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SOME INTEROPEARBILITY PROBLEMS
OF EUROPEAN ELECTRONIC TOLLING SERVICE

The paper refers to some problems of the Europdectrenic tolling service.

The existing EETS systems in the European Union beemstates

are not interoperable due to many differences. paem Commission has taken
bold steps to address that issue. The first one Waective 2004/52/EC

on the interoperability in the Community. The setomas decision to launch
Europe’s own Galileo system. The third was EC decisrom 6 October 2009

based on CESARE and RCI projects. Furthermore Mbé&r Transport Institute

researches in mentioned matters have been presarded

PROBLEMY INTEROPERACYJNO S$CI W ZAKRESIE
EUROPEJSKIEJ UStUGI OPLATY ELEKTRONICZNEJ

W referacie przedstawiono problemy interoperacygn@uropejskiej ustugi optaty
elektronicznej. Istnigce systemy optat drogowych wigtwach cztonkowskich Unii
Europejskie nie g interoperacyjne z wielu powodoéw. Komisja Europejpldpta
wazne kroki w tym zakresie. Pierwszym byla dyrektyWw8452/WE, dotyeza
interoperacyjnéci we Wspdlnocie. Drugim byla decyzja o wintiu systemu
Galileo. Trzecim decyzja z dnia 6 Zoaiernika 2009 r., na podstawie wynikow
projektow CESARE oraz RCI. Ponadto wyniki badarowadzonych przez Instytut
Transportu Samochodowego w pésgym obszarze, zostaty dalprzedstawione.
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1. INTRODUCTION

There are two different types of European Electromblling Service (EETS):
Dedicated Short Range Communication (DSRC) and GBS/ based systems.

The first system (DSRC) is typically used as thenpry method of charging where
a charge is to be applied at one of a discrete pumbspecific points, such as a toll plaza
(an area where tollbooths are located ) or a lonain the open highway. All electronic tall
systems using microwave technology all over theldvbave the same structure, which
utilize vehicles equipped with transponders (eteutr tags), toll and control gantries, in-
road/roadside detection and classification sensowsjputerized system (hardware and
software) and wireless communication (5,8 GHz ryealtlover the world, only 5,9 GHz in
USA), as well as enforcement technologies.

The second system is based on an innovative cotidminaof mobile
telecommunications technology (GSM) and the sédetlased Global Positioning System
(GPS). The main element of the automatic log-ortesgsis the On-Board Unit (OBU).
With the aid of GPS satellite signals and otheiitimgng sensors, the OBU automatically
determines how many kilometers have already beerdon the toll route, calculates the
toll based on the vehicle and toll rate informatibat has been entered, and transmits this
information to the computer centre for further @esing. Software will be supported with
electronic road maps and data of users registeyatiell as data charges of highways and
expressways.

The electronic toll collection systems in the Ewap Union member states are not
interoperable due to differences in charging cotgeiechnology standards, classification
and tariff structure, legal and institutional baakgnds. European Commission has taken
bold steps to address that issue. The first oneDiestive 2004/52/EC of the European
Parliament and of the Council of 29 April 2004 ¢w tinteroperability of electronic road
toll systems in the Community [2]. The second wasislon to launch Europe’s own
Galileo system, that is predicted to improve upothlihe accuracy and reliability of GPS.
On June 26, 2004, the US and EU signed an agred¢meobrdinate Galileo and GPS.

The requirements of that directive will be implerteghin Poland based on the Act
from 7 of November 2008 and some other acts [5§triessed that toll collecting charge
institutions should be able to carry out electrdoittransactions from 1 of July 2011.

Interoperability of road charging solutions is adeterm objective of the EC and as
mentioned earlier, the directive 2004/52/EC of Bugopean Parliament and Council on the
interoperability of electronic road toll systemstime Community was adopted in April
2004. The new road charging service that is interaiple throughout Europe on the basis
of one or more of the mentioned technologies i¢edalhe European Electronic Tolling
Service (EETS).

2. TECHNICAL AND ECONOMICAL ASPECTS OF EETS

According to data presented by EFKON AfBe implementation costs of Electronic
Toll Collection System using GPS/GSM technology aréttle more (abort 20 %) than
Dedicated Short range System (DSRC) in the beginnmplementation including
roadways below 1000 km and assumption of 300 @@Baard units (OBU'’s).

4 Andreas Weiss, Director Business Line Toll. EFKONKE.APresentation in General Department of National
Roads and Motorways, 8 May 2009.
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The costs of mentioned systems are equal in roaslwagl number of 1000 km.
Furthermore, above 1000 km, the costs of GPS/GS8&daystem are getting definitely
decreased (to 60 % with total number of roadway&60 km), but the costs of DSRC
system are decreased only a few percent (fig 1).

DSRC costs per Thx
L m

Assumptions: 300 000 OBU's

GPS costs per Tnx
i

Costs per transaction (normalized)

500 1000 1500 2000 2500 3000
Road length (km)

Fig. 1. EETS implementation costs comparison betEeRC and GPS/GSM systems

For road networks >1000 km European Electronic B#tvice using GPS/GSM
technology is higher cost-efficient. Charging setary roads/extending network with
using GPS/GSM technology is the choice.

The profit of Electronic Toll Collection System (BE) in Czech Republic
implementation was 213 million Euros in 2007 ané #3llions Euros in 2008. There were
357 000 registered OBU's in 2008, and 380 000 OBttse beginning of 2009. The daily
profit of using DSRC system in Czech Republic i® DO0 Euros. Based on analyzes it is
known that profit of operating system will be 2j8itn Euros by 10 years

The implementation cost of Toll Collect System ier@any was about 1 billion
Euros. Yearly profit from system is 3,5 billion Bst

One of reasons to introduce Toll Collect in Germaras problem to check exactly
routine of trucks, especially invaders and mistakege calculations. The monitoring data:
who, when and why goes this way no other in DSR&esy depends on many persons and
more time, what increases cost of operating system

Furthermore in free space microwaves (5,8 GHz)elravstraight lines as do optical
waves. Near the Earth, however, the atmospherarmasex of refraction which normally
decreases with distance above the Earth and c#usesave to travel in a circular path
which bends slightly toward the Earth. Microwaves eeflected and refracted by objects
just as are optical waves.

® VaclavCerny, Transport Ministry. Presentation on Interoadil Congres ITS, Prague 29 March — 1 April 2009.
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Taking into consideration problems of microwavegagation, especially in urban
and mountain areas, Czech Republic Governmentdige® contract with Kapsch in 2008
to implement hybrid system, which includes DSRChtedogy in actual roadways (972
km) and new GPS/GSM technology on hew motorwaysexipdessways.

Tab.1. Comparative study of Electronic Toll ColientSystems in Europe

Characterization Austria Czech German§
Introduction date 01.01.2004 01.01.2007% 01.01.2005
Admissible weight > 3,5 tony > 3,5 tony >12ton
System cost 1010 M€ 780 M€° 1240 M€*
Technology DSRC DSRC GPS/GSM
Tariff/lkm 0,155 € 0,068€0,11 € 0,09€ 0,10€
0,217 € 0,15€ 0,11€ 0,12 €
0,325 € 0,21€ 0,13€ 0,14 €
Average charge 0,26 € 0,124 € 0,115 €
Budget revenues 825 M€ 236 M€ 3,5B€
(2008) 12 % 5% 22%

Source: Based on Markus Liechti, Nina Renshaw, isePWorth Paying. A guide to the
new EU rules for road tolls for lorries. Europearederation for Transport and
Environment.

® Friedrich Schwarz-Herda, Austrian Federal Ministoy Transport, Innovation and Technology (BMVIT).
Interurban road pricing: The Austrian Experienggesentation to IMPRINT-NET group, Brussels, 2006

" VéclavCerny, Transport Ministry. Presentation on Interoadil Congres ITS, Prague 29 March — 1 April 2009.
8 According to German Ministry of Transport, Constion and Urban Development: www.bmvbs.de

9 The company ASFINAG, responsible for the introchrctof the EFC system, decided finally for the isal
motorway operator Autostrade S.p.a. as the bestebith the evaluation process. Autostrade, respsytits
Austrian subsidiary EUROPPASS signed a contracé déntract has an equivalent value of 750 milliamoE
The operator users for Toll collection a microwdased DSRC technology, 5,8 GHz compatible to th&l CE
standard with road-side radio-antennas on eachrmajosection between junctions. The implementatibthe
system took 18 months as it was requested in titete SourcePIARC Seminar on Road Pricing with emphasis
on Financing , Regulation and Equityancun, Mexico, 2005, April 11-13 1/8. Additionadi@truction cost of the
nationwide truck toll system for Austria is abo®4®m (E260m) using 2005-03 exchange rate $1.3=6ilrcs:
Toll Road News.

1 The Transportation Ministry announced in earlyddetr (2005) that the system has cost 780 MillioroEor
the Czech Republic, and was promised to give retmrinvestment by 2010. The consortium of Ascomafel
Damovo and ABD group presented the lowest bid. ddresortium requested 15 billioncK530 Million Euros)
with which to build and run the electronic toll sy for 10 years. Meanwhile, Autostrade has offéte system
for 17.5 billion K& (620 Million Euros), Kapsch/PVT has asked for 2ftidm K¢ (780 Million Euros); and a
consortium of A-WAY, AZD Praha, Efkon and EGIS Rxtis proposed 33.7 billionéK (1200 Million Euros) to
build and run the system. The system has cost 7i®MMEuros for the Czech Republic, and was pradiso
give return on investment by 2010.

" Based on: www.bmvbs.de
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3. ROAD CHARGING INTEROPERABILITY (RCI) PROJECT

Within the framework of EETS researches the threary2005 — 2008) Road
Charging InteroperabilityRCI) project, which is partially funded by the DG Enerayd
Transport of the European Commission, was develtyyedonsortium currently consisting
of 27 partners, including toll operators, suppliénsck makers, representatives of both the
DSRC and the GNS$communities, and some specialist companies pnoyidkpertise on
the relevant research issues [3].

RCI Project was implemented and tested this framkwofield trials at six sites as
follows: Austria (ASFINAG), Germany (TOLL COLLECT)taly (TELEPASS), France
(TIS PL), Spain (VIA-T), Switzerland (LSVA).

The EC co-funds the Road Charging Interoperab{iR€I) project to demonstrate
and validate how RCI interoperable prototypes seasty, and without user intervention,
adapt functional behaviour when crossing the boadeording to the rules that apply for
the German, Swiss, French, Spanish, Italian andridnstolling schemes. This contracted
RCI mission was to be based on specifications thatild be provided by the EC-
coordinated expert groups (EFC) and the Europeann@itiee for Standardization (CEN).
Although the EFC and CEN have delivered a spetifinafor a number of important
elements of the EETS, there has not been a cléaitas or architecture for the EETS and
several of the specifications needed are still imjssRCI therefore defined itself a high-
level architecture for interoperability that is bdsupon work of the CEN and I1SO
standardization committees and the ASEEARIling operators’ and Member States’
Stockholm Group role model (CESARE Ill). The RCthitecture defines the technical
detail of the interfaces for road charging systehad are interoperable in a manner that
they correspond to the interfaces between the bssientities that together operate the
service: the Toll Charger, the Toll Service Provided the Service User (fig.2).

In the RCI architecture two charging principles fartolled infrastructure are
supported by DSRC-based tolled infrastructure @hardata is generated in a real-time
DSRC communication between the OBU and roadsideomve beacons) and GNSS
enabled tolled infrastructure (data enabling GN®8ing is generated in the OBU
autonomously and the GNSS charge data is forwaridetthe central system of the EETS).

The RCI architecture, presented to the EC in Felgr2807, represented a first
European technical reference for DSRC- and GNS$tedaoad charging solutions that is
accepted by the principal stakeholders (supplietispperators and Toll Service Providers).
Through demonstration, validation, consultation amehreness-increasing workshops, the
RCI project intends to contribute to the furtherrkvaon the EETS specification (and
eventual standardization) and help to avoid delayshe future deployment of road
charging systems or barriers to the introductiomteroperability.

12 GNSS (Global Navigation Satellite System) is thendard generic term for satellite navigation gystehat
provide autonomous geo-spatial positioning withbglocoverage. GNSS-1 is the first generation systaththe
combination of GPS and GLONASSNSS-2 is the second generation of systems thapentiently provides

a full civilian satellite navigation system, exeifiptl by the European Galileo positioning system.

13 ASECAPis the European professional Association of Opesatd Toll Road Infrastructures. It gathers and
represents 17 Full Members (France, Italy, Spaimiugal, Greece, Norway, Austria, Hungary, Croaferbia,
Belgium, the Netherlands, the United Kingdom, PdlaBenmark, Slovenia, and Ireland) and 4 Associate
Members (Germany, Morocco, the Slovak RepublictardCzech Republic).
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EETS service user role Toll charger role

| Toll Charger ETC system |
Vehicle '— ‘ | Enforcement |

Contract between Contract between Toll
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EETS provider role

Fig. 2. RCI Project architecture [2]

The RCI architecture includes 6 interfaces. Int¥fa provides an in-vehicle access
point for the servicing and maintenance of roadging OBU. Interface 2 defines how the
OBU can be installed in a vehicle. Based on higlell¢oll assurance needs, the operation
of EETS requires a tamper-detecting fitting of @BE in the vehicle. Furthermore, such
an interface can clear the way to additional apfibims like VAS (Value Added Services)
or allow for the easy use of already available {pre fitted) vehicle components like
antennas for GNSS/DSRC etc. Interface 3 providesessc to the OBU for human
interaction. Interface 4 enables sending toll chadgta (also called use data) from the
EETS Provider’s Front-End to the Toll Charger’s baffice. This interface can also be
used for localization support via (augmentatiorppsrt beacons but only if the operation
of location support beacons is considered the respiiity of the Toll Chargers. Interface 5
enables the exchange of the specifications thneléfie specification of the Toll Chargers’
tolled infrastructure (charge objects, charge eyetdariff structure) and the expected
behaviour of the EETS Providers systems whamsmitting data (GNSS Charge Data
format, frequency). Interface 6 enables the Tolla@er to carry out enforcement and
compliance checking transactions with the OBU.

The final and ultimate task within the project wthe demonstration phase (also
called the Operational Testing): two trucks, eaghigped with one interoperable OBU that
seamlessly, and without user intervention, adaptectfonal behaviour when crossing
borders, according to the rules that apply to teentany, Switzerland, France, Spain, Italy
and Austria tolling schemes. OBU TRIPON EU (fig.fB)m FELA was tested within the
of RCI project.

The final report stresses that RCI technical aeciitre should include the interfaces
4, 5 and 6, and sufficient to provide the leveldgraéroperability required for the EETS.
RCI has been in close cooperation with CEN TC 278Mwhich is working on finalizing
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the standards which will provide the definitions fbe key interfaces 4, 5 and 6. These
standards will be fully open and available.

Fig. 3. OBU - TRIPON EU (http://www.fela.ch/) (OBtfesented and accepted in 12
November 2008 in Brussels in RCI frame)

RCI final report makes recommendations to [3]:

— continue and finalize the standardization of therfiaces (CEN) and the work on the
contractual aspects,

— take into consideration the open issues (who defiarge objects’ coordinates, who
is responsible for augmentation systems and prjyacy

— define the technical EETS architecture and therfimtes, which are necessary for
interoperability as elements in the EETS definition

— determine the responsibility of the EETS Providarthe EETS Front-End (including
the OBU) must be stated very clearly in the EETigecture,

— initialize/coordinate activity envisaging the tosiseded for performance monitoring
that can help establishing trust, beyond EC marking

— prepare for the EETS (industrial development, pjlahprovements),

— work with all stakeholders on a clear European naegul of how progress will be made
in the three years after the decision is finaliZEgis roadmap should make clear how
the private sector can take its responsibilityhe tontext of Member State action,
European coordination and EC involvement.

4. THE EUROPEAN COMMISSION DECISION PROPOSITION OF EET S

Based on RCI program researches, Commission oEtimepean Communities has
implemented Decision on the definition of the Epgan Electronic Toll Service (EETS)
and its technical elements [1]. EETS sets out theessary technical specifications and
requirements for that purpose, and contractuakreéating to EETS provision. Decision
lays down obligations on EETS Providers, Toll Cleasgand EETS Users. EETS domain
means a toll domain falling under the scope of ive 2004/52/EC.

EETS Provider means a legal entity fulfilling thequirements and registered in
a Member State where it is established, which graotess to EETS to an EETS User.

Toll Chargermeans a public or private organization which levielis for the
circulation of vehicles in an EETS domain.



280 G. NOWACKI, I. MITRASZEWSKA, T. KAMINSKI, M. UCINSKA, T. KALLWEIT, W. POTAPCZUK

EETS Usermeans a (natural or legal) person who subscribesn&ract with an
EETS Provider in order to have access to EETS.

On-board equipmenheans the complete set of hardware and softwar@@oamts
required for providing EETS which is installed omalod a vehicle in order to collect, store,
process and remotely receive/transmit data.

Interoperability constituentsmeans any elementary component, group of
components, subassembly or complete assembly gfregut incorporated or intended to
be incorporated into EETS upon which the interopiitg of the service depends directly
or indirectly, including both tangible objects anthngible objects such as software.

EETS Users do not interact directly with Toll Chengjas part of EETS. Interactions
between EETS Users and EETS Providers (or their )O3 be specific to each EETS
Provider without compromising EETS interoperability

Electronic interfaces between EETS Providers antl Tbargers fall into two
categories: Electronic interfaces at the roadsetevden the EETS Provider's OBE and the
Toll Charger’s fixed or mobile equipment, and elenic interfaces between the respective
back office systems.

As a minimum, the following standardized back dffignterfaces must be
implemented by all EETS Providers. Toll Chargersmmplement each interface, but can
choose only to support either the GNSS or DSRCgihgmprocess:

— Exchange of toll declaration data between EETS iBess and Toll Chargers,
specifically: submission and validation of claimw toll payment based on DSRC
charging transactions, submission and validatioB NES toll declarations;

— Invoicing / settlement;

— Exchange of information to support exception hamgdliin the DSRC charging
process, inthe GNSS charging process;

— Exchange of EETS blacklists and trust objects;

— Sending of Toll Context Datafrom Toll Chargers to EETS Providers.

The EETS architecture for interoperability is basgdn work of the CEN and 1ISO
standardization committees and Member States’ &taok Group role model (CESARE
) and the ASECAP tolling operators. ASECAP antd members are committed to
exchanging information and experience, particigatin research programs and further
developing and enhancing the direct "user/payell $gstem as an instrument of a
sustainable, safe and environmentally friendlyspeomt policy, strengthening the efficiency
of their networks and permanently improving theclesf services provided to the European
citizens, by keeping up with the latest technolagyelopments and the best operational
practices.

5. COUNCIL OF THE EUROPEAN UNION DIRECTIVE PROPOSAL

Proposal for a Directive of the European Parliansrd of the Council amending
Directive 1999/62/EC on the charging of heavy gowedkicles for the use of certain
infrastructures include some amendments [4].

 Toll Context Datameans the information defined by the responsibléQlsarger necessary to establish the toll
due for circulating a vehicle on a particular tidimain and conclude the toll transaction.
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Amendment 15. Proposal for a directive — amendicig Recital 22. The use of
electronic tolling systems is essential to avoistuition to the free flow of traffic and to
prevent adverse effects on the local environmensea by queues at toll barriers. It is
therefore appropriate to ensure that the infragirecand external cost charges are collected
by means of such a system, subject to compliantke thie requirements of Directive
2004/52/EC of the European Parliament and of thenCib of 29 April 2004 on the
interoperability of electronic road toll systemstie Community that foresees appropriate
and proportionate measures to ensure that techtegall, commercial and data protection
and privacy concerns are properly addressed innipéementation of electronic tolling.
Furthermore such systems should be designed witbadside barriers and in a way which
allows subsequent extension to any parallel roattsracost. Provision should however be
made for a transitional period in order to permé hecessary adaptations to take place.

Amendment 16. Proposal for a directive — amenduidRecital 22 a. It is important
that the objectives of this Directive should beaiattd in a way which does not harm the
proper functioning of the internal market. Moreqviéris important to avoid heavy goods
vehicle drivers in future being saddled with eveoren incompatible and expensive
electronic equipment in their cabs and running risk of making errors in its use. A
proliferation of technologies is unacceptable. Trieroperability of the toll systems in the
Community, as provided for in Directive 2004/52/E€hould therefore be achieved as
quickly as possible. Efforts should be made totlitné number of devices in the vehicle to
one, which makes it possible to apply the variates which are in force in the various
Member States.

Amendment 17. Proposal for a directive — amendinty Recital 22 b. The
Commission should take all necessary measuressireethe rapid introduction of a truly
interoperable system by the end of 2010, in accmelawith Directive 2004/52/EC.
Member States should be able to use the Trans-BEamofdransport network (TE9-T)
budget and the Structural Funds in order to impttoaesport infrastructures with a view to
reducing the external costs of transport in genanal implementing electronic means of
collecting the charges arising from the provisiohthis Directive.

6. CONCLUSIONS

DSRC systems need road-side equipment, typicallynteal on a gantry, with
electronic tags in the vehicles which may be realg;aead—write or smartcard-based.

A new class of ETC systems is based on a combmationobile communications
technology (GSM) and the satellite-based globaltjpming system (GPS)The first GPS
based system advantage is an absefdbe need for new road infrastructure (gantries),
while the operators can keep using the existintagtfucture. System works without toll
booths, extra lanes, speed restrictions or comstieictures along toll road3he second
oneis much greater flexibility in defining or changingymaent by simply redefining the
"virtual" toll areas. It means thability to adapt easily and quickly to changes lrarge
parameters (road classes, vehicle types, emissigis| times slots etc). The third is the
systems ability to support other value-added sesvion the same technology platform.
These services might include fleet and vehicle manghanagement systems, emergency
response services, pay-as-you-drive insurancecgsrand navigation capabilities.

According to European Commission the electroni¢ ¢ollection systems in the
European Union member states are not interoperabl&C has taken important step to
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implement Directive 2004/52/EC on the interopeiiibibf electronic road toll systems in
the Community. Another important step is the decision EETS definition and
specifications.

A decision setting out the essential technical Sjgations and requirements needed
to launch a European Electronic Toll Service (EEWSich will enable road users to easily
pay tolls throughout the whole European Union (Efnks to one subscription contract
with one service provider and one single on-boauitl u

The Commission Decision lays down the rights antigations of toll chargers,
service providers, and users. Users will be abkutiscribe to the service provider of their
choice. Toll chargers will communicate the tollsedio the service providers, who will
eventually invoice the users. Tolls paid via EET@ymot exceed the corresponding
national or local tolls.

EETS will be available within three years for adlad vehicles above 3.5 tones or
allowed to carry more than nine passengers, ineuthe driver. It will be available for all
other vehicles within five years.

*kk
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