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2D MIMO RADAR SYSTEM FOR VEHICLE
CROSS REFERENCE TO RELATED APPLICATION

[0001] The present application claims the filing benefits of U.S. provisional application Ser.
No. 62/359,913, filed Jul. 8, 2016, which is hereby incorporated herein by reference in its
entirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to a vehicle sensing system for a vehicle
and, more particularly, to a vehicle sensing system that utilizes one or more sensors at a
vehicle to provide a field of sensing around the vehicle.

BACKGROUND OF THE INVENTION

[0003] Use of imaging sensors or ultrasonic sensors or radar sensors in vehicle sensing
systems is common and known. Examples of such known systems are described in U.S.
Pat. Nos. 8,013,780 and 5,949,331 and U.S. publication No. US-2010-0245066 and
International Publication No. WO 2011/090484, which are hereby incorporated herein by
reference in their entireties.

SUMMARY OF THE INVENTION

[0004] The present invention provides a driver assistance system or sensing system for a
vehicle that utilizes one or more ranging sensors (such as radar sensors or the like)
disposed at the vehicle to sense respective regions exterior of the vehicle, with each of the
sensors or sensor units comprising a plurality of transmitters and receivers disposed at the
vehicle. In aradar sensor of the present invention, a plurality of transmitting antennas and
a plurality of receiving antennas are arranged as a two dimensional array of antennas.
Outputs of the two dimensional array of antennas are communicated to a control, and the
control applies two dimensional multiple input multiple output (MIMO) processing to
outputs of the two dimensional array of antennas. Responsive to such processing, the
control determines the presence of one or more objects exterior the vehicle and within the
field of sensing of the array.

[0005] According to an aspect of the present invention, a radar sensing system for a
vehicle includes a radar sensor having a plurality of transmitting antennas and a plurality of

receiving antennas. The transmitting antennas and the receiving antennas are arranged in
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multiple rows and columns of transmitting antennas and multiple rows and columns of
receiving antennas. A control controls radar transmission by the transmitting antennas
and receives outputs from the receiving antennas. The control applies two dimensional
multiple input multiple output processing to outputs of the receiving antennas. With two
dimensional multiple input multiple output processing applied to outputs of the receiving
antennas, the transmitting antennas and the receiving antennas achieve an enhanced two
dimensional virtual aperture. The plurality of transmitting antennas may be arranged in
three rows, each row comprising four transmitting antennas, while the plurality of receiving
antennas may be arranged in four columns, each column comprising at least four receiving
antennas, with the columns of receiving antennas disposed between spaced apart rows of
transmitting antennas, whereby the rows of transmitting antennas and the columns of
receiving antennas function as 192 virtual receivers.

[0006] These and other objects, advantages, purposes and features of the present
invention will become apparent upon review of the following specification in conjunction
with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a perspective view of a vehicle with a sensing system that incorporates a
radar sensor in accordance with the present invention;

[0008] FIG. 2 is a diagram showing an antenna formation using two transmitting antenna

and four receiving antenna;

[0009] FIG. 3 is a diagram showing the antennas of FIG. 2, with a virtual aperture when
MIMO is applied;
[0010] FIG. 4 is a diagram of an antenna array with multiple transmitting antenna and

multiple receiving antenna in accordance with the present invention; and

[0011] FIG. 5 is a diagram showing the virtual two-dimensional antenna aperture when 2D
MIMO is applied with the antenna array of FIG. 4.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0012] A vehicle sensing system, such as a driver assist system, object detection system,
parking assist system and/or alert system, operates to capture sensing data exterior of the
vehicle and may process the captured data to detect objects at or near the vehicle and in
the predicted path of the vehicle, such as to assist a driver of the vehicle in maneuvering

the vehicle in a forward or rearward direction or to assist the driver in parking the vehicle in
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a parking space. The system includes a processor that is operable to receive sensing data
from multiple sensors and to provide an output to a control that, responsive to the output,
generates an alert or controls an accessory or system of the vehicle, or highlights or
overlays an alert on a display screen (that may be displaying video images captured by a
single rearward viewing camera or multiple cameras providing forward, side or 360 degree
surround views of the area surrounding the vehicle during a reversing or low speed
maneuver of the vehicle).

[0013] Referring now to the drawings and the illustrative embodiments depicted therein, a
vehicle 10 includes a driver assistance system or sensing system 12 that includes at least
one radar sensor unit, such as a forward facing radar sensor unit 14 (and the system may
optionally include multiple exterior facing radar sensors and/or other sensors, such as
cameras or other sensors or the like, such as a rearward facing sensor at the rear of the
vehicle, and a sideward/rearward facing sensor at respective sides of the vehicle), which
sense regions exterior of the vehicle. The sensing system 12 includes a control or
electronic control unit (ECU) or processor that is operable to process data captured by the
sensor or sensors and may detect objects or the like. The data transfer or signal
communication from the sensor to the ECU may comprise any suitable data or
communication link, such as a vehicle network bus or the like of the equipped vehicle.

[0014] Automotive radars typically consist of multiple transmit and receive antennas in
various formations, called antenna arrays. The total size (aperture) of such an antenna
array formation defines the angular accuracy and angular discrimination capabilities of the
radar sensing system. For radar systems, the term “resolution” is often used to describe
the capability to discriminate two objects which are close to each other.

[0015] Some automotive radars use MIMO (Multiple Input Multiple Output) techniques to
create an effective virtual antenna aperture, which is significantly larger than the real
antenna aperture, and delivers much better angular resolution than conventional radars,
such as, for example, conventional scanning radars. MIMO techniques are today just used
in one dimension (typically horizontal). For example, a one dimensional array of
transmitting antennas (such as two transmitting antennas) and receiving antennas (such
as four receiving antennas) are linearly arranged in a single row (or column) and their real
aperture is shown in FIG. 2. When MIMO techniques are applied, the virtual aperture

(FIG. 3) achieved is greater than the real aperture.
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[0016] In order to achieve angular accuracy and resolution in horizontal as well as in
vertical, a two dimensional antenna array is used. A two dimensional radar is achieved by
two scans, separately (time-multiplexed) in horizontal and vertical. A two dimensional
radar can also be achieved by using MIMO when used separately for horizontal and
vertical scan (also time-multiplexed).

[0017] Multi-dimensional MIMO techniques are used in communication systems today.
When these techniques are applied to an automotive radar system, very accurate
horizontal and vertical accuracy and resolution can be achieved at once (not time-
multiplexed). Therefore, two dimensional (2D) MIMO techniques are applied on a two
dimensional antenna array.

[0018] In the illustrated embodiment of the radar sensing system of the present invention, a
two dimensional array of transmitting (Tx) antennas and receiving (Rx) antennas includes
12 transmitting (Tx) antennas and 16 receiving (Rx) antennas (FIG. 4) (which are
configured for 2D MIMO processing and 192 virtual receivers). As shown in FIG. 4, the
system may include three rows of four transmitting antennas and four columns of four
receiving antennas arranged or configured to provide the desired or appropriate virtual
aperture. When two dimensional MIMO techniques are applied to the array of antennas of
FIG. 4, a two dimensional virtual antenna aperture is achieved (FIG. 5) that provides
enhanced accuracy and resolution in both horizontal and vertical directions.

[0019] Thus, the two dimensional (2D) array of Tx antennas and Rx antennas is created on
and occupies a two dimensional surface, such as a surface of a two dimensional antenna
board or substrate or the like, with all Tx antennas and Rx antennas not in a single row or
single column. Although shown and described as having three rows of four Tx antennas
and four columns of four Rx antennas, other two dimensional arrangements of Tx and Rx
antennas may be used, while remaining within the spirit and scope of the present
invention. For example, the two dimensional arrangement of Tx and Rx antennas
preferably includes at least four Tx antennas and six Rx antennas (providing at least
twenty-four virtual receivers), more preferably at least eight Tx antennas and ten Rx
antennas (providing at least eighty virtual receivers), and more preferably at least twelve
Tx antennas and sixteen Rx antennas (providing at least 192 virtual receivers).

[0020] In a MIMO system, each transmitting antenna radiates an arbitrary waveform

independently of the other transmitting antennas, and each receiving antenna can receive
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these signals. Due to the different wave forms, the echo signals can be designated as
coming from the respective transmitting antenna.

[0021] Thus, the system of the present invention provides enhanced radar sensing and
processing, such as for detecting objects present in the field of sensing of the radar
sensing system. For example, the control may apply two dimensional multiple input
multiple output processing to outputs of the two dimensional array of antennas to detect
objects present in the field of sensing of the two dimensional array of antennas, such as for
a driving assistance system of the vehicle. For example, the driving assistance system
may comprise an autonomous driving system, a semi-autonomous driving system, an
automated parking system, a blind spot detection system, a cross traffic alert system, a
lane change and merge aid system, an automatic emergency braking system, a pedestrian
detection system, turn assist, and/or an intersection collision mitigation system. Optionally,
the driving assistance system may also utilize image data captured by one or more exterior
viewing cameras of the vehicle, and optionally the captured image data may be fused with
sensed radar data to enhance detection of objects exterior of the vehicle. Optionally, the
radar sensing system may provide an output to a control that, responsive to the output
being indicative of detection of an object of interest exterior the vehicle (such as an object
in the path of travel of the vehicle), generates an alert (such as a visual or audible or haptic
alert to the driver or passenger of the vehicle) or controls an accessory or system of the
vehicle (such as a steering system or braking system of the vehicle), or highlights or
overlays an alert on a display screen (that may be displaying video images captured by a
single rearward viewing camera or multiple exterior viewing cameras providing forward,
side or 360 degree surround views of the area surrounding the vehicle during a reversing
or low speed maneuver of the vehicle) to highlight the detected object in the displayed
images to enhance the awareness of the driver as to the presence of the object.

[0022] The sensing system of the present invention may utilize aspects of the systems
described in U.S. Pat. Nos. 9,599,702; 9,575,160; 9,146,898; 9,036,026; 8,027,029;
8,013,780; 6,825,455; 7,053,357, 7,408,627; 7,405,812; 7,379,163; 7,379,100; 7,375,803;
7,352,454; 7,340,077; 7,321,111, 7,310,431, 7,283,213, 7,212,663; 7,203,356; 7,176,438;
7,157,685; 6,919,549; 6,906,793; 6,876,775; 6,710,770; 6,690,354; 6,678,039; 6,674,895
and/or 6,587,186, and/or International Publication No. WO 2011/090484 and/or U.S.
Publication No. US-2010-0245066 and/or U.S. patent applications, Ser. No. 15/619,627,
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filed Jun. 12, 2017, Ser. No. 15/584,265, filed May 2, 2017, Ser. No. 15/467,247, filed Mar.
23, 2017, Ser. No. 15/446,220, filed Mar. 1, 2017, Ser. No. 15/420,238, filed Jan. 31, 2017,
Ser. No. 15/467,247, filed Mar. 23, 2017, Ser. No. 15/446,220, filed Mar. 1, 2017, and/or
Ser. No. 15/420,238, filed Jan. 31, 2017, and/or U.S. provisional applications, Ser. No.
62/375,161, filed Aug. 15, 2016, and/or Ser. No. 62/361,586, filed Jul. 13, 2016, which are
hereby incorporated herein by reference in their entireties.

[0023] Optionally, the vision system may include a display for displaying images captured
by one or more of the imaging sensors for viewing by the driver of the vehicle while the
driver is normally operating the vehicle. Optionally, for example, the vision system may
include a video display device, such as by utilizing aspects of the video display systems
described in U.S. Pat. Nos. 5,530,240; 6,329,925; 7,855,755; 7,626,749; 7,581,859;
7,446,650; 7,338,177; 7,274,501, 7,255,451; 7,195,381; 7,184,190; 5,668,663; 5,724,187,
6,690,268; 7,370,983; 7,329,013; 7,308,341; 7,289,037; 7,249,860; 7,004,593; 4,546,551;
5,699,044; 4,953,305; 5,576,687; 5,632,092; 5,708,410; 5,737,226, 5,802,727, 5,878,370;
6,087,953; 6,173,501; 6,222,460; 6,513,252 and/or 6,642,851, and/or U.S. Publication
Nos. US-2014-0022390; US-2012-0162427; US-2006-0050018 and/or US-2006-0061008,
which are all hereby incorporated herein by reference in their entireties. Optionally, the
vision system (utilizing the forward viewing camera and a rearward viewing camera and
other cameras disposed at the vehicle with exterior fields of view) may be part of or may
provide a display of a top-down view or bird’s-eye view system of the vehicle or a surround
view at the vehicle, such as by utilizing aspects of the vision systems described in
International Publication Nos. WO 2010/099416; WO 2011/028686; WO 2012/075250; WO
2013/019795; WO 2012/075250; WO 2012/145822; WO 2013/081985; WO 2013/086249
and/or WO 2013/109869, and/or U.S. Publication No. US-2012-0162427, which are hereby
incorporated herein by reference in their entireties.

[0024] Changes and modifications in the specifically described embodiments can be
carried out without departing from the principles of the invention, which is intended to be
limited only by the scope of the appended claims, as interpreted according to the principles

of patent law including the doctrine of equivalents.
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CLAIMS:

1. A radar sensing system for a vehicle, said radar sensing system comprising:

a radar sensor having a plurality of transmitting antennas and a plurality of receiving
antennas;

wherein said transmitting antennas and said receiving antennas are arranged in
multiple rows and columns of transmitting antennas and multiple rows and columns of
receiving antennas;

a control, wherein said control controls radar transmission by said transmitting
antennas and receives outputs from said receiving antennas;

wherein said control applies two dimensional multiple input multiple output
processing to outputs of said receiving antennas; and

wherein, with two dimensional multiple input multiple output processing applied to
outputs of said receiving antennas, said transmitting antennas and said receiving antennas

achieve an enhanced two dimensional virtual aperture.

2. The radar sensing system of claim 1, wherein said plurality of transmitting antennas

are arranged in at least two rows, each row comprising at least two transmitting antennas.

3. The radar sensing system of claim 2, wherein said plurality of receiving antennas
are arranged in at least two columns, each column comprising at least two receiving

antennas.

4. The radar sensing system of claim 3, wherein said at least two columns of receiving

antennas are disposed between spaced apart rows of transmitting antennas.

5. The radar sensing system of claim 1, wherein said plurality of transmitting antennas

are arranged in three rows, each row comprising four transmitting antennas.

6. The radar sensing system of claim 5, wherein said plurality of receiving antennas

are arranged in four columns, each column comprising at least four receiving antennas.
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7. The radar sensing system of claim 6, wherein said columns of receiving antennas

are disposed between spaced apart rows of transmitting antennas.

8. The radar sensing system of claim 7, wherein said rows of transmitting antennas

and said columns of receiving antennas function as 192 virtual receivers.

9. The radar sensing system of any preceding claim, wherein each transmitting
antenna radiates an arbitrary waveform signal independently of other transmitting
antennas, and wherein each receiving antenna receives the signals reflected off objects in

the field of sensing of said radar sensing system.

10.  The radar sensing system of claim 9, wherein, due to different waveforms in the
transmitted signals, the reflected signals can be designated as originating from a particular

transmitting antenna.

11.  The radar sensing system of any preceding claim, wherein said control applies two
dimensional multiple input multiple output processing to outputs of said receiving antennas

to detect objects present in the field of sensing of said radar sensor.

12.  The radar sensing system of claim 11, wherein said control, responsive to detection
of an object, at least one of (i) generates an alert, (ii) controls an accessory of the vehicle,
and (iii) highlights a portion of images displayed on a display screen of the vehicle that is

displaying video images captured by one or more exterior viewing cameras of the vehicle.

13.  The radar sensing system of any preceding claim, wherein said radar sensing

system provides detection for a driving assistance system of the vehicle.

14.  The radar sensing system of claim 13, wherein the driving assistance system
comprises a system selected from the group consisting of an autonomous driving system,
a semi-autonomous driving system, an automated parking system, a blind spot detection

system, a cross traffic alert system, a lane change and merge aid system, an automatic
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emergency braking system, a pedestrian detection system, turn assist, and an intersection

collision mitigation system.

15.  The radar sensing system of claim 14, wherein the driving assistance system also
utilizes image data captured by one or more exterior viewing cameras of the vehicle, and
wherein captured image data is fused with sensed radar data to enhance detection of

objects exterior of the vehicle.
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