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(57) ABSTRACT

A system comprising an on-board unit (OBU) for a telematic
traffic service, for example an automatic toll collection
service, and a software application which can be executed by
an external user device, for example a smartphone, is
described. The OBU comprises both a radiofrequency com-
munication module for communicating with the road-side
units (RSU) of the telematic traffic service and a proximity
communications module (for example Bluetooth) for com-
municating with the external user device. The data process-
ing unit of the OBU executes software applications which
support the telematic traffic service and additional services.
The software application executed by the external user
device provides the user, via the user interface of the

GO7B 15/06 (2006.01) external user device and the proximity communications
B6OW 50/14 (2006.01) module of the OBU, with access to the telematic traffic
B6OW 50/10 (2006.01) service and to the additional services supported by the OBU.
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SYSTEM COMPRISING AN ON-BOARD
UNIT FOR TELEMATIC TRAFFIC SERVICES

TECHNICAL SECTOR

[0001] The present invention relates in general to the field
of telematic traffic services. In particular, the present inven-
tion relates to a system comprising an on-board unit for
telematic traffic services.

PRIOR ART

[0002] Systems which support telematic traffic services
are known. These services comprise both services for the
user (for example automatic toll collection, namely the
payment of tolls for access to roads or motorways, payment
of carparks, etc.) and services for the providers and authori-
ties (for example control over the access to restricted traffic
zones, monitoring of road or motorway traffic, etc.).
[0003] These systems comprise an on-board unit (abbre-
viated OBU) suitable for being installed on-board a vehicle
and a plurality of road side devices or units (abbreviated
RSU) which are installed along the road side or on the access
gantries of the toll roads or motorways, carparks or restricted
traffic zones.

[0004] An OBU generally comprises a radiofrequency
communication module (for example a DRSC, Dedicated
Short Range Communication, module) for communication
with the RSU, a processor, a memory and a battery.
[0005] Some known OBUs are also provided with an
interface for interaction with the user, typically in the form
of a display or one or more pushbuttons. By means of the
display the OBU may provide the user with information
such as the amount paid for transit along a certain road
section. By means of the pushbuttons the user may instead
issue commands to the OBU, such as configuration com-
mands for entering the number of axles and the weight class
of the vehicle.

SUMMARY OF THE INVENTION

[0006] The Applicant has noted that the known OBUs
have a number of drawbacks.

[0007] Firstly, the displays of the known OBUs are gen-
erally very small and therefore are able to provide the user
only with short text messages. The small dimensions of the
display moreover make reading of this information not very
easy for the user.

[0008] As for the issuing of commands to the OBU, the
use of the pushbuttons allows only a small number of simple
commands to be given. Furthermore, the use of the push-
buttons may be awkward and inconvenient, in particular if
the position of the OBU in the vehicle is not close to the
driving seat.

[0009] On the other hand, there is need to keep the cost of
the OBU as low as possible. Providing an OBU with a more
complex user interface which facilitates the interaction with
the user (for example a bigger display and/or input means
which are more sophisticated than pushbuttons) could dis-
advantageously increase the cost thereof in an undesirable
manner.

[0010] The object of the present invention is therefore to
provide a system comprising an on-board unit for a telematic
traffic service, which solves one or more of the aforemen-
tioned problems.
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[0011] Inparticular, an object of the present invention is to
provide a system comprising an on-board unit for a telematic
traffic service which allows the user to interact with the
on-board unit in a simple, efficient and convenient manner,
without however increasing the cost of the on-board unit.
[0012] According to embodiments of the present inven-
tion, this object is achieved by a system comprising an
on-board unit for providing a telematic traffic service and a
software application executable by an external user device
provided with a user interface (for example, a smartphone or
tablet with touchscreen). The on-board unit comprises a data
processing unit which executes a software application for
providing the telematic traffic service and one or more
software applications for providing services additional to the
telematic traffic service. The on-board unit also comprises a
radiofrequency communication module for communication
with one or more road-side devices which support the
provision of the telematic traffic service and a proximity
communications module for communication with the exter-
nal user device. The software application executed by the
external user device is configured to provide a user, via the
user interface of the external user device and the proximity
communications module of the on-board unit, with access to
the services additional to the telematic traffic service sup-
ported by the on-board unit.

[0013] In the present description and in the claims, the
expression “additional services” will indicate services, the
implementation or supplying of which (also) involves the
use of resources other than the radiofrequency connection
between on-board unit and road-side devices which support
the telematic traffic service, such as for example a mobile
connection between on-board unit and remote apparatus of
third parties (namely of parties other than the provider of the
telematic traffic service), a mobile connection between on-
board unit and remote apparatus which provide digital
assistant functions, or a wearable device which provides data
about the health condition of the user.

[0014] Therefore, advantageously, owing to the software
application executed by the external user device and the
proximity communications module, the user interface of the
external user device basically acts as a user interface of the
on-board unit. This allows advantageously the user to inter-
act in a more efficient and easy manner with the on-board
unit, in particular in order to take advantage of the additional
services, essentially without resulting in any increase in the
cost of the on-board unit itself.

[0015] The user may in fact interact with (namely receive
information from and issue commands to) the on-board unit
via the interface of his/her user device, such as a personal
smartphone or tablet. These devices are typically provided
with relatively large size screens so as to be able to present
contents of various types (not only text) and of a certain
complexity. They also have means for inputting information
and commands (typically via a touchscreen) which are
extremely simple to use and familiar for the user. The user
may thus issue to the on-board unit a wide range of com-
mands via the user interface of his/her personal device, in a
simple and easy manner, irrespective as to the position of the
on-board unit inside the vehicle. Moreover, the user may
receive from the on-board unit complex information and
display it on the user interface of his/her user device in a
format (size and form) which may be immediately read.
[0016] On the other hand, the fact of not having to provide
the on-board unit with any user interface of its own (display,
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etc.) advantageously allows the cost and dimensions thereof
to be kept low/small and the reliability thereof to be
increased.

[0017] According to an aspect the present invention, a
system comprising an on-board unit for providing a telem-
atic traffic service and a software application executable by
an external user device provided with a user interface is
provided,

[0018] wherein the on-board unit comprises:

[0019] a data processing unit which executes a first
software application for providing the telematic traffic
service and at least a second software application for
providing at least one service additional to the telematic
traffic service;

[0020] a radiofrequency communication module suit-
able for communicating with at least one road-side
device of a system suitable for providing the telematic
traffic service; and

[0021] a proximity communications module suitable for
communicating with the external user device,

wherein the software application is configured to provide a
user of the external user device, via the user interface and the
proximity communications module, with access to the at
least one service additional to the telematic traffic service
provided by said at least one second software application.
[0022] Preferably, the on-board unit also comprises an
audio module comprising at least one microphone and at
least one speaker, the on-board unit being configured to
receive at least one voice command via the at least one
microphone and to provide information via the speaker, the
audio module being suitable for being activated upon detec-
tion of a predefined vocal expression.

[0023] Preferably, the on-board unit is also provided with
mobile connectivity for connection to at least one remote
apparatus suitable for supporting the provision of the telem-
atic traffic service, or of a digital assistant function, or of the
at least one service additional to the telematic traffic service.
[0024] Preferably, the on-board unit also comprises a
power supply circuit, in turn comprising:

[0025] a battery suitable for providing a predefined
supply voltage;

[0026] an external power supply unit configured to
receive an external power supply voltage via a port of
the on-board unit, the external power supply unit being
configured to convert the external power supply voltage
into the predefined supply voltage; and

[0027] a power supply management unit configured to
manage the use of the battery and the external power
supply unit for supplying the on-board unit and to
manage the recharging of the battery.

[0028] Preferably, the power supply circuit further com-
prises a solar panel configured to recharge the battery.
[0029] Preferably, the on-board unit further comprises a
geolocation engine suitable for determining the geographi-
cal position of the on-board unit by interacting with one or
more satellite geolocation systems.

[0030] Preferably, the on-board unit further comprises one
or more light indicators suitable for providing indications to
the user of the on-board unit.

[0031] Preferably, the on-board unit further comprises a
low frequency communications module.

[0032] Preferably, the on-board unit further comprises one
or more pushbuttons for allowing the user to issue at least
one command to said on-board unit, the one or more
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pushbuttons comprising at least one service button adapted
to activate the proximity communications module so that it
connects to the external user device.

[0033] Preferably, the on-board unit is a portable device
removably fixable inside a vehicle.

[0034] Preferably, the on-board unit comprises an external
housing, the external housing having a width of between 80
mm and 100 mm, a height of between 60 mm and 70 mm
and a thickness of between 20 mm and 30 mm.

[0035] Preferably, the proximity communications module
is provided with a real-time operating system.

[0036] Preferably, the software application is also config-
ured to provide the user of the external user device with
information relating to the functional state of the on-board
unit via the user interface of the external user device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The present invention will become clearer from the
following detailed description, given by way of a non-
limiting example, to be read with reference to the accom-
panying drawings, in which:

[0038] FIG. 1 is a block diagram of an on-board unit
according to an embodiment of the present invention;
[0039] FIG. 2 is a front view of the on-board unit accord-
ing to an embodiment of the present invention;

[0040] FIGS. 3, 4, 5 and 6 show three cases of examples
of use of the system according to embodiments of the
present invention; and

[0041] FIG. 7 shows a block diagram of the architecture of
the on-board unit according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0042] A system according to an embodiment of the
present invention preferably comprises an on-board unit 1
(shown in FIG. 1) and a software application suitable for
execution by an external user device 5 and suitable for
supporting the interaction of the user of the device 5 with the
on-board unit 1.

[0043] The on-board unit 1 is a portable device which is
removably fixable inside a vehicle 10 (for example to the
windscreen thereof). The user may for example purchase the
on-board unit 1 and fix it to the windscreen of his/her vehicle
10, for example using adhesive. The vehicle 10 may be a
private vehicle such as a motor car, or a public vehicle. The
vehicle 10 may form part of a fleet of vehicles, for example
a lorry, articulated truck or commercial vehicles.

[0044] The on-board unit 1 is suitable for providing a
telematic traffic service such as, for example, automatic toll
collection, payment of carparks, control over the access to
restricted traffic zones, monitoring of the traffic on roads or
motorways, etc. In the continuation of the present descrip-
tion, by way of a non-limiting example, it is assumed that the
on-board unit 1 is suitable for providing an automatic toll
collection service.

[0045] As shown in FIG. 1, the on-board unit 1 preferably
comprises a radiofrequency communication module 2 suit-
able for communicating with a set of road-side devices
(RSU) which support the automatic toll collection service.
The radiofrequency communication module 2 preferably is
a DSRC (Dedicated Short Range Communication) module.
The radiofrequency communication module 2 is preferably
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provided with its own battery 21 which ensures the opera-
tion thereof even when the power supply circuit of the unit
1 (which will be described in greater detail hereinbelow)
does not function.

[0046] The on-board unit 1 preferably also comprises an
audio module 3 for allowing the audio interaction with the
user of the on-board unit 1. The audio module 3 in particular
comprises at least one microphone 31, preferably two micro-
phones 31, which allow voice commands to be received
from the user. Preferably, the audio module 3 also comprises
at least one speaker 32 which allows information in audio
format to be supplied to the user. The audio module 3 also
comprises an audio interface 33 in turn comprising a codec
331 and an amplifier 332.

[0047] In order to allow interaction between the on-board
unit 1 and the user device 5, the proximity communications
module 4 is preferably provided with a real-time operating
system 41, namely a specialized operating system for sup-
porting real-time software applications. This real-time oper-
ating system 21 may be for example Mbed OS, ITRON (The
Real-time Operating system Nucleus) OS, ThreadX OS or
FreeRTOS.

[0048] The on-board unit 1 preferably also comprises a
proximity communications module 4 for communication
with the user device 5 external to the on-board unit 1. The
proximity communications module 4 preferably is based on
a radiofrequency technology with a maximum coverage
range of a few tens of centimetres, so that the on-board unit
1 is able to communicate with the user device 5 only when
both of them are situated inside the same vehicle. For
example, the proximity communications module 4 may be a
Bluetooth module, in particular a low-energy Bluetooth
module (BLE, Bluetooth Low Energy). Optionally, an
encryption mechanism may be provided for guaranteeing the
security of the communication between the proximity com-
munications module 4 and the external user device 5.
[0049] The external user device 5 is preferably provided
with a user interface 50. For example, the external user
device 5 may be a smartphone or a table provided with a
screen or touchscreen. In order to be able to communicate
with the on-board unit 1, the user device 5 is preferably
provided with a proximity communications module (not
shown in FIG. 1) similar to that included in the on-board unit
1.

[0050] The on-board unit 1 is also preferably provided
with a data processing unit 6. The data processing unit 6
preferably cooperates with the radiofrequency communica-
tion module 2, the audio module 3 and the proximity
communications module 4 in order to manage and control
the operation of the on-board unit 1. The data processing unit
6 is preferably provided with an operating system 61 such
as, by way of a non-limiting example, Linux, Android or
QNX.

[0051] The data processing unit 6 is moreover preferably
provided with mobile connectivity (in particular 4G con-
nectivity) for connection—by means of a mobile network—
to remote apparatus such as:

[0052] centralized apparatus of the system providing
the automatic toll collection service;

[0053] remote systems which provide digital assistant
functions, such as Google Assistant™, Alexa™ or
Siri™;

[0054] remote systems, optionally also of third parties
(i.e. parties other than the provider of the automatic toll
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collection service) who provide services additional to

the automatic toll collection service.
[0055] The data processing unit 6 is also preferably pro-
vided with a geolocation engine 62 suitable for determining
the geographical position of the on-board unit 1 by inter-
acting with one or more satellite geolocation systems (for
example GPS and/or GLONASS and/or Galileo).
[0056] The data processing unit 6 is moreover preferably
suitable for executing one or more applications 63 for
providing the automatic toll collection service and additional
services, as will be explained in greater detail hereinbelow.
[0057] The on-board unit 1 optionally is provided with one
or more additional components, such as:

[0058] one or more light indicators 71. For example,
two or more differently coloured LEDs may be pro-
vided, these being used by the data processing unit 6 to
provide certain information to the user of the unit 1;

[0059] one or more sensors 72, for example an accel-
erometer, for supporting additional services such as a
virtual key, auto-calibration (where auto-calibration is
understood as meaning the capacity of the unit 1 to
calculate, during the first operating stages following
installation, the rotary-translational matrix for calculat-
ing the components of the acceleration vectors along
the axes x,y,z of the terrestrial reference system with
respect to a reference system x1,y1, z1 associated with
the position of the on-board unit 1, which may be
mounted in a position not necessarily coplanar with the
terrestrial system), crash detection, anti-theft or GPS
fraud detection (for example alteration of the GPS
signal by means of transmitters which invalidate the
signal from the satellite geolocation systems);

[0060] alow frequency (<GHz) communication module
73 for supporting additional services such as, for
example, the opening of electric gates, the reading of
any sensors present on-board the vehicle 10 (for
example tyre pressure sensors), opening of the doors
and boot of the vehicle 10, etc.;

[0061] one or more pushbuttons for allowing the user to
issue some commands to the on-board unit 1 such as a
service button 74 for activating the proximity commu-
nications module 4 and SET audio button 75.

[0062] The on-board unit 1 is also preferably provided
with a data/power supply port 8 such as a USB port.
[0063] FIG. 2 shows a front view of an on-board unit 1
according to an embodiment of the present invention. The
on-board unit 1 comprises a housing 11 inside which the
aforementioned components are housed. The housing 11
preferably has a width of between 80 mm and 100 mm (for
example, 90 mm), a height of between 60 mm and 70 mm
(for example, 64 mm) and a thickness of between 20 mm and
30 mm (for example, 26 mm). Four LEDs 71a, 715, 71c,
71d, 71d, the service button 74 and the SET audio button 75
are visible on the front surface of the housing.

[0064] The data/power supply port 8 is also visible in the
bottom part.
[0065] Considering again FIG. 1, the on-board unit 1

preferably also comprises a power supply circuit 9. The
power supply circuit 9 preferably has both a function of
providing an internal low voltage power supply for the unit
1 and a function of filtering and stabilizing an external power
supply received via the data/power supply port 8.

[0066] In particular, the power supply circuit 9 preferably
comprises a battery 91 for supplying the components of the
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on-board unit 1, in particular the proximity communication
module 4 and the data processing unit 6. The battery 91
preferably provides a predefined supply voltage. The pre-
defined supply voltage is preferably a low voltage. For
example, the predefined supply voltage may be 5 V.
[0067] Optionally, the power supply circuit 9 may also
comprise a solar panel 92. The solar panel 92 advanta-
geously allows the battery 91 to be recharged during the
daytime hours. In this way the operational autonomy of the
on-board unit 1 is advantageously prolonged.
[0068] The power supply circuit 9 preferably also com-
prises an external power supply unit 93 configured to receive
power from an external source via the data/power supply
port 8. In particular, the external power supply unit 93 is
preferably configured to convey the stabilized power supply
to the input of the on-board unit 1. In this way, advanta-
geously, a reduction in the overall dimensions of the on-
board unit 1 is obtained, owing to the presence of elements
for filtering the transient disturbances which are typical of
the external power supply from a vehicle. The external
power supply depends on the type of external source, which
may be the same vehicle 10 on-board which the on-board
unit 1 is installed or a commercial power supply unit (for
example battery charger for a smartphone). In particular, the
on-board unit 1 may be powered in three different alternative
configurations, i.e.:
[0069] fixed installation: the on-board unit 1 is con-
nected via a USB cable and adapter to the CAN bus of
the vehicle 10;
[0070] fixed installation with DIN (Digital Interface

Board): the on-board unit 1 is connected by means of

a USB cable to a DIB, in turn connected to the CAN

bus of the vehicle 10; and

[0071] mobile installation: the on-board unit 1 is con-
nected via a USB cable to a mobile external power
supply source, for example a battery charger.

[0072] The fixed installation with DIB may for example be
used when the user wishes to make use of some additional
services supported by the on-board unit 1, such as remotely
downloading the tachograph data, or downloading data for
checking compliance with the existing regulations regarding
the number of driving hours, stoppage and rest time, or
storing said data.

[0073] In any case, the external power supply voltage is
typically 12V or 24V. The external power supply unit 93 is
preferably configured to convert this external power supply
voltage of 12V or 24V into the same power supply voltage
internally provided by the battery 91, for example 5V.
[0074] The power supply circuit 9 further preferably com-
prises a power supply management unit 94, arranged
between battery 91, solar panel 92 and external power
supply unit 93, on the one hand, and components 4 and 6 to
be powered, on the other hand. The power supply manage-
ment unit 94 is preferably configured to manage the various
power supply sources of the on-board unit 1 and recharging
of the battery 91.

[0075] As described above, the software application
executed by the external user device 5 supports the interac-
tion with the on-board unit 1. This software application
preferably is configured so as to implement one or more of
the following functions:

[0076] provide the user with information relating to the
functional state of the on-board unit 1 via the user
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interface 50 of the user device 5, where the possible

functional states of the on-board unit 1 are as follows:

[0077] not powered,

[0078] powered NO GO, i.e. the on-board unit 1 is
powered but the contractual state in a given toll
collection domain is not in order, or there are mal-
functions which do not allow compliance with the
rules of the toll collection domain where it is situ-
ated;

[0079] powered GO, i.e. the on-board unit 1 is pow-
ered and the contractual and technical/functional
state of the on-board unit 1 are in order for providing
the automatic toll collection service in the toll col-
lection domain where it is situated;

[0080] powered don’t care, i.e. the on-board unit 1 is
powered, but there is a fault which prevents opera-
tion thereof;

[0081] GSM OK, i.e. mobile connectivity present;

[0082] GSM KO, i.e. mobile connectivity absent;

[0083] GSM being acquired, i.e. searching for mobile
connectivity;

[0084] GPS fix, i.e. satellite geolocation signal
detected;

[0085] GPS no fix, i.e. satellite geolocation signal not
detected;

[0086] GPS being acquired, i.e. searching for satellite

geolocation signal;
[0087] general error.
[0088] provide the user with the possibility of reading

and/or writing the configuration data of the on-board

unit 1 for the automatic toll collection service (e.g.

number of axles of the vehicle and weight class of the

vehicle); and

[0089] provide the user with access to the additional

services offered by the on-board unit 1.
[0090] If the vehicle 10 forms part of a fleet which
depends on a certain operator, the operator may also be
provided with a software application which allows them to
access remotely the on-board unit 1 by means of its mobile
connectivity, for example in order to read and/or write the
corresponding configuration data of the automatic toll col-
lection service.
[0091] Advantageously, owing to the software application
and the proximity communications module 4, the user
interface 50 of the external user device 5 basically acts as a
user interface 50 of the on-board unit 1. This advantageously
allows the user to interact more efficiently and easily with
the on-board unit 1, essentially without resulting in any
increase in the cost of the on-board unit 1 itself.
[0092] The user may in fact interact with (namely receive
information from and issue commands to) the on-board unit
1 via the interface of his/her user device 5, such as his
personal smartphone or tablet. These devices are typically
provided with relatively large size screens able to present
contents of various types (not only text) and of a certain
complexity. They also offer ways for inputting information
and commands (typically via a touchscreen) which are
extremely easy to use and familiar for the user. The user may
thus issue to the on-board unit 1 a wide range of commands
via the user interface 50 of his/her personal device, in a
simple-to-use and easy manner, irrespective as to the posi-
tion of the on-board unit inside the vehicle. Moreover, the
user may receive from the on-board unit 1 complex infor-
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mation and display it on the user interface 50 of his/her user
device 5 in a format (size and form) which may be imme-
diately read.

[0093] On the other hand, the fact of not having to provide
the on-board unit 1 essentially with any associated user
interface (display, etc.) advantageously allows the cost, the
dimensions and risk of faults to be limited.

[0094] In addition to the use of the user interface 50 of the
user device 5, the user may interact with the on-board unit
1 also by vocal means, via the audio module 3. In particular,
via the microphone 31, the user may issue to the on-board
unit 1 voice commands. Optionally, again via the audio
module 3, the user may also interact with digital assistants
(for example Google Assistant™, Alexa™ or Siri™) and
access the additional services provided by third parties
(namely parties other than the provider of the automatic toll
collection service). The audio module 3 may optionally
interact with the multimedia system of the vehicle 10 (for
example by means of the proximity communication module
4) so that the speakers thereof may be used to provide
information to the user in the form of voice messages. The
audio module 3 may for example be configured to detect the
voice print of the user for the authorization of payments (for
example carparking or fuel payments).

[0095] In addition to the external user device 5, the
proximity communications module 4 may allow communi-
cation of the on-board unit 1 with other external devices, for
example a wearable device such as a smart watch. This
allows the on-board unit 1 to implement further additional
services. For example, by means of the data received from
the wearable device it is possible to provide a service for
monitoring the health condition of the user while he/she is
driving or a service for monitoring fatigue (fatigue detection
service). If the vehicle 10 forms part of a fleet which depends
on a certain operator, the operator may be alerted by the
on-board unit 1 that the user has been affected by a sudden
illness or sleepiness, as will be described in greater detail
hereinbelow.

[0096] Some examples of interaction between the user and
the on-board unit 1 are described below.

[0097] A first example, shown schematically in FIG. 3,
refers to the case where the user wishes to receive informa-
tion from the on-board unit 1 (read operation), for example
wishes to know the number of axles used for configuration
of the automatic toll collection service on the on-board unit
1.

[0098] For this purpose, the user may directly use the
audio module 3 of the on-board unit 1 (i.e. the microphone
31), by entering a voice command such as “Tell me the
number of axles entered”. The command may be preceded
by an activation command in the form of a predefined word
or expression, for example “anyword+Telepass” or “Tele-
pass+anyword” (for example “OK Telepass™) which triggers
activation of the audio module 3.

[0099] The voice command is encoded into a stream of
digital data by the codec 331 of the audio module 3 which
the data processing unit 6 then sends via its mobile connec-
tivity to a remote system which provides digital assistant
services (e.g. Google Assistant™ Alexa™ or Siri™). The
system processes the digital stream corresponding to the
voice command and generates a corresponding instruction
for the on-board unit 1. The instruction in this case will be
an instruction for reading the number of axles set by the
memory of the on-board unit 1. The on-board unit 1 receives
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the instruction from the remote system and its data process-
ing unit 6 executes it. By means of its mobile connectivity,
the on-board unit 1 then sends the information recovered
during execution of the instruction to the remote system
which, on the basis of said information, generates a digital
data stream corresponding to the vocal response to be given
to the user. This digital data stream is received by the data
processing unit 6 via its mobile connectivity and forwarded
to the audio module 3 which, via the codec 331, converts it
into a response such as “This OBU has been set for 2 axles”
which is finally output by the speaker of the audio module
3 (or by the speakers of the multimedia system of the vehicle
10 to which the audio module 3 may be connected).
[0100] According to a variant, the voice command
encoded by the codec 331 could be managed locally by the
on-board unit 1, in particular by one of the software appli-
cations 63. In this case, the software application 63 gener-
ates locally the instruction for reading the number of axles
and, once this has been performed, generates the digital data
stream corresponding to the vocal response to be given to the
user which finally is output via the speaker of the audio
module 3 (or by speakers of the multimedia system of the
vehicle 10 to which the audio module 3 may be connected).
[0101] Although the above example relates to the number
of axles, it may also apply to the case where the user wishes
to know other information relating to the configuration of
the on-board unit 1 in connection with the automatic toll
collection service (for example weight class of the vehicle,
toll collection service domain(s) which have been config-
ured, etc.).

[0102] Similar considerations apply to the services addi-
tional to the automatic toll collection service. For example,
in the case where the vehicle 10 forms part of a fleet, using
procedures similar to the reading of configuration data of the
automatic toll collection service described above, the user
may request vocally information about an assignment,
namely instructions by the fleet operator regarding the
transport service which must be performed (assignment
destination, passage through any intermediate check-points,
etc.). This assignment information, which is obtained by the
on-board unit 1 via its mobile connectivity, may be then
supplied to the user in audio form via the speaker of the
audio module 3 of the on-board unit 1 (or via the speakers
of the multimedia system of the vehicle 10 to which the
audio module 3 may be connected).

[0103] A second example, shown schematically in FIG. 4,
refers to the case where the user wishes to change or enter
information about the on-board unit 1 (write operation), for
example wishes to change the number plate of the vehicle
used for configuration of the automatic toll collection ser-
vice on the on-board unit 1.

[0104] For this purpose, the user may in this case also use
directly the audio module 3 of the on-board unit 1 (i.e. the
microphone 31), by entering a voice command such as
“Change the number plate of the vehicle to XXYYZZ”. The
command may be optionally preceded by an activation
command in the form of a predefined word or expression, for
example of the type “anyword+Telepass” or “Telepass+
anyword” (for example “OK Telepass™) which is recognized
locally by the on-board unit 1 and triggers activation of the
audio module 3.

[0105] The voice command is encoded into a stream of
digital data by the codec 331 of the audio module 3 which
the data processing unit 6 then sends via its mobile connec-
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tivity to a remote system which provides digital assistant
services (e.g. Google Assistant™, Alexa™ or Siri™). The
system processes the digital stream corresponding to the
voice command and generates a corresponding instruction
for the on-board unit 1. The instruction in this case will be
an instruction for writing the new number plate XXYYZZ in
the memory of the on-board unit 1. The on-board unit 1
receives the instruction from the remote system and its
processing unit 6 executes it. The on-board unit 1 then sends
a confirmation as to the successful outcome of execution of
the instruction via its associated mobile connectivity to the
remote system which, on the basis thereof, generates a
digital data stream corresponding to the vocal response to be
given to the user. This digital data stream is received by the
data processing unit 6 via its mobile connectivity and
forwarded to the audio module 3 which, via the codec 331,
converts it into a response such as “The new number plate
of the vehicle is XXYYZZ” which is finally output by the
speaker of the audio module 3 (or by the speakers of the
multimedia system of the vehicle 10 to which the audio
module 3 may be connected).

[0106] According to a variant, the voice command
encoded by the codec 331 could be managed locally by the
on-board unit 1, in particular by one of the software appli-
cations 63. In this case, the software application 63 gener-
ates the instruction for writing the new number plate
XXYYZZ and, once this has been performed, generates the
digital data stream corresponding to the vocal response to be
given to the user, which finally is output by the speaker of
the audio module 3 (or by speakers of the multimedia system
of the vehicle 10 to which the audio module 3 may be
connected).

[0107] Although the above example relates to the number
plate of the vehicle, it may also apply to the case where the
user wishes to modify or enter other information relating to
the configuration of the automatic toll collection service on
the on-board unit 1, such as the toll collection service
domain(s) configured for the associated user profile, number
of axles of the vehicle, weight class of the vehicle, Euro
class, number of trailers, etc.).

[0108] Similar considerations apply to the services addi-
tional to the automatic toll collection service. For example,
in the case where the vehicle 10 forms part of a fleet, using
procedures similar to the modification of the configuration
data of the automatic toll collection service described above,
the user may provide in vocal form assignment information
to the fleet operator, for example regarding the outcome of
the assignment. This assignment information, received by
the on-board unit 1 via the microphone of the audio module
3, may then be provided by the on-board unit 1 to the fleet
operator via mobile connectivity.

[0109] The on-board unit 1 may also advantageously
provide vocal feedback via the speaker of the audio module
3 (or the speakers of the multimedia system of the vehicle 10
to which the audio module 3 may be connected) also in the
following cases:

[0110] detection of the fact that the user profile is not
suitable for the use of a given toll collection service
domain (in this case the signal may also be provided by
means of one of the LEDs 71);

[0111] detection of the fact that the on-board unit 1 and
the external device 5 are correctly associated by means
of the proximity communications module 4;
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[0112] implementation of a new additional service in
the on-board unit 1;
[0113] disconnection/connection of the power supply
cable from/to the data/power supply port 8;
[0114] incorrect fixed installation of the on-board unit 1;
[0115] recognition of the DIB (Digital Interface Board)
for supplying the on-board unit 1 by means of the CAN
bus of the vehicle 10;
[0116] FIG. 5 shows an example where the vehicle 10
forms part of a fleet, the operator of which (indicated by the
reference number 13 in FIG. 5) has a software application
which allows them to monitor the health condition of the
drivers of the fleet vehicles. The user—who is the driver of
one of the vehicles in the fleet—in this case preferably has
a wearable device 14 designed to monitor his/her health
condition (for example detect the heart beat) and commu-
nicate with the proximity communications module 4 of the
on-board unit 1. The wearable device 14 sends to the
on-board unit 1 samples for example of the user’s heart beat,
via the proximity communications module 4. The on-board
unit 1 preferably sends these samples via its mobile con-
nectivity to a remote system (not shown in the Figure) which
provides a service for monitoring the health condition on the
basis of the heart beat. In the event of anomalous conditions,
the remote system may for example send an alarm to the
on-board unit 1, which in turn forwards the alarm signal to
the operator via its mobile connectivity.
[0117] FIG. 6 shows an example where the user uses the
software application of the user device 5 to access a sur-
veillance service supported by the on-board device 1 such
that, when the vehicle 10 moves, the on-board unit 1 alerts
the user via the user interface 50 of the user device 5.
[0118] In particular, via the user interface 50, the user
activates the surveillance service on the on-board unit 1.
When this service has been activated, the on-board unit 1
monitors its own geographical position by means of its
geolocation engine 62. When it detects a change in its
position, the on-board unit 1 preferably sends an alarm
signal to the user device 5 via its mobile connectivity (it is
assumed that the user is not located on-board the vehicle 10,
but at a certain distance from it, and therefore his/her user
device 5 will not be associated with the on-board unit 1 via
the proximity communications module 4). The software
application of the user device 5 preferably sends the alarm
signal to the user via its user interface 50. The same alarm
signal may be optionally sent from the on-board unit 1 via
its mobile connectivity also to other parties, for example the
fleet operator, if present. By means of its mobile connectiv-
ity, the onboard unit 1 also preferably sends an alarm signal
to a remote system (not shown in FIG. 3) which manages the
surveillance service. This remote system preferably sends
periodically a check and confirm command to the on-board
unit 1 via which it asks the on-board unit 1 to detect its
geographical position and send it to the remote system. If
there is no response to one or more of these periodic
commands, the remote system preferably sends a new alarm
signal to the user device 5 via mobile connectivity.
[0119] FIG. 7 shows in schematic form the architecture of
the on-board unit 1 according to an embodiment of the
present invention. The architecture has the following com-
ponents:
[0120] a plurality of software applications which com-
prise the application for providing the automatic toll
collection service 63-0, plus a number n of additional
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applications 63-1, 63-2, . . . 63-r for providing the
additional services supported by the on-board unit 1;

[0121] an app manager, namely a basic software module
which presents APIs (Application Programming Inter-
faces) which allow the development of applications
which provide the additional services;

[0122] asecondary bootloader (fw/sw update manager),
namely a software module which manages the software
updates of the on-board unit 1, which the on-board unit
1 may for example receive via its mobile connectivity;

[0123] a BSP (Board Support Package), namely a soft-
ware module which presents APIs (Application Pro-
gramming Interfaces) which allow the various periph-
erals of the on-board unit 1 to be used;

[0124] a service processor, namely a microprocessor
which controls the power supply, any inertial sensors,
proximity communications modules 4, light indicators
71 and pushbuttons 74, 75; and

[0125] an application processor, namely a microproces-
sor which contains all the applications 63-0, 63-1, . . .
63-7 and which manages mainly the audio module 3,
the mobile connectivity and the geolocation engine 62.

[0126] Advantageously, therefore, owing to the proximity
communications module 4, the user interface 50 of the
external user device 5 basically acts as a user interface 50 of
the on-board unit 1. This advantageously allows the user to
interact more efficiently and easily with the on-board unit 1,
essentially without resulting in any increase in the cost of the
on-board unit 1 itself.

[0127] The user may in fact interact with (namely receive
information from and issue commands to) the on-board unit
1 via the interface of his/her user device 5, such as a personal
smartphone or tablet. These devices are typically provided
with relatively large size screens able to present contents of
various types (not only text) and of a certain complexity.
They also offer ways for inputting information and com-
mands (typically via a touchscreen) which are extremely
simple to use and familiar for the user. The user may thus
issue to the on-board unit 1 a wide range of commands via
the user interface 50 of his/her personal device, in a simple
and easy manner, irrespective as to the position of the
on-board unit inside the vehicle. Moreover, the user may
receive from the on-board unit 1 complex information and
display it on the user interface 50 of his/her user device 5 in
a format (size and form) which may be immediately read.
On the other hand, the fact of not having to provide the
on-board unit 1 essentially with any associated user interface
(display, etc.) advantageously allows the cost, the dimen-
sions and the risk of faults to be limited.

1. System comprising an on-board unit for providing a
telematic traffic service and a software application suitable
for execution by an external user device provided with a user
interface,

wherein said on-board unit comprises:

a data processing unit which executes a first software
application for providing said telematic traffic ser-
vice and at least one second software application for
providing at least one service additional to said
telematic traffic service;

a radiofrequency communication module suitable for
communicating with at least one road-side device of
a system suitable for providing said telematic traffic
service; and
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a proximity communications module suitable for com-
municating with said external user device,

wherein said software application is configured to provide

a user of said external user device, via said user
interface and said proximity communications module,
with access to said at least one service additional to said
telematic traffic service provided by said at least one
second software application.

2. System according to claim 1, wherein said on-board
unit also comprises an audio module comprising at least one
microphone and at least one speaker, said on-board unit
being configured to receive at least one voice command via
said at least one microphone and to provide information via
said speaker, said audio module being suitable for being
activated upon detection of a predefined vocal expression.

3. System according to claim 2, wherein said on-board
unit is also provided with mobile connectivity for connec-
tion to at least one remote apparatus suitable for supporting
the provision of said telematic traffic service, or of a digital
assistant function, or of said at least one additional to said
telematic traffic service.

4. System according to claim 1, wherein said on-board
unit further comprises a power supply circuit in turn com-
prising:

a battery suitable for providing a predefined supply volt-

age;

an external power supply unit configured to receive an

external power supply voltage via a port of said on-
board unit, said external power supply unit being
configured to convert said external power supply volt-
age into said predefined supply voltage; and

a power supply management unit configured to manage

use of said battery and of said external power supply
unit for supplying said on-board unit and to manage the
recharging of said battery.

5. System according to claim 4, wherein said power
supply circuit further comprises a solar panel configured to
recharge said battery.

6. System according to claim 1, wherein said on-board
unit further comprises a geolocation engine suitable for
determining the geographical position of said on-board unit
by interacting with one or more satellite geolocation sys-
tems.

7. System according to claim 1, wherein said on-board
unit further comprises one or more light indicators suitable
for providing indications to the user of said on-board unit.

8. System according to claim 1, wherein said on-board
unit further comprises a low-frequency communication
module.

9. System according to claim 1, wherein said on-board
unit further comprises one or more pushbuttons for allowing
the user to issue at least one command to said on-board unit,
said one or more pushbuttons comprising at least one service
button adapted to activate said proximity communications
module so that it connects to said external user device.

10. System according to claim 1, wherein said on-board
unit is a portable device which is removably fixable inside
a vehicle

11. System according to claim 1, wherein said on-board
unit comprises an external housing, said external housing
having a width of between 80 mm and 100 mm, a height of
between 60 mm and 70 mm and a thickness of between 20
mm and 30 mm.
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12. System according to claim 1, wherein said proximity
communications module is provided with a real-time oper-
ating system.

13. System according to claim 1, wherein said software
application is moreover configured to provide said user of
said external user device with information relating to the
functional state of said on-board unit via said user interface
of said external user device.

#* #* #* #* #*
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