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(57) ABSTRACT

A reflected wave that a transmitted wave is reflected by targets
including a stationary target and a moving target is received as
receiving signals of at least two reception antennas. A phase
difference between beat signals at respective peak frequen-
cies, generated from a transmitting signal and the receiving
signals, is calculated. Directions of the targets are calculated
in such a manner that the calculated phase difference of the
targets is stored in a storage area in advance, it is predicted
whether peak frequencies of the plurality of targets overlap
each other, a predicted phase difference of the stationary
target at the time when the peak frequencies overlap each
other is calculated on the basis of the stored phase difference,
and a predicted phase difference of the moving target is cal-
culated on the basis of the calculated phase difference and the
predicted phase difference of the stationary target.

5 Claims, 9 Drawing Sheets
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RADAR SYSTEM AND DIRECTION
DETECTING METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a radar system that detects a target
and a target direction detecting method.

2. Description of the Related Art

There is known an FM-CW or phase-monopulse radar
system as a radar system that detects a target. Japanese Patent
Application Publication No. 2000-147102 (JP-A-2000-
147102) describes an FM-CW radar system. In addition,
JP-A-2000-147102 describes that it is determined whether
the neighborhood sum of a spectrum peak is smaller than or
equal to a threshold and it is determined whether a moving
object prediction flag is set, and, when the neighborhood sum
is smaller than or equal to the threshold and the moving object
prediction flag is not set, it is determined that the spectrum
peak is the spectrum peak of a stationary object.

In addition, Japanese Patent Application Publication No.
2004-340755 (JP-A-2004-340755) describes a phase-
monopulse radar system. In JP-A-2004-340755, a radar wave
formed of a frequency increasing portion, a frequency
decreasing portion and a frequency constant portion is trans-
mitted, a reflected wave of the radar wave is received by two
antennas, and, for each of receiving signals, a beat signal that
indicates a difference in frequency between the transmitting
signal and the receiving signal is generated for each of the
frequency increasing portion, the frequency decreasing por-
tion and the frequency constant portion. Then, on the basis of
a phase difference between the beat signals at the respective
peak frequencies of the frequency increasing portion beat
signals and a phase difference between the beat signals at the
respective peak frequencies of the frequency decreasing por-
tion beat signals, when a pair of the peak frequencies of the
frequency increasing portion beat signals and the peak fre-
quencies of the frequency decreasing portion beat signals
cannot be matched with each other, it is assumed that peak
frequencies resulting from a plurality of objects overlap each
other and then the phase of the object is calculated from a
phase difference between the beat signals at the respective
peak frequencies of the frequency constant portion beat sig-
nals.

There is known a phase-monopulse system as one of sys-
tems that measure the direction of a target with respect to a
radar system. FIG. 1 shows a diagram of the principle of a
phase-monopulse system. In the phase-monopulse system,
for example, two antennas Al and A2 are arranged, and the
direction of an incoming radio wave is obtained on the basis
of'a phase difference (A¢) of signals received respectively by
the antennas A1 and A2. The phase difference is expressed by
the mathematical expression (1) where the incoming angle is
0, the distance between the antennas is d and the wavelength
of a carrier wave (reflected wave) is A.

AY=27(dsin O/1) (6]

In calculating the phase difference, first, a transmitted
wave modulated with a triangular wave is output from an
antenna and then parts of received waves reflected by the
target and received by the antennas are mixed with part of the
transmitted wave to thereby acquire the frequencies of beat
signals. Then, the beat signals are subjected to Fourier trans-
formation to obtain frequency spectrum data, and then the
peak frequencies of the respective frequency spectra are
detected from the frequency spectrum data. The frequency
spectrum data are expressed as complex vectors on a complex
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plane. Each peak frequency of the detected frequency spec-
trum is a frequency corresponding to a distance to the target
and a relative velocity with respect to the target. Then, when
the peak frequencies of the frequency spectra are identified,
the phases of the beat signals at the respective peak frequen-
cies are calculated. Here, because the frequency spectrum
data may be expressed as complex vectors on a complex
plane, the phase of each beat signal may be, for example,
calculated from an angle made between the complex vector
and the real axis on the complex plane. Then, the difference in
phase between the respective beat signals is obtained to cal-
culate the phase difference, and then the direction of the target
may be calculated from the calculated phase difference.

Here, in the above described phase-monopulse system, in
the case where a plurality of targets are present, if the peak
frequencies of frequency spectra corresponding to the respec-
tive targets coincide with each other, the directions of the
respective targets may not be accurately calculated. FIG. 2
shows an example of the positional relationship between tar-
gets and a radar system. More specifically, FIG. 2 shows a
situation in which an oncoming vehicle (moving target) is
travelling ahead of a vehicle (host vehicle) equipped with the
radar system and guard rails (stationary target) each having a
plurality of posts are installed on a side over the oncoming
vehicle.

Here, FIG. 3A is an example of frequency spectrum data
acquired by the radar system shown in FIG. 2. FIG. 3B shows
agraph that expresses the frequency spectrum data of FIG. 3A
as a complex vector. In FIG. 3A, the abscissa axis represents
afrequency, and the ordinate axis represents a reflection level.
The solid line in FIG. 3A indicates reflection levels from the
stationary target, that is, the guard rails. The four peaks in
FIG. 3A correspond to reflected waves from the posts of the
guard rails. The dotted line in FIG. 3A indicates a reflection
level from the moving target, that is, the oncoming vehicle. In
the example of FIG. 3A, the peak frequency of the moving
target overlaps with the peak frequency of the stationary
target, and the peak values of the reflection levels coincide
with each other. If the peak frequencies of the frequency
spectra overlap each other in this way, the phases are com-
bined and cannot be separated from each other in the radar
system. In other words, the frequency spectrum data origi-
nally include a complex vector corresponding to the post of
the guard rail and a complex vector corresponding to the
oncoming vehicle; however, actually, only a resultant vector
of'the two complex vectors can be acquired. Note that FIG. 3B
shows a complex plane, the X-axis is a real axis, and the
Y-axis is an imaginary axis. FIG. 3B shows an actually
acquired resultant vector and also shows a complex vector
corresponding to a reflection wave from the stationary target
and a complex vector corresponding to a reflection wave from
the moving target.

In this way, if the peak frequencies of the frequency spectra
corresponding to the respective targets coincide with each
other, the directions of the respective targets cannot be accu-
rately calculated. In addition, this may lead to a malfunction
of a pre-crash safety system (PCS) or non-detection of the
targets.

SUMMARY OF INVENTION

The invention provides a radar system and a target direc-
tion calculation method that accurately calculate the direc-
tions of different targets even when frequency spectra corre-
sponding to the different targets overlap each other.

According to an aspect of the invention, phase differences
of respective targets are stored in a storage area in advance,
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and, when it is assumed that peak frequencies of frequency
spectra corresponding to reflected waves from the different
targets overlap each other, a phase difference of a stationary
target at the time when the peak frequencies of the frequency
spectra overlap each other is calculated as a predicted phase
difference from the history of the phase difference of the
stationary target, stored in the storage area, and then a direc-
tion of a moving target is calculated using the calculated
predicted phase difference of the stationary target.

A first aspect of the invention relates to a radar system. The
radar system includes a transmission antenna; at least two
reception antennas; a transmitting unit that transmits a fre-
quency-modulated transmitting signal as a transmitted wave
transmitted via the transmission antenna; a receiving unit that
receives reflected waves that the transmitted wave is reflected
by targets including a stationary target and a moving target
and that are received via the at least two reception antennas as
receiving signals of the respective reception antennas; a
direction calculating unit that calculates a phase difference
between beat signals at respective peak frequencies to calcu-
late directions of the targets on the basis of the calculated
phase difference, wherein the beat signals are generated from
the transmitting signal and the receiving signals ofthe respec-
tive reception antennas; a storage unit that stores the phase
difference, calculated by the direction calculating unit, in a
storage area; a prediction unit that predicts whether peak
frequencies of the plurality of targets overlap each other on
the basis of predicted information, which includes direction
information about the directions of the targets, calculated by
the direction calculating unit, and which predicts a variation
in the peak frequency of each of the beat signals; and a
predicted phase difference calculating unit that calculates a
predicted phase difference of the stationary target at the time
when the peak frequencies overlap each other on the basis of
the phase difference stored in the storage area, and that cal-
culates a predicted phase difference of the moving target on
the basis of the phase difference calculated by the direction
calculating unit and the predicted phase difference of the
stationary target, wherein, when the direction calculating unit
predicts that the peak frequencies overlap each other, the
direction calculating unit calculates the direction of the mov-
ing target on the basis of the predicted phase difference of the
moving target, calculated by the predicted phase difference
calculating unit.

One of the features of the radar system according to the
aspect of the invention is to store the phase difference, calcu-
lated by the direction calculating unit, particularly, the phase
difference of the stationary target, in the storage area. Not the
direction or the relative velocity calculated on the basis of the
phase difference but the phase difference of the stationary
target itself is stored. By so doing, it is possible to calculate a
predicted value of the phase difference (predicted phase dif-
ference) of the stationary target on the basis of the stored
phase difference of the stationary target. When the prediction
unit predicts that the peak frequencies of the plurality of
targets overlap each other, the directions of the targets are
calculated on the basis of the calculated predicted phase dif-
ference of the stationary target. By so doing, even if the peak
frequencies of the plurality of targets overlap each other, it is
possible to accurately calculate the directions of the targets.
As aresult, it is possible to avoid a malfunction of a pre-crash
safety system (PCS) or non-detection of the targets. Predic-
tion as to whether the peak frequencies overlap each other is
performed on the basis of predicted information. The pre-
dicted information at least includes direction information
about the directions of the targets, calculated by the direction
calculating unit. The predicted information, for example,
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4

includes relative velocity information about relative veloci-
ties between the radar system and the targets, information
about the interval of the reception antennas, and the like, in
addition to the direction information. When the predicted
information is stored in advance, it is possible to predict
whether the peak frequencies of the plurality of targets over-
lap each other.

When the radar system according to the aspect of the inven-
tion is, for example, equipped for a vehicle, the radar system
is able to calculate the direction of a mobile unit (moving
target), such as another travelling vehicle, or a stationary
object (stationary target), such as a sign and a guard rail. The
targets according to the aspect of the invention include the
moving target and the stationary target. The phase differences
stored in the storage area may include both the phase differ-
ence of the moving target and the phase difference of the
stationary target. However, according to the aspect of the
invention, because the direction of the moving target is finally
calculated on the basis of information about the stationary
target, stored in the storage area, at least the phase difference
of the stationary target is stored in the storage area.

In the above configuration, the predicted phase difference
calculating unit may calculate the phase difference of the
stationary target at the time when the peak frequencies over-
lap each other as the predicted phase diftference of the station-
ary target on the basis of the phase difference stored in the
storage area, and may calculate the phase difference of the
moving target as the predicted phase difference of the moving
target from a difference between the phase difference calcu-
lated by the direction calculating unit and the predicted phase
difference of the stationary target.

Note that the predicted phase difterence of the stationary
target and the predicted phase difference of the moving target,
calculated on the basis of the predicted phase difference of the
stationary target, are used when it is predicted that the peak
frequencies overlap each other. A mode in which the peak
frequencies overlap each other includes the case where the
peak values of reflection levels (hereinafter, simply referred
to as peak values) at the peak frequencies of the different
targets completely coincide with each other, the case where
the peak value at one of the peak frequencies is higher than the
peak value at the other one of the peak frequencies, and the
case where the peak value at one of the peak frequencies is
lower than the peak value at the other one of the peak fre-
quencies. For example, when the peak value at the peak
frequency relevant to the moving target is higher than the
peak value at the peak frequency relevant to the stationary
target, the peak frequency relevant to the moving target may
be extracted. The peak frequency relevant to the moving
target may be extracted; however, the phase difference calcu-
lated from the extracted peak frequency includes the phase
difference ofthe moving target and the phase difference of the
stationary target. That is, the phase difference calculated from
the extracted peak frequency is just a combined phase differ-
ence of the phase difference of the moving target and the
phase difference of the stationary target. Thus, the radar sys-
tem according to the aspect of the invention may be desirably
used not only when the peak frequencies completely coincide
with each other but also when the peak value at one of the
peak frequencies is higher than or lower than the peak value at
the other one of the peak frequencies. Thus, it is possible to
further accurately calculate the direction of the moving target.

In the above configuration, the radar system may further
include a determining unit that determines whether a difter-
ence between the predicted phase difference of the stationary
target, calculated by the predicted phase difference calculat-
ing unit, and the phase difference calculated by the direction
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calculating unit falls within a predetermined range, wherein,
when the determining unit determines that the difference
between the predicted phase difference of the stationary tar-
get and the phase difference calculated by the direction cal-
culating unit does not fall within the predetermined range, the
predicted phase difference calculating unit may calculate the
predicted phase difference of the moving target on the basis of
the phase difference calculated by the direction calculating
unit and the predicted phase difference of the stationary tar-
get.

When there is a difference that falls outside the predeter-
mined range, the phase difference calculated by the direction
calculating unit includes the phase difference of the moving
target and the phase difference of the stationary target, so the
predicted phase difference calculating unit calculates the pre-
dicted phase difference of the moving target in this case. In
other words, when there is no difference or when there is an
extremely slight difference, the phase difference presumably
includes only the phase difference of the stationary target.
Then, in the aspect of the invention, it is determined whether
to calculate the predicted phase difference on the basis of the
difference. Note that the predetermined range may be set on
the basis of the interval of the reception antennas, the accu-
racy of a calculated direction, the range of detection of a
reflected wave, and the like. Note that, in the aspect of the
invention, because the prediction unit predicts whether the
peak frequencies of the plurality of targets overlap each other,
the determining unit has a function of determining whether to
execute processing by the predicted phase difference calcu-
lating unit and checking the result predicted by the prediction
unit.

A second aspect of the invention relates to a target direction
calculation method. The direction calculation method
includes: transmitting a frequency-modulated transmitting
signal as a transmitted wave transmitted via a transmission
antenna; receiving reflected waves that the transmitted wave
is reflected by targets including a stationary target and a
moving target and that are received via at least two reception
antennas as receiving signals of the respective reception
antennas; calculating a phase difference between beat signals
at respective peak frequencies to calculate directions of the
targets on the basis of the calculated phase difference,
wherein the beat signals are generated from the transmitting
signal and the receiving signals of the respective reception
antennas; storing the calculated phase difference in a storage
area; predicting whether peak frequencies of the plurality of
targets overlap each other on the basis of predicted informa-
tion, which includes direction information about the calcu-
lated directions and which predicts a variation in the peak
frequency of each of the beat signals; and calculating a pre-
dicted phase difference of the stationary target at the time
when the peak frequencies overlap each other on the basis of
the phase difference stored in the storage area, and calculating
apredicted phase difference of the moving target on the basis
of the calculated phase difference and the predicted phase
difference of the stationary target, wherein, when it is pre-
dicted that the peak frequencies overlap each other; the direc-
tion of the moving target is calculated on the basis of the
calculated predicted phase difference of the moving target.

According to the aspects of the invention, for example,
even an existing radar system is also able to calculate the
direction of the moving target by causing a computer of the
radar system to execute predetermined steps according to the
above direction calculation method. In other words, without
changing the hardware of the radar system, it is possible to
improve the accuracy of calculating the direction of the mov-
ing target.

10

30

40

45

6

Note that the aspects of the invention may be a program that
implements the processes executed by the above described
radar system. Furthermore, the aspects of the invention may
be a computer readable recording medium in which the above
programs are recorded. In this case, the functions may be
provided in such a manner that a computer, or the like, is
caused to load the programs in the recording medium and
execute the programs. Note that the recording medium that is
readable by a computer, or the like, is a recording medium that
stores information, such as data and programs, through elec-
trical, magnetic, optical, mechanical or chemical action and
that allows a computer, or the like, to read the information.

According to the aspects of the invention, it is possible to
provide a radar system and a target direction calculation
method that are able to accurately calculate directions of
targets even when the frequency spectra corresponding to
different targets overlap each other.

BRIEF DESCRIPTION OF DRAWINGS

The features, advantages, and technical and industrial sig-
nificance of this invention will be described below with ref-
erence to the accompanying drawings, in which like numerals
denote like elements, and wherein:

FIG. 1 shows a diagram of the principle of a phase-
monopulse system;

FIG. 2 shows an example of the positional relationship
between targets and a radar system;

FIG. 3A shows an example of frequency spectrum data
acquired by an existing radar system in the situation shown in
FIG. 2;

FIG. 3B shows a graph that expresses the frequency spec-
trum data of FIG. 3A as a complex vector;

FIG. 4 shows the schematic configuration of a radar system
according to a first embodiment;

FIG. 5 shows an example of a storage area in a memory;

FIG. 6A shows an example of frequency spectrum data
acquired by the radar system according to the first embodi-
ment in the situation shown in FIG. 2;

FIG. 6B shows a graph that expresses the frequency spec-
trum data of FIG. 6A as a complex vector;

FIG. 7 shows a flowchart of direction detecting process
executed by the radar system according to the first embodi-
ment;

FIG. 8 shows a diagram of the principle of an FM-CW
system,

FIG. 9 shows a flowchart (1) of direction detecting process
executed by a radar system according to a second embodi-
ment; and

FIG. 10 shows a flowchart (2) of the direction detecting
process executed by the radar system according to the second
embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinafter, a radar system according to an embodiment of
the invention will be described with reference to the accom-
panying drawings. The radar system 2 according to the
present embodiment is equipped for a vehicle 1, and may be
used to detect a target present around the vehicle, such as
another vehicle, a sign and a guard rail. The result of detection
of a target is output to a storage device, an electronic control
unit (ECU), or the like, of the vehicle 1, and may be used in
vehicle control of, for example, a pre-crash safety system
(PCS), or the like. However, the radar system 2 according to
the present embodiment may also be used for an application
other than an in-vehicle radar system.
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In the radar system according to the first embodiment, a
phase-monopulse system is used as an angle measurement
system for detecting the direction of a target and a frequency
modulated continuous wave (FM-CW) system is used as a
distance measurement system for detecting a relative velocity
with respect to a target and a distance to a target. In the
phase-monopulse system, for example, two antennas A1 and
A2 are arranged, and then the direction of an incoming radio
wave is obtained on the basis of a phase difference (AB)
between signals received by the respective antennas Al and
A2 (see FIG. 1). In the FM-CW system, a transmitted wave
modulated with a triangular wave is transmitted, and then a
difference between a reflected wave reflected from a target
and the transmitted wave is obtained to calculate a distance to
the target and a velocity of the target because, the frequency
of the reflected wave includes a component of a time delay
due to a distance and a component of a Doppler shift due to a
velocity difference.

FIG. 4 shows the schematic configuration of the radar
system 2 according to the first embodiment. The radar system
2 according to the first embodiment is mounted at the front of
the vehicle 1. The radar system 2 includes an antenna 3 and a
control unit 4. Although not shown in the drawing, the radar
system 2 according to the first embodiment includes a trans-
mitting circuit, a receiving circuit, an AD converter, a DA
converter, a Fourier transformation circuit, and the like,
which are included in an existing radar system as a hardware
configuration controlled by the control unit 4. In the present
embodiment, the case where the radar system 2 is mounted at
the front of the vehicle 1 will be described as an example;
instead, the radar system 2 may be, for example, mounted at
the side or rear of the vehicle.

The antenna 3 transmits a millimeter waveband transmitted
wave, and receives a reflected wave that the transmitted wave
is reflected by a target. The antenna 3 according to the first
embodiment has three ports 1, 2 and 3 arranged at equal
intervals d. The function of each of ports 1, 2 and 3 (herein-
after, when it is not necessary to separately describe the ports,
these ports are simply referred to as ports as a whole) may be
appropriately switched by the control unit 4. In addition, in
the first embodiment, the antenna 3 has three ports; however,
it is applicable as long as the antenna 3 has at least two ports
that function as a receiving antenna, and the number of ports
is not limited.

The control unit 4 controls the components of the radar
system 2, and may be implemented by a computer that
includes a central processing unit (CPU) 40, a memory 41,
and the like, and a program executed on the computer. The
memory 41 includes a volatile random access memory
(RAM) and a nonvolatile read only memory (ROM). The
ROM includes a rewritable semiconductor memory, such as a
flash memory, an erasable programmable read-only memory
(EPROM) and an electrically erasable programmable read-
only memory (EEPROM). The CPU 40 expands various pro-
grams stored in the ROM for controlling the radar system 2 in
a work area of the RAM, and executes processing in accor-
dance with the various programs on the basis of various data
input to the control unit 4. The control unit 4 includes a
transmitting unit 42, a receiving unit 43, a direction calculat-
ing unit 44, a storage unit 45, a prediction unit 46, a predicted
phase difference calculating unit 47, a determining unit 48
and a distance measuring unit 49. The components of the
control unit 4 may be configured as computer programs
executed on the CPU 40. In addition, the components may be
configured as exclusive processors.

The transmitting unit 42 transmits a frequency-modulated
transmitting signal as a transmitted signal that is transmitted
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via the antenna 3. In the radar system 2 according to the first
embodiment, a phase-monopulse system is used as an angle
measurement system, and an FM-CW system is used as a
distance measurement system. Then, in the first embodiment,
the transmitting unit 42 transmits a transmitted wave, modu-
lated with a triangular wave, from the antenna 3.

The receiving unit 43 receives reflected waves, which the
transmitted wave is reflected by targets, as receiving signals
of'the respective ports of the antenna 3. Note that each port of
the antenna 3 may be appropriately switched between a trans-
mitting function and a receiving function, and this switching
may be performed by the transmitting unit 42 or the receiving
unit 43. In addition, a switching unit may be additionally
provided for switching. Furthermore, a transmit-only or
receive-only port may be provided for the antenna.

The direction calculating unit 44 calculates the phase dif-
ference between beat signals at the respective peak frequen-
cies, generated from the transmitting signal and the receiving
signals corresponding to the respective ports foreach of an up
section (UP) and a down section (DOWN), and then calcu-
lates the directions of the targets on the basis of the calculated
phase difference. The direction calculating unit 44 mixes part
of the received waves received by the antenna 3 with part of
the transmitted wave to acquire the frequencies of the beat
signals. The beat signals are calculated by obtaining differ-
ences between the transmitting signal and the receiving sig-
nals. In addition, when the prediction unit 46 predicts that the
peak frequencies overlap each other, the direction calculating
unit 44 calculates the directions of the targets on the basis of
the predicted phase difference of the moving target, calcu-
lated by the predicted phase difference calculating unit 47.

The storage unit 45 stores the phase difference, calculated
by the direction calculating unit 44, in a predetermined, area
in the RAM of the memory 41. FIG. 5 shows an example of
the storage area in the memory. FIG. 5 shows an example in
which a plurality of phase differences (AB) are stored target
by target for each of an up section (UP) and a down section
(DOWN).

The prediction unit 46 predicts whether the peak frequen-
cies of the plurality of targets overlap each other on the basis
of predicted information, including direction information
about the directions calculated by the direction calculating
unit 44, relative velocity information, and information about
the receiving antenna. The relative velocity information is
information about relative velocities between the radar sys-
tem 2 and the targets, and is calculated by the distance mea-
suring unit49. The information about the receiving antenna is
information about the interval of the ports of the antenna 3
(interval d in the present embodiment).

The predicted phase difference calculating unit 47 calcu-
lates the phase difference of a stationary target on the basis of
the phase differences stored in the storage area in the RAM of
the memory 41 when the peak frequencies overlap each other,
and obtains a difference between the phase difference calcu-
lated by the direction calculating unit 44 and the predicted
phase difference of the stationary target to thereby calculate
the predicted phase difference of the moving target. The pre-
dicted phase difference of the moving target is calculated for
both the up section and the down section, and any one of the
phase differences is appropriately selected.

The determining unit 48 determines whether a difference
between the predicted phase difference of the stationary tar-
get, calculated by the predicted phase difference calculating
unit 47, and the phase difference calculated by the direction
calculating unit 44 falls within a predetermined range.
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The distance measuring unit 49 calculates relative veloci-
ties with respect to the targets and distances to the targets by
means of FM-CW system. A calculation method will be spe-
cifically described later.

Next, the process executed in the radar system 2 according
to the first embodiment will be described. The order of the
process described below is just one example, and the order of
the process may be appropriately changed depending on an
embodiment. In the following description, the case where the
direction of a moving target is detected in the situation shown
in FIG. 2 will be described as an example. FIG. 2 shows a
situation that an oncoming vehicle (moving target) is travel-
ling ahead of the vehicle 1 equipped with the radar system 2
and guard rails (stationary target) each having a plurality of
posts are installed on a side over the oncoming vehicle. As is
described above, in the situation shown in FIG. 2, when the
peak frequency of the moving target overlaps with the peak
frequency of the stationary target, the phases are combined
with each other and cannot be separated from each other in the
radar system (see FIG. 3A and FIG. 3B).

FIG. 3A and FIG. 3B are graphs that show an example in
which the peak frequency of the moving target overlaps with
the peak frequency of the stationary target and the peak values
of reflection levels (hereinafter, simply referred to as peak
values) coincide with each other. A mode in which the peak
frequencies overlap each other not only includes the case
where the peak values at the peak frequencies of different
targets completely coincide with each other but also includes
the case where the peak value at one of the peak frequencies
is higher than the peak value at the other one of the peak
frequencies or the case where the peak value at one of the peak
frequencies is lower than the peak value at the other one of the
peak frequencies. For example, when the peak value at the
peak frequency of the moving target is higher than the peak
value at the peak frequency of the stationary target, the peak
frequency of the moving target may be extracted. However,
the phase difference calculated from the extracted peak fre-
quency includes both the phase difference of the moving
target and the phase diftference of the stationary target. That is,
the extracted peak frequency is just a combined phase differ-
ence of the phase difference of the moving target and the
phase difference of the stationary target.

Here, FIG. 6A is a graph that shows an example of fre-
quency spectrum data acquired by the radar system according
to the first embodiment in the situation shown in FIG. 2, and
FIG. 68 is a graph in which the frequency spectrum data of
FIG. 6A are expressed as a complex vector. In FIG. 6A, the
abscissa axis represents a frequency, and the ordinate axis
represents a reflection level. The solid line in FIG. 6 A indi-
cates reflection levels from the stationary target, that is, the
guard rails. The four peaks in FIG. 6A correspond to reflected
waves from the posts of the guard rails. The dotted line in FIG.
6A indicates a reflection level from the oncoming vehicle that
is the moving target. In the example of FIG. 6A, the peak
frequency of the moving target overlaps with the peak fre-
quency of the stationary target, and the peak value of the
moving target is slightly higher than the peak value of the
stationary target. In the example shown in FIG. 6A and FIG.
6B, the peak value of the moving target is higher than the peak
value of the stationary target, so it is possible to extract the
peak frequency of the moving target. However, the complex
vector of the moving target, corresponding to the phase dif-
ference calculated from the extracted peak frequency, is just a
resultant vector of the complex vector of the moving target
and the complex vector of the stationary target. That is, if the
resultant vector shown in FIG. 6B is determined as the com-
plex vector of the moving target, a calculated direction has an
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error. Then, in the first embodiment, occurrence of the error is
suppressed by executing the process described later. Note that
FIG. 6B shows a complex plane, the X-axis is a real axis, and
the Y-axis is an imaginary axis. FIG. 6B shows an actually
acquired resultant vector and also shows a complex vector
corresponding to the stationary target and a complex vector
corresponding to the moving target. In addition, FIG. 6B also
shows previous complex vectors.

In the following description, the case where the peak value
at the peak frequency of the moving target is higher than the
peak value at the peak frequency of the stationary target as
described above will be described as an example. However,
with the radar system 2 according to the first embodiment, it
is also possible to accurately calculate the direction of the
moving target when the peak values completely coincide with
each other or when the peak frequency of the moving target is
lower than the peak frequency of the stationary target.

Here, FIG. 7 shows a flowchart of direction detecting pro-
cess executed by the radar system according to the first
embodiment. The process described below is executed by the
controlunit 4. First, in step S01, the receiving unit 43 receives
reflected waves, which a transmitted wave transmitted by the
transmitting unit 42 via the antenna 3 is reflected by targets, as
receiving signals of the respective ports of the antenna 3. As
the receiving signals are received, the process proceeds to
step S02.

In step S02, the direction calculating unit 44 calculates the
phase difference between the beat signals at the respective
peak frequencies, and the calculated phase difference is
stored in the memory 41. The phase difference calculated in
step S02 is a phase difference based on actual measurement,
and differs from a predicted phase difference described later.
In addition, a phase difference in the case where the frequency
spectrum of the moving target overlaps with the frequency
spectrum of the stationary target is a combined phase differ-
ence of the phase difference calculated from the frequency
spectrum of the moving target and the phase difference cal-
culated from the frequency spectrum of the stationary target.

A phase difference is calculated on the basis of a phase-
monopulse system. Specifically, the direction calculating unit
44 mixes parts of the received waves received by the antenna
3 with part of the transmitted wave to acquire the frequencies
of the beat signals. In the first embodiment, the beat signals
are subjected to Fourier transformation to obtain frequency
spectrum data, and then the peak values of the frequency
spectra are detected from the frequency spectrum data.
Because the frequency spectrum data may be expressed as
complex vectors on a complex plane, the phase of each beat
signal may be, for example, calculated from an angle made
between the complex vector and the real axis on the complex
plane. Then, the difference in phase between the beat signals
is obtained to calculate the phase difference, and then the
directions of the targets are calculated on the basis of the
calculated phase difference. Note that the phase difference
between the beat signals is calculated for both the up section
and down section of a triangular wave. The calculated phase
differences are stored in the predetermined storage area in the
memory 41 by the storage unit 45. Note that, in FIG. 5, the
phase difference is stored target by target, that is, both the
phase difference of the moving target and the phase differ-
ences of the stationary targets, are stored; however, in the first
embodiment, itis applicable that only the phase differences of
the stationary targets are stored. As the phase differences are
stored, the process proceeds to step S03.

In step S03, the direction calculating unit 44 calculates the
directions of the targets on the basis of the calculated phase
differences of the targets. In addition, the distance measuring
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unit 49 calculates relative velocities with respect to the targets
and distances to the targets. The relative velocities and the
distances are calculated on the basis of an FM-CW system.

Here, FIG. 8 shows a diagram of the principle of the FM-
CW system. Where the frequency of the triangular wave in the
up section is fu and the frequency of the triangular wave in the
down section is fd, the relationship among fu, fd, a distance
frequency fr and a velocity frequency fv is expressed as the
mathematical expression (2).

Su=fr-fufd=fr+fv (velocity in the approaching direc-
tion is expressed in a positive direction)

@

Here, where the modulated frequency of the transmitted
wave is FM, the modulated width having {;, as a center fre-
quency is Af; the speed of light is c, the distance is R and the
relative velocity is V, the mathematical expression (3) is
obtained. As a result, the distances to the targets and the
relative velocities with respect to the targets may be obtained
from the detected fu and fd.

JSr=((AxAFM)/c)xRA=(2xfo/c)x V' 3)

As the directions of the targets, the relative velocities with
respect to the targets, and the like, are calculated, the process
proceeds to step S04.

In step S04, the prediction unit 46 predicts whether the
peak frequency of the stationary target overlaps with the peak
frequency of the moving target. Specifically, the prediction
unit 46 predicts whether the peak frequency of the stationary
target overlaps with the peak frequency of the moving target
on the basis of predicted information that includes direction
information about the directions calculated by the direction
calculating unit 44, relative velocity information about the
relative velocities calculated by the distance measuring unit
49 and information about the port interval of the receiving
antenna. In other words, variations in the frequency spectra
are predicted from the directions of the targets, the relative
velocities with respect to the targets and displacements in
distances to the targets, and variations in the frequency spec-
tra, calculated respectively for the moving target and the
stationary target, are compared with each other to thereby
make it possible to determine whether the peak frequencies
overlap each other. When it is determined that the peak fre-
quencies do not overlap each other, the process proceeds to
step S05, and the directions calculated in step SO03 are
employed. That s, the directions calculated on the basis of the
actually measured phase differences are employed. The
employed directions are, for example, output to the ECU, and
are used in vehicle control of a PCS, or the like. On the other
hand, it is determined that the peak frequencies overlap each
other, the process proceeds to step S21.

In step S21, the predicted phase difference calculating unit
47, for example, accesses the storage area in the memory 41
shown in FIG. 5, and calculates the predicted phase difference
of the stationary target when the peak frequencies overlap
each other on the basis of the stored phase difference of the
stationary target. For example, the predicted phase difference
calculating unit 47 maps the history of the phase difference of
the stationary target, and calculates the predicted phase dif-
ference of the stationary target when the peak frequencies
overlap each other from the history of the phase difference of
the stationary target. As the predicted phase difference of the
stationary target is calculated, the process proceeds to step
S22.

In step S22, the determining unit 48 determines whether
the difference between the predicted phase difference of the
stationary target, calculated by the predicted phase difference
calculating unit 47, and the phase difference (actually mea-
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sured phase difference) calculated by the direction calculat-
ing unit 44 falls within a predetermined range. When the
difference between the predicted phase difference of the sta-
tionary target and the actually measured phase difterence falls
within the predetermined range, the process proceeds to step
S05. In this case, it is regarded that the phase difference of the
moving target is not included, that is, only the phase differ-
ence of the stationary target is present, and the directions
calculated in step S03 are employed. On the other hand, when
the difference between the predicted phase difference of the
stationary target and the actually measured phase difference
does not fall within the predetermined range, the process
proceeds to step S23.

In step S23, the predicted phase difference calculating unit
47 calculates the predicted phase difference of the moving
target from the difference between the actually measured
phase difference previously calculated by the direction cal-
culating unit 44 and the predicted phase difference of the
stationary target. As is described above, because the fre-
quency spectrum data may be expressed as complex vectors
on, a complex plane, the phase of the beat signal may be
calculated from an angle made between the complex vector
and the real axis on the complex plane. Then, the actually
measured phase difference and the predicted phase difference
of the stationary target each are expressed as a complex vec-
tor, so the complex vector of the predicted phase difference of
the stationary target is subtracted from the complex vector of
the actually measured phase difference to thereby make it
possible to calculate the predicted phase difference of the
moving target (see FIG. 6B). As the predicted phase differ-
ence of the moving target based on the difference is calcu-
lated, the process proceeds to step S24.

In step S24, the direction calculating unit 44 calculates the
direction of the moving target on the basis of the predicted
phase difference of the moving target based on the difference.

With the radar system 2 according to the above described
first embodiment, even when the frequency spectra corre-
sponding to different targets overlap each other, it is possible
to accurately calculate the direction of each target, particu-
larly, the direction of the moving target. In the first embodi-
ment, the peak value at the peak frequency of the moving
target is higher than the peak value at the peak frequency of
the stationary target, so the peak frequency of the moving
target may be acquired; however, the peak value at the peak
frequency of the moving target, acquired in this case, includes
the peak value at the peak frequency of the stationary target,
so the calculated direction has an error. In the radar system 2
according to the first embodiment, not the direction or the
relative velocity calculated on the basis of the phase differ-
ence but the phase difference itselfis stored in the memory 41.
By so doing, the predicted phase difference may be calculated
on the basis of the stored phase diftference of the stationary
target, and, in addition, the predicted phase difference of the
moving target may be calculated from the difference between
the actually measured phase difference and the predicted
phase difference of the stationary target. As a result, when the
prediction unit 46 predicts that the peak frequencies, of the
plurality of targets overlap each other, the directions of the
targets may be calculated on the basis of the predicted phase
difference of the moving target, calculated by the predicted
phase difference calculating unit 47. Thus, even if the peak
frequencies of a plurality of targets overlap each other, the
directions of the respective targets may be accurately calcu-
lated. As a result, it is possible to avoid a malfunction of a
pre-crash safety system (PCS) or non-detection of the targets.

In addition, in the radar system 2 according to the first
embodiment, the determining unit 48 determines whether the
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difference between the predicted phase difference of the sta-
tionary target, calculated by the predicted phase difference
calculating unit 47, and the actually measured phase difter-
ence calculated by the direction calculating unit 44 falls
within the predetermined range, so it is possible to determine
whether to calculate the predicted phase difference on the
basis of the difference. In addition, because the prediction
unit predicts whether the peak frequencies of the plurality of
targets overlap each other, the determining unit 48 has a
function of determining whether to execute processing by the
predicted phase difference calculating unit 47 and checking
the result predicted by the prediction unit 46. Furthermore,
the radar system 2 according to the first embodiment incor-
porates the configuration of the control unit 4 or the configu-
ration of part of the control unit 4 into the existing radar
system 2 to thereby make it possible to calculate the direction
of'atarget onthe basis of the above described process. Inother
words, in the radar system according to the first embodiment,
it is possible to improve, the accuracy of calculating the
direction of a target without changing the hardware of the
radar system.

The radar system 2 according to the second embodiment
further includes a function of calculating the phase difference
of'the moving target at the time when the peak frequencies of
the frequency spectra overlap each other as a predicted phase
difference on the basis ofthe history of the phase difference of
the moving target, stored in the storage area, and then calcu-
lating the directions of the targets using the calculated pre-
dicted phase difference of the moving target, and a function of
smoothing the calculated phase difference through averaging.

The configuration of the radar system according to the
second embodiment is basically the same as that of the radar
system according to the first embodiment. However, part of
the configuration of the control unit 4 further has the function
described below.

The predicted phase difference calculating unit 47 calcu-
lates the phase difference of the moving target at the time
when the peak frequencies overlap each other as a predicted
phase difference on the basis of the phase differences of the
moving target, stored in the storage area in the RAM of the
memory 41. Specifically, any one of the phase difference in
the up section and the phase difference in the down section is
appropriately selected, and the predicted phase difference of
the moving target at the time when the peak frequencies
overlap each other is calculated on the basis of the selected
phase difference of the moving target. For example, the pre-
dicted phase difference calculating unit 47 calculates the
averaged phase difference that is obtained by averaging the
phase differences of the moving target, stored in the storage
area of the memory 41, and corrects the phase difference
calculated by the direction calculating unit 44 on the basis of
the averaged phase difference to thereby calculate the pre-
dicted phase difference.

When the prediction unit 46 predicts that the peak frequen-
cies overlap each other, the determining unit 48 determines
whether the difference between the predicted phase differ-
ence calculated by the predicted phase difference calculating
unit 47 and the phase difference calculated by the direction
calculating unit 44 falls within a predetermined range. The
predetermined range may be set on the basis of the interval of
the ports of the antenna 3, the accuracy of a calculated direc-
tion, the range of detection of a reflected wave, and the like.

When the prediction unit 46 predicts that the peak frequen-
cies overlap each other, the direction calculating unit 44 cal-
culates the directions of the targets on the basis of the pre-
dicted phase difference of the moving target, calculated by the
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predicted phase difference calculating unit 47 in addition to
the predicted phase difference of the stationary target.

FIG. 9 shows a flowchart (1) of direction detecting process
executed by the radar system according to the second embodi-
ment. FIG. 10 shows a flowchart (2) of the direction detecting
process executed by the radar system according to the second
embodiment. The order of the process described in F1G. 9 and
FIG. 10 is just one example, and the order of the process may
be appropriately changed depending on an embodiment.

The process in step S01 to step S05 is the same as that of the
first embodiment, so the description thereof is omitted. As it
is determined in step S04 that the peak frequencies overlap
each other, the process proceeds to step S11. In step S11, the
predicted phase difference calculating unit 47, for example,
accesses the storage area in the memory 41 shown in FIG. 5,
and calculates the phase difference of the moving target at the
time when the peak frequencies overlap each other as the
predicted phase difference of the moving target on the basis of
the stored phase differences of the moving target. For
example, the predicted phase difference calculating unit 47
maps the history of the phase difference of the moving target,
and calculates the predicted phase difference at the time when
the peak frequencies overlap each other on the basis of the
history of the phase difference of the moving target. As the
predicted phase difference of the moving target is calculated,
the process proceeds to step S12.

In step S12, the determining unit 48 determines whether
the difference between the predicted phase difference of the
moving target, calculated by the predicted phase difference
calculating unit 47, and the phase difference (actually mea-
sured phase difference) calculated by the direction calculat-
ing unit 44 falls within a predetermined range. The predeter-
mined range may be set on the basis of the interval d of the
ports of the antenna 3, the accuracy of a calculated direction,
the range of detection of a reflected wave, and the like. As the
difference between the predicted phase difference of the mov-
ing target and the actually measured phase difference falls
within the predetermined range, the process proceeds to step
S13. On the other hand, when the difference between the
predicted phase difference of the moving target and the actu-
ally measured phase difference does not fall within the pre-
determined range, the process proceeds to step S21 (see FIG.
10).

In step S13, the predicted phase difference calculating unit
47 corrects the predicted phase difference of the moving
target, calculated in step S11. For example, the predicted
phase difference calculating unit 47 calculates the averaged
phase difference that is obtained by averaging the phase dif-
ferences of the moving target, stored in the storage area of the
memory 41, and corrects the phase difference of the moving
target, calculated by the direction calculating unit 44 on the
basis of the averaged phase difference, to thereby calculate
the predicted phase difference of the moving target. The aver-
aged phase difference may, be obtained by averaging the
phase differences of the moving target, stored in the storage
area, that is, obtained as the moving average of the phase
difference of the moving target. The phase differences of the
moving target as time-series data are smoothed and then the
phase difference calculated by the direction calculating unit is
corrected on the basis of the smoothed averaged phase differ-
ence to thereby calculate the predicted phase difference. By
so doing, variations in the phase difference of the moving
target may be suppressed, and, as aresult, the directions of the
targets may be further accurately calculated. Note that the
moving average may be calculated in such a manner that n
phase differences of the moving target, stored in the storage
area, are simply averaged to obtain a simple moving average.
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In addition, the moving average may be, for example, calcu-
lated in such a manner that a weight is assigned to the latest
phase difference of the moving target and then the phase
differences are averaged as a weighted moving average. Note
that a weight may be varied in accordance with a relative
velocity between the radar system and the moving target; and,
for example, it is applicable that a predetermined relative
velocity having less variations in data is predetermined and
then a weight is assigned to the phase difference that falls
within a predetermined velocity range. As the predicted phase
difference is corrected, the process proceeds to step S14.

In step S14, the direction calculating unit 44 calculates the
directions of the targets again on the basis of the predicted
phase difference of the moving target, corrected in step S08.

On the other hand, in step S12, when the difference
between the predicted phase difference of the moving target
and the actually measured phase difference does not fall
within the predetermined range, the process proceeds to step
S21, and then the process from step S21 to step S25 is
executed. The process in step S21 to step S24 is the same as
that of the first embodiment, so the description thereof is
omitted. In the first embodiment, when the difference
between the predicted phase difference of the stationary tar-
get and the actually measured phase difference falls within
the predetermined range in step S22, the process of step S05
is executed; however, in the second embodiment, the process
proceeds to step S25 in this case.

In step S25, the direction calculating unit 44 calculates the
directions of the targets on the basis of the predicted phase
difference of the moving target, calculated in step S06.

With the radar system 2 according to the above described
second embodiment, the phase difference of the moving tar-
get itself is stored in the memory 41 to thereby make it
possible to calculate the predicted phase difference of the
moving target on the basis of the stored phase differences of
the moving target. By so doing, when the prediction unit 46
predicts that the peak frequencies of the plurality of targets
overlap each other, the directions of the targets may be cal-
culated on the basis of the predicted phase difference calcu-
lated by the predicted phase difference calculating unit 47. In
addition, in the radar system 2 according to the second
embodiment, the predicted phase difference calculating unit
47 has a function of calculating the averaged phase difference
to correct the phase difference of the moving target, so it is
possible to further improve the accuracy of detecting the
directions of the targets.

In addition, with the radar system according to the second
embodiment, as in the case of the radar system according to
the first embodiment, the phase difference of the moving
target may be calculated by subtracting the predicted phase
difference of the stationary target from the actually measured
phase difference, so it is possible to further improve the
accuracy of the directions. Note that, in the second embodi-
ment, the direction of the moving target based on the pre-
dicted phase difference of the moving target and the direction
of'the moving target based on the predicted phase difference
of'the stationary target are detected. Thus, it is also applicable
that a comparison control unit that controls comparison
between both directions is additionally provided, and, when
the difference between both directions does not fall within a
predetermined range, the process of detecting the directions
again is executed; whereas, when the difference between both
directions falls within the predetermined range, the average
of both directions is employed.

The embodiments of the invention are described above;
however, the radar system according to the aspect of the
invention is not limited to the above configurations. The
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aspect of the invention may include a combination of these
embodiments as much as possible. Note that, in the descrip-
tion of the embodiments, a phase-monopulse system is used
as an angle measurement system that detects the direction of
a target, and an FM-CW system is used as a distance mea-
surement system that detects a relative velocity with respect
to the target and a distance to the target. However, the tech-
nique relevant to the radar system according to the aspect of
the invention may be applied to another angle measurement
system or another distance measurement system as long as it
is a technique for calculating a direction, or the like, on the
basis of a phase difference.

The invention claimed is:

1. A radar system comprising:

a transmission antenna;

at least two reception antennas;

a transmitting unit that transmits a frequency-modulated
transmitting signal as a transmitted wave transmitted via
the transmission antenna;

a receiving unit that receives reflected waves that are the
transmitted waves reflected by targets including a sta-
tionary target and a moving target and that are received
via the at least two reception antennas as receiving sig-
nals of the respective reception antennas;

a direction calculating unit that calculates a phase differ-
ence between beat signals at respective peak frequencies
to calculate directions of the targets on the basis of the
calculated phase difference, wherein the beat signals are
generated from the transmitting signal and the receiving
signals of the respective reception antennas;

a storage unit that stores the phase difference, calculated by
the direction calculating unit, in a storage area;

a prediction unit that predicts whether peak frequencies of
the plurality of targets overlap each other on the basis of
predicted information, which includes direction infor-
mation about the directions of the targets, calculated by
the direction calculating unit, and which predicts a varia-
tion in the peak frequency of each of the beat signals; and

apredicted phase difference calculating unit that calculates
a predicted phase difference of the stationary target at
the time when the peak frequencies overlap each other
on the basis of the phase difference stored in the storage
area, and that calculates a predicted phase difference of
the moving target on the basis of the phase difference
calculated by the direction calculating unit and the pre-
dicted phase difference of the stationary target, wherein

when the prediction unit predicts that the peak frequencies
overlap each other, the direction calculating unit calcu-
lates the direction ofthe moving target on the basis of the
predicted phase difference of the moving target, calcu-
lated by the predicted phase difference calculating unit.

2. The radar system according to claim 1, wherein the

predicted phase difference calculating unit calculates the
phase difference of the stationary target at the time when the
peak frequencies overlap each other as the predicted phase
difference of the stationary target on the basis of the phase
difference stored in the storage area, and calculates the phase
difference of the moving target as the predicted phase difter-
ence of the moving target from a difference between the phase
difference calculated by the direction calculating unit and the
predicted phase difference of the stationary target.

3. The radar system according to claim 1, further compris-

ing:

a determining unit that determines whether a difference
between the predicted phase difference of the stationary
target, calculated by the predicted phase difference cal-
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