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1. EXECUTIVE SUMMARY

This report has been prepared by the STA — the Mobility Agency of the City of Rome
SpA on behalf of the EURoPrice cities. EURoPrice was set up to advance road pricing
initiatives and foster co-operation between the European Commission and urban
authorities that are considering the implementation of road pricing.

Phase 2 of EURoPrice will continue to develop work on road pricing through the shared
experience of the participating cities — Amsterdam, Belfast, Bristol, Edinburgh, Genoa,
Leeds and Rome.

This report is the third of five guidance papers developed by EURoPrice to support the
issues of road pricing policy in seven European cities in the second phase of the
EURoPrice project. This second phase began in 2001, after the first phase of
investigation was concluded in 2000 with encouraging results.

Each city is at a different stage in adopting road pricing as a policy tool. Amsterdam,
Belfast and Leeds are at an early stage in the exploration of road pricing as a possible
tool. Bristol, Edinburgh and Genoa are currently developing programmes for
implementation. Rome is an example of full implementation of a mixed scheme
combining road pricing together with Access Control to the Central Limited Traffic
Zone (LTZ).

This document looks at what types of Technical and Operational issues have been
undertaken to implement Road Pricing schemes and their effects on the acceptability of
road pricing as a policy tool as well as the future technology options according to the
lesson learnt. Differences in choices between and within the seven EURoPrice cities are
also highlighted.

Schemes in Belfast and Amsterdam have not proceeded as far as others and are
therefore unable to offer specific guidance. However, a brief presentation of the issues
regarding these cities is reported.

This Technical Paper contains much to encourage Amsterdam, Belfast, Bristol,
Copenhagen, Edinburgh, Genoa and others to move forward on road pricing. The first
results in Rome confirm the benefits from road pricing, in that special case integrated
with Access Control policies.
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2. INTRODUCTION

EURoPrice involves co-operation between the European Commission and urban
authorities who are seriously considering the implementation of road pricing. Three
technical papers were produced in Phase 1 of the project ' and the results were
presented at a conference in Edinburgh in October 2000.

Phase 2 of EURoPrice continues to develop work on road pricing with particular
reference to public and political acceptability and linkages to the commercial sector for
support and partnership. The participating cities are Amsterdam, Belfast, Bristol,
Edinburgh, Genoa, Leeds and Rome.

The main aim of Phase 2 is to further the outreach to, and linkages with, interested cities
and regions through regular meetings, each focused on a particular aspect of road
pricing. Guidance papers, of which this is the third, will also be produced covering
topics such as Marketing Controversial Issues, Consultation with the Business
Community, Complementary Measures and Organisational Framework.

The objectives of this guidance paper are to draw on the experiences of participating
cities in installing and operating technological solutions for the application of RP
policies. The paper includes topics on the work carried out for defining the best
technical solution suitable for the specific site to fulfil its needs.

The acceptance of the technological solution has been discussed with the citizens, in
some cities, through the use of specific surveys or via consultation with the representing
organisations. The issues in each city are reported, even if in some cases, is still to be
completed.

The cities where the technical implementations have already been made are reporting
issues or problems in implementing RP systems and the needs of ensuring the
interoperability with other systems. In some cases, procurement, and installation and,
for Rome, the running of the tolling system is described showing the progress of the
activities across the cities.

" See Appendix 1
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3. SURVEY ON TECHNOLOGY ACCEPTANCE

All the EURoPrice cities have conducted surveys and/or analysis in order to evaluate
the RP measure as well as the technology acceptance.

3.1 AMSTERDAM

In Amsterdam, the Road pricing project aimed at creating a system of usage-based
taxation in The Netherlands. According to the project, motor vehicles should be
equipped with an on-board unit, called the mobimeter. The Road pricing Project should
create the conditions for a large market in mobile in-car services to be developed by
market parties.

The Dutch government welcomed in the past an open dialogue as a starting point of a
partnership to develop commercial aspects. Some activities like levying and collecting
road taxes, imposing sanctions and handling appeals should remain with government
agencies, but major business opportunities remain.

3.2 BELFAST

Preliminary studies have been undertaken on the introduction of road user charging in
Belfast and they suggest that it is technically feasible. Various charging scheme options
were examined and assessed by Consultants. These included single and double cordons,
workplace parking levies, paper-based area licensing and electronic entry permit
schemes. A range of charging tariffs and charging periods was also investigated.

The scheme suggested by the Consultants in the preliminary studies was an electronic
entry permit scheme for central Belfast that could be enhanced and adapted in later
years to suit changing conditions and priorities. Enforcement would require the
application of Automatic Number Plate Recognition technology and the scheme could
potentially be implemented within 5 years. Necessary legislation would need to be
passed by the Northern Ireland Assembly, but this could be modelled on the Transport
Bills in England and Scotland.

3.3 BRISTOL

Bristol has undertaken two practical demonstrations of road pricing, with the support of
the European Commission through the CONCERT-ELGAR project (1998) and the
INTERCEPT project (2000). These trials used tag based DSRC electronic systems
(Dedicated Short Range Communication), using volunteer drivers to test the capabilities
of the equipment but also to measure behavioural changes. The trials were conducted on
selected major commuting corridors in Bristol, as shown on Figure 1.
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The new payment mechanism for access is thus positively assessed: it is “a good idea”
for 64.4% of respondents and will contribute to improvement in the quality of air
(56.8%) and favour increase in use of public transport (57.8%). The new mechanism
for access payment is considered a good idea by 66.5% of shop owners; for 54.5% it
will contribute to improving air quality in the Historical Centre and for 50.5% it will
favour an increase in use of public transport.
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4 ANALYSIS OF TECHNOLOGICAL CHOICES

The State of the Art for Urban Tolling is based largely upon research and limited trials.
At present, there are very few examples of road pricing-based demand management
worldwide. Road charging schemes can be administered in different ways. Some of the
main options include:

- real-time congestion charging — this varies with congestion levels found in that
area at the time of charging;

- time based charging — the charge levied is proportional to the amount of time
spent inside the area covered by the charging scheme;

- distance based charging — the charge is directly related to the distance
travelled within or along the specified route or area;

- cordon pricing — a charge is applied upon the vehicle passing a cordon
surrounding an area (or areas if there are multiple cordons). The charge may be
levied on traffic in one or both directions

- area licensing — a charge made for the permit needed to enter a scheme area
during specified times of day which generally can be used as many times as
desired during the duration

In general terms, the greater the ability of a charging system to differentiate, the more
complex and continuous it is likely to be and the more advanced technology it will
require. Area Licensing Schemes (ALS) can be introduced using no more than paper
licences, but may ultimately operate more efficiently through an electronic tag, used for
instance in Rome (OBU), making a transaction with the access gate through a Dedicated
Short Range Communication (DRSC) system.

The ALS offers the potential for a degree of differentiation between users, but are
comparatively simple in their approach, and do not identify particular trip making
behaviour and issues such as distance travelled or duration of stay. ALS based around
electronic tags give more flexibility since they can enable tags to be issued for different
purposes such as off-peak access only.

Toll and cordon scheme are more complex as they are related to the act of crossing a
specific point or cordon. Multiple charge points or cordons can be introduced to enable
the fees levied to be varied. Simple technologies, such as toll booths can be applied, but
in many dense urban areas, the physical space required will not be available and an
electronic system must be implemented.

Real Time Congestion charging schemes require continuous monitoring of vehicles in
order to calculate distance travelled or even more complex indicators of external costs
imposed. These systems may be GPS driven or utilise similar technologies. Whilst more
complex and costly, many of these technologies already exist on a trial basis.

The enforcement relates closely to the technology adopted. For manual payment, such
as roadside toll booths under point charging, enforcement is implicit as all aspects of the
transaction take place in the presence of an operator who can differentiate by location,
time of day or vehicle type, as required. Such an assumption still requires monitoring of
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toll booth operatives in order to detect potential fraud. All other technological
approaches will require an enforcement effort additional to the original transaction to
ensure drivers do not routinely abuse the system. In general, enforcement should
become easier the more complex the technology adopted.

For ALSs, the only approach to ensure that drivers comply with the conditions of the
system is to monitor all vehicles using the charged area. For most schemes, this may
be best achieved through observation of vehicles displaying licenses entering the area,
either manually (as was the tradition in Singapore prior to the introduction of electronic
technology) or via cameras. In the latter case, the process may be largely automated by
the use of Automatic Number Plate Recognition (ANPR) technology to identify
vehicles and compare them with a list of vehicles possessing valid permits. Indeed, the
paper license itself might rapidly become redundant except as a receipt to prove that a
vehicle should appear on the register. This means, of course, that licenses need to be
purchased for vehicles rather than for drivers and are not transferable.

For electronic pricing technology, it is generally assumed that an electronic
communication with roadside or satellite equipment would be the key mechanism,
backed up by roadside vehicle recognition equipment to detect and broadly classify
passing vehicles (to cater for unequipped or wrongly equipped vehicles). In the case of
smartcard technology, the in-vehicle unit should be capable of providing not only a
validation of the transaction, but also any details required to pursue a defaulter (e.g.
vehicle registration number). However, this facility has privacy issue implications under
some legal environments and, therefore, it has generally been assumed that a roadside
camera would only be used to identify vehicles which do not satisfy the transaction
criteria (as is the case in Norway and in Rome).

For all enforcement approaches, careful consideration needs to be given to the
proportion of transactions monitored: it should approach 100 per cent, to meet
credibility and acceptability constraints, prompting concerns that the administrative
effort associated with enforcement could easily cripple a road pricing system in a large
city. Selective enforcement procedures and appropriately higher fines to deter regular
disobedience and to reduce the workload of the control centre and of city back-offices
should be applied: Rome, facing this problem, decided to charge every violation of each
vehicle every time in the same day.

The electronic systems usually consist of a group of components which in combination

fulfil the functions necessary for automatic fee collection. These components necessary

in most cases are:

- on-board unit or in-vehicle equipment (OBE or IVU) within a vehicle, which
provides information on the vehicle’s unique identity;

- ground equipment for communication, located at the roadside, and used for
automatic vehicle classification (AVC) and charging;

- roadside equipment for enforcement, such as video enforcement systems;

- a debiting device, such as a Smart Card may also be part of the in-vehicle unit
(IVU) from where the charge is debited. Alternatively, in less complex systems,
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this may take place from a central account once a vehicle is identified and
classified;

- central equipment for the administration and the operation of the system.
- Back-office systems to deal with violations and to emit fines.

There are a number of different ways in which the identification and communication in
such systems can be undertaken. Surface Acoustic Wave (SAW) technology has been
used to reflect back the in-vehicle tag identity, and lasers can read ‘bar-code’ type
identities on tags. Radio frequency (RF) communications use microwaves to establish
contact with tags. Tags vary according to their functions and complexity and can be
configured to communicate in one direction (read ID only), two directions (read / write)
and include their own processors to perform on-board functions. Infrared is also used as
an alternative to microwave in some systems to facilitate communication between the
IVU and road-side equipment.

The radio frequency of microwave communications varies between systems. For
example, dedicated short range communications (DSRC) which is the preferred
standard for Road Transport and Traffic Telematics (RTTT) in Europe has been fixed at
5.8GHz. DSRC systems are the most common type of AFC system but within this
description there are a number of combinations which means many systems are
basically bespoke, in the absence of full standards.

GPS based systems can remove the need for roadside detection infrastructure and are
currently tested in Denmark and Sweden in the PROGR_SS project and in Hong Kong.
In integrated systems, they use GSM cellular networks for communications and track
vehicle positions in relation to virtual toll zones.

The only established area-wide demand management example is in Singapore where a
permit based city centre Area Licensing Scheme (ALS) has been operational since
1975, with electronic road pricing introduced in 1998. The main European examples of
road pricing are in Norway, where schemes are operational in Oslo, Bergen and
Trondheim. A variety of other experiences have been gained elsewhere including
schemes in Portugal, California, Toronto, Melbourne and Hong Kong.

Most studies regarding road tolling have concerned point or cordon pricing, where
vehicles are charged a fixed fee on passing a particular point in the network. Such
charges raise revenue for major bridges and tunnels and can be operated manually (via
toll booths) or electronically (e.g. through smartcard technology interacting with either
roadside microwave beacons or using GPS together with a digital map). Existing point
charging schemes (e.g. the Dartford Tunnel in London and the Oslo Toll Ring) use
electronic tag technology.

Technological choices were faced in the cities where the Road pricing issue is passing
the analysis of the application of such measure and the system begins to become a real
application. For this reason, not all the cities have experiences to be described.
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Furtherly, in Genoa the OCR solution was chosen, due to “historical” reasons. The
network believes that the exchange of such experience can help also the associated
cities that have to approach the technical solutions.

41 AMSTERDAM

The Road pricing project started with the report MobiMiles published on April 10th
2001 by the Pieper committee which recommend an implementation strategy for the
road pricing concept. The MobiMiles report introduces a framework for the definition,
implementation, maintenance and organization of a variable road pricing system. In this
concept, the road price could vary according to such factors as location of the vehicle
(which road), time of day (peak/off peak hours), and environmental parameters
determined by the type of vehicle. MobiMiles anticipates a debit/credit system that
would influence individual drivers’ decisions as to which route to take at what time of
day.

The development of an 'Open Specification' for the Mobimeter was one of the key goals
of the Project Team based on an open standard platform able to maximise the
opportunity for the device to be seamlessly integrated with other emerging automotive
industry ITS platforms. A “Consensus” building process via Expert group sessions in
which interested Industry third parties can contribute towards the development of such
an open specification was created, managed by ERTICO.

The requirement specifications (RS) described the KMH Road Pricing System,
essentially based on a registration of the number of kilometres driven at the applicable
rate. When preparing these specifications, consideration was given to the desire to give
other parties the opportunity to share the use of the KMH Road Pricing System facilities
for other services. The purpose of the Requirement Specifications (RS) was:

- To specify the requirements which the KMH Road Pricing System must satisfy;

- To specify the methods which, as a minimum, must be used in order to
guarantee that the KMH Road Pricing System meets the requirements.

In order to maximise the opportunity to 'Future Proof' the functionality of the
Mobimeter as an integral part of the emerging ITS industry standard and compliant
platforms, the Dutch Government contracted ERTICO to facilitate the following
consensus building process:

Validate and work towards consensus on:

- Requirements on architecture and technology of the Dutch Road pricing System
and future in-car Telematics platforms such that the platform supports the Dutch
Road pricing System.

- An open industry standard describing technology and basic functionality
enabling development of services ('service primitives') in such a way that
services can be made available on all platforms.

- Obtain a good understanding of the likely cost of developing and producing the
proposed in-car Telematics industry platform.

- Produce these results in a final document by December 1st, 2002.
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4.2 BRISTOL

In 1999, a consortium led by consultants TTR were commissioned by Bristol City
Council to carry out a study into the road user charging options available for the city
centre, resulting in the Road User Charging Scheme Definition report.

The study included the investigation of suitable charging technologies, although the use
of satellite based technology was not considered due to the lack of experience in this
technology anywhere in the world, and for technical reasons (related to the induced
error in the system to protect the location of the US satellites).

Of the potential technologies considered in the report, an initial investigation of the
options focused on three scheme types:

A simple single cordon scheme using

! electronic tag/transponder technology
2 A paper-based area licensing scheme
3 An electronic (paperless) area licensing

scheme, using ANPR

In the study, 17 assessment criteria were drawn up against which each of these three
technologies was scored. The criteria were:

- Likely impacts and the extent to which they will meet scheme objectives (e.g.
traffic reduction);

- Approximate implementation and operating costs versus revenue;
- Initial investment requirement (related to financial risk);

- Ease and effectiveness of enforcement;

- Susceptibility for fraud and security measures;

- Ease of operation and management of exemptions;

- Ability to deal with visiting vehicles;

- User convenience;

- Flexibility of the scheme (to allow later extension and adaptation);

- Technological risk (associated with the current state of development of the
technologies involved);
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- Logistical and practical issues (e.g. associated with distribution of tags or paper
licenses);

- Environmental impacts;
- Road safety and traffic management issues;

- Public acceptability and political support (likely support for one option or
another);

- Prospects of funding;
- Timescale to implementation;
- Operating experience elsewhere.

Each scheme option was qualitatively assessed against the above criteria, with the
results then translated into a quantitative scoring system along with the results of a cost
and revenue analysis.

The overall scores were not greatly different, but certain technologies proved to be more
effective against different assessment criteria. Paper-based area licensing was a
stronger option in terms of technological risk and operating experience, but lagged
behind the electronic schemes in the more day-to-day operational issues of enforcement,
security, and user convenience. The two electronic schemes were very similar to each
other, with the electronic area licensing better for logistical/practical reasons and
implementation cost, but the electronic cordon scheme achieving a higher score due to
better meeting the desired traffic reduction impacts, but also due to the level of
reliability of the technology and use elsewhere. The electronic cordon system also has
the advantage of being fully flexible and allowing differential pricing, with the higher
potential for future extension and added-value.

Since this report was completed, satellite and ANPR systems have become more
affordable and reliable systems. An ANPR-based system is planned for introduction in
London from February 2003, and the same technology is being considered in
Edinburgh. The choice of technology for the charging system itself, the means of
enforcement chosen, and the technology associated with the complementary measures
are all key in securing public and political acceptance. Therefore, until the new systems
have been proven the technology option for the Bristol scheme remains open.

4.3 EDINBURGH

As indicated in Section 3, a number of alternative technology and configuration options
were analysed. These options are described briefly below. Each was costed, and
implications in terms of their flexibility in terms of technology evolution considered.
Finally, in order to come to conclusions on the relative merits of the alternative options,
an analytical assessment framework was proposed. The approach proposed was based
on that used successfully in Bristol, which in turn had been developed from earlier work
in London and elsewhere. It was further refined for the current exercise.

The approach is based on a list of assessment criteria, against which the pros and cons
of the alternative charging scheme options can be assessed. The criteria are grouped
into three categories:
- Impacts
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- Costs and
- Implementation issues

Impacts relate to the three linked objectives of reducing congestion, reducing pollution
and generating revenue as part of an integrated transport package. Each is estimated
separately. Costs are based on the output from the cost model noted above.

Options examined

Option 1: Area licence (paper-based)

The first main scheme option is an area licensing scheme (ALS) based wholly on paper
licences. There would be a requirement for any vehicle driven or parked on the public
highway within the charged area during the charged times to display a valid licence.
Licences would be issued for either one day or one calendar month. The charging
scheme established in Singapore originally took this form.

Enforcement would be largely carried out by foot patrols who would examine parked
vehicles for valid licences. However, there would also need to be enforcement of
moving vehicles, in order to ensure that through traffic was displaying valid licences.
As in the Singapore scheme, enforcement officers could record the registration numbers
of vehicles apparently without valid licences, for subsequent administrative follow up.
Alternatively — although this would have to be empowered in the legislation —
enforcement officers could have powers to stop vehicles to examine their RUC licences.

The scheme could cover the city centre, roughly encompassing the area between the
Meadows and Stockbridge, and from Haymarket to Holyrood.

Option 2: Area licence (ANPR-based)

This charge scheme option corresponds closely to the ROCOL recommendation for
London [ROCOL 2000]. Vehicle owners or users would be required to purchase
licences for use which would not need to be displayed but would be recorded in a
central database together with the registration numbers of the vehicles for which there
were valid licences. Licences could be purchased over the telephone; they could
potentially be purchased in arrears up to midnight on the day for which a licence was
required. Enforcement would be by means of ANPR installations both at entry points to
the charged area and within the area. Because the internal enforcement sites would not
need to be co-located with charge points, it would be possible to select the most suitable
sites to maximise the probability of internal trips passing enforcement sites. The charge
area could be similar to the one considered for area licensing, option 1.

Option 3: Entry permit based on ANPR

This option is similar to the second one, except that a licence would only be needed to
enter the charged area. The functionality of the scheme would be the same as the paper-
licence-based scheme that was operated in Singapore as the ALS, but with the addition
of automatic enforcement. However, because the requirement would only be for a
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licence when crossing the scheme boundary, enforcement could only be positioned at
the boundary. Enforcement would therefore be more limited than in option 2.

Option 4: Double cordon entry permit based on ANPR

This is the option that was added later to the original list of five, and was included
because of the recognition that it could be desirable and beneficial to include a wider
geographic area than just the central area. This option includes two cordons, one around
the central area and the other just inside the City by-pass within Edinburgh. A single
type of electronic licence would be available, which would be required for inbound
crossing of either cordon during charged periods. Enforcement would take place, as in
option 3, at cordon crossing points using ANPR equipment.

Option 5: Single cordon electronic

In this option, vehicles entering the charged area would be required to be equipped with
a simple tag or transponder. The charge area could be defined in the same way as for
options 1 and 2. Each entry to the charge area would be equipped with DSRC beacons
over, or next to, each lane, and with enforcement equipment including vehicle detectors
and image capture sub-systems. Accounts would be held centrally, making the in-
vehicle tag/transponder simpler to implement than a smartcard based system.

Option 6: Double cordon electronic

The fourth main option would be similar to option 3 but includes two concentric
cordons. A double cordon scheme could be implemented in several ways: the MVA
modelling used cordons C1 and C2. The scheme considered in this report uses a tighter
outer cordon than C2, the same as the single-cordon options, together with an inner
cordon corresponding roughly to C1. However, there would be a good case for
implementing a second cordon at the City by-pass corresponding to C5 in the MVA
modelling inside the by-pass, as in scheme option 4.

Implementation costs

A spreadsheet cost model was developed for the exercise. It was based on a similar
approach initially used in the London Congestion Charging Technology Implementation
Study in 1994, which subsequently formed the basis of similar models used in Bristol
and Belfast. At this stage of the design process, the cost estimation inevitably contains
a number of assumptions and approximations so the output should only be regarded as a
guide. However, the fact that many of the unit cost estimations have been examined
several times in different studies should give the model some robustness.

The spreadsheet is included in full in Annex 1 of the consultants report. The Table
below indicates the results of the initial cost estimation. The costs are in line with
estimates made in other studies.
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Outline cost model — implementation and operating costs

Option
1: 2: 3: 4: 5: 6:
Paper ANPR ANPR ANPR Tag Tag
area area entry double Single  Double
licence licence cordon cordon ., .40, cordon
Implementation costs (£m) 6.9 7.0 6.9 10.0 12.1 15.10
Annual operating costs (£m) 5.7 5.5 5.0 7.5 5.4 6.5

Total capital + 10-year operating 64.0 62.3 56.7 85.1 66.0 80.1
cost (£m)

Evolution plans

The immediate requirement is to define a road user charging scheme that can be
implemented reasonably quickly. However, it is important to have regard to the longer
term implications, and in particular to how the initial system might evolve over time.
Evolution will be necessary to take account of various factors, including changing
patterns of travel demand and land use, changes to the transport infrastructure, road
network and traffic management systems, introduction of other Intelligent Transport
Systems, and availability and introduction of more advanced technology.

The conclusion of this discussion is that it would be possible to upgrade from number
plate recognition systems (ANPR) to electronic systems relatively easily and without
redundancy of a large amount of equipment. By contrast, upgrading the tag-based
systems used in Norway to next generation satellite-based systems is likely to mean the
redundancy of a substantial amount of on-street infrastructure.

Appraisal of charging options

In order to come to conclusions on the relative merits of the alternative basic charging
scheme options, an analytical assessment framework was adopted. The approach
proposed was based on that used successfully in Bristol, which in turn had been
developed from earlier work in London and elsewhere. It was further refined for the
current exercise.

The approach is based on a list of assessment criteria, against which the pros and cons
of the alternative charging scheme options can be assessed. The criteria are grouped
into three categories: Impacts; Costs; and Implementation issues.

The assessment of options is a two stage process. Firstly, the pros and cons of each
scheme option are set out against each of the criteria in a qualitative assessment. The
full qualitative assessment matrix is included as Section 9 of the consultants report. This
was then translated into scores, giving each option a score from 1 to 5 points against
each criterion, (1: worst, 5 best performance). The results of this quantitative assessment
are shown in the following scheme below for the three groups of criteria: impacts, costs
and implementation issues.
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In the first group of criteria, concerned with the impacts of the scheme, two schemes are
clear preferred choices: options 4 and 6. Both are dual-cordon schemes, which leads to
greater efficiency than any of the single-cordon options. Without more detailed
modelling it is difficult to quantify the difference in scale of impacts between options 4
and 6: the greater efficiency of the per-trip charge in option 6 is offset by the wider
geographic coverage of option 4. Options 4 and 6 are however the most expensive and
therefore score less on costs than the other four, which cost similar overall amounts,
although option 3 scores highest as it would cost somewhat less than the others.

Quantitative assessment results in Edinburgh

Scheme option: 1 2 3 4 5 6
Criterion Paper ANPR ANPR ANPR Single Doubl
ALS ALS Entry Doubl cordo e
e n cordo
n
Congestion reduction 3 3 2 5 4 5
Environmental impacts 3 3 2 5 4 5
Revenue potential 4 4 3 5 4 5
Impacts total 10 10 7 15 12 15
Costs total 9 9 10 5 8 6
Technological risk 5 3 3 3 4 4
Ease and effectiveness of enforcement 1 4 3 3 5 5

Susceptibility for fraud and security 1 5 5 5 4 4
measures

Ease of operation and management of 3 4 4 4 5 5
exemptions

Ability to deal with visiting vehicles 4 5 5 5 2 2
User convenience 1 3 3 3 4 4
Flexibility of the scheme 2 4 4 4 3 3
Logistical and practical issues 2 4 4 4 3 3
Visual intrusion 5 4 4 4 3 2
Road safety and traffic management 3 3 3 3 3 2
issues

Public acceptability and political support 3 4 3 5 3 3
Timescale to implementation 5 4 4 4 3 3
Operating experience elsewhere 4 1 1 1 4 4
Implementation issues total 39 48 46 48 46 44

In the implementation issues, option 1 is clearly the least preferable, and options 2 and 4
score the highest, although options 3, 5 and 6 all score relatively close to the 48 points
attained by options 2 and 4. In discussions, it was agreed that three criteria in particular
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— ease and effectiveness of enforcement; susceptibility for fraud and security measures;
and public acceptability and political support — could be considered more important than
the other criteria. However, this would not significantly change the outcome of the
assessment of implementation issues: option 1 is clearly poorer than the others, and
options 2 and 4 score marginally more than the other three.

The discussion above leads to the conclusion that only the first option, the paper-based
permit system should be definitely ruled out at this stage. It is considered that options 2,
3 and 4 should be considered strong contenders. Each is based on ANPR technology
and the concepts being developed for the potential London scheme.

44 LEEDS

In Leeds, DIRECTS will show how two different electronic charging systems could
work.

The first is a Dedicated Short-Range Communications (DSRC) system. It uses
equipment at the roadside to transmit signals to and from electronic units fitted on the
inside of the windscreen or on the dashboard of vehicles. The data from the roadside
equipment is then processed by the back office systems and converted into dummy bills
and violation notices.

The second is a Position Fixing System. Vehicles will be fitted with a receiver which
determines location using the Global Positioning System (GPS) satellite network. The
on-board equipment matches its position with an electronic map of charged areas and a
table of charge rates. Then, as with the DSRC system, the data is sent to a processing
office for billing.

An important issue for the acceptability of GPS systems is that whereas the in vehicle
unit can receive broadcasts from satellites it cannot send signals back to them —
communications are therefore one-way and private.

Video systems linked to automatic number plate recognition software will be used for
enforcement purposes.
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f the trial area and sites of DIRECTS in LEEDS

il 1

-
i

Fig. 7: Location o

The DIRECTS Trial

Roadside equipment will be installed on temporary structures at seven locations in the
south of the city. These sites have been chosen to represent a cross section of urban
traffic conditions in a relatively small area ranging from a high speed urban motorway
to congested urban roads with parked vehicles and bus stops. The previous figure shows
the location of the trial area within the city and the location of the seven site trial sites.
The following figure illustrates the design of the roadside structures at representative
sample of these sites. These gantries have been specifically designed for the trial and
different designs would be developed for use in any live systems.

Ty stuchires wil be gnn up ol eeen Ecaliomm

Fig. 8: Example of the temporary installations in two sites

Up to 600 volunteers, drawn mainly from commercial and fleet operators, will take part
in the trial which will start in late summer 2003 and last for a maximum of 12 months.
Volunteers equipped vehicles will make up to 600,000 passes under the equipment and
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dummy invoices and violation notices will be processed but it must be stressed that no
money will change hands.

45 ROME

The Rome choice of technology was made according to the following requirements:

- The Rome DRSC is based on the TELEPASS technology, allowing the existing
OBU the use on the Italian motorway and therefore a high degree of market
penetration;

- The entrance inside the Limited Traffic Zone (LTZ) is permitted through a
smartcard to be inserted inside the Telepass modified box, called OBU (On
Board Unit). In the future, when you move to another city (or another LTZ
inside the same town) you have only to change smartcard to enter inside the
other LTZ;

- The OBU also permits the on-street parking payment, having the possibility to
be used as electronic wallet, to be charged with specific card (Romasosta card)

In Rome, the electronic access control system includes 23 entrance gates on the primary
road network and controls all the LTZ, that occupies approximately 5,5 sq km and has a
resident population of 42,000 people. A range of political and commercial institutions
have their headquarters in this area, i.e. national organisation, central administration
offices (12 Ministries) and the local city administration (the Mayor’s bureau and the
Councillors' offices).

The application of the DRSC electronic access gate system in Rome comes from a very
complicated institutional framework and it is now entering into operation after a long
period of trial and simulations.

In Rome, the DRSC system is integrated with an OCR system, able to detect all the
vehicles without OBU and a White List for the temporary permit managed at central
level, in the STA Traffic Control Centre, where the complex framework procedures for
the LTZ are implemented, including fine emission under the supervision of the relevant
Bodies.

Satellite-based and other next generation devices.

A more continuous system could charge at a level more closely linked to places and
times of congestion. The most feasible mechanism would be distance-based charging,
where vehicles would pay fees at a pre-specified rate per km throughout the trip. The
project in Copenhagen is a limited demonstration project involving volunteers and not
full scale. The political debate on road pricing has just started and no concrete pricing
scheme has been debated or approved so far. Anyway, one of the aims is to test a
kilometre based charging structure, and consequently a technology based on vehicle
positioning (VPS) is chosen. Existing systems are mainly based on GPS (Global
Positioning System), and are presently in phase of system development.
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An important structural limitation of the electronic gate system is the high rate (about
15%) of failure to detect a vehicle entering the zone. This limitation is overcome in the
scheme verifying the images taken before confirming the violation or checking with the
OBU (On-Board Unit). However, this solution prevents application of a large-scale
road-pricing scheme in the LTZ to all citizens, without giving the OBU to them.

On the other hand, the large diffusion of the GPS systems worldwide could allow for the
extension of the Rome system towards integration with GPS systems.

In the INITIATIVE project there is the attempt to validate aspects of interoperability
between the use of common integrated On-Board Equipment (OBE) with an interface
with a DSRC system, and a Global Navigation Satellite System with Cellular Networks
(GNSS/CN).

GPS-based positioning systems are presently not reliable because of the intrinsic
positioning error and the poor availability of the system discourages widespread
application. Problems arise especially along the cordon where correct position
determination is fundamental: the enforcement procedure cannot accept position errors.

This application requires greater positioning precision, better availability and reliability
than GPS currently offers, and would be feasible with Galileo services as currently
defined.

The use of Galileo Vehicle Positioning Technology (GVPS) could demonstrate how a
positioning system based on Galileo receivers could permit implementation of policies
guaranteeing equity in the use of the LTZ.

Demonstration of the added value coming from logical integration of the Electronic
Gate ACS with GVPS technique could be summarised by the analysis on the
applicability of such technology in order to verify on a long-term time schedule for
equity in costs using ZTL for all the citizens, possible extension of the pricing area
without installation of other electronic gates, optimisation of freight delivery, booking
system for non-resident via Internet or GSM, Navigator and adoption of special policies
in specific periods (weekends, on sundays, etc).
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5. ISSUES OR PROBLEMS IN IMPLEMENTING THE RP
SYSTEM

All the Cities experienced problems and issues in the process towards the
implementation of the RP systems, demonstrating the necessity of a network able to
provide information from different countries on how to overcome both technical and
institutional problems as well as to support in the defence of their projects.

51 AMSTERDAM

The recent elections of the Dutch parliament resulted in a new coalition of parties who
now form the new Government. This government was formally installed on July 22™ of
this year. The new government’s strategic agreement is to focus efforts centred around
the better use, including the broadening, of the road infrastructure as well as the
improvement of the public transport network.

It is the new government’s belief that the introduction of a possible road pricing system
will only be functional once the accessibility to both roads and public transport are
notably improved. As a consequence, in the coming term of this government no
financial budgets will be allocated for the preparation of a possible introduction of road
pricing in the Netherlands.

5.2 BELFAST

Implementation of a charging scheme utilising electronic entry permits should have a
direct impact on congestion reduction in central Belfast and a significant effect on
parking displacement. The scheme offers additional advantages in terms of user
convenience, flexibility, logistical issues and the management of exemptions and
occasional visitors. It is also relatively easy to build in security measures to reduce the
susceptibility to fraud. While the necessary roadside equipment may have an adverse
effect in terms of visual impact this would be less than the impact of overhead gantries.
Finally, as with any road user charging scheme, there may be public acceptability issues
to overcome.

While an electronic entry permit scheme for central Belfast was identified in these
preliminary studies as the most suitable and preferred initial charging scheme option for
Belfast should one be required, other road user charging options or variants have not
been ruled out at this stage. The Department for Regional Development currently has
not yet put forward a proposal for the introduction of congestion charging in Belfast.
However it is believed that in the short term, Belfast is the only urban area in
Northern Ireland, which could potentially be considered for road user charging. This is
recognised in the Regional Transportation Strategy2. Accordingly the potential role for
charging is currently being considered further during the development of the Belfast
Metropolitan Transport Plan.

? The Northern Ireland Assembly agreed the strategic direction and underlying principles of the Regional
Transportation Strategy for Northern Ireland 2002-2012 on 3 July 2002 (available at
www.drdni.gov.uk/rts).
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5.3 BRISTOL

Technical and service management issues

The business model for a road user charging back office system is one of the elements
being developed through the DIRECTS project. The type of technology being used will
have some impact on the complexity of the back office, although this is likely to be
large for most schemes. Whether or not to keep all the scheme management in-house
will be a question for local authorities, and is likely to depend on the scale and
complexity of the individual scheme. There are probably 3 main options — set up and
operate the back office and management functions in-house; undertaken a joint venture
with a private party; or undertake through a concession (full or part).

There will be several decisions that need to be made regarding the account systems and
methods of payment available. The decision on the choice of back office system will
need to be made by the scheme management, but the payment methods available for
users will need to be wide-ranging and will probably include facilities for pre and post
payment and fleet accounting systems. It has also been recommended that a clearing
house be used, particularly where the scheme is managed by a concessionaire.
Regulations are currently being developed to ensure that a transparent system is in place
with auditable accounts.

It is likely that any scheme will require a number of retail outlets available for users to
register their vehicles with the system, as well as call centre staff and website support.
For a scheme using in-car units, their distribution will be important. Ideally the fitting
of an in-car unit should be straightforward enough for users to carry out themselves,
however, VPS charging may use more complex equipment that requires trained fitters —
the cost and time that this may require should be taken into account.

Privacy has been raised as an issue to be addressed in the design of the scheme and in
particular the technology employed, both for tracking vehicles but also enforcement. In
terms of information held on individuals this will be subject to the Data Protection Act.
As a system becomes more sophisticated there is more potential for data to be collated
and stored on individuals and charges. This is a particular concern with satellite based
systems and the media viewpoint of ‘spy in the sky’. However, further investigation on
the level of information kept is required, and there may be an option of different levels
of detail being available for users. This would be similar to the system employed for
phone records.

Other Issues

Public acceptability and the type of technology employed is an important issue. The
reliability and security of the system deployed is essential for acceptance and support of
the scheme. The choice of technology, its capabilities and importantly its ease of use are
all factors. In Bristol the potential system focuses on the use of modern technology,
promoting the use of a new measure and selling the potential for added value. The
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marketing campaign surrounding the introduction of technology is vital, as reported in
the first guidance paper.

Enforcement procedures have been touched upon above, and are a vital element in the
securing of public scheme acceptance. For many systems, cameras will be needed at
entry points, and possibly also at several points inside the charged area. The reliability
of these systems is essential for promoting a fair and equitable scheme.

5.4 EDINBURGH

The analysis process described in the previous section identified the performance of
technology options against a range of criteria. A number of those criteria reflect the key
issues for implementation of a system:

- Technological risk (associated with the current state of development of the
technologies involved). It is essential that the system operates with a sufficient
degree of reliability that it does not fall into disrepute.

- Ease and effectiveness of enforcement. The system must provide an adequate
means of enforcement, whilst ensuring that Human Rights and Data Protection
requirements are fully met.

- Resistance to fraud and security measures. This applies not only to individual
vehicle users, but importantly to the institutional arrangements where the scope
for fraud could potentially be very substantial.

- Ease of operation and management of exemptions. These must be enforceable.

- User convenience, and ability to deal with visiting vehicles. The objective of the
scheme in Edinburgh is that the decision to travel into the charged area should
be based on the charge imposed, not on the difficulty in obtaining a permit.

- Flexibility of the scheme - to allow extension and adaptation of the initial
scheme at a later date.

- Environmental friendliness of infrastructure — of particular concern in central
Edinburgh as a World Heritage Site.

- Timescale to implementation. Dependent in particular on the scale of the
infrastructure required to operate the scheme.

- Operating experience elsewhere (including both implementation and operation).

Arising out of this analysis, it was decided to carry out a demonstration of the preferred

technology, ANPR, in Edinburgh . The purposes of the demonstration, to be carried out

in Edinburgh with the proposed technology, including enforcement and retail aspects,
are:

- to demonstrate the viability of the proposed approach to the technology for a full
scheme, in particular focusing on potential problems in the Edinburgh
environment and with the likely scheme requirements, and

- to investigate aspects of enforcement in the proposed full system and to
investigate behavioural aspects of the proposed full scheme related specifically
to the way in which licences might be purchased.
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5.5 GENOA

The original project was based on a full scale RUC scheme that was intended to reduce
the use of the city centre roads as crossing routes. In this scheme the expected overall
target was an estimated reduction of about a 30% of the traffic volumes within the area.

In this case the effectiveness of road pricing and its impact could be evaluated by
measuring the following items:

- traffic flow patterns;
- parking places occupancy rates;
- environmental parameters measures

- use of the alternative mobility means implemented through the complementary
measures.

In this sense a campaign of measurements of these parameters was conducted to prepare
the set of data for the comparison of the situation ante and post the application of the
RUC scheme.

Due to the difficulties of managing the application of this scheme, related to the
political situation and to the resistance of the main stakeholders, the necessity to
perform a preventive demonstration trial has emerged. So the original scheme was
converted in a volunteer based scheme.

According to this new approach, the evaluation of the effectiveness will be performed
through the measurement of the real access to the area done by the selected volunteers
in the different modes. The evaluation of the overall effect will be obtained by the use
of a statistical and simulative model which will estimate:

- the total reduction of the traffic volumes
- the alternative modes used to access the pricing area

- the alternative routes used by the diverted flows and the related charge on the
corresponding paths

- the environmental benefits.

In any case a possible prosecution has been already planned. It foresees an integration
of the road pricing system, under both the technological and the urbanistic point of
view. In fact the system should be upgraded with the use of a on-board transponder
technology (telepass — like) in order to speed up and facilitate the tolling procedures,
integrated with the installation of exit gates, in order to have the possibility to apply
time based schemes, integrated with the parking policies in order to have a unique fee
including entry and parking.

Moreover the pricing area could be enlarged, including the remaining part of the city
centre that is actually excluded from the PROGRESS project. The proposal of these two
items has already been submitted for granting to the Italian Ministry of Environment
and is actually under evaluation.
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5.6 LEEDS

Keeping the public fully informed about the trial is essential in gaining public
acceptability.

A leaflet explaining the trial has been distributed to local residents (see Figure 5)
together with a letter explaining the nature of the trial, press briefings have been given
locally and local and national politicians have been kept informed of progress . All key
players in the trial have worked together to produce briefing and publicity material in
order to ensure that any queries are answered in a consistent manner whether directed at
the City Council, The Department for Transport or The Fareway Alliance — the
consortium selected to manage DIRECTS.

Full environmental assessments have been conducted at each of the trial sites to
minimise local impacts and visual intrusion. At the end of the trial all equipment will be
removed and the sites returned to their pre-trial appearance.

5.7 ROME

Technical and service management issues

The access control system in Rome involves one of the primary destinations within the
city; this area contains major historical monuments, a concentration of government,
media and high profile offices, artisan working areas, high priced residential areas, and
even a hospital. Therefore, a critical aspect of the system preparation involved the
finalisation of the “soft” aspects of the system, i.e. how to manage the service. In the
definition of the criteria for the service management, a number of aspects were
addressed, including:

Definition of functional and technical requirements: the system derives from two
independent systems: the access control system (SVU, Elettronica Santermo S.p.A.),
operating the identification of car plates for applications on the Restricted Access Zone
and already adopted in Bologna, and the payment system (TVU, Autostrade SpA),
based on the automatic toll collection system applied to motorway users (TELEPASS)
with a specific On-Board Unit (OBU) and a smart card specific for the Rome ACS+RP
system in the LTZ.

Analysis of visual impacts, focusing on location and design of gates; Video-cameras at
the gates capture images that undergo an automatic procedure to identify the plates of
vehicles, OCR-based software. The supported file is a JPG extension and the
recognition is integrated with the gamma functionality. Besides, to optimise the
recognition procedure, the OCR software carries out a preliminary processing
(clustering pre-processing) to identify different areas of the image (edge detection).

Development and implementation of a user articulated permit management
system. The articulation of the user categories was both a technical issuell in that the
system had to be able to accommodate different criteria and authorisations for different
user categoriesl] and a service management issuel] in that the administration had to
develop the permit release and the enforcement procedures. This issue was solved by a
software development combined with the institution of different means for vehicle

authorisation depending by the category of users: some user categories will primarily be
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identified through the OBU (e.g. residents, authorised individuals), others will have
license plate numbers incorporated directly into the centrally controlled white list of
authorised plate numbers (e.g. service and emergency vehicles), and others, such as
tourists, will have to use a temporary permit procedure for authorisation (which would
then update the white list of plate numbers). The disabled management has proved to be
one of the most difficult issues, since national laws require their free transit in any area.

Privacy issues. The administration had to ensure that the automated access control
system was not infringing on the privacy rights of those entering the area. This issue
was handled in Rome by only using the license plate recognition system, which
photographs the license plate, for vehicles without OBUs. The OCR image of the
license plate is then compared with the local gate white list of authorised plate numbers
and then destroyed. In this way, only vehicles in violation have their image stored.

The road signalling system was deeply analysed in order to give the correct
information to the citizen about the new Access Control System, to provide the possible
alternative routes to the LTZ and to make visible the entrance gate for any user.

Other Issues

The Rome request was the first one for automatic access control system in Italy and the
government Bodies examined it carefully, establishing the parameters for its operation.

Firstly, the equipment used was submitted to the technical evaluation and approval by
the national Ministry of Public Works (July 1999, approved 26 June 2000). Secondly,
the Municipality applied for the authorisation by the Public Works Ministry to install
and manage the approved system; the request specifies the organisation in charge, and
the number and location of the equipped gates to be installed (approved 21/3/01).

Due to the complexity of the procedures related to the use of such automatic equipment
to be made operational on large scale for the first time in Italy, the Decree obliges to a
pre-exercise period. In this period (from August 1st to September 30th, 2001) the
system was jointly operated with the Urban Police at each gate to endorse the violations.
At the end of this period, the Municipality proceeded to the fully operational phase
starting from October 1st, 2001, according to the recommendations contained in the
homologation of the system and its devices.

The local administration used different kinds of media, websites included, in order to
inform citizens about the new system, particularly for what concerns fines; information
was available also on brochures which were mailed to citizens. Further information on
the way for obtaining the permission, also in special cases (disabled people, freight
delivery, special permission for events,etc) are easily available.
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6. INTEROPERABILITY WITH OTHER SYSTEMS

At an international level, European standards in Electronic Fee Collection (EFC) are
being progressed through the CEN standardisation body. Projects that inform European
level thinking and decision making, such as EURoPrice, play a major part with their
input to documents such as the forthcoming directive on infrastructure pricing. Large-
scale research and demonstration projects into road pricing, such as PRoGRESS, are
also vital for moving standardisation issues forward. Other specific problems
encountered by the Cities are described in the following.

6.1 BRISTOL

There are several small-scale charging schemes using electronic fee collection for
particular infrastructure systems such as the Second Severn Crossing and the Dartford
Tunnel in the UK, but the integration of these into larger road user charging schemes
has not been considered at this stage.

Nationally in the UK, there are two elements to be considered. Firstly, there is the
government’s DIRECTS project (Demonstration of Interoperable Road user End-to-end
Charging and Telematics Systems) based in Leeds, testing DSRC and mobile
positioning systems (MPS) ie satellite technology. This covers roadside equipment,
vehicle on-board units, communication equipment, enforcement, and back office
systems, and is intended to allow the definition of a national specification and the
development of a single billing source. Secondly, the government announced in April
2002 that a distance based road user charge for lorries would be investigated for
introduction in 2006.

6.2 GENOA

Designing the scheme to put into operation, the main issue coming from the installation

of an OCR technology are:

- the alignment between the PRA (Public Register of Automobiles) database and
the citizens DB;

- the possibility to manage the entries of people coming from external zones;

- the management of the toll collection procedure.

To face this kind of problems and to create a system that could comply with other ones,

like the motorway, Municipality of Genoa is planning the possibility to integrate the

current system with an OBE (On Board Equipment) system making it possible to

exchange data between cars and fixed control gates, obtaining in this way a more

complete structure to manage different mobility policies.

On the other side this system allows a very large possibility to manage the different
payment profiles, according to the exempted users categories, the time period, the
typology of the vehicles, the traffic and environmental conditions, adapting the pricing
policy to the different existing situations, making the system particularly flexible.
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6.3 LEEDS

One of the key features of the trial in Leeds is to test the interoperability (i.e. to make
sure that equipment from different suppliers is compatible) of equipment at all stages of
the system . This is important to ensure that drivers would only need one unit in their
vehicles to pay local charges in different parts of the country.

In order to test interoperability equipment from four suppliers of on board equipment
will be tested in conjunction with two suppliers of roadside equipment and two
suppliers for the back office systems.

The UK Government has recently announced a plan to introduce a national distance
based charging scheme for lorries and DIRECTS will help in the development of this
scheme.

6.4 ROME

The OBU used in Rome is able to carry out the following services: ZTL pass for the
electronic permission in the access to the ZTL, TELEPARK payment for the on-street
parking in Rome and TELEPASS payment for the use on the highway network
controlled by Autostrade S.p.A. in the modality of through checking account.

The system separates all the administrative functions between Rome Municipality and
Autostrade: the two subjects use the same technology. This model can be exported to
other cities, either concerning the ZTL access either for the payment of on-street
parking. The OBU is power supplied with inside batteries which guarantee autonomous
functioning for 1 to 2 years. A self-stick support allows the attachment of the on-board-
unit to the car windscreen. When the TELEPARK function is activated, the support can
be rotated by 180°, thus positioning the display facing the outside so the parking
controller can see the payment information either visually or by using remote control.

Two typologies of smartcards (see figure) have been designed and produced, the first
for the access to the ZTL and the second for the payment of the on-street parking, either
through the use of TELEPARK.

Fig. 9: On-board Unit and smart cards
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7. PROCUREMENT AND INSTALLATION OF EQUIPMENT

The development of the system architecture, the choice of the RP scheme to be applied,
and the end of the technology acceptance process have already lead some cities towards
the procurement and installation of equipment. These activities required an extensive
use of resources in order to develop specifications and tests for the performance of a
large scale system and to verify its suitability for large scale applications. The
description of the main issues is reported in the following. In Rome, the system has
already been running for a year.

71 BRISTOL

The procurement of the technology in the context of Bristol to implement a road user
charging scheme is likely to be a very large expenditure. In many places this will fall to
the local authority, possibly meaning that an authority has to borrow funds. An
alternative to this method is for the local authority to enter into a public-private
partnership, or to form a company purely to manage the delivery of the charging
scheme. With the development of national standards, following on from the DIRECTS
study, it is likely that the specifications for a system will be set out making selection of
contractor and system clearer.

If DSRC technology is used, then roadside infrastructure will be required to mount the
beacons, and possibly also cameras for enforcement purposes. Health and safety issues
will need to be taken into account and a risk assessment will need to be carried out,
especially if the erection of gantries takes up space on the pavement that was previously
used by pedestrians. Even if a VPS-based system is used, there may be the need for
camera enforcement at the entry points to a charged area.

Erecting gantries can cause significant levels of visual intrusion, and minimising this is
essential in a city centre environment. Concerns over the design for the DIRECTS trial
have prompted the government to commission architects to provide designs for future
schemes. Bristol is also looking at experience in other cities such as Rome for possible
designs, particularly for the city centre.

There are also health and safety issues for any system that uses an in-vehicle unit. In
order to ensure minimal driver interaction, information on charges made and remaining
credit will be useful, but must not be displayed in a way that distracts a driver from the
road. Also important in this respect are more “basic” safety measures to ensure that any
in-vehicle unit does not impede the drivers view, and does not become detached and
loose inside the vehicle in the case of an impact. Additionally, the government is
investigating the hazards of intrinsic safety, especially for freight of flammable
materials.

It should also be remembered that all parts of the charging equipment will have a
determined lifecycle and require replacing. It is assumed that DSRC equipment has a
lifecycle of 5 years. ANPR has less on-street hardware and no in-vehicle units to
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replace, while VPS charging does not require beacons; this suggests that the regular
replacement costs may be less for these latter two.

7.2 EDINBURGH

The full scheme

It is likely that the operation of the charging scheme would be undertaken by a
concessionaire, rather than directly by the local authority. It would be necessary
however for the local authority, as the client, to specify the output and performance
criteria that the charging system overall should meet. A further purpose of the
demonstration outlined in Section 6 is to assist the development of such a specification,
and to ensure that a technical system does exist that can achieve the required
performance.

Outline of Proposed Demonstration

The demonstration in Edinburgh will have the following schedule. The retail
demonstration will run for three months, from 16 September 2002 to early December
2002. The technology demonstration will continue beyond this period up to late
February 2003. All equipment will be removed from the streets by the end of February
2003. The following main elements are expected in Edinburgh.

Two sites will be equipped with cameras and Automatic Number Plate Reading (ANPR)
equipment: the sites will be at two of the sites which would form part of the proposed
inner cordon for the full scheme, at Dean Bridge and in Home Street. Cabinets,
electricity supplies and poles and camera mountings will be provided by TIE. Camera
and ANPR equipment will be supplied (on a loan or rental basis) by at least two
suppliers, each of whom will be responsible for the supply and set up of his own
equipment. The Dean Bridge site will be configured in three different ways at different
times: to capture front number plates, to capture rear number plates and to capture
images of vehicles in both directions to determine how to deal with two-way traffic at
cordon points.

A number of retail outlets will be recruited to participate in the trial by making available
the simulated retailing of congestion charge licences; each will be located near one of
the demonstration sites. Feedback will be sought from the participants after the
demonstration period.

Around 200 volunteers will be recruited, who travel by car regularly (some daily as
commuters, others once or twice a week for shopping or other purposes) into the city
centre, and whose routes normally take them through one of the two demonstration
sites. The volunteers will participate after agreeing to simulate the purchase of licences
whenever travelling to the city centre by car during the day. The purchase may take
place through one of the participating retailers, or via a dedicated website set up for the
trials, or via a dedicated telephone line also set up for the demonstration The
volunteers will also take part in feedback processes such as focus groups.
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A number of aspects of enforcement will be investigated in addition to the ‘standard’
camera and ANPR sites. These may include (but not be limited to):

- Handheld digital photo cameras
- Video cameras mounted on tripods on the pavement

- Manual evaluation of the video tapes used for evaluating the equipment for automatic
enforcement

- Capture of both front and rear number plates. The investigations will include both the
effort involved in using these methods and their effectiveness in picking up number
plates that have not been read with the automatic enforcement.

Each camera site will be set up to be as near as possible in operational accuracy to that
which would be required for a full system. This will mean that cameras are installed on
the basis of at least one for each lane, with potentially two to cover a wide lane or three
to cover two lanes where there is significant potential for drivers to straddle lanes.
Because the planned system is based upon a cordon charge, it will be important to
ensure the highest level of reading accuracy and hence it will be desirable to over
provide cameras where there is any doubt. When an eventual system becomes
operational, it is likely that drivers will exploit any potential weaknesses and hence a
tendency to overprovision of cameras will be important.

The number of cameras proposed is intended to provide full monitoring of all traffic and
enable an indication to be obtained of the need to monitor bus lanes and lane straddling
traffic. If these cameras were not included in the demonstration, there would be no easy
means of determining how many vehicles are not detected because they pass in the areas
covered by the cameras.

One of the aims of the demonstration will be to monitor each site for three months to
detect each passage of the volunteer drivers and for selected periods, to analyse the
operation of each site in detail. The analysis will aim to obtain a full understanding of
the operation of the equipment under different traffic and environmental conditions and
with different dispositions of cameras in relation to traffic.

Because it is required to maintain equipment operation for three months at each site to
monitor the passage of volunteers, it will be necessary to install the ANPR equipment at
the roadside, adjacent to the cameras. There will also be the need to have a means of
recording number plate data and time together with any fault or other data which comes
from the system. The detailed methodology for this is being established in discussion
with potential participant companies.

Organisation Requirements

It is proposed to undertake the detailed analysis of the enforcement for a number of 2
hour periods for each site (probably over several separate periods). This will include
the checking of the percentage of number plates identified correctly by the automatic
enforcement as well as the additional rate of identifications with the three manual
methods. Time periods to be covered include “normal” weather conditions, bright
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sunshine towards and against the cameras, heavy rain, fog, winter conditions (when
many number plates will be particularly dirty); furthermore, some analysis will be made
for low-density traffic as well for periods with high traffic volumes (when cars are
likely to be “shadowed” by buses or truck. The exact range of conditions is still to be
defined. When enforcement is carried out with photo cameras, the enforcement team
will be asked to concentrate on cars with dirty number plates or those being “shadowed”
(which under the real full payment scheme could mean that drivers are trying to hide
from the cameras).

It is currently planned that each supplier will move his equipment between the sites
during the demonstration period, and that during the period the three configurations at
Dean Bridge will be used. This means that there will be eight combinations of site
configuration and supplier; for each of these combinations it is proposed to record six
two-hour intervals. This will give a total of 96 hours of traffic passage. Each camera
must however, be recorded and reviewed separately and hence, with a total of 5 cameras
in the two sites, this will provide around 264 hours’ worth of tapes.

The pictures from each site must be monitored and played back simultaneously if
possible, to ensure that the total situation at each location is understood and can be
compared between ANPR output and video output. In order to do this, the tapes for each
site must be played at the same time and compared with the output from the ANPR
equipment, which must have been recorded in real time as well.

Assuming that it is possible to play back tapes together, a total of around 264 hours of
viewing is required, allowing for setup, pausing and playback to check specific events,
this might amount to a total of say between 750 and 1000 hours of viewing. This will
require a group of two or three people at a time for the evaluation of the pictures from
the automatic cameras, depending upon what site is being viewed and how many
cameras are in place, plus another person for those periods, where additional footage is
available from manual photo or video cameras.

It is assumed that 200 volunteers will be recruited who regularly pass through at least
one of the ANPR trial locations. They will be asked to ensure that, each time that they
cross one of the cordons, they obtain a ‘licence’. This can be obtained by either:

- phoning a pre-arranged number and leaving a recorded message with number
plate and date the licence is required,

- Logging on to a special web site and providing the same information;
- Completing a form at one of a selected list of retailers on the route.

- To be realistic, the licence arrangements must be similar to those likely to be
used in practice, for example:

- Ability to obtain a licence the day before or during the hours of operation of the
charging which will be 7.00 am to 7.00 pm;

- Ability to obtain a late licence up until midnight (as in London) on payment of a
surcharge.
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For the full system, it is envisaged to issue daily and monthly permits, but for the short
duration of the demonstration only daily or weekly permits will be available.

7.3 GENOA

Municipality of Genoa, within their on-going project, including the RTD PRoGRESS
project, intends not only to implement in the city centre an area pricing but also to
enlarge the controlled zone: in fact Genoa is installing six gates on the routes accessing
the city centre, including the previous two gates marked in green above mentioned.
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Fig. 10: The proposed area in Genoa

Due to the administrative procedures within the Municipality, the supplier of the
technology has been chosen with a tender carried on in year 2001: four companies
participated, but only one (BUSI s.p.a), provided the homologation required by the
Italian Ministry, and was therefore selected to carry on the work.

The supply regarded the following components:

for all new locations:

- video camera (TVCC) with OCR hardware embedded

- road-side unit, with local software and local memory

- gate equipment

- civil works

- links to TELECOM (data communication) and ENEL (power supply) lines
for central room located at COA (Traffic Management Centre):
- central room equipment (computers, management software)

- interfaces

- design of installations, test and training
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This system downstream interfaces with the tolling software that has been designed and
developed for this specific Road Pricing application in Genoa, within the PROGRESS
Project.

The system that Genoa is going to implement can manage white lists of up to 200.000
plates, has a recognition time of less than two seconds; therefore it is able to record up
to 1800 vehicles/h per lane and, finally, records 25000 images at local level. The figure
shows the system schematically.
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Fig. 11: The scheme of the gate in Genoa

7.4 ROME

The installation of the system.

In the past years in Rome the following tasks have been completed, also through the

work carried out with CAPITALS, CAPITALS PLUS, PRoGR_SS and EURoPrice EU

RTD projects:

- Revision of system requirements in order to make it compatible with the LTZ
area in Rome and with the necessity to have fully 24-hours operative system;

- Careful design of the technical system, architecture and network layout
specifications;

- Selection of On-board Unit (OBU) technology, allowing secure and high speed
transactions and automatic debiting via the automatic purse in the smart-card.
Additional functions include electronic toll collection for the national
motorways, on-street parking payment in Rome, and access control in other
cities using the TELEPASS® technology Development of a multi-function
transponder OBU, Telepass-compatible, enabling electronic access control to
LTZ and parking payment, by debiting a microchip smart-card inserted in the
transponder;
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- System installation and its operative tuning with 22 entrance gates provision and
installation; beginning of installation for the LTZ exit gates;

- Development of guidelines for automatic access control service procedures,
including: identification of permit categories, definition of criteria for
authorisation to access control area, definition of procedures for permit release;

- Development of the institutional aspects with the necessary technical approvals,
overcoming of privacy problems, release of Municipality acts, integration of
National laws, verification of electromagnetic compatibility of the installations
according to the existing and newly approved laws;

- Service capability testing and demonstrations;

- Definition of enforcement procedures, definition of transition phases for the
service implementation, definition of service management during the transition
period.

The technical developments have been performed on schedule (22 entry gates installed
by December 1999, system operation started in January 2000, software improvements
and system test completed in 2001) and the opening of the service was carried out in
October 1* 2001.

Running the tolling system

The impacts of the ACS on the transport system (traffic congestion variation and
increased PT use in the LTZ and surrounding area) and on the environment (pollutant
emission reduction), were assessed by means of simulation before the system was
operational.

The simulation has been preceded by a comprehensive on-field measurement campaign,
using the automatic monitoring system, that allowed to precisely define the “ex-ante”
situation (in terms of current traffic flows and current number of illegal vehicles
accessing the LTZ) and to make reasonable assumptions for the simulation process.

In terms of impacts on the transport system, the simulations showed a significant traffic
congestion reduction inside the LTZ (-32 %, on average), while, on the other hand, the
traffic congestion increase in the surrounding area will be really low (+3%, on average).
The new system implementation will determine an increase in the public transport use
in the central area equal to about 3.8 %.

These results were confirmed by the first month’s activity of the system as shown in the
following picture.
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4

Fig. 12: The results of the ACS + RP system in Rome

Initial results of the PROGRESS project simulations suggest that the implementation of
dynamic road pricing schemes should be investigated further. It seems that the charges
to be applied in a pure road pricing scenario (i.e. considering access to the LTZ for
everybody), with the constraint to maintain the overall traffic at the present levels,
would be too high to be socially and politically acceptable.
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Fig. 13: First year results of the AC S in Rome

A peak of transits after the closure of the system at 6pm has been observed. Hence, the
discussion about the extension of the time window for access control is ongoing. The
proposal is to extend the access control to 10pm, implementing a per trip payment for
each vehicle entering the LTZ between 6 and 10pm. Verifications have to be done in
terms of the reduction of the amount of permits for residents as well as for vehicles
dedicated to the freight transport. In addition access restrictions for two-wheel vehicles
have to be assessed, particularly the access of two-stroke non-catalysed scooters.

Furtherly the violation procedure is managed together with Rome Municipality,
Organisational Unit Administrative Endorsements. Presently, some processes happen
without the information system but only with paper request and answers, increasing the
length of the whole process. Some optimisation could be welcomed, but is a long
process to be tuned with all the involved organisations during the next future.
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8. CONCLUSIONS

Although the social, environmental and economic problems of traffic congestion are
accepted by both public and politicians and a choice towards RP is already been
undertaken by the Administration, the way towards its real application is very narrow
and complicated.

This paper has outlined the main issues coming from the study and application of a
technological solution for the realisation of an RP policy across the EURoPrice cities.
These cities are working together in order to minimise the risk, the results of the paper
indicate the different results achieved in the cities, even with the same approach. While
the city of Rome is applying the system successfully since last year and Bristol,
Edinburgh and Genoa are processing towards the application of RP measures, Belfast
and Leeds are planning and the city of Amsterdam is showing a slowdown in the
process due to a political change.

The need for continuous co-operation, able to support all the EURoPrice cities, is thus
to be envisaged and needs to be supported also by clearer EU regulations and general
frameworks for the Sustainable Mobility, including more RP use in the urban
environment.

The main findings of the paper is the common use of the Automatic Number Plate
Recognition (ANPR) technique, sometimes (Rome) integrated with Dedicated Short
Range Communication (DRSC) technique. The DRSC technique is suggested also in
Bristol.

In general, satellite and ANPR systems have become more affordable and reliable
systems. An ANPR-based system is planned for introduction in London from February
2003, and the same technology is being considered in Edinburgh. With the
development of UK national standards, following on from the DIRECTS study, the UK
cities will use common specifications.

If DSRC technology is used, then roadside infrastructure is required to mount the
beacons, and also cameras for enforcement purposes. Health and safety issues will need
to be taken into account and a risk assessment will need to be carried out, especially if
the erection of gantries takes up space on the pavement that was previously used by
pedestrians. Erecting gantries can cause significant levels of visual intrusion, and
minimising this is essential in a city centre environment.

VPS-based system could be used, maintaining the need for camera enforcement at the
entry points to a charged area, for a more continuous charging system, closely linked to
places and times of congestion. An important structural limitation of the electronic gate
system in the ANPR system is the high rate (about 15%) of failure to detect a vehicle
entering the zone. The large diffusion of the GPS system could allow for the extension
of the ANPR system towards integration with GPS systems. GPS-based positioning
systems are presently not reliable because of the intrinsic positioning error and the poor
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availability of the system discourages widespread application. Problems arise especially
along the cordons, where correct position determination is fundamental: the
enforcement procedure cannot accept position errors.

This application requires both greater positioning precision and better availability and
reliability than GPS offers, and would be feasible with Galileo services as currently
defined.

Demonstration of the added value coming from logical integration of the ANPR systems
with GVPS technique could be summarised by the analysis on the applicability of such
technology in order to verify on a long-term time schedule for equity in costs using
limited zones for all the citizens, possible extension of the pricing area without
installation of other electronic gates, optimisation of freight delivery, booking system
for non-resident via Internet or GSM, Navigator and adoption of special policies in
specific periods (weekends, on Sundays, etc).

Large-scale research and demonstration projects into road pricing, such as PROGRESS,
are also vital for moving standardisation issues forward. At an international level,
European standards in Electronic Fee Collection (EFC) are being progressed through
the CEN standardisation body.

In one EURoPrice city — Rome - the strong commitment to limiting traffic in the
central area permitted the activation last year of the Access Control System (ACS)
integrated with a flat fare RP measure. The first results are showing a traffic decrease in
the zone of about 18% with no specific congestions outside the cordon, showing the
viability of the system application.

The main message is that support for road pricing is most apparent in cities which have
had most consultation and discussed with all the citizens categories the technological
solution and the policy to be applied. Furtherly, the application of a specific zone is
becoming convenient for residents and businessman, whose houses and activities are
more appealing than before.

However, there are still many technical issues to be resolved. Projects that inform
European level thinking and decision making, such as EURoPrice, play a major part
with their input to documents such as the forthcoming directive on infrastructure pricing
and the interoperability with existing tolling systems, like motorways.
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APPENDIX 1 : EUROPRICE PHASE 1

EUROoPrice Phase 1 comprised a network of seven cities : Belfast, Bristol, Copenhagen,
Edinburgh, Genoa, Rome and Trondheim.

The key objectives of the network were :

- To undertake a series of joint studies for addressing the key issues involved in
implementing road pricing schemes

- To develop a common position on road pricing in European Cities

- To inform and support the national and European policy debate on road pricing

- To take a co-ordinated approach to demonstration and research efforts in road
pricing

- To disseminate the experience gained to other cities in Europe who are

considering road pricing in order to speed up the process of wider
implementation

EUROoPrice Phase 1 produced three technical papers :
Technical Paper 1 : describes the current status and policy of road pricing initiatives

Technical Paper 2 : reviews the policy issues faced by the EURoPrice cities

Technical Paper 3 : examines the external issues — i.e. those outside the direct control of
local authorities — that impact on road pricing policy.
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