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An on-vehicle radar apparatus includes a radar sensor and a
mounting angle calculation section that calculates a mount-
ing angle of the radar sensor, and the radar sensor is mounted
on a vehicle so that a sensing area includes a direction of 90
degrees relative to a front-back direction of the vehicle and
detects a relative speed to an observation point at which the
radar wave is reflected in the sensing area and an azimuth at
which the observation point is located. The mounting angle
calculation section calculates a mounting angle of the radar
sensor from an azimuth of a speed zero observation point,
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ON-VEHICLE RADAR APPARATUS
CAPABLE OF RECOGNIZING RADAR
SENSOR MOUNTING ANGLE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based on and claims the benefit of
priority from earlier Japanese Patent Application No. 2013-
24627 filed Feb. 12, 2013, the description of which is
incorporated herein by reference.

BACKGROUND

Technical Field

The present disclosure relates to a radar apparatus, and
specifically relates to an on-vehicle radar apparatus mounted
on a vehicle to detect various targets around the vehicle.

Background Art

Conventionally, on-vehicle radar apparatuses are used to
detect various targets around the vehicle and sense a risk of
collision of the vehicle and the target. Such on-vehicle radar
apparatuses may erroneously detect a position of target if an
optical axis deviation occurs, that is, when an optical axis of
a radar wave (e.g., millimeter wave, laser beam, ultrasonic
wave) is deviated from a predetermined mounting direction
(for example, a front-back direction of the vehicle) due to
some reasons (such as changes over time). The optical axis
as used herein is an axis which extends through the center of
a sensing area of the on-vehicle radar apparatus.

As a technique to detect such an optical axis deviation,
JP-A-H9-250970 discloses a technique using the azimuth
dependence of relative speed to a stationary object.

Specifically, when a relative speed of the stationary object
observed by the radar is Vs, an own vehicle speed is Vh, and
an azimuth at which a target exists is 0 (the azimuth in the
radar coordinate system on the basis of the optical axis), they
have a relationship expressed by the following equation (1),
where a parameter A is a ratio of speed errors contained in
the own vehicle speed Vh and the relative speed Vs, and A=1
represents a case in which no error exists.

[Math. 1]

Vs 4 g €8]
VhS -cos(8)

When the optical axis deviation (an angle of the optical
axis relative to the mounting direction) is o, an apparent
azimuth (an azimuth in the vehicle coordinate system on the
basis of the mounting direction) 0' is expressed as 6'=0-c..
The detected relative speeds are the same regardless of
presence or absence of optical axis deviation. When taking
into consideration the optical axis deviation, the equation (1)
can be replaced with an equation (2).

[Math. 2]

Vs 4 9 2)
W_ -cos(f — )

That is, in a chart plotted with Vs/Vh and the azimuth
angle measurement 6, a peak value is obtained when 6=0 if
there is no optical axis deviation (¢=0) and the peak value
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2

is obtained when 6=a if there is an optical axis deviation
(020). Accordingly, the optical axis deviation amount is
estimated as o.

CITATION LIST
Patent Literature

[PLT 1] JP-A-H9-250970

Although the technique described in the above patent
literature is achieved when the reflection point on the
stationary object is located in a horizontal plane which
includes the optical axis of the on-vehicle radar, the reflec-
tion point is not always located on the horizontal plane
which includes the optical axis. Accordingly, it is difficult to
accurately detect the optical axis deviation amount using this
technique.

That is, when the reflection point is located out of the
horizontal plane which includes the optical axis, there is a
speed component in a vertical direction which corresponds
to a vertical position of the reflection point (a distance from
the horizontal plane) and the parameter A fails to be con-
stant. As a result, an apparent peak is not obtained in the
chart plotted with Vs/Vh. The influence becomes more
remarkable when the on-vehicle radar has a wider vertical
view angle.

Since the optical axis deviation is generated by the
mounting angle of the on-vehicle radar apparatus (particu-
larly, an antenna section) varying to the vehicle, the optical
axis deviation amount can be obtained by obtaining the
mounting angle by some technique.

SUMMARY

The present disclosure provides an on-vehicle radar appa-
ratus which is capable of obtaining a mounting angle relative
to a vehicle in a stable manner regardless of a height of
observation point at which a radar wave is reflected.

The on-vehicle radar apparatus according to the present
disclosure includes a radar sensor and a mounting angle
calculation section. The radar sensor is mounted on a vehicle
so that an azimuth of 90 degrees relative to a front-back
direction of the vehicle is included in a sensing area, and
transmits and receives a probe wave to detect at least a
relative speed to an observation point at which a radar wave
is reflected in the sensing area and an azimuth at which the
observation point is located. The mounting angle calculation
section calculates a mounting angle of the radar sensor from
an azimuth of a speed zero observation point, the speed zero
observation point being the observation point with a relative
speed of zero among the observation points detected by the
radar sensor.

That is, when an object which exist at the azimuth of 90
degrees (hereinafter, simply referred to as “90 degree azi-
muth”) relative to the front-back direction (travelling direc-
tion) of the vehicle is not approaching to the vehicle, that is,
when the object is a stationary object such as a wall or a
vehicle travelling side by side with the vehicle, the object
has only a speed component in the front-back direction of
the vehicle. Since the object does not have a speed compo-
nent in a direction of the radar apparatus (90 degree direction
relative to the front-back direction of the vehicle), it is
detected as a speed zero observation point regardless of a
height of the reflection point. Accordingly, the azimuth at
which the speed zero observation point is detected by the
radar sensor can be identified as 90 degree azimuth, and thus
a corresponding relationship between the vehicle coordinate
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system on the basis of the front-back direction of the vehicle
and the radar coordinate system on the basis of the optical
axis of the radar can be identified. As a result, according to
the present disclosure, an actual mounting angle of the radar
sensor relative to the vehicle can be obtained in a stable
manner, and further, the optical axis deviation amount can be
obtained from a difference between the actual mounting
angle and a desired mounting angle.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 is a block diagram showing an overall configura-
tion of a vehicle control system.

FIG. 2 is a flowchart of a mounting angle estimation
process.

FIG. 3 is an explanatory view showing a mounting
position of a radar sensor, a radar coordinate system and a
vehicle coordinate system.

FIG. 4 is an explanatory view of observation values of
trimmed mean and their distribution.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

With reference to the drawings, embodiments of the
present disclosure will be described.
<Overall Configuration>

A vehicle control system 1 as shown in FIG. 1 is used to
be mounted on a vehicle and includes a radar sensor 10,
vehicle state detection sensors 20, a signal processing unit
30 and a control execution unit 40. The signal processing
unit 30 is configured to communicate with the radar sensor
10, the vehicle state detection sensors 20 and the control
execution unit 40. In the vehicle control system 1, a com-
munication method between components is not specifically
limited.

The radar sensors 10 are each mounted on the right and
left ends of a rear part of an own vehicle (the vehicle in
which the vehicle control system 1 is mounted) at a mount-
ing angle in which each center axis of a sensing area of the
radar sensor 10 (hereinafter, referred to as “optical axis”™) is
oriented outward by a reference mounting angle (in this
example, 40 degrees) relative to a front-back direction of the
vehicle (the radar sensor 10 on the right end is oriented
rightward and the radar sensor 10 on the left end is oriented
leftward) (see FIG. 3). The sensing area is set to include a
direction of 90 degrees relative to the front-back direction of
the vehicle (hereinafter, referred to as “90 degree azimuth”).
In this example, the sensing area covers a range of approxi-
mately +90 degrees about the optical axis. Hereinafter, a
coordinate system on the basis of the front-back direction of
the vehicle is referred to as a vehicle coordinate system (in
which an angle is expressed as 0), while a coordinate system
on the basis of the optical axis is referred to as a radar
coordinate system (in which an angle is expressed as ¢).
When the radar sensor 10 is mounted on the vehicle at a
correct mounting angle, the radar coordinate system is
rotated relative to the vehicle coordinate system by a refer-
ence mounting angle.

Further, the radar sensor 10 is constituted by a known
frequency modulated continuous wave (FMCW) radar
which uses a millimeter wave, and transmits and receives a
radar wave (FMCW wave) by using an antenna array to
detect a distance to a point at which the radar wave is
reflected in the sensing area (hereinafter, referred to as
“observation point”), a relative speed to the observation
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point, and an azimuth at which the observation point exists,
and transmits those data as observation data to the signal
processing unit 30. The radar wave is not limited to the
FMCW wave, and any other modulation methods which can
detect distance and azimuth of an object which does not have
a relative speed may also be used.

The vehicle state detection sensors 20 are composed of a
variety of sensors that detect a motion state of the vehicle,
and at least include a vehicle speed sensor, yaw rate sensor
and steering angle sensor. The sensors are not limited to the
those sensors, and any other sensors which detect informa-
tion necessary for determining the vehicle speed or deter-
mining whether the vehicle is travelling straight may also be
used. The respective sensors which constitute the vehicle
state detection sensors 20 transmit the detection result to the
signal processing unit 30.

The signal processing unit 30 is an electronic control unit
that integrally controls the vehicle control system 1, and is
mainly formed of a known microcomputer which includes
CPU, ROM, RAM and the like. The signal processing unit
30 detects a target which exists in the sensing area based on
the observation point data received from the radar sensor 10,
and at least performs a drive assist process which assists
driver’s driving operation based on the detected target, and
a mounting angle estimation process which estimates a
mounting angle of the radar sensor 10 based on the obser-
vation point data.

The control execution unit 40 executes audible and visual
notification for a driver by using various on-vehicle equip-
ment in response to a command from the signal processing
unit 30 and a variety of vehicle controls necessary for drive
assistance.
<Processing>

Next, a processing performed by the signal processing
unit 30 will be described. A storage unit (for example, ROM)
included in the signal processing unit 30 stores a program for
performing the drive assist process, the mounting angle
estimation process and the like.

Since the drive assist process is a known process, the
explanation thereof is omitted. In the following description,
the mounting angle estimation process will be described in
detail.

The mounting angle estimation process starts upon startup
of an engine of the own vehicle.

When the mounting angle estimation process starts, the
signal processing unit 30 first obtains observation point data
(a distance, relative speed, azimuth to the observation point)
from the radar sensor 10 (S110).

Then, the signal processing unit 30 determines whether a
save condition for saving the observation data as a wall
candidate point data is satisfied (S120). Specifically, the own
vehicle speed, steering angle and yaw rate are obtained from
the detection result of the vehicle state detection sensors 20,
and the save condition is determined as being satisfied when
the own vehicle speed is not less than a lower limit speed
(for example, 50 km/h) at which a stationary object and a
moving object can be identified with a specific precision and
the steering angle or the yaw rate is not more than an upper
limit value which allows for recognition of the own vehicle
being travelling straight.

When the save condition is determined as not being
satisfied in S120, the process returns to S110 and the
observation point data in the subsequent cycle is obtained.
On the other hand, when the save condition is determined as
being satisfied in S120, the signal processing unit 30 selects
one of the observation point data obtained in S110 to which
processes (S140 to S220), which will be described later, are
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not performed (S130). The selected observation point data is
hereinafter referred to as a target observation point data, and
the observation point indicated by the target observation
point data is hereinafter referred to as a target observation
point.

Then, the signal processing unit 30 determines whether
the target observation point is a wall candidate (S140).
Specifically, the target observation point is determined as a
wall candidate when a relative speed Vs indicated in the
target observation point data is O (that is, a speed zero
observation point). Further, in this determination, the con-
dition may include whether the target observation point
exists in the vicinity of the vehicle (for example, within an
average distance between the vehicle which is travelling in
a leftmost lane of a freeway and a soundproof wall) or in a
predetermined area (for example, 20 degrees) with respect
to the azimuth which corresponds to 90 degrees in the
vehicle coordinate system (that is, in this example, 50
degrees in the radar coordinate system).

When the target observation point is determined as not
being a wall candidate in S140, the processes in S150 to
S210, which will be described later, are skipped. On the
other hand, when the target observation point is determined
as a wall candidate in S140, the signal processing unit 30
stores the target observation point data as a wall candidate
observation point data in the memory (S150).

Then, the signal processing unit 30 counts up a wall
candidate observation points counter (S160). The wall can-
didate observation points counter initializes the count value
(zero-clear) on startup of the process.

Then, the signal processing unit 30 determines whether
the number of wall candidate observation points (that is, the
count value of the wall candidate observation points coun-
ter) reaches a predetermined specified value N (S170).

When the number of wall candidates is determined as not
reaching the specified value N in S170, the processes in
S180 to S210, which will be described later, are skipped. On
the other hand, when the number of wall candidate obser-
vation points are determined as reaching the specified value
N in S170, the signal processing unit 30 calculates a wall
azimuth estimation value ¢Wall, that is, a wall azimuth
observed in the radar coordinate system on the basis of the
wall candidate observation point data stored in the memory
by using the robust estimation method (S180). In this
example, a trimmed mean, which is one of the robust
estimation methods is used. Specifically, focusing the azi-
muth of the wall candidate observation points and assuming
that the azimuth of the wall candidate observation point data
distribute in the range of Omin to Omax, a wall azimuth
estimation value ¢Wall is obtained by discarding Nxa
(O<a<1, for example, 0=0.2) data on the Amax end of the
azimuth and Nxa data on the Omin end of the azimuth (see
FIG. 4) and calculating a mean value of azimuth of the
remaining (N-2a) wall candidate observation point data.
The method of calculating the wall azimuth estimation value
¢Wall is not limited to the trimmed mean, and any other
robust estimation methods may also be used.

Then, the signal processing unit 30 calculates a mounting
angle OInst by using the wall azimuth estimation value
¢Wall calculated in S180 (S190). Specifically, Blnst is
obtained from an equation (3) by taking the wall azimuth in
the vehicle coordinate system as 6Wall (=90 degrees) (see
FIG. 3).

OInst=0Wall-¢pWall 3)

Then, the signal processing unit 30 calculates an axis
deviation amount ABInst by obtaining a difference between
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the mounting angle 6Inst calculated by the equation (3) and
a predetermined correct mounting angle (S200).

Then, the signal processing unit 30 clears the stored value
of the wall candidate observation point data and initializes
the count value of the wall candidate observation points
counter (S210).

Then, the signal processing unit 30 determines whether all
the observation point data obtained in S110 are selected in
S130 (S220). If there is any unselected observation point
data in S220, the process returns to S130 and the processes
of S130 to S210 are repeated. If all the observation point
data are selected, the process returns to S110 and the
observation point data of the subsequent cycle are obtained.

The obtained mounting angle 6Inst and the axis deviation
amount ABInst may be displayed on a display screen in the
vehicle, or an alarm may be generated to a passenger of the
vehicle when the axis deviation amount AOInst excesses a
predetermined allowable amount. Alternatively, an optical
axis deviation may be automatically corrected by using the
mounting angle 8Inst when the positional information of the
observation point detected by the signal processing unit 30
is converted into the vehicle coordinate system.
<Effect>

In this embodiment, the radar sensor 10 is mounted on the
vehicle so that 90 degree azimuth of the vehicle coordinate
system is included in the sensing area. The signal processing
unit 30 extracts an observation point at which the relative
speed is O (speed zero observation point) as a wall candidate
observation point on the basis of waves reflected by a wall
which exists at the 90 degrees azimuth from the observation
point data detected by the radar sensor, and the mounting
angle of the radar sensor is obtained from the azimuth of the
wall candidate observation point.

In other words, since the azimuth of the wall candidate
observation point detected by the radar sensor 10 is repre-
sented by the radar coordinate system on the basis of the
optical axis, and the 90 degree azimuth is represented by the
vehicle coordinate system on the basis of the front-back
direction of the vehicle, a corresponding relationship
between the radar coordinate system and the vehicle coor-
dinate system (the mounting angle of the radar sensor 10)
can be specified.

Further, since the observation point based on the object
which exists at the 90 degree azimuth is taken as the speed
zero observation point regardless of the height of the point
at which the radar wave is reflected, the mounting angle, and
thus the optical axis deviation amount of the radar sensor 10
can be detected in a stable manner.

Further, in this embodiment, the speed zero observation
point which is obtained when the own vehicle is travelling
straight and at a speed not less than a lower limit speed and
is located within an allowable distance from the own vehicle
is taken as the wall candidate observation point, and, the
azimuth of the wall candidate observation point is calculated
by using a trimmed mean, which is one of robust estimation
methods, on the basis of observation results of the azimuth
of a plurality of wall candidate observation points. Accord-
ingly, a speed zero observation point based on an object
other than an object (such as a soundproof wall) which is
located in the 90 degree direction of the own vehicle can be
excluded, and the azimuth of the wall candidate observation
point can be obtained with high precision.

Other Embodiments

Although the embodiments of the present disclosure have
been described above, the present disclosure is not limited to
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the above embodiments and various modifications can be
made. For example, a function of one element may be
divided into a plurality of elements, or a function of a
plurality of elements may be integrated into one element.
Further, at least part of the configuration in the above
embodiments may be replaced with a known configuration
having a similar function.

REFERENCE SIGNS LIST

1 vehicle control system

10 radar sensor

20 vehicle state detection sensors
30 signal processing unit

40 control execution unit

The invention claimed is:

1. An on-vehicle radar apparatus comprising:

a radar sensor which is mounted on a vehicle such that a
sensing area includes 90 degree azimuth which is a
direction of 90 degrees relative to a front-back direction
of the vehicle, transmitting and receiving a radar wave
thereby detecting at least a relative speed to an obser-
vation point at which the radar wave is reflected in the
sensing area and an azimuth at which the observation
point is located; and

a mounting angle calculation section that calculates a
mounting angle of the radar sensor from an azimuth of
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a speed zero observation point, the speed zero obser-
vation point being the observation point with a relative
speed of zero at the 90 degree azimuth among the
observation points detected by the radar sensor.

2. The on-vehicle radar apparatus according to claim 1,
wherein the radar sensor uses an FMCW wave as the radar
wave.

3. The on-vehicle radar apparatus according to claim 1,
wherein the mounting angle calculation section applies a
robust estimation to calculation of the azimuth of the speed
zero observation point.

4. The on-vehicle radar apparatus according to claim 3,
wherein the mounting angle calculation section uses a
trimmed mean as the robust estimation.

5. The on-vehicle radar apparatus according to claim 1,
wherein the mounting angle calculation section uses the
azimuth of the speed zero observation point detected during
travelling at a predetermined lower limit speed or more for
calculation of the mounting angle.

6. The on-vehicle radar apparatus according to claim 1,
wherein the mounting angle calculation section uses the
azimuth of the speed zero observation point which is
detected when an own vehicle is travelling straight for
calculation of the mounting angle.
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