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1
LOW REFLECTION RADAR BRACKET

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims foreign priority benefits under 35
U.S.C. § 119(a)-(d) to European patent application number
EP 15172452.3, filed Jun. 17, 2015, which is incorporated
by reference in its entirety.

TECHNICAL FIELD

The present disclosure relates to a radar bracket for a
vehicle. In particular, the present disclosure relates to a low
reflection radar bracket.

BACKGROUND

Modern vehicles comprise an increasing number of safety
features and automated systems for reducing the risk of
accidents. Examples of such features and systems are park-
ing sensors, blind spot monitors, lane keeping systems,
systems for automatic cruise control with distance keeping,
automated steering systems etc.

Along with the increasing number of fully- or semi-
automated systems comes more strict requirements relating
to the reliability of such systems. In particular, it is crucial
that the systems cannot malfunction or misinform the driver
so that the risk of an accident is increased.

Many such systems utilize radar technology for detecting
objects in the vicinity of the vehicle, such as other vehicles.
However, vehicles are often operated in environments where
a radar system provides a large number of echoes making
important to be able to detect only the relevant features
surrounding the vehicle. Therefore, it is important to reduce
the amount of noise, disturbances and spurious echo signals
reaching the radar receiver.

Accordingly, it is desirable to provide radar systems
which are more reliable and which are not as sensitive to
irrelevant and disturbing radar echoes.

US2014/0070982 relates to a vehicle obstacle detection
device comprising a radar unit. The radar unit is arranged on
a bumper of a vehicle and it has been observed that signals
emitted by the radar unit can be reflected in the bumper
towards a wheel of the vehicle, where it is reflected back
towards the radar unit where it may be misdetected as a
target vehicle. US2014/0070982 addresses this problem by
suggesting various ways for reducing the reflected echo by
arranging a misdetection prevention member between the
wheel and the radar unit. The misdetection prevention
member may for example comprise a radio wave absorbing
material.

However, the above problem and solution only address
one of many sources for unwanted echo signals, and there is
still a need to further reduce the amount of unwanted echo
signals reaching the radar receiver.

SUMMARY

In view of above-mentioned desired properties of a radar
system for a vehicle, it is an object of the present disclosure
to provide a radar bracket and a radar arrangement reducing
the amount of undesirable echo signals reaching a radar
module.

According to a first aspect of the disclosure, there is
provided a radar bracket for a vehicle comprising: a central
portion configured to receive a radar module so that said
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radar module is exposed on a front side of said radar bracket;
a side wall encircling and extending laterally from the
central portion, the side wall comprising a non-conductive
material; wherein at least of a portion of a backside of the
side wall is covered by a radar absorbing material having a
dielectric constant higher than a dielectric constant of the
side wall, the backside of the side wall being configured to
face the vehicle, and wherein the portion of the side wall
being covered by the radar absorbing material has a thick-
ness d,, defined as

4 2m+1) Ao >
w = 7> Sabs X &y
Ve

where A, is a wavelength in air of a center frequency of the
radar module, ¢, is the dielectric constant of the radar
absorbing material, €,, is the dielectric constant of the side
wall and m=0 . . . N.

In the present context, a radar bracket could also be
referred to as a radar holder, or a radar frame, which is
configured to hold the radar module in place when the radar
bracket with a radar module is arranged in a vehicle. For
example, the radar bracket may be configured to be attached
on the inside of a front or rear bumper of a vehicle.
Moreover, the central portion is configured to receive the
radar module so that the radar module emits signal in a
direction away from the vehicle when the radar bracket and
radar module is arranged in a vehicle. The side of the radar
bracket configured to face away from the vehicle can thus be
referred to as the front side of the bracket, as opposed to the
backside of the radar bracket configured to face in a direc-
tion towards the vehicle.

That the side wall extends laterally from the central
portion does not exclude that the side wall, or portions of the
side wall, also extend in directions which are not uniformly
lateral. In other words, the side wall has a lateral extension
in relation to the central portion, and it may also have an
extension in the horizontal direction.

The dielectric constants are here given as the relative
dielectric constants. Since m is a positive integer (e.g., 0, 1,
2,3 ... N), the thickness d,, of the side wall is proportional
to an odd multiple of a quarter of the wavelength in air of a
center frequency of said radar module.

The side wall of the bracket is made from a non-conduc-
tive material, i.e., a non-metallic material, having a known
and/or controllable dielectric constant. Preferably, also the
remaining portions of the bracket are made from a non-
conductive material, which may be the same material as the
side walls. For example, the entire bracket may be molded
in one piece. Also portions of the side wall which is not
covered by the radar absorbing material may have the same
thickness as described above. Alternatively, the thickness of
the remaining portions of the side wall may be selected
arbitrarily.

It is known to use radar absorbing materials for radars in
vehicles for reducing the amount of undesirable echo reflec-
tions reaching the radar receiver. However, a radar absorbing
material typically has a relatively high dielectric constant,
often higher than five. This means that when an electromag-
netic wave travelling in air reaches the radar absorbing
material, a portion of the signal will be reflected at the
interface between air and the absorber as a result of the
difference in dielectric constant. In principle, the magnitude
of the reflected signal is proportional to the difference in
dielectric constants, while the absorption of radar absorbing
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material is roughly proportional to the dielectric constant.
Accordingly, a higher absorption in the radar absorbing
material would at the same time lead to an increased
reflection. Accordingly, even if a radar absorbing material
can be used to reduce unwanted echoes, it may also intro-
duce new echo signals reaching the radar receiver.

In view of the above, the present disclosure is based on the
realization that a reflected signal from a radar absorbing
material can be substantially reduced by arranging a material
having a known dielectric constant adjacent to the radar
absorbing material, here the side wall of the radar bracket,
and by selecting the thickness of the side wall in relation to
the dielectric constants so that reflections from the radar
absorbing material are cancelled out in the side wall. The
reflections on the side wall surface and on the surface of the
radar absorbing material have the same sign, since both are
reflected when reaching an interface with higher dielectric
constant. However, for an arbitrary thickness of the side
wall, the reflections are added together at a random phase.
Selecting a side wall having a dielectric thickness equal to
an odd multiple of the quarter wavelength leads to a phase
shift so that the reflection from the second surface add
destructively to the first reflection. The reflection amplitudes
are matched to be equal when £W:\/ € ,55€airs Eair—1, 0 Other
words when &, ¢, >

Within the field of electromagnetics, the concept is
referred to as a reflectionless slab. As can be seen from the
described relations, assuming that the frequency of the radar
module is fixed, there are three parameters which can be
tuned to achieve the desired result, the dielectric constants of
the side wall and the radar absorbing materials and the
thickness of the side wall. As an example, if it is known
which materials to use, the thickness of the side wall is
selected accordingly. Alternatively, the material and thick-
ness of the sidewall may be fixed, within reasonable limits,
and the dielectric constant of the radar absorbing material
can be tuned accordingly.

Thereby, through the radar bracket of the present disclo-
sure, a dual advantageous effect is achieved since the
amount of secondary echo signals reflected in the own
vehicle is reduced, and at the same time reflections from the
radar absorbing material is reduced.

The radar absorbing material can for example be provided
in the form of an adhesive tape being attached to suitable
locations on the backside of the side wall.

According to one embodiment of the disclosure, the
dielectric constant of the side wall may be in the range of 2
to 3. It is desirable to select the dielectric constant of the side
wall to not be too high in order to as much as possible reduce
reflections at the interface between air and the side wall.

In one embodiment of the disclosure, the dielectric con-
stant of the radar absorbing material may advantageously be
in the range of 4 to 9. For many radar absorbing materials,
the dielectric constant can be selected within a certain
interval. Here, the dielectric constant is typically selected to
provide a reasonable trade-off between absorption and
reflection at the interface between the side wall and the
absorbing material.

According to one embodiment of the disclosure, a thick-
ness of the radar absorbing material may advantageously be
selected so as to achieve at least a 10 dB reduction in signal
strength for a one way passage through the material. This
means that a signal passing through the absorbing material,
reflects in the vehicle before again passing through the
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absorbing material and the side wall will be reduced by 20
dB, which in most cases is sufficient to avoid disturbing the
radar receiver.

Furthermore, for known radar absorbing materials, a
thickness in the range of 1.5 to 4 mm is typically sufficient
for providing at least 10 db attenuation.

According to one embodiment of the disclosure, the side
wall material may be a plastic material. Plastic materials are
advantageously used since they are comparably cheap, they
can be made in practically any shape, and the dielectric
constant of a plastic material is to some extent controllable
or can at least be well defined. As discussed above, the entire
radar bracket can be made from one and the same material.
Thermoplastics can be tailored to a wide range of dielectric
constants, from 2 to more than 12, and thus different
attenuation and reflection performance can be achieved.
Commonly used materials on the market for automotive use
have dielectric constants in the range of 6-12.

In one embodiment of the disclosure, the central portion
may be recessed with respect to the side wall. In that case,
the radar module is arranged in the recess so that the radar
module does not protrude above a plane defined by the
outmost part of the front of the module. Such a configuration
may be advantageous since it allows the front of the radar
bracket to be fixed directly to an inside of a bumper, which
for example may be done by welding. Alternatively, the
radar bracket may be configured so that the radar module
may be arranged in the bracket to protrude from the side
wall, i.e., the front portion of the radar module is located in
a plane higher than a plane defined by the side wall. This
may for example be advantageous if the radar bracket is a
part of the body of the vehicle.

According to one embodiment of the disclosure, at least
a portion of the side wall may be arranged to slope away
from the central portion in a direction towards a front side
of the bracket.

Moreover, the central portion may advantageously have a
substantially rectangular shape, and the side wall may then
be arranged to slope away from the central portion at two
opposing sides of the central portion, the two sides being
configured to be horizontally aligned when the radar bracket
is arranged in a vehicle.

The preferred configuration of the radar bracket depends
on the lobe shape of the radar module. Typically, a radar
module for a vehicle has a lobe shape which much wider in
the horizontal plane than in the vertical plane. The reason for
this being that it is important to detect objects surrounding
the vehicle, typically other vehicles, which are located in
substantially the same horizontal plane as the vehicle, while
it is less relevant to detect objects in the vertical plane.

Assuming that the radar module is configured to have a
lobe having a substantially larger extension in the horizontal
plane than in a vertical plane, the bracket is preferably
configured so that the side walls do not interfere with the
lobe. Thus, the side walls slope away from the central
portion in the horizontal plane to accommodate the wide
lobe, whereas the side walls may be less sloped, or not
sloped at all, at the sides of the radar module being located
in the vertical plane.

According to one embodiment of the disclosure, the radar
absorbing material is preferably covering a backside of the
sides of the side wall arranged to slope away from said
central portion. The sloping portions of the side wall will
also have the effect that echo signals from that surface will
be directed towards the radar module. Thus it is particularly
relevant to reduce the amount of reflections from the sloped
side walls, which can be achieved be covering the backside
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of the sloped portions with the radar absorbing material and
selecting the thickness of the side wall as discussed above.

According to a second aspect of the disclosure, there is
provided a radar arrangement comprising a radar bracket
according to any one of the embodiments described above
and a radar module arranged in the central portion of the
radar bracket.

The radar module may be configured to emit signals in the
frequency bands 24.00-24.25 and 76-81 GHz, which are
common frequencies to use for radar modules in automotive
applications. As one skilled in the art would understand, a
center frequency of the radar module could then be any
frequency within a particular band, including an end fre-
quency. For example, a center frequency could be set at 76.4
GHz if the radar module uses a +/-400 MHz bandwidth.

Furthermore, the radar module may advantageously be
configured to have a main lobe having a beam width in the
range of 30° to 160° in the horizontal plane, and a beam
width in the range of 3° to 20° in the vertical plane.

Further features and advantages of the second aspect of
the disclosure are analogous to advantages discussed in
relation to the first aspect of the disclosure.

There is also provided a vehicle comprising a radar
bracket and/or a radar arrangement according to any one of
the embodiments discussed above.

Further features of, and advantages with, the present
disclosure will become apparent when studying the
appended claims and the following description. The skilled
person realize that different features of the present disclosure
may be combined to create embodiments other than those
described in the following, without departing from the scope
of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the present disclosure will now
be described in more detail, with reference to the attached
drawings.

FIG. 1 schematically illustrates a vehicle comprising a
radar bracket according to an embodiment of the disclosure;

FIG. 2 schematically illustrates a radar arrangement in a
vehicle;

FIGS. 3A-B schematically illustrate radar brackets and
radar arrangements according to embodiments of the dis-
closure;

FIG. 4 schematically illustrates a radar bracket and a radar
arrangement according to embodiments of the disclosure;

FIG. 5 schematically illustrates details of a radar bracket
and a radar arrangement according to embodiments of the
disclosure; and

FIGS. 6A-B schematically illustrate a radar bracket, a
radar arrangement and a vehicle according to embodiments
of the disclosure.

DETAILED DESCRIPTION

As required, detailed embodiments are disclosed herein;
however, it is to be understood that the disclosed embodi-
ments are merely exemplary and that various and alternative
forms may be employed. The figures are not necessarily to
scale. Some features may be exaggerated or minimized to
show details of particular components. Therefore, specific
structural and functional details disclosed herein are not to
be interpreted as limiting, but merely as a representative
basis for teaching one skilled in the art.
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In the present detailed description, various embodiments
of the radar bracket according to various embodiments will
be described with reference to the above described drawings.

FIG. 1 schematically illustrates a vehicle 100 equipped
with one or more radar brackets according to various
embodiments of the disclosure. The radar brackets compris-
ing radar modules may be used for various applications in
the vehicle, such as in a forward looking radar arrangement
for distance keeping or obstacle detection in collision pre-
vention systems, or as a rear radar arrangement for blind
spot warning systems.

FIG. 2 schematically illustrates a radar arrangement 200
in a vehicle 100 where the radar arrangement is provided for
a blind-spot warning system configured to detect a vehicle
201 located in the blind spot of the driver. FIG. 2 further
illustrates the reflection of emitted signals emitted from the
radar module 202. The emitted signals are reflected by an
object 204, such as a vehicle 201, and the reflected signals
are received by the radar module 202. However, a portion of
the reflected signals reaching the vehicle may also be
reflected by different portions of the vehicle towards the
radar module. Moreover, signals reaching the radar module
may also be reflected in the side walls of the radar bracket
200. Thus, it is desirable to reduce the amount of reflected
signals reaching the radar module which does not originate
from a reflection at an obstacle located in the emission
direction of the radar. One approach for reducing reflections
is to arrange a radar absorbing material on selected portions
of the radar bracket in order to dampen a radar signal as it
passes through the radar bracket. Moreover, radar signals
may be reflected as they reach the radar absorbing material,
since it involves a transition to a material having a higher
dielectric constant, which is addressed by the radar bracket
according to various embodiments of the present disclosure.

FIG. 3A is a schematic illustration of a radar bracket 300
according to an embodiment of the disclosure. The radar
bracket 300 comprises a central portion housing a radar
module 302. In the radar bracket 300 in FIG. 3A, the central
portion is recessed so that the front surface of the radar
module 302 is located slightly below the plane of the side
walls 304 defining the front portion of the radar bracket. The
radar module 302 may also be arranged in the same plane as
the front portion of the radar bracket 300. The radar bracket
300 and radar module 302 are configured so that the shown
front surface of the radar module 302 is arranged facing
away from the vehicle when arranged in a vehicle. It can be
seen that the side walls 304 encircle the central portion and
extend laterally from the central portion to form an opening
such that a radar module 302 can be arranged in the central
portion so that it is exposed on a front side of the radar
bracket 300. The side walls 304 of the radar bracket are
made from a non-conductive material which for example
can be a plastic material. A radar absorbing material (not
shown) is arranged on the backside of the side wall. The
radar absorbing material may be arranged on the entire
backside surface of on the side wall or on selected portions
only where the dampening effect is most desirable. The radar
absorbing material can for example be provided in the form
of a film, or tape, attached to the side wall by means of an
adhesive.

FIG. 3B is a schematic illustration of a radar bracket 306
according to an embodiment of the disclosure. The radar
bracket 306 comprises a central portion housing a radar
module 302. In the radar bracket 300 in FIG. 3B, the central
portion is elevated so that the front surface of the radar
module 302 is located slightly above the plane of the side
walls 308 defining the front portion of the radar bracket. The
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radar bracket 300 and radar module 302 are configured so
that the shown front surface of the radar module 302 is
arranged facing away from the vehicle when arranged in a
vehicle. It can be seen that the side walls 304 encircle the
central portion and extend laterally from the central portion
such that a radar module 302 can be arranged in the central
portion so that it is exposed on a front side of the radar
bracket 300. As illustrated in the present example, the
central portion may comprise only an opening for receiving
the radar module.

FIG. 4 is a schematic illustration of a radar bracket 400
according to an embodiment of the disclosure. The radar
bracket 400 comprises a central portion housing a radar
module 302. In the radar bracket 400 in FIG. 4, the central
portion has a substantially rectangular shape, and side wall
402 is arranged to slope away from central portion at two
opposing sides 404, 406 of the central portion. The two
sloping portions 404, 406 of the side wall are configured to
be horizontally aligned when the radar bracket 400 is
arranged in a vehicle. The slope of the side walls is related
to the lobe shape of the radar module 302 as will be
discussed in relation to FIG. 6A-B. Also here, a radar
absorbing material (not shown) is arranged on the backside
of the side wall. Typically, the radar absorbing material may
be arranged on the backside of the sloping portions 404, 406
of the side wall, since it is most desirable to reduce the
reflections which are most likely to reach the radar module.
In the radar bracket illustrated in FIG. 4, the sloping portions
404, 406 of the side wall are straight. Alternatively, the side
walls may curve away from the central portion of the radar
bracket in different ways. Furthermore, many different con-
figurations of the side walls are feasible while still adhering
to the general inventive concept relating to the thickness of
the side wall for reducing reflections.

FIG. 5 is a schematic illustration of the radar bracket of
FIG. 4, illustrating the thickness d,, of a portion the side wall
502 and the thickness d,, of the radar absorbing material 504
arranged on the backside of the side wall. The cut-out
portion 506 of FIG. 5 further illustrates various reflections
occurring as a radar signal reaches and passes through the
side wall 502 and the radar absorbing material 504. A
portion of an incoming radar signal 508 reaching the side
wall is first reflected 510 at the sidewall due to the interface
between air and the side wall 502, where air has a dielectric
constant of 1 and the side wall 502 has a dielectric constant
in the range of 2 to 3, in the case of a polypropylene side wall
502.

Next a portion of the signal reaching the interface
between the side wall 502 and the radar absorbing material
504 is reflected 512. In the radar absorbing material 504, the
signal is dampened. The amount of dampening is propor-
tional to the thickness of the radar absorbing material, and
for the suggested application, a dampening of about 10 dB
is sufficient for a single passage through the material 504,
which can be achieved by a thickness d, in the range of 1-2
mm. Even though the signal is dampened, a portion reaches
through the material to be reflected 514 at the interface
between the radar absorbing material 504 and air, and the
remainder of the signal 516 passes through radar absorbing
material 504.

The thickness d,, of the side wall 504 is defined as

Qm+1) A ,
= —, Eabs R E,,,

TV A

10

20

25

40

45

55

60

65

8

where A 1s the wavelength in air of a center frequency of the
radar module, ¢, is the dielectric constant of said radar
absorbing material, €,, is the dielectric constant of the side
wall and m=0 . . . N. Thereby, by selecting the side wall to
have a thickness proportional to an odd multiple of the
quarter wavelength, a phase shift occurs so that the reflection
512 from the interface between the side wall 502 and the
radar absorbing material 504 adds destructively to the reflec-
tion 510 occurring at the interface between air and the side
wall 502. In practice, the reflection 514 at the interface
between the radar absorbing material 504 and air can be
neglected since the attenuation is selected to be sufficiently
high so that the reflection 514 is significantly lower than the
combined remaining reflections.

As a practical example, the side wall can be made from
polypropylene having a dielectric constant g,=2.5, which
gives a dielectric constant of the radar absorbing material
d,=6.25. A typical frequency for a radar in vehicle applica-
tion is =77 GHz, which gives the wavelength A, =c/f=3.9
mm, ¢ being the speed of light. Moreover, it can be seen that
a higher m leads to a higher value of d,. In the present
example selecting m=2 gives a side wall thickness d,,=3 mm
which is a reasonable thickness for the side wall 502 in the
radar bracket 400. The skilled person realizes that the above
description is equally applicable for a large range of param-
eter values relating to the dielectric constants, frequency and
thicknesses of materials.

It should be noted that only the thickness of the side wall
where a radar absorbing material is arranged is selected as
described above. Remaining portions of the side wall and of
the radar bracket may have a thickness selected based on the
required structural and mechanical properties.

FIGS. 6A-B schematically illustrate the radar bracket 400
in a top view, FIG. 6 A, and in a side view, FIG. 6B, in order
to illustrate the lobe shape of the radar module. The com-
bination of steep side walls with a wide lobe would cause
additional undesirable reflections. Accordingly, the configu-
ration of the side walls of the radar bracket 400 are selected
with respect to the lobe shape of the radar module so that the
emitted signal does not reflect off the side wall when leaving
the radar module 302 and radar bracket 400.

The main lobe of a radar module for vehicle applications
may have a lobe having a beam width 602 in the range of
140° to 160° in the horizontal plane, as illustrated in FIG.
6A. Thus, the side walls 404, 406 of the radar bracket 400
are arranged to slope away from the radar module 302 in the
horizontal plane so that the radar beam may leave the radar
bracket 400 unobstructed.

FIG. 6B illustrates the radar module 400 as seen from the
side. In the vertical plane, the beam width 604 of the radar
module 302 is significantly smaller, such as in the range of
5° to 20°, since it is most important to detect obstacles
located in the same horizontal plane as the vehicle 100.

Even though the disclosure has been described with
reference to specific exemplifying embodiments thereof,
many different alterations, modifications and the like will
become apparent for those skilled in the art. Also, it should
be noted that parts of the radar bracket may be omitted,
interchanged or arranged in various ways, the radar bracket
yet being able to perform the functionality of the present
disclosure.

Additionally, variations to the disclosed embodiments can
be understood and effected by the skilled person in practic-
ing the claimed disclosure, from a study of the drawings, the
disclosure, and the appended claims. In the claims, the word
“comprising” does not exclude other elements or steps, and
the indefinite article “a” or “an” does not exclude a plurality.
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The mere fact that certain measures are recited in mutually
different dependent claims does not indicate that a combi-
nation of these measures cannot be used to advantage.

While exemplary embodiments are described above, it is
not intended that these embodiments describe all possible
forms according to the disclosure. The words used in the
specification are words of description rather than limitation,
and it is understood that various changes may be made
without departing from the spirit and scope of the disclosure.
Additionally, the features of various implementing embodi-
ments may be combined to form further embodiments
according to the disclosure.

What is claimed is:

1. A radar bracket for a vehicle comprising:

a central portion configured to receive a radar module so
that the radar module is exposed on a front side of the
radar bracket, the front side being configured to face
away from the vehicle when the radar bracket is
mounted on the vehicle; and

a side wall connected to the central portion and encircling
and extending laterally from the central portion, the
side wall comprising a non-conductive material and
including a front surface that is exposed on the front
side of the radar bracket, and a backside that is con-
figured to face the vehicle;

wherein at least a portion of the backside of the side wall
is covered by a radar absorbing material having a
dielectric constant higher than a dielectric constant of
the side wall, and wherein the at least a portion of the
backside of the side wall covered by the radar absorb-
ing material has a thickness d,, defined as

4 (2m+1) Ao 2
W = > Sabs X E,
Ve, 4

where A, is the wavelength in air of a center frequency of
the radar module, ¢, is the dielectric constant of the
radar absorbing material, e, is the dielectric constant of
the side wall and m=0 .. . N.

2. The radar bracket according to claim 1 wherein the
dielectric constant of the side wall is in the range of 2 to 3.

3. The radar bracket according to claim 1 wherein the
dielectric constant of the radar absorbing material is in the
range of 4 to 9.

4. The radar bracket according to claim 1 wherein a
thickness of the radar absorbing material is selected so as to
achieve at least a 10 dB reduction in signal strength for a one
way passage through the material.

5. The radar bracket according to claim 1 wherein a
thickness of the radar absorbing material is in the range of
1.5 to 4 mm.

6. The radar bracket according to claim 1 wherein the side
wall material is a plastic material.

7. The radar bracket according to claim 1 wherein the
central portion is recessed with respect to the side wall.

8. The radar bracket according to claim 7 wherein at least
a portion of the side wall is arranged to slope away from the
central portion in a direction towards the front side of the
bracket, wherein the slope of the sidewall is related to lobe
shape of the radar module.

9. The radar bracket according to claim 1 wherein the
central portion has a substantially rectangular shape, and
wherein the side wall includes two portions arranged to
slope away from the central portion at two opposing sides of
the central portion, the two portions being configured to be
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horizontally aligned when the radar bracket is arranged in
the vehicle, wherein the slope of the two portions is related
to lobe shape of the radar module.

10. The radar bracket according to claim 9 wherein the
radar absorbing material covers a backside of the portions of
the side wall arranged to slope away from the central
portion.

11. A radar arrangement comprising:

the radar bracket according to claim 1; and

a radar module arranged in the central portion of the radar
bracket.

12. The radar arrangement according to claim 11 wherein
the radar module is configured to emit signals in the fol-
lowing frequency bands: 24-24.25 and 76-81 GHz.

13. The radar arrangement according to claim 11 wherein
the radar module is configured to have a main lobe having
a beam width in the range of 30° to 160° in a horizontal
plane, and a beam width in the range of 3° to 20° in a vertical
plane.

14. A vehicle comprising a vehicle body and the radar
bracket according to claim 1 connected to the vehicle body.

15. A vehicle comprising a vehicle body and the radar
arrangement according to claim 11, wherein the radar
bracket of the radar arrangement is connected to the vehicle
body.

16. A radar bracket for a vehicle comprising:

a central portion configured to receive a radar module so
that the radar module is exposed on a first side of the
radar bracket, the first side being configured to face
away from the vehicle when the radar bracket is
mounted on the vehicle; and

a side wall connected to the central portion and encircling
and extending laterally from the central portion, the
side wall comprising a non-conductive material and
including a first surface that is exposed on the first side
of the radar bracket, and a second surface that is
configured to face the vehicle when the radar bracket is
mounted on the vehicle;

wherein at least a portion of the second surface of the side
wall is covered by a radar absorbing material having a
dielectric constant higher than a dielectric constant of
the side wall, and wherein the at least a portion of the
second surface of the side wall covered by the radar
absorbing material has a thickness d,, defined as

(2m+1) A9 >
= > Cabs ® &,

Ve

dy,

where A, is the wavelength in air of a frequency of the
radar module, ¢, is the dielectric constant of the radar
absorbing material, ,, is the dielectric constant of the
side wall and m is a positive integer.

17. The radar bracket according to claim 16 wherein the
dielectric constant of the side wall is in the range of 2 to 3.

18. The radar bracket according to claim 16 wherein the
dielectric constant of the radar absorbing material is in the
range of 4 to 9.

19. The radar bracket according to claim 16 wherein at
least a portion of the side wall is arranged to slope outwardly
away from the central portion, wherein the slope of the
sidewall is related to lobe shape of the radar module.

20. The radar bracket according to claim 16 wherein the
central portion has a substantially rectangular shape, and
wherein the side wall includes two portions arranged to
slope away from the central portion at two opposing sides of



US 10,012,720 B2
11 12

the central portion, the two portions being configured to be
horizontally aligned when the radar bracket is arranged in
the vehicle, wherein the slope of the two portions is related
to lobe shape of the radar module.

#* #* #* #* #*



