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(54) In-vehicle telematics device

(57)  Anin-vehicle telematics communication device
adapted to receive telematic data from a plurality of
sources from within the vehicle, process the data to yield
vehicle state information, and adapted to transmit the
vehicle state information to external nodes, thereby en-
abling the provision of multiple services, and a method
of emergency signalling for vehicles.

: .
' . :
: 2 '
: l !
i - = '
T = :
1 1
1] 1
: o z L | :
: - - :
: o
: S S
: p :
: AR
: —is =
1 t
[ - :
Po= g :
: ~ ——== HI
: , =
H | H
: r :
5 :
! :
A P e EINE i
: :
: :
: T~
: A
: :
: :
o2 H
. :
1 ’
_ g |z ™~ _
FIG. 1

Printed by Jouve, 75001 PARIS (FR)

(Cont. next page)



EP 2 128 841 A1

403

402

FIG. 4B



1 EP 2 128 841 A1 2

Description

FIELD OF THE INVENTION

[0001] The presentinvention relates generally to com-
munications and more specifically to a novel and im-
proved telematics communication device for automotive
applications. The presentinvention alsorelates to a novel
and improved method for emergency signalling for auto-
motive applications.

BACKGROUND OF THE INVENTION

[0002] Latest developments in automotive electronics
are dealing with the automatic monitoring of the state of
avehicle, such as a car, bus, train, airplane, or any similar
vehicle. Such monitoring is based on the integration of
numerous sensors into the bodywork such that the vehi-
cle’s most important structural and functional parts may
be monitored. It is becoming of increasing interest to col-
lect a variety of information, regarding different aspects
of a vehicle, which may have different applications de-
pending on their usage.

[0003] As an example, a first level of monitoring could
be based on vehicle diagnostics, such as wheel tire pres-
sure or wear, oil or fuel liquid levels, structural integrity
measurements, or any other vehicle parameters which
give anindication as to the "health" of the vehicle in terms
of mechanics and electronics. A second level could be
based on vehicle live parameters, such as speed, aver-
age fuel consumption, driving distance left till next fuel
tank fill up, number of passengers, how many passen-
gers have their seatbelts attached, temperature at differ-
ent locations of the vehicle, or any other measurements
which give an indication of the current state of the vehicle
at any one moment in time in terms of its current usage
patterns.

[0004] Location determination is one such measure-
ment, giving an indication of the positional state of the
vehicle, which has been widely accepted by vehicle users
as an aid in route calculation and navigation. Current
positioning devices within vehicles are stand-alone units
comprising a Global Navigation Satellite Systems GNSS,
which may be bought off-the-shelf and fixed to the wind-
screen or dashboard of the vehicle at a distance easily
accessible by the driver. A disadvantage with such sys-
tems is that they provide a single functionality without
any further connectivity, either externally or with other
electronic devices inside the same vehicle.

[0005] Mostother vehicle state information is gathered
via sensors in a central controller, normally comprised
inside atelematic unit. Current telematic units collect sen-
sor data, and after some processing, display the raw data
or simple statistic information in the vehicle’s dashboard
directly. A disadvantage with these current telematic
units is also their independence from other vehicle sys-
tems as well as their lack of external connectivity.
[0006] Therefore current vehicle units do not provide
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the possibility for live periodic transmission of vehicle
telematic data to an external entity, such as a server, or
data warehouse. Furthermore, these parameters are an
example of information which belongs to the same vehi-
cle, however they are provided independently from each
other. In other words, their delivery to the user of the
vehicle is performed in a mutually independent manner.
It is therefore the user, being the driver or passenger,
which decides how to use or combine the information
being provided via a variety of sources.

[0007] Therefore there is a need to take advantage of
the synergistic effect of the combination of a variety of
vehicle statistical data, currently only available in a mu-
tually independent manner. Furthermore, there is a need
to combine location information with other vehicular data
in order to provide the users of the vehicle with location
based services, and also in order to provide location
based services which are vehicle specific. Such service
provision would be dependent on a combination of ve-
hicular state information, and vary according to the first,
second, or other levels of vehicle diagnostics provided
by the multiple sensors or electronic control units
throughout the vehicle.

[0008] One example where such information is advan-
tageous if provided in combination is in solving current
traffic problems in large urban areas. Another example
would be for vehicle manufacturers to analyse the driving
habits of their customers. Yet another example would be
for the public traffic authorities to understand why certain
"black" spots cause so many accidents.

[0009] Yetanother vital application is the transmission
of an SOS emergency signal in cases of distress, or
heavy vehicle accident, to a central node for further rout-
ing to the appropriate emergency services, such as po-
lices ambulance, fire brigade, or the like. Such a service
is being developed in several countries, and may be
known as automatic emergency call, or eCall system.
[0010] Currentcommercialised positioning units which
may be considered for use in possible eCall systems
have developed from previous positioning units in that
they incorporate external communication functionality to
a central server. The idea with these current eCall sys-
tems is that they transmit the position of the vehicle when
activated. However the disadvantage with these current
solutions is that they cannot provide any other vehicle
information to any external entity as they are limited to
transmitting only position information which has been de-
termined within the same unit.

[0011] Another disadvantage to the current eCall units
available to vehicle users is that whereas the main unit
is installed somewhere in the vehicle (central console,
central tunnel, trunk, or similar location), the antennas
for wireless communication, for example cellular, and/or
navigation service provision via a Global Navigation Sat-
ellite System GNSS, are external, installed on top of the
roof, windshield or other part of the vehicle, depending
on the specific cellular or GNSS antenna characteristics.
Hence the connection from the positioning unit to the
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antennas requires typically a long coaxial cable for each
antenna.

[0012] The choice of having an external antenna con-
nection has the advantages of good electromagnetic
characteristics, such as good transmission and reception
performance. However, on the other hand, external an-
tennas increase integration costs (cost of cabling, con-
nectors and operator installation time), as wiring cannot
be standardized (as it varies from vehicle to vehicle). Ad-
ditionally, external antennas easily suffer breakage, ei-
ther due to clipping with external objects, such as the
roof of a tunnel or garage, or due to other acts, such as
vandalism.

[0013] Another problem with current eCall units is their
dependence on the wired connection with the vehicle’s
main power supply. Since they have not been designed
with the possibility of complete loss of connectivity due
to an accident, when vehicles comprising these current
units undergo a heavy crash, the unit’'s wired connections
are severed, in addition to the whole unit being destroyed
inthe process. Therefore they would neither have electric
power, nor wired connections to the external antennas,
for emitting a distress signal after the accident. This could
have disastrous consequences in case of accidents
where the chance of survival of injured passengers de-
pends directly on the reaction time of the emergency
services.

SUMMARY OF THE INVENTION

[0014] Itis therefore an object of the present invention
to provide a solution to the above mentioned problems.
[0015] According to one aspect of the invention a
telematics communication device is provided with inter-
nal connectivity enabling the collection of telematic data
from multiple sensors and/or electronic control units
spread throughout the vehicle.

[0016] According to another aspect of the invention
control processing means are provided for determining
a state of the vehicle from the collected telematic data,
and in particular, for the determination of the state of the
vehicle after processing the multiple telematic informa-
tion in combination and synergistically, as well as the
provision of raw data directly. Location information may
be included as part of this telematic data.

[0017] According to another aspect of the invention a
telematics communication device is provided with exter-
nal connectivity enabling the notification of the vehicle
state derived from the telematic data collected and there-
fore the provision of services, in particular allowing for
the provision of services directly dependent on the state
of the vehicle, including its users.

[0018] According to another aspect of the invention, a
telematics communication device is provided with all the
antennas of the different communication modules inte-
grated within the device.

[0019] According to another aspect of the present in-
vention, a telematics communication device is provided
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with power supply means which enables the continued
operation of the device even when the wired connections
with the main vehicle power supply lose their functional-
ity, due to the vehicle being involved, for example, in a
heavy accident.

[0020] According to another aspect of the invention, a
method for emergency signalling in a telematics commu-
nication device is provided whereby an automatic emer-
gency distress signal may be transmitted to the appro-
priate emergency services even after the device has lost
all wired connectivity with the vehicle, due to the vehicle
being involved, for example, in a heavy accident.
[0021] The invention provides a method and device
thatimplements various aspects, embodiments, and fea-
tures of the invention, as described in the following.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The features and advantages of the presentin-
vention will become more apparent from the detailed de-
scription set forth below when taken in conjunction with
the drawings, in which like reference characters identify
correspondingly throughout.

Figure 1 shows a functional block diagram of an ex-
emplary in-vehicle telematics communica-
tion device according to the present inven-
tion.

depicts the inside of an exemplary in-vehi-
cle telematics communication device ac-
cording to the present invention.

depicts the housing of an in-vehicle
telematics communication device accord-
ing to the present invention.

is a graphic representation of various an-
tenna integration strategies possible ac-
cording to the teachings of the invention.
is a graphic representation of cellular an-
tenna characterization at different loca-
tions.

is a graphic representation of GNSS anten-
na characterization at different locations.
is a graphic representation of Bluetooth an-
tenna characterization at different loca-
tions.

is a graphic representation of the radiated
emissions from the vehicle in an example
GNSS band.

is a graphic representation of the radiated
emissions from the vehicle in an example
cellular band.

represents graphically the flexibility and
malleability of the housing of an exemplary
device according to the present invention.
represents graphically the modularity of the
housing of an exemplary device according
to the present invention.

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Figure 10

Figure 11
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DESCRIPTION OF THE EMBODIMENTS OF THE IN-
VENTION

[0023] From the following description, it will be under-
stood by the person skilled in the arts that although any
one preferred aspect of the invention already provides
solutions to the problems of the prior art devices and
methods, the non-obvious combination of multiple as-
pects provides additional synergistic advantageous ef-
fects over the prior art.

[0024] FIG. 1 depicts the functional block diagram of
an example telematics communication device 100. The
device 100is adapted to supporta wide range of services,
such as:

- Automatic emergency notification (eCall);
- Manual emergency notification;

- Breakdown assistance (bCall);

- Remote vehicle diagnostics;

- Toll collect;

- Pay as you drive (PAYD);

- Stolen vehicle location;

- Remote door lock/unlock;

- Fleet management.

[0025] In order to provide such wide ranging services,
numerous telematic data must be collected from different
sensors. The multiple sensor units fixed all over the ve-
hicle may transmit raw measurements to a central
processing unit. They may also be integrated within a
single module together with an electronic control unit,
where a preprocessing of measurements is performed,
in order to transmit to the central controller, or even to
other modules, data already in a state which might be
further utilised.

[0026] Example measurements could include a sub-
set from a plurality of telematic data, such as:

wheel tire pressure or wear;

- liquid levels (oil, fuel, coolant), average fuel con-
sumption, driving distance left till next fuel tank fill up;

- structural integrity measurements;

- speed, acceleration, maximum speed reached;

- number of passengers, how many passengers have
their seatbelts attached;

- temperature at different locations of the vehicle;

- airbag deployment flag as an indicator of the occur-
rence of an accident;

- window open/close, doors locked/unlocked.

[0027] The performance of the telematics device is de-
pendent on a plurality of parameters:

- wireless communication reception sensitivity;
- wireless communication transmission range;
- internal data communication;

- processing power;

- overall volume and weight;
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- ease ofintegration and installation at production line;
- accuracy of positioning system;
- availability and integrity in the positioning.

[0028] The power supply means of device 100 com-
prises a DC/DC converter 105 connected to the vehicle’s
main power supply line 101. Power supply means also
comprises an internal backup battery 104 connected to
the remaining circuitry and processing means 108 via
switch 107. Thanks to its high processing power, the unit
is able to run several services and communication tech-
nologies at the same time, and can operate as the main
telematics gateway of the vehicle.

[0029] Processing means 108 comprises means for
control processing 109 as well as means for internal com-
munications 110 with the rest of the vehicle. These two
functionalities may be comprised within the same pro-
grammable micro-controller or they may be independent
inter-connected units, as depicted via the broken line.
[0030] Control processing means 109 is adapted to
detect a loss of connectivity, via data line 106, with the
vehicle’s main power supply line 101 and therefore acti-
vate switch 107 to connect the internal backup battery
104. Such automatic detection of loss of power has the
advantage of providing service continuity in case the
telematics communication device’s connection to the ve-
hicle’s cables is lost, for example, due to a crash. There-
fore the device of the present invention can continue to
function and transmit data independently from this con-
nection, at least temporarily, for a duration of several
hours.

[0031] Such data provision continuity may be vital in
order to request the immediate assistance of emergency
services. After connectivity with the vehicle’s main power
supply line 101 is re-established, processing means 109
is adapted to recharge the internal backup battery 104
via internal recharging circuitry. Once recharged, means
109 is adapted to disconnect switch 107, thereby leaving
battery 104 ready for the next eventuality.

[0032] Means for internal communications 110 pro-
vides connectivity with multiple modules throughout the
vehicle. Each module may comprise a single sensor unit,
a single electronic control unit ECU, or a combination of
sensor and electronic control units. Therefore the internal
communications means 110 interfaces with at least one
module via data cable 102. Such connectivity is possible
as the means for internal communications implements a
data networking protocol which interfaces with similar
protocols in the different modules.

[0033] Therefore data from the sensors and/or elec-
tronic control units are routed via the vehicle cable to the
telematics communication device. This data is received
by the means for internal communications 110 and may
be further routed either as non-processed raw data, or a
combination of such information may be further proc-
essed by the control processor means 109. Whereas pri-
or art telematics units comprised a plurality of connec-
tions to multiple points within the vehicle, the number of
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external connectors in the device of the presentinvention
has been reduced to only one, the main connector of the
vehicle.

[0034] An example of one such networking protocol is
the CAN protocol for vehicle data communications. In
such example data cable 102 would be a CAN Bus, and
every module within the vehicle would comprise a CAN
communications unit connected to the CAN Bus. How-
ever any other protocol providing internal data connec-
tivity over a common communications line may be imple-
mented.

[0035] Processing means 108 is adapted to further
connect with wireless communications means via switch
111 and connection 120. Means 108 can therefore open
or close this switch depending on whether the telematics
device is to have wireless functionality or not. In the case
where the only connection of the telematics device is
intended through wireline connection, this section would
be disconnected from the means for power supply.
[0036] Wireless communication means may comprise
an internal wireless communication section and external
wireless communication sections, both functionalities be-
ing shared by a common wireless controller 114. It will
be understood by the person skilled in the art that the
two functionalities may be implemented as completely
independent units as well.

[0037] Wireless controller 114 comprises a radio fre-
quency section for long range communications and a
Bluetooth module 116 for short range communications.
A position determination module 112, comprising a Glo-
bal Navigation Satellite System as well as optional inertial
sensors, provides the additional location information in
case necessary.

[0038] Radiofrequency section comprises atleastone
transceiver for cellular communications, connected to RF
antenna 115. When more than one cellular communica-
tion protocol is being implemented, the plurality of trans-
ceivers may be implemented as a software definable ra-
dio SDR unit, sharing a common antenna. Optionally,
separate antenna units may be provided, or in combina-
tion with separate transceiver units. Common cellular
standards currently in use are based onthe GSM, CDMA,
or OFDMA standards. Optionally antenna 115 may be a
multiple input multiple output MIVIO antenna. The imple-
mentation of such a cellular unit, according to the plurality
of communication protocols, is within the scope of the
person skilled in the art and will not be further detailed
here.

[0039] Wireless controller 114 has a data connection
to processing means 108 to collect the data being pro-
vided via the wireline connection, either in raw format or
processed, in order to transmit it to vehicle-external serv-
ers, or vehicle internal modules.

[0040] Bluetooth module 116 has also the functionality
for internal data communications due to its short range
communication characteristics. Therefore it comple-
ments the internal communication means section for pro-
viding data to, and receiving from, sensors and/or elec-
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tronic control units which do not necessarily have a cable
connection via the internal data networking protocol.
[0041] This additional connectivity is especially advan-
tageous in case the standard cable connections 118 and
102 are lost, for example due to a heavy accident. In such
a situation the Bluetooth module 116, connected to the
vehicle’s speakers and microphone, would provide an
uninterrupted audio link between the passengers of the
vehicle and the operator of a central emergency service.
Such audio link is instrumental in saving lives when be
used for providing vital first aid instructions either to the
passengers themselves or to pedestrians.

[0042] Similarly, the Bluetooth module may be config-
ured to act as a backup external transmission device by
attempting to link to an on-board phone, or a passenger
phone with activated Bluetooth functionality. Periodic di-
alling of the default emergency services telephone
number would provide redundancy in attempting to notify
the appropriate emergency services.

[0043] Another advantageous example for this wire-
less connectivity is to have a Bluetooth SOS button in
the vehicle’'s dashboard. Therefore a user may still re-
quest assistance manually via the wireless connection,
even if the standard cable connection 119 is lost. The
button may also be in the form of an LED, which would
be activated in case of an accident to signal visually the
position of the SOS button.

[0044] The position determination module 112 may be
based on a plurality of location determination services.
One such system is the Global Positioning System GPS,
readily made available for use for the general public. Oth-
er systems such as GLONASS, IRNSS or COMPASS
also exist for different geographical regions in the world.
In the case of Europe the satellite-based system being
developed is the GALILEO satellite system.

[0045] The GNSS system implemented may be addi-
tionally complemented via inertial sensors located within
module 112. Inertial sensors have the functionality of im-
proving the location estimate calculated from the signals
received via the plurality of satellite transponders. In par-
ticular, they have the functionality of updating the current
location of the vehicle in the interval between the recep-
tion of different satellite signals. Therefore since the lo-
cationis constantly tracked, atany one time very accurate
position information will be available.

[0046] Dead reckoning is the process of estimating a
vehicle’s current position based upon a previously deter-
mined position, or fix, and advancing that position based
upon known speed, elapsed time, and course. Classic
schemes of Inertial Navigation Systems INS include ex-
ternal motion sensors such as gyroscopes, accelerom-
eters and other devices besides a GNSS receiver. These
sensors increase highly both the final price of the equip-
ment and the complexity of the installation into vehicles.
[0047] The telematics communication device object of
the present invention provides the innovative solution
whereby the telematic information gathered via the ve-
hicle’s data bus is used for building an INS based on
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these data. With such procedure the accuracy of the po-
sitioning service is improved in hard environments with
low satellite coverage in a cost effective and reliable man-
ner.

[0048] Relevanttelematic data, in addition to the loca-
tion information provided by the GNSS module, obtained
from the vehicle’s internal communication bus could be:

- Yaw rate provided by a gyroscope;
Differential wheel ticks;

Unified wheel ticks;

- Acceleration provided by accelerometers.

[0049] Particular advantage of this characteristic is
provided in areas where satellite coverage is blocked by
large obstacles, such as building or tunnels in urban
zones, or forest or mountains in rural zones. Therefore
location information provision will still be possible when
the vehicles are transiting through regions of low satellite
signal level reception.

[0050] Prior art positioning applications suffer from a
basiclimitationin thatthey do not guarantee service avail-
ability nor service integrity. These two aspects are indis-
pensable for the provision of a plurality of services. Serv-
ice integrity is an important component for the implemen-
tation of GNSS safety critical applications as well as for
liability-critical applications. The latter applications are
delicate in that performance problems can generate sig-
nificant legal or economic consequences when not prop-
erly identified.

[0051] The telematics communication device of the
present invention conforms to the service requirements
in order to provide the necessary guarantee to fulfil serv-
ice availability and integrity needs. This is possible due
to the integration of a Protection Level PL calculation with
each position determination. The Protection Levels cor-
respond to the radius of a plurality of circumferences cen-
tered at calculated positions. The multiple circumferenc-
es build a region where the actual calculated position is
guaranteed to a pre-determined level. The telematics
communication device of the present invention has been
designed to comply with a protection level with a proba-
bility of 99.9999%.

[0052] Protection Level analysis while designing the
device filters the wrong detections and thereby avoids
problems caused by erroneous calculations. This is es-
pecially important in liability-critical applications: for ex-
ample, in an electronic toll collect system that charges
the user depending on the number of kilometers driven
within a specific road or zone.

[0053] FIG. 2 depicts a section of the inside of an ex-
emplary telematics communication device of the present
invention. The compact design can be readily appreciat-
ed in this configuration 200. A section of the power supply
means 201 is contiguous to the internal backup battery
202. Connector 203 provides wireline connectivity be-
tween the device and the rest of the vehicle. In particular,
the telematics communication device is provided with
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electric power supply via this connector. Likewise, most
data communication and exchange with the rest of the
vehicle normally takes place via connector 203.

[0054] A particular advantage of the device of the
present invention is the complete integration of the an-
tennas from the different communication means, thereby
removing the necessity of having a long external coaxial
cable connecting the telematics device with external an-
tennas. Similarly, the antennas are protected from tam-
pering, therefore guaranteeing permanent connectivity.
The various antennas of the at least one communication
module, from the group of cellular RF, Bluetooth or GNSS
antennas, are built in such a way that they comply with
the compact limitation of the device’s housing. The inte-
grated cellular and Bluetooth antennas 205 are designed
not to be contiguous with GNSS antenna 204 in order to
minimise interference.

[0055] The integration of prior art external antennas
into such small devices is possible via the use of minia-
turized communication antennas based on space-filling
geometries or Planar Inverted F Antenna PIFA struc-
tures.

[0056] In an embodiment at least one antenna may be
a space-filling curve antenna in the form of a circuit board,
with a printed pattern based, at least in part, on specific
space-filling curve geometry. Due to the pattern fixing
process, there is no constraint that the board be flat. The
circuit board may have many different shapes and forms,
be flat or curved, spherical or conical, as long as it can
contain the copper serigraphy which will form the antenna
pattern.

[0057] The high adaptability of the pattern design al-
lows for the integration of the miniature antenna into a
wide variety of shapes. However, no matter the shape or
form of the antenna, its space-filling curve pattern is de-
signed in order to enable it to receive either GNSS sig-
nals, or receive and transmit RF signals or Bluetooth sig-
nals.

[0058] Antennas based on space-filling curves are
characterised by their self-similar repetitive designs, en-
abling to maximise their length, or increase their perim-
eter, to cover inside sections or outside structures, of the
supporting material which can receive or transmit elec-
tromagnetic signals. A space-filling curve can be de-
scribed as a curve thatis large in terms of physical length
but small in terms of the area in which the curve can be
included. Whatever the design of such space-filling curve
is, it can never intersect with itself at any point except the
initial and final point (that is, the whole curve can be ar-
ranged as a closed curve or loop, but none of the parts
of the curve can become a closed loop). A space-filling
curve can be fitted over a flat or curved surface, and due
to the angles between segments, the physical length of
the curve is always larger than that of any straight line
that can be fitted in the same area (surface) as said
space-filling curve.

[0059] The self-similar repetitive design is obtained via
a multi-scalar repetition of a pattern, or motif, and results
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in the advantageous characteristics described, among
which are its ability to operate simultaneously at a plu-
rality of frequency bands, and frequency ranges, as well
as providing the possibility of integration. The inconven-
ience of the long coaxial cables connecting external an-
tennas with the telematics unit of the prior art is solved
by providing at least one antenna with a highly compact
pattern. This characteristic enables the space-filling
curve antenna to be implemented in an exceptionally
small surface area, allowing it to be integrated within a
single housing.

[0060] The space-filling curve pattern may be printed
on a standard copper printed circuit board. An example
of such a board would be the thin FR4 PCB (example
dimensions: 35um Cu, 0.2mm thick) as well as other sup-
ports which offer a good compromise between ease of
assembling, flexibility, cost and dielectric properties. As
supports for the copper either blended plastic films,
Moulded Interconnected Device MID technology, cartons
or flex-film may be used. Other materials which offer the
advantageous feature during integration of flexibility are
ceramic-based materials. The antenna may be integrat-
ed into the device by attaching it via clips or heatstaking
it to the device.

[0061] One example of how a space-filling curve an-
tenna may be designed is following the Hilbert geometry
as it offers a very high degree of miniaturisation. Conse-
quently, it also offers good integration characteristics in-
side the device. The Hilbert geometry allows for a variety
of designs where different patterns vary in complexity
and degree in which the space of the antenna is filled.
The overall effect is to change the antenna’s effective
length and therefore electromagnetic properties.

[0062] As can be seen from FIG. 4 various designs
exist offering a good compromise between performances
and integration power. FIG 4A depicts the front cover
401, the back cover 403 and the printed circuit board 402
of an exemplary device according to the present inven-
tion, where the antennas are assembled in the PCB. FIG.
4B depicts the PCB 402 with the pattern printed 420 on
the board. FIG. 4C depicts the pattern printed on a flexible
plastic film 430, which may then be fixed on any surface
of the housing or the board. FIG. 4D depicts the integra-
tion of the antennas 440 using MID technology.

[0063] However other antenna geometries exist which
offer the advantages of high degree of miniaturisation.
Antenna patterns may be designed by using the Koch
geometry or the Meander geometry. Further miniaturisa-
tion may also be achieved via the use of a PIFA config-
uration, consisting on connecting two parallel conducting
sheets, said sheets separated either by air or a dielectric,
magnetic or magnetodielectric material, said sheets con-
nected through a conducting strip near one of the sheets
corners and orthogonally mounted to both sheets. The
antenna is fed through a coaxial cable, said coaxial cable
having its outer conductor connected to first sheet, being
the second shit coupled either by direct contact or capa-
citatively to the inner conductor of said coaxial cable.
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[0064] Antennas may also be designed as a conduct-
ing arm, part of the arm being shaped as a space-filling
curve, or as a miniature microstrip patch antenna, part
of said antenna being shaped as a space-filling curve,
based on any of the abovementioned geometries. An-
tennas may also be formed as a superposition of two
conducting sheets. These conducting sheets may have
a space-filling curve pattern designed on them, or they
may have a gap shaped as a space-filling curve.

[0065] The various patterns are carefully designed in
order to provide a good compromise between antenna
performance and degree of integration. The correct
choice while designing the geometry of the antenna will
depend on a number of factors, as well as finally affect
the performance of a number of parameters of the an-
tenna 100. Among these factors and parameters are an-
tenna size, its relative gain, electromagnetic radiation
patterns, impedance characteristics, degree of flatness
or curvature, frequency range of operation, antenna ef-
ficiency, specific absorption rate and polarization.
[0066] It is to be understood that the advantageous
features of the preferred embodiments of the present in-
vention are equally applicable to other types of antennas
such as, IFA, monopole, dipole, coupled monopole, or
loop antennas, and the person skilled in the art is able
to apply the miniaturisation and integration teachings de-
scribed to space-filling curves and PIFA antennas to any
combination of antennas.

[0067] The antennas depicted in FIG. 2 are located
inside the housing of the telematics device. However the
at least one antenna may be also integrated on the ex-
terior of the back cover. In either configuration the shape
of the antenna’s board is chosen to fit in with the rest of
the components.

[0068] The advantages of integrating the miniature an-
tenna within the same housing as the remaining compo-
nents are readily apparent, as the pattern may be also
designed to optimise its fit in relation to the remaining
components, following the constraints of the printed cir-
cuit board size, area and forms, as can be appreciated
from FIG. 4D. When integrated within the housing the
antenna pattern is designed to be located substantially
along the outer perimeter of the communications device
or of the antenna’s PCB, in order to maximise its irradi-
ating characteristics and minimise the interference and
electromagnetic coupling of other electronic modules.
The antennamay also be designed to be integrated either
in parallel to the PCB or perpendicular to it. Either way,
or even at any other angle, the advantages of flexibility
while designing the pattern exist in order to achieve the
advantages of highest integration and lowest interfer-
ence reception.

[0069] FIG. 3 depicts the housing of an exemplary
telematics communication device of the present inven-
tion. Device 300 is designed to be embedded inside ve-
hicles and be able to operate in extreme situations, for
example, after a heavy accident, where most of the ve-
hicle’s integrity has been compromised. Even after the
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whole vehicle’s mechanic structure has been destroyed,
device 300 is able to operate in order to transmit, for
example, an SOS emergency signal with the necessary
telematic information.

[0070] Device 300 comprises a housing 301, wherein
all the different components providing the advantageous
aspects of the invention are integrated, and a connector
302, for connecting the various data cables to the internal
vehicular data network and the power line to the vehicle’s
main power supply.

[0071] All the components of the telematics communi-
cation device are integrated in a compact manner result-
ing in a discrete small telematics box. Such device can
be positioned inside the vehicle in remote locations, such
as in vehicle zones protected by the vehicle’s own struc-
ture. Such positioning safeguards the telematics com-
munication device’s integrity best in situation of heavy
collision. Therefore the correct internal componentlayout
design within housing 301 provides the advantage of flex-
ibility while installing the device inside the vehicle, and
allows it to be placed in the safest less accident-prone
zones.

[0072] Such placement of the telematics communica-
tion device has the additional advantage whereas impor-
tant components will not be easily accessible for by-pas-
sers. In particular, it will be very difficult to steal such a
device, tamper with it, and therefore extra protection
against vandalism is provided.

[0073] These advantages may be obtained also by de-
signing the housing of the telematics communication de-
vice in order to provide it with a degree of flexibility to fit
the shape and form of the place within the vehicle where
it will be lodged. Such flexibility may be provided by build-
ing the housing from an inherently flexible and mouldable
material, which once placed within the vehicle, may be
solidified into place, for example through heating, or via
a chemical reaction, or the application of electricity. FIG.
10A depicts an example housing of a device before fitting
into the vehicle, and FIG. 10B depicts the housing con-
formed to the spacing of the vehicle. Such procedure
would enable the device to be fitinto non-uniform spaces,
around or in-between existing objects, therefore optimis-
ing space occupation as well as overall protection, due
to the shaping of the flexible part 1001 of the structure.
Either the whole structure or part of it may be made con-
formable.

[0074] The housing of the device itself may also be
designed to comprise at least two inter-connected mod-
ules 1101, 1102, as in FIG. 11, wherein the connection
1103 is made from a thin flat flexible material or cable.
Antenna elements could be placed in one of these mod-
ules, whereas other electronic components, usually big-
gerin size, could be placed in other modules. Depending
on the overall size and layout of the internal components,
the telematics communication device could comprise
two, three or more of these modules electrically and phys-
ically connected with each other so that the device may
be fit into a free space within the vehicle even in difficult
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to reach zones, or spaces with a not well defined shape,
for example, around or in-between other components
and objects, such as pipes, or vehicle mechanical parts.
The modularity of the device’s structure provides the flex-
ibility during placement, and allows finding the optimal
place and orientation for the antenna elements inside the
vehicle.

[0075] A combination of these integration strategies is
also possible. The housing could be designed to be mod-
ular, as in FIG. 11, and have at least one flexible malle-
able module 1102. Such a combination would maximise
the integration capabilities of the device in non-accessi-
ble zones, therefore increasing its security against theft
and structural deformations due to heavy crashes.
[0076] The small size of the device allows it to be
placed in more accessible locations as well. Such neces-
sities may arise in order to extend the possibilities of in-
tegration and vehicle-dependent customisation, espe-
cially when the main vehicle parts have already been
mounted, and the less accessible regions are not an op-
tion for device placement anymore. More common loca-
tions where the telematics communication device may
therefore be placed are for example under the dash-
board, inside the glovebox, inside the central console, or
inside the trunk.

[0077] In general terms, the smaller the volume the
easier its integration inside the vehicle. In an exemplary
device according to the present invention the device has
approximate dimensions which do not exceed 120mm x
65mm x 35 mm. Moreover, its design can be customized
in several forms and shapes in order to fit inside places
with very different dimensions and configurations inside
the vehicle bodywork.

[0078] The device’s integrity is further safeguarded by
the correct choice of materials for the housing 301. Spe-
cial plastic polymers may be chosen which provide the
housing with extra mechanical strength, which in turn will
result in a device 300 less prone to damage when under
stress. Example materials may be based on glass fibre
reinforced polyamides, or polypropylene with talc. The
shape and form of housing 300 is also so designed to
improve the crash-resistant characteristics of the
telematics communication device 300. The resulting
compact and robust electronic and mechanical design is
able to withstand the stresses and G-forces present in
an accident scenario.

[0079] In order to provide the exemplary device with
an even higher resistance to heavy loads and pressure,
existent in vehicle crash scenarios, the space within the
housing of the telematics device may be filled with a so-
lidifying material, such as silicon or resin, so that after
solidification extra strength is provided to the walls of the
device in addition to the increase in device integrity.
[0080] Dynamic scenarios have been simulated in or-
der to determine the stresses and G-forces applied to
the unitin case of vehicle crash when installed in several
vehicle locations. The material of the packaging has been
selected to provide the best mechanical behaviour while
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maximizing antenna performance.

[0081] These integrated antennas may also be opti-
mized for performance by choosing the correct place-
ment of the device inside the vehicle. Since the resulting
telematics communication device object of the present
invention comprises complex communication circuitry
and a plurality of electronic modules, thorough integration
studies have to be performed to find out the best location
for the device in order to guarantee correct operation
while maximizing the performance of the device.

[0082] The main design guidelines in order to achieve
optimised overall system performance depend on a com-
bination of the placement of the components within the
device as well as the placement of the device inside the
vehicle. This combination of placements should take into
account that in order to optimise performance, an itera-
tive procedure optimising several parameters is neces-
sary, whereby the different antennas:

- should have a good reference plane (ground plane);

- should be placed as far away as possible from any
metallic elements;

- should be placed as far away as possible from any
source of radiated noise, or capacitative coupling.

[0083] Additionally, the GNSS antenna could be
placed in such manner to have as much a direct view of
the sky as possible. A view angle of approximately 170°
is recommended. The use of other sources of information
to aid in location determination in case GNSS reception
is compromised should not be discarded.

[0084] In order to achieve such optimised perform-
ance, athorough integration study is normally necessary.
The vehicle normally has bodywork with metal based
components which attenuate GNSS signal reception and
introduce undesirable reflected signals received by the
antenna, commonly known as multipath components.
Moreover, metal and plastic components attenuate both
cellular and Bluetooth signal reception and reduce the
transmission range of the device. Furthermore, the
telematics communication device should be installed in
aplace where it can continue to operate after an accident.
[0085] The combined optimisation of all these different
factors results in a non-obvious iterative procedure yield-
ing the optimal placement for the device inside the vehi-
cle. Due to all these different complexity factors, and due
tothe fact that every vehicle is different, such optimisation
has to be done on a case by case basis.

[0086] Such thorough integration study may be based
in part on simulations and tests performed to measure
antenna performance in different locations for the differ-
ent modules, such as GNSS, cellular and Bluetooth. FIG.
5is a graphic representation of different electromagnetic
properties of the communication modules in different
placements (glove box, dashboard), with different types
of antennas (PIFA, radio PIFA, monopole) operating at
different frequencies (920 Mhz, 1795 MHz). FIG. 6 is a
similar graphic representation of the GNSS module per-
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formance at different angular elevations, whereas FIG.
7 depicts the case for the Bluetooth module.

[0087] Interference caused by emissions in the same
frequency band is commonly known as in-band noise.
Measurements aimed at characterising the in-band noise
of the GNSS module is depicted in FIG. 8, and in FIG. 9
for cellular communications. The correct antenna design,
integration within the housing and placement of the de-
vice within the vehicle is a compromise between all these
different characterisation patterns.

[0088] Therefore a discrete crash-tolerant telematics
communication device for integration inside vehicles has
been described which is able to transmit complex vehicle
state information avoiding the use of any external anten-
nas. Such transmission enables the provision of services
which are tuned specifically to the state of the vehicle at
the instant of telematic information compilation. The ve-
hicle state information may include, in particular, vehicle
positioning information, thereby enabling the provision
of location based services dependent on the remaining
telematic parameters of the vehicle.

[0089] A method of telematic communication is there-
by enabled not possible in prior art positioning units or
telematic units. The vehicle incorporating the telematics
communication device of the present invention will be
able to collect a variety of sensor data, and processed
information from a variety of electronic control units, and
periodically transmit the information to an external com-
munication node connected to a server or database.
[0090] The information from multiple vehicles may op-
tionally be used by traffic authorities to monitor country-
wide traffic parameters. The information may optionally
be used by vehicle manufacturers in order to monitor the
state of the vehicle and use this information as feedback
in the design process and improvement of the vehicles.
The information may optionally be used by private service
providers pushing information to the vehicle’s display
modules informing the driver and/or passengers not only
of services available in the vicinity of the vehicle, such
as restaurants or hotels, but more specifically, informa-
tion linked to the current state of the vehicle. In the case
it is detected the tyre pressure or the fuel level is low, the
route to the next service station may be indicated. If the
telematics data is indicative of a vehicle manufacturer
specific problem, the next manufacturer service station
may be indicated.

[0091] If the device’s control processing means de-
tects a state of anomalous functioning of the vehicle after
having combined a plurality of telematic data from differ-
ent sensors, a data and audio link with a service station
may be provided, where an operator located in a remote
location may have access directly to the telematic data
in order for it to be analysed by a technician understand-
ing the details of vehicle mechanics and electronics. In
such a situation an overall diagnostic as to the severity
of the malfunction may be given and the appropriate ac-
tions to be followed proposed.

[0092] Such telematic data need not be limited only to
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vehicle specific information, but since sensors will be in-
stalled throughout the vehicle passenger compartment,
even various health monitoring schemes may be installed
either as a standard procedure, or for passengers with a
medical record, live monitoring of the vital signs.

[0093] This guaranteed transmission of vehicle state
information to emergency services during periods of ve-
hicle anomalous functioning is advantageously available
without interruption even after a heavy accident. A meth-
od of emergency signalling in a telematic communication
device is thereby enabled not possible in prior art posi-
tioning units or telematic units.

[0094] When the device detects a continuous worsen-
ing of the vehicle state, or a driver’s state, due to the
telematic information being read and processed, or a
sudden variation in telematic levels being monitored in-
dicative of a major change in the state of the vehicle, or
due to loss of functionality of the main wired data con-
nection, or any such similar information indicative of an
accident, the telematics communication device is still en-
abled to transmit an SOS emergency signal requesting
the immediate assistance by emergency services, such
as ambulance, police, or fire brigade. The autonomous
power supply means provides continued electric power,
enabling the continued functioning of the remaining com-
ponents. The external communication means periodical-
ly transmits an emergency signal including the latest
telematic data, be it either from the vehicle or its passen-
gers, to a central emergency service center. This data
may comprise current telematic data available via the
internal communication means if any wireless connection
is still available, and may also comprise an audio link so
that an operator may either provide instructions as to first
aid help, or just reassure the people involved in the ac-
cident.

[0095] Inchain accident scenarios involving a plurality
of vehicles, gathering a centralised picture of this sce-
nario, including data such as number of vehicles, number
of passengers involved, if any are old people, children,
or people which requires special medical attention, is vital
for providing the best optimised emergency services.
[0096] After the accident, the plurality of telematic data
collected may be analysed by the appropriate traffic au-
thority intending to find out the causes of the accident, in
order to prevent such a situation from happening again.
[0097] Therefore, the telematics communication de-
vice of the present invention provides a variety of advan-
tageous characteristics amongst them the increased se-
curity of vehicle transit.

[0098] It is to be understood to the skilled person in
the art that the disclosure of the various embodiments of
the invention is intended as non-limitative preferred ex-
amples and realisations of the inventions, and therefore
features of different embodiments may be readily com-
bined within the scope of the general inventive concept
described.

[0099] The various logical blocks, modules, and cir-
cuits described in connection with the embodiments dis-
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closed herein may be implemented of performed with a
general purpose processor, a digital signal processor
(DSP), and application specific integrated circuit (ASIC),
a field programmable gate array (FPGA), or other pro-
grammable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination
thereof designed to perform the functions described. A
general-purpose processor may be a microprocessor,
but in the alternative, the processor may be any conven-
tional processor, controller, microcontroller, or state ma-
chine.

[0100] The methods or algorithms described may be
embodied directly in hardware, in a software module ex-
ecuted by a processor, or a combination of the two. A
software module may reside in RAM memory, flash mem-
ory, ROM memory, EPROM memory, EEPROM memo-
ry, registers, hard disk, a removable disk, a CD-ROM, or
any other form of storage medium known in the art.
[0101] The previous description of the disclosed em-
bodiments is provided to enable any person skilled in the
art to make or use the present invention. Various modi-
fications to these embodiments will be readily apparent
to those skilled in the art. Likewise, the generic principles
disclosed herein may be applied without departing from
the spirit or scope of the invention. Therefore, the present
invention is not intended to be limited by the embodi-
ments disclosed but to be accorded the widest scope
consistent with the principles and the novel features dis-
closed herein.

[0102] Those skilled in the art should appreciate that
the foregoing discussion of one or more embodiments
does not limit the present invention, nor do the accom-
panying figures. Rather, the present invention is limited
only by the following claims.

Claims

1. A telematics communication device for vehicles,
comprising:

power supply means;

means for internal data communications with at
least one module of the vehicle;

means for control processing adapted to deter-
mine a state of the vehicle based on data re-
ceived from the at least one module of said ve-
hicle; and

means for external communications for trans-
mitting at least one signal including the vehicle
state information.

2. The telematics communication device of claim 1,
wherein the device is placed inside the vehicle, fur-
ther comprising a connector for electrically connect-
ing the device with the vehicle.

3. The telematics communication device of claim 2,
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wherein the different means are integrated within a
single housing.

The telematics communication device of claim 3,
wherein the signal may be an audio signal, a light
signal or an electromagnetic signal, or a combination
thereof.

The telematics communication device of any of the
preceding claims, wherein the means for internal and
external communications comprise respectively at
least one antenna integrated with and/or within the
housing of the device and wherein the at least one
antenna is one of the group of space-filling curve
antenna, or multilevel structure antenna.

The telematics communication device of claim 5,
wherein the at least one antenna is from the group
of Planar Inverted F Antenna PIFA, or Inverted F
Antenna IFA, or monopole antenna, or dipole anten-
na, or coupled monopole antenna, or loop antenna,
or microstrip patch antenna.

The telematics communication device of claim 5,
wherein the at least one antenna is adapted to have
a pattern located substantially along the outer pe-
rimeter of the communication device, or adapted to
substantially fill the central part of the antenna, or
the outer diameter, or a combination thereof, and
wherein the pattern follows the Hilbert geometry or
Koch geometry or Meander geometry, or a combi-
nation of any geometry allowing its integration.

The telematics communication device of any of the
preceding claims, wherein the atleast one integrated
antenna is integrated within the housing of the de-
vice, orinside its back cover, or a combination there-
of, and may be placed at any angle to the printed
circuit board of the telematics communication de-
vice.

The telematics communication device of any of the
preceding claims, wherein the power supply means
comprises

a connection to the main vehicle power supply; and
at least one internal backup battery adapted to be
activated when the main vehicle power supply, or
the connection to the main vehicle power supply, fails
to operate.

The telematics communication device of claim 9,
wherein the at least one internal backup battery is a
rechargeable battery adapted to be recharged when-
ever connected to the main vehicle power supply.

The telematics communication device of any of the
preceding claims, wherein the means for internal da-
ta communications is based on a standard vehicular
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protocol for data networking and wherein the device
is in communication with the at least one module via
the means for internal data communications.

The telematics communication device of any of the
preceding claims, wherein the at least one module
comprises at least one sensor unit or at least one
electronic control unit ECU, or a combination thereof,
located in or around the engine, doors, wheels, mo-
tor, seats, windshield, windows, antennas, electronic
devices, cables, driving wheel, axis, or any other
component of the vehicle, and the vehicle state in-
formation comprises information from the at least
one module.

The telematics communication device of any of the
preceding claims, wherein the means for external
communications comprises at least a radio frequen-
cy RF module based, for instance, on cellular com-
munication protocols over the GSM or CDMA air in-
terface.

The telematics communication device of any of the
preceding claims, further comprising means for po-
sition determination based on cellular techniques or
via a global navigation satellite system GNSS posi-
tioning protocol, wherein the position determination
antenna is also integrated within the housing of the
device, and the signal with the vehicle state informa-
tion comprises also vehicle location information.

The telematics communication device of claim 14,
wherein the means for position determination com-
prises at least one inertial sensor, and is adapted to
update the location of the vehicle using information
from the at least one module even during temporal
absence of any cellular or satellite positioning infor-
mation.

The telematics communication device of any of the
preceding claims, wherein the means for control
processing is adapted to automatically detect a state
of anomaly, emergency or crash, based on data re-
ceived from the at least one module, and notify the
means for external communications for transmitting
at least one emergency signal and/or establish an
audio link with an emergency control center.

The telematics communication device of claim 16,
wherein the state of emergency of the vehicle can
also be triggered manually by the user by means of
the activation of an emergency button.

The telematics communication device of any of the
preceding claims, wherein the housing comprises a
flexible module or at least two flexibly interconnected
modules permitting relative movement between
them, thereby allowing the housing to be placed with-
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in a free space inside the vehicle conforming to non-
uniform structures and spaces around and in-be-
tween other vehicle components.

The telematics communication device of any of the
preceding claims, wherein the housing is at least
partly, or fully, made of a flexible mouldable material
adapted to be solidified by heating, by a chemical
reaction or by electricity, and wherein the solidifying
stepis applied after the device has been placed with-
in a free space inside the vehicle conforming to non-
uniform structures and spaces around and in-be-
tween other vehicle components.

The telematics communication device of any of the
preceding claims, wherein the housingis partly made
of special plastic polymers, such as glass fibre rein-
forced polyamides, or polypropylene with talc, and
the physical characteristics of the device, such as
shape and form, have been designed to withstand
the mechanical stresses in case of crash of the ve-
hicle.

A method of emergency signaling for vehicles in a
telematics communication device, the method com-
prising the steps of:

determining a vehicle emergency state by a con-
trol processing means based on data received
from at least one module via means for internal
communications;

transmitting at least one signal including infor-
mation about the vehicle state via means for ex-
ternal communications;

wherein the transmitting step may still be per-
formed even if the wired connections of the de-
vice to the vehicle lose their functionality.
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