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SIGNAL PROCESSING DEVICE, RADAR
DEVICE, VEHICLE CONTROL DEVICE, AND
SIGNAL PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2008-
201380, filed on Aug. 5, 2008, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a signal processing device and
similar of a radar transceiver which receives reflected signals
of transmission signals subjected to frequency modulation
such that the frequency rises and falls and which generates
beat signals having the frequency corresponding to the fre-
quency difference between the transmission signals and
reception signals, and in particular relates to a signal process-
ing device and similar which uses beat signals generated
when the frequency change rates of transmission signals are
different to detect the relative distance or relative velocity of
a target object.

2. Description of the Related Art

In recent years, vehicles have been equipped with radar
devices employing FM-CW (Frequency Modulated-Continu-
ous Wave) designs, as obstruction detection means in the
vehicle. FM-CW radar devices transmit and receive radar
signals subjected to frequency modulation such that the fre-
quency rises and falls, and detect the relative distances and
relative velocities of target objects.

FIG. 1A to FIG. 1D explain the principle of detection of the
relative distance and relative velocity by an FM-CW radar
device. In FIG. 1A to FIG. 1D, the horizontal axis indicates
time and the vertical axis indicates frequency. FIG. 1A shows
the frequency changes in the reception signals and in the
transmission signals transmitted by the FM-CW radar device.
The frequency of transmission signals rises and falls linearly
(ramps up and down), with a central frequency {0 and fre-
quency modulation width AF, according to the frequency
modulation signal with a sawtooth waveform and frequency
fm, as indicated by the solid line. On the other hand, reception
signals which are reflected by the target object and return have
a temporal delay of AT due to the relative distance, and a
frequency shift by a Doppler shift amount y according to the
relative velocity, as indicated by the dashed line. As a result,
in the transmitted and received signals there occur a fre-
quency difference a in the transmission signal’s frequency
ramp up interval (up interval), and a frequency difference f§ in
the frequency ramp down interval (down interval). By mixing
transmitted and received signals, the radar device generates
beat signals having frequencies corresponding to the fre-
quency differences between the transmitted and received sig-
nals, and the beat signal frequencies (beat frequencies) are
analyzed to detect the frequency differences. Then, the fol-
lowing equations are used to detect the relative distance R and
relative velocity V of the target object. Here C is the speed of
light.

R=C-(a+B)/(8-AFfin)

V=C:(B-a)(40)

Here, when the positive or negative relative velocity of the
target object increases in the state of FIG. 1A, the Doppler
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frequency shift widths of the reception signals increase, and
frequency differences between the transmission and recep-
tion signal decrease in the up and in the down intervals. And
as shown in FIG. 1B, when the frequency shiftis y1 ory2, beat
frequency detection is no longer possible. When in the state of
FIG. 1A the relative distance of the target object increases, the
time delay in the reception signal (AT1) increases as shown in
FIG. 1C, and as a result the beat frequency becomes as large
as al and p1, and in particular the beat frequency p1 in down
intervals, becomes large. And, when the beat frequency
exceeds the Nyquist frequency of the reference clock in the
signal processing device, beat frequency detection is no
longer possible. When the relative distance increases further,
the delay time AT2 exceeds % the wavelength of the sawtooth
wave as shown in FIG. 1D, the transmission and reception
signals no longer overlap in the up intervals or down intervals,
and beat frequency detection is no longer possible. Thus due
to the principle of the FM-CW method, there are limits to the
relative distances and relative velocities which can be
detected.

FIG. 2 shows the range of relative distances and relative
velocities which can be detected in the above method. The
horizontal axis indicates relative distance and the vertical axis
indicates relative velocity. The boundary lines b1, b2 corre-
spond to the states indicated in FIG. 1B and FIG. 1C respec-
tively; the boundary point b3 corresponds to the state indi-
cated in FIG. 1D. Hence within the range in which detection
is possible (detectable range), bounded by the boundary lines
b1, b2 and the boundary point b3, the relative distance and
relative velocity are detected.

A radar device for vehicles is required to detect rapidly
approaching target objects (objects with a large negative rela-
tive velocity) at short distances, due to the need for collision
avoidance control and collision response control. That is, it is
required that the relative distance and relative velocity for a
target object be detected in a region al outside the detectable
range in FIG. 2. Or, due to the need to control following travel
in congested traffic, it is required that a target object be
detected which is rapidly moving away (large positive relative
velocity) at a short distance. That is, it is required that the
relative distance and relative velocity of a target object be
detected in the region a2, outside the detectable range in FIG.
2.

To address these requirements, a method has been pro-
posed in which transmission signals are subjected to fre-
quency modulation with a large frequency change rate and
frequency modulation with a small frequency change rate,
and by combining the beat signals obtained from both these
cases, the relative distance and relative velocity are detected;
one example is described in Japanese Patent Application
Laid-open No. 2004-151022.

In this method, as shown in FIG. 3A, a transmission inter-
val T1, in which transmission signals are transmitted having
a large transmission signal frequency change rate (that is, a
large absolute value of the rate of change of the frequency,
represented by the inclination of the sawtooth wave), and a
transmission interval T2, in which transmission signals are
transmitted having a small transmission signal frequency
change rate (that is, a small absolute value of the rate of
change of the frequency, represented by the inclination of the
sawtooth wave), are provided. The beat frequencies of beat
signals generated in the up intervals of each of these trans-
mission intervals, or the beat frequencies of the beat signals
generated in the down intervals, are combined, and the fol-
lowing equations (1) through (4) are used to calculate the
relative distance R and relative velocity V.
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[When combining beat frequencies in up intervals]

R=(2-02-a1)/(2-4-AF2:fn2/C) o)

V={AF1-finl-02/(AF2-fin2~AF1-finl)-al }(@4-A0/C) @)

[When combining beat frequencies in down intervals]

R=(2-P2-B1)/(2-4-AF2-fin2/C) 3)

V={AF1-finl-B2/(AF2-fin2-AF1-finl -1 H(4-0/C) @)

In equations (1) through (4), for the transmission interval
T1 the transmission signal frequency change width is AF1,
the up interval beat frequency is a1, the down interval beat
frequency is 1, and the sawtooth wave frequency is fm1; for
the transmission interval T2 the transmission signal fre-
quency change width is AF2, the up interval beat frequency is
a2, the down interval beat frequency is 2, and the sawtooth
wave frequency is fm2. The central frequency of the trans-
mission signals for both intervals is {0, and the speed of light
is C.

The range in which the relative distance and relative veloc-
ity can be detected using this method is shown in FIG. 3B.
That is, the relative distance and relative velocity are detected
in the region a2 in which detection is possible using the
equations (1) and (2). And, the relative distance and relative
velocity are detected in the region al in which detection is
possible using the equations (3) and (4).

However, in a radar device for vehicles, when the relative
distance and relative velocity are detected within a constant
error range over a certain number of consecutive detection
cycles, the detection results are regarded as having continuity
and are output to a control device of the vehicle. By this
means, the accuracy of the detection results is guaranteed.

In the above-described method, the transmission interval
T1 in which the frequency change rate is large and the trans-
mission interval T2 in which the frequency change rate is
small are processed as a single detection cycle. Hence when
for example the number of detection cycles taken to be
required for a judgment of continuity is three, in order to
obtain a detection result which can be output, the time to
execute both the transmission intervals T1 and T2 three times
is required. In other words, by using two types of frequency
modulation, the detection cycle is lengthened, and to this
extent the detection result output is delayed. As a result, there
is the problem that the timing of vehicle control is delayed.

SUMMARY OF THE INVENTION

Hence an object of this invention is to provide a signal
processing device and similar which prevents delay of output
of the detection result, even when a plurality of different
frequency change rates are used.

In order to attain the above object, in a first mode of the
invention, a signal processing device, of a radar transceiver
which receives reflected signals of transmitted signals sub-
jected to frequency modulation such that the frequency rises
and falls, and which generates beat signals having frequen-
cies corresponding to the frequency differences between the
transmission signals and reception signals, has distance/ve-
locity detection unit and distance/velocity confirmation unit.
The distance/velocity detection unit, in each detection cycle
comprising a plurality of transmission intervals with different
frequency change rates of the transmission signals, detects a
relative distance or relative velocity of a target object based on
beat signals generated in any of the transmission intervals,
and detects the relative distance or relative velocity of the
target object based on a combination of the beat signals gen-
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4

erated in different transmission intervals. And the distance/
velocity confirmation unit sets an evaluation value for the
detected relative distance or relative velocity, and confirms
the relative distance or relative velocity based on the evalua-
tion value.

In this mode, the distance/velocity detection unit, in each
detection cycle, detects the relative distance or relative veloc-
ity of a target object based on beat signals generated in any of
the transmission intervals, and detects the relative distance or
relative velocity of the target object based on a combination of
beat signals generated in different transmission intervals, so
that different detection process can be performed to detect the
same relative distance and relative velocity in a single detec-
tion cycle. And, the distance/velocity confirmation unit sets
an evaluation value for the detected relative distance or rela-
tive velocity, and when the total sum of evaluation values has
reached a criterion value, confirms the relative distance or
relative velocity, so that continuity judgment can be per-
formed in a small number of detection cycles in the same way
as in execution of a plurality of detection cycles. Hence delay
in output of detection results from the radar device to a vehicle
control device can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A to FIG. 1D explain the principle of detection of
relative distance and relative velocity by an FM-CW radar
device;

FIG. 2 shows the range of relative distances and relative
velocities that can be detected in the FM-CW method;

FIG. 3A and FIG. 3B show two types of frequency modu-
lation performed on transmission signals;

FIG. 4 explains the circumstances of use of a radar device
to which this invention is applied;

FIG. 5 explains the configuration of the radar device of an
aspect;

FIG. 6 shows frequency changes in the transmission sig-
nals of the radar transceiver 30 and frequency changes in beat
signals;

FIG.7A to FIG. 7E show the range of relative distances and
relative velocities which can be detected by detection pro-
cessing;

FIG. 8A and FIG. 8B explain the method of addition of
evaluation values in an aspect;

FIG. 9 is a flowchart showing the procedure of operation of
the signal processing device in an aspect;

FIG. 10 is a flowchart showing the detailed procedure of
relative distance and relative velocity detection processing;

FIG. 11A to FIG. 11C show an example of evaluation
values based on a first method;

FIG. 12A to FIG. 12C show an example of evaluation
values based on a second method;

FIG. 13A to FIG. 13C show an example of evaluation
values in a case which combines the first and second methods;

FIG. 14A and FIG. 14B explain processing in a case in
which frequency folding occurs; and

FIG. 15 is a flowchart showing the operation procedure of
the distance/velocity detection unit 14a, comprising relative
velocity recalculation.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Below, an aspect of the invention is explained referring to
the drawings. However, the technical scope of the invention is
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not limited to this aspect, but extends to the inventions
described in the Scope of Claims, and to inventions equivalent
thereto.

FIG. 4 explains the circumstances of use of a radar device
to which this invention is applied. As one example, an FM-
CW radar device 10 is installed in the front grill or within the
bumper in the front portion of a vehicle 1, and transmits
millimeter-wave radar signals (electromagnetic waves) in a
scanned region in the forward direction of the vehicle 1,
passing through a radome formed in the front face of the front
grill or bumper, as well as receiving signals reflected from the
scanned region.

The radar device 10 generates beat signals from the trans-
mitted and received signals, and by processing these beat
signals using a microcomputer or other signal processing
device, the relative distance and relative velocity of a target
object within the scanned region are detected. The target
object is for example a vehicle leading the vehicle 1, an
oncoming vehicle, another vehicle approaching head-on, and
similar. Based on the detection results, the vehicle control
device 100 controls various actuators in the vehicle 1 so as to
travel following the leading vehicle, avoid a collision with
another vehicle, protect passengers in the vehicle, or similar.

The circumstances of use shown in the figure are one
example; uses in which a radar device 10 is installed in a side
face of the vehicle 1 to monitor the side direction of the
vehicle 1, or in which a radar device 10 is installed in the rear
portion of the vehicle 1 to monitor the rear direction of the
vehicle 1, are also possible. Or, a radar device 10 can be
installed in a front-side portion of the vehicle 1 to monitor a
front-side direction of the vehicle 1, or can be installed in a
rear-side portion of the vehicle 1 to monitor a rear-side direc-
tion of the vehicle 1.

FIG. 5 explains the configuration of the radar device of this
aspect. The radar device 10 comprises a radar transceiver 30,
which transmits transmission signals subjected to FM-CW
frequency modulation, receives the reflected signals, and gen-
erates beat signals having frequencies corresponding to fre-
quency differences of the transmitted and received signal, and
asignal processing device 14 which processes the beat signals
generated by the radar transceiver 30. In the radar transceiver
30, a frequency modulation instruction portion 16 generates a
sawtooth-wave frequency modulation signal, and a voltage
controlled oscillator (VCO) 18 outputs a transmission signal
the frequency of which rises linearly in the rising segments of
the sawtooth waveform and falls linearly in the falling seg-
ments of the sawtooth waveform, according to the signal
generated by the frequency modulation instruction portion
16. This transmission signal is power-distributed by a dis-
tributor 20, and a portion is sent to a transmission antenna 11.
Reflected signals are received by a reception antenna 12, and
the reception signals are input to a mixer 22. The mixer 22
mixes a portion of the power-distributed transmission signals
with the reception signals, and generates beat signals having
frequencies corresponding to the frequency differences
between the two signals. The beat signals are converted by an
AD converter into digital data, which is output to the signal
processing device 14.

The signal processing device 14 has a DSP (Digital Signal
Processor) or other computation device which executes FFT
(Fast Fourier Transform) processing of the beat signals con-
verted into digital data, and a microcomputer which processes
the beat signal frequency spectra and calculates the position
and similar of the target object. This microcomputer has a
CPU (Central Processing Unit), ROM (Read Only Memory)
which stores various processing programs and control pro-
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6

grams executed by the CPU, and RAM (Random Access
Memory) in which the CPU temporarily stores various data.

Hence distance/velocity detectionunit 14a which uses beat
signal frequencies to detect the target object relative distance
and relative velocity, and distance/velocity confirmation unit
145 which confirms the detected relative distance and relative
velocity, are configured using programs which specify vari-
ous processing procedures and a CPU which executes these.

Operation of a radar device 10 configured as described
above is explained.

FIG. 6 shows the frequency change of transmission signals
of the radar transceiver 30, and the frequency change of beat
signals. First, as shown at the top of FIG. 6, the radar trans-
ceiver 30 repeats a transmission interval T1 in which trans-
mission signals with a large frequency change rate (indicated
by a solid line) are transmitted, and a transmission interval T2
in which transmission signals with a small frequency change
rate (indicated by a solid line) are transmitted. In the trans-
mission interval T1 in which the frequency change rate is
large, the transmission signal frequency rises and falls lin-
early with a central frequency f0 and frequency modulation
width AF1, according to a sawtooth wave of frequency fml.
And, in the transmission interval T2 in which the frequency
change rate is small, the transmission signal frequency rises
and falls linearly with a central frequency {0 and frequency
modulation width AF2, according to a sawtooth wave of
frequency fm2. Here, fm1>fm2, or AF1>AF2.

And, the radar transceiver 30 generates beat signals having
frequencies corresponding to the frequency differences
between the transmission signals and reception signals (indi-
cated by dashed lines) in each up interval and down interval of
the respective transmission intervals Here, if for convenience
of'explanation it is assumed that the frequency shifts of recep-
tion signals are the same in the transmission intervals T1 and
T2, then the beat signal frequencies, as indicated in the bot-
tom of FIG. 6, are beat frequency al in the up interval and
beat frequency p1 in the down interval of transmission inter-
val T1, and beat frequency a2 in the up interval and beat
frequency (2 in the down interval of transmission interval T2.

When beat signals are generated having beat frequencies as
described above, the distance/velocity detection unit 14a of
the signal processing device 14 performs frequency analysis
of'the beat signals, taking the transmission intervals T1, T2 as
one detection cycle, and based on the detected beat frequen-
cies, detects the relative distance and relative velocity of the
target object. In this aspect, the following five types of detec-
tion processing are executed in one detection cycle, to detect
the relative distance and relative velocity.

In the first detection processing, the distance/velocity
detection unit 14a uses the up interval beat frequency a1 and
down interval beat frequency 1 in the transmission interval
T1 in computation processing to solve the following equa-
tions and determine the relative distance R1 and relative
velocity V1. Below, C represents the speed of light.

R1=C-(a1+p1)/(8-AF1-finl) )

P1=C-(B1-al)/(@-0) (6)

In the second detection processing, the distance/velocity
detection unit 14a uses the up interval beat frequency a2 and
down interval beat frequency 2 in the transmission interval
T2 in computation processing to solve the following equa-
tions and determine the relative distance R2 and relative

velocity V2.
R2=C-(02+{2)/(8-AF2:fin2) 7

P2=C-(B2-02)/(4#00) (8)
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In the third detection processing, the distance/velocity
detection unit 14a uses the up interval beat frequency al in
the transmission interval T1 and the down interval beat fre-
quency B2 in the transmission interval T2 in computation
processing to solve the following equations and determine the
relative distance R3 and relative velocity V3. Below, C rep-
resents the speed of light.

R3=C-(cl+{2)/(8-AF1-finl) ©)

P3=C-(p2-al)/(4:/0) (10)

In the fourth detection processing, the distance/velocity
detection unit 14a uses the up interval beat frequency al in
the transmission interval T1 and the up interval beat fre-
quency o2 in the transmission interval T2 in computation
processing to solve the following equations (the above-de-
scribed equations (1), (2)) and determine the relative distance
R4 and relative velocity V4.

RA=(2-02-a1)/(2-4-AF2-fn2/C) o)

VA={AF1-finl-02/(AF2:fin2-AF1-finl)-al }/(40/C) )

In the fifth detection processing, the distance/velocity
detectionunit 14a uses the down interval beat frequency 1 in
the transmission interval T1 and the down interval beat fre-
quency B2 in the transmission interval T2 in computation
processing to solve the following equations (the above-de-
scribed equations (3), (4)) and determine the relative distance
R5 and relative velocity V5.

R5=(2#P2-P1)/(2-4-AF2-fin2/C) 3)

V5={AF1-finl-B2/(AF2-fin2-AF1-finl )~ B1}(4-0/C) @)

FIG.7Ato FIG. 7E show the range of relative distances and
relative velocities which can be detected by the above five
types of detection processing. The horizontal axes indicate
relative distances, and the vertical axes indicate relative
velocities. Here, the frequency modulation widths AF1, AF2
of transmission signals in the transmission intervals T1, T2
are both 400 MHz; taking as an example a case in which the
sawtooth wave frequency fm1 in the transmission interval T1
is 400 Hz and the sawtooth wave frequency fm2 in the trans-
mission interval T2 is 200 Hz, FIG. 7A shows the detectable
range by the first detection processing, FIG. 7B shows the
range for the second detection processing, FIG. 7C shows the
range for the third detection processing, and FIG. 7D show
the range for the fourth and fifth detection processing, while
FIG. 7E shows the detectable range when all these ranges are
superposed. As shown in FIG. 7E, a plurality of detectable
ranges are superposed. Hence in the superposed range, the
same pairs can be detected by a plurality of types of detection
processing.

In this aspect, the distance/velocity detection unit 14a
determines the relative distance and relative velocity by com-
bining five beat signals in one detection cycle, and the dis-
tance/velocity confirmation unit 145 sets evaluation values
for each pair of relative distance and relative velocity detected
by each of the different types of detection processing, and
adds the evaluation values to compute a total sum. And, for
pairs detected by a plurality of different detection types, a
plurality of evaluation values are added.

In this way, when five types of detection processing are
performed in one detection cycle, by superposing the five
ranges which can be detected, not only can the overall range
which can be detected be expanded, but pairs belonging to a
plurality of ranges which can be detected are detected by the
respective detection processing types. That is, in a single
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detection cycle, results equivalent to those obtained by execu-
tion of a plurality of detection cycles are obtained.

Then, the distance/velocity confirmation unit 145 outputs
pairs, the evaluation values for which have reached a criterion
value, to the vehicle control device 100. In a method of the
prior art, in which pairs are detected by the third or fourth type
of'detection processing in each detection cycle, and when the
number of detections has reached a stipulated number (for
example, four), the pair is judged to have continuity, process-
ing time for at least four detection cycles is necessary; but in
the above-described method, by computing the total sum
taking as evaluation values the number of detections, it is
possible to judge as having continuity pairs for which a cri-
terion value (for example four) has been reached in a fewer
number of detection cycles. Hence the detection results can
be output at an earlier time to a vehicle control device, so that
a delay in vehicle control can be prevented.

This aspect has the advantageous result that, by superpos-
ing the ranges which can be detected by the first through third
types of detection processing and the range which can be
detected by the fifth detection processing type, even when the
relative distance and relative velocity cannot be detected by
the first through third detection processing types, detection by
the fifth detection processing type is possible. This is because
beat signals in up intervals with comparatively low frequen-
cies are easily buried in DC components and in beat signals
based on signals reflected from stationary objects, so that
detection may not be possible, and thus there are cases in
which the relative distance and relative velocity cannot be
detected by the first through third detection processing types
using beat signals in up intervals. On the other hand, beat
signals in down intervals with a comparatively high fre-
quency are easily detected, so that relative distances and
relative velocities which cannot be detected by the first
through third processing types can be detected by the fifth
detection processing type, which uses the beat frequencies
p1, p2 of the down intervals in the transmission intervals T1
and T2.

A specific example is shown in FIG. 8A and FIG. 8B. In
FIG. 8A, pairs of relative velocities and relative distances,
detected in one detection cycle, are shown in association with
detectable ranges. The figure indicates that pair P1 was
detected by the second detection processing type, pair P2 was
detected by the third detection processing type, pair P3 was
detected by the fourth detection processing type, pair P4 was
detected by the fifth detection processing type, pair P5 was
detected by the second and third detection processing types,
pair P6 was detected by the first, third, and fourth detection
processing types, pair P7 was detected by the first, third, and
fifth detection processing types, pair P8 was detected by the
first, second, third, and fourth detection processing types, and
pair P9 was detected by the first, second, third, and fifth
detection processing types.

Evaluation values in one detection cycle for the above first
through ninth pairs P1 through P9 are added as the number of
detection processing types used in detection, resulting in FIG.
8B. The evaluation values for pairs P8 and P9 have reached
the criterion value of “4” or greater, so that these pairs are
judged to have continuity in one detection cycle, and the
results are output as data for vehicle control to the vehicle
control device 100. The evaluation values for pairs P6 and P7
are “3”, so that if the pairs are detected once in one more
detection cycle, the criterion value of “4” or greater will
result, and these pairs will be judged to have continuity. The
evaluation values for pair P5 is “2”, so that if after one more
detection cycle the pair is detected by two detection process-
ing types, or if the pair is detected in two more detection
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cycles, the criterion value of “4” or greater will result, and the
pair will be judged to have continuity. In this way, continuity
can be judged early, without executing four detection cycles.

FIG. 9 is a flowchart showing the operating procedure of
the signal processing device of this aspect. This operating
procedure is executed each time the beat signals for one
detection cycle are input from the radar transceiver 30. That
is, the signal processing device 14, upon performing FFT
processing of a beat signal and detecting a beat frequency
(82), performs distance/velocity detection (S4). Then, by
scanning transmission signals or reception signals, the azi-
muth angle of the target object is detected (S6). And, a judg-
ment is made as to whether output is possible, according to
whether the detection result is relevant to the quantity to be
controlled (S8); if it is judged that output is possible, the
detection results are output to the vehicle control device 100
(S10).

FIG. 10 is a flowchart showing the detailed procedure of
relative distance and relative velocity detection processing in
the above procedure S4.

The distance/velocity detection unit 14a performs five
types of detection processing (S20 through S28) using the
beat frequencies, and detects corresponding pairs of relative
velocities and relative distances from the various detection
processing results (S30). Then, the distance/velocity confir-
mation unit 145 adds the evaluation values for the detected
pairs (S32), and those pairs for which evaluation values have
reached a criterion value (for example, four) (YES in S34) are
confirmed as detection results (S36).

In this aspect, evaluation values with different weightings
can be added to pairs of relative velocities and relative dis-
tances according to the type of detection processing used in
detection. Here, the following two weighting methods can be
used.

Asthe first method, evaluation values can be added accord-
ing to the resolution of the relative velocity and relative dis-
tance. That is, the larger the frequency change rate of trans-
mission signals, the greater is the amount of change in the
beat frequency for a constant amount of change in the relative
velocity or relative distance. In other words, the resolution is
higher. Hence the first detection processing type, which uses
beat signals obtained in transmission interval T1 with a larger
frequency change rate, detects relative velocity and relative
distance with higher precision than does the second detection
processing type, which uses beat signals obtained in trans-
mission interval T2 with a smaller frequency change rate.
Hence a higher evaluation value is added for a pair detected
using the first detection processing type than for a pair
detected using the second detection processing type. By this
means, pairs with higher precision reach the criterion value
more quickly than pairs with lower precision. Hence rather
than judging continuity of detection results simply based on
the number of detections, detection results with higher accu-
racy can be used more quickly in vehicle control. Conversely,
pairs with low precision can have a relatively low precision
compensated by means of a number of detection cycles.

In this case, the evaluation values added for pairs detected
by the third detection processing type, which uses a beat
signal obtained in the transmission interval T1 with a large
frequency change rate and a beat signal obtained in the trans-
mission interval T2 with a small frequency change rate, are
smaller than the evaluation values for pairs obtained by the
first detection processing type, and larger than the evaluation
values for pairs obtained by the second detection processing
type.

FIG. 11A to FIG. 11C show an example of evaluation
values, based on the first method. FIG. 11A shows pairs of
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relative velocity and relative distance detected in one detec-
tion cycle, in association with the detectable ranges by the
first through third detection processing types. Here, pair P1 is
detected by the second detection processing type, pair P2 is
detected by the third detection processing type, pair P3 is
detected by the first and third detection processing types, pair
P4 is detected by the second and third detection processing
types, and pair P5 is detected by the first, second, and third
detection processing types.

FIG. 11B shows evaluation values for pairs detected by the
first through third detection processing types. The totals of the
evaluation values for the above pairs P1 through P6 in the first
detection cycle are as in FIG. 11C. That is, an evaluation value
“1” is added for pair P1, corresponding to the second detec-
tion processing type; an evaluation value “2” is added for pair
P2, corresponding to the third detection processing type; an
evaluation value “3”, corresponding to the first detection pro-
cessing type, and an evaluation value “1” corresponding to
the third detection processing type, for a total of “4”, is added
for pair P3; an evaluation value “2” corresponding to the
second detection processing type, and an evaluation value “1”
corresponding to the third detection processing type, for a
total of “3”, is added for pair P4; and an evaluation value “3”
corresponding to the first detection processing type, an evalu-
ation value “1” corresponding to the second detection pro-
cessing type, and an evaluation value “2” corresponding to
the third detection processing type, for a total of “6”, is added
for pair P5.

Hence in this case, according to the procedure shown in
FIG. 10, the pairs P3 and P5 have evaluation values equal to
or greater than the criterion value “4”, and so are judged to
have continuity in one detection cycle, and are output to the
vehicle control device 100 as vehicle controlled quantities.
The evaluation value for the pair P4 is “3”, so that if the pair
is detected once in one more detection cycle, the pair will be
judged to have continuity. The evaluation value for the pair P2
is “2”, so that if the pair is detected by two detection process-
ing types in one more detection cycle, or is detected in two
more detection cycles, the pair will be judged to have conti-
nuity. In this way, continuity judgments can be made early,
without executing four detection cycles.

As a second method, evaluation values can be added
according to the importance with regard to vehicle control.
For example, when placing highest priority on safety, target
objects at close distances are important for control to avoid
and respond to collisions. In particular, a target object which
is rapidly approaching (has a high negative relative velocity)
has the highest importance. From this point of view, larger
evaluation values are added for pairs detected by the fourth
and fifth detection processing types, by which detection at
shorter distance is possible, than for pairs detected by other
detection processing types, such as for example the second
detection processing type, by which the detection range at
close distances is limited.

Further, among the fourth and fifth detection processing
types by which detection at close distances is possible, a
larger evaluation value is added for pairs detected by the fifth
detection processing type, by which target objects having a
negative relative velocity (that is, which are approaching) can
be detected, compared with the evaluation value for pairs
detected by the fourth detection processing type, by which
target objects having a positive relative velocity (that is,
which are receding) can be detected. By this means, detection
results with high importance according to the purpose of
control can be judged to have continuity earlier, and can be
output.
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FIG. 12A to FIG. 12C show an example of evaluation
values based on this second method. In FIG. 12A, pairs of
relative velocity and relative distance detected in one detec-
tion cycle are shown, associated with the ranges which can be
detected by the second detection processing type and by the
fourth and fifth detection processing types. Here, pair P1 is
detected by the second detection processing type, pair P2 is
detected by the fourth detection processing type, pair P3 is
detected by the fifth detection processing type, pair P4 is
detected by the second and fourth detection processing types,
and pair P5 is detected by the second and fifth detection
processing types.

FIG. 12B shows evaluation values for pairs detected by the
second, fourth, and fifth detection processing types. The
evaluation value totals for the above pairs P1 through P5 in
one detection cycle are as shown in FIG. 12C. That is, an
evaluation value “1”, corresponding to the second detection
processing type, is added for pair P1; an evaluation value “4”,
corresponding to the fourth detection processing type, is
added for pair P2; an evaluation value “3”, corresponding to
the fifth detection processing type, is added for pair P3; an
evaluation value “1” corresponding to the second detection
processing type, and an evaluation value “4” corresponding to
the fourth detection processing type, for a total of “5”, is
added for pair P4; and an evaluation value “1”, corresponding
to the second detection processing type, and an evaluation
value “3” corresponding to the fifth detection processing
type, for a total of “4”, is added for pair P5.

Hence in this case, by means of the procedure shown in
FIG. 10, the pairs P2, P4, P5 have evaluation values equal to
or greater than the criterion value “4”, and so are judged to
have continuity in one detection cycle, and are output to the
vehicle control device 100 as vehicle controlled quantities.
The pair P3 has an evaluation value of “3”, so that if the pair
is detected once in one more detection cycle, it will be judged
to have continuity. In this way, continuity judgments can be
made early, without executing four detection cycles.

FIG. 13A to FIG. 13C show an example of evaluation
values in a case which combines the first and second methods.
FIG. 13A shows pairs of relative velocity and relative dis-
tance shown in FIG. 8 A, associated with the ranges which can
be detected.

Here, the evaluation values for the above pairs P1 through
P9 are added as shown in FIG. 13B. That is, based on the
resolution of the relative distance and relative velocity and on
the importance for control, evaluation values are assigned, in
order of magnitude, to the first detection processing type,
fourth detection processing type, fifth detection processing
type, third detection processing type, and second detection
processing type.

Then, the evaluation value totals for the above pairs P1
through P5 in one detection cycle are as shown in FIG. 13C.
That is, an evaluation value “1”, corresponding to the second
detection processing type, is added for pair P1; an evaluation
value “2”, corresponding to the third detection processing
type, is added for pair P2; an evaluation value “3”, corre-
sponding to the fourth detection processing type, is added for
pair P3; an evaluation value “4” corresponding to the fifth
detection processing type is added for pair P4; and an evalu-
ation value “1”, corresponding to the second detection pro-
cessing type, and an evaluation value “2” corresponding to
the third detection processing type, for a total of “3”, is added
for pair P5. Further, for pair P6, an evaluation value of “5”,
corresponding to the first detection processing type, an evalu-
ation value of “2”, corresponding to the third detection pro-
cessing type, and an evaluation value of “3”, corresponding to
the fourth detection processing type, are added, for a total of
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“10”; and for pair P7, an evaluation value of “5”, correspond-
ing to the first detection processing type, an evaluation value
of “2”, corresponding to the third detection processing type,
and an evaluation value of “4”, corresponding to the fifth
detection processing type, are added, for a total of “11”.
Further, for pair P8, an evaluation value of ““5”, corresponding
to the first detection processing type, an evaluation value of
“17, corresponding to the second detection processing type,
an evaluation value of “2”, corresponding to the third detec-
tion processing type, and an evaluation value of “4”, corre-
sponding to the fourth detection processing type, are added,
for atotal of “12”; and for pair P9, an evaluation value of “5”,
corresponding to the first detection processing type, an evalu-
ation value of “1”, corresponding to the second detection
processing type, an evaluation value of “2”, corresponding to
the third detection processing type, and an evaluation value of
“5”, corresponding to the fifth detection processing type, are
added, for a total of “13”.

In this way, the evaluation values for pair P4 and pairs P6
through P9 are equal to or greater than the criterion value “4”,
so that they are judged to have continuity in one detection
cycle, and the pairs are output to the vehicle control device
100 as vehicle controlled quantities. Other pairs can also be
judged to have continuity at an earlier time.

Further, in a case in which numerous target objects exist,
when due to constraints on the amount of processing by the
vehicle control device 100 the detection results to be output
must be limited, pairs can be output in the order of the mag-
nitude of the evaluation value.

Further, in this aspect false relative velocities, detected due
to beat frequency folding due to a so-called crossover phe-
nomenon, can be eliminated. A crossover phenomenon
occurs when the frequency difference between transmission
and reception signals in an up interval or a down interval
becomes small due to an increase in the positive or negative
relative velocity, so that finally the time at which the beat
frequency shown in FIG. 1B can no longer be detected, and
there is reversal of the magnitudes of the frequencies of trans-
mission and reception signals in the up interval or the down
interval. Hence when crossover occurs, the sign of the beat
frequency is inverted.

On the other hand, in FFT processing by the signal pro-
cessing device 14, a positive frequency is detected, so that a
beat frequency inverted to a negative sign is detected as a beat
frequency with a positive sign and the same absolute value.
That is, a false beat frequency, not reflecting the true relative
velocity of the target object, is detected. And from this false
beat frequency, a false relative velocity is detected.

Here, when frequency folding occurs, the relation between
the true relative velocity which should be detected from the
true beat frequency, and the false relative velocity detected
from the false beat frequency due to folding, is associated
with the detectable ranges for the different detection process-
ing types as shown in FIG. 14A and FIG. 14B.

FIG. 14A shows a case in which, when the true relative
velocity Vt1 and a false relative velocity Vt2 are detected by
the first detection processing type, the true relative velocity
Vil is detected by the fourth detection processing type,
including the detectable range by the first detection process-
ing type. For purposes of clarity of explanation, the third
detection processing type is not considered. Here, when only
the first detection processing type is executed, there exists no
criterion for judging whether the relative velocity Vt2 is false
or not, so no judgment is possible. However, in this case the
relative velocity V1l is detected, but the relative velocity V2
is not detected, by the fourth detection processing type. Ifthe
relative velocity Vt2 were the true relative velocity, then
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because it exists within the detectable range by the fourth
detection processing type, it would have been detected.

Hence using this as a judgment criterion in this aspect, the
relative velocity Vt2 can be judged to be false. Specifically,
taking the evaluation values shown in FIG. 13A to FIG. 13C
as an example, for the relative velocity V1 the evaluation
value “5” for the first detection processing type and the evalu-
ation value “4” for the fourth detection processing type are
added to obtain the total “9”, but for the relative velocity V2,
only the evaluation value “5” for the first detection processing
type is added. Hence by for example eliminating relative
velocities with an evaluation value of less than 6, the false
relative velocity can be eliminated from controlled quantities.
Hence erroneous vehicle control based on a false relative
velocity can be prevented.

As another example, a case is shown in FIG. 14B in which
a false relative velocity V12 is detected using the first detec-
tion processing type, and the true relative velocity Vtl, out-
side the detectable range by the first detection processing
type, is detected by the fourth detection processing type. In
this case, when the relative velocity V12 is detected the sign of
the beat frequency is inverted and the relative velocity is
recalculated, and it is possible to determine whether the rela-
tive velocity Vtl is obtained. If the relative velocity Vtl is
obtained, then not only can the relative velocity Vt2 be judged
to be a false relative velocity, but the evaluation value for the
first detection processing type can be added for the relative
velocity Vtl recalculated by the first detection processing
type, to increase the evaluation value for the relative velocity
Vtl. As a result, the relative velocity Vt1 can be output at an
earlier time. Here, in the first detection processing, crossover
occurs when the absolute value of the relative velocity is large
at a small relative distance. Moreover, this combination of
relative distance and relative velocity is important with
respectto control of the vehicle. Hence by means of the above
method, not only can the relative velocity Vt2 be judged to be
a false relative velocity due to the first detection processing
type, but the true relative velocity Vtl can be used at an earlier
time for vehicle control. Hence safety in vehicle control is
improved.

FIG. 15 is a flowchart showing the operation procedure of
the distance/velocity detection unit 14a, comprising the rela-
tive velocity recalculation. This flowchart shows the proce-
dure shown in FIG. 10, with procedures S291 through S293 to
perform recalculation of the relative velocity, taking into
account frequency folding in the first through third detection
processing types as described above. In this case, evaluation
values for each of the detection processing types are added for
the recalculated relative velocity, so that if the true relative
velocity exists in the detectable range by the fourth or the fifth
detection processing type, and is outside the detectable ranges
by the first through third detection processing types, then the
evaluation value for the true relative velocity can be added.
Hence the relative velocity can be output earlier.

In the above explanation, transmission intervals T1, T2
with different transmission signal frequency change rates
were taken to constitute one detection cycle; but this aspect
can also be applied in cases when the transmission intervals
T1, T2 are executed a plurality of times in one detection cycle.
Moreover, the first through fifth detection processing types to
detect relative velocities and relative distances may be
executed a plurality of times in one detection cycle, to
improve the accuracy of the detection results. As explained
above, by means of this aspect even when a plurality of
different frequency change rates are used, relative velocities
and relative distances are determined using combinations of a
plurality of beat signals in one detection cycle, so that more
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data can be obtained within one detection cycle, and the same
advantageous results as when executing a plurality of detec-
tion cycles are obtained. Hence delay in the output of detec-
tion results from the radar device to a vehicle control device
can be prevented.

What is claimed is:

1. A signal processing device, of a radar transceiver which
receives reflected signals of transmitted signals subjected to
frequency modulation such that the frequency rises and falls
and which generates beat signals having frequencies corre-
sponding to the frequency differences between the transmis-
sion signals and reception signals, comprising:

a distance/velocity detection unit, in each detection cycle
comprising a plurality of transmission intervals with
different frequency change rates of the transmission sig-
nals, which detects a relative distance or relative velocity
of a target object based on beat signals generated in any
of the transmission intervals, and which detects the rela-
tive distance or relative velocity of the target object
based on a combination of the beat signals generated in
the different transmission intervals; and

a distance/velocity confirmation unit, which detects detect-
able ranges of the relative distance or relative velocity
for each of a plurality of detection processing types,
which sets an evaluation value for a plurality of the
detectable ranges, which adds the evaluation value of
superposed detectable ranges to compute a total sum,
and which confirms the relative distance or relative
velocity based on the evaluation value which have
reached a criterion value.

2. The signal processing device according to claim 1,
wherein the distance/velocity confirmation unit sets a higher
evaluation value for the relative distance or relative velocity
detected based on the beat signals generated in a transmission
interval with a first frequency change rate, than an evaluation
value for the relative distance or relative velocity detected
based on the beat signals generated in a transmission interval
with a second frequency change rate which is smaller than the
first frequency change rate.

3. A radar device, comprising the radar transceiver and the
signal processing device according to claim 2.

4. A vehicle control device, which controls an operation of
avehicle based on a relative distance or relative velocity of the
target object confirmed by the radar device according to claim
3.

5. The signal processing device according to claim 1,
wherein the distance/velocity confirmation unit sets a higher
evaluation value for the relative distance or relative velocity
detected based on the beat signals generated when the fre-
quency falls in a first transmission interval and when the
frequency falls in a second transmission interval, than an
evaluation value for the relative distance or relative velocity
detected based on the beat signals generated when the fre-
quency rises in the first transmission interval and when the
frequency rises in the second transmission interval.

6. A radar device, comprising the radar transceiver and the
signal processing device according to claim 5.

7. A vehicle control device, which controls an operation of
avehicle based on a relative distance or relative velocity of the
target object confirmed by the radar device according to claim
6.

8. A radar device, comprising the radar transceiver and the
signal processing device according to claim 1.

9. A vehicle control device, which controls an operation of
avehicle based on a relative distance or relative velocity of the
target object confirmed by the radar device according to claim
8.
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10. A signal processing method for processing beat signals
that are generated by a radar transceiver for receiving
reflected signals of transmitted signals subjected to frequency
modulation such that the frequency rises and falls, and that
have frequencies corresponding to the frequency differences
between the transmission signals and reception signals, com-
prising the steps of:

in each detection cycle comprising a plurality of transmis-
sion intervals with different frequency change rates of
the transmission signals, detecting a relative distance or
relative velocity of a target object based on beat signals
generated in any of the transmission intervals, and
detecting the relative distance or relative velocity of the
target object based on a combination of the beat signals
generated in the different transmission intervals;

detecting detectable ranges of the relative distance or rela-
tive velocity for each of a plurality of detection process-
ing types;

setting an evaluation value for a plurality of the detectable
ranges;

adding the evaluation value of superposed detectable
ranges to compute a total sum; and

confirming the relative distance or relative velocity based
on the evaluation value which have reached a criterion
value.

11. A signal processing device, of a radar transceiver which
receives reflected signals of transmitted signals subjected to
frequency modulation such that the frequency rises and falls
and which generates beat signals having frequencies corre-
sponding to the frequency differences between the transmis-
sion signals and reception signals, comprising:

a distance/velocity detection unit, in each detection cycle
comprising a plurality of transmission intervals with
different frequency change rates of the transmission sig-
nals, which detects a relative distance or relative velocity
of a target object based on beat signals generated in any
of'the transmission intervals, and which detects the rela-
tive distance or relative velocity of the target object
based on a combination of the beat signals generated in
the different transmission intervals; and

a distance/velocity confirmation unit, which sets a higher
evaluation value for the relative distance or relative
velocity detected based on the beat signals generated in
a transmission interval with a first frequency change
rate, than an evaluation value for the relative distance or
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relative velocity detected based on the beat signals gen-
erated in a transmission interval with a second frequency
change rate which is smaller than the first frequency
change rate, and which confirms the relative distance or
relative velocity based on the evaluation value.

12. A radar device, comprising the radar transceiver and the
signal processing device according to claim 11.

13. A vehicle control device, which controls an operation
of'the vehicle based on a relative distance or relative velocity
of'the target object confirmed by the radar device according to
claim 12.

14. A signal processing device, of a radar transceiver which
receives reflected signals of transmitted signals subjected to
frequency modulation such that the frequency rises and falls
and which generates beat signals having frequencies corre-
sponding to the frequency differences between the transmis-
sion signals and reception signals, comprising:

a distance/velocity detection unit, in each detection cycle
comprising a plurality of transmission intervals with
different frequency change rates of the transmission sig-
nals, which detects a relative distance or relative velocity
of a target object based on beat signals generated in any
of the transmission intervals, and which detects the rela-
tive distance or relative velocity of the target object
based on a combination of the beat signals generated in
the different transmission intervals; and

a distance/velocity confirmation unit, which sets a higher
evaluation value for the relative distance or relative
velocity detected based on the beat signals generated
when the frequency falls in a first transmission interval
and when the frequency falls in a second transmission
interval, than an evaluation value for the relative dis-
tance or relative velocity detected based on the beat
signals generated when the frequency rises in the first
transmission interval and when the frequency rises in the
second transmission interval, and which confirms the
relative distance or relative velocity based on the evalu-
ation value.

15. A radar device, comprising the radar transceiver and the

signal processing device according to claim 14.

16. A vehicle control device, which controls an operation
of'the vehicle based on a relative distance or relative velocity
of'the target object confirmed by the radar device according to
claim 15.



