























their projection. In Fig. 6 a), the arrangement of the transmitting and receiving antenna systems 203
and 204 are done in such a way that they are positioned in one curve named “the main curve” 205.
This arrangement allows the best angular detection in azimuth, without the ability to measure
elevation. In Fig 6b), two transmitting radiation systems are placed in the secondary curve 206
above the main curve 205, which allows for scanning of the resulting antenna beams in the
elevation. In Fig 6¢), two transmitting radiation systems are placed in the secondary curve 206
above the main curve 205, and two receiving radiation systems are placed on the tertial curve 207
below the main curve 205. This arrangement enables better elevation scanning capabilities,
compared to the case of Fig. 6 b), by trading in more angular resolution in azimuth compared to Fig
6 b). In all arrangements in Fig.6, the arrangements are general patches representing transmitting
and receiving antenna system positions in the arrangement, for the sake of simplicity. Receiving
and transmitting antenna systems 202, 203 can be realized in a plurality of options, being strings of
patches like in Fig. 10, or other distributed printed radiation structures or arbitrary shapes, or even
open waveguide structures like in Fig 7 and Fig 8.

Fig. 7 c) shows the arrangement of the radiation elements in the aforementioned main curve 205,
where transmitting antenna systems and receiving antenna systems are realized through open
waveguide structures 303 and 302 respectively. Open waveguide radiation structures can be
realized through several options, like in Fig 7. b), where rectangular waveguide structures,
ellipsoidal open waveguide structures and circular open waveguide structures are shown. Open
waveguide radiation structures of Fig. 7 b) are fed by the same waveguide structures 309 as open
waveguide ends. At the end of the feeding structure, planar excitation elements are 307 used,
preferably printed on the dielectric substrate 312, having mentalizations presented as bold parts,
being electrically attached to the waveguide feed structure’s 309 conducting walls.

Fig. 8 shows one practical realization option of the arrangement, with Fig. 7 c) being the rectangular
waveguides approach. In this realization option, shown in Fig. 8 a) the practical realization
approach option, or radiation and feeding part 300, of the apparatus 100, is shown. The cap part
304 and guiding part 305 practical waveguide feeding structuring for open waveguide radiation
elements. Observing the guiding part 305 from the top, the feeding structures are visible 306.

Waveguide feeding structures 306 are preferably realized in the way that their electrical length is
adjusted to have the same phase difference in the electromagnetic propagation by reaching
radiation point by open waveguide structure. This is achieved by meandering the feeding guides
lengths, like shown in in Fig. 8 c). This arrangement allows to have in-phase excitation of each
antenna system by planar printed approach of the Fig. 7 a). The complete radiation element 300
can be realized with different realization options: by metal handling, by light materials like
aluminum and magnesium, or by metalized plastic, to provide conductivity of the waveguide walls.

Fig. 9 shows the details of a possible realization option of Fig. 7a. The dielectric substrate 312 has a
printed patch 307 positioned in the middle of the feeding waveguide structure 309. Metallization
parts 308 are electrically connected to the waveguide walls, being previously connected to the
microstrip ground line 310. Behind the excitation patch 307, the waveguide is cut short at about one
quarter of the operation wavelength, to ensure good matching of the waveguide excitation part,
which means that the excitation power over the microstrip line is transmitted with small losses to
the waveguide, which further transmit RF power to the open waveguide transmitting antenna



structure 303. The same mechanical structure can be used to receive RF power from the waveguide
feeding structure 309, coming from waveguide receiving antenna structure 302 over the patch 307
to the microstrip line 310, and further to the mmWave chip’s receiver interface pad. In other
realization options, in place of the microstrip feeding lines 310 coplanar waveguide lines can be
used, and patch 307 can be realized as a dipole with arbitrary planar printed shapes of dipoles, or a
simple metal road antenna coming out from odd mode exertion of the planar/coplanar waveguide.

Fig. 11 shows one of the practical realizations, related to the main functional parts of the proposed
apparatus 100. Fig 11 contains a soft dielectric substrate 201 which can be bent, containing
transmitting and receiving antenna systems 203 and 202. Soft dielectric substrate 201 is cutin
such a way that the part containing printed radio elements can be easily bent, by using plastic
mechanical structure described in the Fig.12. The second part of the substrates 216 is not bent,
and itis thicker, containing ridged dielectric substrate below the layer of the soft dielectric
substrate 201. The cutting of the soft dielectric substrate 214 and the edge cut 215 enable
minimization of the torsion effect on the thin soft dielectric substrate 201 by bending. This results in
the first part of the soft dielectric substrate 201 being bent, while the second part of the dielectric
substrate 216 is flat, ridged, thicker and is not bent. The arc and the length of lateral cut being
imposed by soft dielectric substrate 201 is enabling bending it to flat part of the substrate
transition, which is physically shorter than if the lateral cut were not to be introduced. In the
proposed apparatus 100, the integrated mmWave operated chip 101 needs to be connected to the
radiation elements. For the sake of the lowest possible cost of the proposed apparatus 100 and
allowing sufficiently good performance, a mmWave operated chip 101 with 4 transmitter and 4
receiver paths is used. That means that mmWave operated chip 101 ports need to be connected to
the soft substrate 201, which is bent. The mmWave operated chip 101 itself requires a multi-layer
PCB. In the process of the PCB manufacturing, different layers of substrate are initially used, and
the part marked with “Y “ on the Fig 11¢c) shows the area where the thick substrate is removed; the
rough area 218 shows the rest of the thicker area after the removal process. Through the PCB
manufacturing process, below the soft dielectric substrate 201 on the printed antenna system and
microstrip feeding lines, an advantageously thin additional protection layer 218 is used, which is
also bendable. Such a soft dielectric area has a thickness equal to or smaller than 0.127mm. In Fig
11, for the sake of simplicity, the proposed concept realization feeding lines to antenna systems
202 and 203 are omitted. Fig 16 d) is showing the proposed structure, after the bending of the
antenna parts is concluded. It is obvious that in order for an arrangement to achieve the target field
of view of 180°, the antenna systems on the soft substrate edge need to have an unobstructed view,
so the shape of the proposed apparatus 100 accommodates for this.

If this substrate PCB approach of the Fig. 11 b) cannot be easily manufactured with a high enough
yield to enable low-cost production, the alternative way with coupling structures 22) is shown in
Fig. 12. Fig 12 shows a different realization option approach within the proposed apparatus 100. In
this arrangement, there are two separate substrates: soft dielectric substrate 201, having bent
antenna systems, and a separate rigid substrate 209 hosting the mmWave radar chip 101. The
coupling of the electromagnetic millimeter waves is solved by an advantageously introduced
coupling structure 220. Coupling structures 220 are placed one above the other as shown in Fig.
13. Such coupling structures enable the transmission of the mmWave signals from mmWave chip
101 to the transmitting antenna systems 203, and from the receiving antenna systems 202 to the
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mmWave chip 101. The coupling structure is specially constructed to enable wide band matching
of the coupling in more than 10% of the central frequency operating frequency, with strong
realization tolerance resilience. The loss in the coupling is less than 2dB, typically 1dB, which is a
good compromise, enabling a more compact realization of the proposed apparatus 100.

In Fig. 12 ¢), details of the coupling structure 220 for one half of the transition are shown. In this
arrangement, antenna systems(203, 202 are fed by a microstrip line on soft dielectric substrate
201, and this microstrip line is transformed to the grounded coplanar waveguide 213. Edges of the
grounded coplanar waveguide 213 are widened in an arbitrary form, put gradually from the current
mode strip to the dielectric waveguide 224 propagation mode. Embedded micro-vias 223 are
placed onto the dielectric waveguide guiding structure 224.

On the top of the soft dielectric substrate 201, in the middle of the generated dielectric waveguide
structure, a rectangular metallic slot structure 216 is built, having a specific lateral distance 207,
specific length 208, and specific distance to the micro-vias, presenting a dielectric waveguide 225
short cut. Dimensions 207, 208 and 206 are specially electromagnetically optimized to ensure
broad electromagnetic matching to the identical slot and identical coupling structure put on the
top of the said slot 226, as shown in the Fig. 13. In Fig 16, the plastic structure 221, as one of the
realization options, may be used to press the soft substrate 201, containing the printed antenna
systems, to the ridged substrate 209, containing mmWave chip 101. Holes in both substrates 201
and 209, 216, are introduced to ensure mechanical alignment of the two substrates, enabling good
electrical coupling through the lower slot 225 and upper slot 225 of the two substrates,
respectively. In both Fig. 12 and Fig 13, the microstrip feeding lines are coming from mmWave chip
101 to the antenna systems 202 and 203 in such a way that the signal phase of the signal remains
the same, which practically means that the length of the feeding microstrip lines must be the
same, which in turn influences their positioning.

Fig 14 shows parts of the proposed apparatus 100. This plastic structure 304 is forcing the
substrate 201 to bend. In order to minimize the production cost, the same structure can be
connected to the radome 300, which has a thickness 305 advantageously about one half of the
central wavelength of apparatus 100 operation, and the distance 304 about one quarter of the said
wavelength. In the arrangement of the Fig 13 and Fig 14, the mmWave chip 101 is physically below
the antenna systems, and in the arrangement of the Fig. 11.

Fig 15. is showing a simulated radiation pattern in azimuth state-of-the-art 402 Fig 16a) field of view
and proposed apparatus 100 simulated radiation pattern in azimuth Fig. 16 b). In both diagrams, the
dashed line is showing 6 dB border 403 for field of view (FoV). It is obvious that the proposed
apparatus 100 has a 180° FoV, and the state-of-the-art is smaller, in the 120 to 150° range. The
essential advantage of the proposed apparatus 100 is that a large FoV can be realized using a single
mmWave chip 101.

Fig. 16 shows one of the possible realization options for a complete mechanical outlook of the
proposed apparatus 100. The possible size of a 180° FoV radar sensor can be from 80mm to 50mm,
with a thickness of 20mm. The size of the system is dependent on the antenna system used, and if
the printed antenna systems 202 and 203 have more radiation elements, which achieve larger
detection ranges.
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The proposed apparatus 100 has the optional feature of transmitting wireless signals, taking
advantage of non-licensed and/or ISM frequency bands, to send alerts to the rider, the rider’s airbag
or the rear-view mirror/cluster display of the vehicle, for operation scenarios described in Fig. 3 and
Fig. 2. This option requires the existence of a wireless communication chip and communication
antenna systems, both being realized in several of the realization options. The wireless antenna can
be realized as a SMD block placed on the substrate, close to the outside radome of the proposed
apparatus 100, or as a printed antenna in the same position.

Fig. 17 shows one of the possible realization options for a complete mechanical outlook of the
proposed apparatus (100) with an integrated camera. The camera, in this implementation option, is
positioned at the top middle part of the apparatus’ 100 housing, where the related integration place
can be found. The camera’s information output is provided for assessment over the same
connector as the information coming from the radar, or over the wireless interface integrated in the
apparatus 100. Video information can be then combined with radar sensor alerts, or triggered by
the radar sensor alerts, transmitted to the vehicle cluster and/or to the infotainment system display,
and/or to the display integrated into the rear-view mirrors, and/or or in the display integrated into
the rider’s helmet for two-wheeler vehicles. For the wired transmission, the video signal can be
packed with compression over the existing CAN bus, to maintain the lowest possible system cost
for a sufficiently good level of information, leading to more comfort.

Further aspects and examples are found in the following humbered clauses:

Clause 1: apparatus working as MmWave radar sensor module comprising:

a mmWave integrated radar circuit entity havingat least four receiving input, and at least two
transmitting outputs;

an antenna structure having at least four radiation elements receiving mmWave signals, and at
least two radiation elements transmitting mmWave signals, all the radiation elements being
connected by mmWave electromagnetic transmission guides to the integrated mmWave integrated
radar circuit entity,

wherein the middle points of radiation surfaces of said radiation elements build a symmetrical
convex arrangement toward observation area, named the main curve,

wherein said radiation elements transmitting mmWave signhals are arranged on the main curve in
the middle of the main curve in symmetrical order such that

the same number of radiation elements transmitting mmWave signals are arranged on each side of
the “main curve”, if the number of radiation elements transmitting mmWave signals is even

and one radiation element transmitting mmWave signals is arranged in the middle of the main
curve and rest of the radiation elements transmitting mmWave signals are symmetrically arranged
on each side of the main curve, if the number of the radiation elements transmitting mmWave
signals are odd.
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wherein said radiation elements receiving mmWave signals are arranged on the main curve on the
left and right side of the radiation elements transmitting mmWave signals.

Clause 2: apparatus according to clause 1,

wherein the portion of middle points of radiation surfaces of the said radiation elements are
building symmetrical convex arrangement toward observation area, named main curve

wherein said radiation elements portion transmitting mmWave signhals are arranged on the main
curve in the middle of the main curve in symmetrical order such that

one radiation element transmitting mmWave sighals the same number of each side of the
main curve, if the number of portions of the said radiation elements transmitting mmWave
signals is even, and

one radiation elements transmitting mmWave signals in the middle of the main curve and
rest radiation elements transmitting mmWave signals symmetrical, if the number of
portions of the radiation elements transmitting mmWave signals are odd.

wherein said radiation elements receiving mmWave sighals are arranged on the main curve on the
left and right side of the radiation elements transmitting mmWave signals

and

wherein said radiation elements second portion transmitting mmWave signals are arranged on a
secondary curve in the middle of the secondary curve in symmetrical order such that

one radiation element transmitting mmWave signals the same number of each side of the
secondary curve, if radiation elements second portion transmitting mmWave signals is
even, and

one radiation elements transmitting mmWave signals in the middle of the main curve and
rest radiation elements transmitting mmWave signals symmetrical, if radiation elements
second portion transmitting mmWave signals are odd,

wherein said radiation elements receiving mmWave signals are arranged on the main curve on the
left and right side of the radiation elements transmitting mmWave signals,

wherein the secondary curve is displaced on the plane, which is parallel to “main curve” plane.

Clause 3: apparatus according to clause 2

wherein portion of said radiation elements receiving mmWave signals are arranged on a tertial
curve in symmetrically manner, which is parallel to main curve plane.
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Clause 4: apparatus according to any one of clauses 1 to 3, wherein the radiation elements
transmitting mmWave signals are strings of patch antennas, wherein the minimum number of
patches is one, and wherein mmWave electromagnetic transmission guides are microstrip lines.

Clause b: apparatus according to any one of clauses 1 to 3, wherein the radiation elements
transmitting mmWave signals are strings containing patches being printed on different sides of a
microstrip feeding line in an asymmetrical manner with differing patch sizes, where mmWave
electromagnetic transmission guides are microstrip lines.

Clause 6: apparatus according to any one of clauses 1 to 3, wherein radiation elements
transmitting mmWave sighals are open mmWave waveguides, wherein mmWave electromagnetic
transmission guides are mmWave wave, guides, smoothly banded to reach their endings in one
plane, where their endings are open mmWave waveguides, where open waveguides on both sides
are rectangular mmWave waveguides.

Clause 7: apparatus according to clause 6, wherein open waveguides on both sides are ellipsoidal
mmWave waveguides.

Clause 8: apparatus according to clause 6, wherein the mmWave integrated radar circuit entity’s
inputs and outputs are attached to the mmWave launcher, releasing mmWave radio signal coupling
in the efficient way from and to mmWave integrated radar circuit entity inputs and outputs to the
said mmWave waveguides.

Clause 9: apparatus according to clause 8, wherein mmWave launcher is an arbitrarily shaped
planar patch.

Clause 10: apparatus according to any one of the preceding clauses, wherein said apparatus is
placed with the minimum angle of zero degree from the plane of symmetrical main curve to
horizontal plane parallel to the ground, toward the ground plane, mounted on the vehicle.

Clause 11: apparatus according to clause 10, wherein the vehicle, has more than one wheel.

Clause 12: apparatus according to clause 11, where the said vehicle, has more than one said
apparatus mounted on more than one side of the vehicle.
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Clause 13: apparatus according to any one of the preceding clauses, where the said apparatus can
provide signal processing on module enabling detection of distance to targets, their speed, angular
position relative to said apparatus, in the 180° azimuth field of view.

Clause 14: apparatus according to clause 13, where the said apparatus can provide classification
of targets in the 180° azimuth field of view.

Clause 15: apparatus according to clause 13, where the said apparatus can provide tracking of
targets.

Clause 16: apparatus according to any one of the preceding clauses, where in the same body of the
said apparatus, the camera is integrated.

Clause 17: apparatus according to clause 16, where only one physical connection for both said
apparatus and camera is approaching the vehicle infrastructure.

Clause 18: apparatus according to any one of the preceding clauses, where the said apparatus has
integrated short range wireless communication means integrated circuit, enabling sensor
information transmission wirelessly to the part of the vehicle body.

Clause 19: apparatus according to clause 18, where the sensor information is additionally
transmitted to the two-wheeler rider’s helmet.

Clause 20: apparatus according to clause 18, wherein the sensor information is additionally
transmitted to the two-wheeler rider’s airbag.

Clause 21: apparatus according to clause 18, wherein the sensor information is transmitted to the
two-wheelers’ back looking mirrors.

Clause 22: apparatus according to clause 19, wherein apparatus is mounted in after-market
manner to the vehicle having only wireless communication means to the vehicle structure, without
other wired digital interfaces.
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We claim:

1. Apparatus working as MmWave radar sensor module comprising:

a mmWave integrated radar circuit entity havingat least four receiving input, and at least two
transmitting outputs;

an antenna structure having at least four radiation elements receiving mmWave signals, and at
least two radiation elements transmitting mmWave signals, all the radiation elements being
connected by mmWave electromagnetic transmission guides to the integrated mmWave integrated
radar circuit entity,

wherein the middle points of radiation surfaces of said radiation elements build a symmetrical
convex arrangement toward observation area, named the main curve,

wherein said radiation elements transmitting mmWave sighals are arranged on the main curve in
the middle of the main curve in symmetrical order such that

the same number of radiation elements transmitting mmWave signals are arranged on each side of
the “main curve”, if the number of radiation elements transmitting mmWave sighals is even

and one radiation element transmitting mmWave sighals is arranged in the middle of the main
curve and rest of the radiation elements transmitting mmWave signals are symmetrically arranged
on each side of the main curve, if the number of the radiation elements transmitting mmWave
signals are odd,

wherein said radiation elements receiving mmWave signals are arranged on the main curve on the
left and right side of the radiation elements transmitting mmWave signals.

2. Apparatus according to claim 1,

wherein the portion of middle points of radiation surfaces of the said radiation elements are
building symmetrical convex arrangement toward observation area, named main curve

wherein said radiation elements portion transmitting mmWave sighals are arranged on the main
curve in the middle of the main curve in symmetrical order such that

one radiation element transmitting mmWave signals the same number of each side of the
main curve, if the number of portions of the said radiation elements transmitting mmWave
signals is even, and

one radiation elements transmitting mmWave signals in the middle of the main curve and
rest radiation elements transmitting mmWave signals symmetrical, if the number of
portions of the radiation elements transmitting mmWave signals are odd.

wherein said radiation elements receiving mmWave sighals are arranged on the main curve on the
left and right side of the radiation elements transmitting mmWave signals
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and

wherein said radiation elements second portion transmitting mmWave signals are arranged on a
secondary curve in the middle of the secondary curve in symmetrical order such that

one radiation element transmitting mmWave signals the same number of each side of the
secondary curve, if radiation elements second portion transmitting mmWave signals is
even, and

one radiation elements transmitting mmWave signals in the middle of the main curve and
rest radiation elements transmitting mmWave signals symmetrical, if radiation elements
second portion transmitting mmWave signals are odd.

wherein said radiation elements receiving mmWave signals are arranged on the main curve on the
left and right side of the radiation elements transmitting mmWave signals,

wherein the secondary curve is displaced on the plane, which is parallel to “main curve” plane.

3. Apparatus according to claim 2

wherein portion of said radiation elements receiving mmWave signals are arranged on a tertial
curve in symmetrically manner, which is parallel to main curve plane.

4. Apparatus according to any one of claims 1 to 3, wherein the radiation elements transmitting
mmWave signals are strings of patch antennas, wherein the minimum number of patches is one,
and wherein mmWave electromagnetic transmission guides are microstrip lines.

5. Apparatus according to any one of claims 1 to 3, wherein the radiation elements transmitting
mmWave signals are strings containing patches being printed on different sides of a microstrip
feeding line in an asymmetrical manner with differing patch sizes, where mmWave electromagnetic
transmission guides are microstrip lines.

6. Apparatus according to any one of claims 1 to 3, wherein radiation elements transmitting
mmWave signals are open mmWave waveguides, wherein mmWave electromagnetic transmission
guides are mmWave wave, guides, smoothly banded to reach their endings in one plane, where
their endings are open mmWave waveguides, where open waveguides on both sides are
rectangular mmWave waveguides.

7. Apparatus according to claim 6, wherein open waveguides on both sides are ellipsoidal mmWave
waveguides.
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8. Apparatus according to claim 6, wherein the mmWave integrated radar circuit entity’s inputs and
outputs are attached to the mmWave launcher, releasing mmWave radio signal coupling in the
efficient way from and to mmWave integrated radar circuit entity inputs and outputs to the said
mmWave waveguides.

9. Apparatus according to claim 8, wherein mmWave launcher is an arbitrarily shaped planar patch.

10. Apparatus according to any one of the preceding claims, wherein said apparatus is placed with
the minimum angle of zero degree from the plane of symmetrical main curve to horizontal plane
parallel to the ground, toward the ground plane, mounted on the vehicle.

11. Apparatus according to claim 10, wherein the vehicle, has more than one wheel.

12. Apparatus according to claim 11, where the said vehicle, has more than one said apparatus
mounted on more than one side of the vehicle.

13. Apparatus according to any one of the preceding claims, where the said apparatus can provide
sighal processing on module enabling detection of distance to targets, their speed, angular position
relative to said apparatus, in the 180° azimuth field of view.

14. Apparatus according to claim 13, where the said apparatus can provide classification of targets
in the 180° azimuth field of view.

15. Apparatus according to claim 13, where the said apparatus can provide tracking of targets.

16. Apparatus according to any one of the preceding claims, where in the same body of the said
apparatus, the camera is integrated.

17. Apparatus according to claim 16, where only one physical connection for both said apparatus
and camera is approaching the vehicle infrastructure.
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18. Apparatus according to any one of the preceding claims, where the said apparatus has
integrated short range wireless communication means integrated circuit, enabling sensor
information transmission wirelessly to the part of the vehicle body.

19. Apparatus according to claim 18, where the sensor information is additionally transmitted to
the two-wheeler rider’s helmet.

20. Apparatus according to claim 18, wherein the sensor information is additionally transmitted to
the two-wheeler rider’s airbag.

21. Apparatus according to claim 18, wherein the sensor information is transmitted to the two-
wheelers’ back looking mirrors.

22. Apparatus according to claim 19, wherein apparatus is mounted in after-market manner to the
vehicle having only wireless communication means to the vehicle structure, without other wired
digital interfaces.

Dated this 16th day of May 2024

--Digitally Signed:: Filed via e-Filing-
SUCHI RAI [IN/PA- 1734]

S&A Law Offices

Agent for the Patentee
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ABSTRACT

RADAR SENSOR WITH A 180 DEGREE FIELD OF VIEW

A mmWave radar sensor module is proposed, to have a specific structure enabling a 180° Field of
View (FoV) with an affordable system cost. The proposed mmWave radar sensor moduleis put to
use in passengervehicles, commercialvehicles, automated guided vehicles (AGVs), as well as
motorcycles and bikes, enabling avarietyof applicationfeatures: smartparking assistance,
replacing PDC sensors, determining the distance, speed and angle of targets, includingtheir
tracking, detection of people, tracking of people, tailgate and door protection by restricting
opening, gesture and kick sensing, and otherapplications. In the case of two-wheelers and three-
wheelers, the same apparatus may cover also blind sport detection application inthe affordable
system manner.

Fig. 1 a)
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