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1
RADAR APPARATUS FOR RADIATING AND
RECEIVING ELECTRIC WAVES HAVING
GRATING LOBES

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application 2009-
212266 filed on Sep. 14, 2009, so that the contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a radar apparatus which
radiates electromagnetic waves having a main lobe and grat-
ing lobes from an array antenna, receives the electromagnetic
waves containing the main lobe reflected from a target in
another array antenna, and produces a detection signal from
the received electromagnetic waves, while suppressing influ-
ence of the grating lobes of the radiated electromagnetic
waves on the detection signal, to detect the target located in a
detection area.

2. Description of Related Art

An array antenna generally radiates electromagnetic waves
having a main lobe and grating lobes, and another array
antenna receives these electromagnetic waves. An antenna
system having these antennas detects a target, reflecting the
main lobe of the radiated electromagnetic waves in a detec-
tion area, from the received electromagnetic waves. In this
case, to precisely detect the distance between the system and
the target and the bearing angle from the system to the target,
it is required to suppress the influence of the grating lobes on
the received electromagnetic waves.

Japanese Patent Specification No. 4147447 discloses an
array antenna system for suppressing influence of grating
lobes. In this technique, this system contains a transmission
array antenna constituted of a plurality of antenna elements
on the grating suppressed side, a transmission processing
section connected with this transmission array antenna, a
reception array antenna constituted of a plurality of antenna
elements on the grating suppressing side, and a reception
processing section connected with this reception array
antenna. The transmission array antenna radiates electromag-
netic waves having a main lobe and grating lobes in a radia-
tion directivity, and the reception array antenna receives elec-
tromagnetic waves in a reception directivity. The radiation
directivity on the grating suppresses side is expressed by a
power pattern of the radiated electromagnetic waves with
respect to the direction of the radiated electromagnetic waves.
The reception directivity on the grating suppressing side is
expressed by a pattern of sensitivity to the electromagnetic
waves incident on the reception array antenna with respect to
the direction of the electromagnetic waves.

The reception directivity is set to have a single null point in
anull point direction corresponding to the radiation direction
of each grating lobe. Therefore, the sensitivity of the recep-
tion array antenna to electromagnetic waves coming from
directions of a null point area including the null point direc-
tion of each null point is extremely lowered. Further, as com-
pared with the power of the radiated main lobe, the power of
each radiated grating lobe is sufficiently high in a directional
area of the grating lobe.

With this structure of the system, the processing sections
control the array antennas such that the direction of each
grating lobe radiated from the transmission array antenna
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always coincides with the direction of one null point of the
reception directivity. When the transmission array antenna
radiates electromagnetic waves having a main lobe and grat-
ing lobes such that the main lobe is radiated in a detection
area, a target placed in the detection area reflects the main
lobe of the electromagnetic waves, the reception array
antenna receives the electromagnetic waves containing the
main lobe, and the reception processing section detects the
target from the received electromagnetic waves. Because the
direction of each grating lobe on the grating suppressed side
coincides with the direction of one null point set in the recep-
tion directivity on the grating suppressing side, when the
grating lobe width of the grating lobe area on the grating
suppressed side is equal to or narrower than the null width of
the null point area on the grating suppressing side, the grating
lobe reflected from an object is not contained in the received
electromagnetic waves. Therefore, when the grating lobe
width of the grating lobe area is equal to or narrower than the
null width of the null point area, the power of each whole
grating lobe can be suppressed in the received electromag-
netic waves.

Therefore, when the grating lobe width of the grating lobe
area is equal to or narrower than the null width of the null
point area, the antenna system can substantially lower the
sensitivity of the reception array antenna in the radiation
directions of the grating lobes, and the antenna system can
detect the target placed in the detection area.

However, when the grating lobe width of the grating lobe
on the grating suppressed side is wider than the null width of
the null point area on the grating suppressing side, the power
of only a portion of each grating lobe is suppressed in the
received electromagnetic waves, but the power of the whole
grating lobe cannot be suppressed in the received electromag-
netic waves. Therefore, it is difficult or impossible to suffi-
ciently lower the sensitivity in the radiation directions of the
grating lobes, and the antenna system cannot detect the target
placed in the detection area with high precision.

Further, a snap-shot technique is well known. In this tech-
nique, each time the reception array antenna receives the
electromagnetic waves in a scanning period of time, a recep-
tion signal is produced from the received electromagnetic
waves. Then, the reception signals produced in a predeter-
mined period of time are summed up to obtain a summed
reception signal. In this summed reception signal, the signal
level corresponding to the main lobe is increased as compared
with the signal level of one reception signal. However, the
signal level corresponding to each grating lobe is also
increased in the summed reception signal. As a result, even
when the snap-shot technique is used to detect the target, the
precision in the detection of the target is not improved.

SUMMARY OF THE INVENTION

An object of the present invention is to provide, with due
consideration to the drawbacks of the conventional array
antenna system, a radar apparatus which radiates electromag-
netic waves containing a main lobe and a grating lobe and
receives electromagnetic waves containing the main lobe
reflected from a target to detect the target from the received
electromagnetic waves with high precision while suppressing
influence of the grating lobe on the detection of the target.

According to the first aspect of this invention, the object is
achieved by the provision of a radar apparatus comprising a
transmission array antenna, a reception array antenna, a con-
trolunit that controls the transmission array antenna to radiate
electromagnetic waves, containing a main lobe and a grating
lobe, in a transmission directivity and controls the reception



US 8,427,362 B2

3

array antenna to receive electromagnetic waves, radiated
from the transmission array antenna and reflected from a
target, in a reception directivity, and a detecting unit that
detects information about the target from the electromagnetic
waves received in the reception array antenna.

The control unit sets one of the array antennas as a grating
lobe suppressing antenna, and sets the grating lobe suppress-
ing antenna in a plurality of directivities one after another.
Each of the directivities of the grating lobe suppressing
antenna has a null point in a null point setting area. This null
point setting area corresponds to an area of the grating lobe in
the directivity of the other array antenna. Positions of the null
points placed in the respective directivities of the grating lobe
suppressing antenna are differentiated from one another in the
null point setting area.

The detecting unit produces a reception signal from the
received electromagnetic waves each time the control unit
sets one directivity of the grating lobe suppressing antenna,
determines an average of the produced reception signals cor-
responding to the directivities of the grating lobe suppressing
antenna, and detects information about the target from the
average of the reception signals.

The transmission directivity of the transmission array
antenna is expressed by a power pattern of electromagnetic
waves radiated from the antenna with respect to the radiation
direction (or angle) of the electromagnetic waves. The recep-
tion directivity of the reception array antenna is expressed by
a pattern of sensitivity to incident electromagnetic waves with
respect to the incident direction (or angle) of the electromag-
netic waves.

With this structure of the radar apparatus, when the recep-
tion array antenna is set as the grating lobe suppressing
antenna, the electromagnetic waves radiated from the trans-
mission array antenna in the transmission directivity (see
FIG. 3) are reflected, and the reflected electromagnetic waves
are received in the reception array antenna each time the
reception array antenna is set in one of the reception direc-
tivities (see FIG. 5). In contrast, when the transmission array
antenna is set as the grating lobe suppressing antenna, each
time the electromagnetic waves are radiated from the trans-
mission array antenna in one of the transmission directivities,
the electromagnetic waves are reflected, and the reflected
electromagnetic waves are received in the reception array
antenna set in the reception directivity. A reception signal is
produced from the received electromagnetic waves corre-
sponding to each directivity of the grating lobe suppressing
antenna,

Each directivity of the grating lobe suppressing antenna
and the directivity of the other antenna can be combined into
a transmission-reception composite directivity (see FIG. 6).
Therefore, electromagnetic waves incident on the reception
array antenna are substantially received by the reception array
antenna in each transmission-reception composite directivity.
This transmission-reception composite directivity has a null
area in its null point setting area corresponding to the area of
the grating lobe. Therefore, when the grating lobe radiated
from the transmission array antenna is reflected and is inci-
dent on the reception array antenna, the reception array
antenna receives the reflected grating lobe while considerably
suppressing a portion of the grating lobe corresponding to the
null area of one transmission-reception composite directivity.

A signal denoting the average of the reception signals is
produced from electromagnetic waves received in an average
transmission-reception composite directivity (see FIG. 7)
which denotes the average of the transmission-reception
composite directivities corresponding to the respective direc-
tivities of the grating lobe suppressing antenna.
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Because each directivity of the grating lobe suppressing
antenna has one null point in the null point setting area cor-
responding to the area of the grating lobe in the directivity of
the other array antenna, the power of the received electromag-
netic waves is extremely reduced in a null area surrounding
the null point. Therefore, the transmission-reception compos-
ite directivity determined from each directivity of the grating
lobe suppressing antenna and the directivity of the other
antenna also has a null area corresponding to the null area of
the directivity of the grating lobe suppressing antenna.

Even when the width (i.e., the null point width) of the null
area corresponding to each null point is narrower than the
width (i.e., the grating lobe width) of the area of the grating
lobe, the received electromagnetic waves substantially lacks a
portion of the grating lobe which corresponds to the null area
surrounding the null point. Therefore, even when an object
exists in the radiation direction of the grating lobe while a
target exists in the radiation direction of the main lobe, each
reception signal can contain information about the target
while substantially suppressing influence of a portion of the
grating lobe. Further, when only a target exists, the main lobe
reflected from the target can be received in the reception array
antenna, but a portion of the grating lobe is not received in the
reception array antenna even when the target is placed in the
radiation direction of the portion of the grating lobe. There-
fore, each reception signal can contain information about the
target while substantially suppressing influence of a portion
of the grating lobe.

Further, because positions of the null points placed in the
respective directivities of the grating lobe suppressing
antenna are differentiated from one another in the null point
setting area, the null areas corresponding to the null points
cover the whole null point setting area corresponding to the
area of the grating lobe. This means that the average trans-
mission-reception composite directivity has a sufficiently-
reduced power or sensitivity in its null point setting area
corresponding to the area of the grating lobe. Therefore, the
average of the reception signals can be substantially produced
from the received electromagnetic waves reflected from the
target without substantially receiving any influence of the
grating lobe.

Accordingly, even when the null point width is narrower
than the grating lobe width, influence of the grating lobe on
the average of the reception signals can be sufficiently sup-
pressed. That is, the radar apparatus can detect information
about the target with high precision.

In the well-known snap-shot technique, although a plural-
ity of reception signals are produced to detect the target from
the reception signals. However, the precision in the detection
of the target from the reception signals is substantially the
same as the precision in the detection of the target from one
reception signal. In contrast, in the present invention, posi-
tions of the null points placed in the respective directivities
are differentiated from one another in the null point setting
area corresponding to the area of the grating lobe. Accord-
ingly, the influence of the grating lobe on the average of the
reception signals can be suppressed.

Preferably, the control unit controls the transmission array
antenna to change a radiation direction ofthe main lobe ofthe
electromagnetic waves in a detection area each time the con-
trol unit sets the grating lobe suppressing antenna in one
directivity and controls the reception array antenna to receive
the main lobe in a maximum sensitivity. The detecting unit
produces one reception signal each time the radiation direc-
tion of the main lobe is changed by a predetermined angle,
selects the reception signal having a maximum level from the
reception signals each time the control unit sets the grating
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lobe suppressing antenna in one directivity, determines an
average of the selected reception signals corresponding to the
directivities of the grating lobe suppressing antenna, and
detects information about the target from the average of the
reception signals.

With this structure, when the main lobe of the radiated
electromagnetic waves is reflected from a target, the reflected
main lobe is received in the reception array antenna in the
maximum sensitivity. Therefore, when the grating lobe sup-
pressing antenna is set in one directivity, each reception signal
formed by the reflected main lobe has a maximum level
among the reception signals. In this case, even when the
grating lobe of the radiated electromagnetic waves is reflected
from an object and is contained in the reception signal having
the maximum level, influence of a portion of the grating lobe
is suppressed in this reception signal.

Therefore, the average of the selected reception signals
indicates information about the target while suppressing the
influence of the grating lobe reflected from the object.
Accordingly, even when the target reflects the main lobe
while the object reflects the grating lobe, the radar apparatus
can detect information about the target with high precision
while suppressing influence of the grating lobe.

Preferably, the control unit controls the transmission array
antenna to change a radiation direction of the main lobe of the
electromagnetic waves in a detection area each time the con-
trol unit sets the grating lobe suppressing antenna in one
directivity, and the detecting unit produces one reception
signal each time the radiation direction of the main lobe is
changed by a predetermined angle, produces a composite
reception signal having a level pattern by serially connecting
levels of the reception signals, which corresponds to one
directivity of the grating lobe suppressing antenna and is
arranged in an order of the radiation direction of the main
lobe, for each directivity of the grating lobe suppressing
antenna, calculates an average of the composite reception
signals, and detects information about the target from the
average.

With this structure, when only a target exists, the composite
reception signals corresponding to one directivity of the grat-
ing lobe suppressing antenna has the same level pattern as the
power pattern of the transmission-reception composite direc-
tivity corresponding to the directivity of the grating lobe
suppressing antenna.

Each composite reception signal has the level of the recep-
tion signal produced from the mail lobe reflecting the target
and the level ofthe reception signal produced from the grating
lobe reflecting the target. However, influence of a portion of
the grating lobe corresponding to one null point of the direc-
tivity of the grating lobe suppressing antenna is considerably
suppressed in the composite reception signal. Further, the
portions of the null points of the directivities are differenti-
ated from one another.

Therefore, the influence of the grating lobe is sufficiently
suppressed in the average of the composite reception signals.
Accordingly, when only a target exists, the radar apparatus
can detect information about the target with high precision
while suppressing influence of the grating lobe reflected from
the target.

According to the second aspect of this invention, the object
is achieved by the provision of a radar apparatus comprising
aradar apparatus, comprising the transmission array antenna,
the reception array antenna, the control unit and the detecting
unit. The control unit further sets one of the array antennas as
a grating lobe suppressing antenna, and sets the grating lobe
suppressing antenna in a plurality of directivities one after
another such that each of the directivities of the grating lobe
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suppressing antenna has a null point in a null point setting
area, which corresponds to an area of the grating lobe in the
directivity of the other array antenna, and such that positions
of the null points placed in the respective directivities of the
grating lobe suppressing antenna are differentiated from one
another in the null point setting area. The control unit further
controls the transmission array antenna to set a radiation
direction of the main lobe to a plurality of scanning direc-
tions, covering a detection area, one after another. The detect-
ing unit produces a reception signal from the received elec-
tromagnetic waves, each time the control unit sets the
radiation direction of the main lobe to one scanning direction
while setting the grating lobe suppressing antenna in one
directivity, to obtain the reception signals corresponding to
the scanning directions and the directivities of the grating
lobe suppressing antenna. The detecting unit selects one
reception signal having a minimum level from the reception
signals, corresponding to the directivities of the grating lobe
suppressing antenna and one scanning direction, for each of
the scanning directions, and detects information about the
target from the selected reception signals.

The transmission directivity of the transmission array
antenna is expressed by a power pattern of electromagnetic
waves radiated from the antenna with respect to the radiation
direction (or angle) of the electromagnetic waves. The recep-
tion directivity of the reception array antenna is expressed by
apattern of sensitivity to incident electromagnetic waves with
respect to the incident direction (or angle) of the electromag-
netic waves.

With this structure of the radar apparatus, the transmission-
reception composite directivity determined from each direc-
tivity of the grating lobe suppressing antenna and the direc-
tivity of the other antenna has a null area in its null point
setting area corresponding to the area of the grating lobe.
Therefore, when the grating lobe radiated from the transmis-
sion array antenna is reflected and is incident on the reception
array antenna, the reception array antenna receives the
reflected grating lobe while considerably suppressing a por-
tion of the grating lobe corresponding to the null area of one
transmission-reception composite directivity.

The null areas in the transmission-reception composite
directivities corresponding to the directivities of the grating
lobe suppressing antenna differ from one another. Therefore,
a portion of the grating lobe considerably suppressed is
changed with the position of the null area of the transmission-
reception composite directivity.

When the radiation direction of the main lobe is changed to
the scanning directions one after another to search the detec-
tion area for a target, each reception signal is formed from the
electromagnetic waves reflected from the target and received
in the reception array antenna. The combination of the recep-
tion signals corresponding to the scanning directions and
each directivity of the grating lobe suppressing antenna has a
level pattern which is the same as the power pattern of the
transmission-reception composite directivity corresponding
to the directivity of the grating lobe suppressing antenna.

Each time the radiation direction of the main lobe is
changed to one of specific scanning directions so as to place
a target in the radiation direction of a portion of the grating
lobe, the reception signal corresponding to each specific scan-
ning direction is formed of a portion of the grating lobe
reflected from the target. Further, each directivity of the grat-
ing lobe suppressing antenna has a null area corresponding to
one portion of the grating lobe. Therefore, when one recep-
tion signal having a minimum level is selected from the recep-
tion signals corresponding to one specific scanning direction
and the directivities of the grating lobe suppressing antenna,
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the influence of the portion of the grating lobe corresponding
to the specific scanning direction is considerably suppressed
in the selected reception signal.

Further, because positions of the null points placed in the
respective directivities of the grating lobe suppressing
antenna are differentiated from one another in the null point
setting area, the null areas corresponding to the null points
cover the whole null point setting area corresponding to the
area of the grating lobe. Therefore, when one reception signal
having a minimum level is selected from the reception sig-
nals, corresponding to one scanning direction and the direc-
tivities of the grating lobe suppressing antenna, for each scan-
ning direction, the influence of the grating lobe reflected from
the target is sufficiently suppressed in the combination of the
selected reception signals.

Accordingly, even when the null point width is narrower
than the grating lobe width, the radar apparatus can detect
information about the target with high precision while suffi-
ciently suppressing the influence of the grating lobe reflected
from the target.

According to the third aspect of this invention, the object is
achieved by the provision of a radar apparatus comprising a
radar apparatus, comprising the transmission array antenna,
the reception array antenna, the control unit and the detecting
unit. The control unit further sets one of the array antennas as
a grating lobe suppressing antenna, and sets the grating lobe
suppressing antenna in a plurality of directivities one after
another such that each of the directivities of the grating lobe
suppressing antenna has a null point in a null point setting
area, which corresponds to an area of the grating lobe in the
directivity of the other array antenna, and such that positions
of the null points placed in the respective directivities of the
grating lobe suppressing antenna are differentiated from one
another in the null point setting area. The control unit further
controls the transmission array antenna to set a radiation
direction of the main lobe to a plurality of scanning direc-
tions, covering a detection area, one after another. The detect-
ing unit produces a reception signal from the received elec-
tromagnetic waves, each time the control unit sets the
radiation direction of the main lobe to one scanning direction
while setting the grating lobe suppressing antenna in one
directivity, to obtain the reception signals corresponding to
the scanning directions and the directivities of the grating
lobe suppressing antenna. The detecting unit detects a pattern
of'levels of the reception signals, corresponding to one scan-
ning direction and the directivities of the grating lobe sup-
pressing antenna, for each scanning direction, and detects
information about the target from the level patterns.

The transmission directivity of the transmission array
antenna is expressed by a power pattern of electromagnetic
waves radiated from the antenna with respect to the radiation
direction (or angle) of the electromagnetic waves. The recep-
tion directivity of the reception array antenna is expressed by
a pattern of sensitivity to incident electromagnetic waves with
respect to the incident direction (or angle) of the electromag-
netic waves.

With this structure of the radar apparatus, the transmission-
reception composite directivity determined from each direc-
tivity of the grating lobe suppressing antenna and the direc-
tivity of the other antenna has a null area in its null point
setting area corresponding to the area of the grating lobe.
Therefore, when the grating lobe radiated from the transmis-
sion array antenna is reflected and is incident on the reception
array antenna, the reception array antenna receives the
reflected grating lobe while considerably suppressing a por-
tion of the grating lobe corresponding to the null area of one
transmission-reception composite directivity.
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The null areas in the transmission-reception composite
directivities corresponding to the directivities of the grating
lobe suppressing antenna differ from one another. Therefore,
different portions of the grating lobe are considerably sup-
pressed depending on the transmission-reception composite
directivities.

When the radiation direction of the main lobe is changed to
the scanning directions one after another to search the detec-
tion area for a target, each reception signal is formed by the
electromagnetic waves reflected from the target and received
in the reception array antenna. The combination of the recep-
tion signals corresponding to each directivity of the grating
lobe suppressing antenna and the scanning directions has a
level pattern which is the same as the power pattern of the
transmission-reception composite directivity (see FIG. 6)
corresponding to the directivity of the grating lobe suppress-
ing antenna.

When the radiation direction of the main globe is changed
to a first scanning direction so as to place a target in the
radiation direction of the main globe, the reception signals
corresponding to the first scanning direction and the direc-
tivities of the grating lobe suppressing antenna are formed by
the same portion of the main lobe reflected from the target.
Because the transmission-reception composite directivities
have the same power in the area of the main lobe, the recep-
tion signals, each of which is formed by the same portion of
the main lobe, have the same level. Therefore, when levels of
the reception signals corresponding to the first scanning
direction form a flat pattern, the radar apparatus can judge that
the target exists in the first scanning direction.

In contrast, when the radiation direction of the main globe
is changed to a second scanning direction so as to place a
target in the radiation direction of a portion of the grating
globe, the reception signals corresponding to the second scan-
ning direction and the directivities of the grating lobe sup-
pressing antenna are formed by the same portion of the grat-
ing lobe reflected from the target. The power or sensitivity
values in the directivities of the grating lobe suppressing
antenna are considerably differentiated from one another in
the area of this portion of the grating lobe. In this case, levels
of the reception signals, corresponding to the second scan-
ning direction and the directivities of the grating lobe sup-
pressing antenna, form a considerably-curved pattern. There-
fore, when levels of the reception signals corresponding to the
second scanning direction form a considerably-curved pat-
tern, the radar apparatus can judge that each of the reception
signals corresponding to the second scanning direction is
formed of a portion of the grating lobe.

Accordingly, the precision in the detection of information
about the target placed in the detection area can be height-
ened.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11is a block diagram of a radar apparatus according to
the first embodiment of the present invention;

FIG. 2 is a view schematically showing a main lobe and a
grating lobe of electromagnetic waves radiated from the radar
apparatus shown in FIG. 1;

FIG. 3 is a view showing a transmission directivity of a
transmission array antenna of the radar apparatus;

FIG. 4 is a flow chart showing a grating lobe suppressing
process performed in a microcomputer of the radar apparatus
according to the first embodiment;

FIG. 5 is a view showing eleven reception directivities set
in a reception array antenna of the radar apparatus one after
another;
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FIG. 6 is a view showing eleven transmission-reception
composite directivities corresponding to the respective recep-
tion directivities;

FIG. 7 is a view showing an average transmission-recep-
tion composite directivity obtained by averaging the trans-
mission-reception composite directivities according to the
first embodiment;

FIG. 8 is a flow chart of a grating lobe suppressing process
performed in a microcomputer of the radar apparatus accord-
ing to the second embodiment;

FIG. 9 is a view showing a transmission-reception com-
posite directivity according to the second embodiment;

FIG. 10 is a flowchart of a grating lobe suppressing process
performed in a microcomputer of the radar apparatus accord-
ing to the third embodiment;

FIG. 11 is a view showing a change of levels of reception
signals for each scanning direction according to the third
embodiment; and

FIG. 12 is a view showing an open width of each array
antenna of the radar apparatus according to a modification of
the embodiments.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will now be
described with reference to the accompanying drawings, in
which like reference numerals indicate like parts, members or
elements throughout the specification unless otherwise indi-
cated.

First Embodiment

FIG. 1 is a block diagram of a radar apparatus according to
the first embodiment. A radar apparatus 1 is, for example,
formed of a frequency modulated continuous wave (FM CW)
type electronically agile radar, and the radar apparatus 1 is, for
example, mounted on a vehicle.

As shown in FIG. 1, the radar apparatus 1 has a microcom-
puter 10, an oscillator 11 for oscillating at a changeable
frequency in the millimeter wave band under control of the
microcomputer 10 to generate a high frequency signal of
which the frequency is changed with time in a triangular
shape so as to be increased and decreased at predetermined
intervals, an electric power divider 12 for dividing electric
power of the high frequency signal into first and second
portions to produce a transmission signal ST and a local
signal SL, atransmission phase shifter 13 having a plurality of
(e.g., five) shifting portions for shifting the phase of the trans-
mission signal ST in each of the shifting portions, under
control of the microcomputer 10, to produce a plurality of
processed transmission signals STp (e.g., five signals STp),
of which the phases are shifted from one another, and a
transmission array antenna 14 having a plurality of transmis-
sion antenna elements (e.g., five elements) 14a, 145, 14¢, 14d
and 14e for forming electromagnetic waves, respectively,
modulated with the processed transmission signals STp in the
antenna elements 14a to 14e and radiating the electromag-
netic waves as a transmission beam of electromagnetic waves
in a transmission directivity (or with a transmission directiv-
ity pattern). As described later in detail, this transmission
beam contains a main lobe and a pair of grating lobes.

The antenna elements 14a to 14e of the array antenna 14
are, for example, located at equal intervals on a transmission
antenna surface. The radiation direction of the main lobe of
the transmission beam is defined on the basis of the antenna
surface. The radiation direction perpendicular to the antenna
surface is defined as zero degree, and the radiation direction
parallel to the antenna surface is defined as +90 degrees. The
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radiation direction of the main lobe of the transmission beam
depends on the phase differences of the processed transmis-
sion signals STp. Because the microcomputer 10 controls the
phase shifter 13 to adjust the phase of the processed transmis-
sion signal STp for each of the antenna elements 14a to 14e,
the main lobe of the transmission beam can be changeably
radiated in a desired radiation direction under control of the
microcomputer 10.

The transmission directivity of the array antenna 14 is
expressed by a power pattern of the electromagnetic waves
radiated from the antenna 14 with respect to the radiation
direction (or angle) of the electromagnetic waves. This power
pattern has an area of the main lobe centering the radiation
direction of the main lobe and an area of each grating lobe
centering the radiation direction of the grating lobe. The angle
between the main lobe radiation direction and each grating
lobe radiation direction depends on the arrangement of the
antenna elements 14a to 14e, and the microcomputer 10
stores this angle. In this embodiment, the radar apparatus 1
scans a detection area while changing the radiation direction
of'the main lobe and fixing the power pattern of the transmis-
sion directivity.

The radar apparatus 1 further has a reception array antenna
15 having a plurality of reception antenna elements (e.g.,
three elements) 15a, 156 and 15¢ for receiving a reflected
beam of electromagnetic waves in each of the antenna ele-
ments 15ato 15¢ in a reception directivity (or witha reception
directivity pattern) and producing a plurality of unprocessed
reception signals SRu from the received beam in the antenna
elements 154 to 15¢, a reception phase shifter 16 for shifting
the phase of each unprocessed reception signal SRu by a
phase adjusting value set by the microcomputer 10 to produce
a plurality of processed reception signals and to produce a
reception signal SR by combining the processed reception
signals with one another, a mixer 17 for mixing the reception
signal SR with the local signal SL of the divider 12 to perform
the synchronous detection for the reception signal SR and
taking out a base band signal from the mixed signal, and an
analog-to-digital (A/D) converter 18 for converting the base
band signal into digital data.

The antenna elements 15a to 15¢ of the reception array
antenna 15 are located at equal intervals on a reception
antenna surface. This reception antenna surface and the trans-
mission antenna surface of the transmission array antenna 14
are set to be parallel to each other. The direction of the
reflected beam incident on the array antenna 15 is defined on
the basis of the reception antenna surface. The incident direc-
tion perpendicular to the reception antenna surface is defined
as 0 degree, and the incident direction parallel to the reception
antenna surface is defined as +90 degrees. The incident direc-
tion of the reflected beam received in the array antenna 15 is
determined from the phase differences of the unprocessed
reception signals SRu outputted from the antenna elements
15a to 15c¢. Therefore, the microcomputer 10 can detect the
incident direction of the received beam.

The microcomputer 10 has a central processing unit (CPU)
including a digital signal processor (DSP), a read only
memory (ROM) for storing control programs, a random
access memory (RAM) for storing the digital data, a backup
RAM and an input-output (I/0) interface (not shown). The
DSP performs fast Fourier transform (FFT) for the digital
data, while executing the control programs, to obtain infor-
mation about a target.

The reception directivity of the array antenna 15 is
expressed by a pattern of the sensitivity to the incident elec-
tromagnetic waves with respect to the incident direction (or
angle) of the electromagnetic waves. This reception directiv-
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ity has the maximum sensitivity in a main lobe receiving
direction. The reception directivity is, for example, symmet-
ric with respect to the main lobe receiving direction.

The microcomputer 10 controls the phase shifter 16 to
adjust the phase of the unprocessed reception signal SRu by a
phase adjusting value for each of the antenna elements 154 to
15¢. Therefore, the microcomputer 10 controls the main lobe
receiving direction of the reception directivity, and the recep-
tion array antenna 15 can receive the reflected beam coming
from an arbitrary direction ranging within a desired detection
area.

More specifically, the radar apparatus 1 sets a detection
area ranging from the direction of =90 degrees to the direction
of +90 degrees, and performs the scanning operation by using
an electronic scanning technique. In this technique, the
microcomputer 10 controls the phase sifter 13 to change the
main lobe radiation direction of the transmission directivity in
the range from the direction of =90 degrees to the direction of
+90 degrees. Further, the microcomputer 10 controls the
phase shifter 16 such that the main lobe receiving direction of
the reception directivity always coincides with the main lobe
radiation direction of the transmission directivity. Therefore,
the array antenna 15 can receive the reflected beam contain-
ing the main lobe reflected from a target at the maximum
sensitivity. Thereafter, each time the microcomputer 10
changes the main lobe radiation direction of the transmission
directivity, the array antenna 15 receives a reflected beam, the
microcomputer 10 produces a reception signal SR from the
reflected beam, and the microcomputer 10 judges whether or
not the level of the reception signal SR is equal to or larger
than a predetermined threshold.

When the reflected beam contains no reflected main lobe,
the level of the reception signal SR becomes lower than the
threshold. In this case, the microcomputer 10 abandons the
signal SR. In contrast, when the reflected beam contains the
main lobe reflected from a target, the array antenna 15
receives the reflected main lobe of the reflected beam at the
maximum sensitivity, and the microcomputer 10 judges that
the level of the reception signal SR is equal to or larger than
the predetermined threshold. Therefore, the microcomputer
10 recognizes the detect ion of the target. Then, the micro-
computer 10 detects information about the target (e.g., the
distance between the radar apparatus 1 and the target and the
bearing angle from the radar apparatus 1 to the target) from
the phase differences of the unprocessed reception signals
Sru. These phase differences are determined from the phase
adjusting values set in the phase sifter 16. Therefore, the radar
apparatus 1 can search the detection area for the target.

The beam of electromagnetic waves radiated from the
transmission array antenna 14 in the transmission directivity
has not only the main lobe, transmitted in the main lobe
radiation direction, but also a pair of grating lobes (i.e.,
unnecessary portions) transmitted in grating lobe radiation
directions. These grating lobe radiation directions are gener-
ally symmetric with respect to the main lobe radiation direc-
tion. Therefore, when the main lobe of the radiated electro-
magnetic waves is reflected from a target, at least one grating
lobe of the radiated electromagnetic waves is sometimes
reflected from another object. In this case, the reception array
antenna 15 receives not only a first beam of electromagnetic
waves reflected from the target but also a second beam of
electromagnetic waves reflected from the object. When the
intensity of the second beam is sufficiently large as compared
with the intensity of the first beam, phase differences of the
unprocessed reception signals SRu formed from, the reflected
beams in the array antenna 15 do not precisely indicate the
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information about the target. Therefore, it is difficult to pre-
cisely detect the target from the beams.

This situation will be described in more detail with refer-
ence to FIG. 2. FIG. 2 is a view schematically showing the
main lobe and one grating lobe of radiated electromagnetic
waves. As shown in FIG. 2, the radar apparatus 1 is, for
example, mounted on a remarked vehicle C1, and both a
small-sized vehicle (e.g., a passenger car) C2 and a large-
sized vehicle (e.g., a truck) C3 are located in the forward or
backward direction of the remarked vehicle. The small-sized
vehicle C2 has a small radar cross section (RCS) equal to 10
dBsm and reflects the main lobe of the radiated electromag-
netic waves. The large-sized vehicle C3 has a large RCS equal
to 25 dBsm and reflects one grating lobe of the radiated
electromagnetic waves. When the intensity of the main lobe is
not sufficiently larger than the intensity of the grating lobe,
the intensity of the grating lobe coming from the grating lobe
radiation direction of the array antenna 15 sometimes
becomes larger than the intensity of the main lobe coming
from the main lobe radiation direction of the array antenna 15.
In this case, assuming that an array antenna system is
mounted on the vehicle C1, this system sometimes misjudges
that a target exists in the grating lobe radiation direction.

To reliably detect a target existing in the main lobe radia-
tion direction, it is required to set the desired-to-undesired
signal ratio (i.e., the ratio of the intensity of the main lobe to
the intensity of the grating lobe in the production of the
reception signal SR) at one hundred or more equivalent to 20
dB or more. Although the array antenna system in the prior art
can set the desired-to-undesired signal ratio at 10'>"1° or more
equivalent to 15 dB or more by reducing the intensity of the
grating lobe received in a reception array antenna, the ratio
obtained in the prior art is still insufficient.

FIG. 3 is a view showing the transmission directivity DS of
the transmission array antenna 14.

The transmission directivity DS shown in FIG. 3 is, for
example, obtained in the zero-degree scanning performed in
the radar apparatus 1, and the radiation direction of the main
lobe ML is set at zero degree. The main lobe ML has a peak
intensity equivalent to 0 dB in the main lobe radiation direc-
tion, and the intensity of the main lobe ML is reduced to —10
dB (i.e., almost one-tenth of its peak intensity) in directions
different from the main lobe radiation direction by +7
degrees. Therefore, the main lobe ML has a main lobe width
Wm of almost 14 degrees which ranges from the direction of
-7 degree to the direction of +7 degree in the zero-degree
scanning.

Further, the transmission beam has a pair of grating lobes
GL1and GLr having peak intensities in grating lobe radiation
directions. These grating lobe radiation directions are, for
example, different from the main lobe radiation direction by
+45 degrees. Therefore, the grating lobes GL1 and GLr of the
electromagnetic waves are, respectively, radiated in the grat-
ing lobe radiation directions (e.g., directions of +45 degrees
in the zero-degree scanning). The peak intensities of the grat-
ing lobes GL1 and GLr are almost equal to the peak intensity
of'the main lobe ML. The intensity of the grating lobe GL11is
reduced to —10 dB (i.e., almost one-tenth of'its peak intensity)
in directions different from its grating lobe radiation direction
by %10 degrees (e.g., directions of -35 degrees and -55
degrees in the zero-degree scanning). Therefore, the grating
lobe GL1has aradiation area set at a grating lobe width Wg of
almost 20 degrees. The radiation area of the grating lobe GL1
is placed in the direction range between directions different
from the main lobe radiation direction by —-35 degrees and
-55 degrees. In the same manner, the grating lobe GLr has a
radiation area set at a grating lobe width Wg of almost 20



US 8,427,362 B2

13

degrees. The radiation area of the grating lobe GLr is placed
in the direction range between directions different from the
main lobe radiation direction by +35 degrees and +55
degrees. In the zero-degree scanning, the radiation area of the
grating lobe GLI ranges from the direction of —35 degrees to
the direction of -55 degrees, and the radiation area of the
grating lobe GLr ranges from the direction of +35 degrees to
the direction of +55 degrees.

In this embodiment, although the microcomputer 10
changes the main lobe radiation direction of the radiation
directivity DS to search the detection area for a target, the
microcomputer 10 fixes the power pattern of the radiation
directivity DS set in the transmission array antenna 14 to use
the array antenna 14 as a grating lobe suppressed antenna. In
contrast, the microcomputer 10 sets the reception array
antenna 15 in a plurality of reception directivities (or with a
plurality of reception directivity patterns) one after another to
use the array antenna 15 as a grating lobe suppressing
antenna. Therefore, the array antenna 14 radiates the whole
grating lobes GL1 and GLr with the main lobe ML. When a
target and objects exist in the detection area, the array antenna
15 setin one ofthe reception directivities can receive the main
lobe ML reflected from the target and the grating lobes GL1
and GLr reflected from the objects while preventing the
reception of a portion of each grating lobe.

More specifically, each time the microcomputer 10
changeably sets the array antenna 15 in one of the reception
directivities, the microcomputer 10 changes the main lobe
radiation direction of the transmission directivity DS in the
detection area. Each reception directivity has a first null point
setting area corresponding to the radiation area of the grating
lobe GL11n the transmission directivity DR, and a second null
point setting area corresponding to the radiation area of the
grating lobe GLr in the transmission directivity. Because the
main lobe receiving direction of each reception directivity is
set so as to always coincide with the main lobe radiation
direction of the transmission directivity, the reception direc-
tivity has a grating lobe receiving area of which directions
always coincide with directions of the radiation area of each
grating lobe. The grating lobe receiving areas of the reception
directivity are set as the first and second null point setting
areas.

The directional width of the first null point setting area in
the reception directivity is equal to the width of the radiation
area of the grating lobe GLI in the transmission directivity
DR, and the directional width of the second null point setting
area in the reception directivity is equal to the width of the
radiation area of the grating lobe GLr in the transmission
directivity DR. Each reception directivity has a null point at a
first null point angle of the first null point setting area and
another null point at a second null point angle of the second
null point setting area. The first null point angles of the
respective reception directivities are differentiated from one
another, and the second null point angles of the respective
reception directivities are differentiated from one another.
For example, the first null point angles are set at equal inter-
vals in the first null point setting area, and the second null
point angles are set at equal intervals in the second null point
setting area.

The sensitivity of the array antenna 15 to electromagnetic
waves coming from a null area around the direction of each
null point angle is extremely reduced. Therefore, even when
at least one whole grating lobe GLI or GLr reflected from an
objectisincident onthe array antenna 15, the array antenna 15
substantially receives neither a portion of the grating lobe GL.1
coming from a first null area around the first null point angle
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nor a portion of the grating lobe GLr coming from a second
null area around the second null point angle.

Further, the null areas of the reception directivities corre-
sponding to each grating lobe overlap with one another and
cover the whole null point setting area common to the recep-
tion directivities. Therefore, the average of sensitivities set in
the reception directivities is sufficiently low in any direction
of the null point setting area.

Then, each time the microcomputer 10 sets the array
antenna 15 in one reception directivity, the microcomputer 10
changes the main lobe radiation direction of the transmission
directivity DS while changing the main lobe receiving direc-
tion of the reception directivity so as to coincide with the main
lobe radiation direction. When the main lobe is reflected from
a target, this reflected main lobe is received at the maximum
sensitivity in the array antenna 15.

The microcomputer 10 produces a reception signal SR
each time the main lobe radiation direction of the transmis-
sion directivity DS is changed by a predetermined angle.
Therefore, when the main lobe radiation direction is set such
that the main lobe is reflected from a target, the reflected main
lobe is received in the array antenna 15 at the maximum
sensitivity. The reception signal SR produced from the
reflected main lobe has the maximum level or a sufficiently-
high level among the reception signals SR produced during
the scanning performed when the array antenna 15 is set in
one reception directivity. The microcomputer 10 selects this
reception signal SR having the maximum level each time the
array antenna 15 is set in one reception directivity.

When the main lobe reflected from the target is incident on
the array antenna 15, at least one grating lobe GLI or GLr
reflected from an object is sometimes incident on the array
antenna 15. In this case, the array antenna 15 does not receive
a portion of the grating lobe corresponding to a directional
area around the null point angle of the reception directivity,
and the array antenna 15 receives the other portion of the
grating lobe. The received portion of the grating lobe is con-
tained in each selected reception signal SR.

Then, after the microcomputer 10 sets the array antenna 15
in the reception directivities one after another, the microcom-
puter 10 determines an average of the selected reception
signals SR corresponding to the reception directivities.
Because the null point angles of the reception directivities are
differentiated, influence of the grating lobe is considerably
suppressed in this average. Then, the microcomputer 10
detects information about the target from the average of the
reception signals RS. In this case, although influence of the
grating lobes GL1 and GLr on each selected reception signal
SR is not sufficiently suppressed, influence of the grating
lobes GLI and GLr on the average of the selected reception
signals RS is sufficiently suppressed.

Accordingly, the microcomputer 10 can detect the target
from the average of the selected reception signals RS having
sufficiently-high levels with high precision.

The grating lobe suppressing process performed in the
microcomputer 10 will be described with reference to FIG. 4
and FIG. 5. FIG. 4 is a flow chart showing the grating lobe
suppressing process. In this process, only the grating lobe
GL1 is suppressed. However, the grating lobe GLr is also
suppressed in the same manner. FIG. 5 is a view showing
eleven reception directivities DR (DR1 to DR11) set one after
another for the array antenna 15. Each reception directivity
DR is expressed by a sensitivity pattern. However, the recep-
tion directivity DR can also be expressed by a power pattern
of electromagnetic waves, uniformly propagated in all direc-
tions and received in the array antenna 15, with respect to the
incident direction (or angle) of the received electromagnetic
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waves. Further, the reception directivities DR in the zero-
degree scanning are shown in FIG. 5 as an example. There-
fore, each reception directivity DR has the maximum recep-
tion sensitivity (i.e., the maximum power) in the direction of
zero degree.

As shown in FIG. 4, at step S10, the microcomputer 10
determines a grating-main angle between the main lobe radia-
tion direction and the radiation direction Dg of the grating
lobe GLI in the transmission directivity DS. This angle is
determined from the arrangement (e.g., the intervals) of the
transmission antenna elements 14a to 14e. For example, as
shown in FIG. 3, when the main lobe of the electromagnetic
waves radiated from the array antenna 14 has the peak inten-
sity in the radiation direction of zero degree, the grating lobe
GL1radiated from the array antenna 14 has the peak intensity
in the direction of —45 degrees. Therefore, the microcomputer
10 sets the grating-main angle corresponding to the grating
lobe GL1 at —45 degrees.

Atstep S11, the microcomputer 10 determines the width of
the radiation area of the grating lobe GLI as the grating lobe
width Wg. For example, as shown in FIG. 3, when the grating
lobe GL1has the peak intensity at the radiation direction Dg of
-45 degrees, the intensity of the grating lobe GL1 is reduced
to =10 dB (i.e., one-tenth of the peak intensity) in directions
of =35 degrees and —55 degrees. Therefore, because the grat-
ing lobe radiation area of the grating lobe GLI has the width
of'20 degrees ranging from the direction of -35 degrees to the
direction of -55 degrees, the microcomputer 10 sets the grat-
ing lobe width Wg of 20 degrees.

At step S12, the microcomputer 10 determines a null point
setting area. This null point setting area is common to the
reception directivities DR planned to be set in the reception
array antenna 15. More specifically, each reception directiv-
ity DR has the maximum sensitivity in a main lobe receiving
direction. When the main lobe reflected from a target is inci-
dent on the array antenna 15 from the main lobe receiving
direction coinciding with the radiation direction of the main
lobe ML, the array antenna 15 can receive the main lobe of the
reflected beam at the maximum sensitivity. The direction of
the grating-main angle is set as the direction of the center of
the null point setting area. The grating lobe width Wg is set as
the width of the null point setting area. Therefore, when the
grating lobe GL1 reflected from an object is incident on the
array antenna 15, the array antenna 15 receives the grating
lobe GLI of the reflected beam at the sensitivity set in the null
point setting area.

For example, as shown in FIG. 3, the radiation area of the
grating lobe GLI ranges from the direction of —35 degrees to
the direction of -55 degrees in the transmission directivity
DS, and the radiation area of the grating lobe GLr ranges from
the direction of +35 degrees to the direction of +55 degrees in
the transmission directivity DS. Therefore, as shown in FIG.
5, when the main lobe receiving direction is set at zero degree,
the null point setting area corresponding to the grating lobe
GLl1is set in the directional area ranging from the direction of
-35 degrees to the direction of -55 degrees, and the null point
setting area corresponding to the grating lobe GLr is set in the
directional area ranging from the direction of +35 degrees to
the direction of +55 degrees.

At step S13, the microcomputer 10 determines a predeter-
mined number of null point angles set at equal intervals in the
null point setting area. More specifically, because the radia-
tion area of the grating lobe GL1in the transmission directiv-
ity DS ranges from the direction of Dg—-Wg/2 degrees to the
direction of Dg+Wg/2 degrees, a plurality of null point angles
are set in the null point setting area, ranging from the direction
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of Dg-Wg/2 degrees to the direction of Dg+Wg/2 degrees, so
as to be differentiated from one another.

In the example shown in FIG. 5, the microcomputer 10
determines eleven null point angles at equal intervals in one
null point setting area (i.e., the area ranging from the direction
of Dg-Wg/2 degrees to the direction of Dg+Wg/2 degrees)
corresponding to the grating lobe GL1 and other eleven null
point angles at equal intervals in another null point setting
area (i.e., the area ranging from the direction of -Dg-Wg/2
degrees to the direction of -Dg+Wg/2 degrees) correspond-
ing to the grating lobe GLr.

At step S14, the microcomputer 10 sets the reception array
antenna 15 in a plurality of reception directivities DR one
after another. Each reception directivity DR has a null point in
the direction of one determined null point angle correspond-
ing to the grating lobe GL1, and the null point angles of the
reception directivities DR corresponding to the grating lobe
GL1 are differentiated from one another. More specifically, to
set each reception directivity DR having two null points cor-
responding to the grating lobes GL1 and GLr at two null point
angles, the microcomputer 10 determines phase adjusting
values of the reception antenna elements 154 to 15¢ from the
null point angles and controls the phase shifter 16 to adjust
phases of the unprocessed reception signals Sru, formed in
the reception antenna elements 154 to 15¢, by the determined
phase adjusting values. In other words, each time phases of
the unprocessed reception signals SRu are adjusted according
to the null point angles, the reception array antenna 15 is set
in the reception directivity DR.

Therefore, each time the microcomputer 10 controls the
phase shifter 16 on the basis of the null point angles, one
reception directivity DR is set so as to have two null points
corresponding to the grating lobes GLI and GLr. The sensi-
tivity to electromagnetic waves in each reception directivity
DR is extremely reduced around the directions of the null
point angles.

Inthe example shown in FIG. 5, the microcomputer 10 sets
the array antenna 15 in eleven reception directivities DRi (i=1
to 11) one after another. Each reception directivity DRi has a
first null point NLi corresponding to the grating lobe GL.1and
a second null point NLi corresponding to the grating lobe
GLr. The positions of the null points NLi (e.g., NL1, NL2,
NL3, NL4, NL5, NL6, NL7, NL8, NL9, NL10 and NL11)
corresponding to each grating lobe in the reception directivi-
ties DRI are differentiated from one another in the null point
setting area.

In this case, each reception directivity DR has the mini-
mum reception sensitivity in two directions of two null point
angles corresponding to the grating lobes GLI and GLr, and
the minimum reception sensitivity is equal to -40 dB (i.e.,
Yio* of the maximum sensitivity). Further, each reception
directivity DR has a reduced reception sensitivity, equal to or
smaller than —30 dB (i.e., 10> of the maximum sensitivity), in
the null area around each of two null point angles. This null
area has a width of almost 3 degrees. This null width is
narrower than the width Wg (e.g., 20 degrees) of the grating
lobes GL1 and GLr. The null areas of the reception directivi-
ties DR overlap with one another in each null point setting
area.

Therefore, the array antenna 15 can receive the main globe
ML, reflected from a target, at the maximum sensitivity. In
contrast, because each reception directivity DR has the
reduced reception sensitivity in the null area corresponding to
aportion of the grating lobe GL1 and the null area correspond-
ing to a portion of the grating lobe GLr, the electromagnetic
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waves received in the array antenna 15 substantially lacks the
portion of the grating lobe GLI and the portion of the grating
lobe GLr.

Each reception directivity DR is, for example, formed to be
symmetric with respect to the main lobe receiving direction.
In the case of Dg=-45 and Wg=20 shown in FIG. 3, the null
point angles are set at equal intervals of 2 degrees, each null
point NLi corresponding to the grating lobe GL1is placed at
-55+2(i-1) degrees, and each null point NLi corresponding
to the grating lobe GLr is placed at 55-2(i-1) degrees.

At step S15, each time the microcomputer 10 sets one
reception directivity DR, having a first null point NL corre-
sponding to the grating lobe GRI and a second null point NL.
corresponding to the grating lobe GLr, in the array antenna
15, the microcomputer 10 produces a plurality of reception
signals SR corresponding to scanning directions covering the
detection area.

At step S16, the microcomputer 10 selects one reception
signal SR having a sufficiently high level from the reception
signals SR corresponding to one reception directivity DR for
each reception directivity.

More specifically, the microcomputer 10 controls the
phase shifters 13 and 16 to perform the scanning of the whole
detection area ranging from the direction of -90 degrees to
the direction of +90 degree. In this scanning, the main lobe
radiation direction of the transmission directivity DS coin-
cides with the main lobe receiving direction of the reception
directivity DR. Each time the main lobe radiation direction is
changed by a predetermined angle in the scanning, the micro-
computer 10 produces one reception signal SR from the
received electromagnetic waves. When the main lobe is
reflected from a target, the reflected main lobe is received at
the maximum sensitivity of the reception directivity DR, and
only the reception signal SR produced from the reflected
main lobe ML has a level equal to or larger than a predeter-
mined threshold. Therefore, the microcomputer 10 selects
this reception signal SR.

Therefore, when the array antenna 15 is set in a plurality of
reception directivities DR one after another, the microcom-
puter 10 selects a plurality of reception signals SR corre-
sponding to the reception directivities DR. The electromag-
netic waves, containing the reflected main lobe ML,
sometimes contains the grating lobes GL1 and GLr reflected
from objects while substantially lacking a portion of the grat-
ing lobe GLI corresponding to the first null point and a portion
of the grating lobe GLr corresponding to the second null
point. Therefore, this selected reception signal SR substan-
tially has no signal components derived from the portions of
the grating lobes GL1 and GLr.

The radar apparatus 1 receives the electromagnetic waves,
transmitted from the array antenna 14 in the transmission
directivity DS and reflected from a target or object, in the
array antenna 15 in one of the reception directivities DR (e.g.,
DR1 to DR11). Both of the transmission directivity DS and
one reception directivity DR are combined into a transmis-
sion-reception composite directivity DSR. Assuming that
electromagnetic waves having the same power pattern as the
power pattern of the transmission directivity DS are incident
on the reception array antenna 15 set in one reception direc-
tivity DR, the electromagnetic waves received in the antenna
15 has the same power pattern as the power pattern of the
transmission-reception composite directivity DSR.

FIG. 6 is a view showing eleven transmission-reception
composite directivities DSR (DSR1 to DSR11) correspond-
ing to the respective reception directivities DR.

Each directivity DSR is expressed by the power ratio. As
shown in FIG. 6, each transmission-reception composite
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directivity DSR is characterized in that the power ratio in the
directivity DSR is equal to the product of the power ratio in
the transmission directivity DS and the power ratio in the
corresponding reception directivity DR.

The power ratio of the transmission-reception composite
directivity DSR1i is maximized at a direction corresponding to
the main lobe radiation direction and the main lobe receiving
direct ion, while the power ratio in a null area of the directivity
DSRI corresponding to each null area of the reception direc-
tivity DRi is suppressed. The null areas of the directivity
DSRi corresponding to the different null areas of the direc-
tivities DRi also differ from one another. Therefore, none of
the whole grating lobe GLI and the whole grating lobe GLr is
suppressed in any directivity DSR. In other words, influence
of the grating lobes ML1 and MLr on each of the reception
signals SRi is insufficiently suppressed. However, a portion
of the grating lobe GL1 and a portion of the grating lobe GLr
are suppressed in each directivity DSR.

Then, at step S17, the microcomputer 10 performs the
averaging for the selected reception signals SR each of which
has the sufficiently high level. More specifically, each time
the microcomputer 10 selects one reception signal SR pro-
duced from the received electromagnetic waves, the micro-
computer 10 stores the selected reception signal SR in the
RAM or the like. Therefore, when the microcomputer 10 sets
the null points NLi (e.g., NL1 to NL11) one after another, the
selected reception signals SRi (e.g., SR1 to SR11) are stored
in the microcomputer 10. Then, the microcomputer 10 calcu-
lates the average of the selected reception signals SRi to
produce an averaged reception signal SRav.

Assuming that electromagnetic waves containing the main
lobe ML reflected from a target are received in the array
antenna 15 set in the averaged reception directivity denoting
the average of the reception directivities DRi (e.g., DR1 to
DR11), a reception signal produced from the received elec-
tromagnetic waves has the same level pattern as the level
pattern of the averaged reception signal SRav.

Further, assuming that electromagnetic waves having the
same power pattern as the power pattern of the transmission
directivity DS is received at the array antenna 15 set in the
averaged reception directivity, electromagnetic waves
received in the array antenna 15 have the same power pattern
as the power pattern of an average transmission-reception
composite directivity Dav denoting the average of the trans-
mission-reception composite directivities DSRi (e.g., DSR1
to DSRI11). transmission-reception composite directivity
Day.

FIG. 7 is a view showing the average transmission-recep-
tion composite directivity Dav obtained by averaging the
directivities DSRi according to the first embodiment. As
shown in FIG. 7, the intensity of the received electromagnetic
waves (or the sensitivity to electromagnetic waves) in the
average transmission-reception composite directivity Dav is
suppressed in the same areas as the whole radiation areas (i.e.,
the radiation area ranging from degrees to —55 degrees and
the radiation area ranging from 35 degrees to 55 degrees) of
the grating lobes GL1and GLr of the radiated electromagnetic
waves. More specifically, in the average transmission-recep-
tion composite directivity Dav, the intensity of the received
electromagnetic waves in the same areas as the whole radia-
tion areas of the grating lobes GL.1 and GLr is reduced to -20
dB or less (i.e., one-hundredth or less of the maximum inten-
sity) in the same direction as the main lobe radiation direc-
tion.

Therefore, when the main lobe ML of the transmission
beam is reflected on a target, the array antenna 15 receives the
reflected main lobe ML at the maximum intensity. In this
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case, even when the grating lobe GLI1 or GLr of the transmis-
sion beam is reflected from an object, the intensity of the
reflected grating lobe GLI or GLr, contained in the received
electromagnetic waves, can be substantially reduced to —20
dB or less (i.e., one-hundredth or less of the intensity of the
main lobe ML). This means that the received electromagnetic
waves used for the production of the averaged reception sig-
nal SRav substantially contain no grating lobe but contain
only the main lobe ML.

Then, at step S18, the microcomputer 10 detects informa-
tion about the target from the averaged reception signal SRav.

Accordingly, even when the null width (e.g., 3 degrees) in
the reception directivity DR is narrower than the width Wg
(e.g., Wg=20 degrees) of the grating lobes GLI and GLyr, the
microcomputer 10 can produce the averaged reception signal
SRav from the received electromagnetic waves, substantially
containing only the main lobe ML reflected by a target, while
sufficiently suppressing the influence of the grating lobes GL.1
and GLr, reflected from objects, on the averaged reception
signal SRav. That is, the radar apparatus 1 can enhance the
precision in the detection of the target placed in the detection
area.

In this embodiment, the radiation area of the grating lobe
GL1 is determined such that the intensity of the grating lobe
GL1 in the radiation area is equal to or higher than one-tenth
of the highest intensity of the grating lobe GL1, and the null
points NL are set in the reception area of the grating lobe GLI
having the same direction range as the direction range of the
radiation area of the grating lobe GLI1. Therefore, the null
points NL are placed in the null point area having the same
width as the width of the radiation area of the grating lobe
GLI1. Assuming that the null points NL are placed in the null
point area wider than the width of the radiation area of the
grating lobe GL, the grating lobe GLI radiated from the array
antenna 14 sometimes interferes with the main lobe ML
received in the array antenna 15. This interference depends on
the configuration of the array antenna 14 and the configura-
tion of the array antenna 15 (especially, the area of the array
antenna 14 and the area of the array antenna 15). In this case,
the intensity of the grating lobe GL1 received in the transmis-
sion-reception composite directivity DSR is sometimes
increased. However, in this embodiment, because the null
points NL are placed in the null point area having the same
width as the width of the radiation area of the grating lobe
GL], the increase of the intensity of the grating lobe GLI
received in the transmission-reception composite directivity
DSR can be prevented.

Further, in this embodiment, each reception directivity DR
has two null points corresponding to the grating lobes GLI
and GLr to be symmetric with respect to the main globe
receiving direction. However, each reception directivity DR
may have two null points to be asymmetric with respect to the
main globe receiving direction.

Modification of First Embodiment

In the first embodiment, as shown in FIG. 2, even when at
least one object C3 exists in the detection area with one target
C2 5o as to reflect one grating lobe of the transmission beam,
the radar apparatus 1 detects information about the target.
However, when only one target C2 exists in the detection area
without any object, the radar apparatus 1 can also detect
information about the target by setting the reception direc-
tivities DR in the array antenna 15 one after another in the
same manner as in the first embodiment.

The grating lobe suppressing process performed in the
microcomputer 10 will be described.

When the array antenna 15 is set in one reception directiv-
ity DR, the radar apparatus 1 performs the scanning in the
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detection area while changing the main lobe radiation direc-
tion from the direction of =90 degrees to the direction of +90
degrees. When the main lobe ML of the transmission beam is
directed toward the target, the main lobe ML is reflected from
the target, and the reflected main lobe ML is received in the
array antenna 15 at the maximum sensitivity. In contrast,
when the main lobe radiation direction is set such that one
grating lobe GLI1 or GLr is directed toward the target, this
grating lobe is reflected from the target, and the array antenna
15 receives the reflected grating lobe while lacking a portion
of the grating lobe corresponding to the null area of the
reception directivity DR.

Each time the main lobe radiation direction of the trans-
mission directivity DS is changed by a predetermined angle,
the microcomputer 1 produces and stores a reception signal
SR corresponding to one direction, regardless of the level of
the signal. The reception signal SR produced from the main
lobe reflected from the target has the maximum level. In
contrast, the reception signal SR, obtained when the direction
of the null point angle of the reception directivity DR coin-
cides with the direction of the target, has the extremely-
reduced level.

The microcomputer 1 calculates a composite reception
signal from the reception signals R corresponding to one
reception directivity DR. This composite reception signal has
a level pattern with respect to the direction defined on the
basis of the transmission antenna surface or the reception
antenna surface. This level pattern of the composite reception
signal is obtained by serially connecting levels of the recep-
tion signals R arranged in the order of directions. The level
pattern of the composite reception signal is the same as the
power pattern of the transmission-reception composite direc-
tivity obtained by combining the transmission directivity DS
and the reception directivity DR. For example, when the
target exists in the direction of zero degree, the composite
reception signal corresponding to the reception directivity
DRi has the same level pattern as the power pattern of the
transmission-reception composite directivity DSRi shown in
FIG. 6.

The microcomputer 1 obtains one composite reception
signal each time one reception directivity DR is set. There-
fore, when the reception directivities DR are set in the array
antenna 15 one after another in the same manner as in the first
embodiment, the microcomputer 1 produces and stores a
plurality of composite reception signals R corresponding to
the reception directivities DR. Then, the microcomputer 1
calculates the average of the composite reception signals.

Although influence of the whole grating lobes is not sup-
pressed in each composite reception signal SR, influence of
the whole grating lobes is sufficiently suppressed in the aver-
age of the composite reception signals. For example, when
the target exists in the direction of zero degree, this average
has the same level pattern as the power pattern of the average
transmission-reception composite directivity Dav shown in
FIG. 7.

Accordingly, the radar apparatus 1 can detect information
about the target from the average of the composite reception
signals R.

Second Embodiment

In the second embodiment, only one target exists in the
detection area without any object, and the microcomputer 10
detects information about the target by setting the reception
directivities DR in the array antenna 15 one after another in
the same manner as in the first embodiment.

The grating lobe suppressing process according to the sec-
ond embodiment will be described with reference to FIG. 8.
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FIG. 8 is a flow chart of the grating lobe suppressing process
performed in the microcomputer 10 according to the second
embodiment.

As shown in FIG. 8, after the microcomputer 10 determines
the null point angles (step S13), at step S21, the microcom-
puter 10 determines a plurality of scanning directions ranging
from the direction of -90 degrees to the direction of +90
degrees so as to cover the detection area. The scanning direc-
tions are, for example, set at equal intervals.

Then, at step S22, the microcomputer 10 sets the reception
array antenna 15 in the reception directivities DR one after
another.

At step S23, each time the microcomputer 10 sets the array
antenna 15 in one reception directivity DR, the microcom-
puter 10 controls the phase shifters 13 and 16 to perform the
scanning for the detection area.

At step S24, each time the main lobe radiation direction of
the transmission directivity DS is set at one of the scanning
directions, the microcomputer 10 produces and stores a
reception signal SR, regardless of the level of the signal, from
the electromagnetic waves received in the antenna array 15.

Therefore, the reception signals SR corresponding to the
scanning directions are obtained for each of the reception
directivities DR. In other words, the reception signals SR
corresponding to the reception directivities DR are obtained
for each of the scanning directions. The reception signal SR,
obtained when the main lobe radiation direction coincides
with the direction of the target, has the maximum level. In
contrast, the reception signal SR, obtained when the direction
of the null point angle of the reception directivity DR coin-
cides with the direction of the target, has the extremely-
reduced level.

At step S25, the microcomputer 10 compares levels of the
reception signals SR, corresponding to the reception direc-
tivities DR and one scanning direction, with one another for
each of the scanning directions, and the microcomputer 10
selects one reception signal SR having a minimum level from
the reception signals SR corresponding to the reception direc-
tivities DR for each scanning direction. Therefore, the
selected reception signals SR, corresponding to the scanning
directions covering the detection area, are obtained.

At step S26, the microcomputer 10 produces a composite
reception signal which is composed of the selected reception
signals arranged in the order of the scanning directions. The
level pattern of the composite reception signal is the same as
the level pattern which is obtained by serially connecting
levels of the selected reception signals with one another in the
order of the scanning directions. The composite reception
signal covers the detection area ranging from the direction of
-90 degrees to the direction of +90 degrees.

FIG. 9 is a view showing a combined transmission-recep-
tion composite directivity Dc according to the second
embodiment. The combined transmission-reception compos-
ite directivity Dc shown in FIG. 9 is obtained by selecting one
transmission-reception composite directivity DSR having the
minimum power value from the directivities DSR1 to DSR11
(see FIG. 6), corresponding to one scanning direction and the
directivities of the reception array antenna 15, for each scan-
ning direction. More specifically, power values of the trans-
mission-reception composite directivities DSR1 to DSR11
are compared with one another for each scanning direction,
one transmission-reception composite directivity DSR hav-
ing the minimum power value is selected for each scanning
direction, and the selected directivities DSR are connected
with one another in the order of the scanning directions. The
combined transmission-reception composite directivity Dc is
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formed of the directivities DSR selected for each scanning
direction and connected with one another.

As shown in FIG. 9, the power of the combined transmis-
sion-reception composite directivity Dc is suppressed in
areas (i.e., the area ranging from -35 degrees to —55 degrees
and the radiation area ranging from 35 degrees to 55 degrees)
corresponding to the radiation areas of the grating lobes GL1
and GLr of the transmission beam. More specifically, the
power of the combined transmission-reception composite
directivity Dc is reduced to =35 dB or less (i.e., %10 or less of
the maximum intensity) in the same directions as the main
lobe radiation directions (i.e., directions of +45 degrees).

The intensity of the received electromagnetic waves form-
ing each reception signal SR is substantially changed in the
same pattern as the power pattern of the corresponding trans-
mission-reception composite directivity DSR. Therefore, the
composite reception signal obtained from the selected recep-
tion signals SR has the same level pattern as the power pattern
of'a combined transmission-reception composite directivity.
For example, when a target exists in the direction of zero
degree, the composite reception signal has the same level
pattern as the power pattern of the combined transmission-
reception composite directivity Dc shown in FIG. 9.

At step S27, the microcomputer 10 detects one scanning
direction at which the composite reception signal has the
maximum level and judges that a target is located in the
detected scanning direction in the detection area.

Therefore, the radar apparatus 1 can detect the bearing
angle to the target from the composite reception signal as
information about the target. Accordingly, the radar apparatus
1 can further heighten the precision in the detection of infor-
mation about the target located in the detection area.

Third Embodiment

In the second embodiment, the reception signals SR cor-
responding to the reception directivities DR are produced
each time the main lobe radiation direction of the transmis-
sion directivity DS coincides with one scanning direction, the
minimum level of one reception signal SR is selected from
among levels of the reception signals SR corresponding to the
reception directivities DR for each scanning direction, and
information about the target is detected from the selected
minimum levels. In contrast, in the third embodiment, when
only one target exists in the detection area without any object,
the microcomputer 10 detects a pattern of levels of the recep-
tion signals SR, corresponding to the reception directivities
DR and one scanning direction, for each scanning direction,
and the microcomputer 10 detects information about the tar-
get from the level patterns corresponding to the scanning
directions.

The grating lobe suppressing process will be described
with referenceto FIG. 10. FIG. 10 is a flow chart of the grating
lobe suppressing process performed in the microcomputer 10
according to the third embodiment.

As shown in FIG. 10, after the reception signals SR corre-
sponding to the reception directivities DR are obtained for
each scanning direction (step S24), at step S31, the micro-
computer 10 detects a pattern of levels of the reception signals
SR, corresponding to one scanning direction, for each scan-
ning direction. For example, the reception signals SR corre-
sponding to the reception directivities DR are arranged in the
order of the null points NL arranged in one null point setting
area.

At step S32, the microcomputer 10 judges whether or not
the level pattern is flat at the high level for each scanning
direction. For example, when the reception signals SR corre-
sponding to the reception directivities DR are produced from
the main lobe ML reflected from a target, the reception signals
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SR have the same maximum levels. In contrast, when the
reception signals SR corresponding to the reception directivi-
ties DR are produced from one grating lobe GL reflected from
a target, the level of the reception signal SR is considerably
changed with the reception directivity.

Therefore, when the level pattern of the reception signals
SR corresponding to one scanning direction is flat at a maxi-
mum level, the microcomputer 10 judges that the scanning
direction denotes the incoming direction of the main lobe MLL
reflected from a target. Therefore, at step S33, the radar appa-
ratus 1 detects the angle of the scanning direction, corre-
sponding to the reception signals SR having a flat level pattern
at the maximum level, as the bearing angle from the radar
apparatus 1 to the target located in the detection area. There-
fore, the radar apparatus 1 detects the target located in the
scanning direction.

In contrast, when the level of the reception signal SR cor-
responding to one scanning direction is changed with the
reception directivity, at step S34, the microcomputer 10
judges that the reception signals SR corresponding to the
scanning direction are produced from one grating lobe
reflected from a target. The main lobe radiation direction
denoting the scanning direction differs from the radiation
direction of the grating lobe by a grating-main angle. There-
fore, the radar apparatus 1 detects the target located in a
specific direction differing from the scanning direction by the
grating-main angle.

FIG. 11 is a view showing a pattern of levels of the recep-
tion signals SR corresponding to each of the scanning direc-
tions of zero degree and forty-five degrees according to the
third embodiment.

In the example shown in FIG. 11, the level pattern of the
reception signals SR corresponding to the reception directivi-
ties DR1 to DR11 (see FIG. 5) and the scanning direction of
zero degree is flat at a maximum level. Therefore, the micro-
computer 10 recognizes that the reception signals SR are
produced from electromagnetic waves incoming from the
main lobe radiation direction at zero degrees, and the micro-
computer 10 judges that a target is located in the direction of
zero degrees.

Further, the level of the reception signal SR corresponding
to the scanning direction of forty-five degrees is considerably
changed with the reception directivity. More specifically,
although levels of the reception signals SR corresponding to
the reception directivities DR1, DR2 and DR11 are high, the
level of the reception signal SR corresponding to the recep-
tion directivity DR7 is considerably reduced to -42 dB (i.e.,
Yi6*2 of the highest level of the reception signal SR). In this
case, the microcomputer 10 recognizes that the reception
signals SR corresponding to the scanning direction of forty-
five degrees are produced from one grating lobe. Therefore,
the microcomputer 10 judges that a target is located in a
specific direction different from the direction of forty-five
degrees by the grating-main angle of forty-five degrees.

Accordingly, the radar apparatus 1 can reliably detect the
target located in the detection area with high precision.
Modifications

In the first to third embodiments, the transmission array
antenna 14 is used as a grating lobe suppressed antenna so as
to radiate the whole grating lobes GL1 and GLr with the main
lobe ML, and the reception array antenna 15 is used as a
grating lobe suppressing antenna to allow the reception of the
grating lobe GL1 or GLr reflected by an object while prevent-
ing the reception of a portion of the grating lobe. However, the
microcomputer 10 may set the array antenna 14 in a plurality
of transmission directivities DS one after another such that
each transmission directivity DS has a null point at a first null
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point angle of a first null point setting area, corresponding to
the reception area of the grating lobe GLI in the reception
directivity DR, and another null point at a second null point
angle of a second null point setting area corresponding to the
reception area of the grating lobe GLr in the reception direc-
tivity DR. The first null point angles of the respective trans-
mission directivities DS are differentiated from one another,
and the second null point angles of the respective transmis-
sion directivities DS are differentiated from one another.

Therefore, the transmission array antenna 14 is used as a
grating lobe suppressing antenna and radiates the grating
lobes GLI and GLr with the main lobe ML while lacking a
portion of the grating lobe GLI corresponding to one null
point and a portion of the grating lobe GLr corresponding to
another null point. In this case, the reception array antenna 14
is used as a grating lobe suppressed antenna and can receive
the grating lobes GL1 and GLr, lacking the portions, with the
main lobe ML reflected from a target.

Further, the grating lobe suppressed antenna and the grat-
ing lobe suppressing antenna may be set on the basis of an
open width of the array antenna. More specifically, the array
antenna having a narrow open width is set as a grating lobe
suppressing antenna, and the array antenna having a wide
open width is set as a grating lobe suppressed antenna.

FIG. 12 is a view showing an open width Wopen of each
array antenna. As shown in FIG. 12, because the open width
Wopenl of the array antenna 15 is narrower than the open
width Wopen2 of the array antenna 14, the array antenna 15 is
set as a grating lobe suppressing antenna.

Moreover, in the first to third embodiments, the width Wg
of'each grating lobe is set at the difference between angles at
which the intensity of the grating lobe radiated from the array
antenna 14 is reduced by -10 dB as compared with the peak
intensity of the grating lobe. However, the width Wg of each
grating lobe may be set at the difference between angles at
which the intensity of the grating lobe is reduced by -8 dB or
-5 dB. It is preferred that the width Wg of each grating lobe
be set at the difference between angles at which the intensity
of'the grating lobe (in case of the array antenna 15 used as a
grating lobe suppressing antenna) or the sensitivity to the
grating lobe (in case of the array antenna 14 used as a grating
lobe suppressing antenna) is reduced by a level, ranging from
-3 dB to -20 dB, as compared with the peak intensity of the
grating lobe or the maximum sensitivity to the grating lobe.
More preferably, the width Wg of each grating lobe is set by
using the reduction ranging from -5 dB to —15 dB. In this
case, the interference of the grating lobe GLI in the grating
lobe suppressed antenna (e.g., the array antenna 14) with the
main lobe ML in the grating lobe suppressing antenna (e.g.,
the array antenna 15) can be prevented, the increase in the
intensity of the grating lobe GLI received in the transmission-
reception composite directivity DSR can be prevented, and
the desired-to-undesired signal ratio (i.e., the ratio of the
intensity of the main lobe to the intensity of the grating lobe
in the production of the reception signal SR) can be set almost
at one hundred (i.e., 20 dB).

Furthermore, in the first to third embodiments, the trans-
mission array antenna 14 has five antenna elements 14a to
14e. However, the number of antenna elements in the array
antenna 14 may be larger or smaller than five, if necessary. In
the same manner, although the reception array antenna 15 has
three antenna elements 15a to 15¢, the number of antenna
elements in the array antenna 15 may be larger or smaller than
three, if necessary.

Still further, in the first to third embodiments, the transmis-
sion array antenna 14 is formed of a planar antenna in which
a plurality of antenna elements are located on a plane. How-
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ever, the array antenna 14 may not be formed of any planar
antenna. In the same manner, although the reception array
antenna 15 is formed of a planar antenna, the array antenna 15
may not be formed of any planar antenna.

Still further, in the first to third embodiments, when the
microcomputer 10 sets the array antenna 14 as a grating lobe
suppressing antenna, the microcomputer 10 sets one null
point in each of the transmission directivities DS by adjusting
phases of all processed transmission signal STp inputted to
the array elements 144 to 14e in the phase shifter 13. How-
ever, the microcomputer 10 may set one null point in each
transmission directivity DS by adjusting phases of processed
transmission signals STp inputted to a part of the array ele-
ments 14a to 14e in the phase shifter 13. In the same manner,
when the microcomputer 10 sets the array antenna 15 as a
grating lobe suppressing antenna, the microcomputer 10 sets
one null point in each of the reception directivities DS by
adjusting phases of all unprocessed reception signal SRu
produced in the array elements 15a to 15¢ in the phase shifter
16. However, the microcomputer 10 may set one null point in
each reception directivity DS by adjusting phases of unproc-
essed reception signal SRu produced in a part of the array
elements 15a to 15¢ in the phase shifter 16.

Still further, in the first embodiment, the radiation of elec-
tromagnetic waves is described with reference to FIG. 3
which shows the main lobe radiation direction set at zero
degree. However, the main lobe ML is radiated from the array
antenna 14 while being scanned to change the main lobe
radiation direction in the detection area ranging from the
direction of —90 degrees to the direction of +90 degrees.
Further, the reflected main lobe ML is received in the array
antenna 15 while changing the main lobe receiving direction
s0 as to always coincide with the main lobe radiation direc-
tion. Therefore, when the reception directivities DR (in case
of the array antenna 14 used as a grating lobe suppressing
antenna) or the transmission directivities DS (in case of the
array antenna 15 used as a grating lobe suppressing antenna)
are changed one after another, the array antenna 15 can reli-
ably prevent the reception of a portion of each grating lobe
corresponding to one null point set in the reception directivity
DR or the transmission directivity DS.

These embodiments should not be construed as limiting the
present invention to structures of those embodiments, and the
structure of this invention may be combined with that based
on the prior art.

What is claimed is:

1. A radar apparatus, comprising:

a transmission array antenna that includes a plurality of

transmission antenna elements;

a directivity control unit on a side of the transmission array
antenna, which is configured to control directivity of the
transmission array antenna by controlling phase of at
least part of the plurality of transmission antenna ele-
ments;

areception array antenna that includes a plurality of recep-
tion antenna elements;

a directivity control unit on a side of the reception array
antenna, which is configured to control directivity of the
reception array antenna by controlling phase of at least
part of the plurality of reception antenna elements; and

atarget detecting unit configured to detect a target based on
a reception signal having a transmission-reception com-
posite directivity into which the directivity of the trans-
mission array antenna and the directivity of the reception
array antenna are combined, wherein

one of the transmission array antenna and the reception
array antenna is set as an array antenna on a grating
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suppressing side for suppressing a grating lobe and the
other of the transmission array antenna and the reception
array antenna is set as an array antenna on a grating
suppressed side in which the grating lobe is suppressed,

a directivity control unit on a grating suppressing side that
is the directivity control unit on the side of the one of'the
transmission array antenna and the reception array
antenna set as the antenna array on the grating suppress-
ing side, which is configured to sequentially set a null
point in the array antenna on the grating suppressing side
to a plurality of setting directions different in angle from
one another within a setting range corresponding to a
width of the grating lobe in the array antenna on the
grating suppressed side, and

the target detecting unit is configured to produce a recep-
tion signal by averaging a plurality of reception signals
which are received under the condition that the null point
is set by the directivity control unit on the grating sup-
pressing side, and detect the target based on the pro-
duced reception signal.

2. The radar apparatus according to claim 1, wherein the
directivity control unit on the grating suppressing side, sets
the setting range to an angle range of -3 dB to -20 dB with
respect to peak of grating lobe in the array antenna on the
grating suppressed side.

3. The radar apparatus according to claim 2, wherein the
narrower in aperture width of the transmission array antenna
and the reception array antenna is set as the array antenna on
the grating suppressing side.

4. The radar apparatus according to claim 1, wherein the
directivity control unit on the grating suppressing side, sets
the setting range to an angle range of -5 dB to —15 dB with
respect to peak of grating lobe in the array antenna on the
grating suppressed side.

5. The radar apparatus according to claim 4, wherein the
narrower in aperture width of the transmission array antenna
and the reception array antenna is set as the array antenna on
the grating suppressing side.

6. The radar apparatus according to claim 1, wherein the
narrower in aperture width of the transmission array antenna
and the reception array antenna is set as the array antenna on
the grating suppressing side.

7. A radar apparatus, comprising:

a transmission array antenna that includes a plurality of

transmission antenna elements;

a directivity control unit on a side of the transmission array
antenna, which is configured to control directivity of the
transmission array antenna by controlling phase of at
least part of the plurality of transmission antenna ele-
ments;

a reception array antenna that includes a plurality of recep-
tion antenna elements;

a directivity control unit on a side of the reception array
antenna, which is configured to control directivity of the
reception array antenna by controlling phase of at least
part of the plurality of reception antenna elements; and

atarget detecting unit configured to detect a target based on
a reception signal having a transmission-reception com-
posite directivity into which the directivity of the trans-
mission array antenna and the directivity of the reception
array antenna are combined, wherein

one of the transmission array antenna and the reception
array antenna is set as an array antenna on a grating
suppressing side for suppressing a grating lobe and the
other of the transmission array antenna and the reception
array antenna is set as an array antenna on a grating
suppressed side in which the grating lobe is suppressed,
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a directivity control unit on a grating suppressing side that
is the directivity control unit on the side of the one of the
transmission array antenna and the reception array
antenna set as the antenna array on the grating suppress-
ing side, which is configured to sequentially set a null
point in the array antenna on the grating suppressing side
to a plurality of setting directions different in angle from
one another within a setting range corresponding to a
width of the grating lobe in the array antenna on the
grating suppressed side, and

the target detecting unit is configured to produce a recep-
tion signal by extracting a minimum level for each direc-
tion from a plurality of reception signals which are
received under the condition that the null point is set by
the directivity control unit on the grating suppressing
side, and detect the target based on the produced recep-
tion signal.

8. The radar apparatus according to claim 7, wherein the
directivity control unit on the grating suppressing side, sets
the setting range to an angle range of -3 dB to —20 dB with
respect to peak of grating lobe in the array antenna on the
grating suppressed side.

9. The radar apparatus according to claim 8, wherein the
narrower in aperture width of the transmission array antenna
and the reception array antenna is set as the array antenna on
the grating suppressing side.

10. The radar apparatus according to claim 7, wherein the
directivity control unit on the grating suppressing side, sets
the setting range to an angle range of -5 dB to —15 dB with
respect to peak of grating lobe in the array antenna on the
grating suppressed side.

11. The radar apparatus according to claim 10, wherein the
narrower in aperture width of the transmission array antenna
and the reception array antenna is set as the array antenna on
the grating suppressing side.

12. The radar apparatus according to claim 7, wherein the
narrower in aperture width of the transmission array antenna
and the reception array antenna is set as the array antenna on
the grating suppressing side.

13. A radar apparatus, comprising:

a transmission array antenna that includes a plurality of

transmission antenna elements;

a directivity control unit on a side of the transmission array
antenna, which is configured to control directivity of the
transmission array antenna by controlling phase of at
least part of the plurality of transmission antenna ele-
ments;

areception array antenna that includes a plurality of recep-
tion antenna elements;

a directivity control unit on a side of the reception array
antenna, which is configured to control directivity of the
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reception array antenna by controlling phase of at least
part of the plurality of reception antenna elements; and

atarget detecting unit configured to detect a target based on
a reception signal having a transmission-reception com-
posite directivity into which the directivity of the trans-
mission array antenna and the directivity of the reception
array antenna are combined, wherein

one of the transmission array antenna and the reception

array antenna is set as an array antenna on a grating
suppressing side for suppressing a grating lobe and the
other of the transmission array antenna and the reception
array antenna is set as an array antenna on a grating
suppressed side in which the grating lobe is suppressed,

a directivity control unit on a grating suppressing side that

is the directivity control unit on the side of the one of'the
transmission array antenna and the reception array
antenna set as the antenna array on the grating suppress-
ing side, which is configured to sequentially set a null
point in the array antenna on the grating suppressing side
to a plurality of setting directions different in angle from
one another within a setting range corresponding to a
width of the grating lobe in the array antenna on the
grating suppressed side, and

the target detecting unit is configured to detect the target

based on a pattern of levels of a plurality of reception
signals which are received under the condition that the
null point is set by the directivity control unit on the
grating suppressing side.

14. The radar apparatus according to claim 13, wherein the
directivity control unit on the grating suppressing side, sets
the setting range to an angle range of -3 dB to -20 dB with
respect to peak of grating lobe in the array antenna on the
grating suppressed side.

15. The radar apparatus according to claim 14, wherein the
narrower in aperture width of the transmission array antenna
and the reception array antenna is set as the array antenna on
the grating suppressing side.

16. The radar apparatus according to claim 13, wherein the
directivity control unit on the grating suppressing side, sets
the setting range to an angle range of -5 dB to —15 dB with
respect to peak of grating lobe in the array antenna on the
grating suppressed side.

17. The radar apparatus according to claim 16, wherein the
narrower in aperture width of the transmission array antenna
and the reception array antenna is set as the array antenna on
the grating suppressing side.

18. The radar apparatus according to claim 13, wherein the
narrower in aperture width of the transmission array antenna
and the reception array antenna is set as the array antenna on
the grating suppressing side.
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