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New Technologies, New
Challenges: The German Toll
Collect GPS-GSM System
By Alain Estiot and Christian Heurtebis

There are several established methods for tolling a new and isolated structure such as a bridge or an interurban highway. The infrastructure on
which a toll is to be set up, however, is growing ever more complex, such
as in urban settings with dense traffic patterns and geometrical constraints
and in rapidly evolving existing networks.
In response, our industry is having to imagine new methods of collecting
money, without turning to dogma or preconceived ideas. In devising these
new methods, we frequently must first return to some basic tolling concepts:
• The transaction must be assigned to the proper vehicle;
• No customer must be charged inappropriately;
• The system must be user-friendly for regular, occasional, and visiting
customers alike;
• Fraud must be discouraged; and
• All the money collected must reach the appropriate bank.
Twice during the past 15 years, once in California and once in Germany,
we were involved in unusual situations that evoked a reconsideration of
these basic tolling concepts as well as new tolling ideas. Strangely, however, the new ideas elicited questions that apparently had no direct
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relation to the toll industry as we knew it. It was as
though we had opened a Pandora’s box. Rather than
examining issues pertaining to our industry alone, we
found ourselves tackling concepts we had thought
were the domain of the “new economy,” such as customer privacy, data security and protection, mass
marketing, and distribution networks.

California’s 91 Express Lanes
The first unusual situation occurred in the early
1990s, with the 91 Express Lanes in California, next
to Los Angeles. There, the challenges were how to build and toll four lanes
in the median of an existing highway, SR-91, that carried more than
250,000 vehicles a day; and how to cope with the “free competition” just
a few feet away.
Toll booths or single-lane electronic tolling with a barrier would be infeasible; instead, we had to think “outside the box.” The only possible solution was a multilane automatic vehicle identification (AVI) system, with
the accompanying considerations:
• Each customer would have to obtain a transponder, and, to respect
the customer’s privacy, we would have to offer anonymous accounts
as an option. Anonymous customers could receive a transponder
without giving their name, but the balance of their prepaid account
(in cash) would have to be positive at all times.
• The proposed AVI system couldn’t exist without an automatic
enforcement system with heavy fines. Because it wouldn’t be feasible
to take each violator to court, however, ticketing-by-mail legislation
would have to be passed.
• To deal with the free competition, we had to introduce value pricing,
with prices depending on the direction and hour of travel. It was
hoped that such an arrangement would improve traffic during peak
hours and revenue during off-peak hours.
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• To keep our customers happy, we redesigned a customer service center in an urban setting to be more
user-friendly and, to attract them, we marketed the
road as a consumer product.

Twice during the past
15 years, once in
California and once

The resulting AVI system, which opened in late 1995,
was a success. Ten years later, it is rewarding to see that
most of the system’s original elements have been adopted all over the world, with similar projects now in
Canada, Australia, Israel, Austria, and elsewhere.

in Germany, we were
involved in unusual
situations that evoked
a reconsideration of
these basic tolling

Germany’s Toll Challenges

concepts as well as

new tolling ideas.
The second unusual situation we experienced came in
Germany in 2000. This time, the challenges we faced
were more complex, because this new demonstration
project would encompass nearly 7,500 miles worth of roads, not just 10 as
on the SR-91. The issues included:
• How to set up a distance-based toll on 12,000 kilometers (approximately 7,458 miles) of existing motorways for trucks with a permissible total weight of 12 tons or more according to their number of axles
and emission category (passenger vehicles and trucks under 12 tons
would not incur a toll);
• How not to impair traffic with a network including approximately
5,200 sections (with the average section measuring less than 4 kilometers);
• How to offer nondiscriminatory solutions to trucks coming from more
than 36 countries where at least 23 languages are spoken;
• How to maintain electronic-data security and abide by international
laws and decrees regarding data protection and privacy; and
• How to devise a system that could be extended at low cost to new
road sections or new networks within a fairly short time.
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A Non-DSRC Solution
In Europe, and in Germany in particular, environmental constraints are
strict and motorways are often located in urban settings, making it impossible to use toll plazas. Consequently,
as in the case of the 91 Express Lanes,
in Germany only a solution with an
automatic toll was feasible. With
5,200 sections, however, a DSRC
(dedicated short-range communications) solution such as that used in
California would have required setting up several thousand gantries.
Moreover, the technical specifications for gantries are strict, requiring
catwalks that make them expensive.
Without gantries on which to hang DSRC detectors, we had to “look higher
in the sky” and consider adopting a global positioning satellite (GPS) system. Fortunately, the GPS system is fairly straightforward. A truck equipped
with a GPS antenna can be easily located and “knows” it is on a toll section.
The truck then just has to send this information to the toll invoicing center,
which it can do in real time using mobile phone technology.

The OBU may be installed on the dashboard or in a DIN slot like a car radio.
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To enable occasional users to use the road as well, we
had to supply an alternative to the on-board unit (OBU)
automatic payment method, which we did in the form of
two manual payment methods: one via the Internet and
the other through points of sale (POSs) at petrol stations
and stand-alone machines in Germany and nine bordering countries.

The Automatic Payment Method
With the aid of GPS satellite signals and a limited number of positioning beacons that are installed on some network sections where the GPS signal alone is insufficient,
the OBU recognizes every tolled section the truck travels, calculates the appropriate toll based on the specific
truck’s data, and stores the information. On a regular
basis, it then sends the relevant information by GSM
(global system for mobile communications) to Toll
Collect GmbH’s central toll processing system.
To use the OBU system, users must register with Toll
Collect, the private company that developed, financed,
and installed the system and now operates it. Registration is easy, with details clearly described in four languages (German, English, French, and Polish) on Toll
Collect’s Web site (www.toll-collect.de). In addition, registration forms and explanations of how the system
works are given in 23 languages.
Registrants receive an OBU together with a transponder,
which is used for enforcement purposes and for localization when a positioning beacon is present. To help users
mount the OBUs on their trucks, Toll Collect set up a distribution network, selecting and training approximately
1,850 service partners in Germany and the nine surrounding countries specifically for OBU installation. As part of
their training, service partners receive a dedicated computer and have access to a quality-assurance program to
maintain and update their skills. Registered users obtain
their OBUs free of charge but must make an appointment
with a service partner and pay for installation.

In Europe, and in
Germany in particular,
environmental
constraints are strict
and motorways are
often located in urban
settings, making it
impossible to use toll
plazas. Consequently,
as in the case of the
91 Express Lanes, in
Germany only a
solution with an
automatic toll was
feasible. With 5,200
sections, however, a
DSRC (dedicated
short-range
communications)
solution such as that
used in California
would have required
setting up several
thousand gantries.
Moreover, the
technical
specifications for
gantries are strict,
requiring catwalks
that make them
expensive.
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OBU transparency is guaranteed. All users can read the units while driving to gather specifics about the road sections they’ve traveled and the
amount they’ve been charged. They can also control their detailed invoice
when they receive it by post or e-mail.

The Manual Payment Method
Customers who choose to pay tolls manually can do so using the Internet
or a POS. To use the Internet, drivers must first register with Toll Collect.
Registered users can book a reservation for a specific trip three days in
advance from any computer with an Internet connection. As with OBU
registration, reservations can be made in German, English, French, or
Polish. If necessary, the trip can be cancelled before the start date.
Those who use one of the 3,600 POSs in Germany (located mainly in the
vicinity of interchanges) and thirteen European countries need not be registered. Several means of payment are accepted at POSs, including cash
(in local currency), with change given by either a sales assistant (at petrol
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stations) or automatically from a stand-alone machine. As with the
Internet, one can use a POS in one of four languages and three days in
advance of the trip. Should the user have any questions, whether at a
petrol station or a stand-alone machine, he or she can push an intercom
button to be connected with a Toll Collect call center to talk with a customer service representative.

Efficient, Effective Enforcement
For an automatic toll-payment system to work, one needs an efficient and
effective enforcement system that deters violators. A system using fixed
gantries, like the one at the 91 Express Lanes, wouldn’t suffice in Germany
because the constraints inherent in an urban setting would have limited
the number of sections one could control. Instead, we would have to
develop and use a combination of automatic and mobile enforcement
techniques.
For automatic enforcement, Toll Collect erected 300 sophisticated multilane AVI control gantries. The gantries check moving traffic to determine
whether trucks that are liable for the toll are correctly logged into the system. During this process:
• The system scans each vehicle three-dimensionally, verifying
whether the truck’s total weight is 12 tons or more, the number of
axles, and whether a toll is due.
• The gantry checks, via the transponder, whether the vehicle has an
OBU and whether that OBU has been activated correctly.
• The system reads the license plate and compares it with the plates of
all vehicles assigned a manual reservation.
• In a matter of seconds, Toll Collect can know whether the truck is in
violation.
Vehicles suspected of a violation can be stopped by the German enforcement authority, the Office for Goods Transport (Bundesamt für
Güterverkehr, or BAG), at 150 locations in Germany immediately after
passing a gantry. This enables BAG employees to clear up any problem
and collect fines on the spot.
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For mobile enforcement, the BAG teams travel in specially equipped vehicles among moving traffic to conduct checks at any time in any section of
the motorway. As a team drives by a truck, it can check automatically
whether the vehicle has a working OBU. If it does not, the team enters the
truck’s license plate number into its on-board computer to determine
whether the truck has a valid reservation for the section and time it is traveling. Teams can stop those trucks in violation to collect fines.

Fixed Enforcement

Mobile Enforcement

Remote Surveillance
Fifteen years ago, it was uncommon in the toll industry to use valuable
toll-enforcement equipment on a stand-alone basis, without human surveillance. As the industry evolved, this had to change and did. As thousands of pieces of equipment were spread over several European countries, however, often in use 24 hours a day on a stand-alone basis and each
including several subcomponents, the challenge became how to maintain
awareness of their status at all times.
The answer was to develop a sophisticated surveillance system, one that
didn’t require a human presence on the scene. Today, with a POS, when
its door opens in France, when paper needs to be added in the
Netherlands, when toner is low in Austria, when a video camera is faulty
in Bavaria, Toll Collect, with its remote surveillance system, can detect
the problem in real time and quickly alert its service subcontractors to
intervene.
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Data Protection and Privacy
With electronic tolling, billions of data are collected,
processed, and transmitted via various means. German
regulations stipulate strict limitations for the use of
these data, including the regulation that only data concerning vehicles subject to tolls can be collected. The
regulations also specify deletion intervals for all data;
if any are needed beyond the required interval, they
must be stripped of all user identification and used
anonymously.
Toll Collect has developed a thorough and integral data
protection and security system, which it discussed and
came to agreement on with BAG and the Federal
Commissioner for Data Protection (Bundesdatenschutz
Beauftragter). Using comprehensive security measures,
including dedicated encryption, the system ensures
that the data collected are protected from access by
unauthorized third parties. In addition, using a cryptographic function, a closed security chain is always
formed to prevent data manipulation. In this way, for
instance, it is impossible to read data from an OBU by
calling it, as the subscriber identity module (SIM) cards
used are modified to exchange data only, making
speech impossible.

The answer was to
develop a
sophisticated
surveillance system,
one that didn’t
require a human
presence on the
scene. Today, with a
POS, when its door
opens in France,
when paper needs to
be added in the
Netherlands, when
toner is low in
Austria, when a video
camera is faulty in
Bavaria, Toll Collect,
with its remote

To allow for complete privacy, truckers with OBUs can
make manual reservations and ask that their trips not
appear in any log or invoice. This can be practical for
truckers who do not want their travels tracked or documented.

surveillance system,
can detect the
problem in real time
and quickly alert its
service subcontractors

Preparing for System Launch

to intervene.

One of the last, but not least important, questions Toll
Collect encountered in Germany was how, on day one,
we would simultaneously have several hundred thousand truckers pay
their tolls while entering the network at one of the 5,200 sections. A wrong
answer would have led to complete chaos and a huge media backlash, as
German and foreign media were on the spot, in particular at the German
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borders, during the night between January 1 and January 2, 2005, when the
system debuted.
To help ensure that opening day would run as smoothly as possible, Toll
Collect conducted several communication campaigns and held several
hundred meetings beforehand with communities, truckers, and their associations to explain the toll and enforcement systems. Cash incentive premiums were distributed to truckers willing to equip their trucks with
OBUs before the system opened, in order to reduce the number of manual bookings. In addition, 5,000 multilingual people were recruited and
posted at the most sensitive POSs, in particular those at the borders, to
familiarize truckers with the manual reservation process.
Given all that was involved, the launch was a true challenge but, happily,
a successful one.

Looking Ahead
As of this writing, 12 months after the start of operations, the German project’s results are very satisfactory. Fraud is below 2 percent, more than 2.8
billion euros have been collected, approximately 480,000 OBUs have been
installed, and 86 percent of collections are made using OBUs, indicating
that truckers understand well that the system was conceived chiefly to
operate automatically rather than manually. Extensions to the network
and price changes can be easily implemented, as OBU updates are done

12

Winter 2006 • Tollways

34184_P006_017X.qxd

1/5/06

8:40 AM

Page 13

by mobile phone (through short message service, or SMS, for instance)
whether or not the vehicle is traveling in a toll section.
The project was a success thanks to the efforts and commitment of the
partners involved—Deutsche Telekom, DaimlerChrysler Service, and
Cofiroute—and of the German authorities. The project’s size and the
amount of toll money to be collected allowed the partners to have a grand
vision and to envision techniques and solutions they couldn’t have considered on a smaller scale.
Technology has evolved rapidly in the past 15 years and today offers a
large palette of solutions for toll collection on new and existing infrastructure alike. In the medium and long terms, it could also be used for
simple value-added services, such as fleet management and vehicle-theft
prevention, or more advanced applications, including vehicle-to-vehicle
communication and remote technical diagnosis. Indeed, GPS-GSM modern technology is paving the way for innovative local and global transportation policies to come.
Though it seemed daunting at first, the Pandora’s box, luckily now, is not
yet empty. It will be fun to see what comes out of it next.

Alain Estiot is managing director, quality, for Toll Collect GmbH, in Berlin,
Germany. He previously served as director of special projects with
Cofiroute, in Paris, France, and as deputy managing director of CPTC, in
Anaheim, California, the franchisee of the 91 Express Lanes. He can be
reached at alain.estiot@toll-collect.de
Christian Heurtebis is director of development and international
operations for Cofiroute. He served as deputy construction manager for
the 91 Express Lanes from 1992 to 1996. He can be reached at
christian.heurtebis@cofiroute.fr

This article was reprinted from the Fall 2005 issue due to production errors.
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