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(57) ABSTRACT

Provided is a radar apparatus capable of accurately calculat-
ing the presence direction of an object. The radar apparatus
radiates an electromagnetic wave, receives a reflected wave
caused by the electromagnetic wave reflected from the object,
and detects the presence direction of the object. The radar
apparatus includes: an electromagnetic wave radiating sec-
tion configured to radiate the electromagnetic wave; a
reflected wave reception section configured to receive the
reflected wave and detect information about the received
reflected wave; and a reflected wave type estimation section
configured to determine which the type of the received
reflected wave received by the reflected wave reception sec-
tion is, a single reflected wave which is just reflected from an
object, or a composite reflected wave which is composed of a
plurality of reflected waves, reflected from different objects,
that have interfered with each other, based on the information
about the received reflected wave.

8 Claims, 6 Drawing Sheets
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1
RADAR APPARATUS

TECHNICAL FIELD

The present invention relates to a radar apparatus, and more
specifically, to a radar apparatus, provided in a vehicle, which
detects the position of an object present around the vehicle.

BACKGROUND ART

In recent years, a radar apparatus which detects an object
around a vehicle is provided in the vehicle, so as to detect
another vehicle ahead of the vehicle, a walking person, or the
like. Many of such radar apparatuses employ a method in
which an ultrasonic wave or an electromagnetic wave is radi-
ated to an object and the reflected wave from the object is
received whereby the position of the object is detected.

For example, Patent Literature 1 discloses a radar appara-
tus employing a so-called phase monopulse technique which
detects the position of'an object, based on the phase difference
between reflected waves received by a plurality of antennas.
The radar apparatus of Patent Literature 1 includes: a recep-
tion antenna including array antennas composed of a plurality
of device antennas arrayed in the horizontal direction; and a
signal processing section which electrically scans the antenna
pattern of the reception antenna in the horizontal direction,
thereby recognizing an object present in a horizontal direc-
tion within a predetermined range of angles, from reception
signals received by the reception antenna. In addition, in the
radar apparatus, at least some of the device antennas are
placed being displaced from each other in the vertical direc-
tion. The signal processing section detects, by monopulse
technique, the position of an object with respect to the vertical
direction by using reception signals received by the device
antennas displaced from each other in the vertical direction.

CITATION LIST
Patent Literature

[PTL 1] Japanese Laid-Open Patent Publication No.
11-287857

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

However, in the case where a plurality of reflected waves
from a plurality of objects are received, the radar apparatus of
Patent Literature 1 might not be able to correctly detect the
positions of the objects. Specifically, reflected waves that
have occurred at the plurality of objects interfere with each
other to cause a composite wave. If such a composite wave is
received by the radar apparatus of Patent Literature 1, the
radar apparatus calculates the position of an object, based on
the phase information about the composite wave. In this case,
the radar apparatus cannot detect an object, based on the
phase information about an original reflected wave from the
object that is yet to interfere with another wave. Therefore,
probably the radar apparatus cannot detect the accurate posi-
tion of the object.

In addition, in the case where a reflected wave just reflected
from an object, and a reflected wave that is first reflected at a
road and then reflected from the object, occur, such reflected
waves that have passed different routes interfere with each
other to cause a composite wave. Also insuch a case, the radar
apparatus cannot detect the accurate position of the object.
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In general, a vehicle having such a radar apparatus as
described above has a system for controlling the travelling of
the vehicle, based on the position of an object detected by the
radar apparatus. Here, if the position information about an
object is not accurately detected as in the above case, unnec-
essary vehicle control can be executed, which causes discom-
fort to a driver.

The present invention has been made in consideration of
the above problems. An object of the present invention is to
provide a radar apparatus that is capable of detecting the type
of a reflected wave that has been received.

Solution to the Problems

In order to solve the above problems, the present invention
has the following aspects. The first aspect of the present
invention is a radar apparatus which radiates an electromag-
netic wave, receives a reflected wave caused by the electro-
magnetic wave reflected from an object, and detects the pres-
ence direction in which the object is present, the radar
apparatus including: an electromagnetic wave radiating sec-
tion configured to radiate the electromagnetic wave; a
reflected wave reception section configured to receive the
reflected wave and detect information about the received
reflected wave; a reflected wave type estimation section con-
figured to determine which the type of the received reflected
wave received by the reflected wave reception section is, a
single reflected wave which is just reflected from an object, or
a composite reflected wave which is composed of a plurality
of reflected waves, reflected from different objects, that have
interfered with each other, based on the information about the
received reflected wave; and a direction calculation section
configured to calculate the presence direction of an object,
based on the result of the determination by the reflected wave
type estimation section.

In the second aspect based on the first aspect, the radar
apparatus further includes a direction calculation section con-
figured to change a method for calculating the presence direc-
tion of an object in accordance with the type of the received
reflected wave, and calculate the presence direction of the
object by the method.

In the third aspect based on the second aspect, the reflected
wave reception section includes: a first antenna configured to
detect at least the amplitude level of the received reflected
wave as the information about the received reflected wave;
and a second antenna which is separately provided at a given
position on a plane including the reception surface of the first
antenna, the second antenna being configured to detect at
least the amplitude level of the received reflected wave as the
information about the received reflected wave. The reflected
wave type estimation section determines which the type of the
received reflected wave is, a single reflected wave or a com-
posite reflected wave, based on the magnitude relationship
between the amplitude level of the received reflected wave
detected by the first antenna, and the amplitude level of the
received reflected wave detected by the second antenna.

In the fourth aspect based on the third aspect, the second
antenna is placed being separated from the first antenna by a
predetermined distance in the horizontal direction, on the
plane including the reception surface of the first antenna.

In fifth aspect based on the third aspect, the second antenna
is placed being displaced relative to the first antenna by a
predetermined distance in the vertical direction, on the plane
including the reception surface of the first antenna.

Inthe sixth aspect based on the second aspect, if it has been
determined that the type of the received reflected wave is a
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composite reflected wave, the direction calculation section
calculates the presence direction of the object, by maximum
likelihood estimation.

In the seventh aspect based on the third aspect, the first
antenna and the second antenna each detect the phase of the
received reflected wave. Ifithas been determined that the type
of the received reflected wave is a single reflected wave, the
direction calculation section calculates the presence direction
of the object, by phase monopulse technique, based on the
phase of the received reflected wave detected by the first
antenna, and the phase ofthe received reflected wave detected
by the second antenna.

In the eighth aspect based on the third aspect, the reflected
wave type estimation section calculates the difference value
between the amplitude level of the received reflected wave
received by the first antenna, and the amplitude level of the
received reflected wave received by the second antenna. (A) If
the difference value between the amplitude levels is equal to
or larger than a predetermined difference threshold value, the
reflected wave type estimation section determines that the
received reflected wave is a composite reflected wave. (B) If
the difference value between the amplitude levels is smaller
than the predetermined difference threshold value, the
reflected wave type estimation section determines that the
received reflected wave is a single reflected wave.

In the ninth aspect based on the eighth aspect, the radar
apparatus further includes: a distance calculation section con-
figured to calculate a distance to the object, based on the
information about the received reflected wave detected by the
first antenna; and an amplitude level threshold value calcula-
tion section configured to calculate an amplitude level thresh-
old value in accordance with the distance of the object. (C) If
the difference value between the amplitude levels is smaller
than the predetermined difference threshold value and if the
amplitude level of the received reflected wave detected by the
first antenna is smaller than the amplitude level threshold
value, the reflected wave type estimation section determines
that the received reflected wave is a single reflected wave. (D)
Ifthe difference value between the amplitude levels is smaller
than the predetermined difference threshold value and if the
amplitude level of the received reflected wave detected by the
first antenna is equal to or larger than the amplitude level
threshold value, the reflected wave type estimation section
determines that the received reflected wave is a composite
reflected wave.

Advantageous Effects of the Invention

According to the first aspect, it is possible to estimate the
type of the received reflected wave received by an antenna.
Specifically, the radar apparatus which transmits and receives
an electromagnetic wave to detect an object can estimate
which the received reflected wave is, a single reflected wave
which is just reflected from an object, or a composite reflected
wave which is composed of a plurality of reflected waves that
have arrived through different propagation routes and have
interfered with each other. Therefore, it becomes possible to
change the calculation method of the position of an object or
to change data to be outputted from the radar apparatus, in
accordance with the type of a received reflected wave.

According to the second aspect, it is possible to estimate
the type of the received reflected wave received by an antenna,
and to change the method for calculating the presence direc-
tion of an object, in accordance with the type of the received
reflected wave. Therefore, the presence direction of an object
can be calculated accurately and efficiently.
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According to the third aspect, it is possible to estimate the
type of the received reflected wave, with a simple configura-
tion.

According to the fourth aspect, it is possible to accurately
estimate which the received reflected wave received by each
antenna is, a single reflected wave or a composite reflected
wave which is composed of reflected waves that have arrived
through propagation routes different with respect to the hori-
zontal direction as seen from the radar apparatus.

According to the fifth aspect, it is possible to accurately
estimate which the received reflected wave received by each
antenna is, a single reflected wave or a composite reflected
wave which is composed of reflected waves that have arrived
through propagation routes different with respect to the ver-
tical direction as seen from the radar apparatus.

According to the sixth aspect, if the received reflected wave
is a composite reflected wave, it is possible to calculate the
arrival directions of a plurality of reflected waves composing
the composite reflected wave, thereby accurately estimating
the presence direction of an object causing the reflected
waves.

According to the seventh aspect, if the received reflected
wave is a single reflected wave, the presence direction of an
object is calculated by phase monopulse technique. There-
fore, it becomes possible to calculate the presence direction of
an object more easily and with small processing amount than
in the case of conducting the calculation by maximum like-
lihood estimation.

According to the eighth aspect, it is possible to estimate the
type of the received reflected wave by a simple process using
a threshold value.

According to the ninth aspect, in the situation where
reflected waves are caused from a plurality of objects and the
reflected wave from one object is very strong relative to the
reflected wave from another object, that is, in the situation
where, even if the reflected wave received by each antenna is
a composite reflected wave, the reflected wave is likely to be
estimated as a single reflected wave, the reflected wave can be
correctly estimated as a composite reflected wave. Therefore,
for example, even in the case where a trailer or the like which
is relatively easy to reflect an electromagnetic wave is present
near a person which is relatively difficult to reflect an elec-
tromagnetic wave, it is possible to detect the person without
failing to detect the person.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an example of the
configuration of a radar apparatus 1.

FIG. 2 is a placement diagram showing an example of the
array of reception antennas.

FIG. 3 is a flowchart showing an example of a process
executed by a microcomputer 30.

FIG. 4 shows the definitions of the angle ¢ and the angle 6
which indicate the arrival direction of a reflected wave.

FIG. 5 is a placement diagram showing an example of the
array of the reception antennas in the case where a reception
antenna 25 is omitted.

FIG. 6 is a placement diagram showing an example of the
array of the reception antennas in the case where a reception
antennas 23 and 25 are omitted.

DESCRIPTION OF EMBODIMENTS

Hereinafter, a radar apparatus 1 according to an embodi-
ment of the present invention will be described. Hereinafter,
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as an example, it will be assumed that a vehicle is provided
with the radar apparatus 1 and is used for detecting an object
around the vehicle.

First, with reference to FIG. 1, the configuration of the
radar apparatus 1 will be described. It is noted that FIG. 1 is a
block diagram showing an example of the configuration of the
radar apparatus 1. As shown in FIG. 1, the radar apparatus 1
includes a radiating antenna 10, an array antenna 20, and a
microcomputer 30.

The radiating antenna 10 is an antenna apparatus which
radiates an electromagnetic wave to the space around the
vehicle. The radiating antenna 10 radiates an electromagnetic
wave to the space around the vehicle, at predetermined time
intervals. The electromagnetic wave radiated by the radiating
antenna 10 has a millimeter wavelength, for example. Here-
inafter, as an example, it will be assumed that the radiating
antenna 10 radiates an electromagnetic wave having a wave-
length of A.

The array antenna 20 is an antenna apparatus which
receives an electromagnetic wave radiated by the radiating
antenna 10. The array antenna 20 includes a plurality of
reception antennas 21 to 25. The reception antennas 21 to 25
are antenna devices which detect information about a
reflected wave which is received by each of the reception
antennas 21 to 25. The reception antennas 21 to 25 each detect
the amplitude, the phase, and the frequency of a reflected
wave. The reception antennas 21 to 25 each transmit data
indicating the amplitude, the phase, and the frequency that
have been detected, to the microcomputer 30. Hereinafter, a
reflected wave actually received by each reception antenna is
referred to as a received reflected wave.

The microcomputer 30 is an information processing appa-
ratus that includes a storage device such as a memory, and an
interface circuit. The microcomputer 30 estimates which the
type of a received reflected wave is, a single reflected wave
which is just reflected from an object, or a composite reflected
wave which is composed of reflected waves from different
objects that have interfered with each other, based on infor-
mation about the received reflected wave inputted from each
reception antenna. The microcomputer 30 calculates the
arrival direction of the reflected wave, that is, the direction in
which an object is present, by using a calculation method
corresponding to the type of the received reflected wave. The
microcomputer 30 is connected to another apparatus such as
an ECU of the vehicle, and outputs data indicating the
detected presence direction of the object to the other appara-
tus. It is noted that the details of a process executed by the
microcomputer 30 will be described later.

FIG. 2 is a placement diagram showing an example of the
array of the reception antennas. Hereinafter, the positional
relationship among the reception antennas 21 to 25 placed in
an XYZ coordinate system will be described with reference to
FIG. 2. In FIG. 2, the XY plane represents a horizontal plane,
and the 7 axis represents a vertical direction. As shown in
FIG. 2, the reception antennas 21 to 25 are placed such that
the reception surfaces thereof are present on the YX plane.
That is, the X coordinates of the reception antennas 21 to 25
are the same. The reception antennas 21 to 25 are arrayed,
along the Y axis, in the order, the reception antenna 21, the
reception antenna 22, the reception antenna 23, the reception
antenna 24, and then the reception antenna 25, with intervals
of Ay therebetween. The reception antenna 22 and the recep-
tion antenna 23 are placed at the same arbitrary Z coordinate.
The Z coordinates of the reception antenna 21 and the recep-
tion antenna 24 are greater (higher) than those ofthe reception
antenna 22 and the reception antenna 23 by Az. The Z coor-
dinate of the reception antenna 25 is greater (higher) than
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those of the reception antenna 21 and the reception antenna 24
by Az. Here, it is preferable that each of Ay and Az is equal to
or smaller than V2 of the wavelength of the electromagnetic
wave transmitted from the radiating antenna 10.

Owing to the above placement of the reception antennas, it
is possible to estimate which a received reflected wave is, a
composite reflected wave or a single reflected wave, by com-
paring the amplitude levels of the received reflected waves
detected by the reception antennas. Hereinafter, the principle
will be described.

For example, it will be assumed that a received reflected
wave C is a composite reflected wave composed of a wave A
and a wave B having different phases. The wave A and the
wave B increase or decrease each other’s amplitude levels at
points where the wave A and the wave B have different
phases. Here, if a plurality of reception antennas are placed in
advance at different positions as described above, the recep-
tion antennas receive reflected waves having different phases.
At this time, if the received reflected waves are composite
reflected waves, their amplitude levels detected by the recep-
tion antennas are different from each other. On the other hand,
if reflected waves are single reflected waves, the reflected
waves are received at a constant amplitude level by the recep-
tion antennas irrespective of the positions of the reception
antennas. Therefore, by placing the reception antennas as
shown in FIG. 2, it is possible to estimate that a received
reflected wave is a composite reflected wave if the difference
between the amplitude levels of received reflected waves
detected by the reception antennas is relatively large, and that
a received reflected wave is a single reflected wave if the
difference between the amplitude levels of received reflected
waves detected by the reception antennas is relatively small.

Next, with reference to FIG. 3, a process executed by the
microcomputer 30 will be described. FIG. 3 is a flowchart
showing an example of the process executed by the micro-
computer 30. The microcomputer 30 executes the process
shown in FIG. 3 when an ignition switch of the vehicle having
the radar apparatus 1 is turned on. When the process shown in
FIG. 3 is started, first, the microcomputer 30 executes pro-
cessing of step S1.

In step S1, the microcomputer 30 acquires the amplitude
levels detected by the reception antennas. Hereinafter, the
amplitude level detected by the reception antenna 21 is
denoted by L1, the amplitude level detected by the reception
antenna 22 is denoted by L2, the amplitude level detected by
the reception antenna 23 is denoted by [.3, the amplitude level
detected by the reception antenna 24 is denoted by L4, and the
amplitude level detected by the reception antenna 25 is
denoted by L5. If the microcomputer 30 has completed pro-
cessing of step S1, the process proceeds to step S2.

In step S2, the microcomputer 30 calculates the difference
values between the amplitude levels detected by the reception
antennas. Specifically, first, the microcomputer 30 calculates
adifference value ALH between the amplitude levels detected
by any two, of the reception antennas, that are placed at
positions having the same Z coordinate and different Y coor-
dinates. For example, the microcomputer 30 calculates the
difference value ALH between the amplitude level [.2
detected by the reception antenna 22 and the amplitude level
L3 detected by the reception antenna 23, based on expression

@D

[Expression 1]

ALH=L3-L2 o)

Next, the microcomputer 30 calculates a difference value
ALV between the amplitude levels detected by any two, of the
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reception antennas, that are placed at positions having differ-
ent Z coordinates. For example, the microcomputer 30 calcu-
lates the difference value ALV between the amplitude level
[.21 detected by the reception antenna 21 and the amplitude
level L2 detected by the reception antenna 22, based on
expression (2).

[Expression 2]

ALV=L2-L1 )

It is noted that in step S2, the microcomputer 30 may
execute the calculations of ALH and ALV in any order. If the
microcomputer 30 has completed processing of step S2, the
process proceeds to step S3.

In step S3, the microcomputer 30 determines whether or
not the difference of the amplitude level between right and left
reception antennas is relatively large. Specifically, the micro-
computer 30 determines whether or not the difference value
ALH is equal to or larger than a difference threshold value
ALth. The difference threshold value ALth is a first threshold
value for determining the type of a received reflected wave. In
addition, the difference threshold value ALth is a constant
value and stored in advance in the storage device. If the
difference value ALH is equal to or larger than the difference
threshold value ALth, the microcomputer 30 determines that
the difference of the amplitude levels between right and left
reception antennas is relatively large, and the process pro-
ceeds to step S8. On the other hand, if the difference value
ALH is smaller than the difference threshold value ALth, the
microcomputer 30 determines that the difference of the
amplitude levels between right and left reception antennas is
relatively small, and the process proceeds to step S4.

According to step S3, it is possible to estimate whether or
not a received reflected wave is a composite reflected wave
composed of a plurality of reflected waves that have arrived
through propagation routes different with respect to the hori-
zontal direction (XY plane components) (hereinafter, such a
composite reflected wave is referred to as a horizontal com-
posite wave). Specifically, if the difference of the amplitude
level between right and left reception antennas is large, the
microcomputer 30 can estimate that a received reflected wave
is a horizontal composite wave. On the other hand, if the
difference of the amplitude levels between right and left
reception antennas is small, the microcomputer 30 can esti-
mate that a received reflected wave is a single reflected wave,
orthat areceived reflected wave is a composite reflected wave
composed of a plurality of reflected waves whose propagation
directions are the same at least with respect to horizontal
directions (XY plane components). It is noted that it can be
considered that such a composite reflected wave composed of
a plurality of reflected waves whose propagation directions
are the same at least with respect to horizontal directions (XY
plane components) is a composite reflected wave composed
of a plurality of reflected waves that have arrived through
propagation routes that are different with respect to the ver-
tical direction (XZ plane components) (hereinafter, such a
composite reflected wave is referred to as a vertical composite
wave).

In step S4, the microcomputer 30 determines whether or
not the difference of the amplitude level between upper and
lower reception antennas is relatively large. Specifically, the
microcomputer 30 determines whether or not the difference
value ALV is equal to or larger than the difference threshold
value ALth. If the difference value ALV is equal to or larger
than the difference threshold value ALth, the microcomputer
30 determines that the difference of the amplitude levels
between upper and lower reception antennas is large, and the
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process proceeds to step S8. On the other hand, if the differ-
ence value ALV is smaller than the difference threshold value
ALth, the microcomputer 30 determines that the difference of
the amplitude level between upper and lower reception anten-
nas is small, and the process proceeds to step S5.

According to step S4, it is possible to estimate whether or
not a received reflected wave is a vertical composite wave.
Specifically, if the difference of the amplitude levels between
upper and lower reception antennas is large, the microcom-
puter 30 can estimate that a received reflected wave is a
vertical composite wave. On the other hand, if the difference
of the amplitude levels between upper and lower reception
antennas is small, the microcomputer 30 can estimate that a
received reflected wave is a single reflected wave because it
does not correspond to either a horizontal composite wave or
a vertical composite wave.

Thus, according to steps S1 to S4, it is possible to estimate
the type of a received reflected wave by comparing the ampli-
tude levels detected by the reception antennas.

In step S5, the microcomputer 30 calculates an object
distance D. The object distance D is the distance to an object
causing a received reflected wave. It is noted that a conven-
tional known method may be used for the calculation of the
object distance D. For example, the microcomputer 30 calcu-
lates the object distance D, based on the variation in fre-
quency between a received reflected wave detected by any of
the reception antennas, and an electromagnetic wave radiated
by the radiating antenna 10. Typically, the microcomputer 30
calculates the distance to an object by using FM-CW tech-
nique. If the microcomputer 30 has completed processing of
step S5, the process proceeds to step S6.

In step S6, the microcomputer 30 calculates an amplitude
level threshold value LD. The amplitude level threshold value
LD is a second threshold value for determining the type of a
received reflected wave. The amplitude level threshold value
LDis a variable that varies in accordance with the value of the
object distance D.

More specifically, the amplitude level threshold value LD
may be a variable determined in accordance with the ampli-
tude level of a received reflected wave that is supposed to be
detected in the case where each reception antenna receives a
reflected wave from a person present at a position separated
from the radar apparatus 1 by the object distance D. For
example, the microcomputer 30 stores in advance a data table
indicating the correspondence relationship between the value
of the object distance D and the amplitude level threshold
value LD. The microcomputer 30 reads the amplitude level
threshold value LD corresponding to the value of the object
distance D calculated in step S5, from the data table. Here, the
values of the amplitude level threshold value LD correspond-
ing to the respective values of the object distance D in the data
table may be determined in advance through experiments or
the like. That is, while a person is actually made to stand at
predetermined distances from the radar apparatus 1, and the
intensity of a received reflected wave is measured, the values
of the amplitude level threshold value LD corresponding to
the respective values of the object distance D may be setin the
data table. Here, the values of the amplitude level threshold
value LD may be a value obtained by adding a predetermined
constant value to the actually detected values of the amplitude
levels of received reflected waves. It is noted that in general,
the amplitude level attenuates as the propagation distance
increases. Therefore, the longer the object distance D is, the
smaller the amplitude level threshold value LD is.

It is noted that the above-described method of calculation
of the amplitude level threshold value LD is merely an
example. The microcomputer 30 may use a conventional
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known technique to calculate the amplitude level threshold
value LD. If the microcomputer 30 has completed processing
of step S6, the process proceeds to step S7.

In step S7, the microcomputer 30 determines whether or
not the amplitude level L1 is equal to or smaller than the
amplitude level threshold value LD. If the microcomputer 30
has determined that the amplitude level L1 is equal to or
smaller than the amplitude level threshold value LD, the
process proceeds to step S9. On the other hand, if the micro-
computer 30 has determined that the amplitude level L1 is
larger than the amplitude level threshold value LD, the pro-
cess proceeds to step S8.

According to steps S5 to S7, even if the difference between
the amplitude levels detected by the reception antennas is
small, the microcomputer 30 can estimate, in the situation
where there is a high possibility of failing to detect a person,
that a received reflected wave is a composite reflected wave.

For example, it will be assumed that a trailer or the like
which is relatively easy to reflect an electromagnetic wave is
present near a person which is relatively difficult to reflect an
electromagnetic wave. In such a case, even if a reflected wave
from a person interferes with a reflected wave from a trailer to
cause a composite reflected wave, the influence of the per-
son’s reflected wave on the amplitude level of the trailer’s
reflected wave is small. Therefore, there is a possibility that
the difference value between the amplitude levels detected by
the reception antennas will become small even though com-
posite reflected waves have been received by the reception
antennas. According to steps S5 to S7, in such a situation, the
microcomputer 30 estimates that a received reflected wave is
a composite reflected wave thereby determining that reflected
waves from a plurality of objects have occurred and prevent-
ing a person from not being recognized.

In step S8, the microcomputer 30 calculates the arrival
direction of a received reflected wave by using a maximum
likelihood estimation. A method of calculation of the arrival
directions of a plurality of reflected waves by using the maxi-
mum likelihood estimation is a conventional known tech-
nique. An example of the calculation method will be shown
below.

First, the microcomputer 30 reads a theoretical expression,
of a received reflected wave to be received by each reception
antenna, which is stored in advance in the storage device, and
sequentially substitutes possible values in each parameter of
the theoretical expression.

In the case where a composite reflected wave composed of
two reflected waves W1 and W2 arrive as a received reflected
wave, the theoretical expressions of the received reflected
waves received by the reception antennas are represented by
expressions (3)to (7), respectively. Here, E1 in expression (3)
indicates a signal of the received reflected wave received by
the reception antenna 21. E2 in expression (4) indicates a
signal of the received reflected wave received by the reception
antenna 22. E3 in expression (5) indicates a signal of the
received reflected wave received by the reception antenna 23.
E4 in expression (6) indicates a signal of the received
reflected wave received by the reception antenna 24. E5 in
expression (7) indicates a signal of the received reflected
wave received by the reception antenna 25.

[Expression 3]

27 2 3
El = Alexp[]TAzsmOl] + Azexp[]TAzsmOz]
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-continued
[Expression 4]

2n . 2x . (C)]
E2 = Alexp[]TAyCOSOI sm¢1] + Azexp[]TAycosezsmqﬁz]
[Expression 5]
An . Ar . 5
E3= Alexp[]TAyCOSOI sm¢1] + Azexp[]TAycosezsmqﬁz]
[Expression 6]
2x . (6)
E4 = Ajexp [] X {3Aycosf sing; + Azcosb; }] +
27 .
Azexp [j 5 {3Aycosb,sing, + Azcost}
[Expression 7]
M

2
ES=Aexp j%{4AycosOl sing; + 2Azcost,; }] +

2,
Azexp [j Tﬂ {4Aycosh,sing, + 2Azcosbr}

It is noted that in the above expressions (3) to (7), A indi-
cates the amplitude of each reflected wave, and ¢ and 6 are
parameters indicating the arrival direction of each reflected
wave. In the above expressions, the parameters for the
reflected wave W1 are marked by 1 as index, and the param-
eters for the reflected wave W2 are marked by 2 as index, thus
indicating the correspondence relationship between each
reflected wave and parameters.

Hereinafter, the definitions of the angle ¢ and the angle 6
will be described with reference to FIG. 4. FIG. 4 shows the
definitions of the angle ¢ and the angle 6 which indicate the
arrival direction of each reflected wave. The coordinate sys-
tem in FIG. 4 is similar to that in FIG. 2. In FIG. 4, a vector R
indicates the arrival direction of a reflected wave. The angle ¢
is the angle formed by the vector R and the XZ plane. The
angle 0 is the angle formed by the vector R and the XY plane.

The microcomputer 30 compares the values calculated by
sequentially substituting, in the parameters in each theoreti-
cal expression, values that the parameters can take, with an
actual signal value received by each reception antenna. The
microcomputer 30 determines, as the arrival direction of the
reflected wave, a combination of the angle 6 and the angle ¢
that minimizes the difference between the calculated value
and the actual signal value. After determining such angle ¢
and angle 6, the microcomputer 30 outputs data indicating the
angle ¢ and the angle 6 to the other device such as the ECU of
the vehicle. If the microcomputer 30 has completed process-
ing of step S8, the process proceeds to step S10.

According to step S8 described above, if it is estimated that
a received reflected wave is a composite reflected wave, the
microcomputer 30 calculates the arrival direction of each
reflected wave by using the maximum likelihood estimation.
Thus, while calculating the arrival directions of a plurality of
reflected waves composing a composite reflected wave, the
microcomputer 30 can accurately calculate the presence
directions of objects causing the reflected waves.

In step S9, the microcomputer 30 calculates the arrival
direction of a reflected wave by using phase monopulse tech-
nique. A method of calculation of the arrival direction of a
single reflected wave by using the phase monopulse tech-
nique is a conventional known technique. An example of the
calculation method will be shown below.

First, the microcomputer 30 acquires the phases of
received reflected waves detected by the reception antennas.
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The microcomputer 30 calculates a phase difference Ayl
between the reception antenna 22 and the reception antenna
21, and a phase difference A2 between the reception antenna
23 and the reception antenna 24.

Here, the phase difference A1 and the phase difference
Ay2 are represented by expression (8) and expression (9),
respectively.

[Expression 8]

2r . . (8
Ayl = < [—AycosOsing + Azsind]

[Expression 9]

)

2n

Ay2 = 3 [Aycosfsing + Azsinf]

That is, the angle 6 and the angle ¢ are represented by
expression (10) and expression (11) using the phase differ-
ence A1 and the phase difference Ay2, respectively.

[Expression 10]

A
4rAz

10

0= arcsin[

Byl +Ay2)]
[Expression 11]

= aresin| o (ay2 - Ay an
¢_arcsm[47rAycose( yI-ay )]

The microcomputer 30 substitutes the calculated values of
the phase difference A1 and the phase difference A2, in
expression (10) and expression (11) stored in advance in the
storage device, thereby calculating the angle ¢ and the angle
0. The microcomputer 30 outputs data indicating the angle ¢
and the angle 0 to the other device such as the ECU of the
vehicle. If the microcomputer 30 has completed processing of
step S9, the process proceeds to step S10.

According to step S9, if it is estimated that a received
reflected wave is a single reflected wave, the microcomputer
30 calculates the arrival direction of the reflected wave by
using the phase monopulse technique. In general, in the case
of using the phase monopulse technique, the processing
amount is smaller than in the case of using the maximum
likelihood estimation. Therefore, if a received reflected wave
is a single reflected wave, the microcomputer 30 can calculate
the presence direction of'an object causing the reflected wave,
easily and with relatively small processing amount.

In step S10, the microcomputer 30 determines whether or
not an ending operation has been executed. Specifically, for
example, the microcomputer 30 determines whether or not an
1G power supply of the vehicle having the radar apparatus 1
has been turned off. If the microcomputer 30 has determined
that the ending operation has been executed, the microcom-
puter 30 finishes the process shown in FIG. 3. On the other
hand, if the microcomputer 30 has determined that the ending
operation has not been executed, the process returns to step S1
to repeat the above-described steps.

As described above, according to the process by the micro-
computer 30, the microcomputer 30 can estimate the type of
a received reflected wave, and calculate the arrival direction
of the reflected wave by using the maximum likelihood esti-
mation or the phase monopulse technique in accordance with
the type of the received reflected wave. That is, the radar
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apparatus 1 according to the present embodiment can esti-
mate the type of a received reflected wave, and accurately
calculate the presence direction of an object by using a cal-
culation method corresponding to the type of the reflected
wave.

In the above embodiment, as an example, the microcom-
puter 30 changes the calculation method of the arrival direc-
tion of a reflected wave in accordance with the type of a
received reflected wave. However, as long as the type of a
received reflected wave can be determined, the microcom-
puter 30 may execute another process in accordance with the
result of the determination. For example, if the microcom-
puter 30 has determined that a received reflected wave is a
composite reflected wave, the microcomputer 30 may treat an
object causing the received reflected wave as not being
detected, without calculating the arrival direction. That is, the
microcomputer 30 may omit step S8. In addition, if the micro-
computer 30 has determined that a received reflected wave is
a composite reflected wave, when outputting the position
information about an object to another computer or the like,
the microcomputer 30 may output flag data indicating that the
accuracy of the position information is low, together with the
data of the position information.

In the above embodiment, as an example, the microcom-
puter 30 determines whether or not a received reflected wave
is a composite reflected wave composed of a plurality of
reflected wave propagated through routes that are different
with respect to the horizontal direction, based on the differ-
ence value between the amplitude levels detected by the
reception antenna 22 and the reception antenna 23. However,
the microcomputer 30 may perform the determination, based
on the difference value between the amplitude levels detected
by other reception antennas. Specifically, the microcomputer
30 may select any two, of the reception antennas, that are
placed at positions having the same Z coordinate and different
Y coordinates. For example, the difference value between the
amplitude level L1 detected by the reception antenna 21 and
the amplitude level [.4 detected by the reception antenna 24
may be used as ALH. It is noted that it is preferable that the
distance between the two reception antennas selected in the
process is equal to or shorter than A/2.

In the above embodiment, as an example, five reception
antennas are used to determine the type of a reflected wave.
However, the number of the reception antennas may be
changed in accordance with a component, of the arrival direc-
tion of a reflected wave, that is to be detected.

For example, in the case where only a component of the
angle cp of the arrival direction of a reflected wave is to be
calculated, the reception antenna 25 may be omitted. Specifi-
cally, as shown in FIG. 5, the array antenna 20 may be com-
posed of only four reception antennas, i.e., the reception
antennas 21 to 24. FIG. 5 is a placement diagram showing an
example of the array of the reception antennas in the case
where the reception antenna 25 is omitted. Alternatively, in
the case where only a component of the angle 6 of the arrival
direction of a reflected wave is to be calculated, the reception
antenna 23 and the reception antenna 25 may be omitted.
Specifically, as shown in FIG. 6, the array antenna 20 may be
composed of only three reception antennas, i.e., the reception
antennas 21, 22, and 24. FIG. 6 is a placement diagram
showing an example of the array of the reception antennas in
the case where the reception antennas 23 and 25 are omitted.
In the case of using the placement of the reception antennas as
shown in FIG. 6, it is preferable that the distance between the
reception antenna 22 and the reception antenna 24 with
respect to the Y axis direction is Ay.
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In the above embodiment, as an example, the reception
antennas are arrayed at regular intervals with respect to the Y
axis direction. However, of the reception antennas, ones that
have different Z coordinates may be placed so as to have the
same Y coordinate. For example, the reception antenna 21
may be placed above the reception antenna 22. However, in
general, it is assumed that each reception antenna device has
a shape elongated in the Z direction, or a wire extends down-
ward from each antenna. In such a case, it is effective that the
reception antennas are arrayed at regular intervals with
respect to the Y axis direction as shown in FIG. 2.

In the above embodiment, as an example, the microcom-
puter 30 determines whether or not the difference between the
amplitude levels of the reception antennas is relatively large,
based on the difference value. However, the microcomputer
30 may determine whether or not the difference between the
amplitude levels of the reception antennas is relatively large,
based on a parameter other than the difference value. For
example, the microcomputer 30 may calculate a fraction by
dividing the amplitude level of one reception antenna by the
amplitude level of another reception antenna. Then, the
microcomputer 30 may determine whether or not the differ-
ence between the amplitude levels of the reception antennas is
relatively large, based on the fraction.

INDUSTRIAL APPLICABILITY

The radar apparatus according to the present invention is
effectively applicable to a radar apparatus capable of estimat-
ing which a received reflected wave is, a single reflected wave
which is just reflected from an object, or a composite reflected
wave which is composed of a plurality of reflected waves that
have arrived through different propagation routes and have
interfered with each other.

DESCRIPTION OF THE REFERENCE CHARACTERS

1 radar apparatus
10 radiating antenna
20 array antenna
21,22,23,24,25 reception antenna
30 microcomputer

The invention claimed is:

1. A radar apparatus which radiates an electromagnetic
wave, receives a reflected wave caused by the electromag-
netic wave reflected from an object, and detects the presence
direction in which the object is present, the radar apparatus
comprising:

an electromagnetic wave radiating section configured to
radiate the electromagnetic wave;

areflected wave reception section configured to receive the
reflected wave and detect information about the received
reflected wave;

a reflected wave type estimation section configured to
determine which the type of the received reflected wave
received by the reflected wave reception section is, a
single reflected wave which is just reflected from an
object, or acomposite reflected wave which is composed
of a plurality of reflected waves, reflected from different
objects, that have interfered with each other, based on
the information about the received reflected wave; and

a direction calculation section configured to calculate the
presence direction of an object, based on the result of the
determination by the reflected wave type estimation sec-
tion, wherein
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the reflected wave reception section includes:

a first antenna configured to detect at least the ampli-
tude level of the received reflected wave as the
information about the received reflected wave; and

a second antenna which is separately provided at a
given position on a plane including the reception
surface of the first antenna, the second antenna
being configured to detect at least the amplitude
level of the received reflected wave as the informa-
tion about the received reflected wave, and

the reflected wave type estimation section is config-
ured to determine which the type of the received
reflected wave is, a single reflected wave or a com-
posite reflected wave, based on the magnitude rela-
tionship between the amplitude level of the
received reflected wave detected by the first
antenna, and the amplitude level of the received
reflected wave detected by the second antenna.

2. The radar apparatus according to claim 1, wherein

the direction calculation section changes a method for cal-
culating the presence direction of an object in accor-
dance with the type of the received reflected wave, and
calculates the presence direction of the object by the
method.

3. The radar apparatus according to claim 1, wherein

the second antenna is placed being separated from the first
antenna by a predetermined distance in the horizontal
direction, on the plane including the reception surface of
the first antenna.

4. The radar apparatus according to claim 1, wherein

the second antenna is placed being displaced relative to the
first antenna by a predetermined distance in the vertical
direction, on the plane including the reception surface of
the first antenna.

5. The radar apparatus according to claim 1, wherein

if it has been determined that the type of the received
reflected wave is a composite reflected wave, the direc-
tion calculation section calculates the presence direction
of the object, by maximum likelihood estimation.

6. The radar apparatus according to claim 1, wherein

the first antenna and the second antenna each detect the
phase of the received reflected wave, and

if it has been determined that the type of the received
reflected wave is a single reflected wave, the direction
calculation section calculates the presence direction of
the object, by phase monopulse technique, based on the
phase of the received reflected wave detected by the first
antenna, and the phase of the received reflected wave
detected by the second antenna.

7. The radar apparatus according to claim 1, wherein

the reflected wave type estimation section

calculates the difference value between the amplitude level
of the received reflected wave received by the first
antenna, and the amplitude level of the received reflected
wave received by the second antenna,

(A) if the difference value between the amplitude levels is
equal to or larger than a predetermined difference
threshold value, determines that the received reflected
wave is a composite reflected wave, and

(B) if the difference value between the amplitude levels is
smaller than the predetermined difference threshold
value, determines that the received reflected wave is a
single reflected wave.

8. The radar apparatus according to claim 7, further com-

prising:
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a distance calculation section configured to calculate a
distance to the object, based on the information about the
received reflected wave detected by the first antenna; and

an amplitude level threshold value calculation section con-
figured to calculate an amplitude level threshold value in
accordance with the distance of the object, wherein

the reflected wave type estimation section

(C) if the difference value between the amplitude levels is
smaller than the predetermined difference threshold
value and if the amplitude level of the received reflected
wave detected by the first antenna is smaller than the
amplitude level threshold value, determines that the
received reflected wave is a single reflected wave, and

(D) if the difference value between the amplitude levels is
smaller than the predetermined difference threshold
value and if the amplitude level of the received reflected
wave detected by the first antenna is equal to or larger
than the amplitude level threshold value, determines that
the received reflected wave is a composite reflected
wave.
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