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1
RADAR APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates to a measuring device to be
mounted on a vehicle, such as automobile, and to measure
distances from various targets around an own vehicle and also
measure relative speeds between them, and particularly to a
distance measuring apparatus to realize a high axial resolu-
tion by a simple hardware.

A millimeter-wave radar to be used for the automobile
radiates a radio wave of a millimeter-wave band, receives
reflected waves from the targets such as other vehicles and
obstacles, and detects a propagated time period of the waves,
an intensity of the reflected waves, a Doppler shift amount of
frequencies, etc. The distance from the target and the relative
speed between the own vehicle and the target are then mea-
sured from a result of the detection. There are several methods
to measure the distance and srelative speed.

Japanese Patent No. 3203600 discloses a dual-frequency
CW (Continuous Wave) method which is a typical method of
the millimeter-wave radar used for the automobiles. The dual-
frequency CW radar measures a relative speed of a target in
accordance with the Doppler shift at a reception frequency to
then measure a distance as far as the target in accordance with
phase information of reception signals at the two frequencies.

A principle of the dual-frequency CW method will be
described with reference to FIGS. 18A to 18C. In the case of
using a single transmitter, two frequencies fl1 and {2 are
transmitted while they are switched alternately, as shown in
FIG. 18A. In the case of a related technique of the radar for
use in the automobiles, a frequency for switching periodically
the frequencies f1 and f2 is about 100 Hz, and a difference f,_,,
between the two frequencies f1 and f2 is about 300 kHz.

In areception side, reception signals at the respective trans-
mission frequencies f1, f2 are subject to a fast Fourier trans-
formation (FFT) processing to obtain frequency spectra of
reception beat signals.

FIG. 18B shows an example of a reception frequency spec-
trum. A signal (target information) as shown in FIG. 18B
emerges ata frequency (Doppler frequency) corresponding to
arelative speed of the target on the frequency spectrum, when
the target emerges.

In the case of the dual-frequency CW method as a radar
system using the Doppler frequency, target information can
be obtained from the two transmission frequencies f1, f2. Itis
therefore possible to separate and detect a plurality of targets
each having a different relative speed from the foregoing
obtained information of the frequency spectra, and a relative
speed “Rate” for each of the separated and detected targets is
calculated from the Doppler frequency ft by using the follow-
ing expression (1).

M

ft-c
Rate = —

2fe

where fc is a transmission frequency, and ¢ is the velocity
of light.

FIG. 18C shows a vector representation of a phase and
amplitude in frequency spectrum information at two recep-
tion signals in the dual-frequency CW method. Here, a phase
angle difference 0 between two power spectrums F1, F2 is
proportional to a distance as far as the target.

Assuming that the power spectrums F1, F2 are represented
by complex numbers Signal (1), Signal (2), the distance
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“Range” is calculated by the following expression (2) in
accordance with the phase difference 6 between the two fre-
quencies since the difference f,,, between the transmission
frequencies f1, {2 is known.

cxf
A7 X faew

Range = @

where f,, =2—f1, 6=arg(Signal (1))-arg(Signal (2)), and ¢
is the velocity of light.

As described above, the radar using the dual-frequency
CW method calculates the relative speed of the target in
accordance with the Doppler frequency to then calculate the
distance as far as the target in accordance with the phase
angle.

Japanese Patent No. 3746235 relates to a distance measur-
ing apparatus which utilizes a Doppler shift of a reflected
wave from a target under measurement to separate a plurality
of targets and to detect each of the targets. The foregoing
distance measuring apparatus radiates a radio wave, receives
a reflected wave from the target, and detects the target, in
which the apparatus includes: a transmitting unit that trans-
mits continuously a first frequency signal for a predetermined
time period or more, transmits continuously a second fre-
quency signal having a predetermined frequency difference
from the first frequency, and transmits a signal having a
frequency difference of an integer multiple equal to or greater
than twice the predetermined frequency difference from the
first frequency over signals at N frequencies, where N is an
integer equal to or greater than one; a receiving unit that
measures a Doppler frequency of the reflected wave from the
target at each of the respective transmission frequencies of the
first frequency signal, second frequency signal, and N fre-
quency signals; and a detection processing unit that separates
the plurality of targets to then detect each of the targets.

In the case of the radar apparatus utilizing the foregoing
Doppler shift, there is a problem that the Doppler frequency is
tuned into zero to cause a target not to be detected, in a
condition where the distance between the radar and target is
not changed in time, that is, the relative speed is zero.

Further, in the case where plural targets emerge at the same
speed, there is also a problem that it is difficult to separate the
targets and detect each of the distances in high accuracy.

SUMMARY OF THE INVENTION

In the light of the foregoing problems, an object of the
invention is to provide a distance measuring apparatus includ-
ing a transmission antenna to radiate a transmission radio
wave; a reception antenna to receive a reflected signal from a
target; an analog-to-digital (A/D) converter to perform an
analog-to-digital conversion for converting a reception sig-
nal; and a signal processing unit to process the converted
signal and to detect the target, in which a transmission fre-
quency of the transmission radio wave to be radiated is
switched at a timing synchronized with a sampling frequency
of the analog-to-digital conversion.

Further, in the distance measuring apparatus, the transmis-
sion frequency is transmitted continuously at a sampling
period of the analog-to-digital conversion (as an inverse num-
ber of the sampling frequency).

Further, the distance measuring apparatus further includes
a switching function in the signal processing unit that
switches the transmission frequencies in accordance with a
predetermined arbitrary pattern
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Further, in the distance measuring apparatus, the switching
function uses a Fourier transformation processing to be
executed for a predetermined period to switch the transmis-
sion frequency in accordance with the arbitrary pattern as a
single unit of the predetermined period of executing the Fou-
rier transformation processing.

Further, in the distance measuring apparatus, the arbitrary
pattern includes a pattern of a butterfly computation to be
used for the fast Fourier transformation.

Further, in the distance measuring apparatus, the arbitrary
pattern is stored in advance, and the Fourier transformation
processing is executed after decoding the reception signals in
accordance with the arbitrary pattern stored at the reception.

Further, in the distance measuring apparatus, the arbitrary
pattern includes a pattern in accordance with a pseudo ran-
dom code.

Further, in the distance measuring apparatus, the arbitrary
pattern includes a pattern, frequencies of which are switched
stepwise, while a predetermined frequency difference is kept
constant.

Further, in the distance measuring apparatus, a difference
between a previously transmitted frequency and a presently
transmitted frequency is restricted equal to or less than the
predetermined frequency difference, when the transmission
frequency is switched.

Further, the distance measuring apparatus further includes
a gate function to switch whether the reception signal is
passed through on the reception, wherein the received signal
is prohibited to pass through for a predetermined time period
from a time when the transmission frequency is switched.

Further, in the distance measuring apparatus, the predeter-
mined time period is a time until an oscillator for generating
the transmission signal is made stable after the transmission
frequency varies.

Further, in the distance measuring apparatus, an input volt-
age-to-frequency characteristic (V-f characteristic) of a volt-
age controlled oscillator for generating the transmission sig-
nal is stored in advance, a necessary voltage for generating a
predetermined frequency is calculated from the input volt-
age-to-frequency characteristic, or a necessary voltage for
transmitting the predetermined frequency is calculated by a
method of referring to a table.

According to the invention, it is possible to detect a target
even in a condition where the relative speed is zero, and it is
also possible to detect a distance in high accuracy by sepa-
rating plural targets which emerge on the same speed.

The other objects and methods of achieving the objects will
be readily understood in conjunction with the description of
embodiments of the present invention and the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a radar apparatus rela-
tive to the invention;

FIG. 2 is a diagram showing a frequency switching pattern
of a transmission signal to be used for a distance measuring
apparatus in a first embodiment of the invention;

FIG. 3 is a diagram showing an example of a received beat
signal which is sampled in an analog-to-digital sampling
period;

FIG. 4 is a diagram showing a spectrum waveform and
frequency peak signal obtained from the FFT processing;

FIG. 5 is a diagram showing an input voltage-to-frequency
characteristic (V-f characteristic) of a transmitter;

FIG. 6 is diagrams showing a random transmission fre-
quency pattern of the transmission signal to be used for the
distance measuring apparatus in a second embodiment of the
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4

invention, and a transmission frequency pattern after analog-
to-digital sampling data is decoded in order;

FIG. 7 is a flowchart showing a signal processing in the
second embodiment;

FIG. 8A is a diagram showing stepwise transmission fre-
quency patterns of the transmission signal in a two-period
amount (T1, T2) of an FFT period in a third embodiment;

FIG. 8B is a diagram showing spectrum waveforms
obtained from the FFT processing in each of the FFT periods
in the third embodiment;

FIG. 8C is a diagram showing spectrum waveforms
obtained from the FFT processing in each of the FFT periods
in the third embodiment;

FIG. 9 is a diagram showing a transmission frequency
pattern which is varied stepwise while two transmission fre-
quencies having a minute frequency difference between them
are switched one another on the basis of the principle of a
dual-frequency CW method, and data which is separated and
decoded after an analog-to-digital conversion, in a fourth
embodiment;

FIG. 10 is a diagram showing an example of an amplitude
of'the two transmission frequencies after the analog-to-digital
conversion in the fourth embodiment;

FIG. 11A is a diagram showing a spectrum waveform
obtained from the FFT processing in the fourth embodiment;

FIG. 11B is a diagram showing that two power spectra on
a reception signal are represented on a complex plane in the
fourth embodiment;

FIG. 12 is a diagram showing a transmission frequency
pattern which is varied stepwise randomly while two trans-
mission frequencies having a minute frequency difference
between them are switched one another on the basis of the
principle of the dual-frequency CW method, and data which
is separated and decoded after the analog-to-digital conver-
sion, in a fifth embodiment;

FIG. 13 is a diagram showing that the transmission fre-
quencies are varied in accordance with an arbitrary pattern on
the basis of the principle of FMCW method;

FIG. 14A is a diagram showing spectrum waveforms when
the transmission frequencies are varied in accordance with
the arbitrary pattern on the basis of the principle of FMCW
method;

FIG. 14B is another diagram showing spectrum waveforms
when the transmission frequencies are varied in accordance
with the arbitrary pattern on the basis of the principle of
FMCW method;

FIG. 15 is a diagram showing a transmission frequency
pattern when the arbitrary pattern for switching the transmis-
sion frequency is used for a butterfly computation in the FFT
processing;

FIG. 16 is a diagram showing transmission frequencies in
a method where a frequency band is divided to restrict a
varying frequency width when the transmission frequencies
are switched in accordance with the arbitrary pattern;

FIG.17A is a block diagram showing an analog circuit unit
as a reception circuit added with a reception gate

FIG. 17B is a diagram showing that the reception signal is
turned On/Off;

FIG. 18A is a diagram showing a waveform relative to the
dual-frequency CW method as related technique;

FIG. 18B is a diagram showing a spectrum waveform and
frequency peak signal obtained from the FFT processing; and

FIG. 18C is a diagram showing that two power spectra on
the reception signal are represented on a complex plane.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Hereinafter, embodiments of the invention will be
described with reference to FIG. 1 to FIG. 17. The following
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embodiments are examples of a radar apparatus in the inven-
tion to be applied to a distance measuring apparatus for use in
automobiles, but the invention is not limited to the foregoing
application.

FIG. 1 is a block diagram showing a radar apparatus in the
invention. Referring to FIG. 1, a transmitter 18 generates a
transmission signal with a transmission frequency on the
basis of'a modulation signal from a modulator 17, and a high
frequency signal generated from the transmitter is radiated
from a transmission antenna 10. Generally, the distance mea-
suring apparatus for use in the automobiles uses a signal of a
millimeter-wave of 76 GHz or 24 GHz band, or a sub-milli-
meter-wave band. A radio signal reflected from a target (ob-
ject under measurement) such as vehicles, obstacles, etc. is
received from a reception antenna 11 to then give a frequency
conversion by a mixer 12. Part of the output signal from the
transmitter 18 is supplied to the mixer 12 through a direc-
tional coupler, and the signal from the transmitter 18 is mixed
with the reception signal from the reception antenna 11 by the
mixer 12 to generate a beat signal.

In the case where a radar system has a reception system of
a homodyne-based system which converts directly to a base
band, the beat signal outputted from the mixer 12 has a
Doppler frequency.

The beat signal, outputted from the mixer 12, is then sup-
plied to an analog-to-digital (A/D) converter 14 from an ana-
log circuit unit 13 to convert into a digital signal, and to then
supply to a FFT (Fast Fourier Transformation) processing
unit2. The FFT processing unit 2 processes a series of analog-
to-digital converted data by a complex number Fourier trans-
formation processing, so that frequency spectra of the beat
signals are measured as amplitude information and phase
information.

[First Embodiment]

FIG. 2 shows an example of a frequency pattern of a trans-
mission signal supplied from the foregoing distance measur-
ing apparatus in a first embodiment. Here, the frequency
pattern is synchronized with an analog-to-digital sampling
period, and uses a transmission wave, the frequency of which
is decreased stepwise within a FFT period. The modulator 17
shown in FIG. 1 generates a voltage for controlling the trans-
mitter 18 on the basis of a command value supplied from an
arbitrary pattern generation processing unit 4 to then send to
the transmitter 18. The transmitter 18 generates a predeter-
mined frequency which is decreased with a variation amount
Af stepwise, as shown in FIG. 2, to radiate it from the trans-
mission antenna 10. Thereafter, A signal reflected from the
target is received by the reception antenna 11, and converted
into a low frequency beat signal by the mixer 12. The low
frequency beat signal is then amplified by the analog circuit
unit 13, and converted into digital data by the analog-to-
digital converter 14. A transmission signal Sn,(t) is repre-
sented by the following expression (3).

Sn()=drexp[(2nfirt+,)] 3

where At is an amplitude of the transmission signal, fn is a
transmission frequency, and ¢,, is an initial phase.

The reception signal is represented by the following
expressions (4) and (5).

Sn,(ty=Arexpl[{2m:fr (=T(D))+9,}] Q)

where Ar is an amplitude of the reception signal, and T is a
delay time due to the distance.
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The beat signal supplied from the mixer 12 is represented
by the following expression (6).

Snyp(t) = Agp exp[j{2r- fn-1 =27 fn- (1 —7(0)}] (6)

= Ay -exp[j{2r- fn- 70}

The transmission frequency is synchronized with the ana-
log-to-digital sampling period, and the transmission signal
varying stepwise is represented by the following expression

.

n-Af
T

M

fa=f0-

r

where {0 is an initial value of the transmission frequency, n is
an integer which is counted up from 0 to total number of
samples in the FFT period. Af is a variation amount of the
frequency.

According to the foregoing description, the reception beat
signal is represented by the following expression (8).

®

Sre(t = Are-expl {2 10 ma 1))

FIG. 3 shows an example of the reception beat signal which
is sampled in the analog-to-digital sampling period. This
waveform is a sinusoidal wave determined by a distance as far
as the target and its relative speed, and steps in accordance
with the transmission frequency which is varied stepwise. In
the case where the distance as far as the target does not vary,
the sinusoidal wave formed of connecting measured data at
each of the steps is obtained as shown in FIG. 3, since the
transmission is performed while the transmission frequency
is varied stepwise. As the sampled reception data is stored by
anamount during the FFT period to then be subject to the FFT
processing, a frequency peak signal emerges in response to
the distance as far as the target, as shown in FIG. 4. In the case
of'example shown in FIG. 4, a reflected signal from the target
is emerged at a point of a frequency fp, and this frequency fp
becomes a function determined by the distance as far as the
target and its relative speed, and steps in accordance with the
transmission frequency which is varied stepwise.

In the case where the distance as far as the target does not
vary or the relative speed to the target is zero, a distance
“Range” as far as the target can be obtained from the peak
signal frequency fp in relation to the reflection from the target
by the following expression (9).

< T ©)

Range = =

3 nar P

According to the expression (9), n-Af designates a gradient
of the transmission frequency which is varied stepwise. For
example, assuming that the FFT period is 100 ms, and 1000
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points every 1 MHz, that is, the transmission frequency is
varied over 1000 MHz stepwise, an expression (n-Af)/
T=1000 MHz/sec is obtained.

Using this transmission wave, the distance as far as the
target is calculated as 15 m from the expression (9) if the
reception frequency from the target is fp=1000 Hz.

In the firstembodiment, generally, the transmitter 18 has its
inherent input voltage-to-frequency characteristic (V-f char-
acteristic) as shown in FI1G. 5. This V-f characteristic is stored
in a storage unit 19 in advance. A necessary control voltage
for generating a predetermined frequency is then obtained by
using the stored V-f characteristic, or the control voltage is
supplied to the transmitter 18 with reference to a table. In this
way, the predetermined transmission frequency can be trans-
mitted regardless of the characteristic of the transmitter 18.

In the case of example shown in FIG. 2, assuming that the
transmission frequency variation amount is Af, a frequency is
set so that the transmission frequency is varied from f; to £, in
even intervals stepwise. Next, voltages V, to V, necessary for
transmitting the frequencies from f, to f, are measured and
stored in a storage unit 19 in advance. The arbitrary pattern
generation processing unit 4 in a signal processing unit 1 sets
the control voltage to be supplied to the transmitter 18
through the modulator 17 on the basis of information of the
voltages V, to V,, stored in the storage unit 19 in advance. In
this way, a modulation signal is supplied to the transmitter 18,
so that the transmission frequencies can be transmitted while
the frequency variation amount Af is kept constant, and the
transmission frequencies are switched.

[Second Embodiment]

A second embodiment will be described with reference to
FIG. 6 and FIG. 7. The first embodiment has used the trans-
mission frequencies that are varied stepwise, as shown in
FIG. 2. In the case of the second embodiment, the transmis-
sion frequencies are varied by synchronization with the ana-
log-to-digital sampling period as shown in FIG. 6, however,
its transmission frequency pattern uses a transmission fre-
quency of an arbitrary random pattern in the FFT period.

Received signals are converted into digital signals by the
analog-to-digital converter 14, after that, the order of sam-
pling signals are rearranged by a rearrangement processing
unit 3. The rearrangement processing unit 3 rearranges the
analog-to-digital converted data in order similar to the case
where the frequencies on transmission are varied stepwise,
since the pattern on transmission is known. The rearranged
data in the order is subject to the FFT processing in the FFT
processing unit 2, so that the same processing as that in the
first embodiment can be made.

An arbitrary pattern of the transmission frequencies shown
in the upper part of FIG. 6 uses specifically a pseudo random
code such as M-sequence code, Gold-sequence code, etc.
Further, the arbitrary pattern is stored in the storage unit 19 in
advance.

In the case where some sort of interfacial wave emerges on
a midstream of the sequential transmission frequencies by
causing the use of such pseudo random code, there is a merit
to be able to make affection small on the interfacial wave.

A sequentially flown signal processing in the second
embodiment will be described with use of FIG. 7. At a step
100, a radio wave is transmitted by using the arbitrary pattern.
At a step 101, a signal reflected from a target is received to
convert into digital data by the analog-to-digital converter 14.
The analog-to-digital converted sampling data equal to or
greater than the number of samples is stored for undergoing
the FFT processing, and the analog-to-digital converted sam-
pling data received by using the arbitrary pattern on the trans-
mission is rearranged in order (referring to the lower part of
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FIG. 6) at a step 102. At a step 103, the sequential data is
subject to the FFT processing. Finally, at a step 104, a peak
signal reflected from the target obtained from a result of the
FFT processing is measured to calculate a distance as far as
the target and its relative speed from information containing a
frequency, amplitude and phase of the peak signal.

[Third Embodiment]

A third embodiment is concerned with a case where two
series pieces of data in which transmission frequencies are
varied stepwise is subject to the FFT processing. FIGS. 8A
and 8B show transmission frequency patterns to be used for
the FFT processing.

FIG. 8A shows, similarly to FIG. 2, transmission frequen-
cies to be used for a method in which the frequencies to be
transmitted are varied stepwise by synchronization with the
analog-to-digital sampling period, that is, shows data of an
amount of two FFT periods (T1, T2). In the case of the first
embodiment described with use of the expression (9), the
distance as far as the target does not vary. However, in the case
where the relative speed emerges on the target, a frequency of
a peak signal reflected from the target becomes one synthe-
sized with components of the distance and relative speed.
Assuming that an average value of the transmission frequen-
cies between the FFT periods is fc, a peak signal frequency fp
is represented by the following expression (10).

2-Rate n-Af 2-Range
= fo+ ——-
c T c

10
/2 4o

A difference Afp between a frequency fpl of the peak
signal at a time T1 and a frequency fp2 of the peak signal at a
time T2 is represented by the following expression (11).

Ap=fp2-fpl (11)

Assuming that the variation of relative speed from the time
T1 to T2 is minute, a variation amount of the distance is
represented by the following expression (12).

Range(2)-Range(1)=Rate- T’ (12)

Afp is also represented by the following expression (13).

Afp = fp2 - fpl (13)

_ (2-Ratefc+ n-Af Z-Range(Z)]_
c T

c

(2-1:awfc+ n-Af Z-Range(l)]

T c
_ n-Af 2-(Range(2) — Range(1))
T c
_ 2-n-Af -Rate
¢

The relative speed “Rate” is obtained from the following
expression (14) by using the frequency difference Afp from
the time T1 to T2.

-_° . 14
Rate = T Af Afp

The expression (14) is again substituted for the expression
(10), and the distance is obtained from the following expres-
sion (15).
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As described above, the distance as far as the target and its
relative speed can be obtained by using the result of two series
of FFT processing.

[Fourth Embodiment]

A fourth embodiment will be described with use of FIG. 9
and FIG. 10. In the case where the distance between the radar
and target is varied with a time, the frequency fp of the peak
signal reflected from the target contains a Doppler frequency
in accordance with the variation (relative speed) of distance.
For this reason, the principle of dual-frequency CW method is
utilized in this case so that a component (relative speed) and
the distance of the Doppler frequency are separated and mea-
sured each other. As shown in FIG. 9, upper-side frequencies
and lower-side frequencies, both of which are separated by a
minute frequency difference f,,, are transmitted as a trans-
mission signal. The respective frequencies are varied step-
wise by the frequency variation amount Af, as similarly
shown in FIG. 2. In the case of FIG. 9, the analog-to-digital
sample period is made twice and high-speed, and data of the
two frequencies or the upper-side and lower-side frequencies
can be obtained from a single interval of the FFT period.
These pieces of data are separated into the upper-side fre-
quencies and lower-side frequencies to rearrange these data,
so that two data strings, the transmission frequencies of which
are varied stepwise, can be obtained as shown in the lower
part of FIG. 9. The analog-to-digital converted data string in
this case is shown in FIG. 10. In FIG. 10, these pieces of the
analog-to-digital converted data are separated into and con-
nected the upper-side frequencies with lower-side frequen-
cies. These two reception signals are observed as two signals
each having the same frequency, but having a different phase.

The FFT processing is applied to the two reception signals
orthe upper-side and lower-side frequencies, so that spectrum
information shown in FIG. 11A can be obtained. The
reflected signal from the target is then emerged as a peak
signal on the spectrum information. A frequency emerging
the peak signal is one synthesized with the distance and
relative speed as indicated by the expression (10).

A difference between a phase angle of the peak signal
obtained from the spectrum information of the upper-side
frequency and a phase angle of the peak signal of the lower-
side frequency is indicated by FIG. 11B. The distance
“Range” is calculated by the same calculation method as the
dual-frequency CW method, as indicated by the expression
(2), since these pieces of phase angle information become the
same power spectrum information as the dual-frequency CW
method. A value of the relative speed “Rate” can be obtained
from the calculated distance information “Range” and the
frequency fp of the measured peak signal by using the expres-
sion (10). A difference between the upper-side and lower-side
frequencies is about 300 KHz in the case of along-range radar
to be used for controlling a distance between the automobiles.
[Fifth Embodiment]

Next, another method of using the principle of dual-fre-
quency CW method will be described with use of FIG. 12. In
the case of FIG. 12, it is identical to the example in FIG. 9 that
the transmission signal is transmitted as a set of the two
frequencies corresponding to the upper-side and lower-side
frequencies. However, the method in the fitth embodiment is
that the set of the frequencies is transmitted while they are
modulated by an arbitrary pattern on the basis of the FFT
period. Received signals are converted into digital signals by
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the analog-to-digital converter 14, and the upper-side and
lower-side frequencies are then separated and rearranged.
The received analog-to-digital converted data is rearranged in
order similar to the variation such that the upper-side and
lower-side frequencies as frequencies on transmission are
varied stepwise. The lower part of FIG. 12 shows a data
concept which is rearranged stepwise. After the rearrange-
ment as describe above, the processing which utilizes the
principle of dual-frequency CW method similar to that
described with FIG. 11 is applied to the data, so that the
distance as far as the target and its relative speed can be
calculated.

[Sixth Embodiment]

A sixth embodiment will be described with use of FIG. 13
and FIG. 14. A method to be described in this case uses aradar
measurement principle of FMCW (Frequency Modulation
Continuous Wave) method. As shown in FIG. 13, the trans-
mission frequencies are varied by synchronization with the
analog-to-digital sampling period, but its transmission fre-
quency pattern is set to an arbitrary pattern on the basis of the
FFT period. The arbitrary pattern is therefore transmitted over
two FFT periods. FIG. 13 shows an example indicating that
arbitrary patterns of frequencies to be transmitted are varied
for a first FFT period and second FFT period.

Next, received signals are converted into digital signals by
the analog-to-digital converter 14, after that, sampling signals
are rearranged in order by the rearrangement processing unit
3. The rearrangement processing unit 3 rearranges the
received analog-to-digital converted data in order similar to
the variation such that the frequencies on transmission are
varied stepwise, since the arbitrary pattern on transmission is
known. At this time, the data is rearranged such that the
frequency variation is descended stepwise for the first FFT
period, and ascended stepwise for the second FFT period. The
rearranged series data is supplied to the FFT processing unit
2 to undergo the FFT processing. A result of the FFT process-
ing is shown in FIG. 14 as a spectrum waveform, that is, the
results for a descending period and ascending period. Assum-
ing that a peak signal frequency of target information
obtained from the FFT processing in the ascending period is
fp+, likewise, a peak signal frequency in the descending
period is fp—, the respective frequencies are obtained from the
distance “Range” as far as the target and its relative speed
“Rate” by the following expressions (16) and (17).

16
i/ 4o

T c c

an

SAf 2R 2 -Rats
_n f_ ange+ aefc

U T c c

According to the peak signal frequencies obtained from the
above, the distance as far as the target and its relative speed are
calculated by the following expressions (18) and (19), simi-
larly to the FMCW method.

Ranse = T (18)
ange = (fp++fp-)-c: iz

Rete = (f~—p +)- 77 a9

[Seventh Embodiment]
A seventh embodiment will be described with use of FIG.
15.



US 8,232,914 B2

11

The FFT processing is often utilized as a fast algorithm to
convert time domain data into frequency domain data. There
are a number of algorithms to be used for the FFT processing.
However, in the case of calculation by radix-2 decimation in
time, the data in the time domain can be outputted in order by
rearranging the time domain data in advance and by repeating
a butterfly computation. For example, in the case where the
FFT processing is applied to eight pieces of data, input data
(x0, x1, x2, x3, x4, X5, x6, x7) in the time domain is rear-
ranged in order of (x0, x4, x2, x6, x1, x5, x3, x7), and then
subject to the FFT processing to output in order of (x0,x1, x2,
x3, x4, x5, x6,x7) of the frequencies in the frequency domain.
Eveninthe case of a method inrelation to the invention shown
in FIG. 15, the frequencies to be transmitted are previously
rearranged in order to be applicable to the butterfly compu-
tation. FIG. 15 shows an example indicating that eight fre-
quencies are transmitted while they are switched, that is, the
frequencies (10, f4, f2, 16, f1, {5, 3, {7) are transmitted.
Received signals are converted into digital signals by the
analog-to-digital converter 14, and subject to the FFT pro-
cessing without rearranging in order, so that the rearrange-
ment for necessary data can be omitted, and the calculation
time can be reduced.

[Eighth Embodiment]

An eighth embodiment will be described with use of FIG.
16. In the case of the description relative to the embodiment in
FIG. 6 and others, the frequencies to be transmitted are varied
by synchronization with the analog-to-digital sampling
period, and its transmission frequency pattern is set to a
certain arbitrary pattern based on the FFT period. In the case
of the embodiment in FIG. 16, a method indicates that the
FFT period is separated more, and a band in which the fre-
quency is varied in a separated time period is restricted. An
amount of transiting the frequencies in a certain time period is
restricted to shorten the transition time period from one to
another frequency, so that a frequency stability after the tran-
sition can be enhanced.

[Ninth Embodiment]

A ninth embodiment will be described with use of FIGS.
17A and 17B. FIG. 17A shows an example of the analog
circuit unit 13 containing an amplifier 31, a reception gate 30,
and a sample-hold circuit 32. In the case where the transmis-
sion frequency is made varied stepwise, there is a tendency
for an overshoot to arise from an actual transmission fre-
quency dependent on a characteristic of the transmitter 18, in
response to a command value of the transmission frequency
as shown in FIG. 17B. For a purpose of reducing an adverse
effect of such overshoot from the transmission frequency, the
reception gate 30 is incorporated into the analog circuit unit
13.

As shown in FIG. 17B, the command value of the trans-
mission frequency is transited, and the reception gate 30 is
then turned On after elapsed by a predetermined time width
At. Further, the reception gate 30 is turned Off at a time little
before commanding the transition of a next frequency. A
signal in a time period during which the reception gate 30 is
turned On is held by the sample-hold circuit 32 to then convert
into digital data by the analog-to-digital converter 14. In this
way, the function of reception gate 30 is added to the analog
circuit unit 13, so that the adverse effect of a frequency
hunting so-called the overshoot and undershoot of the trans-
mission frequency by causing the switching of the command
value in the transmission frequency can be eliminated,
enabling measurement in high accuracy.

The radar apparatus as described above can be used for a
distance measuring apparatus to measure a distance from a
vehicle or automobile in front of own one. The radar appara-
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tus can also be used for a car-mounted radar device to measure
a position, a direction, and a relative speed in relation to
various targets which are found in front, side and rear direc-
tions. Further, it is possible to widely use the radar apparatus
such as a ground radar to measure a traffic and monitor a
specific spot.

It should be further understood by those skilled in the art
that although the foregoing description has been made on
embodiments of the invention, the invention is not limited
thereto and various changes and modifications may be made
without departing from the spirit of the invention and the
scope of the appended claims.

The invention claimed is:

1. A distance measuring apparatus comprising a transmit-
ter to generate a transmission signal at a frequency that is
adjusted stepwise; a transmission antenna to receive the trans-
mission signal and radiate transmission radio waves; a recep-
tion antenna to receive reflected signals from a target; an
analog-to-digital converter to perform an analog-to-digital
conversion for converting reception signals; and a signal pro-
cessing unit to process the converted signals and to detect the
target,

wherein the frequency of the transmission signal received

by the transmission antenna is adjusted at a timing syn-
chronized by the signal processing unit with sampling
periods of the analog-to-digital conversion.

2. The distance measuring apparatus according to claim 1,
wherein the transmission signal is generated at a frequency
that is continuous for each sampling period of the analog-to-
digital conversion.

3. The distance measuring apparatus according to claim 1,
further comprising a modulator that generates a voltage for
controlling the transmitter based on an instruction value from
a pattern generating unit, the transmitter switching the fre-
quency that is adjusted stepwise based on a voltage input from
the modulator.

4. The distance measuring apparatus according to claim 3,
wherein switching the frequency that is adjusted stepwise is
performed, by a Fourier transformation processing unit, to
switch the frequency that is adjusted stepwise in accordance
with the instruction value from the pattern generating unit.

5. The distance measuring apparatus according to claim 4,
wherein the instruction value includes a butterfly computa-
tion pattern to be used by the Fourier transformation process-
ing unit.

6. The distance measuring apparatus according to claim 3,
further comprising a storage unit by which the instruction
value is stored in advance, wherein the Fourier transformation
processing unit executes processing after decoding the recep-
tion signals in accordance with the stored instruction value.

7. The distance measuring apparatus according to claim 3,
wherein the pattern generating unit provides the instruction
value in accordance with a pseudo random code.

8. The distance measuring apparatus according to claim 3,
wherein the pattern generating unit provides the instruction
value so that it has frequencies that are switched stepwise,
while a predetermined frequency difference is kept constant.

9. The distance measuring apparatus according to claim 1,
wherein a difference between a previous radio frequency and
a present radio frequency is restricted so as not to exceed a
predetermined frequency difference when the radio fre-
quency is switched.

10. The distance measuring apparatus according to claim 1,
further comprising a gate function to switch whether the
reception signals are passed through upon reception, wherein
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the reception signals are prohibited from passing through for
a predetermined time period from a time when the frequency
is adjusted stepwise.

11. The distance measuring apparatus according to claim

14

to-frequency characteristic of a voltage controlled oscillator
for generating the transmission radio waves is stored in
advance, wherein a necessary voltage for generating a prede-
termined frequency is determined from the input voltage-to-

10, wherein the predetermined time period is a stabilization 5 frequency characteristic or by referring to a table.

time after the frequency is adjusted stepwise.
12. The distance measuring apparatus according to claim 1,
further comprising a storage unit by which an input voltage-



