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(57) ABSTRACT

The radar apparatus includes a target candidate detecting
means for detecting a peak frequency at which the intensity of
the power spectrum of a beat signal peaks as a target candi-
date, a road shape recognizing means to sequentially connect,
along a predetermined direction, the target candidates
detected to be stationary and present within a reference dis-
tance from one of the target candidates set as a reference
target candidate for one or more measurement cycles and
recognize an area formed by the sequentially connected target
candidates as an edge of the road, a cruise environment esti-
mating means to determine whether the cruise environment is
aclosed space or an open space based on the power spectrum,
and a reference distance correcting means to shorten the
reference distance when the cruise environment is determined
to be a closed space.
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the power integral value continues to be smaller than the
reference threshold value over the predetermined time.

Next, the road shape recognizing process performed in step
S190 of the main process is explained with reference to the
flowchart of FIG. 5.

This process begins in step S510 where, of the pairs of the
peak frequencies registered during the previous measurement
cycle and the present measurement cycle, the pair (or pairs)
representing a stationary object (referred to as “the stationary
object pair” hereinafter) is set in a target layout map. The
target layout map is a planar map having first and second axes
perpendicular to each other, the first axis corresponding to the
direction of travel of the own vehicle. Each target candidate is
mapped in the target layout map in accordance with the direc-
tion and the distance of the target candidate with respect to the
own vehicle.

Insubsequent step S520, of the stationary object pairs set in
the target layout map, the one (or ones) present on the road
surface are removed based on the road shape recognized by
the previous execution of the main process (that is, recog-
nized by the road shape recognizing process performed in the
previous measurement cycle).

Insubsequent step S530, it is determined whether or not the
cruise environment determined by the cruise environment
determining process is an open space. If the determination
result in step S530 is negative, the process proceeds to step
S540 where a connection reference distance is set to a prede-
termined open-space distance. If the determination result in
step S530 is affirmative, the process proceeds to step S550
where the connection reference distance is set to a predeter-
mined closed-space distance shorter than the open-space dis-
tance.

More specifically, in step S530, the cruise environment is
determined to be a closed space if the closed-space flag is set,
and determined to be an open space if the closed-space flag is
not set.

Subsequently, in step S560, a stationary object group R is
prepared by sequentially connecting the stationary object
pairs present on the right side of the own vehicle, while setting
one of these stationary object pairs closest to the own vehicle
as a reference point (referred to as “the reference stationary
object pair” hereinafter). More specifically, in this step S560,
of the stationary object pairs present within the connection
reference distance from the reference stationary object pair,
the one that is the first to appear in the counter clockwise
direction with respect to the direction of travel of the own
vehicle is connected to the reference stationary object pair.
Subsequently, this connected stationary object pair is newly
set as the reference stationary object pair, and of the stationary
pairs present within the connection reference distance from
the reference stationary object pair newly set, the one that is
the first to appear in the counter clockwise direction with
respect to the direction of travel of the own vehicle is con-
nected to the newly set reference stationary object pair. This
process is repeated to prepare the stationary object group R.

Subsequently, in step S570, the stationary object pairs
present on the left side of the own vehicle are connected in
sequence, while setting one of these stationary object pairs
closest to the own vehicle as a reference point, to prepare a
stationary object group L. The process to prepare the station-
ary object group R and the process to prepare the stationary
object group L are the same except for the direction to search
the stationary object pairs, and therefore detailed explanation
of the process to prepare the stationary object group L is
omitted.

Thereafter, the stationary object group R prepared in step
S560 and the stationary object group L prepared in step S570
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8

are determined to represent the right and left edges of the road
onwhich the own vehicle is running in step S580. Hereinafter,
the right and left edges are collectively referred to as the road
edge.

Subsequently, the area formed by the stationary object
groups L. and R, that is the area surrounded by the line to
sequentially connect the stationary object pairs of the station-
ary object groups L and R is set in a road-edge table in step
S590. Subsequently, of the stationary object pairs set in the
object layout map, the pair (or the pairs) not representing the
road edge (“abnormal pair” in FIG. 5) is removed.

Thereafter, a return to step S200 of the main process is
made. As explained above, the road shape recognizing pro-
cess operates to connect the stationary object pairs present
within the connection reference distance from the reference
stationary object pair sequentially from the one which is the
first to appear in the specific direction with respect to the
direction of travel of the own vehicle. The area formed by the
grouped stationary object groups is recognized as the road
edge (that is, as a road shape). In this embodiment, the con-
nection reference distance used in connecting the stationary
object pairs is set to the open-space distance when the cruise
environment is an open space, and set to the closed-space
distance shorter than the open-space distance when the cruise
environment is a closed space.

Next, the history tracking process performed in step S200
of the main process is explained with reference to the flow-
chart of FIG. 6.

This process begins by determining whether or not the
cruise environment is a closed space in step S710.

If the determination result in step S710 is negative, the
process proceeds to step S720 to set a tracking reference
distance DR and a segment distance DRS to a predetermined
open distance. If the determination result in step S710 is
affirmative, the process proceeds to step S730 to set the track-
ing reference distance DR and the segment distance DRSto a
predetermined close distance shorter than the open distance.
Each of the open distance and the close distance may be set
differently for the tracking reference distance DR and the
segment distance DRS.

In subsequent step S740, combinations each including one
of'the pairs of the peak frequencies registered in the previous
measurement cycle (referred to as “the previous cycle pairs”
hereinafter) and one of the pairs of the peak frequencies
registered in the present measurement cycle (referred to as
“the present cycles pairs” hereinafter) are set. Subsequently,
one of the combinations of the pairs of the peak frequencies
(referred to as “the combined pairs™ hereinafter) is selected in
step S750.

Subsequently, in step S760, the position and the speed of
the present cycle pair (respectively referred to as “predictive
position” and “predictive speed” hereinafter) of the combined
pair selected in step S750 are estimated based on the target
information regarding the previous cycle pair of this selected
combined pair. The predictive position and the predictive
speed can be estimated by a well-known method, for
example, a method that uses a Kalman filter to predict time-
series behaviors of target candidates (pairs of peak frequen-
cies).

In subsequent step S760, the difference between the posi-
tion calculated from the present cycle pair (that is, the posi-
tion of the target candidate represented by the present cycle
pair) and the predicted position is calculated as a position
difference, and the difference between the speed calculated
from the present cycle pair (that is, the speed of the target
candidate represented by the present cycle pair) and the pre-
dicted speed is calculated as a speed difference.
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RADAR APPARATUS FOR USE IN VEHICLE

This application claims priority to Japanese Patent Appli-
cation No. 2010-199988 filed on Sep. 7, 2010, the entire
contents of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a radar apparatus having a
structure in which a beat signal generated by mixing trans-
mission and reception signals of a radar wave is processed to
detect a target reflecting the radar wave.

2. Description of Related Art

There is known a vehicle-mounted radar apparatus config-
ured to transmit a radar wave having been frequency-modu-
lated in a triangular wave shape along a time axis at a prede-
termined measurement cycle, receive the radar wave reflected
from a target, frequency-analyze a beat signal generated by
mixing the transmission and reception signals of the radar
wave to provide a power spectrum, and detect a peak fre-
quency at which the intensity (power) of the power spectrum
peaks as a target candidate. If the target candidate continues to
be detected for one or more measurement cycles, the target
candidate is recognized as atarget such as a preceding vehicle
or a roadside object when a predetermined condition is met.

When a vehicle equipped with such a radar apparatus is
running in a closed space such as a tunnel, the radar apparatus
receives, in addition to the radar wave reflected by a target, the
radar wave reflected by the target and further by the tunnel
wall or tunnel ceiling, or equipment in the tunnel such as a jet
fan.

In this case, the radar apparatus may detect the peak fre-
quency of the reflected radar wave as a target candidate
although it does not exist, that is, although it is a so-called
ghost.

To deal with this problem, it is proposed to change a detec-
tion threshold when the vehicle runs in a tunnel. For example,
refer to Japanese Patent Application Laid-open No. 2008-
51771. The radar apparatus disclosed in this patent document
is configured to determine that the vehicle is running in a
tunnel ifthe illuminance level outside of the vehicle measured
by an illuminance sensor mounted on the vehicle is below a
predetermined threshold value.

However, since the illuminance level measured by the illu-
minance sensor is always below the threshold value when the
vehicle runs in a dark environment, for example, when the
vehicle runs at night, the radar apparatus may erroneously
determine that the vehicle is running in a tunnel although the
vehicle is running in an open space. In this case, since the
detection threshold is changed wrongly, the accuracy of target
recognition is degraded.

That is, the conventional radar apparatus as described in the
above patent document cannot accurately determine whether
or not the vehicle is running in a closed space, and accord-
ingly cannot accurately recognize a target in a dark environ-
ment.

SUMMARY

An embodiment provides a radar apparatus for use in a
vehicle comprising:

a transmitting/receiving means configured to transmit a
radar wave in accordance with a transmission signal fre-
quency-modulated so as to linearly vary in frequency with
time at every measurement cycle, receive the radar wave
reflected from a target as a reflected wave, output a reception
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2

signal in accordance with the received reflected wave, and
generate a beat signal by mixing the transmission signal with
the reception signal;

a frequency analyzing means configured to calculate power
spectrum indicative of intensity of each frequency component
of'the beat signal each time the transmitting/receiving means
generates the beat signal;

a target candidate detecting means for detecting a peak
frequency at which the intensity of the power spectrum peaks
as a target candidate and calculating a position and a speed of
the target candidate each time the frequency analyzing means
calculates the power spectrum;

a road shape recognizing means configured to sequentially
connect, along a predetermined direction, the target candi-
dates detected to be stationary and present within a first ref-
erence distance from one of the target candidates set as a
reference target candidate by the target candidate detecting
means for one or more measurement cycles in order to pre-
pare a group of the target candidates sequentially connected,
and recognize an area formed by the sequentially connected
target candidates as an edge of a road on which the vehicle
runs;

an object recognizing means configured to determine, for
each of the target candidates detected to be moving by the
target candidate detecting means, that the target candidate is
a moving object if a position of the target candidate detected
in the present measurement cycle continues to be within a
predetermined second reference distance from a predicted
position estimated from a position of the target candidate
detected in the previous measurement cycle for a predeter-
mined number of the measurement cycles;

a cruise environment estimating means configured to esti-
mate that cruise environment representing road environment
of'the vehicle is a closed space where space above the vehicle
is closed if an integral value of intensity of the power spec-
trum calculated by the frequency analyzing means for a pre-
determined frequency range is larger than a predetermined
threshold value, and otherwise is an open space where space
above the vehicle is open; and

a reference distance correcting means configured to
shorten at least one of the first and second reference distances
when the cruise environment is estimated to be a closed space
by the cruise environment estimating means compared to
when the cruise environment is estimated to be an open space
by the cruise environment estimating means.

According to the present invention, there is provided a
radar apparatus for use in a vehicle capable of accurately
determining whether the cruise environment is an open space
or a closed space by itself, to prevent the accuracy of recog-
nition of objects from being deteriorated.

Other advantages and features ofthe invention will become
apparent from the following description including the draw-
ings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 is a block diagram showing the schematic structure
of a cruise-assist control system including a radar apparatus
according to an embodiment of the invention;

FIG. 2 is a flowchart showing a main process performed by
the radar apparatus;

FIG. 3 is a flowchart showing a cruise environment deter-
mining process included in the main process;

FIG. 4 is a diagram explaining a power integral value
calculated in the cruise environment determining process;
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FIG. 5 is a flowchart showing a road shape recognizing
process included in the main prices;

FIG. 6 is a flowchart showing a history tracking process
included in the main process;

FIG. 7 is a flowchart showing an object recognizing pro-
cess included in the main process;

FIGS. 8 to 10 are diagrams explaining ghost correction
carried out in the main process; and

FIG. 11 is a diagram explaining the principle of determin-
ing whether the cruise environment is a closed space or not.

PREFERRED EMBODIMENTS OF THE
INVENTION

FIG. 1 is a block diagram showing the schematic structure
of'a cruise-assist control system 1 including a radar apparatus
used as a radar sensor 30 according to an embodiment of the
invention.

The cruise-assist control system 1 is constituted of the
radar sensor 30 that detects a target present in the vicinity of
the own vehicle (the vehicle on which the cruise-assist control
system 1 is mounted) by transmitting and receiving a radar
wave and generates information regarding a detected target
(referred to as the target information hereinafter, and a cruise-
assist electronic control unit (referred to as the cruise-assist
ECU hereinafter) 10. In this embodiment, the target informa-
tion includes at least the position of a detected target and a
relative speed of the target (the speed of the target with respect
to the own vehicle).

The cruise-assist ECU 10 is mainly constituted of a micro-
computer including a ROM, a RAM, a CPU and a bus con-
troller to enable communication with the outside through a
LAN communication bus.

The cruise-assist ECU 10 is connected with an alarm
buzzer, a cruise control switch and a target following-distance
setting switch, which are not shown. The cruise-assist ECU
10 is further connected with abrake ECU, an engine ECU and
a seatbelt ECU through the LAN communication bus. In this
embodiment, as a protocol for data communication among
these ECUs through the LAN communication bus, the CAN
(Controller Area Network) proposed by Robert Bosch Corp.
is adopted.

The cruise-assist ECU 10 is configured to perform cruise
assist control based on the target information received from
the radar sensor 30. The cruise assist control includes adap-
tive cruise control to keep the following distance with a pre-
ceding vehicle at a predetermined distance, and pre-crash
safety control to output an alarm and tighten the seatbelts
when the following distance with the preceding vehicle
becomes shorter than the predetermined distance.

Next, the structure of the radar sensor 30 is described.

The radar sensor 30, which is a millimeter-wave radar
apparatus of the FMCW type, includes an oscillator 31, an
amplifier 32, a divider 34, a transmitting antenna 35 and a
receiving antenna device 40. The oscillator 31 generates a
high frequency signal of the millimeter-wave band which is
frequency-modulated to have an ascending section during
which the frequency linearly ascends with time and a
descending section during which the frequency linearly
descends with time. The amplifier 32 amplifies the high fre-
quency signal generated by the oscillator 31. The divider 34
divides the output of the amplifier 31 into a transmission
signal Ss and a local signal L.. The transmitting antenna 36
transmits a radar wave in accordance with the transmission
signal Ss. The receiving antenna device 40 includes n (n being
an integer larger than 1) receiving antennas to receive a
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reflected version of the radar wave. The receiving antennas of
the receiving antenna device 40 are assigned with channels
CH1 to CHn, respectively.

The radar sensor 30 further includes a reception switch 41,
an amplifier 42, a mixer 43, a filter 44, an A/D converter 45
and a signal processing section 46. The reception switch 41
sequentially selects one of the receiving antennas of the
receiving antenna device 40, and transfers a reception signal
Sroutputted from the selected receiving antenna to the ampli-
fier 42. The amplifier 42 amplifies the reception signal
received from the reception switch 42. The mixer 43 mixes
the reception signal Sr amplified by the amplifier 42 with the
local signal L to generate a beat signal BT representing the
frequency difference between the transmission signal Ss and
the reception signal Sr. The filter 44 removes unnecessary
components from the beat signal BT. The A/D 45 converter
samples the output of the filter 44 to convert the beat signal
BT into digital sample data. The signal processing section 46
detects a target reflecting the radar wave using the sample
data, and performs a main process to generate target informa-
tion regarding the detected target.

The signal processing section 46 is mainly constitute of a
microcomputer including a ROM, a RAM, a CPU and an
arithmetic processing unit (DSP, for example) to perform FFT
(Fast Fourier Transform) on the data received from the A/D
converter 45.

The radar sensor 30 is configured such that, when the
oscillator 31 oscillates to generate the high frequency signal
in accordance with a command received from the signal pro-
cessing section 46, the divider 34 divides the high frequency
signal generated by the oscillator 31 and amplified by the
amplifier 32 into the transmission signal Ss and the local
signal L, the transmission signal being transmitted as the
radar wave through the transmitting antenna 36.

The radar wave transmitted from the transmitting antenna
36 and reflected by a target (that is, the reflected wave) is
received by the receiving antennas of the receiving antenna
device 40, and the reception signal Sr of the reception channel
CHi (i=1, . . . 2) selected by the reception switch 41 is
amplified by the amplifier 32 and supplied to the mixer 43.
The mixer 43 mixes the reception signal Sr with the local
signal L supplied from the divider 3 to generate the beat signal
BT. This beat signal BT from which unnecessary components
have been removed by the filter 44 is converted into digital
sample data by the A/D converter 45, and inputted to the
signal processing section 46.

The reception switch 41 is operated such that each of the
channels CH1 to CHn is selected the same number of times
(512 times, for example) during one modulation cycle of the
radar wave. The A/D converter 45 performs sampling in syn-
chronization with the selection timing of the channels CH1 to
CHn. Accordingly, the sample data is accumulated for each of
the channel CH1 to CHn for each of the ascending and
descending periods of the radar wave.

Next, the main process performed by the radar sensor 30 is
explained with reference to the flowchart of FIG. 2.

The main process is started at every measurement cycle.
This process begins by activating the oscillator 31 to start
transmission of the radar wave in step S110. In subsequent
step S120, sampled values of the beat signal BT as many as
necessary are acquired through the A/D converter 45. In sub-
sequent step S130, the oscillator 31 is deactivated to stop
transmission of the radar wave.

Thereafter, the sampled values acquired in step S130 are
subjected to a frequency analysis (FFT process in this
embodiment) to detect power spectrum for each of the chan-
nels CH1 to CHn for each of the ascending and descending
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periods in step S140. The power spectrum represents inten-
sity of each of frequency components of the beat signal BT.

Subsequently, a peak frequency is detected for each of the
ascending and descending periods in step S150. More spe-
cifically, an arithmetic average of the power spectrums of all
the reception channels is calculated as an average spectrum,
and a frequency at which the average spectrum peaks above a
predetermined threshold values is detected as a peak fre-
quency.

Thereafter, a direction analysis is performed based on the
power spectrums acquired in step S140 to estimate the direc-
tion in which a target candidate is present in step S160. In this
embodiment, the direction analysis is performed using the
MUSIC method in which a MUSIC (Multiple Signal Classi-
fication) spectrum is determined from power spectrums using
an antenna null point having a narrow half-angle value.
According to the MUSIC method, the peak point of the
MUSIC spectrum represents the direction in which a target
candidate is present.

Subsequently, there is performed a pair matching in which
two peak frequencies of the beat signal BT for the ascending
period and the descending period, which can be assumed to be
originated from the same target are registered in pair in step
S170. More specifically, if each of the differences in power
and phase angle between the peak frequency for the ascend-
ing period and the peak frequency for the descending period
is within an allowable range, they are registered in pair. Each
of'the registered pairs of the peak frequencies corresponds to
a target candidate.

In the pair matching in step S170, the distance from the
radar sensor 30 to the target candidate, relative speed of the
target candidate with respect to the own vehicle are calculated
for each of'the registered pairs of the peak frequencies. In this
embodiment, the speed of the target candidate and whether
the target candidate is a stationary object or a moving object
are determined based on the relative speed between the target
candidate and the own vehicle and the speed of the own
vehicle. The calculated distance and the relative speed plus
the direction of the target candidate are prepared as target
information.

Thereafter, a cruise environment determining process (step
S180), a road shape recognizing process (step S190), a his-
tory tracking process (step S200) and an object recognizing
process (S210) are performed successively (to be explained in
detail later). Subsequently, extrapolation (step S220) and
ghost correction (step S230) are carried out, and finally the
target information regarding a selected object is outputted to
the cruise-assist ECU 10 (step S240).

Next, the cruise environment determining process per-
formed in step S180 of the main process is explained with
reference to the flowchart of FIG. 3.

The cruise environment determining process begins in step
S310 to calculate, as a power integral value, an integral value
of the intensity of the average spectrum (power spectrum)
shown in FIG. 4 within a specific frequency range. In this
embodiment, the specific frequency range is a high frequency
range of the beat signal BT (see FIG. 11) where there is a
significant difference in floor level between the power spec-
trum when the vehicle runs in a closed space where the space
above the vehicle is closed, and the power spectrum when the
vehicle runs in an open space where the space above the
vehicle is not closed. The closed space includes a tunnel, a
covered road (a snowshed or a rockshed, for example), and an
underpass.

Subsequently, it is determined whether or not the calcu-
lated power integral value is larger than or equal to a prede-
termined reference threshold value in step S320. The refer-
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ence threshold value is set to a value larger than the power
integral value calculated when the vehicle runs in an open
space and smaller than the power integral value calculated
when the vehicle runs in an open space. The reference thresh-
old value may be the sum of the power integral value calcu-
lated when the vehicle runs in an open space and a predeter-
mined value.

If the determination result in step S320 is negative, the
process proceeds to step S370 explained later. If the determi-
nation result in step S320 is affirmative, the process proceeds
to step S330 to determine whether or not the count value
CNTIP of a closed-space counter is smaller than a predeter-
mined upper limit value CNTIP, .

If the determination result in step S330 is affirmative, the
process proceeds to step S340 to increment the count value
CNTIP. Subsequently, it is determined whether or not the
count value CNTIP is larger than a predetermined threshold
value TH., (TH,<=CNTIP,, ) in step S350.

If the determination result in step S350 is affirmative, the
process proceeds to step S360 to set a closed-space flag,
assuming that the time elapsed from when the cruising envi-
ronment of the own vehicle changed to a closed space has
exceeded a predetermined time. After completion of step
8360, a return is made to step S190 of the main process.

If the determination result in step S350 is negative, the
cruise environment determining process is terminated with-
out setting the closed-space flag, assuming that the time
elapsed from when the cruising environment of the own
vehicle changed to a closed space does not reach the prede-
termined time, and a return is made to step S190 of the main
process. If the determination result in step S330 is negative,
the cruise environment determining process is terminated
maintaining the closed-space flag in the set state, and a return
is made to step S190 of the main process.

In step S370, it is determined whether or not the count
value CNTIP is larger than 0. If the determination result in
step S370 is affirmative, the process proceeds to step S380 to
decrement the count value CNTIP. In this embodiment, the
minimum value of the count value CNTIP is 0.

Subsequently, it is determined whether the count value
CNTIP is O or not in step S390. If the determination result in
step S390 is affirmative, the process proceeds to step S400 to
reset the closed-space flag, assuming that the time elapsed
from when the cruise environment of the own vehicle
changed to a closed space has exceeded a predetermined time.
Thereafter, the cruise environment determining process is
terminated, and a return is made to step S190 of the main
process.

If the determination result in step S390 is negative, the
cruise environment determining process is terminated main-
taining the closed-space flag in the set state, and a return is
made to step S190 of the main process, assuming that the time
elapsed from when the cruising environment of the own
vehicle changed to a closed space does not reach the prede-
termined time. If the determination result in step S370 is
negative, the cruise environment determining process is ter-
minated maintaining the closed-space flag in the reset state,
and a return is made to step S190 of the main process, assum-
ing that the cruise environment continues to be an open space.

As explained above, the cruise environment determining
process operates to set the closed-space flag assuming that the
cruise environment is a closed space if the power integral
value calculated based on the power spectrums acquired in
step S140 continues to be larger than the reference threshold
value over the predetermined time, and reset the closed-space
flag assuming that the cruise environment is an open space if
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the power integral value continues to be smaller than the
reference threshold value over the predetermined time.

Next, the road shape recognizing process performed in step
S190 of the main process is explained with reference to the
flowchart of FIG. 5.

This process begins in step S510 where, of the pairs of the
peak frequencies registered during the previous measurement
cycle and the present measurement cycle, the pair (or pairs)
representing a stationary object (referred to as “the stationary
object pair” hereinafter) is set in a target layout map. The
target layout map is a planar map having first and second axes
perpendicular to each other, the first axis corresponding to the
direction of travel of the own vehicle. Each target candidate is
mapped in the target layout map in accordance with the direc-
tion and the distance of the target candidate with respect to the
own vehicle.

Insubsequent step S520, of the stationary object pairs set in
the target layout map, the one (or ones) present on the road
surface are removed based on the road shape recognized by
the previous execution of the main process (that is, recog-
nized by the road shape recognizing process performed in the
previous measurement cycle).

Insubsequent step S530, it is determined whether or not the
cruise environment determined by the cruise environment
determining process is an open space. If the determination
result in step S530 is negative, the process proceeds to step
S540 where a connection reference distance is set to a prede-
termined open-space distance. If the determination result in
step S530 is affirmative, the process proceeds to step S550
where the connection reference distance is set to a predeter-
mined closed-space distance shorter than the open-space dis-
tance.

More specifically, in step S530, the cruise environment is
determined to be a closed space if the closed-space flag is set,
and determined to be an open space if the closed-space flag is
not set.

Subsequently, in step S560, a stationary object group R is
prepared by sequentially connecting the stationary object
pairs present on the right side of the own vehicle, while setting
one of these stationary object pairs closest to the own vehicle
as a reference point (referred to as “the reference stationary
object pair” hereinafter). More specifically, in this step S560,
of the stationary object pairs present within the connection
reference distance from the reference stationary object pair,
the one that is the first to appear in the counter clockwise
direction with respect to the direction of travel of the own
vehicle is connected to the reference stationary object pair.
Subsequently, this connected stationary object pair is newly
set as the reference stationary object pair, and of the stationary
pairs present within the connection reference distance from
the reference stationary object pair newly set, the one that is
the first to appear in the counter clockwise direction with
respect to the direction of travel of the own vehicle is con-
nected to the newly set reference stationary object pair. This
process is repeated to prepare the stationary object group R.

Subsequently, in step S570, the stationary object pairs
present on the left side of the own vehicle are connected in
sequence, while setting one of these stationary object pairs
closest to the own vehicle as a reference point, to prepare a
stationary object group L. The process to prepare the station-
ary object group R and the process to prepare the stationary
object group L are the same except for the direction to search
the stationary object pairs, and therefore detailed explanation
of the process to prepare the stationary object group L is
omitted.

Thereafter, the stationary object group R prepared in step
S560 and the stationary object group L prepared in step S570
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are determined to represent the right and left edges of the road
onwhich the own vehicle is running in step S580. Hereinafter,
the right and left edges are collectively referred to as the road
edge.

Subsequently, the area formed by the stationary object
groups L. and R, that is the area surrounded by the line to
sequentially connect the stationary object pairs of the station-
ary object groups L and R is set in a road-edge table in step
S590. Subsequently, of the stationary object pairs set in the
object layout map, the pair (or the pairs) not representing the
road edge (“abnormal pair” in FIG. 5) is removed.

Thereafter, a return to step S200 of the main process is
made. As explained above, the road shape recognizing pro-
cess operates to connect the stationary object pairs present
within the connection reference distance from the reference
stationary object pair sequentially from the one which is the
first to appear in the specific direction with respect to the
direction of travel of the own vehicle. The area formed by the
grouped stationary object groups is recognized as the road
edge (that is, as a road shape). In this embodiment, the con-
nection reference distance used in connecting the stationary
object pairs is set to the open-space distance when the cruise
environment is an open space, and set to the closed-space
distance shorter than the open-space distance when the cruise
environment is a closed space.

Next, the history tracking process performed in step S200
of the main process is explained with reference to the flow-
chart of FIG. 6.

This process begins by determining whether or not the
cruise environment is a closed space in step S710.

If the determination result in step S710 is negative, the
process proceeds to step S720 to set a tracking reference
distance DR and a segment distance DRS to a predetermined
open distance. If the determination result in step S710 is
affirmative, the process proceeds to step S730 to set the track-
ing reference distance DR and the segment distance DRSto a
predetermined close distance shorter than the open distance.
Each of the open distance and the close distance may be set
differently for the tracking reference distance DR and the
segment distance DRS.

In subsequent step S740, combinations each including one
of'the pairs of the peak frequencies registered in the previous
measurement cycle (referred to as “the previous cycle pairs”
hereinafter) and one of the pairs of the peak frequencies
registered in the present measurement cycle (referred to as
“the present cycles pairs” hereinafter) are set. Subsequently,
one of the combinations of the pairs of the peak frequencies
(referred to as “the combined pairs™ hereinafter) is selected in
step S750.

Subsequently, in step S760, the position and the speed of
the present cycle pair (respectively referred to as “predictive
position” and “predictive speed” hereinafter) of the combined
pair selected in step S750 are estimated based on the target
information regarding the previous cycle pair of this selected
combined pair. The predictive position and the predictive
speed can be estimated by a well-known method, for
example, a method that uses a Kalman filter to predict time-
series behaviors of target candidates (pairs of peak frequen-
cies).

In subsequent step S760, the difference between the posi-
tion calculated from the present cycle pair (that is, the posi-
tion of the target candidate represented by the present cycle
pair) and the predicted position is calculated as a position
difference, and the difference between the speed calculated
from the present cycle pair (that is, the speed of the target
candidate represented by the present cycle pair) and the pre-
dicted speed is calculated as a speed difference.
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Insubsequent step S780, it is determined whether or not the
position difference calculated in step S770 is smaller than the
tracking reference distance DR, and the speed difference
calculated in step S770 is smaller than a speed difference
upper limit DV. If the determination result in step S70 is
affirmative, the process proceeds to step S790 where the
count value CNTi of a present-cycle pair detecting counter is
updated to the count value CNTi of a previous-cycle pair
detecting counter plus 1, assuming that the pairs of the peak
frequencies of the combined pair have a historical connec-
tion.

In step S800, it is determined whether or not steps S750 to
790 have been performed for all the combined pairs set in step
740. If the determination result in step S800 is negative, the
process returns to step S750. If the determination result in
step S800 is affirmative, the history tracking process is ter-
minated, and a return to step S210 of the main process is
made.

As explained above, in the history tracking process, the
present cycle pair having a historical connection with the
previous cycle pair assumes the information regarding the
this previous cycle pair (the count value CNTi of the detection
counter), while on the other hand, the count value CNTi of the
detection counter is maintained at O for the present cycle pair
having no historical connection with the previous cycle pair.
In this embodiment, the tracking reference distance DR used
for determining presence of a historical connection is set to
the open distance when the cruise environment is an open
space, and set to the close distance shorter than the open
distance when the cruise environment is a closed space.

Next, the object recognizing process performed in step
S210 of the main process is explained with reference to the
flowchart of FIG. 7.

This process begins in step S910 to select one of the present
cycle pairs registered. Subsequently, it is determined whether
or not the count value CNTi of the selected present cycle pair
is larger than or equal to a predetermined recognition thresh-
old value CNTTSD in step S920.

If the determination result in step S920 is affirmative, the
process proceeds to step S930 where a target candidate cor-
responding to the present cycle pair selected in step S910 is
determined to be a moving object (a preceding vehicle, for
example) and registered as a moving object. If the determi-
nation result in step S920 is negative, the process proceeds to
step S940 to determine whether or not steps S910 to S930
have been performed for all the present cycle pairs. If the
determination result in step S940 is negative, the process
returns to step S910.

If the determination result in step S940 is affirmative, the
process proceeds to step S950 where, of the moving objects
registered in step S930, two moving objects are selected, and
the distance of the two moving objects (referred to as “the
inter-object distance” hereinafter) and the relative speed
between the two moving objects (referred to as “the inter-
object relative speed” hereinafter) are calculated. Subse-
quently, it is determined in step S960 whether or not the
inter-object distance is smaller than the segment distance
DRS set in step S720 or S730, and the inter-object relative
speed is smaller than a predetermined relative speed DRV.

If the determination result in step S960 is affirmative, the
process proceeds to step S970 where a change is made to the
registration of the two moving objects, assuming that the two
moving objects are actually one moving object. If the deter-
mination result in step S960 is negative, the process proceeds
to step S980, assuming that the two moving objects are sepa-
rate objects.
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Subsequently, it is determined whether or not steps S950 to
970 have been performed for all the combinations of the
moving objects in step S980. If the determination result in
step S980 is negative, the process returns to step S950. If the
determination result in step S980 is affirmative, the object
recognizing process is terminated, and areturn to step S220 of
the main process is made.

As explained above, in the object recognizing process, a
pair of the peak frequencies detected to have a historical
connection with each other is registered as one moving
object. Further, if any two of the registered moving objects are
determined to be the same one moving object, a change is
made to the registration of the two moving objects. In this
embodiment, the segment distance DRS used for determining
whether an object is constituted of a plurality of registered
moving objects is set to the open distance when the cruise
environment is an open space, and set to the close distance
shorter than the open distance when the cruise environment is
a closed space.

In the extrapolation carried out in step S220 of the main
process, of the moving objects registered in the previous
measurement cycle, the one (or ones) having no historical
connection with the pairs of the peak frequencies detected in
the present measurement cycle and being within a predeter-
mined extrapolation period continues to be in registration as
a moving object by allowing extrapolation of a pair of the
peak frequencies. If no pair of the peak frequencies having a
historical connection is detected after the extrapolation
period elapses, the registration of the moving object is
deleted. Since such extrapolation is well known, further
detailed explanation is omitted.

Next, the ghost correction carried out in step S230 of the
main process is explained.

The ghost correction operates to determine whether each of
the registered moving objects is a virtual image or not, and
correct the position of the moving object determined as a
virtual image to the position of the corresponding real image
(that is, the true position of the moving object).

According to the ghost correction, as shown in FIG. 8,
when the road (or tunnel road) is recognized to be straight, of
the registered moving objects, the moving object A' present in
the position (L+L 5, ) shown in FIG. 8) outside the road
edge recognized by the road shape recognizing process by a
predetermined distance or more is determined to be a virtual
image (a ghost). Subsequently, the position of the moving
object A' recognized as a virtual image is corrected to its
line-symmetric position (A(y, 9), L;+=L % in FIG. 8) with
respect to the edge of the road.

Further, according to the ghost correction, as shown in FI1G.
9, when the road (or tunnel road) is recognized to be curved,
of'the registered moving objects, the moving object A' present
in the position ((L+L 4, 8) shown in FIG. 9) outside the road
edge recognized by the road shape recognizing process by a
predetermined distance or more is determined to be a virtual
image (a ghost). Subsequently, the position of the moving
object A' recognized as a virtual image is corrected to its
line-symmetric position (A(Y, 9), L,o=Ly% in FIG. 9) with
respect to the line being tangent to the road edge and passing
through the intersection point (B(a, b) in FIG. 9) between the
road edge and the line passing through the position of the
moving object A' and the position of the own vehicle.

Further, according to the ghost correction, as shown in FI1G.
10, of the registered moving objects, the moving object A'
present at a position overlapping with the road edge recog-
nized by the road shape recognizing process is determined to
be a virtual image (a ghost). Subsequently, the position of the
moving object A' determined to be a virtual image is corrected



US 8,427,361 B2

11

to the closest position on the lane with respect to the road edge
(the position of the circle shown by the chain line in FIG. 10).

The ghost corrections described above may be carried out
when both the moving objects A and A' are in registration, or
when only the moving object A' is in registration.

After completion of the ghost correction, step S240 of the
main process is performed to output the target information
regarding the moving objects to the cruise-assist ECU 10.
Thereafter, the main process is terminated until the next mea-
surement cycle. The above described embodiment provides
the following advantages. As explained above, the radar sen-
sor 30 is configured to determine that the cruise environment
is a closed space if the power integral value based on the
power spectrums calculated by frequency-analyzing the beat
signal continues to be larger than or equal to the reference
threshold value over the predetermined time, and is an open
space if the power integral value continues to be smaller than
the reference threshold value over the predetermined time.
According to this embodiment, it is possible to determine
whether the cruise environment is a closed space or an open
space by only the radar sensor 30.

The radar sensor 30 sets the connection reference distance,
the tracking reference distance DR and the segment distance
DRS to the open-space distance (or open distance) when the
cruise environment is an open space, and to the closed-space
distance (or close distance) shorter than the open-space dis-
tance (or open distance) when the cruise environment is a
closed space. Accordingly, according to the radar sensor 30, it
is possible to prevent a virtual image due to multiple reflec-
tion of the radar wave (that is, a ghost detected as a target
candidate although it does not exist actually) from being
detected as a road edge or a moving object.

The radar sensor 30 maintains the connection reference
distance, the tracking reference distance DR and the segment
distance DRS at the open-space distance (or open distance)
when the cruise environment is an open space. This makes it
possible to maintain the accuracy of recognition of the road
edge and moving objects when the vehicle runs in a dark
unclosed space (when the vehicle runs in an open space at
night, for example) at the same level as that when the vehicle
runs in a bright open space.

That is, according to this embodiment, it is possible to
accurately determine whether the cruise environment is a
closed space or not by a single body of the radar sensor 30,
and to prevent the accuracy of recognition of the road edge
and moving objects from being deteriorated when the vehicle
runs on a dark road.

Further, if a detected moving object is a virtual image, the
radar sensor 30 collects the position of the detected moving
object to the position of a corresponding real image. Accord-
ingly, according to this embodiment, the position of a moving
object can be accurately recognized even if a virtual image
(ghost) of the moving object is detected.

Hence, according to the cruise-assist control system 1 of
this embodiment, it is possible to perform vehicle safety
control (pre-crash safety control or autocruise control, for
example) more reliably using information regarding moving
objects acquired by the radar apparatus 30.

OTHER EMBODIMENTS

It is a matter of course that various modifications can be
made to the above described embodiment as described below.
In the above embodiment, setting of the connection refer-
ence distance depending on the cruise environment is carried
out during the road shape recognizing process (steps S530 to
S550). However, it may be carried out immediately after
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completion of, or during the cruise environment determining
process. That is, steps S530 to S550 may be performed imme-
diately after completion of the cruise environment determin-
ing process, or after step S360 or step S400 of the cruise
environment determining process.

In the above embodiment, setting of the tracking reference
distance DR and the segment distance DRS depending on the
cruise environment is carried out during the history tracking
process (steps S710 to S730). However, it may be performed
immediately after completion of, or during the cruise envi-
ronment determining process.

Each of the connection reference distance, tracking refer-
ence distance DR and segment distance DRS may include a
component in the direction of travel of the own vehicle (lon-
gitudinal distance), and a component in the lateral direction of
the own vehicle (lateral distance). In this case, it is preferable
that the closed-space distance set as the connection reference
distance in step S550 of the road shape recognizing process,
and the close distance set as the tracking reference distance
DR or segment distance DRS in step S730 of the history
tracking process is at least the lateral distance.

In the ghost correction (step S230), a moving object which
is detected to be present outside the road edge recognized by
the road shape recognizing process and distant from the road
edge by a predetermined distance or more is determined to be
avirtual image (a ghost). However, any other suitable method
of determining whether a detected moving object is a real
image or a virtual image may be adopted. Likewise, any other
suitable method of correcting the position of a detected vir-
tual image to the position of a corresponding real image may
be adopted.

The above explained preferred embodiments are exem-
plary of the invention of the present application which is
described solely by the claims appended below. It should be
understood that modifications of the preferred embodiments
may be made as would occur to one of skill in the art.

What is claimed is:

1. A radar apparatus for use in a vehicle comprising:

a transmitting/receiving unit for transmitting a radar wave
frequency-modulated so as to linearly vary in frequency
with time at every predetermined measurement cycle,
receiving the radar wave reflected from a target as a
reflected wave, and generating a beat signal by mixing a
transmission signal of the radar wave with a reception
signal of the reflected wave;

a frequency analyzing unit for deriving power spectrum
indicative of frequency contained in the beat signal and
intensity at each frequency each time the transmitting/
receiving means generates the beat signal;

a target candidate detecting unit for detecting, as a target
candidate which has a possibility of being the target, a
peak frequency indicative of each frequency at which
the intensity of the power spectrum becomes maximum,
and deriving a position and a speed of each target can-
didate each time the frequency analyzing unit generates
the power spectrum;

a road shape recognizing unit for sequentially connecting
along a predetermined direction and grouping together
the target candidates which are detected by the target
candidate detecting unit at one or more measurement
cycles and which are stationary and present within a set
first reference distance from a position of the target
candidate making a reference point, and recognizing a
road shape including at least a road edge which is an area
where positions of the grouped target candidates are
connected in the order of connection;
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an object recognizing unit for making a determination, for
each of the moving target candidates which are detected
by the target candidate detecting unit, that the target
candidate is a moving object if the target candidate
detected at the next measurement cycle continues to be
within a set second reference distance from a predicted
position of the target candidate predicted based on posi-
tions of the target candidate detected at previous mea-
surement cycles for over a predetermined number of the
measurement cycles;

a cruise environment estimating unit for estimating that a
cruise environment representing an environment of a
road on which an own vehicle is running is a closed
space where a space above a running surface of the road
is closed if an integral value of the intensity of the power
spectrum derived by the frequency analyzing unit for a
predetermined frequency range is larger than a predeter-
mined reference threshold value; and

a reference distance correcting unit for shortening at least
one of the first and second reference distances if the
cruise environment is estimated to be the closed space by
the cruise environment estimating unit compared to if
the cruise environment is an open space.

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

object recognizing means includes:

amoving object determining unit for sequentially connect-
ing along a predetermined direction and grouping
together the moving objects which are recognized at one
measurement cycle and present within a set reference
distance from a position of the moving object making a
reference point, and recognizing a group of the grouped
moving objects as a single moving object; and

a distance shortening unit for shortening the set reference
distance used by the moving object determining unit if
the cruise environment is estimated to be the closed
space by the cruise environment estimating unit com-
pared to if the cruise environment is the open space.

3. The radar apparatus according to claim 1, wherein the
reference distance correcting unit is configured to shorten a
distance along a vehicle-width direction as the first or second
reference distance.

4. The radar apparatus according to claim 1, wherein the
cruise environment estimating unit is configured to derive an
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integral value by integrating the intensity of the power spec-
trum for the predetermined frequency range over a plurality
of the measurement cycles.

5. The radar apparatus according to claim 1, further com-
prising a virtual image correcting unit for making a determi-
nation whether or not the moving object recognized by the
object recognizing unit is a virtual image when the cruise
environment is estimated to be the closed space by the cruise
environment estimating unit, and if the moving object is
determined to be a virtual image, correcting a position of the
moving object onto a road based on the road shape recognized
by the road shape recognizing unit.

6. The radar apparatus according to claim 5, wherein the
virtual image correcting unit is configured to determine that
the moving object is a virtual, image if the position of the
moving body is outside the road edge by a predetermined
distance or more, and correct the position of the moving body
to a line-symmetrical position with respect to a predeter-
mined axis of symmetry.

7. The radar apparatus according to claim 6, wherein the
virtual image correcting unit is configured to define the road
edge as the predetermined axis of symmetry if the road shape
is a straight line.

8. The radar apparatus according to claim 6, wherein the
virtual image correcting unit is configured to define as the
predetermined axis of symmetry a line tangent to the road
edge and passing through an intersection point between the
road edge and a line passing through the position of the
moving body and the position of the own vehicle if the road
shape is a curved line.

9. The radar apparatus according to claim 5, wherein the
virtual image correcting unit is configured to determine that
the moving object is a virtual image if the moving body is on
the road edge recognized by the road shape recognizing unit,
and correct the position of the virtual image onto a lane based
on the road edge.

10. The radar apparatus according to claim 1, wherein the
cruise environment estimating unit is configured to regard at
least one of a tunnel, a covered road and an underpass as the
closed space.



