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(57) ABSTRACT

Provided is a vehicular radar device which is capable of
reducing an operation resource quantity necessary for a pro-
cess of estimating an axis deviation angle in a radar measure-
ment coordinate system, to thereby reduce a device size. The
vehicular radar device includes: ameasurement unit that mea-
sures an azimuth angle and a relative Doppler velocity; an
extraction/accumulation unit that extracts target information
satisfying conditions related to the relative Doppler velocity,
a travel speed and a turning velocity, and accumulates the
azimuth angle and a velocity ratio obtained by dividing the
relative Doppler velocity by the travel speed of the subject
vehicle among the extracted target information; and an axis
deviation angle estimate unit that reads the target information
accumulated in the extraction/accumulation unit, and esti-
mates an axis deviation angle of the measurement coordinate
system of a radar based on a second-order polynomial expres-
sion of the azimuth angle of the target.
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PRIOR ART

FIG. 3
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1
VEHICULAR RADAR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a vehicular radar device
having a radar to be mounted on a vehicle, which detects an
object existing in the periphery of a subject vehicle (herein-
after, referred to as “target”) and measures a position and a
velocity of the target, and more particularly, to a vehicular
radar device which is capable of estimating and correcting a
reference axis deviation angle (hereinafter, referred to as
“axis deviation angle”) of a radar measurement coordinate
system.

2. Description of the Related Art

When the vehicular radar is mounted on a vehicle, due to
various factors, a vehicle forward direction may be deviated
from the reference axis of the measurement coordinate sys-
tem of the radar as illustrated in axis deviation examples [ and
11 with respect to an ideal state, as illustrated in FIG. 3. With
this deviation, a relative position of a peripheral target with
respect to a traveling subject vehicle cannot be obtained.

As a method of detecting the axis deviation angle of the
vehicular radar, there is a conventional art using the following
principle Expression (1) that is satisfied by an azimuth angle
0 and a relative Doppler velocity Vs which are measured with
respect to the target, a travel speed Vh of the subject vehicle,
avelocity error ratio A included in the relative Doppler veloc-
ity Vs and the travel speed Vh of the subject velocity, and an
axis deviation angle 1 (see, for example, JP 2002-228749 A).

[Equation 1]

Ve oo M
Vh_ -cos(f +y)

However, the related art suffers from such a problem that
not only the axis deviation angle y but also the velocity error
ratio A must be estimated, and a large number of operation
resources are required for an estimating process, which
increases the device size, for example.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above-
mentioned problem, and therefore has an object to provide a
vehicular radar device which is capable of reducing an opera-
tion resource quantity necessary for a process of estimating
an axis deviation angle, to thereby reduce a device size.

In order to solve the above-mentioned problem, the present
invention provides a vehicular radar device including: a mea-
surement unit that measures an azimuth angle and a relative
Doppler velocity of a target as target information; a travel
speed detection unit that detects a travel speed of a subject
vehicle; an angular velocity detection unit that detects a turn-
ing velocity of the subject vehicle; an extraction/accumula-
tion unit that extracts target information satisfying conditions
related to the relative Doppler velocity of the target, the travel
speed of the subject vehicle, and the turning velocity of the
subject vehicle, and accumulates the azimuth angle and a
velocity ratio obtained by dividing the relative Doppler veloc-
ity by the travel speed of the subject vehicle among the
extracted target information as new target information; and an
axis deviation angle estimate unit that reads the target infor-
mation accumulated in the extraction/accumulation unit, and
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2

estimates an axis deviation angle of a measurement coordi-
nate system of a radar based on a second-order polynomial
expression of the azimuth angle of the target.

According to the present invention, only the axis deviation
angle is estimated by a simple operation with the use of an
approximate expression instead of a principle expression sat-
isfied by the axis deviation angle. This leads to advantages
that the operation resource quantity necessary for the process
of estimating the axis deviation angle is reduced, to thereby
reduce the device size.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 is a block diagram illustrating a configuration of a
vehicular radar device according to an embodiment of the
present invention;

FIG. 2 is an explanatory diagram of a principle of an axis
deviation angle estimate according to the embodiment of the
present invention; and

FIG. 3 is an explanatory diagram of an axis deviation in a
measurement coordinate system of a radar.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, an embodiment of the present invention is
described in detail. FIG. 1 is a block diagram illustrating a
configuration of a vehicular radar device according to the
embodiment of the present invention. A vehicular radar
device 1 illustrated in FIG. 1 includes a control unit 11 that
controls the respective configurations of the vehicular radar
device 1, a transmitted/received unit 12 that generates a trans-
mitted signal, and converts a received electromagnetic wave
into a received signal, a radio transmitted/received unit 13
that radiates the transmitted signal generated by the transmit-
ted/received unit 12 into a space as a transmitted electromag-
netic wave, and receives the electromagnetic wave reflected
by a target or the like, and a measurement unit 14 that mea-
sures an azimuth angle and a relative Doppler velocity of the
target as target information. The vehicular radar device 1 also
includes an extraction/accumulation unit 15 that extracts tar-
get information satisfying conditions related to a relative
Doppler velocity of the target, a travel speed Vh of the subject
vehicle which is detected by a travel speed sensor 2, and a
turning velocity of the subject vehicle which is detected by an
angular velocity sensor 3, and accumulates the azimuth angle
and a velocity ratio obtained by dividing the relative Doppler
velocity by the travel speed of the subject vehicle among the
extracted target information as new target information. The
vehicular radar device 1 further includes an axis deviation
angle estimate unit 16 that reads the target information accu-
mulated in the extraction/accumulation unit 15, and estimates
the axis deviation angle of the measurement coordinate sys-
tem of the radar on the basis of a second-order polynomial
expression of the azimuth angle of the target.

The control unit 11 includes a dedicated logic circuit, or a
general-purpose central processing unit (CPU) having a given
program installed therein, or the combination of those ele-
ments, and controls the operation timing and so on of the
respective components of the vehicular radar device 1, which
is described later.

In the transmitted/received unit 12 and the radio transmit-
ted/received unit 13, the transmitted signal generated in the
transmitted/received unit 12 on the basis of the control of the
control unit 11 is radiated into a space by the transmitted/
received unit 13 as a transmitted electromagnetic wave, the
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electromagnetic wave reflected by the target or the like is
received by the radio transmitted/received unit 13, and then
converted into a received signal by the transmitted/received
unit 12. The measurement unit 14 conducts necessary pro-
cessing on the received signal, and measures at least the
azimuth angle of the target and the relative Doppler velocity.
Further, the measurement unit 14 may measure a distance to
the target.

The transmitted/received unit 12 is so configured as to
realize a frequency modulated continuous wave (FMCW)
system, a pulse Doppler system, or the like, which have been
known as the radar system, for the purpose of measuring the
relative Doppler velocity, and the transmitted/received timing
is controlled by the control unit 11. Further, for the purpose of
measuring the azimuth angle, the radio transmitted/received
unit 13 includes a known mechanism of changing the azimuth
for monopulse angle measurement, and a plurality of known
radio transmitted/received elements for array signal process-
ing angle measurement. The control of the azimuth, the tim-
ing control of radio transmitted/received by the plurality of
elements, and so on are controlled by the control unit 11.

The measurement unit 14 in which the input of the received
signal and the output timing of the measurement result are
controlled by the control unit 11 includes a dedicated logic
circuit, a general-purpose CPU and/or digital signal proces-
sor (DSP) having a given program installed therein, or the
combination of those elements, for the purpose of executing
signal processing for measuring the relative Doppler velocity
and the azimuth angle.

The azimuth angle and the relative Doppler velocity of the
target which have been measured by the measurement unit 14
are transmitted to, for example, an engine control unit (ECU)
mounted on the vehicle, and used for selection of an object to
be followed by the subject vehicle or motion control of the
subject vehicle. The measurement unit 14 outputs the mea-
sured azimuth angle and the measured Doppler velocity of the
target also to the extraction/accumulation unit 15.

The extraction/accumulation unit 15 receives the outputs
of the travel speed sensor 2 of the subject vehicle and the
angular velocity sensor 3, and extracts the target information
(azimuth angle and relative Doppler velocity) that satisfy the
following conditions (1) and (2).

(1) A size (absolute value) of a travel turning radius of the
subject vehicle which is calculated from the travel speed
sensor 2 and the angular velocity sensor 3 is larger than a
predetermined value being regarded as a straight travel.

(2) An absolute velocity of the target which is calculated
from the travel speed sensor 2 and the relative Doppler veloc-
ity falls within a predetermined range being regarded as a
stationary object.

The extraction/accumulation unit 15 accumulates the azi-
muth angle as it is, and the relative Doppler velocity as a
velocity ratio y obtained by dividing the relative Doppler
velocity by the travel speed of the subject vehicle among the
extracted target information.

Further, the extraction/accumulation unit 15 transmits a
signal indicative of accumulation completion to the control
unit 11 after the number of pieces of target information (azi-
muth angle and velocity ratio) has reached a predetermined
value.

After receiving the signal indicative of the accumulation
completion from the extraction/accumulation unit 15, the
control unit 11 transmits a signal indicative of an estimate
process start to the axis deviation angle estimate unit 16.

After receiving the signal indicative of the estimate process
start from the control unit 11, the axis deviation angle esti-
mate unit 16 reads the target information (azimuth angle and
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4

velocity ratio) accumulated in the extraction/accumulation
unit 15, and estimates the axis deviation angle.

Hereinafter, a description is given in detail of a method of
estimating the axis deviation angle in the axis deviation angle
estimate unit 16. A relationship satisfied by an angle 0 of the
target, a relative Doppler velocity Vs observed with respect to
the target, the travel speed Vh of the subject vehicle, a velocity
error ratio A included in the relative Doppler velocity Vs and
the travel speed Vh of the subject vehicle, and a measurement
coordinate system reference axis deviation angle 1 is shown
in the above-mentioned Expression (1). In Expression (1),
when Vs/Vh is y, and A=1, Expression (2) is satisfied.

[Equation 2]

y=cos(6+y) 2)
In Expression (2), when the right-hand side is approxi-

mated by a second-order polynomial expression of 0 as rep-
resented by Expression (3), Expression (3) is obtained.

[Equation 3]

y=cos(0+)~-a(0)>+b(0)+c 3)

In this case, even if it is assumed that the binomial coeffi-
cient a of 0 is a constant value, cos(8+) can be approximated
by the second-order polynomial expression by the remaining
coefficients b and ¢ as represented by FIG. 2.

When Expression (3) is modified into Expression (4), the
axis deviation angle \ in the original principle Expression (1)
can be approximated as a translation quantity b/(2a) on an
azimuth angle 0 axis.

[Equation 4]

- do by PP (]
y-—a(—ﬂ] +5+c

Itis assumed that the azimuth angle is 6k (k=1 to n) and the
velocity ratio is yk (k=1 to n) as n pieces of target information
accumulated in the extraction/accumulation unit 15, and then
the establishment of Expression (5) is assumed.

[Equation 5]
y1 +a(01)? 01 1 5)
¥2 +a(62)? N2(b
AL
i + a(fn)? 6n 1
b
]
c

In Expression (5), for example, with an aim to find direct
solution of the least square method, when a pseudo-inverse
matrix of a matrix X is multiplied from the left of both sides,
only a coefficient b can be obtained.

[Equation 6]

e

©
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The axis deviation angle y can be calculated from the
coefficient b and the invariant fixed value a by b/(2xa).
Another calculation method may be used in finding the least
squares solution in Expression (5).

Further, in the original principle Expression (1), the veloc-
ity error ratio A gives a change in the velocity ratio (vertical)
axial direction with respect to the target information on a
plane of the azimuth angle to the velocity ratio as illustrated in
FIG. 2. For that reason, as understood from Expression (4),
the influence is liable to appear as a change of the coefficient
¢, and an influence on the coefficient b is small. Further, when
the radar device 1 and the travel speed sensor 2 are normally
in operation, a value of the velocity error ratio A is not
extremely different from 1, but with an error of about several
percentages. From this viewpoint, there arises no problem
even if the axis deviation angle 1 is obtained from only the
coefficient b in the above-mentioned method.

The extraction/accumulation unit 15 and the axis deviation
angle estimate unit 16 described above include a dedicated
logic circuit, a memory, a general-purpose CPU, a DSP hav-
ing a program installed therein, or the combination of those
elements.

The axis deviation angle ) estimated by the axis deviation
angle estimate unit 16 is transmitted to, for example, the
control unit 11, and when the value of the estimated axis
deviation angle  falls within a predetermined range, the
control unit 11 transmits the value of the axis deviation angle
1 to the measurement unit 14, and the measurement unit 14
corrects the azimuth angle of the target by the quantity of the
axis deviation angle 1, and then outputs the corrected azi-
muth angle to the ECU mounted on the vehicle, or the like.

Further, for example, when the value of the estimated axis
deviation angle which has been transmitted to the control unit
11 is beyond the predetermined range, an abnormality of the
radar device output result is notified to a driver via the ECU
mounted on the vehicle, or the like.

The present invention is applicable to a case where, in the
vehicular radar device, even when the measurement coordi-
nate system reference axis is deviated by various factors after
the radar has been mounted on the vehicle, the deviation angle
is corrected to output correct target information.

What is claimed is:

1. A vehicular radar device, comprising:

a measurement unit that measures an azimuth angle and a
relative Doppler velocity of a target as target informa-
tion;

atravel speed detection unit that detects a travel speed of a
subject vehicle;

an angular velocity detection unit that detects a turning
velocity of the subject vehicle;

an extraction/accumulation unit that extracts target infor-
mation satisfying conditions related to the relative Dop-
pler velocity of the target, the travel speed of the subject
vehicle, and the turning velocity of the subject vehicle,
and accumulates the azimuth angle and a velocity ratio
obtained by dividing the relative Doppler velocity by the
travel speed of the subject vehicle among the extracted
target information as new target information; and

an axis deviation angle estimate unit that reads the target
information accumulated in the extraction/accumula-
tion unit, and estimates an axis deviation angle of a
measurement coordinate system of a radar based on a
second-order polynomial expression of the azimuth
angle of the target.

2. A vehicular radar device according to claim 1, wherein

when it is assumed that the azimuth angle of the target is 0, the
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6

velocity ratio obtained by dividing the relative Doppler veloc-
ity by the travel speed of the subject vehicle is y, and a velocity
error ratio included in the relative Doppler velocity and the
travel speed of the subject vehicle is 1, the axis deviation
angle estimate unit approximates a right-hand side of

y=cos(6+y)

that is an expression satisfied by a reference axis deviation
angle) in the measurement coordinate system of the radar by
the second-order polynomial expression of the azimuth angle
0 of the target to obtain the following approximate expres-
sion, and estimates the axis deviation angle based on the
approximate expression,

y=cos(0+)~-a(0)>+b(0)+c

where a, b, and ¢ are coefficients.

3. A vehicular radar device according to claim 2, wherein
the axis deviation angle estimate unit approximates a bino-
mial coefficient a by an invariant fixed value in the approxi-
mate expression to obtain only a monomial coefficient b, and
calculates the axis deviation angle to be estimated by b/2a.

4. A vehicular radar device according to claim 1, wherein
the extraction/accumulation unit extracts, as the target infor-
mation that satisfies extraction conditions, target information
that a travel turning radius of the subject vehicle which is
calculated from the travel speed of the subject vehicle from
the travel speed detection unit and the turning velocity of the
subject vehicle from the angular velocity detection unit falls
within a predetermined range being regarded as a straight
travel, and an absolute velocity of the target which is calcu-
lated from the travel speed of the subject vehicle from the
travel speed detection unit and the relative Doppler velocity
from the measurement unit falls within a predetermined range
being regarded as a stationary object.

5. A vehicular radar device according to claim 1,

wherein the extraction/accumulation unit accumulates, as

new target information, a predetermined number of the
azimuth angles and a predetermined number of the
velocity ratios, and

wherein the axis deviation angle estimate unit reads a plu-

rality of the azimuth angles and a plurality ofthe velocity
ratios each being the new target information from the
extraction/accumulation unit, and estimates the axis
deviation angle of the measurement coordinate system
of the radar.

6. A vehicular radar device according to claim 1, wherein
the measurement unit corrects the azimuth angle of the target
information which is measured by the radar by using the axis
deviation angle estimated by the axis deviation angle estimate
unit.

7. A vehicular radar device according to claim 6, further
comprising a control unit that transmits, when the axis devia-
tion angle estimated by the axis deviation angle estimate unit
falls within a predetermined range, the axis deviation angle
estimated by the axis deviation angle estimate unit to the
measurement unit and controls so as to correct the azimuth
angle ofthe target information which is measured by the radar
and notifies, when the estimated axis deviation angle is
beyond the predetermined range, a driver of an abnormality of
an output result from the vehicular radar device.



