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1 Scope of the document 

The scope of this document is to provide the Principal’s project team “Anders Betalen voor Mobiliteit” with Vodafone’s 
final project results. 

The report includes explanations and answers to the comments of the Principal’s project team, given on 28th of July 2006 
within the document “Review comments phase 2 assignment”. The specific text passages covering theses comments 
are referenced in the table above. 

The current version of the document is classified as “public”. The Principal may use, review, copy and make 

public information provided in this report.1 

Vodafone has already handed over the following deliverables, which are therefore no longer part of this document: 

D-1 Work plan for the execution of the required tasks, including work breakdown, time schedule and envisaged effort per 
activity 

D-2 Functional system overview, basic characteristics and focus areas of Vodafone’s electronic road usage charging 
approach for the Netherlands 

Therefore this report contains all other deliverables required by the Ministry: 

D-3 System concept and high-level design 

D-4 Cost estimations  

D-5 Migration scenarios 

D-6 Risk analysis 

D-7 Comments on requirement specifications 

 

                                                           

1 For details please refer to the signed service provision contract ARVODI (“Dienstverleningsovereenkomst ARVODI”). 
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2 Summary 

Vodafone’s system design process for the ABvM followed some essential principles, which were mainly derived from the 
Ministry’s requirements specification. 

Starting from that, the stated goal of the system design process was to find the perfect balance between lowest 
achievable cost, high reliability, quality of service and sufficient user acceptance. The challenging initial and operational 
cost goals made it especially necessary to consider innovations in technologies and processes. 

Technological innovations mainly concern the utilization of mobile network components for localization (additional to 
GNSS) and enforcement purposes. No additional DSRC communication is used because the GSM terminal and the 
network can be utilised for short-range communication. Shifting functionalities to the back-office, along with significant 
economies of scale on the OBU side, will result in lower costs on the data-acquisition and -processing side. The 
proposed dedicated ERUC devices range from interoperable EETS OBUs to handset-based approaches which no longer 
require any additional hardware.   

Process innovations mainly concern the migration scenario and charging principles. The latter follow a reverse-charging 
principle with flat fees collected for every kilometre driven and lower tariffs for predefined roads (e.g. for HWN). This will 
significantly lower the incentive for fraud or for tampering, in turn considerably lowering the investment and operational 
cost for enforcement measures. During the three-year migration phase, passenger-car users will have the opportunity to 
choose between the existing taxation methods and registering under the ABvM scheme using a dedicated device. This 
transition period allows stepwise and efficient learning and a homogenous growth of the system. 

The mileage driven is measured by the dedicated ERUC devices and their GNSS capabilities. Additionally various 
means for plausibility checks, such as tachographs and odometer readings, fuel bills, vehicle-use questionnaires and the 
enforcement system will be used to counter manipulations. Frauds will be incur mileage estimations by tax authorities, 
fines and mandatory keeping of a logbook by the driver. The occasional user scheme (i.e. foreigners) employs OBUs for 
rent with a certain prepayment amount (e.g. € 50), a certain deposit (e.g. € 10) and a certain service fee (e.g. € 5, not 
refundable). There is no need for declaration machines and internet bookings. 

Implementing these technological and procedural innovations will lead to significantly lower initial and operative costs, 
without affecting the reliability and the quality of the system. The initial investments within the first 5 years, until the full 
deployment of the system, will add up to 2.1 billion € including initial expenditure mark-ups and VAT. The operational 
costs including initial expenditure mark-ups (IEP = 15 %) and VAT (= 19 %) in the full deployment status aggregate to 
584 million € per year.  

Including VAT at the cost but not at the revenue side the ratio of enforcement and operational costs to system revenue is 
6.3 %2 and therefore misses the requirement of 5 % by 1.3 %. However if VAT is equally considered on the cost and 
revenue side the ratio of enforcement and operational costs to system revenue is 5.2 % and therefore just over the 
requirement of 5 %. 

                                                           

2 Revenue in the first year of full deployment status is estimated at 8,117 Mio € without initial expenditure mark-ups (IEP) and VAT; 
Revenue in the first year of full deployment status is estimated at 9,335 Mio € with initial expenditure mark-ups (IEP) but no VAT; 
enforcement and operation costs are estimated at 426 Mio € without initial expenditure mark-ups (IEP) and VAT. 
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In addition to this base scenario, the specific costs impacts of some alternative scenarios have been computed. The 
alternative scenarios analysed are (1) “no foreign user” scheme, (2) “no EETS implemented in the future”, (3) “HGVs and 
vans tollable for ERUC only” and (4) the "big bang” - no migration scenario.  

Finally a risk analysis points out specific political, technological and commercial threats to the project.  
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3 System concept and high level design (D-3) 

3.1 System design principles 

The system design process for an appropriate ERUC system for the Netherlands was guided by essential principles 
resulting from requirement specifications produced by and subsequently discussed with the Ministry.3 

P 1: The system design needs to be as simple as possible and as complex as necessary 

P 2: Initial and operational costs goals must be achieved 

P 3: The system needs to be accepted by a broad range of users 

P 3.1: Privacy of the user must be respected 

P 3.2: All users must be treated fairly and equally  

P 4: The system needs to be secure 

State of the art core technologies for reliable electronic road usage charging schemes are based on GNSS, GPRS and 
DSRC, as they are deployed in several countries all over Europe.4 However, none of these ERUC schemes fulfils the 
requirements of the Dutch scheme. Of these, requirement 18 “annual cost of operation and enforcement shall not 
exceed 5 % of the system revenue” is particularly hard to meet with existing system designs.5   
 
To achieve the challenging cost goals set by the Dutch parliament, potential innovations in technologies and processes 
need to be considered. The explicit goal of the system design process is to find the perfect balance between lowest 
possible costs, high reliability and quality of services.  

 

3.2 Overall system description 

Vodafone’s system design approach does not comply with the requirements specifications given by the Ministry in some 
details. The modified requirements that are the basis for the following description of the ABvM scheme are listed in 
chapter 7 “Comments on the requirement specifications (D-7)”. 

 

                                                           

3 Vodafone’s comments on theses requirements are described in chapter 7 “Comments on requirements specifications (D7)”. 

4 DSRC focused scheme are deployed in Austria, Italy, France and Spain, GNSS / GPRS focused scheme is running in Germany. 

5 E.g. in Germany the operational costs average nearly 25 % of the system revenue, in Austria nearly 15 %. 
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3.2.1 Fundamental principles of the Dutch ERUC sche me 

Charging principles 

The principles of the ABvM charges (taxes) follow common taxation principles with the addition of technical means of 
data collection (dedicated vehicle based devices - see below). An operator collects the tax/charge on behalf of the 
Government (in the following „public-private-partnership (PPP)” principles), while the user is responsible for providing the 
data and evidence. At the same time, the user is provided with the means (i.e. dedicated devices) for easy and 
convenient data collection on the one hand with the process being adequately secure and auditable on the other hand.6  

A road user is charged based on distance driven on road infrastructure, with special tariffs applied to geographical zones 
(road corridors or urban areas) and/or time of use. The tariffs allow the government to influence traffic through monetary 
motivation during certain times to make drivers choose certain zones while avoiding others. From an operational 
standpoint, these special tariffs would need to be lower than the basic fee collected for every kilometre driven. Thus it 
would be in the best interest of the vehicle operator to reliably collect location and time data (based primarily on GNSS). 
The incentive for fraud or for tampering with the equipment would thus be minimized. Following this tariff logic would 
significantly lower the investment and operational cost for enforcement measures and help save cost while 
simultaneously ensuring better acceptance of the overall system.7 

A user is only eligible for discounts for certain geographical zones and/or time of use if he/she forwards usage data 
based on one of the designated vehicle-based devices. In essence, therefore, everybody will use these devices if 

____ there is a clear monetary benefit (frequent driving and significant discounts), and if 

____ the devices are easy to obtain and reliable to operate. 

Migration scenario 

It is anticipated that after a set of migration phases (see chapter “migration scenario”), the use of dedicated devices for 
data collection will become mandatory for all domestic users with the exception of classic cars, export cars or other 
special vehicles.  During the migration phases the user of a passenger car can choose either to follow the existing 
taxation or to register under the ABvM scheme using a dedicated device for data collection.  

It is likely that occasional users will register at an early stage. This is  because by driving only few kilometres per year, 
they would save money compared to the existing system. Frequent users will register late because they eventually will 

                                                           

6 There is a necessity for user contribution to ensure affordability of the system operation (i.e. minimize cost/revenue ratio) 

7 Economically, a basic distance-based flat rate is not so different from the fuel-based taxation principle. However, a distance-based 

system means everybody (including foreigners who do not fill up inside the country) can be charged. Also, such a system provides 

the technical means to adjust the charge to location and time. Environmental aspects (e.g. Fuel consumption of a particular vehicle 

type) can also be taken into account, namely through the ABvM vehicle registration process (e.g. a vehicle with a lower nominal fuel 

consumption may pay less and vice versa). 
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pay more. It is anticipated that the total kilometres driven by users follow a structure similar to that shown in the following 
figure. 

 

 

 

 

 

 

 

 

 

 

Figure 3-1: Allocation of users and total kilometres driven 

For the migration phases this means that relatively many users will register in an early migration phase, producing few 
total kilometres (with few data for data processing purposes). Frequent road users travelling many kilometres (entailing a 
large amount of data processing) will register late. In addition, this kind of user is expected to be a friendly one due to 
benefit he receives. 

Data collection 

The distance-based fee is a flat rate proportional to the distance travelled on Dutch roads. The user is responsible for 
declaring the distance travelled within the Netherlands - and possibly outside - based on a dedicated device that 
calculates the mileage driven using GNSS capabilities. Tachograph or odometer readings are used for plausibility 
checks of the mileage derived from the unit. The mileage check on the tachograph / odometer will be part of the 
mandatory annual vehicle check performed by the Technical Inspection Authorities. If there is suspicion that the unit has 
bee manipulated, the driver may be required to keep a logbook8. The driver‘s logbook may (but need not) be maintained 
online through a web-based application.9 

                                                           

8 In case of evidence that the unit was manipulated the mileage will be charged based on an estimation by the taxation authorities. 

9 In essence using either of the dedicated devices will automatically generate a driver’s logbook 
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Audit and enforcement 

In case of suspected abuse or fraud, the Dutch Government may make checks similar to or in combination with tax 
audits. Data from the odometer, tachograph, driver log, fuel bills, vehicle use questionnaires AND the enforcement 
system or other evidence will be used to verify the distance statements provided by the user. 

The enforcement system - based on stationary, nomadic and mobile enforcement units - plays a crucial role as a means 
to motivate users to adhere to the rules, and to collect evidence for tax/ABvM audits. The principle of the enforcement is 
NOT to make money but to balance enforcement effort and cost versus reliable charge data and revenue collection. 

Dedicated RUC devices 

For data collection four dedicated vehicle-based technical means have been designated: 

I. EETS OBU 
EETS OBU – compliant to the EU directive 2004/52/EC, full interoperability assumed; essentially the EETS OBU 
needs to support the thin client functionality. Provision of the unit either by the national toll charger or an international 
EETS provider. 

II. Dedicated thin client solution 
Thin Client (GNSS/GPRS) with GNSS-based location and time-data collection either fully installed in vehicle or 
“portable“ powered through cigarette lighter; data automatically transferred through GPRS/UMTS controlled by thin-
client logic. 

III. In-car cradle + use of existing handset 
Combination of an in-car cradle and mobile handset, with the cradle providing GNSS data-procession capabilities;   
GNSS-based location and time-data collection. In addition the cradle allows a fixed/wired connection to the 
communication device (GPRS/UMTS); GNSS data procession unit connected to communication device 
(GPRS/UMTS) through a cradle. Use of existing mobile handsets.  

IV. GNSS-enabled handset 
Mobile handset with integrated GNSS data-procession functionality for GNSS-based location and time-data collection - 
dedicated application - and automatic data transfer through mobile-data handset functionality controlled by the 
dedicated application. 

Installation, registration and customer care 

Each of the abovementioned solutions is available at various facilities either through: 

____ Telephone, fax or web-based ordering directly from the charge-data collection operator including a registration 
process, downloading of software (mobile handset - type IV), shipment of device by mail (thin client - type II; or 
GNSS data procession unit and cradle - type III) or installation by appointment at a service facility (EETS OUB - type 
I; or thin client - type II), or 

____ Distribution facilities - points of sales (fuel stations, Vodafone retails outlets, etc.) on-site completion of registration 
process and distribution of either a thin client - type II; or GNSS data-procession unit and cradle - type III. 
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The required number and locations of the service and distribution facilities is based on the principle that it should be 
possible for any user to obtain a vehicle-based device to collect toll data with justifiable effort10. 

All accounts are managed centrally; no monetary value is held within a device! In case of loss or malfunctioning of the 
device, recorded data is not lost. 

Obtaining a thin client - type II - or GNSS data procession unit and cradle - type III - used in combination with a pre-
payment requires a minimum prepayment of EUR 50 (toll) + EUR 10 (deposit) + EUR 5 (service fee). The service fee is 
non refundable.  

Thin clients - type II - or GNSS data-procession unit and cradle - type III - may be returned to the operator at service 
facilities or distribution facilities if 

____ The user does not need them anymore and opts to collect the deposit and any unused toll charges (pre-payment), or 

____ The unit is malfunctioning and needs to be exchanged.  

Returned units will be tested, refurbished within reason and redistributed by the operator of toll system. Keeping 
reasonable stock of thin clients at convenient places for users will be the task of the operator’s distribution and logistics 
management system.  

In case of loss or non-justified damage, of a device a registered user will need to purchase a replacement. 

Payment and billing 

As with taxes or utility charges (electricity, gas, water, waste) distance-based fees can be payed for in advance 
payments (in the case of Dutch citizens) with yearly (or possibly quarterly, monthly) adjustments based on the driver‘s 
log (either manual or fully automatically through the dedicated devices). A combination of a monthly down payment 
(subscriber fee) in combination with user-based charges - similar to telephone pricing - may be possible.11 

Toll can be paid in: 

____ Post-payment mode: assumes a valid credit or fuel card with valid bank account, or  

____ Pre-payment mode: central system account is loaded by paying a certain amount in cash or a valid credit/fuel card.  

 

                                                           

10 Justifiable for domestic users would mean that they should have access to a service and distribution facility within their home 

district at least during normal business hours. Justifiable for foreign users would mean that they should have access to at least a 

distribution facility on main roads at or close to major border crossings on a 24/7 basis.  

11 Again in order to save cost the point is to balance user convenience versus risk of payment default. 
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3.2.2 Functional system overview 

The functional system overview is based on some technical innovations that will be available for ERUC schemes within 
the next years with reasonable probability.12 These innovations mainly concern the utilization of certain mobile network 
components for localization and enforcement purposes, eliminating the need for DSRC components, neither regarding 
the OBU nor the roadside equipment (beacon and gantries). An integration of these innovations will lead to significantly 
lower initial and operative costs, as shown in chapter 4 “Estimation of Costs”. Furthermore, implementing these 
innovations will not affect the reliability and quality of the system. 

The following figure shows the functional system overview of a reliable electronic road usage-charging scheme for the 
Netherlands on basis of utilized mobile network components. The figure will be the reference for processes described 
later on. 13 
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Figure 3-2: Functional system overview of the ABvM ERUC scheme 

                                                           

12 The risk of non-availability is assessed in the risk analysis in chapter 6  

13 A detailed description of each function and component can be found in the appendix.  
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3.2.3 Thin-client versus thick-client approach 

Choosing a thin- or a thick-client concept is a core decision for an ERUC system.  

Pros of the thin-client concept 

____ No tariff data synchronization issue: All tariff data is stored in the centralized system only and does not need to be 
sent to the OBUs. New tariff schemes can be introduced without changing the OBU software. This leads to 

� a deterministic behaviour of the charge computation 

� a charge computation that is fair and equal for all users  

� shorter delay times for introducing new or changed tariffs 

____ No geo-data synchronization issue: All geo data (road network, zone and country definition, toll points definitions) is 
stored exclusively in the centralized system. No geo data is stored on the OBU. Thus, introducing new geo object 
types or hierarchy can be done without a software change on the OBU. This leads to: 

� a deterministic behaviour of the road identification. (There are no uncountable numbers of different geo data base 
versions due to the remote update delay times) 

� a road identification that is  fair and equal for all users  

� shorter delay times for changing, adding or removing charged road segments or areas 

____ No complex OBU software 

� Complex parts of the road identification (route identification and tariff computation) are processed in the back 
office. This leads to: 

• smaller code size  

• smaller number of potential bug fixes 

• smaller amounts of data for remote software updates (~25%) 

____ Less effort in changing ERUC scheme 

� only back-office parts need to be updated 

� shorter delay times for activating the changes 

� shorter bug fixing times 

� no restrictions on the type of changes 
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____ No limitations in memory sizes of  

� algorithms: OBUs have only a few Mbytes of RAM, back-office servers allows for up to several Gbytes – if at all 
required 

� geo objects: OBU has limited flash file system space, back office components do not have any real limitations 

Cons of the thin client concept 

____ No immediate feedback to user about charge or charged objects 

� only possible on user’s request 

� but no user distraction during driving 

� DSRC does not offer it, either 

____ Higher enforcement effort 

� No real-time operation in back office 

� Enforcement needs to perform its own route identification with position data from OBU 

� more data transfer OBU-> enforcement processing 

� but enables a two-stage enforcement: 

• first, check of OBU status 

• only if status check fails, verification of OBU data 

____ Data privacy issue 

� needs approval of data protection official 

� compliance with national data-protection act and related EU directive 
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3.2.4 Specification of the dedicated devices 

Different types of users are covered by the ABvM scheme. A distinction can be made between international and regional 
drivers, frequent and occasional users, foreign and national drivers. To provide cost- and function-optimised devices, the 
following groups of devices should be offered or supported by the scheme. The RUC-specific software installed on the 
different units should be the same version in order minimise maintenance costs. 

The devices – an overview 

____ EETS device 

____ Dedicated thin-client device 

� Fixed installed version 

� Portable version 

____ GNSS cradle + mobile handset 

____ GNSS-enabled mobile handset 

All solutions use the same RUC software modules such as positioning, approximation, security, and communication. The 
board support packages (BSP) are different because so are their hardware components.  Except for the EETS unit, all 
devices do without a DSRC device. The advantage is that a line of sight, as required by DSRC for communication 
purposes, is no longer necessary. As a result, the unit can be placed anywhere in the vehicle and is not restricted to a 
position on the dashboard or the windscreen. High-sensitivity GNSS receivers support this free choice of the installation 
location. 

In addition, the thin client devices do not include a display. Though this prevents the user from accessing cost 
information directly, it also helps to reduce costs and driver distraction. To provide the user with cost information, a web- 
based account or the mobile-phone based account can be used.  

There are a number of additional developments that will have an impact on the device design: 

____ Introduction of new battery technologies, Li-Polymer will be the mass-market battery in handsets from 2008 on 
(Wh/kg 400 compared to Li-I with Wh/kg 140). Fuel cells (Wh/kg 4000) are expected to be available by 2012 and will 
solve performance problems) 

____ Built-in GNSS capabilities 

____ Availability of Galileo 

EETS device 

The EETS device is one that fulfils all requirements of a pan-European, fully interoperable unit supporting all existing 
European RUC schemes. The RCI project led by ERTICO is currently specifying such a unit. The Dutch scheme will only 
necessitate parts of the functionality offered by the unit.  
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The EETS device is recommended for drivers travelling extensively throughout Europe and requiring a device that fulfils 
the requirements of DSRC systems and in addition those of the German ‘LKW Maut System’. Core components of the 
unit are: 

Module Mandatory Optional / 
not 

requested 

BOM relevant Remark 

GNSS receiver x  x  

Comm module x  x  

External GNSS / 
Comm aerial 

x  x  

DSRC module x  x  

Gyro / Motion 
sensor 

x  x  

Memory x  x 4-16 Mbyte 

SAM x  x  

Display x  x  

2/3 Buttons x  x  

LED x  x  

Buzzer x  x  

Link to CAN / 
Most bus 

x  x  

Fixed power 
supply 

x  x  

Figure 3-3: Core components of the EETS device 

Dedicated thin-client device 

The dedicated thin-client device will be available for frequent and occasional (including foreign) users. Both variants are 
constructed in the same way to increase the number of similar devices, achieve economies of scale and thus reduce the 
target costs especially for occasional users units that are required in lower numbers. The only difference in design is the 
power supply. The frequent-user device is linked to the vehicle’s power supply, the occasional user device is a nomadic 
device that is battery-powered and needs to be re-charged after approximately 400-2800 kilometres.14  

The dedicated thin-client device is tailored to the Dutch requirements and, in contrast to the EETS device, does not 
support all European RUC requirements. Its main components are: 

 

                                                           

14 The calculations are contained in the appendix number 8.2 
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Module Mandatory Optional / 
not 

requested 

BOM relevant Remark 

GNSS receiver x  x  

Comm module x  X  

External GNSS / 
Comm aerial 

 x X  

DSRC module  x   

Gyro / Motion 
sensor 

x  X Motion sensor is sufficient 

Memory  x  X 1-4 Mbyte 

SAM x  X  

Display  x   

2/3 Buttons  x   

LED x  X  

Buzzer x  X  

Link to CAN / 
Most bus 

 x   

Fixed power 
supply 

x  X  

Figure 3-4: Core components of the dedicated thin-client device 

GNSS in-car cradle + mobile handset 

The basic idea of this approach is to incorporate mobile handsets already being used by the clients. The GNSS in-car 
cradle provides the core RUC functionalities of position, timestamp and memory to store the data derived from the GNSS 
receiver. The handset acts as a pure communication device which is linked physically or wirelessly to the GNSS cradle. 

Whether the handset needs to be on board during every trip depends on the charging policy. To ensure consistent data 
transfer to the back-office, it would be sufficient to connect the two modules only at defined intervals. In case the user 
forgot his mobile device, he could still use his car without being in breach of the rules of the scheme. This clearly 
improves convenience for the user.  

Without a communication device, the OBU cannot be triggered by the picocell enforcement unit. This would lead to 
higher enforcement costs because more enforcement transactions would need to be dealt with manually in the back 
office. It is therefore recommended to declare the communication module a mandatory part. The RUC software is 
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identical to the software in the dedicated thin-client solution. In case the user did not take the handset with him, the 
GNSS cradle would still log the position and time information and allow an uninterruptible distance measurement. 

Module Mandatory Optional / 
not 

requested 

BOM relevant Remark 

GNSS receiver x  x  

Comm module x   Use of existing handsets 

External GNSS / 
Comm aerial 

 X   

DSRC module  X   

Gyro / Motion 
sensor 

x  x Motion sensor is sufficient 

Memory  x  x 1-4 Mbyte 

SAM x  x  

Display  X   

2/3 Buttons  X   

LED x  x  

Buzzer x  x  

Link to CAN / 
Most bus 

 X   

Fixed power 
supply 

x  x For the cradle 

Figure 3-5: Core Components of the GNSS cradle and mobile handset 

The approach would become even more attractive for the user if it included hands-free car-kit functionalities. 

GNSS-enabled mobile handset 

With the introduction of Galileo by 2010/11, it is expected that the availability of handsets with integrated GNSS will 
increase. Under the migration scenario, a deployment would not be required before 2014/15. The aim therefore is to 
enhance the handsets with the RUC-specific software modules to make them compliant with the system requirements. 
This means the system operator would be able to use an existing infrastructure, but would need to provide the 
necessary software. The hardware costs are not included in the business case.  

It would be the user’s responsibility to have the device with him when using the car and to start the RUC application. 
Near Field Communication could be a key technology to make this process very convenient. An NFC-enhanced device 
could become the future ‘transportation device’, supporting RUC and public transport schemes and providing 
identification, authorisation and billing capabilities. 

In addition, the NFC component could help to link the vehicle (plus account for billing) and the mobile phone, in the case 
of several users, with different phones, using the same vehicles (e.g. rental cars).  
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In the case the user does not have the device with him, he will not be able to provide automatic distance measurement. 
Although the likelihood of the user forgetting his device is low, it would still not be acceptable that not having the device 
with him meant that he could not use his car. Therefore, convenient alternatives need to be made available for the driver. 
These should offer the opportunity  

____ to attend to the occasional user scheme and use of the dedicated device 

____ to purchase the right to travel for a defined period of time and a maximum of kilometres, via a call centre. The ratio 
price per kilometre will be on a level that this variant isn’t attractive to the user and misuse is avoided. The amount of 
kilometres linked to a specific period of time should be in the range of the speed limit on motorways and therefore 
assumes distance travelled under ideal driving conditions – which in reality hardly can be achieved. 

In both cases the user would be required to bear the additional cost.  

The device’s main components are: 

Module Mandatory Optional / 
not 

requested 

BOM relevant Remark 

GNSS receiver X   Functionality  provided in high-end 
handsets  

Comm module X   Functionality  provided in high-end 
handsets 

External GNSS / 
Comm aerial 

 X   

DSRC module  X   

Gyro / Motion 
sensor 

X   Motion sensor is sufficient 

Memory  X   1-4 Mbyte required, handsets will offer 
100 Mbyte and more 

SAM X    

Display  X   

2/3 Buttons  X   

LED X    

Buzzer X    

Link to CAN / 
Most bus 

 X   

Fixed power 
supply 

X    

Figure 3-6: Core components of the GNSS-enabled mobile handset 
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An additional benefit of the GNSS-enabled handset solution is that there would be no installation costs for the user. 

Both handset-based approaches include a high-resolution display that can be used for providing RUC-specific 
information. 

 

3.3 Description of processes 

3.3.1 Primary processes 

3.3.1.1 Measurement and recording of road usage 

The measurement and recording of road usage under the proposed thin-client approach is one of Vodafone’s focus 
areas. Accordingly, it is set out in more detail in the following. 

3.3.1.1.1 Description of data processes 

The following figure shows an overview of the data flow and processes of recording and measuring of road usage:  

Power handling

Pre-processing

GNSS RAN
motion sensor

on/off on/off

Polygon approximation

Country detection

Network information

Logging, Encryption, Signing

RAN

Route Identification

Voter

Route reconstruction

Charge events

OBU

Back Office

 

Figure 3-7: Data flow and processes of recording and measuring of road usage 
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GNSS-pre-processing 

The module performs plausibility checks based on speed and quality for every incoming position marked as valid by the 
GNSS receiver. Outliers and implausible data will be filtered off, thus increasing the confidence level of the GNSS data. 
The static navigation mode of the GNSS-receiver is overlaid with a virtual static navigation mode realized in software in 
order to further reduce noise while not moving. 

Country detection 

A thin-client OBU contains neither a route identification module nor a digital map. Thus, using data from the GNSS 
receiver, the OBU cannot determine the current country. In order to avoid data exchange over a roaming network and to 
reduce power consumption outside the Netherlands (increasing battery runtime), the foreign occasional user’s GNSS 
receiver can be switched off. In the case of a Dutch user, the GNSS data will still be used to determine the total distance 
travelled. The GSM module will be used for rough country detection with the correct identification being performed in the 
back office using data derived from a digital map. As long as a Dutch network can be seen in the network list, the OBU 
will assume that it is in or near the Netherlands. As soon as the last Dutch network disappears, the preset action will be 
taken as discussed. This approach is feasible as the network range is always larger than the country dimension. It will 
also work if it the device needs to look for several countries. 

Polygon approximation 

For an efficient route reconstruction using minimal amount of data in the back office, GNSS data is reduced using a 
polygon approximation. The goal of this approach is to convert position stamps of random-shaped curves into straight 
lines. The straight lines are either specified by the start and end points or by start point, angle and length (vector). The 
main part of the algorithm is to detect where to locate the start / end points of the straight lines. A new line starts when 
the deviation from a regression line exceeds a given threshold. The regression line is constructed from all position 
stamps belonging to one line. After finding an end point, a new regression line is constructed. The threshold needs to be 
harmonized with the geo-object generation to provide optimal identification results. In addition there will be a special 
handling for areas without GPS coverage (ignore or linear connection). The table in Appendix 8.5 shows the influence of 
the deviation from the regression line on the reduction of GNSS positions for an exemplary route. 

Data Logging 

In order to allow on-the-spot enforcement without waiting for data-processing in the back office – where batch-mode 
operation may mean results are produced a couple of hours late - GNSS data will be stored in the local persistent 
memory of the OBU. During extended enforcement the data will be read from the OBU and projected onto a digital map. 
The data is structured in a ring buffer in order to always have the most current data available. The size of the ring buffer 
depends on the amount of data that should be available for the enforcement. (1kByte of data will contain data of at least 
the last half hour). The data needs to be protected against manipulation either through encryption or signing. The data 
may be accessed locally or via a remote connection. 

Network information 

Information from the mobile network, e.g. cell-ID patterns, will also be recorded and stored in the OBU’s local persistent 
memory. This information can be used as required during the extended enforcement process to verify the plausibility of 
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the GNSS data. Thus, manipulations of the GNSS receiver can be discovered. The data's structure mirrors that of the 
stored GNSS data." The data may be accessed locally or over a remote connection. 

Power Handling 

The OBU will not be connected to the “ignition on” signal of the vehicle. Therefore a motion sensor will be necessary to 
detect the movement of the vehicle. If a movement is sensed, the OBU will be switched on and, after a specified time 
without movement, the OBU will be switched off. It will also be possible to incrementally switch off components before 
shutting down the OBU (e.g. GPS-receiver after time t1, then GSM-module after time t2, etc...). This will save energy in 
battery-powered OBUs operated by occasional users. 

Communication 

The resulting data will be packed into small telegrams and pushed into the communication queue. The communication to 
the back office will be initiated at fixed intervals or whenever there are a certain number of telegrams in the queue. The 
data in the queue will only be deleted once the acknowledgement from the back office has been received. The response 
from the back office may also contain some commands to the OBU (e.g. software update or new configuration set 
available). 

The data is transferred via a cellular network. 

All telegrams that contain sensitive data (e.g. positions) will be signed before encryption. This will prevent manipulation 
of the data. The signatures will be stored locally on the OBU and will only be used on request as part of extended 
enforcement processes (cp. network information data). 

Spline interpolation 

A sophisticated way to interpolate between two position stamps is to use splines. A spline is a stepwise-defined 
polynomial of a given order. Usually a third-order polynomial is used leading to cubic or fourth-order splines. A spline for 
N position stamps is made from N-1 polynomials (see below). These polynomials start and end on positions stamps 
(knots), the first derivative for adjacent polynomials at a knot being equal.  

Using the spline interpolation approach, the route travelled can be reconstructed. Under certain circumstances, however, 
a linear interpolation will be applied (e.g. when recovering data from areas without GNSS coverage). Following 
interpolation, virtual GNSS positions can be generated assuming a velocity harmonized with the geo-object generation. 
All further processing – route identification – voting – charging – is similar to a thick-client approach using these virtual 
positions. 
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knot n

knot n+1

knot n-1

secant n (current)

secant n-1 (previous) angle secant n

 

Figure 3-8: Spline interpolation 

In order to reach an optimal reconstruction (no overshooting), the given knot angles during spline construction can be 
one of the following: 

____ angle provided by the GNSS receiver (route) 

____ angle of the secant, either current or previous  

____ length-weighted average angle of the two joining secants at the knot  

Route identification 

The route identification (RI) module looks for geo objects that are referred to by the given coordinates with each valid 
position. The algorithm is capable of identifying basic geo objects according to the ISO pre-standard 17575 – zones, 
corridors and virtual gantries. Geo domains (e.g. countries), corridors (e.g. motorway segments) and zones can be 
identified in parallel for increased performance and hierarchy-building. 

In order to increase performance, the search for geo objects is done on hash-files. The identification process relies on 
GNSS data only. Thus a certain level of confidence with a certain number of GNSS positions needs to be reached 
before the geo object found can be identified with certainty.  
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All road sections in the Netherlands that have a tariff other than the basic will be modelled as corridors. Urban charging 
areas (see variant IV, e.g. city congestion charging) will be modelled as zones. The Dutch national border will also 
describe a zone-type geo object that is distance-based. This means that as long as this geo object is the valid one, all 
distance travelled will be accumulated. Charging points (see variant Ia, e.g. for bridges or tunnels) will be modelled as 
virtual gantries. Because it supports standard geo objects, the RI-algorithm can accommodate both existing and future 
RUC systems 

The distance travelled can be determined either via the length of the secant between two positions or in a more 
sophisticated way using the length of the spline. Each valid fix with linear interpolation between two consequent GNSS 
fixes is used to measure distance. This leads to a systematic speed- and course-dependent error. Assuming the course 
between two fixes can be approximated by a circular arc, only the chord will be used for distance measurement. The 
measured distance will always be shorter than the real distance travelled. Since there is no general algebraic solution for 
determining the length of a cubic spline, a numerical integration algorithm needs to be used. The most efficient 
numerical integration method for third-order polynomials with respect to accuracy and computational load is the Gauss-
Legendre Quadrature. The table in appendix 8.6 shows a summary of distances travelled during a real arbitrary trial with 
different scenarios. 

Voter 

The task of the voter module is to check the validity and hierarchical order of geo objects identified by the route 
identification module. It also prevents double charging on power-on. As a result the voter module will generate an event 
every time a valid geo object needs to be charged, or for distance-based zones when a certain distance has been 
travelled. This event will be used by the toll-transaction processing to compute the charge.  

The route identification and voter will be processed in batch mode for a better load balancing. However, for enforcement 
purposes or in the event of an occasional user OBU returning, real-time processing will be necessary. These requests 
need to be marked and will be prioritized by the load balancing. 

As a result of this stage, the direct relationship between position and OBU is lost, only the identified geo objects remain 
(cp. thick client).  

Toll transaction processing 

During the toll transaction processing all charge events will be mapped onto the applicable tariffs. This means computing 
the charges for the single geo objects or as an alternative computing the total charges for the different tariffs. All 
charging data is referred only to the OBU-ID. 

 

3.3.1.1.2 Calculation of data amount 

The following table summarizes the telegrams for a thick- and a thin-client solution. The telegram size comprises only 
the raw data. However, the total number of bytes includes header (TCP), acknowledgement from the back office and a 
percentage of lost messages. The table is based on the average numbers for users registered to the ABvM scheme and 
shows the values for one average user per year. 
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Type of telegram size (bytes) thick client (number / total bytes) thin client (number / total bytes) 

event log 1494 21 / 36912 21 / 36912 

Status 235 258 /115291 258 /115291 

position data 1496 5 / 8605 589 /1013920 

geo data update 404 192 / 120512 0/0 

configuration 232 1 / 444 1 / 444 

software update 265844 (thick), 
88615 (thin) 

0.5 / 134358 0.5 / 44857 

toll data 229 3194 / 1409689 0/0 

Ephemeris 52094 52 / 2722627 52 / 2722627 

key  342 258 / 143137 258 / 143137 

Signature 346 1 / 560 1 / 560  

Figure 3-9: Telegrams for thin- and thick-client solutions 

A description of the telegram types can be found in the appendix 8.7. 

Considering a number of about 8 million OBU users, a monthly data volume of 148kBytes or 331kBytes can be 
estimated for a thick-client and a thin-client solution respectively. This amount of data will not cause any capacity issues. 
For details, see the following summary table and the appendix listing the parameters used. 

 thick client  thin client 

total transferred data per user per year (bytes) 1825812 4077749

total transferred data per user per year (kbytes) 1783,02 3982,18

total transferred data per user per month (kbytes) 148,58 331,85

       

total transferred data per year (Gbytes) 14428,06 32223,48

total transferred data per month (Gbytes) 1202,34 2685,29

Figure 3-10: Data volumes of thin- and thick- client solution 
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3.3.1.1.3 The impact of tariff scenarios on route i dentification 

The following table shows an assessment of the effort necessary in the RI-module to realize the different tariff scenarios 
described in Tariffscenariosforphase2assignmentsv1.0.doc. 

Scenario Identification 
capabilities 

Computer 
load 

Realization 
effort 

Maintenance 
effort 

Risk Required data Testing 
effort 

1 Netherlands as 
distance-based zone 

low Low very low very 
low 

no road network 
digital map 

low 

1A Netherlands as 
distance-based zone + 
max. 50 virtual 
gantries 

low low, but with 
hierarchy 

low low no road network 
digital map 

low 

2 as in scenario 1 low Low very low very 
low 

no road network 
digital map 

low 

3 Netherlands as 
distance-based zone + 
corridors identification 

medium High high high accurate digital 
road network map 

high 

3A as in 3 + zone 
identification 

high high, with 
hierarchy 

high high accurate digital 
road network map 

high 

3B as in 3 + 3A + virtual 
gantries 

very high very high, 
two 
hierarchy 
levels 

very high very 
high 

accurate digital 
road network map 

very 
high 

4 as in 1A, but uses 
zones instead of virtual 
gantries  

low low, but with 
hierarchy 

low low no road network 
digital map 

medium 

Figure 3-11: The impact of tariff scenarios on route identificat ion  

Note: Risk for scenario 3 will become very high if second-level roads need to be distinguished. In addition the efforts for 
realization, maintenance and testing will also become very high in this case. 

The proposed identification approach based on geo objects specified in the ISO pre-standard can handle all described 
tariff scenarios with different levels of risk and effort. Higher efforts result in higher costs for software implementation, 
geo-object generation and field-testing. The maintenance effort increases with the number of required geo objects.  
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3.3.1.1.4 Privacy concerns 

In terms of the thin-client approach, privacy means that it must not be possible to establish a relationship between 
position traces and customer data at any time. 

Figure 3-12: Overview of data exchange through entities 

The proposed thin-client approach ensures that no entity will have the ability to map position traces to user. The data 
path is as can be seen in the above figure and is described in the following. 

____ Thin-client OBU:  
On the OBU, the position traces are obtained from the GNSS receiver. Accumulated data is sent to the back office 
with reference made only to the OBU-ID. The data is  encrypted and a signature available from the OBU. This allow a 
verifications of the data integrity in cases of suspicion. 

____ Back office – road identification:  
The road identification done in the back office uses the position traces to derive the parts where toll charges apply 
and generates toll events based on time, distance and type of road. This data again refers to the OBU-ID only. 

____ Back office – toll transaction processing: 
The toll transaction processing computes the charge using tariff tables based on the toll events and the vehicle data 
stored with the OBU-ID in the OBU data base. The charge does not contain any position information and refers to the 
OBU-ID. The charge is split up by mileage travelled on different road types. This data is then passed to the billing 
entity.  

____ Back office – billing entity:  
Using the user database, the OBU-ID is mapped to the customer who is to receive the invoice. The invoice will not 
contain any detailed position information. In case the customer requests a more detailed invoice, section information 
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can be added, making it possible to identify the driven route. (This optional feature might be compared to the 
itemised bill in telephone service). 

In order to ensure privacy, the billing needs to be processed by an entity that is separated from the other back office 
components. It is also a requirement that there be two separated databases, one for the vehicle parameter referenced 
by the OBU-ID and another one for the customer-related data, also referenced by the OBU-ID. All data exchanged 
between different entities needs to be encrypted with changing keys and signed for data integrity purposes. Position 
traces received from the OBU may only be stored in the raw database referring to the OBU-ID. 

Compliance with the EU Directive 

Since the thin-client approach involves the processing of personal data – information related to an identified person - , it 
needs to comply with the EU directive 95/46/EC and the local data protection act. Since no single entity has access to 
both user information and collected data, there would be no data protection issue to begin with. There is, however, a 
potential for misuse of data either by higher instances (e.g. government) or by “crackers” illegally gaining access to both 
sets of data. Thus, ensuring the compliance with the data protection act and the EU directive would increase the 
acceptance of the system.  

Its main provisions are as follows: 

____ Only data that is necessary to perform the task may be collected and processed (Article 6.1.b and c) 

� Compliant, since only a minimum set of data will be sent to the back office to reduce data load on the network. 

____ Data may only be stored as long as it is required to perform the task, except for statistical and historical use (Article 
6.1.e). 

� In order to fully comply with this requirement, it could be necessary to delete the raw position data after 
processing, thus losing a part of the evidence needed to deal with user complaints (cp. thick client). As an 
alternative, temporary OBU-IDs (similar to TMSI in mobile network communication, which was introduced so as 
not to allow generation of customers’ movement profiles). 

____ Inform the user that personal data will be stored (Article 7) 

� Completed during registration 

____ Inform the user about the data and the processing of the data (Article 10) 

� Completed during registration 

____ Enable access to the data for the user on request (Article 12) 

� To be realized over a web interface for instance. 

____ Ensure the validity (integrity and security) of the collected data (Article 17) 
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� Compliant since data will be signed and encrypted 

____ Approval of the data protection official for the proposed whole data processing (Article 18) 

� To be done during development of the system 

 

3.3.1.1.5 Price of digital maps 

A thin-/thick-client solution requires having geo objects derived from a digital map or the digital map itself on the OBU. In 
this case, royalties per OBU need to be considered. These will be in the range of 25 to 50 cents per unit and year.  

For the thin-client approach, only one instance of geo objects or of the digital map is required in the back office (as well 
as some backup databases). In this case, only one licence per database will be necessary. Since geographic data needs 
to be updated continuously, the royalties or licence fees accrue on a yearly basis. Geo objects will need to be 
implemented only for those parts of the road network for which the fees differ from the basic one. It is assumed that this 
will be a minor part of the Dutch road infrastructure. To derive accurate geo objects, it is recommended to gather and up-
date the requested data through a specialised service agency. State-of-the-art digital map data provided by the digital 
map manufacturers might not fulfil the RUC quality requirements and may need to be improved on. Also, in case of 
infrastructure changes, the modified data needs to be delivered on-line.  

An alternative business model could be based on services provided by a governmental land surveying authority. This 
was an approach developed in the U.K., where Ordnance Survey exists (www.ordnancesurvey.co.uk ) – a local map 
provider half owned by the state. The government pays a yearly lump sum and in return, is granted free access to use 
digital map data in all state-initiated projects. 

 

3.3.1.2 Determination of costs 

The toll events generated by the voter will be mapped onto tariff tables depending on road type, vehicle parameters and 
time. The data will all be referenced via the OBU-ID to ensure data privacy. The transaction service will use the tariff 
database to allocate the applicable tariff to the different geo-objects – referenced by their unique IDs. 

All proposed variants (I-IV) can be realized leveraging this approach. All tariff changes will be logged in order to validate 
and recompute the determined charges in case of user complaints. The charged toll events will be stored in a separate 
database that will be accessed by the billing entity. Due to the centralized tariff data storage, tariffs can be changed at 
short notice without discrimination. However, the user needs to be informed before entering the changed toll object. 
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3.3.1.3 Billing and payment 

The charging principles for a tolling operator are very similar to mobile operator billing, providing a large number of 
possible synergies when using the mobile operator billing infrastructure for the ABvM rating and billing process. ABvM 
requires e.g. prepaid and post-paid billing, variable rating parameters, flexible billing solutions, invoicing, clearing and 
security, all of which are available as part of mobile operator’s billing infrastructure. 

Prepaid 

The prepaid concept is well-known and widely used within the mobile operator business, including the prerequisites to 
make prepaid billing work, such as: 

____ real-time rating 

____ various methods of account balance top-up using various payment providers (vouchers, credit card, direct debit, 
electronic banking) 

____ low-balance notifications 

____ various methods of balance inquiry  

Prepaid as opposed to post-paid is generally used for controlled use and for occasional users or in cases where a post-
paid subscription is not allowed because of credit issues,. 

Rating 

In order to provide the billing entity with monetary values, the toll events data (containing time, road type and distance 
information) will be combined with the vehicle data and tariff tables, calculating the price for the specific event. The key 
in this data stream is still the OBU-ID, so no-user specific information is available here. Large similarities can be seen in 
tolling and mobile operator rating parameters: 

____ there is a fee per distance (mobile operator: usage amount) 

____ charge depends on vehicle class (user price plan) 

____ charge depends on time of use (same) 

____ charge depends on road type (service used) 

____ lower tariffs can apply e.g. for roads under maintenance or during certain periods (discounts based on various 
parameters) 

Billing & invoicing 

The various rated events for each individual user are collected and presented on a paper or electronic bill. A group of 
users (e.g. a company) can be combined in one billing account and billed accordingly, even with several billing entities 
(branch offices). 
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Besides the usage charges, recurring charges (periodic “subscription” fees) and one-time charges (like registration fee or 
equipment purchase) can also be billed. 

Invoicing can be done on a flexible fixed period (monthly, quarterly, yearly,…) by means of paper or electronic (e-mail, 
online, CD) invoices. 

Reporting 

Supplementary reporting possibilities are available based upon (prepaid and post-paid) billing information, using the 
different parameters as provided by the billing streams. 

In addition, reporting tools can be provided to (corporate) users, to create their own usage reports, based upon the 
(electronic) billing data. 

Security 

For fraud prevention, existing tools and procedures are used to detect fraudulent (excessive) use or other abnormal 
behaviour. 

Payment 

The preferred payment method (for post-paid users) is direct debit, since this is used for the majority of post-paid mobile 
customers. Other payment methods are available (credit card, electronic banking), but are mainly used for prepaid 
customers. 
 

Other  

In addition to the items mentioned above, payment collection (disputed, refused payments) and billing error handling are 
also established parts of the mobile operator billing process. 

Clearing with TSP 

One of the main privileges of a tolling operator is clearing with the TSP. In performing this, all registered and priced 
transactions are used as a basis for charging. All tolling receipts are transferred to a trust account of the government 
together with the agreed service charges for the entire operation (including any charges payable to service providers). 

The government itself has permanent access to statistical data for monitoring purposes. In addition, regular audits by the 
government or one of its agents (such as an audit firm) may be allowed access to all data and processes. Even random 
tracking of charging data all the way to billing with the TSP is ensured through appropriate logs and audit processes 
which cover both the relevant data and applicable signatures (to ensure authenticity). 

Since under normal operation funds are collected only in case of prepayment (if this is not outsourced as well), post-
payment streams are collected from very different payment service providers (PSP) or from an EETS service provider. 
Note: The EETS is itself backed up by different PSPs who assume the payment guarantee. 
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Clearing is executed on the base of the transmitted priced transaction, which enable the service provider both to bill his 
registered customers and also to provide for customised and itemised bills. Appropriate commission rates and payment 
deadlines will be agreed by service provider and tolling operator (and eventually the TSP). Only where transactions are 
generated by a car which has been blocked by the service provider (grey or black list) at the time of transaction, may the 
transaction be refused. 

 

3.3.2 Secondary (supporting) processes 

3.3.2.1 Registration, installation and customer car e 

In order for the ABvM scheme to function on a convenient and non-discriminating basis for ALL users, there need to be 
sufficient options for interaction between users of the ABvM systems and the operator(s) of the system. 

The following modes of interaction - or customer service - are anticipated: 

____ Registration of user, vehicle, mode of payment and on-board equipment data:  
All users, vehicles and on-board equipment need to be registered to the ABvM scheme and to choose between pre- 
or post-payment in order to be able to legally use the road system.  

____ Purchase of on-board equipment: 
Different types of on-board equipment are available for all users. The user is free to choose which kind of equipment 
best suits her/his road usage behaviour. All on-board equipment must be obtained at dedicated locations in order to 
ensure  registration and qualified installation service if required.  

____ Installation of on-bard equipment: 
On-board equipment such as the frequent user OBU or the GNSS cradle need to installed in the vehicle at dedicated, 
qualified service centres. As a minimum, installation requires connection of the equipment to the vehicle’s power 
system.  

____ Re-loading a pre-payment account: 
Users are free to choose between pre- and post-payment to settle charges under the ABvM scheme. If a user 
decides to use pre-payment or does not qualify for post-payment , he needs to set up a pre-payment account (see 
point 1 above) during initial registration to the ABvM scheme. Using the road system will result in deduction of 
charges from the pre-payment account, eventually requiring the road user to reload the pre-payment account 
balance.  

____ Obtainment of information about the ABvM scheme: 
Providing information about the ABvM will be necessary to achieve adequate user acceptance of the scheme. 
Information should be provided about the scheme principles, technology, registration and customer service.   

____ Inquiries about cost and invoices related to the ABvM scheme: 
The ABvM charge collection will use invoicing processes to inform users about charges due related to the usage of 
roads. These invoices may be paper-based or electronic versions. In any case, users may have questions regarding 
these invoices.   

____ Inquiries about all aspects of on-board equipment or modes of payment: 
On-board equipment may cause difficulties in operation or may fail outright. Questions may also arise relating to pre- 
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or post-payment. In any case, the user needs to be able to obtain qualified information relating to all issues arising 
from the use of on-board equipment or form of payment. 

____ General inquires about the ABvM scheme: 
There may arise general questions concerning the ABvM scheme. These questions need to be addressed to the best 
degree possible as well.  

____ Barring: 
For stolen equipment or for credit risk reasons, several options for barring the OBU can be considered. One 
possibility is to simply bar the SIM included in the OBU, which will make the OBU ineffective. This would be detected 
through the enforcement procedures as a vehicle without OBU. On the other hand, it would also be possible to flag 
the OBU-ID with the barring reason in the back office and use this data in the enforcement process, thus providing a 
possibility to detect stolen OBUs. In that case, measures must be taken to avoid billing of OBUs reported as stolen. 

The following locations of interaction are anticipated to the ABvM scheme 

Points of sales (PoS) 

These are physical installations mostly co-located at e.g. existing petrol stations or mobile phone sales outlets etc. By 
being located along the road system, existing petrol stations are easy to access and are usually ideally suited (parking, 
manned store) for all modes of interaction. It is anticipated that the following modes of interaction will be provided: 

a. Registration of user, vehicle, choice of mode of payment and on-board equipment data, 

b. Purchase of on-board equipment, 

c. Re-loading of prepayment accounts, 

d. Obtainment of information about the ABvM scheme. 

To register users at the PoS, the appropriate registration module of the billing system can be used. The process includes 
user details registration and user equipment registration (including equipment charging). In addition, for post-paid users, 
a credit vetting procedure is part of the registration process. As part of registration, user data must be stored in the billing 
system (with OBU-ID) and the equipment must be registered in the OBU database. 

Service Centres 

Service Centres will deal will all technical aspects of on-board equipment and its installation into vehicles (see point 3 of 
modes of interaction). These service centres will be equipped and certified by the ABvM scheme operator, who will also 
provide training of staff.  

Call Centre 

The call centre will host service agents able to address all information aspects of the ABvM scheme in several languages 
(at least the official EU languages). In particular, the call centre agents will be able to address the following modes of 
interactions: 

e. Obtainment of information about the ABvM scheme, 

f. Inquiries about cost and invoices under the ABvM scheme, 

g. Inquiries about all aspects of on-board equipment or modes of payment, 

h. General inquiries about the ABvM scheme. 
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For billing- and registration-related issues, the customer management module of the billing system can be used as the 
support tool for CRM agents. For technical problems (as long as they relate to the mobile network), the existing technical 
support tools can be used. For the other items, the appropriate information must be provided to the knowledge systems. 

ABvM Central Service Centre 

The ABvM central service centre can deal will all modes of interaction at a central location that is sufficiently convenient 
for a large number of users. This centre will also provide training facilities for all service agents (PoS, Service Centres, 
Call Centres) under the ABvM scheme  

The following figure shows the relationship between modes and locations of interaction. 

 

 

Figure 3-13: Relationship between interaction modes and locations of interaction 

As the above figure shows, there are at least two locations for each mode of interaction. Each location provides at least 

two but usually more modes of interaction.  

 

3.3.2.2 Enforcement 

Enforcement plays a crucial role in maintaining a fair and non-discriminatory road-charging scheme. For non-compliant 
vehicles, occasional users and fraud reasons, a high probability of detection is required. Hence, enforcement units will 
be set up at strategic locations to verify compliance with the system. Enforcement may also be carried out in conjunction 
with traditional surveillance work. This section focuses mainly on communications technology enablers rather than 
enforcement strategy. 
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Enforcement units are categorised into three types: 

____ Stationary: units are installed at a fixed location and will operate unmanned. A typical example is an enforcement 
bridge above motorways, but secondary roads may also be equipped. In general, drivers are aware of the locations, 
which reduces the effectiveness of these units; 

____ Nomadic: units are placed at a certain location for a limited period of time. Then, the unit is moved to a different 
location. These units can operate both manned and unmanned. Since drivers are not aware of the respective 
location, it is an effective way to govern the risk assessment of non-compliant drivers; 

____ Mobile: units are installed inside surveillance vehicles and can be used to verify compliance while in motion. 

All three categories allow a combination with other automatic enforcement programs such as red light violation and 
speeding.  

The enforcement unit needs to perform two main compliance checks. Both checks can be carried out in parallel, but a 
failure of one may result in different measures. The first task of an enforcement unit is to register a unique characteristic 
of both the vehicle and the OBU inside. For the vehicle, this can be achieved by taking a picture of the licence plate and 
by extracting its licence number. The detection of vehicles for triggering the camera is carried out by a detection loop 
underneath the pavement or by means of a radar signal. The OBU characteristic can be obtained by requesting the OBU 
to send its ID. The enforcement unit then acts as a beacon to trigger the OBU it has entered an enforcement zone. The 
vehicles licence number and the OBU ID are compared with (a copy of) the database entry in the Back Office. The 
following figure shows the high-level process diagram.  
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Figure 3-14: High-level enforcement process diagram 

The second check validates the data collected and stored by the sensors of the OBU. A vehicle-OBU pair may pass the 
first check, but this does not imply the OBU sensors are functioning properly. For instance, the distance travelled may 
have been manipulated by the user jamming the GNSS signal. To verify whether this has been the case, the 
enforcement unit can make the OBU send the actual GPS coordinates and time stamp. Furthermore, some log data can 
be transferred for validation purposes. 
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From general practice, it has been found that it is not feasible to perform a real-time check in the Back Office. The 
backhaul capacity between enforcement unit and the Back Office is in general not sufficient to transport all data. This is 
especially true for nomadic and mobile enforcement units (cellular network backhaul). Therefore, the comparison needs 
to be carried out locally. This is also beneficial for privacy reasons. Data from vehicles found to be compliant are 
discarded locally and no data is sent to the Back Office. A local copy of the OBU database is required, however. If an 
entry is missing, the Back Office can be consulted automatically for a final comparison. In case of non-compliance, an 
enforcement officer can decide to intervene, or further analysis may be carried out in the Back Office. 

Communication 

Two-way communications is provided for between the enforcement unit and the OBU. The communication from the 
enforcement unit to the OBU (i.e. downlink communication) is used to notify the OBU it has entered an enforcement 
area. The resulting communication from the OBU to the enforcement unit (i.e. uplink communication) contains the OBU 
details necessary to verify road-charging compliance. 

EC Directive 2004/52/EC requires the use of communications using the GSM/GPRS protocol and/or 5,8 GHz microwave 
technology for carrying out electronic toll transactions (both operations and enforcement). However, utilizing a single 
communication technology reduces costs and increase the MTBF as the OBU contains less components. Hence, a 
cellular-only solution is proposed. This is also preferred for handset-based solutions. 

A cellular communication network such as GSM or UMTS comprises a number of radio cells. A cell is an area covered 
by one antenna system. For hot-spot areas (i.e. a small area and with a high density of users, for example railway 
stations or shopping centres), picocells are utilized in addition to macro cells. A picocell covers only a small area but can 
have a traffic capacity equal to macro cells for larger areas. Since the enforcement unit is comparable with a hot-spot 
environment, a picocell is incorporated to handle all communications. The following figure reflects schematically an 
enforcement unit set up along a motorway. 

enforcement unit

pico cell

camera 2

camera 1

enforcement unit

pico cell

camera 2

camera 1
 

Figure 3-15: Enforcement units set up along a motorway 

The enforcement unit connects to the Back Office either via the cellular network for nomadic or mobile units or via a 
microwave link or leased line for stationary units. As stated before, the capacity of such a backhaul is limited In the case 
of the cellular network. Hence, data transfer should be minimized. 
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Downlink 

For fixed and nomadic units, it will not be necessary to trigger each individual OBU. A broadcast signal will be sufficient 
for downlink communication within the enforcement area. By default, a picocell broadcasts a cell ID, which may also be 
used by the OBU for detection of the enforcement unit. The OBU monitors the presence of a dedicated enforcement 
picocell at a regular time interval. The length of this interval is dependent of the speed of the vehicle. 

On the other hand, it might be necessary for a mobile enforcement unit to address a single OBU. One can think of 
enforcement officers who intend to verify compliance of a single vehicle while driving on a road. Hence, the set of cell 
IDs is split into two subsets. The first subset triggers all OBUs within range of the picocell, while the second subset 
triggers a single OBU only. In order to achieve the latter, the temporary cell ID is based on the license number plate. This 
allows verification of compliance during surveillance while in motion. 

Uplink 

Once the OBU receives the picocell (broadcast) signal, it replies by sending the requested data to the enforcement unit. 
This data message may for instance consist of ID, status, log, actual GPS position and time stamp. If a cellular 
technology (i.e. the enforcement picocell or the overlay communication network) is utilised for receiving the message, the 
transfer time can be as high as three seconds. This behaviour will result in a high probability of the message being 
blocked, in particular in cases where the availability of traffic channels is limited and there is a high number of vehicles.  

Since a 4-lane motorway can have a maximum throughput of up to 7500 vehicles per hour, calculations have shown that 
cellular technology will not be capable of handling all traffic. Therefore, a different solution is presented here. It is 
proposed to re-use the cellular transmitter of the OBU as a Short Range Device (DSRC device). Instead of deploying the 
cellular communication channel set-up procedure, the OBU transmits its data to the enforcement unit directly. The 
cellular protocols are thus bypassed, which saves the extended signalling period.  

The Random Access Channel (RACH) is a channel initiated by the mobile device to set up communications. Instead of 
carrying signalling data, the RACH is filled with the requested OBU data. The enforcement unit is equipped with a 
dedicated receiver which listens for the RACH only. For 2G technology, the OBU message transfer time is then reduced 
from 3 seconds to less than 50 milliseconds.  

Radio Network Integration 

Some operational limitations are inevitable when the picocell is integrated in the cellular network. First, the network 
needs to know the position of the picocell to begin with. Second, the frequency of the picocell differs according to 
location and needs to be assigned in accordance with the frequency plan of the hosting cellular operator. Third, regular 
communication terminals for voice and data need to be diverted from this picocell, which requires additional non-
standard measures (some of them involving violations of the communication protocol). Fourth, a multi-operator solution 
for road charging adds some further complexity to the frequency assignment process. 

In order to overcome these limitations, it is proposed to reserve one dedicated (DCS1800) frequency for the whole road 
charging area to be covered (i.e. the Netherlands). Since the overlay network does not know this frequency, it does not 
interfere with regular network operations. Hence, voice and data terminals are not affected. The OBU or handsets 
incorporated for road charging have knowledge of this frequency prior to operation. It also reduces the time in which an 
enforcement unit is detected by the OBU. 
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Figure 3-16: Radio network integration of enforcement picocells 

 

Traffic flow direction 

The picocell solution does not allow any differentiation between travel directions of the vehicles. This might be necessary 
from a legal perspective in order to reduce the number of non-compliant vehicles to coincide at the same time passing 
the enforcement unit. 

When two picocells are introduced at the same unit, each picocell can serve a direction of the road. In order to discard 
propagation effects, the same frequency is used for both cells. This prevents the radio signal being broadcasted in one 
direction, to be received in the opposite direction (e.g. through reflections caused by other vehicles). Since both picocells 
operate on the same frequency, the serving cell’s signal will be received before that of the neighbouring cell, and with 
more confidence at that. The small interference zone between the two cells can be neglected and has no influence on 
the functioning of the system. 

 

3.3.3 Tertiary processes 

3.3.3.1 Systems management and maintenance 

As described in the systems architecture, the system as a whole is divided into several logical components, the 
availability levels of which differ substantially depending on the demands and needs they respond to. The entire charging 
system, customer registration and service are all rated as highly critical and, accordingly, are available around the clock. 
As far as billing processes are concerned, their availability might conceivably be limited to bank working days under a 
worst-case scenario, as their processing is eventually dependent on bank processes.  

The entire tolling system is designed as a cluster across two computing centres hosted in different locations. Their 
communications circuits and their energy supply are independent of each other. The locations themselves are connected 
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through a high-speed line (glass fibre) to enable permanent data replication. The cluster system’s exact design 
(minimum availability and/or maximum downtime) is set down in appropriate service-level agreements (SLAs).  

The entire IT infrastructure is administered, monitored and supported using professional system management tools. 
Importantly, this is provided for on a 24/7/365 basis, as possible IT and application problems need to be dealt with 
through proactive measures to avoid downtime and errors. The integrated ticket system ensures consistent logging of 
error messages and their processing status.  

This supports the asset, change, network, security, capacity and performance management processes. During regular 
computing centre operation, defined administration routines provide for the entire spectrum of systems management 
activities, which are executed centrally. Remote monitoring and software distribution ensure availability and reliability 
across the entire IT system and ascertain the installation of current software versions and virus scanners, and that 
ownership of licences conforms is up to date. 

However, integrated service providers, such as of EETS, need to conform to defined requirements, too, if they use their 
interoperable OBUs to capture data and transmit the raw data to the system for geographic positioning. In addition, 
transactions need to be received at defined times for processing, to ensure compliance with payment dates and 
guaranties.  

Security levels with respect to individual systems are defined mainly to ensure security regarding access to the computer 
centre (both in terms of personnel and data). The tolling system itself is housed in a protected network area. All access 
systems relating to users and service providers are located in DMZs. Any communication between two systems – 
including within the computer centre – is based on end-to-end encryption.  In doing so, the handbook of the BSI 
(Bundesamt für Sicherheit in der Informationstechnik, www.bsi.de, Germany’s Federal Office of Security in Information 
Technology) is regarded as a very good guideline. 

Besides the standard system maintenance process, which consists in repairing system errors, analysing and removing 
performance bottlenecks and upgrading the systems environment with new equipment, adaptations will be made and 
documented mainly to reflect changing requirements. These can arise in manifold ways and guises: For instance, tariff 
changes need to be entered, tested and pre-installed for service from a certain deadline, following a review process.  

But even changes in the traffic infrastructure can be entered out-of-period, independently of the routine quarterly 
updates. In this connection, the automatic update process for generating all new or altered geo objects should be 
especially highlighted, which at present takes into account current standard data formats (GDF, GML) from all major geo 
data suppliers and can, in addition, accommodate GNNS data generated individually. This makes it possible to carry out  
central updates of infrastructure information very easily and quickly even where all they involve is a detour due to road 
construction work. Updating OBUs is not necessary, as has been repeatedly mentioned.  

In the end, however, standard monitoring of OBUs is also integrated into system management,. This includes permanent 
read-out of status and error logs, which are broadcast every two weeks or anytime an error occurs. All messages are 
scrutinised by system management in the back office and reported if necessary. In these cases, remote deactivation is 
possible at any time. 
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3.3.3.2 Determining tariffs 

Because this concept is based on a thin-client approach, no tariffs are computed in the OBUs themselves. Instead, tariffs 
are always and exclusively computed centrally in the back office. Compared with a thick-client solution, where tariffs 
would be computed in the OBU, the following problems can be avoided from the outset: 

____ Tariff changes needing to be distributed to all OBUs in a timely manner, causing additional update communications 
costs. 

____ All tariffs computed by the OBUs needing to be recomputed by the back office to prevent fraud attacks and to ensure 
the OBU in question was using the correct tariff table. 

____ Communications between the system operator and the user proving cumbersome in case the OBU shows different 
tariffs from those applicable,. 

Instead, the following advantages can be realised: 

____ Road operators can update tariffs quickly to take account of current traffic and weather conditions. All that needs to 
be done is to inform the user before he enters a toll zone with variable tariffs. [Toll variations must not affect users 
already inside the zone at the time of the variation]. 

____ In addition, general tariff updates can be planned and entered into the system to take effect at a pre-determined date 
and time, ensuring that all users are charged according to the updated tariff. 

____ Tariffs can easily be tested in the system before they are applied. 

____ Tariff models can be extended or updated without having to update the software in the OBUs. This means an 
extremely wide range of discount schemes is feasible that could also take into account additional parameters such as 
refuelling behaviour. 

The only drawback would be that the user cannot be sure that he has current information on costs. The only pricing 
information available on his OBU would be that of the last trip that was actually charged. How current this information is, 
depends to a very great degree on the layout of the back-office system, that is to say, whether it computes prices in 
batches or whether it does so in real time. Real-time computing of tariffs, however, should remain limited to certain 
situations such as border crossings to ensure processing time in the system. On the other hand, it does not seem 
imperative to provide a driver with up-to-the-minute pricing information, as current DSRC systems do not do so either. 

Implications of different Tariff scenarios (III B and other) 

As mentioned before all tariff scenarios can comparatively easily be mapped in the back office functionalities. 
Nevertheless, the complexity of the tariff scenario has a certain impact on the investment and operational costs of the 
back offices. 

Different requirements for digital map resolutions and different requirements regarding types of geo objects have an 
impact on the development costs and the necessary processing power of the back office system. 
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3.3.3.3 Supervision 

The ABvM scheme should support a supervision process to monitor key performance indicators. Among the key 
performance indicators are the system availability and reliability, the recognition rate of geo-objects, the accuracy of the 
mileage estimation, the identification rate of the enforcement system and the service level of the retail scheme.  

The degree of fulfilment of the key performance indicators will determine the financial compensation of the operator of 
the charging scheme. Therefore it is necessary that an independent expert be granted  access to the key figures to 
scrutinize the overall system performance on behalf of the client and the system operator.  

 

3.4 Special topics 

3.4.1 Foreign and occasional user scheme 

Occasional users are those users who are tollable under the ABvM scheme but only use their vehicles on an infrequent 
basis (domestic occasional users) or drive comparatively few kilometres on the tolled road system (foreign occasional 
users).  

As a general rule, all users - frequent or occasional - need to be registered under the ABvM scheme. Due to the fact that 
occasional users will only log few kilometres per year they will be assessed only scant charges. Given the necessity that 
every user be registered and be generally free to choose his on-board equipment, the actual distribution of on-board 
equipment may entail significant costs for the ABvM investment and operation.  

The cost implication is potentially large for foreign occasional users because many will choose the convenient thin-client 
solution running on dry batteries  (requiring no installation) using pre-payment. Costwise there is the implication for the 
ABvM operator to provide relative expensive OBUs and the transactions for the frequent reloading of pre-payment 
accounts. Also, there is the risk that OBUs from occasional users might be stolen or their batteries run out with 
implications on the replacement, re-registration of new OBUs and additional enforcement cost.  

To keep the cost and risks associated with the occasional users low, the ABvM operator should: 

____ Require every stolen OBU to be reported to the police, with the appropriate documents being shown upon re-issuing 
of new equipment. Otherwise, the user will need to purchase new on-board equipment at his own expense.  

____ Require a non-refundable handling charge to be paid for each new/replacement OBU interaction (unless there was a 
genuine technical malfunction in the OBU), 

____ Require a minimum pre-payment to be paid by each occasional user at each account reloading transaction, 

____ Require an OBU deposit (refundable upon returning the unit) to be paid for each non-fixed OBU installation, 

____ Specify and design on-board equipment so that operation lifetime is maximised while minimising on-board equipment 
interaction necessities by users. Placement of on-board equipment in the vehicle cabin will be as flexible as 
technically possible and practical (using a special enforcement technology will dramatically enhance vehicle-cabin-
based on-board equipment placement options!) 
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____ Use only dry batteries which have a more predictable lifetime, are cheaper and easier to replace (a special battery 
recollection will be put in place to mitigate environmental impacts).  

In any case treatment of occasional users will need to conform to the non-discrimination regulations of the European 
Union. 

 

3.4.2 Interoperability and standardisation 

In its 1996/62/EC, the EU mandates that all new tolling system have interoperable interfaces. The European Parliament, 
in its resolution 2004/52/EG demanding the implementation of a Europe-wide tolling system, does the same. Among 
other things, this means that a user must be able to use all tolling systems in Europe with just one contract, one OBU 
and one bill. 

Besides the EU activities in promoting the requisite standardisation procedures through the EFC Expert Group and 
projects such as RCI, existing tolling operators and initiatives (such as ASECAP) have been known to drive parallel 
initiatives to implement the guideline. The most recent example of this is the MEDIA project, which aims for 
interoperability between several European tolling systems (among them Austria, Italy and France) including a complete 
integration of an EETS service. 

In doing so, the EETS service is to handle the entire contract management, OBU management, billing and fulfilment as 
an autonomous agent. Importantly, this includes complete assumption of the payment guarantee, meaning the local 
tolling operator is relieved from non-payment risk.  

Vodafone’s concept, as mentioned in the pre-read, accepts the complete EETS functionality, not least because of the 
ensuing reduction in system costs. But even interoperable OBUs will be accepted as long as they conform to standards 
regarding the interfaces to the back office. Should an OBU not be able to communicate with the back office, it could start 
by communicating instead with an OBU proxy of the EETS, as mandated under the standard. The EETS could then 
initiate the necessary interface conversion towards the backbone and eventually the local tolling operator. 

 

3.4.3 Level playing field 

To the EU, future tolling systems should be interoperable firstly and open to the market secondly, as this is the only way 
to ensure that operating costs for the TSP (transport service provider, i.e. in most cases the government) permanently 
decrease as soon as components are priced to the market and existing investments (such as interoperable OBUs, EETS 
systems) become accessible to other system operators.  

Whether or not the market is open and to what degree it is so, depends on the TSP (who in most cases will also be the 
policymaker). The TSP determines the requirements that a tolling system needs to meet. Only a very small number of 
tasks relating to a tolling system will be considered governmental preserve and will not be farmed out to third parties. 
This especially includes clearing of tolling charges and their disbursement to the TSP, as well as enforcement. 
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All other components should be subject to third-party tendering. In making them so, an essential distinction needs to be 
made: on the one hand are the standardised services that a tolling system’s interfaces plug into. This includes mainly 
communications (GSM/GPRS). On the other hand are the system’s own interfaces, which need to be made public from 
the outset to ensure an open market.  

Thus, the thin-client approach, promoted here, can use any communications interface supplied by a mobile operator 
capable of offering the necessary services (such as GPRS). All other components, especially including OBUs and EETS 
services, need to be made generally accessible through a clear description of their interfaces. In this connection, existing 
standard description or their drafts should be referred to when designing the system as this will ensure that existing 
interoperable tolling systems can play a role in the market. 

To limit the issue of responsibility for the correct assessment of tolls, the CESARE approach should serve as a guide. 
CESARE calls for a so-called interoperability management, which would act as a neutral institution (comparable to 
Germany’s TÜV) on behalf of the TSP, and which would test all new components designed by third parties for 
compatibility and correctness of operation.  

All in all CESARE III recommends the following allocation of roles and tasks within upcoming interoperable European 
ERUC scenarios (therein called EETS scenarios). 

 
Figure 3-17: CESARE III EETS scenario 

 

According to this the proposed system architecture for the Netherlands can be divided into the following tasks and roles: 
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Figure 3-18: Entity roles within the CESARE III model 

In this system approach, the local toll charger (TCH) is merely responsible for route identification (incl. tariffs and pricing) 
and enforcement. Additionally the TCH might be responsible for the occasional user and prepayment user schemes, 
which will probably not be covered by the EETS providers. 

Service level agreements involving the EETS providers guarantee a high availability of some core components of the 
system. The cost- and risk-intensive parts of customer management (post  payment) can be outsourced to specialised 
services offered by the EETS providers. As there will be most probably two or three EETS providers established within 
the next years, the Netherlands ERUC scheme can use their flexible and scalable systems. The risks can thus be 
allocated to different players. 

The EETS providers will provide a broad variety of payment means and service offers that will be available for local 
users. As they are specialised to the European market, the integration of foreign users will not be a problem. 

Here is an over view of the advantages of this approach: 

____ Free choice of an EETS provider (locals and foreigners) 

____ Users can select between different interoperable OBUs 

____ Users can use compatible interoperable OBUs which they already own 

____ OBU logistics are completely covered by established processes of the EETS (except for occasional users) 

____ Broad variety of payment means and service offers and therefore access to existing processes and payment 
guarantees (reduction of risk) 
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____ Simplified system realisation, implementation and start by using different EETS provider (reduction of risk). User 
registration can start before system realisation / service trials, because EETS provider already use existing networks 
with a broad variety of contract issuers and payment service providers 

____ Local toll charger can use the customer care centre of the EETS providers, which already provide service in different 
international languages. 

____ Using different EETS providers reduces the risk of system implementation for billing and payment / clearing, 
fulfilment and the timely registration of the users. 

The biggest disadvantage of the EETS approach is that it is unsure whether the EETS providers will provide prepayment 
services. If not, a dedicated system needs to be set up by the local toll charger for this user group. But the system 
requirements of this system are quite low compared to a system catering to all ERUC users. Additionally the pricing of 
the interoperable OBUs is an uncertainty factor. 

As set out earlier, the thin-client approach selected here is the natural choice when it comes to ensuring the openness of 
the system. This is so mainly because the interface between OBU and back office will be transmitting raw GPS data 
exclusively; meaning that the actual charging will only take place inside the certified back office and according to certified 
charging rules.  

The only qualification necessary is that no proprietary compression algorithms must be used if existing interoperable 
OBUs are to be able to use the interface as well. 

 

3.4.4 Future viability of ABvM core technologies 

3.4.4.1 Future of Global Navigation Satellite Syste ms (GNSS) 

The data collection of the proposed technical solution for the ABvM scheme is primarily satellite-based. Today this 
satellite-based approach relies on location information obtained using the „Global Positioning System (GPS)“. Given that 
the ABvM scheme is likely to be implemented around 2012 and operated for eventually 10 years, it is very likely that not 
only the GPS, but also the European GALILEO system will be fully operational and available.  

GALILEO is Europe’s initiative for a state-of-the-art global navigation satellite system (GNSS), providing a highly 
accurate, guaranteed global positioning service under civilian control. While providing autonomous navigation and 
positioning services, GALILEO will at the same time be interoperable with GPS, the other global satellite navigation 
systems. 

By offering dual frequencies as standard, however, GALILEO will deliver real-time positioning accuracy down to the 
metre range, which is unprecedented for a publicly available system. It will guarantee availability of the service under all 
but the most extreme circumstances and will inform users within seconds of a failure of any satellite. 

This will make it suitable for applications where safety is crucial, such as running trains, guiding cars and landing aircraft 
- or providing reliable location information for an ABvM charging for road usage scheme.  

The GALILEO infrastructure is currently being implemented and commercial operations is to start from 2010. 

The GALILEO infrastructure will provide five positioning services with characteristics as shown in the figure below.  



Vodafone ABvM Final Report  

 

   

Document Classification 
C1 - Public 

 
 

43 

 

Vodafone 
ABvM Final Report 

 

____ A basic level dedicated to consumer applications and general-interest navigation, the Open Service.  

____ A service for use where passenger safety is critical, the Safety of Life Service.  

____ A restricted-access service level for commercial and professional applications that require superior performance to 
generate value-added services, the Commercial Service.  

____ A restricted service for governmental applications, the Public Regulated Service with high continuity characteristics.  

____ A humanitarian "Search and Rescue" service to accurately determine the location of distress messages from 
anywhere across the globe.  

For the purpose of the ABvM scheme, the Open Service and/or the Commercial Service will be suitable and might be 
used in combination. The use of the commercial service is recommended, but the proposed system would not require it. 
Therefore no provision was made for Galileo in the estimation of costs (see chapter 4).  

Together with GPS (on the basis of GPS/Galileo GNSS receivers implemented in all on-board equipment these service 
will allow for even more reliable and more accurate positioning on all roads falling under the ABvM.   

 

3.4.4.2 Future of mobile communication networks 

The 2G GSM system was developed originally for telephone calls and slow data transmission (max. 38.4 kbit/s). Adding 
the General Packet Radio Service (GPRS or 2.5G) to the standard, enabled an “always on” high-speed packet data 
connection with speeds up to 170 kbit/s. Nowadays, GSM has become the most popular wireless communication 
standard in the world, serving more than 1.5 billion subscribers. 

The next milestone was the introduction of the 3G UMTS network. This technology was developed to carry large 
amounts of data traffic quickly and cost-effectively on an improved radio interface. It is capable of providing higher-
bandwidth connections, multimedia services and high-speed internet access to more users simultaneously. In hot-spot 
areas, data rate of up to 2Mbit/s can be achieved, while a wide area typically enjoys a 384 kbit/s data rate. 

As of this writing, UMTS broadband (HSxPA or 3.5G) is being introduced in many markets. This new high-speed data 
transfer feature has been designed to fully utilize the packet-data transport capabilities of UMTS. 3.5G offers downlink 
peak data rates of up to 14 Mbit/s at a significant lower roundtrip delay.  

In order to enable fixed-mobile convergence and value based charging, the IP Multimedia Subsystem (IMS) was adopted 
as a new internationally recognized standard. IMS is designed to provide new innovative services independently of the 
access technology being used.  

The next-generation network is currently under researchers’ spotlights. “4G” will be a technology that connects all the 
existing and future networks seamlessly together. It is estimated to provide a 100 Mbit/s downlink and a 20 Mbit/s uplink. 
Hence it will offer a first-step solution for the bandwidth gap between the wireless world and the internet. 4G is expected 
to be commercially available by 2013. 



Vodafone ABvM Final Report  

 

   

Document Classification 
C1 - Public 

 
 

44 

 

Vodafone 
ABvM Final Report 

 

 

 

 

 

 

 

 

 

 

Figure 3-19: Mobile network evolution 

Wireless’ evolution means connectivity is rapidly becoming available at any time and at any place, thus offering a reliable 
platform for a dedicated service such as a road charging scheme. Growing demand and continuous competition will 
stimulate an operator to maintain his network at a high quality level while providing wireless connectivity at minimum 
costs. The focus on security and privacy aspects are primordial drivers in gaining customer confidence. The seamless 
migration from 2G towards 3G highlights the future viability of a wireless communication network. 
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4 Estimation of costs (D-4) 

In addition to a base scenario the specific cost impacts of four alternative scenarios are elaborated. The analyzed 
alternative scenarios are (1) “no foreign user” scheme, (2) “no EETS established in the future”, (3) “HGVs and vans 
tollable for ERUC only” and (4) the "’big bang’ - no migration” scenario.  

All model inputs are based on figures and parameters either derived from the reference cost model (see „Cost Format 
phase 2 v1.0.xls“) or experience gained in other similar road-pricing schemes (i.e. Swiss, German and Austrian HGV 
charging). Some behavioural assumptions have been made regarding the adoption of different OBU types and 
customer-service interactions.  

In extrapolating growth, all vehicle figures and annual road kilometres travelled have been adjusted for the year 2006 
(which is the base year = J 0). A uniform growth of 2% pa is assumed for tollable vehicle numbers; a uniform growth of 
1% pa is assumed for annual road kilometres travelled. The road network is assumed as constant (no growth). 

The year 2006 is taken as the base year (J 0) (J 1 = 2007, J 10 = 2016). All estimated costs are actual costs as of today.  

In the cost format sheet (see „Cost Format phase 2 v1.0.xls“) the results from the model scenarios are adjusted 
according to the assumed IEP (15%) and VAT (19%). 

Similarly to costs, revenues are calculated on the basis of annual kilometres travelled with the base year (J 0) being 
2006 and assumed toll rates for different vehicle types as outlined in the scenario descriptions below. 

 

4.1 Base scenario  

The model simulates investment and operation of a comprehensive road-pricing system for ten fiscal years according to 
the specification outlined in this report.  Data was taken from „Cost Format phase 2 v1.0.xls“ for: 

____ Road Network, 

____ Vehicle fleet, 

____ Traffic. 

In cases of missing data, appropriate assumptions have been made.  

The baseline model includes the proposed migration scenario where road-pricing is initially mandatory for HGVs in year 
1, with vans following in year 2 and cars and motorcycles in year 3 to 5. From year 5, all vehicles are subject to 
mandatory road pricing on all roads. The distribution of tollable vehicles according to the available statistical data and the 
proposed migration scenario is as follows: 
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Figure 4-1: Tollable Vehicles (absolute numbers) - migration scenario 

Domestic vehicles make up the major portion of the vehicle fleet.  They also account for most of the yearly kilometres 
(Mio yearly km) on the network subject to the ABvM scheme: 

 

Figure 4-2: Yearly kilometres on NL road network by vehicle category and origin (in Mio km) 

Beside the cost aspects for OBUs, declaration and customer care, payment and billing, enforcement and others, the 
model also includes the revenue aspects of the ABvM scheme.  

Revenues are calculated on the basis of tollable vehicles over time and assumed cost/kilometre driven (on a flat rate 
basis - no tariff differentiation with rates according to similar tolling already in operation in Europe ). As a possible total 
revenue / year, the figure from „Tariff scenarios for phase 2 assignments v1.0.doc“ was taken as an indication.  

For the annual revenue calculation, the following flat tariff per km and vehicle type in EUR was assumed. 
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Figure 4-3: Assumed toll rates per km in € (flat rate) for the tollable vehicle categories 

Revenues generated matter for the EETS OBU. It is generally anticipated that service fees accruing to the EETS 
operator most likely will be based on percentage of the total revenue  generated in a specific road-pricing network (in this 
case the Netherlands). For modelling purpose a 5% of the EETS OBU revenue generated under the ABvM scheme, was 
assumed as a service fee. This service fee includes the provision of the OBU and all billing and payment aspects.  

Beside the EETS OBU, also the thin client, the GNSS cradle and the GNSS-enabled handset have also been modelled. 
For the baseline scenario, the following distribution of OBU type (as a portion of total OBUs issued) over time is 
assumed: 

 

Figure 4-4: Distribution of OBU types as % of total OBUs used 

It is anticipated that the GNSS cradle and the GNSS-enabled handset will a significant portion of OBUs used in the 
future (i.e. Year 2017 and after of the ABvM scheme is to be introduced by 2012). 

Based on experience, component pricing in 2006 and taking into account significant economy of scales, system prices 
(OBU ready for installation including antennas plus installation kits and batteries, if necessary) for the different OBU 
types are estimated.  

The economies of scale play an especially important role. In current road pricing schemes OBUs are usually in the range 
of 50.000 to 250.000 units. Under the ABvM scheme, and because different version of the thin client are essentially the 
same type, OBU production is estimated to be in the range of 2.500.000 to 5.000.000 over a period of several years. 
This factor of 10 in production scales and the relatively easy design of the thin client have a significant effect on OBU 
cost. Over time, a further reduction in OBU system prices of 2% pa is anticipated. 
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Figure 4-5: OBU types and system prices over time 

For interoperability reasons, the most complex and therefore most expensive OBU is the EETS OBU. The occasional 
user version of the thin client is slightly more expensive because of battery power constraints.  

Over time, a significant number of OBUs (in the range of 15% pa) will need to be exchanged due to malfunctioning, 
change of vehicle (possibly change of ownership) or other reasons. A significant portion of the exchanged OBUs will be 
refurbished (new housing, checked for correct functioning) and returned to operation.  

 

Figure 4-6: Total tollable vehicles, new OBUs, new and swapped OBUs 

To ensure convenient and non-discriminatory service to all users, a reasonable number of points of sales and service 
points need to be provided. The number of tollable users according to the migration scenario determines the number of 
facilities over time. After year 5, the number of points of sales decreases because, although the number of OBUs (Stock 
OBUs) increases, the demand for services at points of sales decreases in favour of web- or call-centre-based services. 

 

Figure 4-7: Border Crossings, Point of Sales and Service Points 

Stationary and nomadic/mobile enforcement is modelled. On average 43 nomadic/mobile enforcement units and 88 
stationary enforcement stations will operate on a 24x7 basis throughout the ABvM network.  

The communication costs are estimated at 18 Euro per subscriber per year. These costs include the SIM card. Whether 
this specific estimation is realistic for 2012 and beyond is, along with other cost estimations, subject for further in-depth 
analysis. On the one hand, one can assume that an increase in wireless capacity will subsequently decrease the 
communication costs. On the other hand, the subscriber load above the data traffic load is the dominant cost driver here. 
Investments in the core network (e.g. HLR capacity, signalling expansion) are inevitable if the system is to host an 
additional 8 million subscribers. Furthermore, the introduction of new network technologies may be delayed for 
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compatibility reasons since the OBU churn is far lower compared to the communication handsets. Hence, the forecast 
communication costs will provide a sufficient level of confidence to withstand the outcome of  future market 
developments. 

The investment and operation of central IT comprises basic development and geo data, OBU mileage reports (i.e. 
processing of data transferred from different OBU types), billing, invoicing and finally payment collection costs.  

A significant part of the central IT system cost is variable cost depending on the number of OBU actively used in the 
system. Therefore, overall investment will increase proportionally with the number of additional OBUs. 

An overall overhead mark-up of 10% has been factored in for investment and operational costs.  

Finally, interest (8%) for financing is factored in It is assumed that the operator will need to finance the investment and 
operation while receiving an operator’s fee as an income. The operator will receive a constant flat operator’s fee in each 
of the 10 years the system is in operation (J 1 - J 10). Operator fee and interests are modelled so that financing and 
interest are paid back by the year 10 out of the operator’s fee . No operator profit is considered. Depending on the 
investment necessities significant interests have to be taken into account in the initial years. Interest is calculated and is 
shown in overall Result sheet (see Appendix).  

Project costs mark-up and marketing & communications (initial) are considered separately (i.e. as done in the KMP 
sheet).  

Results 

As expected, the investment in OBUs (75%) and operationally declaration & customer care (67%) make up the largest 
blocks of the ABvM scheme by far. This is due to the large number of OBUs in the field and the necessary data transfer 
and processing taking place in the back office.  

 

Figure 4-8: Results - Cost Ratios 

Payment and billing makes up 2% of the investment and 10% of operational cost.  

Miscellaneous includes investment (project costs, etc.) and operational overhead (administrative staff, offices and 
equipment, etc.).  
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The following figures show investment and operation cost over time. The migration scenario has a clear effect on 
investment and operation costs.  

Investment over time 

 

Figure 4-9: Investment over time (in Mio. €) 

The OBU investment and installation costs dominate. According to the migration scenario cars become tollable under the 
ABvM in year 3 to 5. It is during these years that the major part of OBU investment accrues. After year 6, total 
investment - largely replacement of OBUs - stabilises around € 100 Mio pa.  

Operation over time 

 

Figure 4-10: Operational cost over time (in Mio €) 
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Operational cost over time largely depends on the number of OBUs in use. In year 5, all vehicles will be subject to the 
ABvM scheme, and the total operational cost will stabilise around € 400 million p.a. 

„Distribution sales“, mobile communication and „EETS operations “ make up the major operation cost parts.  

Based on the total kilometres p.a. and taking into account the proposed migration scenario, the assumed flat tariff and a 
residual violator rate of 3%,  the revenues (in Mio. €) can be estimated as follows.  

 

Figure 4-11: Estimated revenues over time by vehicle type and origin 

 

 

Figure 4-12: Estimated revenues over time by vehicle type 

 

 



Vodafone ABvM Final Report  

 

   

Document Classification 
C1 - Public 

 
 

52 

 

Vodafone 
ABvM Final Report 

 

Based on the investment, operation and revenues, the following ratios can be calculated: 

 

Figure 4-13: Investment and Operation Ratios 

 

The total result sheet and the KMP sheet - based on „Cost Format phase 2 v1.0.xls“ is generated and provides complete 
picture of investment and operational cost over time. 

Anders Betalen voor Mobiliteit Project costs markup 3% Depr term project costs & comm markup

VARIANT 5: KMP Communication markup, initial 1%

Vodafone Comm markup, annually 0%

IEP 15%

Base Scenario VAT 19%

Total Per annum Per annum
OBU Initial costs Operational costs ex depreciation Depreciation
On-Board Unit development & production 962€                                          -€                                                        135€                                             
On-Board Unit distribution & registration -€                                               26€                                                     -€                                                  
On-Board Unit installation in vehicle 196€                                          -€                                                        27€                                               
Other -€                                               -€                                                        -€                                                  

Sub total 1.159€                                       26€                                                     162€                                             

IEP 174€                                          4€                                                       24€                                               
Total ex VAT 1.333€                                       30€                                                     187€                                             

VAT 253€                                          6€                                                       35€                                               

Total incl VAT 1.586€                                       36€                                                     222€                                             

Total as percentage of Grand Total 74,9% 6,2% 79,9%

Declaration and Customer Care Initial costs Operational costs ex depreciation Depreciation
OBU declaration / communication 50€                                            166€                                                   10€                                               
Occasional User System 9€                                              26€                                                     2€                                                 
Customer Care 34€                                            79€                                                     7€                                                 
Other -€                                               12€                                                     -€                                                  

Sub total 93€                                            284€                                                   19€                                               

IEP 14€                                            43€                                                     3€                                                 
Total ex VAT 107€                                          327€                                                   21€                                               

VAT 20€                                            62€                                                     4€                                                 

Total incl VAT 127€                                          389€                                                   25€                                               

Total as percentage of Grand Total 6,0% 66,6% 9,2%

Payment and Billing Initial costs Operational costs ex depreciation Depreciation
Processing and billing costs 29€                                            4€                                                       7€                                                 
Payment collection costs -€                                               8€                                                       -€                                                  
Follow-up costs -€                                               -€                                                        -€                                                  
Other -€                                               29€                                                     -€                                                  

Sub total 29€                                            41€                                                     7€                                                 

IEP 4€                                              6€                                                       1€                                                 
Total ex VAT 33€                                            47€                                                     8€                                                 

VAT 6€                                              9€                                                       2€                                                 

Total incl VAT 39€                                            56€                                                     10€                                               

Total as percentage of Grand Total 1,9% 9,6% 3,5%  
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Enforcement Initial costs Operational costs ex depreciation Depreciation
Fixed enforcement stations & labour 44€                                            10€                                                     4€                                                 
Transportable enforcement stations & labour -€                                               -€                                                        -€                                                  
Mobile enforcement equipment & labour 2€                                              26€                                                     1€                                                 
Enforcement backoffice costs 8€                                              2€                                                       2€                                                 
Other -€                                               -€                                                        -€                                                  

Sub total 54€                                            38€                                                     8€                                                 

IEP 8€                                              6€                                                       1€                                                 
Total ex VAT 62€                                            44€                                                     9€                                                 

VAT 12€                                            8€                                                       2€                                                 

Total incl VAT 74€                                            52€                                                     10€                                               

Total as percentage of Grand Total 3,5% 9,0% 3,8%

Miscellaneous Initial costs Operational costs ex depreciation Depreciation
Project costs 59€                                            -€                                                        3€                                                 
Marketing & communication 20€                                            1€                                                       1€                                                 
Generic office and facilities costs 20€                                            5€                                                       2€                                                 
Infrastructure/equipment related costs not covered elsewhere 13€                                            4€                                                       1€                                                 
Operational costs not covered elsewhere -€                                               -€                                                        -€                                                  
Labour costs not covered elsewhere 80€                                            22€                                                     -€                                                  
Other 20€                                            5€                                                       -€                                                  

Sub total 212€                                          37€                                                     7€                                                 

IEP 32€                                            6€                                                       1€                                                 
Total ex VAT 244€                                          43€                                                     8€                                                 

VAT 46€                                            8€                                                       2€                                                 

Total incl VAT 290€                                          51€                                                     10€                                               

Total as percentage of Grand Total 13,7% 8,7% 3,6%

OVERVIEW Initial costs Annual operational costs Annual depreciation
Totals Totals Totals

OBU 1.586€                                       36€                                                     222€                                             
74,9% 6,2% 79,9%

Declaration and Customer Care 127€                                          389€                                                   25€                                               
6,0% 66,6% 9,2%

Billing and Payment 39€                                            56€                                                     10€                                               
1,9% 9,6% 3,5%

Enforcement 74€                                            52€                                                     10€                                               
3,5% 9,0% 3,8%

Miscellaneous 290€                                          51€                                                     10€                                               
13,7% 8,7% 3,6%

Grand Total 2.116 584 278  

Figure 4-14: Cost estimations for the base scenario 
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4.2 “No foreign users” scenario 

For this scenario, it is assumed that foreign users do not fall under the ABvM scheme. They would be exempt from 
distance-based tolling.   

Although foreign users may become liable to purchase a vignette (7-day, 1 month, 1 year) the cost of the vignette or 
running the vignette system is not considered in the model.  

Generally the cost of running a vignette system beside the ABvM scheme can be seen as relatively low, especially if the 
declaration and customer care, payment and billing, enforcement can be shared between the ABvM and the vignette 
system. 

Not including foreign users in the ABvM scheme has the following consequences: 

____ Fewer tollable vehicles using fewer OBUs with significant savings in investment and operational cost 

____ Less transactions 

____ No revenues from foreign users 

The exemption of foreign users may cause problems. Although it is likely that, in the future, a vignette scheme will be 
instituted in addition to the ABvM scheme,  there will still be a problem concerning the non-discriminatory constraint for 
EU citizens: having domestic users pay under the ABvM scheme and exempting or pricing foreign road usage with a 
vignette might be seen as discriminatory.  

Not considering foreign users under ABvM reduces the total cost of running the system by more than the reduction in 
total revenues. 

 

Figure 4-15: Investment and operation ratios – “no foreign users” scenario 
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Anders Betalen voor Mobiliteit Project costs markup 3% Depr term project costs & comm markup

VARIANT 5: KMP Communication markup, initial 1%

Vodafone Comm markup, annually 0%

IEP 15%

No foreign users scenario VAT 19%

Total Per annum Per annum
OBU Initial costs Operational costs ex depreciation Depreciation
On-Board Unit development & production 854€                                          -€                                                        120€                                             
On-Board Unit distribution & registration -€                                               23€                                                     -€                                                  
On-Board Unit installation in vehicle 174€                                          -€                                                        24€                                               
Other -€                                               -€                                                        -€                                                  

Sub total 1.028€                                       23€                                                     144€                                             

IEP 154€                                          3€                                                       22€                                               
Total ex VAT 1.182€                                       27€                                                     166€                                             

VAT 225€                                          5€                                                       31€                                               

Total incl VAT 1.407€                                       32€                                                     197€                                             

Total as percentage of Grand Total 74,2% 6,9% 79,0%

Declaration and Customer Care Initial costs Operational costs ex depreciation Depreciation
OBU declaration / communication 47€                                            148€                                                   9€                                                 
Occasional User System 8€                                              23€                                                     2€                                                 
Customer Care 33€                                            69€                                                     7€                                                 
Other -€                                               -€                                                        -€                                                  

Sub total 88€                                            240€                                                   18€                                               

IEP 13€                                            36€                                                     3€                                                 
Total ex VAT 102€                                          276€                                                   20€                                               

VAT 19€                                            53€                                                     4€                                                 

Total incl VAT 121€                                          329€                                                   24€                                               

Total as percentage of Grand Total 6,4% 71,7% 9,7%

Payment and Billing Initial costs Operational costs ex depreciation Depreciation
Processing and billing costs 26€                                            4€                                                       6€                                                 
Payment collection costs -€                                               1€                                                       -€                                                  
Follow-up costs -€                                               -€                                                        -€                                                  
Other -€                                               -€                                                        -€                                                  

Sub total 26€                                            5€                                                       6€                                                 

IEP 4€                                              1€                                                       1€                                                 
Total ex VAT 29€                                            6€                                                       7€                                                 

VAT 6€                                              1€                                                       1€                                                 

Total incl VAT 35€                                            7€                                                       9€                                                 

Total as percentage of Grand Total 1,8% 1,5% 3,5%  
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Enforcement Initial costs Operational costs ex depreciation Depreciation
Fixed enforcement stations & labour 44€                                            10€                                                     4€                                                 
Transportable enforcement stations & labour -€                                               -€                                                        -€                                                  
Mobile enforcement equipment & labour 2€                                              26€                                                     1€                                                 
Enforcement backoffice costs 8€                                              2€                                                       2€                                                 
Other -€                                               -€                                                        -€                                                  

Sub total 54€                                            38€                                                     8€                                                 

IEP 8€                                              6€                                                       1€                                                 
Total ex VAT 62€                                            44€                                                     9€                                                 

VAT 12€                                            8€                                                       2€                                                 

Total incl VAT 74€                                            52€                                                     10€                                               

Total as percentage of Grand Total 3,9% 11,4% 4,2%

Miscellaneous Initial costs Operational costs ex depreciation Depreciation
Project costs 53€                                            -€                                                        3€                                                 
Marketing & communication 18€                                            0€                                                       1€                                                 
Generic office and facilities costs 18€                                            4€                                                       2€                                                 
Infrastructure/equipment related costs not covered elsewhere 12€                                            3€                                                       1€                                                 
Operational costs not covered elsewhere -€                                               -€                                                        -€                                                  
Labour costs not covered elsewhere 72€                                            17€                                                     -€                                                  
Other 18€                                            4€                                                       -€                                                  

Sub total 190€                                          29€                                                     7€                                                 

IEP 28€                                            4€                                                       1€                                                 
Total ex VAT 218€                                          33€                                                     7€                                                 

VAT 41€                                            6€                                                       1€                                                 

Total incl VAT 260€                                          39€                                                     9€                                                 

Total as percentage of Grand Total 13,7% 8,5% 3,6%

OVERVIEW Initial costs Annual operational costs Annual depreciation
Totals Totals Totals

OBU 1.407€                                       32€                                                     197€                                             
74,2% 6,9% 79,0%

Declaration and Customer Care 121€                                          329€                                                   24€                                               
6,4% 71,7% 9,7%

Billing and Payment 35€                                            7€                                                       9€                                                 
1,8% 1,5% 3,5%

Enforcement 74€                                            52€                                                     10€                                               
3,9% 11,4% 4,2%

Miscellaneous 260€                                          39€                                                     9€                                                 
13,7% 8,5% 3,6%

Grand Total 1.897 459 249  

Figure 4-16: Cost estimations for the “no foreign users” scenario 
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4.3 “No EETS provider” scenario 

It is assumed that there is no European EETS provider and as a consequence, no EETS OBUs are available. 

Under the ABvM scheme, EETS OBUs will be substituted by thin clients but also GNSS cradles or GNSS-enabled 
handsets. Frequent foreign users will more likely adopt a thin-client solution requiring installation. Occasional foreign 
users may prefer a GNSS-enabled handset requiring no installation. 

 

Figure 4-17: Distribution of OBU types as % of total OBUs used - No EETS scenario 

All other assumptions remain similar to the base scenario. 

 

Figure 4-18: Investment and operation ratios – “No EETS” scenario 
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Anders Betalen voor Mobiliteit Project costs markup 3% Depr term project costs & comm markup

VARIANT 5: KMP Communication markup, initial 1%

Vodafone Comm markup, annually 0%

IEP 15%

No EETS scenario VAT 19%

Total Per annum Per annum
OBU Initial costs Operational costs ex depreciation Depreciation
On-Board Unit development & production 1.012€                                       -€                                                        142€                                             
On-Board Unit distribution & registration -€                                               29€                                                     -€                                                  
On-Board Unit installation in vehicle 199€                                          -€                                                        28€                                               
Other -€                                               -€                                                        -€                                                  

Sub total 1.210€                                       29€                                                     169€                                             

IEP 182€                                          4€                                                       25€                                               
Total ex VAT 1.392€                                       33€                                                     195€                                             

VAT 264€                                          6€                                                       37€                                               

Total incl VAT 1.657€                                       39€                                                     232€                                             

Total as percentage of Grand Total 75,2% 6,6% 80,2%

Declaration and Customer Care Initial costs Operational costs ex depreciation Depreciation
OBU declaration / communication 52€                                            166€                                                   10€                                               
Occasional User System 9€                                              29€                                                     2€                                                 
Customer Care 34€                                            86€                                                     7€                                                 
Other -€                                               7€                                                       -€                                                  

Sub total 95€                                            288€                                                   19€                                               

IEP 14€                                            43€                                                     3€                                                 
Total ex VAT 109€                                          331€                                                   22€                                               

VAT 21€                                            63€                                                     4€                                                 

Total incl VAT 130€                                          394€                                                   26€                                               

Total as percentage of Grand Total 5,9% 66,7% 9,0%

Payment and Billing Initial costs Operational costs ex depreciation Depreciation
Processing and billing costs 31€                                            4€                                                       8€                                                 
Payment collection costs -€                                               18€                                                     -€                                                  
Follow-up costs -€                                               -€                                                        -€                                                  
Other -€                                               17€                                                     -€                                                  

Sub total 31€                                            39€                                                     8€                                                 

IEP 5€                                              6€                                                       1€                                                 
Total ex VAT 35€                                            45€                                                     9€                                                 

VAT 7€                                              9€                                                       2€                                                 

Total incl VAT 42€                                            54€                                                     10€                                               

Total as percentage of Grand Total 1,9% 9,1% 3,6%  
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Enforcement Initial costs Operational costs ex depreciation Depreciation
Fixed enforcement stations & labour 44€                                            10€                                                     4€                                                 
Transportable enforcement stations & labour -€                                               -€                                                        -€                                                  
Mobile enforcement equipment & labour 2€                                              26€                                                     1€                                                 
Enforcement backoffice costs 8€                                              2€                                                       2€                                                 
Other -€                                               -€                                                        -€                                                  

Sub total 54€                                            38€                                                     8€                                                 

IEP 8€                                              6€                                                       1€                                                 
Total ex VAT 62€                                            44€                                                     9€                                                 

VAT 12€                                            8€                                                       2€                                                 

Total incl VAT 74€                                            52€                                                     10€                                               

Total as percentage of Grand Total 3,3% 8,9% 3,6%

Miscellaneous Initial costs Operational costs ex depreciation Depreciation
Project costs 61€                                            -€                                                        3€                                                 
Marketing & communication 20€                                            1€                                                       1€                                                 
Generic office and facilities costs 21€                                            6€                                                       2€                                                 
Infrastructure/equipment related costs not covered elsewhere 14€                                            4€                                                       1€                                                 
Operational costs not covered elsewhere -€                                               -€                                                        -€                                                  
Labour costs not covered elsewhere 83€                                            22€                                                     -€                                                  
Other 21€                                            6€                                                       -€                                                  

Sub total 221€                                          37€                                                     8€                                                 

IEP 33€                                            6€                                                       1€                                                 
Total ex VAT 254€                                          43€                                                     9€                                                 

VAT 48€                                            8€                                                       2€                                                 

Total incl VAT 302€                                          51€                                                     10€                                               

Total as percentage of Grand Total 13,7% 8,7% 3,6%

OVERVIEW Initial costs Annual operational costs Annual depreciation
Totals Totals Totals

OBU 1.657€                                       39€                                                     232€                                             
75,2% 6,6% 80,2%

Declaration and Customer Care 130€                                          394€                                                   26€                                               
5,9% 66,7% 9,0%

Billing and Payment 42€                                            54€                                                     10€                                               
1,9% 9,1% 3,6%

Enforcement 74€                                            52€                                                     10€                                               
3,3% 8,9% 3,6%

Miscellaneous 302€                                          51€                                                     10€                                               
13,7% 8,7% 3,6%

Grand Total 2.204 591 289  

Figure 4-19: Cost estimations for the “no EETS provider” scenario 
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4.4 “Big bang - no migration” scenario 

This scenario envisages that all vehicles become tollable as early as from year 1.  Full operation thus commences from 
year 1.  

Rolling out such a large-scale operation in just about two years has many adverse consequences: 

____ All initial investments are made in year 0 and year 1, resulting in significantly more interest for financing 

____ More OBUs will be swapped in the year 1 to 5 compared to the baseline scenario, resulting in higher reinvestment 

____ More and earlier investment in PoS, service points and enforcement.  

Significant demand problems with the „big bang“ scenario are foreseen: 

____ All production and distribution activities need to be fulfilled within a few months, resulting in higher cost. Therefore a 
huge demand will have to be met in the few months predating the „go live“. Existing resources such as fuel stations, 
to be used as „points of sales“, may not be able to cope with the demand.  

Demand problems may be mitigated by extending the development and preparation phase (e.g. 2-3 years rather than 1 
year). However, this would result in higher project costs with no direct revenues collected from the ABvM scheme. 
Conceivably, revenues from the existing vehicles taxation scheme may need to be allocated to the operator during an 
extended development and preparation phase. 

All other assumptions remain the same as in the base scenario. 

 

Figure 4-20: Investment and Operation Ratios - „big bang“ 
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Anders Betalen voor Mobiliteit Project costs markup 3% Depr term project costs & comm markup

VARIANT 5: KMP Communication markup, initial 1%

Vodafone Comm markup, annually 0%

IEP 15%

Big Bang - no migration scenario VAT 19%

Total Per annum Per annum
OBU Initial costs Operational costs ex depreciation Depreciation
On-Board Unit development & production 1.500€                                       -€                                                        210€                                             
On-Board Unit distribution & registration -€                                               26€                                                     -€                                                  
On-Board Unit installation in vehicle 300€                                          -€                                                        42€                                               
Other -€                                               -€                                                        -€                                                  

Sub total 1.801€                                       26€                                                     252€                                             

IEP 270€                                          4€                                                       38€                                               
Total ex VAT 2.071€                                       30€                                                     290€                                             

VAT 393€                                          6€                                                       55€                                               

Total incl VAT 2.464€                                       36€                                                     345€                                             

Total as percentage of Grand Total 78,0% 5,9% 84,1%

Declaration and Customer Care Initial costs Operational costs ex depreciation Depreciation
OBU declaration / communication 53€                                            182€                                                   11€                                               
Occasional User System 11€                                            26€                                                     2€                                                 
Customer Care 43€                                            78€                                                     9€                                                 
Other -€                                               13€                                                     -€                                                  

Sub total 106€                                          299€                                                   21€                                               

IEP 16€                                            45€                                                     3€                                                 
Total ex VAT 122€                                          344€                                                   24€                                               

VAT 23€                                            65€                                                     5€                                                 

Total incl VAT 145€                                          409€                                                   29€                                               

Total as percentage of Grand Total 4,6% 67,6% 7,1%

Payment and Billing Initial costs Operational costs ex depreciation Depreciation
Processing and billing costs 31€                                            4€                                                       8€                                                 
Payment collection costs -€                                               7€                                                       -€                                                  
Follow-up costs -€                                               -€                                                        -€                                                  
Other -€                                               29€                                                     -€                                                  

Sub total 31€                                            40€                                                     8€                                                 

IEP 5€                                              6€                                                       1€                                                 
Total ex VAT 36€                                            47€                                                     9€                                                 

VAT 7€                                              9€                                                       2€                                                 

Total incl VAT 43€                                            55€                                                     11€                                               

Total as percentage of Grand Total 1,4% 9,1% 2,6%  
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Enforcement Initial costs Operational costs ex depreciation Depreciation
Fixed enforcement stations & labour 44€                                            10€                                                     4€                                                 
Transportable enforcement stations & labour -€                                               -€                                                        -€                                                  
Mobile enforcement equipment & labour 2€                                              26€                                                     1€                                                 
Enforcement backoffice costs 8€                                              2€                                                       2€                                                 
Other -€                                               -€                                                        -€                                                  

Sub total 54€                                            38€                                                     8€                                                 

IEP 8€                                              6€                                                       1€                                                 
Total ex VAT 62€                                            44€                                                     9€                                                 

VAT 12€                                            8€                                                       2€                                                 

Total incl VAT 74€                                            52€                                                     10€                                               

Total as percentage of Grand Total 2,3% 8,7% 2,6%

Miscellaneous Initial costs Operational costs ex depreciation Depreciation
Project costs 88€                                            -€                                                        4€                                                 
Marketing & communication 29€                                            1€                                                       1€                                                 
Generic office and facilities costs 30€                                            6€                                                       3€                                                 
Infrastructure/equipment related costs not covered elsewhere 20€                                            4€                                                       2€                                                 
Operational costs not covered elsewhere -€                                               -€                                                        -€                                                  
Labour costs not covered elsewhere 120€                                          23€                                                     -€                                                  
Other 30€                                            6€                                                       -€                                                  

Sub total 316€                                          38€                                                     11€                                               

IEP 47€                                            6€                                                       2€                                                 
Total ex VAT 364€                                          44€                                                     12€                                               

VAT 69€                                            8€                                                       2€                                                 

Total incl VAT 433€                                          52€                                                     15€                                               

Total as percentage of Grand Total 13,7% 8,7% 3,6%

OVERVIEW Initial costs Annual operational costs Annual depreciation
Totals Totals Totals

OBU 2.464€                                       36€                                                     345€                                             
78,0% 5,9% 84,1%

Declaration and Customer Care 145€                                          409€                                                   29€                                               
4,6% 67,6% 7,1%

Billing and Payment 43€                                            55€                                                     11€                                               
1,4% 9,1% 2,6%

Enforcement 74€                                            52€                                                     10€                                               
2,3% 8,7% 2,6%

Miscellaneous 433€                                          52€                                                     15€                                               
13,7% 8,7% 3,6%

Grand Total 3.159 605 410  

Figure 4-21: Cost estimations for the “Big bang” scenario 
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4.5 “HGVs and vans only” scenario 

This scenario envisages that only HGVs and vans become tollable under ABvM in year 1 and 2 respectively.  

For modelling purposes the following consequences were taken into account: 

____ Given the commercial use of HGV and vans, more post payment is likely 

____ Proportionally to the lower number of tollable vehicles, less distribution, installation and customer service facilities will 
be required. However, to ensure non-discriminatory convenience for the user, a significant number of facilities will still 
need to be provided.  

All other assumptions remain the same as in the base scenario. 

 

Figure 4-22: Investment and operation ratios – “HGVs and vans only” scenario 
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Anders Betalen voor Mobiliteit Project costs markup 3% Depr term project costs & comm markup

VARIANT 5: KMP Communication markup, initial 1%

Vodafone Comm markup, annually 0%

IEP 15%

Only HGV and Vans Scenario VAT 19%

Total Per annum Per annum
OBU Initial costs Operational costs ex depreciation Depreciation
On-Board Unit development & production 169€                                          -€                                                        24€                                               
On-Board Unit distribution & registration -€                                               7€                                                       -€                                                  
On-Board Unit installation in vehicle 34€                                            -€                                                        5€                                                 
Other -€                                               -€                                                        -€                                                  

Sub total 203€                                          7€                                                       28€                                               

IEP 30€                                            1€                                                       4€                                                 
Total ex VAT 234€                                          8€                                                       33€                                               

VAT 44€                                            2€                                                       6€                                                 

Total incl VAT 278€                                          10€                                                     39€                                               

Total as percentage of Grand Total 56,1% 5,2% 57,9%

Declaration and Customer Care Initial costs Operational costs ex depreciation Depreciation
OBU declaration / communication 26€                                            23€                                                     5€                                                 
Occasional User System 5€                                              7€                                                       1€                                                 
Customer Care 20€                                            22€                                                     4€                                                 
Other -€                                               9€                                                       -€                                                  

Sub total 52€                                            61€                                                     10€                                               

IEP 8€                                              9€                                                       2€                                                 
Total ex VAT 59€                                            70€                                                     12€                                               

VAT 11€                                            13€                                                     2€                                                 

Total incl VAT 70€                                            84€                                                     14€                                               

Total as percentage of Grand Total 14,2% 43,3% 21,0%

Payment and Billing Initial costs Operational costs ex depreciation Depreciation
Processing and billing costs 4€                                              4€                                                       1€                                                 
Payment collection costs -€                                               1-€                                                       -€                                                  
Follow-up costs -€                                               -€                                                        -€                                                  
Other -€                                               21€                                                     -€                                                  

Sub total 4€                                              24€                                                     1€                                                 

IEP 1€                                              4€                                                       0€                                                 
Total ex VAT 5€                                              27€                                                     1€                                                 

VAT 1€                                              5€                                                       0€                                                 

Total incl VAT 5€                                              33€                                                     1€                                                 

Total as percentage of Grand Total 1,1% 16,9% 2,0%  
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Enforcement Initial costs Operational costs ex depreciation Depreciation
Fixed enforcement stations & labour 44€                                            10€                                                     4€                                                 
Transportable enforcement stations & labour -€                                               -€                                                        -€                                                  
Mobile enforcement equipment & labour 2€                                              26€                                                     1€                                                 
Enforcement backoffice costs 8€                                              2€                                                       2€                                                 
Other -€                                               -€                                                        -€                                                  

Sub total 54€                                            38€                                                     8€                                                 

IEP 8€                                              6€                                                       1€                                                 
Total ex VAT 62€                                            44€                                                     9€                                                 

VAT 12€                                            8€                                                       2€                                                 

Total incl VAT 74€                                            52€                                                     10€                                               

Total as percentage of Grand Total 14,9% 27,1% 15,6%

Miscellaneous Initial costs Operational costs ex depreciation Depreciation
Project costs 14€                                            -€                                                        1€                                                 
Marketing & communication 5€                                              0€                                                       0€                                                 
Generic office and facilities costs 5€                                              2€                                                       0€                                                 
Infrastructure/equipment related costs not covered elsewhere 3€                                              1€                                                       0€                                                 
Operational costs not covered elsewhere -€                                               -€                                                        -€                                                  
Labour costs not covered elsewhere 19€                                            6€                                                       -€                                                  
Other 5€                                              2€                                                       -€                                                  

Sub total 50€                                            11€                                                     2€                                                 

IEP 7€                                              2€                                                       0€                                                 
Total ex VAT 57€                                            12€                                                     2€                                                 

VAT 11€                                            2€                                                       0€                                                 

Total incl VAT 68€                                            15€                                                     2€                                                 

Total as percentage of Grand Total 13,7% 7,5% 3,5%

OVERVIEW Initial costs Annual operational costs Annual depreciation
Totals Totals Totals

OBU 278€                                          10€                                                     39€                                               
56,1% 5,2% 57,9%

Declaration and Customer Care 70€                                            84€                                                     14€                                               
14,2% 43,3% 21,0%

Billing and Payment 5€                                              33€                                                     1€                                                 
1,1% 16,9% 2,0%

Enforcement 74€                                            52€                                                     10€                                               
14,9% 27,1% 15,6%

Miscellaneous 68€                                            15€                                                     2€                                                 
13,7% 7,5% 3,5%

Grand Total 496 193 67  

Figure 4-23: Cost estimations for the “HGVs and vans only” scenario 
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4.6 Scenario Summary 

 

The following table provides a summary of results derived from the different scenarios.  

 Baseline No foreign 

users 

No EETS Big bang HGVs and vans 

only 

investment (J0 to J5) in Mio € 1.546.218 1.385.887 1.610.368 2.308.703 362.095 

operation + mobile 
enforcement in Mio € 

426.477 334.774 431.496 441.452 141.102 

investment / revenue ratio 6,1% 6,3% 6,4% 5,6% 1,9% 

operation + mobile 
enforcement / revenue ratio in 
J5  

5,2% 4,7% 5,3% 5,3% 3,2% 

Figure 4-24: Result summary of the 5 different scenarios 

As expected, the „big bang“ scenario is the most expensive one on the investment and operational side. However, the 
investment / revenue and operation / revenue ratios are comparable to those of the baseline and „no EETS“ scenarios. 
This is due to the earlier revenue generation. 

The baseline, „no foreign user“ and „no EETS“ scenarios all have similar investment / revenue and operation / revenue 
ratios in the range of just over 6% and around 5% respectively.  

The „no EETS“ scenario has a slightly higher investment than the baseline scenario. The main reason for this is that 
EETS OBUs will need to be substituted by thin-client OBUs. EETS OBUs from foreign EETS providers are paid through 
operational expenses (5% of revenue generated by foreign EETS units under ABvM). Because on average the ABvM 
operator expenses are slightly higher than the EETS fee (just over 5%), the total investment is slightly higher in the „no 
EETS“ scenario than under the baseline scenario. 

The „ HGVs and vans only“ scenario clearly stands out. It has by far the best investment / revenue and operation / 
revenue ratios with 1,9% and 3,2% respectively. Especially the operation / revenue ratio (not yet considering IEP and 
VAT) is well below the 5% benchmark. The reasons for these favourable ratios are: 

____ HGVs and vans account for disproportionably more yearly kilometres on all roads subject to ABvM 

____ HGVs and vans pay higher tolls per kilometre because their environmental impact (wear and tear on the road, noise, 
pollution) is larger than those of cars or motorcycles 

____ Including all HGVs AND vans results in significantly large numbers of dedicated thin client OBUs, leading to better 
OBU pricing (economies of scale) 
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The summary table suggests that the most economic solution - considering the investment / revenue and operation / 
revenue ratios - would be to introduce road charging on all roads for all HGVs and vans only.  

However, if road charging under ABvM scheme is to be introduced for all vehicles, the baseline scenario proves to be 
the optimum solution because: 

____ All users are treated in an equal way i.e. no one is discriminated in violation of EU regulations (this would potentially 
be the case under the „no foreign user“ scenario) 

____ Compared to the other two „all vehicles included“ scenario, it is the least expensive solution 

____ it is a balanced risk / cost / revenue solution  thanks to the stepwise integration of different vehicles types over 5 
years.  
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5 Migration scenarios (D-5) 

Introducing the KMP for all vehicles on all roads with tariffs depending on time and location implies large technical, 
financial and political risks. On the other hand, less ambitious forms of road user charging – e.g. limited to freight, 
selected areas or road types – will encounter stronger political opposition and show reduced results in terms of 
environment, congestion and fair allocation of costs.  

The Principal requested the contractors to compose optimum scenarios for stepwise introduction of the KMP – in view of 
the proposed KMP solution as a final step. Criteria for optimum migration scenarios are: 

____ Potential to mitigate technical and financial risks 

____ Potential to show immediate results in terms of objectives (fairness, congestion, environment) 

____ Minimum effort and complexity for the users 

____ Minimum cost  

____ Transparency of the implementation strategy (simple message to the citizen) 

____ Re-usability of investments for subsequent steps in the implementation 

____ Possibility to integrate toll roads in the overall architecture 

In order to address these criteria, Vodafone proposes the following migration scenario, which is structured into three 
main roll-out phases, where “t” is the estimated start year of the KMP (2012): 

Phase Time Vehicle classes Type Est. # of vehicles 
     

1 t HGVs (NL + foreigners) Mandatory 240.000 
     

2 t+1 Vans (NL + foreigners) Mandatory 992.000 
     

3 t+2 All passenger cars (NL + OUS) Voluntary 1.000.000 
4     

4 t+3 All passenger cars (NL + OUS) Voluntary 2.800.000 
     

5 t+4 All passenger cars (NL + OUS + foreigners + MC) Mandatory 4.500.000 

Figure 5-1: Migration scenario for the ABvM KMP scheme 

In the first roll out phase (t) road usage charging will be mandatory for all Dutch and foreign HGVs from a certain 
reference date on all public and private roads (any mileage driven) in the Netherlands. This user group is relatively small 
and will in all probability already be predominantly equipped with German LKW OBUs or interoperable EETS OBUs. In 
addition, this user group will already be used to different charging schemes within Europe and will have gained 
substantial experience regarding their special needs and behaviour.  As HGVs are obliged to operate tachographs, 
these might be used for additional enforcement purposes and plausibility checks in case of uncertainties. 



Vodafone ABvM Final Report  

 

   

Document Classification 
C1 - Public 

 
 

69 

 

Vodafone 
ABvM Final Report 

 

In roll-out phase two (t+1 year), road-usage charging will become mandatory on all public and private roads (any mileage 
driven) in the Netherlands for all Dutch and foreign vans from a certain reference date. System load will increase by a 
factor of 5 as about 1.000.000 vans expected. As most vans probably will not be pre-equipped with OBUs, the OBU 
supply facilities and registration processes15 will need to be enhanced accordingly, but not yet to full expansion stage. 
Valuable experience can thus be gained ahead of the main expansion stages one year later. 

In rollout  phase three and four (t+2 and 3 years), road usage charging will become available on all public and private 
roads (any mileage driven) in the Netherlands for all Dutch passenger cars from a certain reference date on a voluntary 
basis. Contrary to the implementation of the ERUC schemes for heavy good vehicles and vans (mandatory for all 
vehicles at the time of implementation), passenger car owners will have the choice to declare their taxes traditionally 
(MRB) or use an OBU instead.  

This transition period permits a continuous and homogenous growth of the system. It can be assumed that in a first step 
mainly those car owners will use the OBU opportunity that travel below average by vehicle and therefore have a financial 
benefit from the system. They can be classified as “friendly users”. In contrast to those friendly users, the so-called 
“unfriendly users” will travel above average, cause the highest network load and tend to cheat the system. Before this 
user group is integrated into the ERUC scheme, valuable experience can be gained, especially in the enforcement 
processes and supporting plausibility check processes. 

In roll-out phase five (t+4 years) road usage charging will become mandatory on all public and private roads (any 
mileage driven) in the Netherlands for all Dutch and foreign passenger cars from a certain reference date. The special 
challenges of this phase are the abovementioned “unfriendly users” and the occasional-user scheme (including OBUs in 
return for payment of rent). Until that stage, the OUS facilities have to support a small number of foreign HGVs and vans 
only. An assumed fraction of more than 95 % of all OUS (foreign passenger cars) will needs to be catered for the first 
time at this stage. 

                                                           

15 Telephone, fax or web-based ordering, software downloading, snail mail, installation at a service facility, distribution and 

registration facilities at points of sales (fuel stations, Vodafone outlets, etc.) 
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Figure 5-2: Schematic allocation of frequent and occasional users during migration period 

 

The migration scenario described above ensures some important advantages: 

____ Reduction of technical, financial and political risks thanks to incremental and continuous learning and improvement 

____ Reduction of costs caused by system failures, thanks to incremental and continuous learning and improvement 

____ Increase in the overall acceptances thanks to a fair procedure (transition from HGVs to passenger cars, voluntary 
transition period with financial advantages) and convenience (simple message to the citizen)  

____ Maximum utilisation of existing and easy-to-gain ERUC experience (friendly-user concept) 

____ Full re-usability of investments for the subsequent steps in the implementation 

____ Full integration of otherwise-tolled roads in the overall architecture, as any road (mileage) is charged from the very 
beginning 



Vodafone ABvM Final Report  

 

   

Document Classification 
C1 - Public 

 
 

71 

 

Vodafone 
ABvM Final Report 

 

6 Risk analysis (D-6) 

The objective of the ABvM project is a balanced and stable introduction of a Kilometre Pricing System in 2012 that 
complies with the functional requirement specification.  

There are several risks that may prevent the objective of the project being met, each associable with specific 
consequences (time, cost, loss of functionality, other) and a specific probability of occurrence. A severity index multiplies 
the assessments for the consequence and probability of occurrence of a special risk, indicating the priority of the risk.16 
The following table shows the top ten risks and their assessment: 

Risk Event RS C R
P 

SI PP Mitigation Measure Risk Owner 

Political support for the project proves not 
sufficient – ABvM KMP to be skipped   

Pol 4 3 12 DE Continuously inform politicians 
and society about the benefits 

Ministry 

Fraud rate turns out higher than expected  
incl. significant revenue losses 

Soc 4 3 12 OP A) Increase mobile 
enforcement dramatically 

B) Start information campaigns 

EFC Operator 

Ministry 

No European-wide ERUC solution, 
therefore no interoperable OBUs, no EETS 
provider 

Pol 3 3 9 DE Support political processes by 
proactive lobbying 

EC, Ministry 

Full commercial start of Galileo postponed 
by more than 1 year 

Tech 
Mar 

3 3 9 IM European companies to 
provide commercial support by  

European 
companies 

Data privacy and security concept rejected 
by the data protection authority 

Pol 3 3 9 DE Involvement of data protection 
authority from early on in the 
project  

Ministry 

Technology of network-enabled 
enforcement turns out to unviable 

Tech 4 2 8 DE A) Conduct intensive research 
and development 

B) Start comprehensive field 
tests in NL 

C) Plan a DSRC scenario as 
an alternative solution 

Vodafone 
 

Ministry 
 

Ministry 

GNSS-enabled handsets not available in 
2014 or low market penetration 

Mar 3 2 6 OP Use of surrogate products: 
dedicated thin client or GNSS-
enabled cradle  

EFC Operator 

Users prove unable to operate handset 
solutions, causing acceptance to decrease 

Mar 3 2 6 OP Communication and training 
programmes 

EFC Operator 

No dedicated cellular network spectrum 
available for enforcement purposes 

Mar 4 1 4 DE Address the business case of 
MNOs 

EFC Operator 

                                                           

16 The classification and assessment scheme for the different risks are based on the guidelines of the Ministry, as set out in the “Risk 
Inventory  Assesment.doc” document 
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Average prices of OBUs / cradles / 
handsets not decreasing as expected 

Mar 4 1 4 OP Ensure a legal environment for 
lively competition  

Ministry 

Handset-based approach turns out not to 
be feasible due to legal restrictions (in-car 
use without external aerial) 

Pol 2 2 4 DE Provide external aerial EFC Operator 

GNSS accuracy for chosen tariff scenario 
proves insufficient (corridor identification 
on secondary roads) 

Tech 2 2 4 DE Implement additional 
localization means (beacon)  

EFC Operator 

Back-office capacity turns out to be 
insufficient 

Tech 4 1 4 OP Investments in back office 
enhancements 

EFC / EETS 
operator 

State-of-the-art digital map data provided 
by the digital map manufactures does not 
fulfil RUC quality requirements  

Tech 2 2 4 DE Digital maps have to be 
improved by individual 
measurements 

EFC / EETS 
operator 

Mobile network capacities proves 
insufficient  

Tech 3 1 3 OP Investments in network 
enhancement 

Mobile 
network 
operator 

Figure 6-1: ABvM risk analysis 
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7 Comments on the requirement specifications (D-7) 

The Ministry has asked the contractors of the second round of the market consultation to comment in detail on the 
current requirement specifications (Version 0.2). 

The following table contains an overview of the requirement specifications and the related comments by Vodafone. The 
proposed changes in the requirement specifications are contained in Vodafone’s ABvM system design, as it is described 
in the main chapters 3 to 5. 

System functionality  Comments by Vodafone 

Requirement [1] 
 

Road user charging shall be based 
upon the distance travelled with a 
vehicle in the Netherlands.  

Agreed. For clarification: “any distance travelled”. 

Requirement [2] 
 

Road user charging shall be 
differentiated on the basis of time.  

Agreed. Time granularity should be at least one 
second in order to have a fair differentiation of 
tariffs.   

Requirement [3] 
 

Road user charging shall be 
differentiated on the basis of the 
location of the vehicle.  

Agreed. 

Requirement [4] 
 

Road user charging shall be 
differentiated on the basis of vehicle 
characteristics.  

Agreed. Characteristics need to be enforceable.  

Requirement [5] 
 

Road user charging shall be introduced 
on all roads in the Netherlands.  

Any distance travelled on and off road with a 
vehicle in the Netherlands should be charged. 
Requirement [5] should be skipped. 

Requirement [6] 
 

The road pricing system shall have 
adequate flexibility in its design to 
allow changes in the parameters for 
road user charging as mentioned in 
requirements [1] to [5].  

Agreed. Need to be restricted for requirements 1 to 
4. All parameter changes need to be activated for 
all dedicated ERUC devices at the same time to 
guarantee a deterministic behaviour. 

Requirement [7] 
 

The road pricing system shall be ‘free-
flow’.  

Agreed 

Users  Comments by Vodafone 

Requirement [8] 
 

All road users shall be charged for 
road use.  

No. All vehicle users shall be charged for any 
distance travelled.  

Requirement [9] 
 

The road pricing system shall include 
possibilities/facilities to charge 
occasional road users.  

ERUC should be mandatory for Dutch vehicle 
users as any distance travelled will be charged. 
OUS schemes for foreign OUS users only. 

Requirement [10] 
 

The road pricing system shall include 
possibilities/facilities to charge road 
users with foreign number plates.  

Covered by requirement 9. 

Technological requirements  Comments by Vodafone 

Requirement [11] 
 

The road pricing system shall comply 
with the European directive on the 
interoperability of electronic road toll 
systems (EU-directive 2004/52/EC)  

Agreed, but future technologies such as UMTS and 
network-enabled enforcement need to remain 
possible as well. Directive refers to GSM/GPRS 
only. 
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Requirement [12] 
 

The road pricing system shall be 
sufficiently reliable to ensure correct 
and adequate road user charging.  
In particular:  
Road users shall be adequately 
protected against over-charging  
 

No over-charging should be tolerated. In case of 
under-charging, system unreliability should be 
equal to all users. 

Requirement [13] 
 

The road pricing system shall be 
sufficiently reliable to ensure correct 
and adequate road user charging.  
In particular the road pricing service 
organisation shall be adequately 
protected against loss of income due to 
system failure  
 

Risk of income losses should be covered by the 
government. This would eliminate the need to 
make a monetary provision for such losses, 
resulting in significant cost reductions. 

Requirement [14] 
 

The road pricing system shall 
adequately protect its users against 
discomfort.  

Level of acceptable “discomfort” needs to be 
defined in more detail. 

Requirement [15] 
 

The actual costs for driving (road 
charge) shall be visible in the vehicle.  

This requirement needs to be skipped due to cost 
implications and safety reasons. 

Requirement [16] 
 

The road pricing system shall be 
sufficiently safe and easy to use 
(human machine interaction) to avoid 
dangerous behaviour and social 
exclusion.  

Agreed, non-visibility of actual costs is important for 
safety. 

Costs  Comments by Vodafone 

Requirement [17] 
 

The costs for development and initial 
implementation of the road pricing 
system shall not exceed € 2,200 million  

Agreed 

Requirement [18] 
 

The annual costs for operation and 
enforcement of the road pricing system 
shall not exceed 5% of the system 
revenue. 

Requirement should be changed to a more realistic 
target ratio. 

Comments on Implementation  Comments by Vodafone 

Requirement [19] 
 

System developments for acceleration 
scenarios shall be able to migrate into 
the general road pricing system.  

Agreed 

Requirement [20] 
 

The road pricing system shall be 
designed, developed and built  
in such way that different 
implementation scenarios can be 
supported.  

Agreed. EETS provider should be considered 
within the implementation scenarios.  

Requirement [21] 
 

The road pricing system shall be 
designed, developed and built in such 
way that future developments can be 
incorporated.  

Agreed. Implementation should be based on 
existing standards and pre-standards. 

Requirement [22] 
 

The road pricing system shall have 
adequate capacity to charge the road 
use of 8,159,000 vehicles  

Agreed. For clarification: “distance travelling” 
instead of “road use”. 

Security and privacy  Comments by Vodafone 
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Requirement [23] 
 

The road pricing system shall have 
adequate security measures to:  
• Prevent fraudulent use of the system  
• Detect fraudulent use of the system  
• Recover from fraudulent use of the 
system  
 

Agreed 

Requirement [24] 
 

The road pricing system shall comply 
with national and international privacy 
regulations (Wet Bescherming 
Persoonsgegevens (WBP) and EU-
directive 95/46/EC)  

Agreed 

Figure 7-1: Comments on the requirement specifications 
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8 Appendix 

8.1 Functional system overview legend 

The following figure comprises the functional system overview of a reliable electronic road-usage charging scheme for 
the Netherlands on basis of utilized mobile network components.  
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Figure 8-1: Functional system overview of the ABvM ERUC scheme 

 

All OBU and handset variants are based on a number of common principles:17 

____ GPS pre-processing, comprising filtering and plausibility check 
____ Polygon approximation: data compression dependent on vehicle movements 
____ Communication module, including telegram queues and handling 

                                                           

17 OBU functionality is discussed in more detail in chapter 3.5.1 “Thin-client and mobile-phone-based approaches” 
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____ OBU status control, error-handling logging, configuration management 
____ Remote software update 
____ Security components, comprising encryption and signature 
 

Enforcement 

____ OBU or handset set triggered via cellular network (stationary, or mobile units) to send status to the enforcement 
entity 

____ OBU status is checked for plausibility and completeness 
____ Data from OBU enforcement equipment (e.g. camera, size measurement) is verified against OBU data from OBU 
database 

____ Data from enforcement and from OBU is synchronized with a time base (e.g. GSM time signal) 
 

Connection service (OBE-proxy) 

____ Routes incoming and outgoing telegrams 
____ Encrypts and decrypts telegrams 
____ Stores raw data  for logging functionality 
 

OBU home operator (OBU management) 

____ Front end to OBU data base 
____ Handles all accesses to OBU data base 
____ Interface to connection service, configuration data including software and keys 
____ Interface to transaction service for OBU-specific data e.g. vehicle or emission class 
____ Interface to enforcement for OBU-specific data and OBU-ID number plate-mapping 
____ Interface to OBU registration for entering or changing OBU/customer data 
 

OBU database 

____ Stores all OBU-specific data e.g. OBU-ID, number plate, vehicle data, … 
 
 

User database 

____ Stores all customer-specific data e.g. OBU-ID, customer information, means of payment 
____ Interface to billing in order to map OBU-ID to customer 
 

Raw data 

____ Database for logging all incoming raw data (e.g. position, error log, …) to be used as proof in case of customer 
complaints 
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Route identification 

____ Interpolation of compressed position data 
____ Distance measurement 
____ Geo-object identification (e.g. corridors, zones, virtual gantries) 
____ Hierarchical handling of geo objects and geo-object types 
 

Transaction service 

____ Assessing toll events with tariffs according to time- and vehicle-specific data 
 

Toll transactions 

____ Toll events with computed charge 
 

Billing 

____ Generating invoices from toll transactions 
____ Utilizing the billing capabilities of the mobile network providers 
 

Geo objects 

GNSS / GPRS based ERUC allows the definition and adoption of various geo objects, as specified in ISO pre-standard 
17575: 

____ corridors 
____ zones 
____ geo domains 
____ virtual gantries 
____ grids 

 

Tariff tables 

____ Tariff structures depending on time and vehicle data 
 

Geo-object generation 

____ Importing and filtering digital maps (incremental update) 
____ Extracting external specified toll objects 
____ Analysis of geo objects for robustness 
____ Generation of geo objects suitable for route identification 
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Digital map 

____ Standard format digital map (e.g. GDF or GML) 
 

Net-based localisation 

____ Uses the mobile network infrastructure to localize a mobile device in order to support GPS localization, e.g. in areas 
where GPS is not available (tunnels) or where the GPS accuracy is not sufficient to distinguish several roads 

 

HLR 

____ Home-location register of mobile network provider 
____ Resolves temporary identification numbers 
 

OBU registration/installation 

____ All new registration, de-registration and registration changes are requested to this entity  
 

CRM 

____ All information of new charge payers and vehicles (e.g. number plate, country of registration, maximum permitted 
weight, number of axles on trailer unit, contract data , payment means, exemptions) need to be entered into the CRM 
system 

 

Fulfilment 

____ Invoices to be issued to customers e.g. on a monthly or variable cycle.  
____ Fulfilment department to print and issue all invoices to customers 
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8.2 Thin-client battery-based range calculation 

 

• Exemplary parameter values:
_Battery capacity: 2000mAh @ 12V
_Relative effective capacity for GNSS receiver: estimated 10%
_Consumption per km: 3-20 Ws/km based on trials

�Range [km] = ~2800km (motorways)  

�Range [km] = ~ 400km (urban) 

;
][

][
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Wsnconsumptio
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kmrange =
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8.3 Flow-chart of polygon approximation in general 
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Figure 8-2: Flow-chart of polygon approximation in general 
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8.4 Parameters for data volume calculations 

Parameter  

number of users 8485000 

avg km travelled per user per year 16271 

number of passenger cars 7776000 

usage of passenger cars per year (days) 300 

distance travelled per day passenger cars (km) 55 

km travelled per year passenger cars 16550 

time of operation per day passenger cars (h) 1,1 

average velocity passenger cars (km/h) 50,2 

number of motorcycles 517000 

distance travelled per day motorcycles (km) 80 

usage of motorcycles per year (days) 50 

km travelled per year motorcycles 4000 

time of operation per day motorcycles (h) 2 

average velocity motorcycles (km/h) 40 

usage of HGV per year (days) 200 

number of HGV 192000 

km travelled per day HGV (km) 190 

km travelled per year HGV 38000 

time of operation per day HGV (h) 7 

average velocity HGV (km/h) 27,1 

%km travelled on motorways per user per year 50 

number of toll sections (corridors) 1283 

time of operation per day (h) 1,29 

time of operation per user per year (h), (d) 332 258 

average velocity (km/h) 49,0 

length of toll network (km) 3268 

 

Colouring scheme: 

Data yet to be provided by ministry   

VF assumptions based on experience or design   

Figure 8-3: Parameters for data volume calculation 
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8.5 Influence of deviation on the reduction of GNSS  positions 

Tolerance in m number of fixes percentage 

original 835 100,00% 

1 303 36,29% 

2 191 22,87% 

3 133 15,93% 

4 103 12,34% 

5 88 10,54% 

6 76 9,10% 

7 67 8,02% 

8 66 7,90% 

9 59 7,07% 

Figure 8-4: Influence of deviation from the regression line on reduction of GNSS positions 
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8.6 Accuracy of the spline interpolation 

 

Scenario Odometer [km] Spline 5m tolerance[km] Error absolute[km] Error % 

Motorway 410,4 404,376 6,024 1,47% 

motorway tunnel 9,7 10,002 -0,302 -3,11% 

Slip road 4,6 4,536 0,064 1,39% 

Urban 93,1 90,388 2,712 2,91% 

urban narrow roads     

urban tunnel 1 0,744 0,256 25,60% 

urban high buildings 14,2 14,486 -0,286 -2,01% 

urban alleys     

Mountains 11,5 11,622 -0,122 -1,06% 

Valleys 21,2 21,187 0,013 0,06% 

Serpentines 5,8 6,116 -0,316 -5,45% 

Rural 184 186,968 -2,968 -1,61% 

Villages 2,5 2,595 -0,095 -3,80% 

rural alleys 5,5 5,696 -0,196 -3,56% 

Interurban 175,7 172,757 2,943 1,68% 

country roads 88,4 87,946 0,454 0,51% 

under bridges 1,2 1,49 -0,29 -24,17% 

round about 5,9 6,275 -0,375 -6,36% 

traffic jam 10,4 10,43 -0,03 -0,29% 

Figure 8-5: Accuracy of the spline interpolation 
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8.7 Description of telegram types 

The telegram types are described in the following: 

Event log 

The event-log telegram contains status and error logs from the OBU. It is assumed that on average an event log will be 
sent to the back office every two weeks. The trigger for sending this telegram is either that the internal buffer fills up or 
that a critical error occurs in the OBU. 

Status 

The status telegram contains status information from the OBU such as software version, last error, and state of the OBU. 
This information will be sent to the back office once a day during operation. 

Position data 

All relevant data from the GNSS receiver will be transferred using this type of telegram. In the case of the thick-client 
solution, it will only be necessary during an extended enforcement or in response to a customer complaint. Therefore 
only 5 are assumed. The preferred thin-client solution uses this telegram to transfer all position data to the back office for 
further processing. Considering the average mileage driven and the average velocity, it can be estimated that 589 
telegrams will need to be accommodated. 

Geo-data update 

This telegram updates all changes in the charge objects and applies only to a thick-client solution. It will cover 
construction sites (5% of existing) and newly-built roads (10% of existing) but also amendments to the charging scheme. 

Configuration 

The data in these telegrams enables a remote reconfiguration of the OBU. It is assumed that this will happen only once 
a year. 

Software update 

A software update is assumed to occur every two years. Due to the complexity of a thick-client solution, a bigger size of 
the software is assumed. The data is based on current implementations. 

Toll data 

This telegram contains the charged objects and applies only to thick clients. It is assumed that each toll passage will 
trigger a telegram of this kind. The necessary data is estimated from the length of the road network, the number of 
motorway sections and the percentage of motorway usage.  

Ephemeris 

This telegram contains the ephemeris for the GNSS receiver in order to increase accuracy at start and to decrease time 
to first position. The ephemeris is valid for approximately a week. 
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Key 

This telegram allows the exchange of a session key, which is required once per operation day in order to guarantee a 
secured connection to the back office 

Signature 

This telegram retrieves the signatures for the last position telegrams. It will only be necessary to verify the integrity of the 
data as part of an extended enforcement. 
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8.8 Cost and revenue model result sheets in mill. €  

8.8.1 Baseline scenario 

 

Figure 8-6: Expenditures under the baseline scenario 
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Figure 8-7: Revenues, mobile enforcement and ratios under the baseline scenario 
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8.8.2 „No foreign user“ scenario 

 

 

Figure 8-8: Expenditures under the „No foreign users“ scenario 
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Figure 8-9: Revenues, mobile enforcement and ratios under the „No foreign users“ scenario 
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8.8.3 „No EETS“ scenario 

 

 

Figure 8-10: Expenditures under the „No EETS“ scenario 
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Figure 8-11: Revenues, mobile enforcement and ratios under the „No EETS“ scenario 



Vodafone ABvM Final Report  

 

   

Document Classification 
C1 - Public 

 
 

xxvii 

 

Vodafone 
ABvM Final Report 

 

 

8.8.4 „Big Bang“ scenario 

 

 

Figure 8-12: Expenditures under the „Big Bang“ scenario 
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Figure 8-13: Revenues, mobile enforcement and ratios under the „Big bang“ scenario 
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8.8.5 „ HGVs and vans only“ scenario 

 

Figure 8-14: Expenditures under the „HGVs and vans only” scenario 
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Figure 8-15: Revenues, mobile enforcement and ratios under “HGVs and vans only” scenario 


