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(57) A radar apparatus mounted on a moving body
includes a signal transceiver that receives one or more
radar signals reflected by one or more second reflection
points of one or more targets located in a scan range with
a plurality of antennas, detection circuitry that detects an
azimuth angle of the one or more second reflection points
of the one or more targets on the basis of a correspond-
ence between a phase difference among the plurality of

antennas and an azimuth angle and a phase difference
observed in the scan range among the plurality of anten-
nas, calculation circuitry that selects the one or more sec-
ond reflection points located in a second range that differs
from a first range including a central axis on which the
phase difference among the antennas is zero and calcu-
lates a second azimuth angle error, and correction cir-
cuitry that corrects the correspondence.
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Description

BACKGROUND

1. Technical Field

[0001] The present disclosure relates to a radar appa-
ratus mounted on a moving body and azimuth angle cor-
rection method for use in a radar apparatus mounted on
a moving body.

2. Description of the Related Art

[0002] Radar apparatuses mounted on, for example,
vehicles (examples of a moving body) have been devel-
oped. The radar apparatus detects the relative distance,
the azimuth angle, and the relative speed of a target (for
example, a vehicle in front, an oncoming vehicle, a pe-
destrian, or a roadside fixed object) by scanning the pe-
riphery of the moving body with a radar signal. The rel-
ative distance, the azimuth angle, and the relative speed
of the target detected by the radar apparatus are used
by, for example, a vehicle control system to perform var-
ious types of control (for example, control to cause the
vehicle to follow the vehicle in front and control to avoid
collision with an obstacle on the road surface).
[0003] In such a radar apparatus, an azimuth angle
error may occur between the azimuth angle of the target
detected by the radar apparatus and the actual azimuth
angle of the target (hereinafter referred to as the "true
value of the azimuth angle"). An azimuth angle error oc-
curs because of the following two reasons: 1) the instal-
lation angle of the radar apparatus deviates due to an
impact applied to the radar apparatus, and 2) a change
in the antenna characteristics occurs due to aged dete-
rioration of, for example, a radome or a bumper, or ad-
hesion of, for example, mud to an antenna.
[0004] When an azimuth angle error occurs, it is diffi-
cult for the radar apparatus to detect an accurate azimuth
angle of a target. When cruise control is performed on
the basis of the azimuth angle detected in this manner,
the safety is lost. To avoid such a situation, it is required
to quickly detect the occurrence of an azimuth angle error
and correct the azimuth angle error. For example, Jap-
anese Patent No. 5551892 describes a technique for de-
tecting and correcting an azimuth angle error.
[0005] The radar apparatus described in Japanese
Patent No. 5551892 detects an azimuth angle error by
using a guardrail extending in the traveling direction of
the vehicle. More specifically, the radar apparatus de-
tects reflection points on the guardrail while the vehicle
is traveling on a straight road and detects the extending
direction of the guardrail on the basis of the direction of
the distribution of the reflection points. The extending di-
rection of the guardrail along the straight road is the same
as the traveling direction of the vehicle (a direction which
corresponds to an azimuth angle of 0 degrees (herein-
after referred to as a "O-degree direction"). Therefore,

the extending direction of the guardrail detected in the
state in which the azimuth angle error does not occur is
the same as the 0-degree direction. Thus, when the de-
tected extending direction of the guardrail deviates from
the 0-degree direction, the radar apparatus detects the
deviation as an azimuth angle error and corrects the az-
imuth angle error.

SUMMARY

[0006] However, in the technique described in Japa-
nese Patent No. 5551892, an azimuth angle error caused
by a deviation of the axis is detected and is corrected.
Accordingly, it is difficult to detect and correct an azimuth
angle error caused by a change in the antenna charac-
teristics.
[0007] One non-limiting and exemplary embodiment
facilitates providing a radar apparatus capable of correct-
ing an azimuth angle error caused by a change in antenna
characteristics.
[0008] In one general aspect, the techniques disclosed
here feature a radar apparatus mounted on a moving
body including a signal transceiver that receives one or
more radar signals reflected by one or more second re-
flection points of one or more targets located in a scan
range with a plurality of antennas, detection circuitry that
detects an azimuth angle of the one or more second re-
flection points of the one or more targets on the basis of
a correspondence between a phase difference among
the plurality of antennas and an azimuth angle and a
phase difference observed in the scan range among the
plurality of antennas, calculation circuitry that selects the
one or more second reflection points located in a second
range that differs from a first range including a central
axis on which the phase difference among the antennas
is zero and calculates a second azimuth angle error, and
correction circuitry that corrects the correspondence.
[0009] According to an aspect of the present disclo-
sure, the radar apparatus mounted on the moving body
is capable of correcting an azimuth angle error caused
by a change in the antenna characteristics.
[0010] It should be noted that general or specific ex-
emplary embodiments may be implemented as a system,
a method, an integrated circuit, a computer program, a
storage medium, or any selective combination thereof.
[0011] Additional benefits and advantages of the dis-
closed exemplary embodiments will become apparent
from the specification and drawings. The benefits and/or
advantages may be individually obtained by the various
exemplary embodiments and features of the specifica-
tion and drawings, which need not all be provided in order
to obtain one or more of such benefits and/or advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Fig. 1 is a plan view illustrating a situation in which
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a vehicle having an existing radar apparatus mount-
ed thereon travels on a straight road;
Fig. 2 is a graph illustrating an example of the result
of detection of a target when an axis deviation occurs
in an existing radar apparatus;
Fig. 3 is a graph illustrating an example of the result
of detection of a target when a change in the antenna
characteristics occurs in the existing radar appara-
tus;
Fig. 4 is a block diagram illustrating an example of
the configuration of a radar apparatus according to
a first exemplary embodiment of the present disclo-
sure;
Fig. 5 is a flowchart illustrating an example of the
operation performed by the radar apparatus accord-
ing to the first exemplary embodiment of the present
disclosure;
Fig. 6 is a plan view illustrating a situation in which
a vehicle having a radar apparatus mounted thereon
travels on a straight road, according to the first ex-
emplary embodiment of the present disclosure;
Fig. 7 is a graph illustrating table update process 1;
Fig. 8 is a graph illustrating table update process 2;
Fig. 9 is a plan view illustrating a situation in which
the vehicle having the radar apparatus mounted ther-
eon enters a right hand corner of the road, according
to the first exemplary embodiment of the present dis-
closure;
Fig. 10 is a plan view illustrating a situation in which
the vehicle having the radar apparatus mounted ther-
eon enters a right hand corner of the road, according
to the first exemplary embodiment of the present dis-
closure;
Fig. 11 is a plan view illustrating a situation in which
the vehicle having the radar apparatus mounted ther-
eon enters a left hand corner of the road, according
to the first exemplary embodiment of the present dis-
closure;
Fig. 12 is a plan view illustrating a situation in which
the vehicle having the radar apparatus mounted ther-
eon enters a left hand corner of the road, according
to the first exemplary embodiment of the present dis-
closure;
Fig. 13 is a block diagram illustrating an example of
the configuration of a radar apparatus according to
a second exemplary embodiment of the present dis-
closure; and
Fig. 14 is a flowchart illustrating an example of the
operation performed by the radar apparatus accord-
ing to the second exemplary embodiment of the
present disclosure;

DETAILED DESCRIPTION

[0013] The technique described in Japanese Patent
No. 5551892 (hereinafter referred to as the "existing tech-
nique") is described below with reference to Figs. 1 to 3.
[0014] Fig. 1 is a plan view illustrating a situation in

which a vehicle C1 and a vehicle C2 travel on a straight
road in a traveling direction D. The vehicle C1 has a radar
apparatus 1 mounted on the front section of the body
thereof. The radar apparatus 1 is a radar apparatus de-
scribed in Japanese Patent No. 5551892. The vehicle
C2 is a preceding vehicle traveling in front of the vehicle
C1. On a side of the vehicles C1 and C2, there is a guard-
rail G along a straight road. In addition, a pedestrian H
is present in the vicinity of the guardrail G.
[0015] In Fig. 1, the radar scan range R1 is a range in
which the radar apparatus 1 can scan by using the radar
signal. It is assumed that the central axis A of the radar
scan range R1 coincides with the traveling direction D.
In addition, the direction of the central axis A is the same
as a direction at an azimuth angle = 0 degrees.
[0016] In Fig. 1, the radar apparatus 1 transmits a radar
signal to the radar scan range R1 and receives the radar
signal reflected by each of reflection point P1 of the ve-
hicle C2, reflection points P2 and P3 of the guardrail G,
and a reflection point P4 of a pedestrian H.
[0017] Fig. 2 illustrates an example of the result of de-
tection of a target when the axis deviation occurs in the
radar apparatus 1. More specifically, Fig. 2 is a graph
with the ordinate that represents the distance between
the vehicle C1 and each of the reflection points and the
abscissa that represents the azimuth angle of each of
the reflection points.
[0018] In Fig. 2, the true values representing the posi-
tions of the reflection points P1. P2, P3, and P4 illustrated
in Fig. 1 are plotted as P11, P21, P31, and P41, respec-
tively. In addition, the detected values representing the
positions of the reflection points P1, P2, P3, and P4 de-
tected by the radar apparatus 1 in which the axis deviation
occurs are plotted as P12a, P22a, P32a, and P42a, re-
spectively. Each of Δθ1a, Δθ2a, Δθ3a, and Δθ4a repre-
sents the difference between the true value and the de-
tected value, that is, the azimuth angle error.
[0019] The azimuth angle errors caused by the axis
deviation are the same as the angle of the axis deviation
for all directions of the radar scan range R1. That is, let
Δθ0 be the angle of the axis deviation. Then, the rela-
tionship of Δθ1a = Δθ2a = Δθ3a = Δθ4a = Δθ0 holds.
[0020] In the existing technique, the extending direc-
tion of the guardrail G is detected on the basis of the
reflection points P2 and P3 of the guardrail G, and Δθ0
is obtained from the difference between the extending
direction and the traveling direction D. By subtracting Δθ0
from each of the detected values P12a, P22a, P32a, and
P42a, each of the azimuth angle errors Δθ1a, Δθ2a, Δθ3a,
and Δθ4a is corrected to 0.
[0021] Note that according to the existing technique,
the azimuth angle of a target is detected on the basis of
the phase differences among a plurality of antennas in
an antenna array (hereinafter simply referred to as
"phase differences"). In addition, in the existing tech-
nique, the direction of the central axis A of the radar scan
range R1 is defined as the direction of the azimuth angle
of 0 degrees. For example, in terms of the reflection point
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P1 on the central axis A, since the distance between the
reflection point P1 and each of the antennas is the same,
the phase difference becomes zero even when a change
in the antenna characteristics occurs. Therefore, the in-
fluence on estimation of the direction of arrival of the radar
signal is small and, thus, an azimuth angle error is less
likely to occur.
[0022] In contrast, in terms of, for example, the reflec-
tion points P2 to P4 which are not on the central axis A,
the phase difference becomes large. Accordingly, the
amount of change in the phase difference increases
when the antenna characteristics change, and an azi-
muth angle error easily occurs.
[0023] Fig. 3 illustrates an example of a result of de-
tection of a target when a change in the antenna char-
acteristics occurs in the radar apparatus 1. In the graph
of Fig. 3, the ordinate represents the distance between
the vehicle C1 and each of the reflection points, and the
abscissa represents the azimuth angle of each of the
reflection points.
[0024] In Fig. 3, the true values representing the posi-
tions of the reflection points P1, P2, P3, and P4 illustrated
in Fig. 1 are plotted as P11, P21, P31, and P41, respec-
tively. In addition, the values indicating the positions of
P1, P2, P3, and P4 detected by the radar apparatus 1 in
which a change in antenna characteristics occurs are
plotted as P12b, P22b, P32b, and P42b, respectively.
Each of Δθ1b, Δθ2b, Δθ3b, and Δθ4b represents the dif-
ference between the true value and the detected value,
namely, the azimuth angle error.
[0025] The azimuth angle error caused by the change
in the antenna characteristics is less likely to occur in the
direction of the central axis of the antenna (for example,
the central axis A of the radar scan range R1 illustrated
in Fig. 1). The azimuth angle error increases with increas-
ing azimuth angle with respect to the central axis of the
antenna. For example, it is considered that the azimuth
angle errors are the same since the azimuth angles of
the reflection points P2 and P3 of the guardrail G are
close to one another. Accordingly, the following expres-
sion is obtained among the azimuth angle errors: Δθ4b
> Δθ2b ≈ Δθ3b > Δθ1b = 0. That is, azimuth angle errors
of different magnitudes occur for each of the azimuth
angles.
[0026] Therefore, when as in the existing technique,
correction is performed by using the azimuth angle errors
obtained from the detection results of the reflection points
P2 and P3 of the guardrail G, the azimuth angle errors
for the reflection points P2 and P3 can be reduced to
zero. However, for the reflection point P4, the azimuth
angle error cannot be completely corrected, and a resid-
ual error occurs. For the reflection point P1, although the
azimuth angle error is originally sufficiently small, the er-
ror increases. As described above, according to the ex-
isting technique, it is difficult to correct such unequal az-
imuth angle errors caused by a change in antenna char-
acteristics.
[0027] To expand the applications of the radar appa-

ratus (e.g., to detect a pedestrian located at an intersec-
tion), radar apparatuses having a wider detection range
are required. Therefore, it is desired to correct unequal
azimuth angle errors.
[0028] The radar apparatus according to the present
disclosure allows such unequal azimuth angle errors
caused by a change in antenna characteristics to be cor-
rected.
[0029] Exemplary embodiments of the present disclo-
sure are described below with reference to the accom-
panying drawings.

First Exemplary Embodiment

[0030] The configuration of a radar apparatus 100 ac-
cording to the present exemplary embodiment is de-
scribed with reference to Fig. 4. Fig. 4 is a block diagram
illustrating an example of the configuration of the radar
apparatus 100.
[0031] According to the present exemplary embodi-
ment, the radar apparatus 100 is mounted on a vehicle.
However, the present disclosure is not limited to vehicle
having the radar apparatus 100 mounted thereon. The
radar apparatus 100 may be mounted on another type
of moving body (for example, a motorcycle or a bicycle).
Like the radar apparatus 1 illustrated in Fig. 1, the radar
apparatus 100 is mounted on the front of the vehicle (refer
to Fig. 6). Note that the installation position of the radar
apparatus 100 is not limited to the front of the vehicle but
may be, for example, the front side, the rear side, or the
back of the vehicle.
[0032] The radar apparatus 100 includes a signal
transceiver 10, a target detecting unit 11 (an example of
a detector), a calculated value storing unit 12, a target
information generating unit 13, an azimuth angle error
calculating unit 14 (an example of a calculator), a correc-
tion value storing unit 15, a table updating unit 16 (an
example of a corrector), and a table storing unit 17.
[0033] The signal transceiver 10 includes an antenna
array (not illustrated) including a plurality of antennas.
The signal transceiver 10 transmits a radar signal from
each of the antennas. The range into which the radar
signal is transmitted is, for example, the radar scan range
R1 illustrated in Fig. 1, which is located in front of the
vehicle (refer to Fig. 6). In addition, as in Fig. 1, the di-
rection of the central axis A of the radar scan range R1
is the same as the traveling direction D of the vehicle
(refer to Fig. 6).
[0034] Furthermore, the signal transceiver 10 receives
a radar signal reflected by a reflection point of one or
more targets located in the radar scan range R1 (the
radar signal is also referred to as a "reflected signal").
Examples of the one or more targets include a vehicle in
front, an oncoming vehicle, a pedestrian, and a roadside
fixed object, such as a guardrail, a wall, or a curb.
[0035] The target detecting unit 11 calculates the dis-
tance, the azimuth angle, and the relative speed of each
of the targets based on the radar signal received by the
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signal transceiver 10. As used herein, the term "distance"
refers to, for example, the distance between a reflection
point of the target and the radar apparatus 100. In addi-
tion, the term "azimuth angle" refers to an angle indicating
the direction in which the reflection point of the target is
located when an azimuth angle indicating the direction
of the central axis A is defined as 0 degrees.
[0036] To calculate the azimuth angle, the target de-
tecting unit 11 refers to, for example, a table stored in
the table storing unit 17. The table contains a correspond-
ence between a phase difference and an azimuth angle.
By using the table, the target detecting unit 11 identifies
the azimuth angle corresponding to the observed phase
difference. In this manner, the azimuth angle is calculated
(or detected). As used herein, the term "observed phase
distance" refers to, for example, the phase difference de-
termined on the basis of the radar signal received by the
signal transceiver 10.
[0037] Thereafter, the target detecting unit 11 stores
the calculated values of the distance, the azimuth angle,
and the relative speed in the calculated value storing unit
12.
[0038] Note that at this time, the target detecting unit
11 adds a correction value read out of the correction value
storing unit 15 to the calculated azimuth angle value.
Thereafter, the target detecting unit 11 stores the azimuth
angle value in the calculated value storing unit 12. The
correction value storing unit 15 stores a value of 0 as the
initial value of the correction value. Thereafter, when the
azimuth angle error is corrected, the calculated correc-
tion value is stored.
[0039] The target information generating unit 13 reads
the values of the distance, the azimuth angle, and the
relative speed in the calculated value storing unit 12 and
generates target information indicating the readout val-
ues. Thereafter, the target information generating unit 13
outputs the target information to a vehicle control appa-
ratus 2. The vehicle control apparatus 2 performs various
kinds of control (e.g., control to cause the vehicle to follow
a vehicle in front and control to avoid collision with an-
other vehicle, a pedestrian, or an obstacle on the road
surface) on the basis of the target information input from
the target information generating unit 13.
[0040] While the present exemplary embodiment has
been described with reference to the target information
output to the vehicle control apparatus 2 as an example,
the destination of the target information is not limited to
the vehicle control apparatus 2. For example, the target
information may be output to another apparatus (e.g., a
display apparatus).
[0041] The azimuth angle error calculating unit 14 cal-
culates the difference between the azimuth angle value
read out of the calculated value storing unit 12 and the
true value of the azimuth angle input from the image pick-
up apparatus 3. The calculated difference is the azimuth
angle error.
[0042] The table updating unit 16 updates the table
stored in the table storing unit 17 on the basis of the

azimuth angle error calculated by the azimuth angle error
calculating unit 14. A particular example of this updating
process is described below.
[0043] The image pickup apparatus 3 captures an im-
age of the area in the vicinity of the vehicle (the area in
a predetermined direction from the vehicle). An example
of the image pickup apparatus 3 is a monocular camera
or a stereo camera. The image pickup apparatus 3 cap-
tures the image of at least one target located in a prede-
termined imaging range R2 (refer to Fig. 6) and extracts
the true value of the azimuth angle of the target. An ex-
isting technique can be used for the extraction process
and, thus, a detailed description of the technique is not
given here. As described above, the true value of the
extracted azimuth angle is output to the azimuth angle
error calculating unit 14 of the radar apparatus 100. Note
that the image pickup apparatus 3 has a function of cor-
recting an error in the result of detection by imaging, and
the true value of the azimuth angle of the target obtained
by the image pickup apparatus 3 is a value within an
allowable range that can be used by the radar apparatus.
[0044] While the present exemplary embodiment has
been described with reference to the image pickup ap-
paratus 3 as an example of the apparatus for extracting
the true value of the azimuth angle, the apparatus for
extracting the true value is not limited to the image pickup
apparatus 3. For example, an apparatus that extracts the
true value of the azimuth angle of the target on the basis
of map information and the current position of the vehicle
may be employed.
[0045] The configuration of the radar apparatus 100
has been described above. Note that the operations per-
formed by each of the units of the radar apparatus 100
is an example, and other operations are described below
with reference to the flowchart illustrated in Fig. 5.
[0046] An example of the operation performed by the
radar apparatus 100 is described below with reference
to Figs. 5 and 6. Fig. 5 is a flowchart illustrating an ex-
ample of the operation performed by the radar apparatus
100. Like Fig. 1, Fig. 6 is a plan view illustrating the ve-
hicles C1 and C2 travelling along a straight road in the
traveling direction D.
[0047] In Fig. 6, the vehicle C1 has the radar apparatus
100 and the image pickup apparatus 3 mounted thereon,
and the vehicle C2 is travelling in front of the vehicle C1.
[0048] In addition, in Fig. 6, the radar apparatus 100
and the image pickup apparatus 3 are oriented in the
traveling direction D of the vehicle C1, and the central
axis A of the radar scan range R1 extends in the traveling
direction D of the vehicle. The central axis of the imaging
range R2 is the same as the central axis A of the radar
scan range R1. Here, the direction of the central axis A
is a direction defined by an azimuth angle of 0 degrees.
Furthermore, the values of the distance and the azimuth
angle of the target obtained by the radar apparatus 100
and the image pickup apparatus 3 are plotted on the co-
ordinate axes having the same origin (for example, the
middle of the front end of the vehicle C1). Note that the
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imaging range R2 does not necessarily need to be the
same as the radar scan range R1. It may be required that
the imaging range R2 includes an area corresponding to
an angle (θmax/2) that is half the maximum detection
azimuth angle (θmax in Fig. 6) of the radar scan range R1.
[0049] The description below is given with reference
to an example in which the azimuth angle error is detect-
ed and corrected in the left half of the radar scan range
R1 which is divided by the central axis A. Note that ac-
cording to the present exemplary embodiment, the same
applies to the right half.
[0050] In Fig. 5, the signal transceiver 10 transmits and
receives a radar signal first (step S11). For example, the
signal transceiver 10 transmits the radar signal to the
radar scan range R1 and receives the reflected signal
coming from a reflection point of the target located in the
radar scan range R1.
[0051] Subsequently, the target detecting unit 11 cal-
culates the distance, the azimuth angle, and the relative
speed for each of the reflection points on the basis of the
reflected signal received in step S11 (step S12).
[0052] Subsequently, the target detecting unit 11 reads
the correction value in the correction value storing unit
15 and adds the correction value to the azimuth angle
value calculated in step S12 (step S13). Thereafter, the
target detecting unit 11 stores, in the calculated value
storing unit 12, the values of the distance, the azimuth
angle, and the relative speed (hereinafter referred to as
"calculated values") for each of the reflection points. That
is, the calculated value storing unit 12 stores the calcu-
lated values of the distance and the relative speed which
are calculated in step S12 and the calculated value of
the azimuth angle which is obtained by adding the cor-
rection value to the azimuth angle value in step S13. Note
that when the correction value is the initial value (zero),
the calculated value of the azimuth angle stored in the
calculated value storing unit 12 is the value calculated in
step S12.
[0053] Subsequently, the azimuth angle error calculat-
ing unit 14 reads each of the calculated values for each
of the reflection points in the calculated value storing unit
12. Thereafter, the azimuth angle error calculating unit
14 determines whether a reflection point is present in a
first range on the basis of the read calculated value of
the azimuth angle (step S14). For example, the first range
is a range of -Δθth degrees or greater and 0 degrees or
less. Δθth is an allowance angle when the axis deviation
occurs (hereinafter referred to as an "axis deviation al-
lowance angle"). Δθth is set to an appropriate value.
[0054] For example, when at least one readout calcu-
lated value of an azimuth angle is within the first range,
the azimuth angle error calculating unit 14 determines
that a reflection point is present.
[0055] when, in step S14, it is determined that no re-
flection point is in the first range (NO in step S14), the
processing returns to step S11.
[0056] However, when, in step S14, it is determined
that a reflection point is present in the first range (YES

in step S14), the azimuth angle error calculating unit 14
selects, from among the reflection points in the first range,
the reflection point having an azimuth angle that is the
closest to 0 degrees (i.e., the central axis A) (step S15).
In the example illustrated in Fig. 6, the reflection point P5
of the vehicle C2 is selected. Hereinafter, the calculated
value of the azimuth angle of the reflection point P5 is
referred to as "θ52".
[0057] Thereafter, the azimuth angle error calculating
unit 14 outputs the calculated value of the reflection point
selected in step S15 to the image pickup apparatus 3.
The image pickup apparatus 3 extracts the azimuth angle
of the reflection point of the target corresponding to the
calculated value input from the azimuth angle error cal-
culating unit 14 and outputs the extracted azimuth angle
to the azimuth angle error calculating unit 14 as the true
value of the azimuth angle. In the example illustrated Fig.
6, since the reflection point P5 is present in the vicinity
of the azimuth angle of 0 degrees and has a constant
speed, it is presumed that the reflection point P5 is a
reflection point of the vehicle C2. Thus, the image pickup
apparatus 3 outputs, to the azimuth angle error calculat-
ing unit 14, the true value of the azimuth angle of the
reflection point P5. Hereinafter, the true value of the az-
imuth angle of the reflection point P5 is referred to as
"θ51".
[0058] Subsequently, the azimuth angle error calculat-
ing unit 14 receives the true value of the azimuth angle
from the image pickup apparatus 3 and calculates a first
azimuth angle error on the basis of the true value and
the calculated value (step S16). For example, the azi-
muth angle error calculating unit 14 calculates the differ-
ence between the calculated value θ52 read from the
calculated value storing unit 12 and the true value θ51
input from the image pickup apparatus 3. The calculated
difference is the azimuth angle error Δθ5 of the reflection
point P5 (an example of the first azimuth angle error).
[0059] Subsequently, the azimuth angle error calculat-
ing unit 14 determines whether the first azimuth angle
error calculated in step S16 is less than a predetermined
reference value (step S17).
[0060] As a result of the determination made in step
S17, when the first azimuth angle error is less than the
reference value (YES in step S17), the azimuth angle
error calculating unit 14 determines that an axial devia-
tion does not occur in the radar apparatus 100, and the
processing proceeds to the detection process of the az-
imuth angle error caused by a change in the antenna
characteristics. In this case, the processing proceeds to
step S21. Step S21 and the subsequent steps are de-
scribed below.
[0061] However, as a result of the determination made
in step S17, when the first azimuth angle error is not less
than the reference value, that is, when the first azimuth
angle error is greater than or equal to the reference value
(NO in step S17), the azimuth angle error calculating unit
14 determines that an axial deviation occurs in the radar
apparatus 100. In this case, the processing proceeds to
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step S18.
[0062] The azimuth angle error calculating unit 14 sets
a new correction value (step S18). More specifically, the
azimuth angle error calculating unit 14 reads the current
correction value from the correction value storing unit 15
and sets, as a new correction value, a value obtained by
subtracting the first azimuth angle error from the current
correction value.
[0063] Subsequently, the azimuth angle error calculat-
ing unit 14 determines whether the absolute value of the
new correction value set in step S18 is less than the axis
deviation allowance angle Δθth (step S19).
[0064] When, as a result of the determination made in
step S19, the absolute value of the new correction value
is less than the axis deviation allowance angle Δθth (YES
in step S19), the processing returns to step S12.
[0065] However, when, as a result of the determination
made in step S19, the absolute value of the new correc-
tion value is not less than the axis deviation allowance
angle Δθth, that is, when the absolute value of the new
correction value is greater than or equal to the axis de-
viation allowance angle Δθth (NO in step S19), the azi-
muth angle error calculating unit 14 determines that the
radar apparatus 100 cannot detect the target normally.
The azimuth angle error calculating unit 14 outputs, for
example, a warning to the driver of the vehicle (an ex-
ample of an occupant) or a signal for stopping the oper-
ation performed by the radar apparatus 100 (for example,
scanning using a radar signal) (step S20). To send the
warning to the driver, the azimuth angle error calculating
unit 14, for example, outputs a signal for displaying a
predetermined warning message to a display apparatus
(not illustrated). To stop the operation performed by the
radar apparatus 100, the azimuth angle error calculating
unit 14, for example, outputs a signal instructing the sig-
nal transceiver 10 to stop the scanning using the radar
signal.
[0066] When the first azimuth angle error is less than
the reference value (YES in step S17), the azimuth angle
error calculating unit 14 determines whether a reflection
point is present in a second range on the basis of the
calculated value of the azimuth angle among the calcu-
lated values of each of the reflection points read from the
calculated value storing unit 12 (step S21). The second
range is, for example, a range of -θmax/2 degrees or
less. Note that θmax is the largest detected azimuth angle
for the radar scan range R1 and is appropriately set. Also,
note that the second range may include part or the en-
tirety of the first range (for example, in the case illustrated
in Figs. 9 to 12 described below).
[0067] For example, when at least one of the readout
calculated values of the azimuth angles falls within the
second range, the azimuth angle error calculating unit
14 determines that a reflection point is present.
[0068] When, as a result of the determination made in
step S21, no reflection point is present in the second
range (NO in step S21), the processing returns to step
S11.

[0069] However, when, as a result of the determination
made in step S21, a reflection point is present in the sec-
ond range (YES in step S21), the azimuth angle error
calculating unit 14 selects at least one reflection point in
the second range (step S22). Note that when, as illus-
trated in Fig. 6, the imaging range R2 is narrower than
the radar scan range R1, a point within the imaging range
R2 is selected. In the example illustrated in Fig. 6, the
reflection point P6 in the guardrail G is selected. Herein-
after, the calculated value of the azimuth angle of the
reflection point P6 is referred to as "θ62".
[0070] Thereafter, the azimuth angle error calculating
unit 14 outputs the calculated value of the reflection point
selected in step S22 to the image pickup apparatus 3.
The image pickup apparatus 3 extracts the azimuth angle
of the reflection point of the target corresponding to the
calculated value input from the azimuth angle error cal-
culating unit 14 and outputs the extracted azimuth angle
to the azimuth angle error calculating unit 14 as the true
value of the azimuth angle. For example, as illustrated
in Fig. 6, when the target is a guardrail G in which reflec-
tion points are continuously present, the image pickup
apparatus 3 identifies the reflection point having a dis-
tance from the vehicle C1 equal to the calculated value
input from the azimuth angle error calculating unit 14 and
extracts, as a true value, the azimuth angle of the iden-
tified reflection point. This is because the distance of the
reflection point calculated by the radar apparatus 100 is
taken to be the same as the true value, since the accuracy
of the distance is maintained even in a situation where
the axis deviation occurs or the antenna characteristics
change. In the case illustrated in Fig. 6, the image pickup
apparatus 3 outputs the true value of the azimuth angle
of the reflection point P6 to the azimuth angle error cal-
culating unit 14. Hereinafter, the true value of the azimuth
angle of the reflection point P6 is referred to as "θ61".
[0071] Subsequently, the azimuth angle error calculat-
ing unit 14 receives the true value of the azimuth angle
from the image pickup apparatus 3 and calculates a sec-
ond azimuth angle error on the basis of the true value
and the calculated value (step S23). For example, the
azimuth angle error calculating unit 14 calculates a dif-
ference between the calculated value θ62 read from the
calculated value storing unit 12 and the true value θ61
input from the image pickup apparatus 3. The calculated
difference is an azimuth angle error Δθ6 of the reflection
point P6 (an example of the second azimuth angle error).
[0072] Subsequently, the azimuth angle error calculat-
ing unit 14 determines whether the calculated second
azimuth angle error is less than a predetermined refer-
ence value (step S24). The reference value here may be
a value that differs from the reference value used in step
S17.
[0073] When, as a result of the determination made in
step S24, the second azimuth angle error is less than the
reference value (YES in step S24), the azimuth angle
error calculating unit 14 determines that no change in the
antenna characteristics has occurred in the radar appa-
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ratus 100. In such a case, the series of processes ends.
[0074] However, when, as a result of the determination
in step S24, the second azimuth angle error is not less
than the reference value, that is, when the second azi-
muth angle error is greater than or equal to the reference
value (NO in step S24), the azimuth angle error calculat-
ing unit 14 determines that a change in the antenna char-
acteristics occurs in the radar apparatus 100 and outputs
the second azimuth angle error calculated in step S23 to
the table updating unit 16.
[0075] Subsequently, the table updating unit 16 up-
dates the table stored in the table storing unit 17 on the
basis of the second azimuth angle error (step S25). After
the process of step S25 is completed, the processing
returns to step S11. Note that a particular example of the
table update process in step S25 is described below.
[0076] The example of the operation performed by the
radar apparatus 100 has been described above.
[0077] While the above description has been given with
reference to the detection and correction of the azimuth
angle error in the left half region of the radar scan range
R1 with respect to the central axis A as an example, the
detection and correction is not limited thereto. For exam-
ple, the azimuth angle error may be corrected for the right
half region of the radar scan range R1 with respect to the
central axis A by the same procedure as described
above. In such a case, the first range is a range of 0
degrees or more and +Δθth degrees or less, and the sec-
ond range is a range of θmax/2 degrees or more.
[0078] Alternatively, the correction result in the left half
region may be symmetrically applied to the correction in
the right half region. In such a case, since the amount of
change in the antenna characteristics in the left half re-
gion may differ from that in the right half region, the cor-
rection result in the right half region is determined to take
the difference into account.
[0079] Still alternatively, the azimuth angle error may
be corrected in the left and right regions at the same time.
In such a case, reflection points that can be simultane-
ously used for correction in the left and right regions are
selected.
[0080] A particular example of the table update proc-
ess in step S25 is described below. According to the
present exemplary embodiment, table update process 1
or table update process 2 can be employed.
[0081] Table update process 1 is described first with
reference to Fig. 7. Fig. 7 is a graph illustrating table
update process 1. In Fig. 7, the ordinate represents the
phase difference, and the abscissa represents the azi-
muth angle. In this example, description is given with
reference to the reflection point P6 illustrated in Fig. 6,
and the observed phase difference is Δφ6.
[0082] In Fig. 7, Expression E1 is a predetermined the-
oretical expression representing the correspondence be-
tween the phase difference and the azimuth angle in the
table. In this case, the table updating unit 16 calculates
p2 (θ61, Δφ6) by translating p1 (θ62. Δφ6) in Expression
E1 by using the azimuth angle error Δθ6 first.

[0083] Subsequently, the table updating unit 16 per-
forms curve fitting with respect to p2 in accordance with
Expression E2 and calculates a1 in Expression E2.
[0084] Thereafter, the table updating unit 16 creates a
table indicating the correspondence relationship be-
tween the phase difference and the azimuth angle on the
basis of Expression E2 and stores the created table in
the table storing unit 17. Thereafter, the target detecting
unit 11 calculates the azimuth angle on the basis of the
created table.
[0085] While the above description has been given with
reference to creation of a new table based on Expression
E2 as an example, the target detecting unit 11 may cal-
culate the azimuth angle on the basis of Expression E2.
[0086] As described above, table update process 1 is
performed.
[0087] In table update process 1, a single reflection
point located in the second range is used. In contrast, in
table update process 2, a plurality of reflection points
located in the second range are used. In the case of using
a plurality of reflection points, the phase difference ob-
served for each of the reflection points and the azimuth
angle errors calculated for each of the reflection points
are used.
[0088] Table update process 2 is described below with
reference to Fig. 8. Fig. 8 is a graph illustrating table
update process 2. In Fig. 8, the ordinate represents the
phase difference, and the abscissa represents the azi-
muth angle. In this example, n reflection points (n ≥ 2)
including the reflection point P6 illustrated in Fig. 6 are
used, and the observed phase differences are Aφ1, Δφ2,
..., Δφ6, ..., and Δφn. In addition, the predetermined the-
oretical expression is Expression E1.
[0089] In this case, the table updating unit 16 calcu-
lates p2 (θ61, Δφ6) by translating p1 (θ62, Δφ6) in Ex-
pression E1 by the azimuth angle error Δθ6 first. In ad-
dition, the table updating unit 16 calculates p4 (θn1, Aφn)
by translating p3 (θn2, Aφn) in Expression E1 by the az-
imuth angle error Δθn. Note that the same processing is
performed on each of the other reflection points.
[0090] Subsequently, the table updating unit 16 per-
forms curve fitting on the azimuth angles and the phase
differences obtained as a result of the calculation in ac-
cordance with Expression E3 to calculate a1 to an in Ex-
pression E3. Thereafter, the table updating unit 16 cre-
ates a table indicating the correspondence between the
phase difference and the azimuth angle on the basis of
Expression E3. The table updating unit 16 stores the new-
ly created table in the table storing unit 17. Thereafter,
the target detecting unit 11 calculates the azimuth angle
on the basis of the created table.
[0091] While the above description has been given with
reference to creation of a new table based on Expression
E3 as an example, the present disclosure is not limited
to this example. The new table may not be created based
on Expression E3. In such a case, the target detecting
unit 11 calculates the azimuth angle on the basis of Ex-
pression E3 without using a table.
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[0092] As described above, table update process 2 is
performed.
[0093] Note that when, in table update process 2, the
n reflection points are uniformly distributed in the radar
scan range R1, the correction accuracy of the azimuth
angle error can be increased more. Accordingly, in the
case where a plurality of reflection points are uniformly
distributed in the radar scan range R1 due to the situation
of the road on which the vehicle travels, a detection and
correction process of the azimuth angle error may be
performed. In this manner, the detection accuracy of the
radar apparatus 100 can be kept higher. A particular ex-
ample of such a case is described below.
[0094] The azimuth angle error calculating unit 14 de-
termines whether one or more reflectors (one or more
targets) that are continuously present on the roadside
during traveling. An example of one or more reflectors is
one or more targets, such as a wall or a guardrail installed
on an express way or a tunnel. For example, when a
reflector is included in the roadside image captured by
the image pickup apparatus 3, the azimuth angle error
calculating unit 14 determines that one or more reflectors
that are continuously present are found. Alternatively, for
example, when the azimuth angle error calculating unit
14 detects that the vehicle is traveling on an express way
or a tunnel on the basis of the map information and the
current position of the vehicle, the azimuth angle error
calculating unit 14 may determine that one or more re-
flectors that are continuously present are found on the
roadside.
[0095] Subsequently, when the azimuth angle error
calculating unit 14 determines that one or more reflectors
that are continuously present are found on the roadside
during traveling, the azimuth angle error calculating unit
14 determines whether the azimuth angle error can be
corrected on the basis of the positional relationship be-
tween the shape of the road and the radar scan range R1.
[0096] Fig. 9 is a plan view illustrating a situation in
which the vehicle C1 having the radar apparatus 100
mounted at the front center thereof enters a right hand
corner of the road. As illustrated in Fig. 9, a wall W serving
as at least one reflector is continuously present in a range
on the left side of the central axis A in the radar scan
range R1. In addition, no reflector is present in the range
on the right side of the central axis A in the radar scan
range R1. In such a case, the azimuth angle error calcu-
lating unit 14 determines that the wall W is continuously
present on the roadside during traveling and determines
that the azimuth angle error can be corrected in the range
on the left side of the central axis A in the radar scan
range R1. At this time, the azimuth angle error calculating
unit 14 selects a plurality of reflection points in a range
on the left side of the central axis A in the radar scan
range R1 (an example of the second range). Thereafter,
the azimuth angle error calculating unit 14 calculates a
second azimuth angle error for each of the selected re-
flection points. Subsequently, the table is updated by the
table updating unit 16 (the same applies to Figs. 10 to

12 described below).
[0097] Fig. 10 is a plan view illustrating a situation in
which the vehicle C1 having the radar apparatus 100
mounted on the front left thereof enters a right hand cor-
ner of the road. As illustrated in Fig. 10, a wall W serving
as at least one reflector is continuously present over the
entire radar scan range R1. In such a case, the azimuth
angle error calculating unit 14 determines that the wall
W is continuously present on the roadside during
traveling and determines that the azimuth angle error can
be corrected over the entire range of the radar scan range
R1. In this case, the azimuth angle error calculating unit
14 selects a plurality of reflection points from the entire
range of the radar scan range R1 (an example of the
second range). Thereafter, the azimuth angle error cal-
culating unit 14 calculates the second azimuth angle error
for each of the selected reflection points.
[0098] Fig. 11 is a plan view illustrating a situation in
which the vehicle C1 having the radar apparatus 100
mounted at the front center thereof enters a left hand
corner of the road. As illustrated in Fig. 11, a wall W serv-
ing as at least one reflector is continuously present in a
range on the right side of the central axis A in the radar
scan range R1. In contrast, no reflector is present in the
range on the left side of the central axis A in the radar
scan range R1. In this case, the azimuth angle error cal-
culating unit 14 determines that the wall W is continuously
present on the roadside during traveling and determines
that the azimuth angle error can be corrected in the range
on the right side of the central axis A in the radar scan
range R1. At this time, the azimuth angle error calculating
unit 14 selects a plurality of reflection points in the range
on the right side of the central axis A in the radar scan
range R1 (an example of the second range) and calcu-
lates the second azimuth angle error for each of the se-
lected reflection points.
[0099] Fig. 12 is a plan view illustrating a situation in
which the vehicle C1 having the radar apparatus 100
mounted on the front right thereof enters a left hand cor-
ner of the road. As illustrated in Fig. 12, a wall W serving
as at least one reflector is continuously present across
the entire range of the radar scan range R1. In such a
case, the azimuth angle error calculating unit 14 deter-
mines that the wall W is continuously present on the road-
side during traveling and determines that the azimuth
angle error can be corrected over the entire range of the
radar scan range R1. In this case, the azimuth angle error
calculating unit 14 selects a plurality of reflection points
in the entire range of the radar scan range R1 (an exam-
ple of the second range) and calculates the second azi-
muth angle error for each of the selected reflection points.
[0100] While, in Figs. 9 to 12, description has been
given with reference to the case where the radar appa-
ratus 100 is mounted on the front center, front left, or
front right of the vehicle body, the radar apparatus 100
may be mounted on a side or the rear of the vehicle body,
or a side in the rear of the vehicle body. Even in such a
case, when the road has such a shape that at least one
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reflector is continuously present within the radar scan
range R1, the azimuth angle error can be correct in the
same manner as described above.
[0101] In addition, the direction of the central axis A of
the radar scan range R1 may be variable. For example,
the radar apparatus 100 may change the direction of the
central axis A in Fig. 9 to the direction of the central axis
A in Fig. 10 and change it back to the original direction.
[0102] As described above, according to the radar ap-
paratus of the present exemplary embodiment, the azi-
muth angle error caused by a change in antenna char-
acteristics can be corrected. Furthermore, according to
the radar apparatus of the present exemplary embodi-
ment, it can be determined whether the azimuth angle
error is caused by an axial deviation or a change in the
antenna characteristics.

Second Exemplary Embodiment

[0103] According to the first exemplary embodiment,
when it is determined that the azimuth angle error caused
by an axial deviation has occurred (NO in step S17), a
process for correcting the azimuth angle error (e.g., step
S18 in Fig. 5) is performed. In contrast, according to the
present exemplary embodiment, when the first azimuth
angle error is less than an axis deviation allowance angle,
the processing proceeds to a step of detecting the azi-
muth angle error caused by a change in the antenna char-
acteristics regardless of whether an axial deviation oc-
curs.
[0104] The configuration of a radar apparatus 200 ac-
cording to the present exemplary embodiment is de-
scribed below with reference to Fig. 13. Fig. 13 is a block
diagram illustrating an example of the configuration of
the radar apparatus 200. The same reference numerals
are used in Fig. 13 to describe those constituent elements
that are identical to the constituent elements of Fig. 4,
and description of the constituent elements are not re-
peated.
[0105] Unlike the radar apparatus 100 illustrated in Fig.
4, the radar apparatus 200 illustrated in Fig. 13 includes
an azimuth angle error storing unit 18 instead of the cor-
rection value storing unit 15. In addition, the radar appa-
ratus 200 includes an azimuth angle error comparing unit
19.
[0106] The azimuth angle error storing unit 18 stores
a first azimuth angle error calculated by the azimuth angle
error calculating unit 14.
[0107] The azimuth angle error comparing unit 19 de-
termines whether the absolute value of the difference
between the second azimuth angle error and the first
azimuth angle error is less than a predetermined refer-
ence value. When the absolute value is less than the
reference value, the azimuth angle error comparing unit
19 determines that no change in the antenna character-
istics has occurred in the radar apparatus 200. However,
when the absolute value is not less than the reference
value, the azimuth angle error comparing unit 19 deter-

mines that a change in the antenna characteristics has
occurred in the radar apparatus 200 and, thus, outputs
the second azimuth angle error to the table updating unit
16.
[0108] The radar apparatus 200 has the configuration
described above.
[0109] An example of the operation performed by the
radar apparatus 200 is described with reference to Fig.
14. Fig. 14 is a flowchart illustrating an example of the
operation performed by the radar apparatus 200. The
same reference numerals are used in Fig. 14 to describe
steps that are identical to steps of Fig. 5, and descriptions
of the steps are not repeated.
[0110] In step S31, the azimuth angle error calculating
unit 14 determines whether the first azimuth angle error
calculated in step S16 is less than a predetermined axis
deviation allowance angle Δθth.
[0111] When, as a result of the determination made in
step S31, the first azimuth angle error is not less than
the axis deviation allowance angle Δθth, that is, when the
first azimuth angle error is greater than or equal to the
axis deviation allowance angle Δθth (NO in step S31),
the processing proceeds to step S20.
[0112] However, when, as a result of the determination
made in step S31, the first azimuth angle error is less
than the axis deviation allowance angle Δθth (YES in step
S31), the azimuth angle error calculating unit 14 instructs
the azimuth angle error storing unit 18 to store the first
azimuth angle error. Thereafter, the processing proceeds
to a step of detecting an azimuth angle error caused by
a change in antenna characteristics. That is, the process-
ing proceeds to step S21. After the processes in step
S21, step S22 and step S23 are sequentially performed,
the processing proceeds to step S32.
[0113] ln step S32, the azimuth angle error comparing
unit 19 reads the first azimuth angle error in the azimuth
angle error storing unit 18. The azimuth angle error com-
paring unit 19 calculates the difference between the sec-
ond azimuth angle error calculated in step S23 and the
first azimuth angle error and determines whether the ab-
solute value of the difference is less than a predetermined
reference value.
[0114] When, as a result of the determination made in
step S32, the absolute value is less than the reference
value (YES in step S32), the azimuth angle error com-
paring unit 19 determines that no change in the antenna
characteristics has occurred in the radar apparatus 200.
In this case, the series of processes is completed.
[0115] When, as a result of the determination made in
step S32, the absolute value is not less than the reference
value, that is, when the absolute value is greater than or
equal to the reference value (NO in step S32), the azi-
muth angle error comparing unit 19 determines that a
change in the antenna characteristics has occurred in
the radar apparatus 200 and outputs the second azimuth
angle error to the table updating unit 16 (step S25).
[0116] The example of the operation performed by the
radar apparatus 200 has been described above.

17 18 



EP 3 260 882 A1

11

5

10

15

20

25

30

35

40

45

50

55

[0117] While the exemplary embodiments of the
present disclosure have been described, the present dis-
closure is not limited to the above exemplary embodi-
ments. Various modifications can be made to the exem-
plary embodiments. Summary of Exemplary Embodi-
ments
[0118] According to a first aspect of the present disclo-
sure, a radar apparatus mounted on a moving body in-
cludes a detection unit that detects an azimuth angle of
a reflection point of at least one target located in a scan
range of a radar signal on the basis of a correspondence
between a phase difference among a plurality of anten-
nas and an azimuth angle and a phase difference ob-
served in the scan range among the plurality of antennas,
a calculation unit that selects, on the basis of the detected
azimuth angle, at least one reflection point located in a
second range that differs from a first range including a
central axis on which the phase difference among the
antennas is zero and calculates a second azimuth angle
error on the basis of the azimuth angle of the at least one
selected reflection point and a true value of the azimuth
angle of the selected reflection point, and a correction
unit that corrects the correspondence on the basis of the
observed phase difference among the antennas and the
second azimuth angle error.
[0119] According to a second aspect of the present
disclosure, the radar apparatus mounted on a moving
body according to the first aspect updates a table indi-
cating the correspondence on the basis of the observed
phase difference among the antennas and the second
azimuth angle error.
[0120] According to a third aspect of the present dis-
closure, in the radar apparatus mounted on the moving
body according to the first or second aspect, the calcu-
lation unit selects a reflection point located in the first
range of the scan range on the basis of the detected
azimuth angle and calculates a first azimuth angle error
on the basis of the azimuth angle of the selected reflection
point and the true value of the azimuth angle of the se-
lected reflection point.
[0121] According to a fourth aspect of the present dis-
closure, in the radar apparatus mounted on a moving
body according to the third aspect, the detection unit out-
puts an azimuth angle corrected by adding a predeter-
mined correction value to the detected azimuth angle,
and the calculation unit selects one of the reflection point
located in the first range and the reflection point located
in the second range on the basis of the corrected azimuth
angle.
[0122] According to a fifth aspect of the present disclo-
sure, in the radar apparatus mounted on the moving body
according to the fourth aspect, the calculation unit selects
the reflection point located in the second range when the
first azimuth angle error is less than a first reference val-
ue, and the calculation unit sets a new correction value
on the basis of the predetermined correction value and
the first azimuth angle error when the first azimuth angle
error is greater than or equal to the first reference value.

[0123] According to a sixth aspect of the present dis-
closure, in the radar apparatus mounted on the moving
body according to the fifth aspect, when an absolute val-
ue of the new correction value is greater than or equal
to a first axis deviation allowance angle, the calculation
unit outputs a signal indicating a warning to an occupant
of the moving body or a signal instructing stoppage of
scanning by the radar signal.
[0124] According to a seventh aspect of the present
disclosure, in the radar apparatus mounted on a moving
body according to any one of the fourth to sixth aspects,
when the second azimuth angle error is greater than or
equal to a second reference value, the correction unit
updates the table.
[0125] According to an eighth aspect of the present
disclosure, in the radar apparatus mounted on the mov-
ing body according to the third aspect, the calculation
unit selects a reflection point located in the second range
when the first azimuth angle error is less than a first axis
deviation allowance angle, and the calculation unit out-
puts a signal indicating a warning to an occupant of the
moving body or a signal instructing stoppage of scanning
by the radar signal when the first azimuth angle error is
greater than or equal to the first axis deviation allowance
angle.
[0126] According to a ninth aspect of the present dis-
closure, in the radar apparatus mounted on the moving
body according to the eighth aspect, when an absolute
value of a difference between the second azimuth angle
error and the first azimuth angle error is greater than or
equal to a third reference value, the correction unit up-
dates the table.
[0127] According to a tenth aspect of the present dis-
closure, in a radar apparatus mounted on a moving body
according to any one of the first to eighth aspects, when
the at least one reflection point selected in the second
range comprises a plurality of reflection points, the cal-
culation unit calculates the second azimuth angle error
for each of the selected reflection points, and the correc-
tion unit corrects the correspondence on the basis of the
phase difference observed for each of the reflection
points among antennas and the second azimuth angle
error calculated for each of the reflection points.
[0128] According to an eleventh aspect of the present
disclosure, in the radar apparatus mounted on the mov-
ing body according to the tenth aspect, when one or more
targets are continuously present in the scan range, the
calculation unit selects the plurality of reflection points.
[0129] According to a twelfth aspect of the present dis-
closure, in the radar apparatus mounted on a moving
body according to any one of the first to tenth aspects,
the calculation unit receives, from an image pickup ap-
paratus that captures an image of the scan range within
a predetermined distance from the moving body, the true
value of the azimuth angle of the reflection point extracted
by the image pickup apparatus, a central axis of the im-
aging range of the image pickup apparatus coincides with
a central axis of the scan range, and the imaging range
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includes a region corresponding to a half of a maximum
detected azimuth angle of the scan range.
[0130] According to a thirteenth aspect of the present
disclosure, a method for correcting an azimuth angle for
use in a radar apparatus mounted on a moving body is
provided. The method includes detecting an azimuth an-
gle of a reflection point of at least one target located in a
scan range of a radar signal on the basis of a correspond-
ence between a phase difference among a plurality of
antennas and an azimuth angle and a phase difference
observed in the scan range among the plurality of anten-
nas, selecting, on the basis of the detected azimuth an-
gle, at least one reflection point located in a second range
that differs from a first range including a central axis on
which the phase difference among the antennas is zero
and calculating a second azimuth angle error on the basis
of the azimuth angle of the at least one selected reflection
point and a true value of the azimuth angle of the selected
reflection point, and correcting the correspondence on
the basis of the observed phase difference among the
antennas and the second azimuth angle error.
[0131] The present disclosure can be realized by soft-
ware, hardware, or software that works with hardware.
[0132] Some or all of the functional blocks used in the
description of the above exemplary embodiments may
be achieved as an LSI, which is an integrated circuit, and
some or all of the processes described in the above ex-
emplary embodiments may be controlled by a single LSI
or a combination of LSIs. The LSI may be formed from
the individual chips or may be formed from a single chip
so as to include some or all of the functional blocks. The
LSI may be provided with data input and output An LSI
may be called an IC, a system LSI, a super LSI, or an
ultra LSI depending on the degree of integration. The
method of forming an integrated circuit is not limited to
formation of an LSI. The integrated circuit may be
achieved by using a dedicated circuit, a general purpose
processor, or a dedicated processor.
[0133] Alternatively, a field programmable gate array
(FPGA), which can be programmed after LSI fabrication,
or a reconfigurable processor, which allows reconfigura-
tion of connections and settings of circuit cells in LSI,
may be used. The present disclosure may be implement-
ed as digital processing or analog processing.
[0134] Moreover, should a circuit integration technol-
ogy replacing LSI appear as a result of advancements in
semiconductor technology or other technologies derived
from the technology, the functional blocks could be inte-
grated using such a technology. Another possibility is the
application of biotechnology, for example.
[0135] The present disclosure may be used for a radar
apparatus mounted on a moving body.

Claims

1. A radar apparatus mounted on a moving body com-
prising:

a signal transceiver that receives one or more
radar signal reflected by one or more second
reflection points of one or more targets located
in a scan range with a plurality of antennas:

detection circuitry that detects an azimuth
angle of the one or more second reflection
points of the one or more targets on the ba-
sis of a correspondence between a phase
difference among the plurality of antennas
and an azimuth angle and a phase differ-
ence observed in the scan range among the
plurality of antennas, the observed phase
difference being determined on the basis of
the one or more radar signals;
calculation circuitry that selects, on the ba-
sis of the detected azimuth angle, the one
or more second reflection points located in
a second range that differs from a first range
including a central axis on which the phase
difference among the antennas is zero and
calculates a second azimuth angle error on
the basis of the azimuth angle of each of
the one or more selected second reflection
points and a true value of the azimuth angle
of each of the one or more selected second
reflection points; and
correction circuitry that corrects the corre-
spondence on the basis of the observed
phase difference among the antennas and
the second azimuth angle error.

2. The radar apparatus according to Claim 1, wherein
the correction circuitry updates a table indicating the
correspondence on the basis of the observed phase
difference among the antennas and the second az-
imuth angle error.

3. The radar apparatus according to Claim 1, wherein
the calculation circuitry selects a one or more first
reflection points located in the first range of the scan
range on the basis of the detected azimuth angle
and calculates a first azimuth angle error on the basis
of the azimuth angle of the one or more selected first
reflection points and the true value of the azimuth
angle of the one or more selected first reflection
points.

4. The radar apparatus according to Claim 3, wherein
the detection circuitry outputs an azimuth angle cor-
rected by adding a determined correction value to
the detected azimuth angle, and the calculation cir-
cuitry selects one or more first reflection points and
the one or more second reflection points, on the basis
of the corrected azimuth angle.

5. The radar apparatus according to Claim 4, wherein
the calculation circuitry selects the one or more sec-
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ond reflection points when the first azimuth angle
error is less than a first reference value, and
wherein the calculation circuitry sets a new correc-
tion value on the basis of the determined correction
value and the first azimuth angle error when the first
azimuth angle error is greater than or equal to the
first reference value,

6. The radar apparatus according to Claim 5, wherein
when an absolute value of the new correction value
is greater than or equal to a first axis deviation al-
lowance angle, the calculation circuitry outputs a sig-
nal indicating a warning to an occupant of the moving
body or a signal instructing stoppage of scanning by
the radar signal.

7. The radar apparatus according to Claim 4, wherein
when the second azimuth angle error is greater than
or equal to a second reference value, the correction
circuitry updates the table.

8. The radar apparatus according to Claim 3, wherein
when the first azimuth angle error is less than a first
axis deviation allowance angle, the calculation cir-
cuitry selects one or more second reflection points,
and
wherein when the first azimuth angle error is greater
than or equal to the first axis deviation allowance
angle, the calculation circuitry outputs a signal indi-
cating a warning to an occupant of the moving body
or a signal instructing stoppage of scanning by the
radar signal.

9. The radar apparatus according to Claim 8, wherein
when an absolute value of a difference between the
second azimuth angle error and the first azimuth an-
gle error is greater than or equal to a third reference
value, the correction circuitry updates the table.

10. The radar apparatus according to Claim 1, wherein
when the one or more second reflection points se-
lected in the second range comprise a plurality of
second reflection points, the calculation circuitry cal-
culates the second azimuth angle error for each of
the plurality of selected second reflection points, and
the correction circuitry corrects the correspondence
on the basis of the phase difference observed for
each of the plurality of selected second reflection
points among antennas and the second azimuth an-
gle error calculated for each of the plurality of select-
ed second reflection points.

11. The radar apparatus according to Claim 10, wherein
when the one or more targets are continuously
present in the scan range, the calculation circuitry
selects the plurality of second reflection points.

12. The radar apparatus according to Claim 1, wherein

the calculation circuitry receives, from an image pick-
up apparatus that captures one or more images of
the scan range within a determined distance from
the moving body, the true value of the azimuth angle
of the one or more second reflection points extracted
by the image pickup apparatus, and
wherein a central axis of the imaging range of the
image pickup apparatus coincides with a central axis
of the scan range, and the imaging range includes
a region corresponding to a half of a maximum de-
tected azimuth angle of the scan range.

13. A method for correcting an azimuth angle for use in
a radar apparatus mounted on a moving body, com-
prising:

receiving one or more radar signals reflected by
one or more second reflection points of one or
more targets located in a scan range with a plu-
rality of antennas;
detecting an azimuth angle of one or more sec-
ond reflection points of the one or more targets
on the basis of a correspondence between a
phase difference among the plurality of anten-
nas and an azimuth angle and a phase differ-
ence observed in the scan range among the plu-
rality of antennas, the observed phase differ-
ence being determined on the basis of the one
or more radar signals;
selecting, on the basis of the detected azimuth
angle, the one or more second reflection points
located in a second range that differs from a first
range including a central axis on which the
phase difference among the antennas is zero
and calculating a second azimuth angle error on
the basis of the azimuth angle of the one or more
selected second reflection points and a true val-
ue of the azimuth angle of the one or more se-
lected second reflection points; and
correcting the correspondence on the basis of
the observed phase difference among the an-
tennas and the second azimuth angle error.
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