ﬁl applicability factor is estimated as follows:

316



Vol. 4. No. 2. 2011 Acta Technica Jaurinensis

B UJ‘% df, df, u\)% D

88.75 o |51 d 89.23%

SO we can state with 95 % reliability that — besides studied operational
system structure — the applicability (availability) imd# the specified technical
devices will be positioned within the interval, desigddtg 88,75 and 89, 23 %.

» on the basis of the results of parameter sensistitglies — performed according
to the same methodology as the earlier — it can tadbleshed (see table 4) that
there was no change in the rank between the factoblesia

Table 4. Rank of parameter sensitivity

Figure 7. The most effective possibilities of the incredsiee availability index

The performed studies make it possible to draw the cowoaolugiat — within the
specified operational structure and besides these opwiafiarameters — the most
effective way to increase the availability index medres éxpedient alteration of the
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operational chains of conditions, creating the 1-bi6ep of the connecting condition-
transitional graph (see figure 7).

Summary

Nowadays a real demand appears on behalf of transporhizagans for the
implementation of an “availability based” operationaategy, and treating maintenance
as an integrated part of vehicle purchasing in the cageryfaluable stock of vehicles.
That is how it happened in the case of putting into operdtie Stadler-FLIRT electric
self-propelled train fleet, where — within the framekaf a public procurement
procedure — the entity submitting the tender had to gusedd % effectiveness of the
availability index (within the framework of a 30 year dpmmaintenance contract)
regarding the entire interval of the contract.

In this document we have tried to describe the multi-stazgrational process of
vehicles (as technical systems) using a stochastic-basddl mith the aim of the
operational structure to be analyzable and to be abtptimize with adequate depth
and soundness. For the description of the operationattgte — in resolving the
marginal conditions of the known homogeneous Poisson §ganedel — we proposed
such a general algorithm that is suitable for determinadtfonumerical value and
dependence ratio of the availability factor (also ie tase of parameter distributions
that are different from the exponential) and through thais ialso suitable for the
practical establishment of an availability-based vekogerational strategy.
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