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Description

[0001] The present invention relates to a vehicle, in
particular a road vehicle, comprising a system that is
optimized for transceiving data and configured in parti-
cular to operate in the 5G frequency band.

[0002] In the description that follows, by way of a
possible example of a vehicle, reference will be made
to an automobile without thereby intending in any way to
limit the realization of the present invention in the form of
other types of road vehicles, such as for example buses,
trucks, commercial vehicles, etc.

[0003] Asisknown, the use of so-called "infotainment"
systems on board vehicles, such as automobiles (or
cars), is widespread. In fact, vehicles currently on the
road integrate many services ranging from entertain-
ment, for example audio and/or television, to telephony,
todriving assistance, with a view to ensuring ever greater
travel safety and comfort for users.

[0004] Consequently, the data traffic that vehicles hap-
pen to be transceiving has assumed ever increasing
proportions, thus requiring the implementation of ever
faster and more reliable communication systems.
[0005] Inthisregard, vehicles are also impacted by the
on board use of the most recent so-called 5G commu-
nication system, to which millimeter-wave (mmW) fre-
quency bands have been allocated.

[0006] Clearly, for the appropriate functioning of the
communications one of the fundamental components for
the proper transceiving of data is represented by anten-
nas which are usually subject to problems related to the
attenuation of signals due to propagation in free spaces
or the presence of obstacles.

[0007] Such problems are particularly accentuated in
the millimeter-wave frequency bands and even more so
in the case of vehicles where the structure of the vehicle
itself and the materials used, such as the metal body-
work, happen to be shielding. In these conditions, de-
pending on the installation of the antenna on a vehicle
and its position during travel, the quality of the data
communication with the base radio stations external to
the vehicle may prove to be unsatisfactory or it may in any
case be necessary to adopt on board the vehicle antenna
configurations that are as redundant as possible. In the
latter case, however, the overall cost of the communica-
tion systems increases, in addition to there being instal-
lation problems, in particular on board automobiles
where the space available for the antennas is limited.
[0008] US 2020/185819 A1 discloses an antenna sys-
tem which is installed on a vehicle and comprises a first
antenna system having a plurality of first antenna ele-
ments disposed within a structure mounted in the vehicle,
to perform Multi Input Multi Output (MIMO), and a second
antenna system having a plurality of second antenna
elements attached to side surfaces of a polyhedron dis-
posed within the structure, to perform beamforming.
[0009] US 2018/288672 A1 discloses a vehicle-
mounted millimeter-wave communication device which
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includes an acquisition unit for acquiring a relay request
that requests relay of communication from a first com-
munication partner, a detection unit for detecting direc-
tions of the first communication partner and a second
communication partner that are viewed from the vehicle,
and a communication control unit for performing control
such that, in the case where the relay request is received
from the first communication partner and it is possible to
communicate with the second communication partner,
communication, in which a communication time longer
than a communication time set for another direction is set
for each of the directions of the first communication
partner and the second communication partner, is per-
formed, and communication between the first commu-
nication partner and the second communication partner
is relayed.

[0010] EP 1612954 A2 discloses a vehicle which has a
transmitting/receiving component for transmitting infor-
mation, operation data and/or commands to a nearby
vehicle or to nearby compartment of same vehicle,
wherein the component operates at range of 20-70 Giga
hertz. The component that is designed as a high fre-
quency radio antenna is integrated into a lens and/or
clear-view screen of a frontal illumination device and/or
signal device.

[0011] DE 102013021819 A1 discloses a radar device
for a motor vehicle, with a vehicle light for illuminating the
motor vehicle surroundings, and with a radar sensor for
detecting target objects located in the surroundings. The
radar sensor has an antenna unit that is arranged in a
housing interior of the vehicle light, for emitting/receiving
electromagnetic radar waves. A controller activates the
antenna unit and is arranged outside the housing interior
of the vehicle light. The radar sensor has a connecting
unit via which the controller is electrically coupled to the
antenna unit through a housing wall of the housing.
[0012] WO 2021/133408 A1, representing a prior right
under Article 54(3) EPC, discloses a vehicle having
antennas elements which include antennas arrays that
can support various communication technologies and
can be integrated into different components or subcom-
ponents of the vehicle.

[0013] The main object of the present invention is to
mitigate these problems, and in particular to offer a
solution that makes it possible to find an appropriate
balance between the requirement to adequately cover
the signal transceiver field around the vehicle and the
need for an optimized number of antennas.

[0014] This main object, as well as any other objects
which will emerge more clearly from the description that
follows, are achieved by a vehicle, in particular a road
vehicle, such as an automobile, as defined in claim 1.
[0015] Particular embodiments constitute the subject
matter of the dependent claims, the content of which is to
be understood as an integral part of the present descrip-
tion.

[0016] Further characteristics and advantages of the
invention will become apparent from the detailed descrip-
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tion that follows, set forth purely by way of non-limiting
example, with reference to the attached drawings, in
which:

Figure 1 schematically illustrates one possible strati-
graphic embodiment of a millimeter-wave antenna
installed on board the vehicle according to the pre-
sent invention;

Figures 2 to 8 schematically illustrate portions of
some layers that are usable in the antenna shown
in Figure 1;

Figure 9 schematically illustrates a block diagram of
a data transceiver system installed on board the
vehicle according to the invention;

Figure 10is atop view that schematically illustrates a
vehicle according to the invention;

Figure 11 is a detail that schematically illustrates a
millimeter-wave antenna installed in a headlight as-
sembly of a vehicle according to the invention.

[0017] Itshould be notedthatinthe detailed description
thatfollows, components that are identical or similar, from
a structural and/or functional standpoint, may have the
same or different reference numerals, regardless of
whether they are shown in different embodiments of
the present invention or in distinct parts.

[0018] It should also be noted that, in order to clearly
and concisely describe the present invention, the draw-
ings may not necessarily be to scale and some charac-
teristic features of the description may be shown in a
somewhat schematic form.

[0019] Furthermore, where the terms "adapted", or
"organised ", or "configured", or "shaped", or " set ", or
any similar term may eventually be used in the present
document, with reference being made to any component
in its entirety, or to any part of a component or a combina-
tion of components, it is to be understood that it refers to
and correspondingly includes the structure and/or con-
figuration and/or form and shape and/or positioning.
[0020] In particular, when these terms refer to electro-
nic hardware or software means, they are to be under-
stood as including circuits or parts of electronic circuits,
as well as software/firmware, such as for example algo-
rithms, routines and programs in general, that may be
running and/or residing in any storage medium.

[0021] Inaddition, where the term "substantial" or "sub-
stantially" is used herein, it is to be understood as includ-
ing an actual variation of plus or minus 5% relative to what
indicated as the reference value, axis or position; and
where the terms "transverse" or "transversely" are used
herein, they are to be understood as including a direction
that is not parallel to the reference part or parts or direc-
tion(s)/axes to which they refer, and perpendicularity is to
be considered as a specific case of transverse direction.
[0022] Finally, in the description and in the claims that
follow, the ordinal numerals first, second, et cetera, will be
used for purposes of illustrative clarity and in no way
should they be construed as limiting for any reason
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whatsoever; in particular, the indication for example, of
a "first layer", or of a first "first sublayer...", does not
necessarily imply the presence or the stringent require-
ment, in all the embodiments, of a further "second layer"
or "second sublayer" or vice versa, unless this presence
is clearly evidentfor the proper operation of the described
embodiments, nor that the order is to be identical to the
sequence described with reference to the illustrated ex-
emplary embodiments.

[0023] Figure 10 schematically illustrates a vehicle
according to the invention, indicated by the reference
numeral 100, in which a system for transceiving data is
installed on board the vehicle itself; an exemplary embo-
diment of this system for the transceiving of data is
illustrated in Figure 9 and indicated therein by the overall
reference numeral 200.

[0024] Usefuly, the system 200 installed on board the
vehicle 100 comprises at least one first set of millimeter-
wave antennas 1 for the transceiving of data in the 5G
frequency band, in particular with frequencies equal to or
greaterthan 20 Ghzand up to 100 GHz, and in which, with
respect to an imaginary first plane E and an imaginary
second plane F that are perpendicular to each other and
that virtually divide the vehicle 100 into four quadrants A,
B, C, D, the said at least one first set of millimeter-wave
antennas 1 comprises at least four antennas 1, which are
each installed in a corresponding quadrant of the said
four quadrants A, B, C, D, and an embodiment of which is
illustrated in Figures 1-8.

[0025] Depending on the dimensions of the vehicle,
these four quadrants A, B, C and D may be substantially
identical to or different from each other, and the planes E
and F are to be considered to be drawn, for example, in a
manner such as to include the two corresponding direct
centre-line axes one along the line joining front-rear of the
vehicle, and the other along the line joining the lateral
sides of the same.

[0026] In any case, at least the two front quadrants A
and B are to be considered identical to each other and the
two rear quadrants C and D are also to be considered
identical to each other.

[0027] The millimeter antennas 1 may be substantially
identical to each other or, depending on the require-
ments, it is possible to simultaneously use millimeter
antennas that are different from each other in construc-
tion.

[0028] In particular, and as will become apparent in
more detail from the description that follows, at least one
of the four millimeter-wave antennas 1 used, preferably
each of them, comprises at least one radiating element
14, and is arranged in the respective quadrant A, B, C, D
in a manner so that between the at least one radiating
element 14 and the surface external to the vehicle 100
towards which irradiation is to occur or from which signals
are to be received, there are interposed one or more
surfaces of non-metallic material and having a coefficient
of loss (also referred to as dissipation factor "tan 5" and
equal to the ratio between the active power and reactive
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power absorbed by the material) lower than 0.1.

[0029] Inonepossible embodiment, atleastone of said
four millimeter-wave antennas 1 is arranged to be coin-
cident with a left front headlight or headlight assembly
101 or right front headlight or headlight assembly 102, or
with a left rear taillight or taillight assembly 103 or right
rear taillight or taillight assembly 104.

[0030] Inone possible embodiment, atleast one of the
said four millimeter-wave antennas 1 is arranged to be
coincident with one of the front or rear doors 112 of the
vehicle 100. In this configuration, the atleast one antenna
1 may be integrated into the structure of a side bumper
109 (emphasized in Figure 10 for greater clarity of illus-
tration) applied externally to the corresponding door 112,
or may be arranged in the interspace defined between a
side bumper 109 and the associated door 112.

[0031] Inparticular, according to one possible embodi-
ment illustrated in Figure 10, among the four antennas 1:
a first antenna 1 is arranged to be coincident with a left
front headlight 101 or left front headlight assembly 101 of
the vehicle 100; a second antenna 1 is arranged to be
coincident with a right front headlight 102 or right front
headlight assembly 102 of the vehicle 100; a third anten-
na 1 is arranged to be coincident with a left rear taillight
103 or left rear taillight assembly 103 of the vehicle 100;
and a fourth antenna 1 is arranged to be coincident with a
rightrear taillight 104 or right rear taillight assembly 104 of
the vehicle 100.

[0032] Alternatively, according to one possible embo-
diment represented in Figure 10 with broken lines,
among the four antennas 1, for a vehicle 100 equipped
with four side doors 111, afirstantenna 1 is arranged to be
coincident with a side bumper 109 mounted on the left
front door 112; a second antenna 1 is arranged to be
coincident with a side bumper 109 mounted on the right
front door; a third antenna 1 is arranged to be coincident
with a side bumper 109 mounted on the left rear door 112;
and afourth antenna 1 is arranged to be coincident with a
side bumper 109 mounted on the left front door 112.
[0033] Clearly, in the vehicle 100 according to the
invention it is possible to implement a combined config-
uration in which, among the four millimeter-wave anten-
nas 1, one or more antennas 1 are mounted to be coin-
cident with headlights or headlight assemblies, and one
or more of the remaining antennas 1 are mounted to be
coincident with side bumpers 109.

[0034] A preferred embodiment of at least one of the
millimeter-wave antennas 1 is illustrated in Figures 1-8.
[0035] Inparticular, the antenna 1 comprises a contain-
ment casing, schematically illustrated in Figure 1 by the
reference numeral 2, which houses inside it all or at least
part of the components of the antenna. This containment
casing 2 is for example made of plastic material and is
conveniently mounted integrated on the reflector of a
corresponding front headlight or headlight assembly, or
rear taillight or taillight assembly of the vehicle 100, for
example as illustrated in Figure 11 for the right front
headlight assembly 102.
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[0036] Inthis possible embodiment, the antenna 1 may
be substantially integrated into the structure of the asso-
ciated head/taillight assembly, with its own containment
casing 2 which is inserted in a suitable housing formed in
the body of the reflector of the associated head/taillight or
head/taillight assembly 101, 102, 103 and 104, in a
manner such that its external surface, which faces the
environment external to the vehicle 100, is substantially
coplanar with the surface of the reflector itself.

[0037] Analogously, the antenna 1 can be substantially
integrated into the structure of the associated side bum-
per 109, with its own containment casing 2 which is
inserted in a suitable housing formed in the body of the
bumper, for example in a manner such that its external
surface, which faces the environment external to the
vehicle 100, is substantially coplanar with the external
surface of the side bumper itself.

[0038] Inthe vehicle 100 accordingtotheinvention, the
four antennas 1 are connected, for the purposes and
functionalities that will be described in detail below, to a
first control unit 210 that is installed on the vehicle in a
remote position distant from the antennas 1, and is con-
nected to the antennas 1 by means of corresponding
connection cables 211 which may be coaxial or digital
type cables depending on the applications.

[0039] As illustrated in Figure 1 and Figure 9 (in the
latter Figure, for only one antenna 1 for simplicity of
description) each antenna 1 comprises, arranged inside
the casing 2:

- a multilayer structure 5;

- an RF (Radio Frequency) front-end module 3 which
comprises a circuitry for managing the signal trans-
mitted or received by the radiating element 14 and,
where present, the beamsteering/beamforming
functionalities, which may be implemented with the
analogue, or digital, or hybrid digital/analogue meth-
od; and

- acontrolinterface 4 for connecting the antenna 1toa
corresponding connection cable 211.

[0040] For simplicity of illustration, in the example
schematically illustrated in Figure 1, the RF front-end
module 3 has been represented as a separate module
that is connected to the multilayer structure 5. Clearly,
depending on the applications, the RF front-end module
3 could be connected to the multilayer structure in this
configuration, or it could be integrated therewith, in the
form of further additional layers and/or by using some of
the layers of the multilayer structure 5 described below,
such as for example one or more of the layers 40, 60, 70
and 80.

[0041] In more detailed terms, the multilayer structure
5 comprises a plurality of layers stacked vertically along
the reference direction indicated in Figure 1 by the re-
ference axis X, the said multilayer structure including at
least:



7 EP 4 047 743 B1 8

- an upper outer layer 10;

- afirstinner layer 20 arranged below the upper outer
layer 10;

- asecondinnerlayer 30 arranged below and adjacent
to the first inner layer 20; and

- afurtherlayer40 arranged below and adjacent to the
second inner layer 30.

[0042] In particular, in the possible embodiment illu-
strated in Figures 1 and 2, the upper outer layer 10
comprises at least a first dielectric sublayer 12, for ex-
ample made from ROGERS RO4350B material, and a
plurality of first radiating elements 14 suitable for being
fed with and radiating the signals to be transmitted.
[0043] The first radiating elements 14 are made of
electrically conductive material, for example copper,
and are arranged spaced apart from each other on the
first dielectric sublayer 12 substantially aligned in se-
quence along a reference horizontal axis Y that is per-
pendicular to the axis X.

[0044] The first radiating elements 14 are preferably
substantially identical to each other and each have a
radiating area or surface "A1" measured in a plane
transverse to the axis X, that is to say in the plane of
the layer itself. For simplicity of illustration, this radiating
areais clearly indicated in Figure 2 with oblique lines only
for one radiating element 14.

[0045] In the illustrated exemplary embodiment, the
first radiating elements 14 are of the type more precisely
referred to as "patches", according to the nationally and
internationally used term, with each having a substan-
tially regular geometrical configuration, for example
square or rectangular or circular.

[0046] In the embodiment illustrated in Figure 1, the
upper outer layer 10 has a second sublayer 18, also
referred to hereinafter as the first bonding sublayer 18,
for example made from ROGERS R04450 material,
which is capable of enabling bonding of the upper outer
layer 10 in its entirety with the layer of the plurality of
layers immediately there-below. This first bonding sub-
layer 18 has a first thickness S1.

[0047] According to one possible embodiment illu-
strated in Figure 1, and for the purposes which will be
described in more detail below, the multilayer structure of
the antenna 1 usefully comprises another inner layer 15,
illustrated in Figure 3, which is bonded to the first bonding
sublayer 18, and is therefore interposed between the
upper outer layer 10 and the first inner layer 20.

[0048] Alternatively, in one possible embodiment, the
first inner layer 20 may be arranged immediately below
and directly bonded in its upper part to the first bonding
sublayer 18; in this case the further layer 15 is not used.
[0049] As illustrated in Figures 1 and 4, the first inner
layer 20 comprises at least an own first sublayer of
conductive material 22, constituted for example of a
copper foil, which is arranged on an own second sublayer
of dielectric material 26. This second sublayer of dielec-
tric material 26 may be prepared in a manner such as to
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have adhesive properties and enable bonding with the
layer of the plurality of layers immediately there-below,
thatis to sayinthe illustrated exemplary embodiment with
the second inner layer 30, or it may be combined with
some adhesive material added so as to enable it to
adhere to the subsequent layer.

[0050] Usefully, the first inner layer 20 comprises a
plurality of through slots 24, having for example a U or
C shaped form, which pass through the first sublayer of
conductive material 22 and the second sublayer of di-
electric material 26 and are suitable for conveying, to-
wards at least the plurality of first radiating elements 14,
the feeding signals to be radiated originating from the
lower layers of the antenna 1 which will be described
below.

[0051] In particular, in the antenna 1 according to the
invention for each first radiating element 14 there is
provided at least one corresponding slot 24 operatively
associated thereto; with reference to the substantially
vertical direction indicated in Figure 1 by the axis X, each
through slot 24 is provided on the firstinner layer 20 in an
underlying position corresponding to the position of the
associated first radiating element 14 on the upper outer
layer 10.

[0052] Preferably, with reference to the vertical direc-
tion represented by the axis X, each slot 24 extends over
the upper horizontal surface of the first inner layer 20 in a
manner such that at least one end portion thereof is
outside a virtual area obtained by projecting vertically
(along the direction of the axis X) onto the firstinner layer
20 itself the radiating surface "A1" of the associated first
radiating element 14 or alternatively by projecting, again
vertically, each slot 24 onto the first inner layer 20.
[0053] In one possible embodiment, as illustrated in
the example of Figure 4, for each first radiating element
14 there is provided an associated pair of through slots
24, the two through slots 24 of each pair being formed on
the first inner layer 20 in an underlying position corre-
sponding to the position on the upper outer layer 10 of the
associated first radiating element 14.

[0054] In the illustrated exemplary embodiment, the
two slots of each pair of through slots 24, having for
example a C or U shaped form, are arranged substan-
tially perpendicular to each other.

[0055] Also in this case, with reference to the vertical
direction represented by the axis X, each slot 24 extends
over the upper horizontal surface of the firstinner layer 20
in a manner such that at least one end portion thereof
extends outside a virtual area obtained by projecting
vertically onto the first inner layer 20 itself the radiating
surface "A1" of the associated first radiating element 14
(or alternatively by projecting, again vertically, each slot
24 onto the first inner layer 20).

[0056] Furthermore, atleaston thefirstinnerlayer20a
plurality of metallised holes 29 passing through the sub-
layers 22 and 26 is defined.

[0057] As illustrated in Figures 1 and 5, the second
inner layer 30, which is attached above the sublayer 26,
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comprises atleast an own first dielectric sublayer 32 (also
referred to as third dielectric sublayer 32 to better distin-
guishitfrom the dielectric layers described previously) on
which there is arranged a plurality of conductive lines 34,
constituted for example of copper strips, that are suitable
for conducting the feeding signals to be radiated at least
towards the plurality of first radiating elements 14.
[0058] In particular, at least one corresponding con-
ductive line 34 is associated with each radiating element.
[0059] Inone possible embodiment, the third dielectric
sublayer 32 acts as a bonding layer and therefore has
adhesive properties or includes adhesive material in
order to enable bonding with the layer of the plurality of
layers immediately below the inner layer 30, that is to say
in the exemplary embodiment illustrated with the further
layer 40.

[0060] In particular, the third dielectric sublayer 32,
which may be made of or comprise for example ROGER
R0O4450 material, has an overall thickness S2 equal to or
greater than the thickness S1 of the first bonding layer 18;
in this manner, an improvement in the adapting or
"matching" of the signals is advantageously obtained.
[0061] According to the embodiment illustrated in Fig-
ure 5, the plurality of conductive lines 34 comprises for
each first radiating element 14 a corresponding pair of
conductive lines 34 associated therewith, and having for
example shapes that differ from each other.

[0062] More in detail, according to this embodiment,
each pair of conductive lines 34 comprises a first con-
ductive line 34a, formed for example by a copper strip
having a substantially rectilinear development, that is
capable of transmitting to the corresponding first radiat-
ing element 14 the feeding signals to be radiated in a first
direction of polarisation, and a second conductive line
34b, for example formed by an L-shaped copper strip,
that is capable of transmitting to said corresponding first
radiating element 14, the feeding signals to be radiated in
a second direction of polarisation which is different from
the first direction. These directions may coincide for
example with the direction along the reference axis Z
and the direction along the reference axis Y, illustrated in
Figure 5.

[0063] Furthermore, also the third inner layer 30 com-
prises metallised holes 29 that pass through its sublayers
34 and 32 and are vertically aligned each with a corre-
sponding metallised through hole 29 formed on the first
inner layer 20.

[0064] Conveniently, each conductive line 34 extends
overthe plane of the sublayer 32 with the metallised holes
29 being arranged along both the edges of an associated
conductive line 34 and replicating the path of the line
itself.

[0065] Furthermore, in one possible embodiment illu-
strated in Figure 5, the conductive lines 34a and 34b of
adjacent pairs of lines 34 are arranged in a mutually
inverted sequence relative to each other. Furthermore,
each line may be flipped to mirror-image or by 180° in the
plane of the layer 30 itself, relative to the analogous
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preceding line.

[0066] More in detail, with reference to a direction of
displacement along the axis Y, starting from the outer
transverse edge 31 in a position corresponding to the
positioning on the upper outer layer 10 of the first radiat-
ing element 14 arranged closest to the leftedge 11, on the
inner layer 30 there is arranged: firstly, the first strip 34a
that is capable of transmitting to the associated first
radiating element 14 the feeding signals to be radiated
inthe first direction of polarisation; and then successively,
the second conductive line 34b that is capable of trans-
mitting to the same first radiating element 14 the feeding
signals to be radiated in the second direction of polarisa-
tion. Continuing along the direction Y, coincident with the
position of the subsequent first radiating element 14 on
the upperouterlayer 10, onthelayer 30, there is arranged
the second pair of conductive lines 34a and 34b, with the
sequence being inverted and each line 34a and 34b
being flipped by 180° relative to the analogous line of
the preceding pair. In practice, proceeding along the axis
Y, there is firstly the second conductive strip 34b, that is
capable of transmitting to this subsequent radiating ele-
ment 14 the feeding signals to be radiated in the second
direction of polarisation, which is arranged with the L-
shaped form flipped by 180° in the plane of the layer 30
relative to the analogous second line 34b of the preceding
pair of lines; then, there is arranged the first line 34a
(again flipped to mirror-image or by 180° relative to the
analogous first line 34a of the preceding pair) that is
capable of transmitting to the same subsequent radiating
element 14 the feeding signals to be radiated in the first
direction of polarisation. The inversion of the positioning
order between the first strip 34a and the second strip 34b,
with any relevant flipping relative to the analogous lines of
the preceding pair, is regularly repeated at each subse-
quent radiating element 14 relative to the preceding one.
[0067] Furthermore, in one possible embodiment, one
or more of the conductive lines 34, preferably all of them,
comprise each at least one section of line derived in
parallel along the corresponding conductive line 34, pre-
ferably arranged to be coincident with the transition zone
which in the exemplary embodiment happens to be close
to the outer edge of the layer, but which in general could
be found within a wider layer, and in particular to be
coincident with a transition of a radiofrequency signal,
capable of shifting the signal itself onto a different layer of
the antenna, without introducing significant losses. This
derived section makes it possible to artificially introduce
alterations that serve to further enhance the so-called
"matching" of the signal transition zones.

[0068] This derived section of line may be constituted,
for example, by a further portion of strip, and is illustrated
in Figure 5 by the reference numeral 34c only for one pair
of conductive lines 34 for the sake of simplicity of descrip-
tion.

[0069] As illustrated in more detail in Figure 6, the
further layer 40, which is arranged below and is adjacent
to the second inner layer 30, comprises at least an own
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first sublayer of conductive material 42 (hereinafter also
referred to as second conductive sublayer 42 so as to
distinguish it from the preceding sublayer 22), constituted
for example of a copper foil, which is arranged on an own
second dielectric sublayer 46 (hereinafter also referred to
as fourth dielectric sublayer 46 so as to distinguish it from
the previously described dielectric layers).

[0070] The fourth dielectric sublayer 46 as well may be
made directly from a material having adhesive properties
or be combined with added adhesive material.

[0071] In particular, the further layer 40 has defined
thereon a plurality of first through openings 44 passing
through its sublayers 42 and 46.

[0072] More in detail, with reference to the substan-
tially vertical direction indicated in Figure 1 by the axis X,
each of said first through openings 44 is formed on the
layer 40, and in particular on the sublayer of conductive
material 42, in a position corresponding to the position of
at least one associated through slot 24 of the plurality of
through slots 24 defined on the first sublayer of conduc-
tive material 22 of the first inner layer 20.

[0073] Conveniently,inone possible embodiment, with
reference to the operation of the antenna 1 at the nominal
operating frequency, each first through opening 44 deli-
mits an area of through-passage "B", measured trans-
versely relative to the reference axis X, which is substan-
tially equal to at least 12/4, that is to say at least a quarter
of the square of the wavelength A measured in the di-
electric material formed by the entire assembly of the
third dielectric sublayer 32 immediately above the sub-
layer of conductive material 42 and the fourth dielectric
sublayer 46 immediately below the sublayer of conduc-
tive material 42.

[0074] Forthe sake of simplicity in illustration, in Figure
6 the area of through-passage "B" has been represented
with oblique lines only for one opening 44.

[0075] In this manner, the presence of through open-
ings 44 formed in particular on the sublayer of conductive
material 42, which acts as a ground plane, substantially
prevents the presence of reflection effects which would
affect the quality of the signals transmitted, while provid-
ing for optimized overall dimensions and low costs as
compared to different solutions aimed at tackling the
same problem.

[0076] Furthermore, in the illustrated exemplary em-
bodiment, also the further layer 40 comprises metallised
holes 29 which pass through at least its sublayer 42 and
are arranged on parallel rows that are each aligned with a
corresponding metallised through hole 29 formed on the
first inner layer 20 and on the second inner layer 30.
[0077] As previously mentioned, in one possible em-
bodiment, the multilayer structure of the antenna 1 ac-
cording to the invention usefully includes at least one
further inner layer, denoted in Figures 1 and 2 by the
reference numeral 15 which is interposed between the
upper outer layer 10 and the firstinner layer 20, and is in
particular bonded to the first bonding layer 18 there-
above.
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[0078] Inthe embodimentillustrated, the innerlayer 15
comprises at least an own dielectric sublayer 17, here-
inafter also referred to as a further dielectric sublayer 17,
whichis also made forexample from ROGERS RO4350B
material, and a plurality of second radiating elements 16
arranged spaced apart from each other and suitable for
being fed with and radiating the signals to be transmitted.
[0079] In the embodiment illustrated in Figure 1, the
inner layer 15 also comprises a further bonding sublayer
19, for example made from ROGERS R04450 material,
which is capable of enabling the bonding of the innerlayer
15 to the underlying first inner layer 20.

[0080] The second radiating elements 16 are made of
electrically conductive material, for example copper, and
are arranged spaced apart from each other on the further
dielectric sublayer 17, substantially aligned along the
reference axis Y.

[0081] Inparticular, relative to the substantially vertical
reference direction indicated by the axis X, each second
radiating element 16 is placed below and substantially
aligned, at a certain distance, with a corresponding first
radiating element 14.

[0082] In this case, associated with each second ra-
diating element 16 there is atleast one conductive line 34,
in particular at least the same conductive line 34 that is
associated with the corresponding first radiating element
14 positioned there-above.

[0083] In the illustrated embodiment, each radiating
element 16 is associated with a pair of conductive lines
34a and 34b; as a consequence thereof, each pair of
conductive lines 34 is associated both with a correspond-
ing second radiating element 16 as well as with the first
radiating element 14 arranged above said corresponding
second radiating element 16.

[0084] The second radiating elements 16 are prefer-
ably substantially identical to each other and each extend
over a radiating area or surface "A2" (for simplicity of
illustration clearly indicated in Figure 1 with oblique lines
only for one radiating element 16) and in the illustrated
embodiment they are also of the so-called "patch" type.
[0085] In the illustrated embodiment, each second ra-
diating element 16 has a geometric configuration that is
substantially regular, for example square, rectangular or
circular.

[0086] Conveniently, the second radiating elements 16
have each a respective radiation area A2, the latter also
measured on a plane transverse to the axis X, that is at
most equal to or preferably less than the radiation area A1
of each of the first radiating elements 14.

[0087] In practice, the presence of the further layer 15
provided with the second radiating elements 16 makes it
possible to appropriately widen the range of operating
frequencies of the antenna 1 according to the invention.
[0088] Preferably, with reference to the vertical direc-
tion represented by the axis X, also in this case each slot
24 extends over the upper horizontal surface of the first
inner layer 20 in a manner such that at least one end
portion thereof is outside a virtual area obtained by
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projecting vertically onto the further inner layer 15 itself
the radiating surface "A2" of the associated second ra-
diating element 16 (or alternatively by projecting, again
vertically, each slot 24 onto the further inner layer 15).
[0089] For illustrative purposes, this end portion of
each slot 24 is represented only in Figure 3 in broken
line obtained by virtually projecting the slots 24 onto the
layer 15. As previously described, an analogous config-
uration occurs in respect of at least one end portion of the
slots 24 spilling out of the radiation areas A1 of the first
radiating elements 14, even if this illustration has not
been replicated in Figure 2 for simplicity.

[0090] According to further possible embodiments, the
multilayer structure of the antenna 1 may include one or
more further layers.

[0091] In particular, in the exemplary embodiment of
Figure 1, there are for example illustrated a first additional
layer 60 (hereinafter indicated as the third inner layer 60),
a second additional layer 70 (hereinafter indicated as the
fourth inner layer 70), and a third additional layer 80
(hereinafter indicated as the lower outer layer 80).
[0092] However, it has to be understood that, accord-
ing to the applications, in the antenna 1 according to the
invention, itis possible to use only one of such additional
layers, only two, e.g. the firstand second additional layers
60 and 70, or the first and third additional layers 60 and
80, or the second and third additional layers 70 and 80, or
allofthem as it will be described in the following according
to the exemplary configuration depicted in figure 1.
[0093] The first additional or third inner layer 60 is
arranged below and is adjacent to the further inner layer
40, for example bonded to the fourth dielectric sublayer
46.

[0094] In one possible embodiment, and as illustrated
in Figures 1 and 7, the third inner layer 60 comprises an
own first sublayer of conductive material 62 (hereinafter
also referred to as third conductive sublayer 62 so as to
distinguish it from the preceding conductive sublayers 22
and 42) which is made for example from a copper foil in
order to bring the feed voltages to the control chips of the
antenna 1 and is arranged on an own second dielectric
sublayer 66 (hereinafter also referred to as fifth dielectric
sublayer 66 so as to distinguish it from the previously
described dielectric layers) made from a material having
adhesive properties or combined with some added ad-
hesive material.

[0095] On the innerlayer 60 there is defined a plurality
of second through openings 64, which pass through the
third conductive sublayer 62 and the fifth dielectric sub-
layer 66; these second through openings 64, in terms of
number and shape thereof, are preferably substantially
identical to the first through openings 44, with each of
them being substantially aligned with a corresponding
first through opening 44 relative to a substantially vertical
reference direction defined by the axis X.

[0096] In one possible embodiment, also on the third
inner layer and in particular only on the third conductive
sublayer 62 there is defined a plurality of metallised
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through holes, not shown in Figure 7, analogous to the
through holes 29 indicated above, which are also ar-
ranged so as to be aligned each with a corresponding
metallised through hole 29 formed on the first inner layer
20 and on the further inner layer 40.

[0097] Inthiscase,the through holes also pass through
the dielectric layer 46 and, seen along the vertical direc-
tion defined by the reference axis X, when the structure of
the antenna 1 is assembled, form a plurality of through
channels that start from the first sublayer of conductive
material 22 and terminate in the third sublayer of con-
ductive material 62, as schematically illustrated in
dashed line in Figure 1.

[0098] Alternatively, these channels formed by the
vertically aligned through holes 29 may terminate at
the second sublayer of conductive material 42.

[0099] In case there is used only this first additional
layer 60, it will constitute the lower outer layer of the
antenna 1, i.e. the layer located at the lowest position
of the stack of layers used.

[0100] In the embodiment illustrated in figure 1, the
fourth inner sublayer 70 is arranged below and is adja-
cent to the third inner layer 60, for example bonded to the
fifth dielectric sublayer 66.

[0101] In one possible embodiment, and as illustrated
in Figures 1 and 8, the fourth inner layer 70 comprises at
least an own first sublayer of conducting material 72
(hereinafter also referred to as fourth conducting sub-
layer 72 so as to distinguish it from the preceding con-
ducting sublayers 22, 42 and 62), which is made for
example from a copper foil that acts as a ground plane,
and is arranged on an own second dielectric sublayer 76
(hereinafter also referred to as sixth dielectric sublayer 76
so as to distinguish it from the preceding dielectric sub-
layers) having adhesive properties.

[0102] On the fourth dielectric sublayer 72 there is
defined a plurality of third through openings 74; these
third through openings 74, in terms of number and shape
thereof, are preferably substantially identical to the first
through openings 44, with each of them being substan-
tially aligned with a corresponding first through opening
44 relative to a substantially vertical reference direction
defined by the axis X.

[0103] In practice, once the various layers of the an-
tenna have been assembled to each other, the first
through openings 44, are substantially aligned, along
the vertical development of the multilayer structure, with
the second through openings 64, and/or with the third
through openings 74.

[0104] In particular, in the embodiment of figure 1, the
first through openings 44, the second through openings
64, and the third through openings 74 are substantially
aligned with each other along the vertical development of
the multilayer structure.

[0105] Incase thereis used only the second additional
layer 70, i.e. the first additional layer 60 is not used, the
second additional layer 70 will be arranged below and
adjacent to the further inner layer 40 and it will constitute
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the lower outer layer of the antenna 1, i.e. the layer
located at the lowest position of the stack of layers used.
The second additional layer 70 will also constitute the
lower outer layer of the antenna 1 if both the first and
second additional layers 60 and 70 are used.

[0106] According to the embodiment illustrated in fig-
ure 1, the third additional layer or lower outer layer 80 is
arranged below the fourth inner layer 70 and comprises
one or more connection tracks, schematically illustrated
in Figure 8 by dashed lines 82. These connection tracks
are for example constituted of copper traces arranged
coincident with the face of the dielectric sublayer 76
opposite to that on which the conducting sublayer 72 is
arranged. The connection tracks 82 are capable of being
connected with one or more chips (not illustrated) for
control and/or conditioning, for example for phase shift-
ing or amplification, of the feeding signals to be radiated
for at least the plurality of first radiating elements 14 and,
where used, also for the second radiating elements 16.
[0107] If the first and second additional layers 60 and
70 are not used, the third additional layer 80 will be
arranged below and adjacent to the further inner layer
40, and if the second additional layer 70 is not used, the
third additional layer will be arranged below and adjacent
to the first additional layer 60.

[0108] In any case, the third additional layer 80 is
preferably meant to constitute the lower outer layer of
the antenna 1.

[0109] In one possible embodiment, the antenna 1
further comprises at least one first series of parasitic
radiating elements 11 and a second series of parasitic
radiating elements 13 arranged on at least the said upper
outer layer 10, in particular arranged on the first dielectric
sublayer 14. As illustrated in Figure 2, the parasitic ra-
diating elements 11 and 13 are arranged so as to be
aligned along two rows that are parallel to each other with
the plurality of first radiating elements 14 interposed
between them.

[0110] The series of parasitic radiating elements 11
and 13 serve to ameliorate the conformation of the irra-
diation beams of the transmitted signals.

[0111] Furthermore, two further series of parasitic ra-
diating elements may also be associated with the second
radiating elements 16, where used; in this case, in a
manner analogous to that which has been described
above, these further parasitic radiating elements may
be arranged on the sublayer of conductive material 17
along two parallel rows with the row of second radiating
elements 16 interposed between them.

[0112] Advantageously,inthe vehicle 100 according to
the invention, the first control unit 210 of the system 200 is
configured in a manner so as to select, in real time, at
least one millimeter antenna 1 from among the four
antennas 1 to which it is connected, from which the
signals picked up at the input to the vehicle 100 are to
be received, or to which signals to be radiated externally
outside the vehicle 100 are to be transmitted, on the basis
of one or more parameters indicative of the quality of the

10

15

20

25

30

35

40

45

50

55

signal picked up at the input or transmitted at the output
by each of the four millimeter antennas 1.

[0113] Usefully, the first control unit 210 is configured
so as to select one single antenna 1 at a time, or to
combine the signal received from multiple antennas 1
by means of digital or analogue methodologies, such as
for example applying techniques including antenna array
or diversity or MIMO ("Multiple Input - Multiple Output), of
various types (amplitude and/or phase mixing of multiple
signals performed in analogue or digital mode via Digital
Signal Processing or DSP).

[0114] Inone possible embodiment, the selection of an
antenna 1 is done by detecting the signal level (Received
Signal Strength Indicator - RSSI) of each antenna 1 and
choosing the antenna which provides the highest signal
level (with the highest power).

[0115] In the embodiment illustrated in Figure 9, the
first control unit 210 comprises a signal processor 212,
such as for example a modem, connected to a control
interface 214 for connecting the first control unit 210 to
the various connection cables 211.

[0116] In the event that the connections between the
first control unit 210 and the antennas 1 are effected via
coaxial cables 211, the control interface 4 of each anten-
na 1 comprises for example a frequency converter 4A
and a control device 4B.

[0117] The frequency converter 4A, which is con-
nected to the RF front-end module 3 and to the control
device 4B, converts an input data signal at millimeter
frequencies received by at least one of the radiating
elements 14, 16 into a data signal at a first intermediate
frequency for example between 1 GHz and 6 GHz (de-
pending on the signal bandwidth) and converts an output
data signal, originating from the signal processor 212 at
the first intermediate frequency or at another frequency
belonging to the same band of frequencies, into a data
signal at millimeter frequencies in order to be transmitted
by at least one radiating element 14, 16.

[0118] On the same coaxial cable 211, it is possible to
convey, in addition to the input and output data signals
originating from and directed to the frequency converter
4A, also control signals originating from the signal pro-
cessor 212 for controlling the frequency converter 4A and
the RF front-end module 3 respectively.

[0119] In its turn, the control interface 214 of the first
control unit 210 comprises a control device 216 which
communicates with the control device 4B of each anten-
na 1, in order to conduct the control signals over the same
coaxial cable 211 over which are transmitted the input
and output data signals converted to the firstintermediate
frequency.

[0120] In this embodiment, the control device 216
comprises for example an UP (type) frequency converter
that is capable of converting the control signals to a
second intermediate frequency that is different from
the first intermediate frequency, for example comprised
in the interval 0.1GHz and 1GHz.

[0121] The control device 216 of the control unit 210
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further comprises one or more transceivers 226 for con-
verting the control signals originating from the signal
processor 212 into the second intermediate frequency.
[0122] Initsturn, the control device 4B of the antenna 1
comprises for example a DOWN frequency converter
that is capable of converting the control signals from
the second intermediate frequency to a lower frequency
in order to be able to control the frequency converter 4A
and the RF front-end module 3. In particular, the control
device 4B of each antenna 1 interprets the control signals
and consequently acts on the associated frequency con-
verter 4A and RF front-end module 3; to this end, the
control device 4B comprises for example a transceiver
(not shown in detail in the Figures) that converts the
signals from the second intermediate frequency and a
logic device, such as a microcontroller or an Application
Specific Integrated Circuit (ASIC) or a Field Program-
mable Gate Array (FPGA) (also not shown in detail in the
Figures).

[0123] Furthermore, in this embodiment, in order to
electrically power the antennas 1 through the same
coaxial cables 211 over which the data and control sig-
nals pass, the control unit 210 and each antenna 1
comprise respective power supply blocks (not illustrated
in detail in the Figures) that communicate with each other
through the respective coaxial connection cable 211.
[0124] The control interface 214 comprises a plurality
of DA/AD converter units 217, in which each DA/AD
converter unit 217 is connected to a respective antenna
1 and comprises for example at least one analogue to
digital converter (AD) and one digital to analogue con-
verter (DA).

[0125] In practice, in reception, the millimeter-wave
data signal picked up at the input by at least one radiating
element 14, 16 of an antenna 1, is amplified and routed
over a correct path by the corresponding RF front-end
module 3 towards the signal processor 212. In particular,
the millimeter-wave data signal picked up at the input is
sentto the frequency converter 4B which convertsitto the
first intermediate frequency in order to feed it onto the
associated coaxial cable 211. This cable 211 transports it
to one of the A/D converters of the converter unit 217
which digitizes the signal received and sends it to the
signal processor 212.

[0126] Intransmission, the signal processor 212 emits
the output data signal in a digital format, and at least one
DA converter of the unit of converters 217 converts it from
digital to analogue at a first intermediate frequency.
[0127] The output data signal at the first intermediate
frequency is transmitted over at least one coaxial cable
211 and arrives at a frequency converter 4A of at least
one antenna 1 which converts it to millimeter frequencies.
The output data signal at millimeter frequency is ampli-
fied and routed by the respective front-end 3 to at least
one radiating element 14, 16 which transmits it into the
air.

[0128] The control signals are generated by the signal
processor 212 and are sent to the control device 216
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which converts them to a second intermediate frequency
and feeds them into one or more of the coaxial cables
211. The control signals at the second intermediate fre-
quency then arrive at least at one control device 4B of an
antenna 1 and are converted to a lower frequency sui-
table for controlling the associated frequency converter
4A and RF front-end module 3.

[0129] In the event that the connection between the
antennas 1 and the first control unit 210 is realized
through digital cables 211, for example Ethernet cables,
the control interface 4 of each antenna 1 additionally also
includes a DA/AD converter unit 4C comprising a digita-
I/analogue (DA) converter and an analogue/digital (AD)
converter designed to render the analogue signals sui-
table for digital transmission and vice versa.

[0130] Inthis case, the control device of each antenna
1 is for example capable of inserting into the flow of the
input data signal also a signal for diagnosing its status.
The control device 214 of the control unit210is capable of
inserting into the flow of the output data signal also the
control signals that serve to drive for each antenna the
frequency converter 4A, the RF front-end module 3, and
the DA/AD converter unit.

[0131] The control device 4B of each antenna is cap-
able of separating the output data signal from the control
signals. The control device 214 of the unit 210 is capable
of separating the input data signal from the diagnostics
signal.

[0132] For this purpose, the control device 4B of each
antenna 1 comprises digital transmission controllers,
serialisers/deserialisers that are capable of encapsula-
ting/decapsulating and digital signals and a computing
unit (for example a microcontroller, ASIC or FPGA) for the
management of the devices of the antennas 1, and the
control device 214 of the control unit 210 comprises for
example digital transmission controllers and serialisers/-
deserialisers that are capable of encapsulating/decap-
sulating digital signals.

[0133] In the event of connection of the antennas 1 to
the first control unit 210 by means of digital cables 211,
some poles of the digital cable 211 may be dedicated to
the transport of DC power supply, thereby avoiding the
need for ad hoc power supply blocks.

[0134] In this embodiment, in reception, an input data
signal at millimeter frequency is picked up by at least one
radiating element 14, 16 of an antenna 1 and sent to the
corresponding RF front-end module 3 which amplifies
and routes it. The input data signal is converted by the
frequency converter 4A from the millimeter frequency to
an intermediate frequency between for example 0.1 GHz
and 6 GHz. Then the input data signal is digitised by an
AD converter of the converter unit 4C.

[0135] The control device 4B encapsulates the input
data signal together with the diagnostics signal in a digital
communication protocol, in a manner so as to obtain an
encapsulated signal, and transmits it in digital format over
the corresponding digital cable 211. The signal encap-
sulated in digital format then arrives at the control device
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216 of the control unit 210 which decapsulates it in a
manner so as to obtain the input data signal which is sent
to the signal processor 212.

[0136] Intransmission, the signal processor 212 emits
the output data signal in a digital format. The control
device 216 encapsulates the output data signal with
the control signals in a manner so as to obtain an en-
capsulated signal which is transmitted over the digital
cables 211. The encapsulated signal is received by the
control device 4B of at least one antenna 1 and is dec-
apsulated, in a manner so as to obtain the output data
signal in digital format. The output data signal in digital
format is sent to a DA converter of the converter unit 4C
which converts it into analogue. The analogue output
data signal is converted to a millimeter frequency by
the frequency converter 4A. The output data signal at
millimeter frequencies is amplified and routed by the
corresponding RF front-end module 3 towards at least
one of the radiating elements 14, 16 of the antenna 1
which transmits it into the air.

[0137] The control signals are generated by the signal
processor 212 in digital format and are sent to the control
device 216 of the central control unit which encapsulates
them together with the output data signal so as to obtain
the encapsulated signal which is transmitted over one or
more digital cables 211. The encapsulated signal (com-
prising the output data signal and the control signals) is
received by the control device 4B of at least one antenna
1 which decapsulates the signal so as to obtain the digital
control signals for controlling respectively the respective
frequency converter 4A, the RF front-end module 3 and
the DA/AD converter unit 4C.

[0138] Depending on the applications, the antennas 1
can receive/transmit signals by means of their respective
digital cables 211 that are connected to respective dedi-
cated data buses, or it is possible to use a single shared
data bus. In this case, the various signals that travel in the
shared data bus have one address (shared band) and the
identification of the correct sender/receiver takes place
by means of the transmission protocol headers inserted
by the respective control devices that encapsulate the
signals to be sent over the shared data bus.

[0139] Conveniently, as schematically illustrated in
Figures 1and 9, the data transceiver system 200 installed
on board the vehicle 100 additionally comprises also a
second set of antennas 230 for transceiving of data in a
frequency band lower than the operating band of the first
set of millimeter-wave antennas 1.

[0140] Further, the data transceiver system 200 pre-
ferably comprises a second control unit 250 which is
operatively associated with and is configured to control
the operation of the second set of antennas 230.
[0141] According to a further embodiment, the data
transceiver system 200 further comprises at least one
further antenna 240 for transceiving of data in an inter-
mediate frequency band between the operating fre-
quency bands of said first and second sets of antennas
1,230, and the second control unit 250 is also operatively
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associated with and is configured to control the operation
of the at least one further antenna 240.

[0142] The second control unit 250 is connected to the
antennas 230 and/or 240, for example by means of
respective cables 231.

[0143] In particular, as illustrated in Figure 10, the
second set of antennas 230 also comprises at least four
antennas 230 which are each installed in a correspond-
ing quadrant of said four quadrants A, B, C, D, and of
which, a first and a second antennas 230 are installed at
the front bumper 106 of the vehicle, for example in
proximity to the respective headlights 101 and 102,
and a third and a fourth antennas 230 are installed at
the rear bumper 107, for example in proximity to the
respective taillights 103 and 104.

[0144] The four antennas 230 operate at a frequency
lower than or equal to 5GHz.

[0145] Inits turn, said at least one further antenna 240
may be installed on the roof 108 of the vehicle 100, for
example within a cupole or shark fin antenna or it may
also be installed internally inside the vehicle, for example
in proximity to the internal rear-view mirror, or it is pos-
sible to use two antennas 240 contemporaneously.
[0146] The or each antenna 240 operates at a fre-
quency in the region of 5.9 GHz, and is dedicated to
the transceiving of Vehicle-to-Everything (V2X) data.
[0147] The antennas 230 and the or each further an-
tenna 240 may be of a type that is commercially available
in the market and for this reason they are not described in
detail herein.

[0148] Inpracticeithasbeenfoundthatthe vehicle 100
according to the invention allows achieving the intended
object since the data transceiver system 200 installed on
board represents a good compromise between the num-
ber of antennas installed, in particular of the millimeter-
wave type, and effectiveness of the data transmission/-
reception coverage around the vehicle 100, with opti-
mized occupation of space and encumbrances. Further-
more, the structure of the antenna 1 described previously
makes it possible to obtain a solution that combines
transmission/reception efficiency with reduced overall
dimensions and production costs. Clearly, where possi-
ble or required, it is possible to add to the optimized
configuration described above, one or more further an-
tennas. For example, if the four millimeter-wave anten-
nas 1 were all installed to be coincident with the respec-
tive four head/taillights or head/taillight assemblies, it is
possible to add one or more antennas 1 installed in the
corresponding side bumpers 109, orvice versa, if the four
antennas 1 were installed in the respective side bumpers
109, it is possible to add one or more antenna(s) 1
installed in the corresponding head/taillights or head!/tail-
light assemblies.

[0149] Naturally, the principle of the invention remain-
ing the same, the embodiments and the particular details
of implementation may be widely varied as compared to
what has been described and illustrated purely by way of
preferred but non-limiting examples, without thereby de-
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parting from the scope of protection of the present inven-
tion as defined in particular by the attached claims. The
shape-form and/or positioning of the described compo-
nents or of parts thereof may be appropriately modified
provided that the same is done in a manner compatible
with the scope and purpose, and the functionalities for
which said components have been conceived within the
scope of the present invention.

Claims

1. Vehicle (100) comprising a system (200) for trans-
ceiving data on board the vehicle itself, said system
(200) for transceiving data comprising at least:

- a first set of millimeter-wave antennas (1) for
transceiving data in the 5G frequency band,
wherein, with respect to a first and second
planes (E, F) perpendicular to each other that
virtually divide the vehicle (100) into four quad-
rants (A, B, C, D), said first set of millimeter-wave
antennas (1) comprises at least four millimeter-
wave antennas (1) which are installed each in a
corresponding quadrant of said four quadrants
(A, B, C, D);

- asecond set of antennas (230) for transceiving
data in a frequency band lower than the operat-
ing band of said first set of millimeter-wave
antennas (1);

- a control unit (250) operatively associated with
and adapted to control the operation of at least
said second set of antennas (230);

- atleast one further antenna (240) for transceiv-
ing data in a frequency band intermediate be-
tween the operating frequency bands of said first
and second sets of antennas (1 , 230), and
wherein said control unit (250) is also opera-
tively associated with and adapted to control the
operation of said at least one further antenna
(240);

wherein said second set of antennas (230) com-
prises at least four antennas (230) which are in-
stalled each in a corresponding quadrant of said four
quadrants (A, B, C, D), of which a first and a second
antennas (230) are installed at the front bumper
(106) of the vehicle, and a third and a fourth antennas
(230) are installed at the rear bumper (107) of the
vehicle.

2. \Vehicle (100) according to claim 1, wherein each of
said four millimeter-wave antennas (1) comprises at
least one radiating element (14, 16), and is arranged
in the respective quadrant (A, B, C, D) so that be-
tween the at least one radiating element and the
environment external to the vehicle (100) there are
interposed one or more surfaces of non-metallic
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material and having a coefficient of loss tan &, equal
to the ratio between the active power and reactive
power absorbed by the non-metallic material, lower
than 0.1.

Vehicle (100) according to claim 1 or 2, wherein at
least one of said four millimeter-wave antennas (1) is
arranged at a front (101, 102) or rear (103, 104)
headlight or headlight assembly of the vehicle (100).

Vehicle (100) according to claim 3, wherein at least
one of said four millimeter-wave antennas (1) com-
prises a containment casing (2) which houses inside
it at least one radiating element (14, 16), said con-
tainment casing (2) being mounted integrated on the
reflector of a corresponding front (101, 102) or rear
(103, 104) headlight or headlight assembly of the
vehicle (100).

Vehicle (100) according to one or more of the pre-
ceding claims, wherein at least one millimeter-wave
antenna (1) is arranged at one of the front or rear
doors (112) of the vehicle (100) integrated in a side
bumper (109) applied externally to the correspond-
ing door (112) or arranged in the interspace defined
between said side bumper (109) and the associated
door (112).

Vehicle (100) according to one or more of the pre-
ceding claims, wherein said system (200) for trans-
ceiving data comprises a further control unit (210)
installed on the vehicle (100) in a remote position
with respect to and operationally connected to at
least said four millimeter-wave antennas (1), said
further control unit (210) being configured to select,
in real time, at least one of said four millimeter-wave
antennas (1) from which to receive signals in input
into the vehicle (100) or to which to transmit signals to
be radiated outside the vehicle (100), on the basis of
one or more parameters indicative of the quality of
the signal received at the input or to transmitted
outside by each of said four millimeter-wave anten-
nas (1).

Patentanspriiche

1.

Fahrzeug (100), umfassend ein System (200) zum
Sendeempfangen von Daten an Bord des Fahr-
zeugs an sich, das System (200) zum Sendeemp-
fangen von Daten mindestens umfassend:

- einen ersten Satz von Millimeterwellen-Anten-
nen (1) zum Sendeempfangen von Daten in
dem 5G-Frequenzband, wobei der erste Satz
von Millimeterwellen-Antennen (1) in Bezug auf
eine erste und eine zweite Ebene (E, F), die
senkrecht zueinander sind und das Fahrzeug



23 EP 4 047 743 B1 24

(100) virtuell in vier Quadranten (A, B, C, D)
unterteilen, mindestens vier Millimeterwellen-
Antennen (1) umfasst, die jeweils in einem ent-
sprechenden Quadranten der vier Quadranten
(A, B, C, D) installiert sind;

- einen zweiten Satz von Antennen (230) zum
Sendeempfangen von Daten in einem Fre-
quenzband, das niedriger ist als das Betriebs-
band des ersten Satzes von Millimeterwellen-
Antennen (1);

- eine Steuereinheit (250), die funktionsfahig mit
dem zweiten Satz von Antennen (230) assoziiert
und geeignet ist, den Betrieb von mindestens
diesem zu steuern;

- mindestens eine weitere Antenne (240) zum
Sendeempfangen von Daten in einem Fre-
quenzband, das zwischen den Betriebsfre-
quenzbandern des ersten und des zweiten Sat-
zes von Antennen (1, 230) ist, und wobei die
Steuereinheit (250) auch funktionsfahig mit der
mindestens einen weiteren Antenne (240) as-
soziiert und angepasst ist, um den Betrieb die-
ser zu steuern;

wobei

der zweite Satz von Antennen (230) mindestens vier
Antennen (230) umfasst, die jeweils in einem ent-
sprechenden Quadranten der vier Quadranten (A, B,
C, D) installiert sind, wovon eine erste und eine
zweite Antenne (230) an der vorderen StoR3stange
(106) des Fahrzeugs installiert sind, und eine dritte
und eine vierte Antenne (230) an der hinteren StoR3-
stange (107) des Fahrzeugs installiert sind.

Fahrzeug (100) nach Anspruch 1, wobei jede der vier
Millimeterwellen-Antennen (1) mindestens ein ab-
strahlendes Element (14, 16) umfasst und in dem
jeweiligen Quadranten (A, B, C, D) angeordnet ist,
sodass zwischen dem mindestens einen strahlen-
den Element und der Umgebung auferhalb des
Fahrzeugs (100) eine oder mehrere Oberflachen
aus nichtmetallischem Material angeordnet sind,
die einen Verlustkoeffizienten tan 6, der dem Ver-
haltnis zwischen der durch das nichtmetallische Ma-
terial absorbierten Wirkleistung und Blindleistung
entspricht, kleiner als 0,1 aufweisen.

Fahrzeug (100) nach Anspruch 1 oder 2, wobei
mindestens eine der vier Millimeterwellen-Antennen
(1)an einemvorderen (101, 102) oder hinteren (103,
104) Scheinwerfer oder einer Scheinwerferanord-
nung des Fahrzeugs (100) angeordnet ist.

Fahrzeug (100) nach Anspruch 3, wobei mindestens
eine der vier Millimeterwellen-Antennen (1) ein Ein-
schlussgehause (2) umfasst, das in seinem Inneren
mindestens ein Abstrahlungselement (14, 16) be-
herbergt, wobei das Einschlussgehause (2) integ-
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riert auf dem Reflektor eines entsprechenden vor-
deren (101, 102) oder hinteren (103, 104) Schein-
werfers oder einer Scheinwerferanordnung des
Fahrzeugs (100) montiert ist.

Fahrzeug (100) nach einem oder mehreren der vor-
herigen Anspriiche, wobei mindestens eine Millime-
terwellen-Antenne (1) an einer von der vorderen
oder hinteren Turen (112) des Fahrzeugs (100) an-
geordnetist, die in einen seitlichen Sto3fanger (109)
integriert ist, der auf3en an der entsprechenden Tir
(112) angebracht ist, oder in dem Zwischenraum
angeordnet ist, der zwischen dem seitlichen StoR-
fanger (109) und der assoziierten Tir (112) definiert
ist.

Fahrzeug (100) nach einem oder mehreren der vor-
herigen Anspriiche, wobei das System (200) zum
Sendeempfangen von Daten eine weitere Steuer-
einheit (210) umfasst, die auf dem Fahrzeug (100)in
einer entfernten Position in Bezug auf die mindes-
tens vier Millimeterwellen-Antennen (1) installiert
und funktionsfahig damit verbunden ist, wobei die
weitere Steuereinheit (210) konfiguriert ist, um in
Echtzeit mindestens eine der vier Millimeterwellen-
Antennen (1) auszuwahlen, von der Signale am Ein-
gang des Fahrzeugs (100) zu empfangen sind oder
an die Signale zu senden sind, die aul3erhalb des
Fahrzeugs (100) abzustrahlen sind, basierend auf
einem oder mehreren Parametern, die indikativ fur
die Qualitat des am Eingang empfangenen oder
nach auf’en gesendeten Signals durch jede der vier
Millimeterwellen-Antennen (1) sind.

Revendications

Véhicule (100) comprenant un systéme (200) pourla
transmission de données a bord du véhicule lui-
méme, ledit systéme (200) pour la transmission de
données comprenant au moins :

- un premier ensemble d’antennes a ondes mil-
limétriques (1) pour la transmission de données
dans la bande de fréquences 5G, dans lequel,
par rapport a un premier et a un deuxiéme plan
(E, F) perpendiculaires 'un a I'autre qui divisent
virtuellement le véhicule (100) en quatre qua-
drants (A, B, C, D), ledit premier ensemble
d'antennes a ondes millimétriques (1)
comprend au moins quatre antennes a ondes
millimétriques (1) qui sont installées chacune
dans un quadrant correspondant desdits quatre
quadrants (A, B, C, D) ;

- un deuxiéme jeu d’antennes (230) pour la
transmission et la réception de données dans
une bande de fréquences inférieure a la bande
de fonctionnement dudit premier jeu d’antennes
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a ondes millimétriques (1) ;

- une unité de commande (250) associée de
maniére opérationnelle et adaptée pour
commander le fonctionnement d’au moins ladite
deuxieme série d’antennes (230) ;

- au moins une autre antenne (240) pour la
transmission de données dans une bande de
fréquences intermédiaire entre les bandes de
fréquences de fonctionnement desdits premier
et deuxieme ensembles d’antennes (1, 230), et
dans lequel ladite unité de commande (250) est
également associée de maniére opérationnelle
et adaptée pour commander le fonctionnement
de ladite au moins une autre antenne (240) ;

dans lequel

ledit deuxiéme jeu d’antennes (230) comprend au
moins quatre antennes (230) installées chacune
dans un quadrant correspondant desdits quatre qua-
drants (A, B, C, D), dont une premiére et une deu-
xiéme antennes (230) sont installées au niveau du
pare-chocs avant (106) du véhicule, et une troisieme
et une quatriéme antennes (230) sont installées au
niveau du pare-chocs arriere (107) du véhicule.

Véhicule (100) selon la revendication 1, dans lequel
chacune de ces quatre antennes a ondes millimé-
triques (1) comprend au moins un élément rayon-
nant (14, 16), et est disposée dans le quadrant
respectif (A, B, C, D) de telle sorte qu’entre 'au moins
un élément rayonnant et I'environnement extérieur
au véhicule (100) sont interposées une ou plusieurs
surfaces en matériau non métallique et présentant
un coefficient de perte tan J, égal au rapport entre la
puissance active et la puissance réactive absorbée
par le matériau non métallique, inférieur a 0,1.

Véhicule (100) selon la revendication 1 ou 2, dans
lequel au moins une de ces quatre antennes a ondes
millimétriques (1) est disposée sur un phare ou un
bloc optique avant(101, 102) ou arriere (103, 104)du
véhicule (100).

Véhicule (100) selon la revendication 3, dans lequel
au moins une de ces quatre antennes a ondes
millimétriques (1) comprend un boitier de confine-
ment (2) qui abrite a I'intérieur au moins un élément
rayonnant (14, 16), ledit boitier de confinement (2)
étantmonté intégré surle réflecteur d’un phare avant
(101, 102) ou arriére (103, 104) correspondant ou
d’'un ensemble de phares du véhicule (100).

Véhicule (100) selon une ou plusieurs des revendi-
cations précédentes, dans lequel au moins une an-
tenne a ondes millimétriques (1) est disposée au
niveau de 'une des portes avant ou arriere (112)
du véhicule (100), intégrée dans un pare-chocs la-
téral (109) appliqué a I'extérieur de la porte corres-
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pondante (112) ou disposée dans I'espace intermé-
diaire défini entre ledit pare-chocs latéral (109) et la
porte associée (112).

Véhicule (100) selon I'une ou plusieurs des revendi-
cations précédentes, dans lequel ledit systéme
(200) pour la transmission de données comprend
une autre unité de commande (210) installée sur le
véhicule (100) dans une position éloignée par rap-
port a au moins lesdites quatre antennes a ondes
millimétriques (1) et connectée de maniére opéra-
tionnelle a celles-ci, ladite autre unité de commande
(210) étant configurée pour sélectionner, en temps
réel, au moins une desdites quatre antennes aondes
millimétriques (1) a partir de laquelle recevoir des
signaux en entrée du véhicule (100) ou a laquelle
transmettre des signaux a rayonner a I'extérieur du
véhicule (100), sur la base d'un ou plusieurs para-
metres indicatifs de la qualité du signal recu en
entrée ou a transmettre a I'extérieur par chacune
desdites quatre antennes a ondes millimétriques (1).
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