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(57) ABSTRACT

A radar sensor for vehicles, including a group antenna,
having a linear array of antenna elements, a feed unit for
feeding transmission signals having a settable phase rela-
tionship into the antenna elements, a control unit controlling
the feed unit, and an evaluation device evaluating received
radar echoes and angle-resolving locating of objects. The
group antenna includes at least two non-interleaved sub-
groups, the feed unit supplies in-phase transmission signals
to the elements, while the transmission signals for the
various subgroups have a settable phase difference, the
control unit periodically changes the settable phase differ-
ence so that the transmission signals have a base phase
difference in one measuring cycle and a phase difference in
another measuring cycle which differs by a fixed absolute
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value from the base difference. The control unit sets the base
difference based on levels of the received radar echoes to
maximize the level difference between the measuring cycles.

8 Claims, 4 Drawing Sheets
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1
RADAR SENSOR FOR MOTOR VEHICLES

FIELD OF THE INVENTION

The present invention relates to a radar sensor for motor
vehicles.

BACKGROUND INFORMATION

Radar sensors are used for detecting the traffic surround-
ings within the scope of driver assistance systems, for
example, for radar-assisted distance control (ACC; adaptive
cruise control). Such a driver assistance system is discussed,
for example, in the publication “Adaptive Fahrgeschwind-
igkeitsregelung [Adaptive Cruise Control] ACC”, Robert
Bosch GmbH, Gelbe Reihe, 2002 edition, technical instruc-
tion. In addition to the distance and the relative velocity, the
angle of the located objects is also an important measured
variable of the radar sensor. In this case, both the horizontal
angle (azimuth angle) and the vertical angle (elevation
angle) are significant. The azimuth angle is used for esti-
mating the lateral offset and therefore for lane assignment.
The elevation angle enables, for example, a differentiation
between objects which may be driven under or driven over,
and objects which represent real obstructions. Thus, in
particular in safety applications (PSS; predictive safety
systems), erroneous triggering due to metallic objects such
as manhole covers, tin cans, and the like may be avoided.

The azimuth angle resolution capability is usually
achieved in that multiple angle-offset radar lobes are gen-
erated, in which the radar echoes are analyzed in separate
channels. Scanning radar systems are also known, in which
the radar lobe is pivoted. The pivoting of the transmitting
and/or receiving lobe may be achieved, for example, with
the aid of phased-array antennas. The directional character-
istic of the antenna array results by superimposing the
radiation diagrams of the individual antenna elements.

A radar sensor for motor vehicles is discussed in WO
2012 089 385 A1, using which the elevation angle of located
objects may be at least roughly estimated. This radar sensor
includes at least one group antenna, which is formed by a
linear array of antenna elements, a feed unit for feeding
transmission signals having an adjustable phase relationship
into the antenna elements, a control unit for controlling the
feed unit, and an evaluation device for evaluating received
radar echoes and for angle-resolving locating of objects.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
angle-resolving radar sensor having a simplified structure.

This object may be achieved in one specific embodiment
of the present invention in that the group antenna is divided
into at least two subgroups, which are not interleaved, the
feed unit is configured to supply in-phase transmission
signals to the antenna elements of each subgroup, while the
transmission signals for the various subgroups have a set-
table phase difference, the control unit is configured to
change the settable phase difference from measuring cycle to
measuring cycle periodically in such a way that the trans-
mission signals in one measuring cycle have a base phase
difference and in another measuring cycle have a phase
difference which differs by a fixed absolute value from the
base phase difference, and the control unit is furthermore
configured to set the base phase difference on the basis of the
level of the received radar echoes to maximize the level
difference between the measuring cycles.
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The radar waves emitted from the two subgroups are
superimposed to form a radar lobe, the main emission
direction of which is a function of the particular phase
difference. If the base phase difference is zero, in a first
measuring cycle, all antenna elements of the entire group
antenna are thus activated in-phase, and the main emission
direction corresponds to the perpendicular to the plane of the
group antenna. In the next measuring cycle, the phase
difference is greater by a fixed absolute value, which is
typically in the order of magnitude of 180°. At this phase
difference of 180°, destructive interference is obtained on
the perpendicular, so that the levels of the received radar
echoes are minimal for objects which are located on the
perpendicular. If the base phase difference is not equal to
zero, in the first measuring cycle, the main emission direc-
tion thus deviates from the perpendicular, and the direction
of destructive interference accordingly deviates from the
perpendicular in the next measuring cycle. The radar lobes
may therefore be pivoted within specific limits, by varying
the base phase difference. If an individual object is located,
there is thus a fixed and known relationship between the
angle at which this object appears and the base phase
difference, at which the level difference between the radar
echo received in the first measuring cycle (with constructive
interference) and the radar echo received in the next mea-
suring cycle (with destructive interference) is maximal. By
varying the base phase difference, the angle of the located
object may therefore be determined or at least roughly
estimated.

This approach has the advantage that in principle only a
single phase shifter is required for setting the particular
phase differences, while in contrast, for example, in con-
ventional phased-array antennas, a separate phase shifter has
to be provided for each individual antenna element.

The above-described approach may also be applied simi-
larly to group antennas, which are used as receiving anten-
nas or, in a monostatic antenna concept, as combined
transmitting and receiving antennas. According to another
specific embodiment, the present invention therefore also
has a radar sensor for motor vehicles as the subject matter,
including at least one group antenna, which is formed by a
linear array of antenna elements, a superposition unit for
superimposing received signals of the antenna elements
having a settable phase relationship, a control unit for
controlling the superposition unit, and an evaluation device
for evaluating the received radar echoes and for angle-
resolved location of objects, in which the group antenna is
divided into at least two non-interleaved subgroups, the
superposition unit is configured to superimpose the received
signals of the antenna elements of each subgroup in phase,
while the received signals of the various subgroups are
superimposed with a settable phase difference, the control
unit is configured to change the settable phase difference
periodically from measuring cycle to measuring cycle in
such a way that the received signals have a base phase
difference in one measuring cycle and a phase difference in
another measuring cycle which differs by a fixed absolute
value from the base phase difference, and the control unit is
furthermore configured to set the base phase difference on
the basis of the level of the received radar echoes to
maximize the level difference between the measuring cycles.

Advantageous embodiments of the present invention are
specified in the further descriptions herein.

In one advantageous specific embodiment, the linear array
of'the antenna elements is a vertical column, so that an angle
resolution capability in elevation is achieved. The setting of
the base phase difference may also be used for the purpose
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of compensating for any possible alignment errors during
the installation of the radar sensor in the vehicle. If the radar
sensor were installed as a result of such an alignment error
in such a way that, for example, the perpendicular to the
plane of the group antenna corresponds to an elevation angle
different from 0°, the base phase difference may thus be
adapted in such a way that the radar lobe is pivoted just
enough in the first measuring cycle that the main emission
direction thereof corresponds to the elevation angle of 0°.

The radar sensor may include multiple group antennas in
the form of multiple columns situated adjacent to one
another, which are activated in phase, so that a more strongly
directional effect is achieved in the azimuth.

One exemplary embodiment is explained in greater detail
hereafter on the basis of the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram of a radar sensor according
to the present invention.

FIGS. 2, 3, 4, 5, 6, and 7 show diagrams to explain the
operating mode of the radar sensor in the estimation of the
elevation angle of an object.

DETAILED DESCRIPTION

The radar sensor shown in FIG. 1 includes an antenna
array having a transmitting antenna array Tx and a receiving
antenna array Rx. Transmitting antenna array Tx includes
multiple group antennas 10, which are formed by vertical
columns, which are situated adjacent to one another, of
antenna elements 12. Each group antenna 10 is subdivided
into two subgroups 10a and 105. The subgroups are not
interleaved, i.e., all antenna elements 12 associated with the
same subgroup are directly adjacent to one another. In the
example shown, each subgroup has the same number of
antenna elements.

Antenna elements 12 are used to transmit a radar signal,
which is generated by a local oscillator 14. The radar signal
to be transmitted is distributed to subgroups 10a of each of
group antennas 10 and then fed serially into individual
antenna elements 12 within each subgroup via a first feed
network 16. Correspondingly, the radar signal to be trans-
mitted is distributed to subgroups 106 of each of group
antennas 10 and then fed serially into individual antenna
elements 12 within each subgroup via a second feed network
18.

The columns formed by group antennas 10 have uniform
horizontal distances from one another. Feed network 16 is
configured in such a way that all antenna elements 12 of
subgroups 10a of all group antennas 10 are activated in
phase, so that by superimposing the radiation emitted from
the individual antenna elements, a bundling effect results
both in the azimuth and also in the elevation. The main
emission direction is perpendicular to the plane in which
antenna elements 12 are situated, for example, on a shared
high-frequency substrate. In order that individual antenna
elements 12 of a subgroup are excited in phase, distance d1
between two adjacent antenna elements 12 within this
subgroup corresponds to wavelength A on the substrate (or
is an integer multiple thereof). Antenna elements 12 of
subgroups 105 also have equal distance d1, and the distance
between the last antenna element of subgroup 10a and the
first antenna element of subgroup 106 is also dl1.

Feed network 18 is also configured in such a way that all
antenna elements 12 of subgroups 105 of all group antennas
10 are activated in phase. However, it contains a phase
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shifter 20, using which a phase difference may be set
between the transmission signals, which are supplied to
subgroups 10a, on the one hand, and to subgroups 105, on
the other hand. If this phase difference is not equal to zero,
a main emission direction, which deviates from the perpen-
dicular to the plane of the substrate results for transmission
antenna array Tx as a whole due to interference, and
therefore a main emission direction having an elevation
angle a which is not equal to zero, if the substrate is installed
vertically in the vehicle.

When the radar signal, which is emitted from transmitting
antenna array Tx, impinges upon an object, for example, a
preceding vehicle, a part of the radar radiation is thus
reflected, whereby it experiences a Doppler shift as a func-
tion of the relative velocity of the object, and the reflected
signal is received by antenna elements 22 of receiving
antenna array Rx. Antenna elements 22 are situated in four
columns and are connected to one another in series within
each column. Each column forms a receiving channel and is
connected to an input of a four-channel mixer 24. The same
signal, which is also transmitted to feed networks 16 and 18,
is supplied from oscillator 14 to another input of this
four-channel mixer 24. The signal received from each
antenna column is mixed with the signal of local oscillator
14. Four-channel mixer 24 therefore supplies as mixed
products four intermediate frequency signals Z1 through 74,
the frequency of which corresponds in each case to the
frequency difference between the received signal and the
signal of local oscillator 14.

Corresponding to the principle of an FMCW radar (fre-
quency modulated continuous wave), the frequency of oscil-
lator 14 is modulated in the form of a ramp (distance dl
between antenna elements 12 therefore corresponds, strictly
speaking, to the mean wavelength on the substrate). The
frequency of the radar echo received by antenna elements 22
therefore differs from the signal of the local oscillator by an
absolute value which is dependent, on the one hand, on the
signal runtime from the radar sensor to the object and back
and, on the other hand, as a result of the Doppler effect, on
the relative velocity of the object. Correspondingly, inter-
mediate frequency signals 7Z1 through Z4 also contain
information about the distance and the relative velocity of
the object. During the frequency modulation, rising and
falling frequency ramps alternate with one another, and by
adding the intermediate frequency signals once to the rising
ramp and once to the falling ramp and subtracting them
once, the components which are dependent on the distance
and velocity may be separated from one another, so that
values are obtained for distance D and relative velocity V of
each located object.

Intermediate frequency signals 71 through 74 are sup-
plied to an evaluation device 26 and are recorded therein
channel by channel, each over the duration of a frequency
ramp, and fragmented into a spectrum by fast Fourier
transform. In this spectrum, each object stands out due to a
peak at the frequency determined by the particular object
distance and the relative velocity.

The radar echoes received by the various columns of
group Rx have a phase shift in relation to one another which
is a function of particular azimuth angle ¢ of the object. As
a result of the bundling of the signal transmitted from
transmitting antenna array Tx, the amplitude of the received
radar echo is also a function of the azimuth angle of the
object. By comparing the amplitude and phase differences to
a corresponding antenna diagram, azimuth angle ¢ may
therefore also be determined in evaluation device 26.
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An electronic control unit 28 controls oscillator 14 and
phase shifter 20. In a first measuring cycle, which may
include one or multiple frequency modulation ramps of
oscillator 14, phase shifter 20 is set to a phase difference 8.
The following relationship exists between transmission sig-
nal S1, which is supplied to subgroups 10q, and transmission
signal S2, which is supplied to subgroups 105:

S52=S1*exp(i27d)

As aresult, the direction in which the signals emitted from
subgroups 10qa, on the one hand, and subgroups 105, on the
other hand, constructively interfere and form a main lobe
deviates in elevation somewhat from elevation angle 0°
(perpendicular to the substrate of the antenna array).

In a subsequent measuring cycle, which may again
include one or multiple frequency modulation ramps of
oscillator 14, phase shifter 20 is set to a phase difference
d+A. The following equation then applies:

S2=S1*exp(i2m(d+A)

Phase difference d is the same as in the first measuring
cycle and is referred to as the base phase difference. Addi-
tional phase difference A is 180° in an ideal antenna array.
If base phase difference 6=0, subgroups 10a and 105 are thus
activated in phase opposition, with the result that at an
elevation angle of 0°, destructive interference occurs. If base
phase difference & is not equal to zero, the destructive
interference occurs at an elevation angle which is not equal
to zero.

In a real transmission antenna array Tx, specific hard-
ware-related phase offsets may have the result that in the
case of 8=0, the destructive interference does not occur
exactly at the elevation angle of 0°, but rather at a somewhat
different elevation angle. This may be compensated for in
that a value is selected for A which deviates somewhat from
180°.

FIGS. 2 and 7 show antenna diagrams, in each of which
gain G is plotted in dB (i.e., logarithmically) as a function
of elevation angle c.

FIG. 2 shows an antenna diagram in elevation for the first
measuring cycle with 8=0. Transmission signals S1 and S2
are in phase, and a main lobe having a width of approxi-
mately =15° results due to constructive interference at
elevation angle a=0°. The main lobe is flanked symmetri-
cally by secondary lobes on both sides.

FIG. 3 shows the corresponding antenna diagram for the
second measuring cycle with 3=0 and A=180°. Complete
obliteration results here by way of interference at the eleva-
tion angle of 0°, and first-order maxima are symmetrical to
the elevation angle of 0°.

If an object is located at the elevation angle of 0°, a clear
radio echo will be obtained in this situation in the first
measuring cycle, but in contrast practically no signal will be
obtained in the second measuring cycle.

However, if the object is shifted somewhat toward posi-
tive or negative elevation angles, a somewhat weaker signal
is obtained in the first measuring cycle, but a measurable
signal is also obtained in the second measuring cycle.
Overall, the system therefore reacts relatively sensitively to
small changes of the elevation angle.

FIGS. 4 and 5 show the corresponding antenna diagrams
for the first and the second measuring cycles for a phase
difference 6=60°.

It is apparent in FIG. 4 that the main lobe is shifted toward
negative elevation angles. Correspondingly, the location of
maximum obliteration is shifted in FIG. 5 toward negative
elevation angles.
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In FIG. 6, the antenna diagrams for the first and the
second measuring cycles are combined to form a single
diagram. A curve which is plotted by solid lines indicates the
gain in the first measuring cycle and a curve which is plotted
by a dashed line indicates the gain in the second measuring
cycle. For an object which is located at an elevation angle of
approximately -7°, the difference between the gains in the
first and the second measuring cycles is shown by a bold bar.
This difference represents the level difference, which is
measured in the first and the second measuring cycles for the
signal levels of this object (at the intermediate frequency
defined by the distance and the relative velocity of this
object).

As FIG. 1 shows, levels P1 and P2, which are measured
for a located object in the first and the second measuring
cycles, are reported by the evaluation device 26 to control
unit 28. Control unit 28 thereupon varies base phase differ-
ence O to maximize level difference P1-P2. The change of
base phase difference 0 results in a shift of the curves in the
antenna diagram as shown in FIG. 7. As a result thereof, the
difference between the gain increases and level difference
P1-P2 increases accordingly, and it reaches a maximum at
a specific base phase difference §. This base phase difference
d is reported to evaluation device 26.

On the basis of the antenna diagrams, which may be
measured beforehand for a given transmission antenna array
Tx, a relationship may be established between base phase
difference 9, at which the level difference is maximal, and
associated elevation angle . On the basis of this relation-
ship, control unit 28 is capable of outputting a corresponding
estimated value for elevation angle c.

If an alignment error has occurred during the installation
of the radar sensor in the motor vehicle, which has the result
that the substrate of the antenna array is not oriented
precisely vertically, using the above-described array, an
elevation angle not equal to 0° will be measured for objects,
the reflection center of which is at an elevation angle of 0°,
the deviation from 0° corresponding to the alignment error.

Since the case that the elevation angle of an object is at 0°
will be statistically most frequent, the above-described mea-
surement of elevation angle a may also be used to compen-
sate for the alignment error. For example, control unit 28
may store phase difference 9, for which the level difference
is maximal. If multiple objects are then located successively,
a sliding mean value is calculated for associated base phase
differences 9, with the consequence that the antenna lobe is
gradually pivoted in elevation, until the alignment error is
compensated for.

It is also possible when putting the radar sensor into
operation, after the installation in the vehicle, to carry out a
calibration measurement at the elevation angle of 0° and to
store the base phase difference obtained in this case and use
it as a starting value for all future measurements using the
radar sensor.

In the above description, the present invention was
explained on the basis of an example in which the measure-
ment of elevation angle a is carried out with the aid of
transmission antenna array Tx. Alternatively, of course, it is
also possible to use reception antenna array Rx for this
purpose. In this case, each column of antenna elements 22 of
reception antenna array Rx would be subdivided into two
subgroups, and phase shifter 20 would be connected
between the particular second subgroup and four-channel
mixer 24 in such a way that in each channel the signals
received from the two subgroups are superimposed with the
phase difference determined by phase shifter 20. Antenna
diagrams which are similar to those of FIGS. 2 through 7



US 10,018,715 B2

7

would then indicate the angle distribution of the sensitivity
of reception antenna array Rx in elevation. The differences
in the sensitivities again result in level differences which
allow the determination of the elevation angle.

What is claimed is:

1. A radar sensor for a motor vehicle, comprising:

at least one group antenna, which is formed by a linear

array of antenna elements;

a feed unit for feeding transmission signals having a

settable phase relationship into the antenna elements;

a control unit to control the feed unit; and

an evaluation device to evaluate received radar echoes

and for angle-resolving locating of objects;

wherein the group antenna is divided into at least two

subgroups, which are not interleaved, the feed unit is
configured to supply in-phase transmission signals to
the antenna elements of each subgroup, while the
transmission signals for the various subgroups have a
settable phase difference, the control unit is configured
to periodically change a settable phase difference from
measuring cycle to measuring cycle so that the trans-
mission signals have a base phase difference in one
measuring cycle and a phase difference in another
measuring cycle which differs by a fixed absolute value
from the base phase difference, and the control unit is
configured to set the base phase difference based on the
levels of the received radar echoes to maximize the
level difference between the measuring cycles.

2. The radar sensor of claim 1, wherein the at least one
group antenna is oriented vertically.

3. The radar sensor of claim 1, wherein the control unit is
configured to store a standard value for the base phase
difference, which compensates for an alignment error during
the installation of the radar sensor in the motor vehicle.

4. The radar sensor of claim 3, wherein the control unit is
configured to determine the stored standard value by statis-
tical evaluation of the elevation angles measured for a
plurality of objects.
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5. A radar sensor for a motor vehicle, comprising:

at least one group antenna, which is formed by a linear
array of antenna elements;

a superposition unit to superimpose received signals of
the antenna elements with a settable phase relationship;

a control unit to control the superposition unit; and

an evaluation device to evaluate the received radar echoes
and for angle-resolving locating of objects;

wherein the group antenna is divided into at least two
subgroups, which are not interleaved, the superposition
unit is configured to superimpose the received signals
of the antenna elements of each subgroup in phase,
while the received signals of the various subgroups are
superimposed with a settable phase difference, the
control unit is configured to change the settable phase
difference from measuring cycle to measuring cycle
periodically so that the received signals have a base
phase difference in one measuring cycle and a phase
difference in another measuring cycle which differs
from the base phase difference by a fixed absolute
value, and the control unit is configured to set the base
phase difference based on the levels of the received
radar echoes to maximize the level difference between
the measuring cycles.

6. The radar sensor of claim 5, wherein the at least one
group antenna is oriented vertically.

7. The radar sensor of claim 5, wherein the control unit is
configured to store a standard value for the base phase
difference, which compensates for an alignment error during
the installation of the radar sensor in the motor vehicle.

8. The radar sensor of claim 7, wherein the control unit is
configured to determine the stored standard value by statis-
tical evaluation of the elevation angles measured for a
plurality of objects.



