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Description

[0001] The present invention relates to an electronic
fee collection system on toll roads. More particularly, the
present invention relates to an on-board device for an
electronic fee collection system and to a vehicle compris-
ing such an on-board device.
[0002] In countries where toll roads account for a sig-
nificant amount of the road system, electronic road tolling
systems are widely used. The integration of devices in
vehicles may be subject to safety concerns and accept-
ance of vehicle drivers may be crucial. There are several
kinds of systems available. Some use satellite based
navigation, others are limited in data transmission range
by near field communication or comparable technologies
and communicate directly with systems mounted nearby
the road, and are thus part of the infrastructure. In all
applications of automated toll collecting, data security
and privacy may play a major role for users.
[0003] It may be desirable to have a cost-effective,
small, and simple device onboard a vehicle for an elec-
tronic fee collection system.
[0004] The object of the present invention is solved by
the subject-matter of the independent claims, wherein
further embodiments are incorporated in the dependent
claims and the following description of aspects and em-
bodiments.
[0005] According to an aspect of the invention, an on-
board device for an electronic fee collection system for
a vehicle is provided, comprising a positioning unit and
an application processor, wherein the application proc-
essor and the positioning unit are integrated in one single
chip as a system on chip.
[0006] A vehicle in this context may be every vehicle
that is subject to electronic fee collection when driving
on a road or motorway on which toll is collected. This
may include - but is not limited to - cars, busses, trucks,
motorbikes, and tractors.
[0007] The expression "on-board device" means that
the device is mounted to or is inside the respective ve-
hicle, i.e. carried with it. This device can also be interop-
erable with existing vehicle systems.
[0008] Electronic fee collection systems may affect
drivers or others related to the vehicle on streets in coun-
tries which have decided to collect fees for driving on
some or all streets with a vehicle.
[0009] The on-board device comprises a positioning
unit and an application processor. The positioning unit is
a device which is designed to provide information about
the vehicle position. The output of the positioning unit is
information about the vehicle position, for instance an
array of numbers describing geodetic coordinates, e.g.
of the WGS-84 (World Geodetic System 1984), in a for-
mat that is readable by or compatible with the application
processor. A main purpose of the application processor
is the coordination of processes, which are executed in
the processor or somewhere else in the device. The ap-
plication processor executes its algorithms, collects data

from peripheral units and commands tasks to peripheral
units. Peripheral units can for example be the human-
machine interface, a communication module, inertia sen-
sors, temperature sensors, light sensors, or interfaces
like a USB (universal serial bus) connection interface.
[0010] Both, the application processor and the posi-
tioning unit are integrated in one single chip as a system
on chip. This means that both, the application processor
and the positioning unit, are merged together on one sin-
gle board, and in addition, in one single chip. This single
chip unifies the otherwise separated units, application
processor and positioning unit. In other words, both, the
application processor and the positioning unit, may not
be distinguishable for an observer looking at the board
and the chip. The functions of the application processor
and the positioning unit are united in one piece of hard-
ware, i.e. the one chip.
[0011] Combining the application processor and the
positioning unit in one chip can have several benefits:

First, the costs for hardware may be lowered. By
unifying two subsystems in one single entity, inter-
faces rather reduce to software interfaces than being
physically implemented in two separate units. This
may be achieved by replacing two electronic boards
or two processors by a single one, whereby the single
board or the single processor can be of higher per-
formance.

Second, the system on chip may also require less
space in the device and therefore the device may be
designed smaller, taking less space in the vehicle.
As the two units are united and integrated in one
chip, the device may be less energy consuming. In
addition, as an electronic toll system is not critical
regarding the acquisition rate and transmission rate
of position information, the system may have low re-
quirements regarding hardware performance. If, for
example, the system on chip is realized in the Von
Neumann architecture, for instance the "Memory
Unit" of the processor can be shared by the two log-
ical units, i.e. the application processor and the po-
sitioning unit. Also other elements can be shared,
for example the ALU (arithmetic logic unit).

[0012] Assuming that information about the vehicle po-
sition is required with a specific minimum rate, i.e., posi-
tion measurements per time or position measurements
per distance, e.g. every 5 minutes or every 5 kilometers,
the positioning unit may be in a standby mode most of
the time, leaving all the computational power available
to the application processor.
[0013] It may also be provided that the application
processor and the positioning unit share hardware re-
sources despite being generally physically separated on
the system on chip. In all cases the implementation on
one single chip may result in a system with a low footprint
regarding costs, space and energy consumption in the
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vehicle.
[0014] According to an exemplary embodiment of the
present invention, the on-board device further comprises
a cryptographic unit, wherein the cryptographic unit is
configured to encrypt and/or digitally sign data generated
by the system on chip and wherein the cryptographic unit
is connected to the system on chip. This cryptographic
unit can be used to comply with privacy and data protec-
tion requirements. Information about the vehicle position
is subject to privacy concerns and thus may be required
to be protected sufficiently, e.g. against eavesdropping
or fraud. The cryptographic unit in this embodiment is
connected to the system on chip by respective interfaces
and busses. The on-board device may be configured for
data transmission between the cryptographic unit and
the system on chip in both ways, i.e., back and forth, but
it may also be configured for a one-way transmission
from the cryptographic unit to the system on chip, e.g.,
by passing the signing key to the application processor.
[0015] According to another exemplary embodiment
of the present invention, the on-board device further com-
prises a communication unit for transmitting data from
the on-board device to, e.g., a backend office, wherein
the communication unit is connected to the system on
chip. The communication unit is capable of sending and
receiving data, which data is, for instance, acquired by
the application processor. A backend office may be
placed at a company site and may include a server for
data processing.
[0016] With the work flow of acquiring or transmitting
data required to be repeated in relatively low frequency,
for instance every 1 to 10 minutes, or every 1 to 10 kil-
ometers, the system on chip can be designed to be small,
and a time critical data transmission may not necessary.
Hence, the communication unit can also be designed to
be minimalistic, i.e. small in its dimensions and with low
hardware performance requirements. For instance, if a
data packet is scheduled every 5 minutes to be sent from
the communication unit, it may not even matter whether
it is sent every 5 minutes or every 5 minutes and 20 sec-
onds. The road tolling system can be configured to exe-
cute a less time critical workflow, e.g., by saving tasks
into a queue of the system on chip and executing the
tasks whenever it is appropriate. "Appropriate" in this
context can mean that sufficient energy supply is avail-
able, or that a network connection with a sufficiently high
signal-strength is available, or sufficient computing pow-
er can be provided to execute or coordinate a task.
[0017] According to another exemplary embodiment
of the present invention, the communication unit is a
GSM/GPRS module. (GSM: "Global System for Mobile
Communications"; GPRS: "General Packet Radio Serv-
ice") A GSM/GPRS module is a communication unit, that
connects for example on the 2G or 3G cellular commu-
nication system for mobile communications.
[0018] According to another exemplary embodiment
of the present invention, the data is position data to be
sent to e.g. a backend office. The data stem for instance

from the application processor. The position data is then
sent to a backend office or the like.
[0019] According to another exemplary embodiment
of the present invention, the application processor is con-
figured to control peripheral devices. Peripheral devices
can be the communication unit, the cryptographic unit,
or other units that are configured as module to be con-
nected to the on-board device. In this sense, the appli-
cation processor coordinates all tasks to be executed by
the on-board device and the communication and com-
mands between the peripheral devices and the applica-
tion processor itself. Peripheral units can for example be
the human-machine interface, a communication module,
inertia sensors, temperature sensors, light sensors, or
interface such as a USB (universal serial bus) connection
interfaces. In other words, the application processor is
running the software application which is managing all
the peripherals.
[0020] According to another exemplary embodiment
of the present invention, the positioning unit is a satellite
navigation unit with a processor element for determining
the vehicle position and coordinating processes within
the satellite navigation unit and determining the vehicle
position, wherein the positioning unit is connected to a
satellite antenna for receiving satellite signals. A satellite
navigation unit determines the position by means of sig-
nals emitted by satellites. Usually, determining one’s lo-
cation by satellite navigation is done by space based sat-
ellites, as for instance by NAVSTAR, GLONASS, GALI-
LEO, IRNSS or the like. This includes the solving of equa-
tions, which can be done by a separate processor ele-
ment in the satellite navigation unit or within shared re-
sources with the application processor. According to this
embodiment, the positioning unit is capable of determin-
ing the vehicle position without the help of devices other
than the on-board device. This means, the onboard-de-
vice is capable of determining the vehicle location without
requiring any separate positioning system or navigation
system. The on-board device is thus an independent sys-
tem regarding determining the position of the vehicle. All
elements necessary to determine the position of the ve-
hicle, to which the on-board device is mounted or in which
the on-board device is included, are contained in the on-
board device, comprising an antenna for receiving sig-
nals emitted by satellites.
[0021] According to another exemplary embodiment
of the present invention, the satellite antenna is an ex-
isting satellite antenna of the vehicle, which may also be
configured to provide the satellite signals to a navigation
system of the vehicle. In other words, the satellite anten-
na of the vehicle may be shared by the satellite navigation
unit and, e.g., a navigation system, which is installed in
the vehicle and independent from the on-board device.
[0022] According to another exemplary embodiment
of the present invention, the positioning unit is a unit for
acquiring the vehicle position. The position is determined
by a vehicle navigation system, and corresponding po-
sition information is then transmitted to the positioning
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unit. In other words, the positioning unit can be provided
with information about the vehicle position by, e.g., the
navigation system of the vehicle. This requires an inter-
face between the positioning unit and the existing sys-
tem. With this embodiment, redundancy of systems for
determining the vehicle position may be prevented.
[0023] This embodiment contributes to the advanta-
geous integration of the positioning unit and the applica-
tion processor in one chip by allowing for the device to
be smaller in size than in other embodiments. By sharing
resources with existing systems, the size and energy
consumption of the on-board device may be further re-
duced. This may also add to the required safety levels,
as less weight and less space may contribute to a save
integration in the vehicle of the on-board device.
[0024] According to another exemplary embodiment
of the present invention, the on-board device comprises
a cryptographic unit, wherein the cryptographic unit is
configured to encrypt and/or digitally sign data generated
by the system on chip and wherein the cryptographic unit
is integrated in the system on chip. This means that the
cryptographic unit is part of the system on chip. In other
words, the application processor, the positioning unit,
and the cryptographic unit are integrated in one single
chip as system on chip. For this reason, the cryptographic
unit no longer belongs to the peripherals, but is part of
the system on chip.
[0025] These and other aspects of the invention will
become apparent from and elucidated with reference to
the embodiments hereinafter. Exemplary embodiments
of the present invention will now be described in the fol-
lowing, with reference to the following drawings.

Fig. 1 shows a topology of the on-board device ac-
cording to an exemplary embodiment of the present
invention.

Fig. 2 shows a route of a vehicle with points of data
capturing and data transmission according to an ex-
emplary embodiment of the present invention.

Fig. 3 shows a vehicle according to an exemplary
embodiment of the present invention comprising an
on-board device.

[0026] The illustration in the drawings is schematically.
In different drawings, similar or identical elements are
provided with the same reference numerals.
[0027] The following detailed description is merely ex-
emplary in nature and is not intended to limit application
and uses. Furthermore, there is no intention to be bound
by any theory presented in the preceding background or
summary or the following detailed description.
[0028] Fig.1 shows an exemplary embodiment of an
on-board device 100 for a vehicle, which comprises a
positioning unit 111, an application processor 112, a sat-
ellite antenna 1117 and a cryptographic unit 113. The
application processor 112, the positioning unit 111, and

the cryptographic unit 113 are integrated in one single
chip as a system on chip 110. Both, the positioning unit
111 and the application processor 112 may have inter-
faces to other units of the on-board device 100. One of
these other units can be a communication unit 201 for
transmitting data, wherein this unit is connected via an
interface 114 to the system on a chip 110, for example
to the application processor 112. The cryptopraphic unit
113’ however may also be integrated in an external chip,
i.e. it would not be integrated in the system on chip 110.
In this case, the cryptopraphic unit 113’ is connected to
the system on chip rather than a cryptopraphic unit 113,
which is integrated in the system on chip.
[0029] In this example, a satellite antenna 1117 is in-
tegrated in the positioning unit 111 for determining the
vehicle position inside the on-board device 100. Howev-
er, the satellite antenna 1117’ may also be connected to
the system on chip 110, as opposed to be integrated in
the system on chip 110.
[0030] The communication unit 201 communicates
with a backend office 800. In this example, the backend
office is a central company site with a server, which
serves as data logger for example.
[0031] Fig. 2 shows a route of a vehicle, on which po-
sitions 21, 22, 23 are located. In this example, the posi-
tions correspond to a driving time of 5 minutes between
each position. The time span of 5 minutes may be chosen
by the on-board device 100. In this manner, every 5 min-
utes a determination of the vehicle position is to be con-
ducted by the on-bard device 100. Also, as scheduled
process after the determination of the vehicle position,
after every 5 minutes during driving, the position data is
to be transmitted via the communication unit 201, e.g. in
the GSM network, to a backend office 800.
[0032] Fig. 3 shows a vehicle 50, with an onboard de-
vice 100, a satellite antenna 1117’, and a car navigation
system 300. The vehicle 50 as shown in this example is
a passenger car. As many passenger cars it features a
navigation system 300 which receives signals from a sat-
ellite positioning network.
[0033] The navigation system 300 is connected to or
comprises the satellite antenna 1117’, by which satellite
signals for the navigation system 300 are received. In
this example, the navigation system 300 is generally ca-
pable of determining a vehicle position when connected
to the satellite antenna 1117’. The navigation system 300
may have one or more interfaces for transmission of the
position in WGS-84 compliant coordinates, e.g. Longi-
tude and Latitude, while the altitude is discarded.
[0034] With the navigation system 300 being connect-
ed to the on-board device 100 for electronic fee collection,
the positioning unit 111 receives the position information
and ensures the right format for the application processor
112. For instance, every 5 minutes the system on chip
110 requests the current position from the navigation sys-
tem 300 or listens at the respective port for the informa-
tion to be sent, which information may be periodically
sent by the navigation system 300. Thus, the positioning
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unit 111, integrated in the system on chip, 110 can be
designed such that it consumes very little space in the
on-board device, thus allowing for the on-board device
itself being of small size.

Claims

1. On-board device (100) for an electronic fee collection
system for a vehicle (50), comprising:

a positioning unit (111) and an application proc-
essor (112);
wherein the application processor (112) and the
positioning unit (111) are integrated in one single
chip as a system on chip (110).

2. On-board device (100) according to any one of the
preceding claims, further comprising:

a communication unit (201) for transmitting data
from the on-board device (100) to a backend
office (800) of the electronic fee collection sys-
tem;
wherein the communication unit (201) is con-
nected to the system on chip (110).

3. On-board device (100) according to claim 2,
wherein the communication unit (201) is a
GSM/GPRS module.

4. On-board device (100) according to any one of
claims 2 to 3,
wherein the data is position data to be sent to a back-
end office (800).

5. On-board device (100) according to any one of the
preceding claims,
wherein the application processor (112) is config-
ured to control peripheral devices.

6. On-board device (100) according to any one of the
preceding claims;
wherein the positioning unit (111) is a satellite nav-
igation unit; and
wherein the positioning unit (111) is connected to a
satellite antenna (1117’) for receiving satellite sig-
nals.

7. On-board device (100) according to claim 6,
wherein the satellite antenna (1117) is integrated in
the system on chip (110).

8. On-board device (100) according to claim 6,
wherein the satellite antenna (1117’) is a satellite
antenna of the vehicle.

9. On-board device (100) according to any one of the

claims 1 to 5,
wherein the positioning unit (111) is a unit for acquir-
ing the vehicle position, which position is determined
by a vehicle navigation system providing navigation-
al assistance to the driver.

10. On-board device (100) according to one of the claims
1 to 9, further comprising:

a cryptographic unit (113’);
wherein the cryptographic unit (113’) is config-
ured to encrypt and/or digitally sign data gener-
ated by the system on chip (110); and
wherein the cryptographic unit (113’) is connect-
ed to the system on chip (110).

11. On-board device (100) according to one of the claims
1 to 9, further comprising:

a cryptographic unit (113), wherein the crypto-
graphic unit (113) is configured to encrypt and/or
digitally sign data generated by the system on
chip (110) and
wherein the cryptographic unit (113) is integrat-
ed in the system on chip (110).

12. Vehicle (50) comprising an on-board device accord-
ing to one of the preceding claims.
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