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1
RADAR APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a radar apparatus that
performs signal processing on a digital basis and, more
particularly, to a radar apparatus of a digital beamforming
(DBF) type provided with an array antenna consisting of a
plurality of antenna elements to form antenna beams by
digital processing.

2. Related Background Art

An example of the radar apparatus of the DBF type is the
one described in Japanese Laid-open Patent Application No.
6-88869. In this conventional radar apparatus, an RF
amplifier, a mixer, a filter, and an A/D converter are con-
nected to each of the antenna elements forming the array
antenna and digital signals outputted from the respective
A/D converters are taken into a digital beamforming pro-
cessor to be subjected to a digital beamforming process.

In general, the radar apparatus uses high-frequency elec-
tromagnetic waves such as microwaves or millimeter waves,
and analog devices (such as the RF amplifiers and mixers)
operating at such high frequencies are very expensive.

The conventional radar apparatus described above needs
a lot of analog devices, because these analog devices are
provided for each of the antenna elements. Therefore, high
production cost is unavoidable. Particularly, a means for
improving performance can be increase in the number of
antenna elements, but the increase of the antenna elements
will result in increasing the number of high-frequency
analog devices attendant thereon and in turn increasing the
cost. This was the hindrance against the increase in the
number of antenna elements. The increase in the number of
analog devices will also result in increasing the scale of the
radar apparatus.

SUMMARY OF THE INVENTION

The radar apparatus of the present invention has been
accomplished to solve the problems stated above, and the
radar apparatus of the invention comprises a transmit section
for radiating a transmit signal in the form of an electromag-
netic wave, an array antenna comprised of a plurality of
antenna elements for receiving an electromagnetic wave
re-radiated from an object when the electromagnetic wave of
the transmit signal reaches the object, as a receive signal,
switching means for connecting either one of the antenna
elements to a predetermined terminal in an alternative way
by a switching signal, a receive section for downconverting
the receive signal obtained from the predetermined terminal
by use of part of the transmit signal to generate a difference
signal between the transmit signal and the receive signal and
converting this difference signal to a digital signal, and a
digital signal processing section for subjecting the digital
signal from the receive section to a predetermined process to
detect a distance to the object or a relative velocity of the
object.

The switching operation of the switching means permits
the receive signals received by the respective antenna ele-
ments to be input to the receive section in order in time
division and in repetitive manner. The receive section down-
converts each of the receive signals successively input from
the respective antenna elements to generate the difference
signal between the transmit signal and the receive signal and
a series of difference signals are converted to digital signals
element by element. The digital signal processing section
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2

subjects the digital signals from the receive section to the
predetermined process to detect position information or
velocity information of the object. Since the signals from the
respective antenna elements are input in series to the receive
section, only a set of devices suffice for downconverting
without having to prepare such devices for each of the
antenna elements. In a preferred embodiment, the switching
means is adapted to interrupt connection between output
terminal and input terminal by an intermittent signal of a
frequency higher than a frequency of the switching signal
and lower than a frequency of the transmit signal, and the
receive section is adapted to downconvert the receive signal
from the switching means by use of part of the transmit
signal and further downconvert the thus downconverted
signal by use of the intermittent signal to generate the
difference signal.

Since the receive section generates the difference signal
between the transmit signal and the receive signal by the
two-stage downconverting, it can effectively separate and
eliminate the 1/f noise, FM-AM conversion noise, ¢tc.,
which the so-called homodyne detection employing single-
stage downconverting was unable to separate and eliminate.
Since the frequency of the signal obtained by the first-stage
downconverting is raised by the degree corresponding to
that of the intermittent signal, the signal can be separated
from the noise components of low frequencies.

The present invention will be more fully understood from
the detailed description given hereinbelow and the accom-
panying drawings, which are given by way of illustration
only and are not to be considered as limiting the present
invention.

Further scope of applicability of the present invention will
become apparent from the detailed description given here-
inafter. However, it should be understood that the detailed
description and specific examples, while indicating pre-
ferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will be apparent
to those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a structural diagram to show the radar apparatus
of an embodiment of the present invention;

FIG. 2A and FIG. 2B are graphs for explaining the
principle of detection by FM-CW radar;

FIG. 3A and FIG. 3B are graphs for explaining the
principle of detection by FM-CW radar;

FIG. 4 is a diagram for explaining the principle of a
phased array antenna;

FIG. § is a diagram for explaining the principle of a digital
beamforming (DBF) antenna;

FIG. 6 is a graph to show signals downconverted in the
first embodiment;

FIG. 7 is a graph to show the signal of the first channel
extracted from FIG. 6;

FIG. 8 is a flowchart to show the overall operation of the
first embodiment;

FIG. 9 is a structural diagram to show the radar apparatus
of the second embodiment of the present invention;

FIG. 10 is a timing chart to show the switching operation
of switch 6;

FIG. 11 is a timing chart to show output signals from
mixer 42;

FIG. 12 is a timing chart to show output signals from
second mixer 72; and
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FIG. 13 is a spectral map to show the way of frequency
conversion.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 is a structural diagram to show the radar apparatus
which is as an embodiment of the present invention. This
radar apparatus is an FM-CW radar apparatus using a
transmit signal resulting from frequency modulation (FM) of
continuous wave (CW) and is also DBF radar apparatus to
perform the digital beamforming process.

The principle of detection by the FM-CW radar and the
fundamental concept of the DBF technology will be
described prior to description of specific structure and
operation of the present embodiment.

First, the principle of detection by the FM-CW radar will
be described referring to the graphs of FIGS. 2A and 2B and
FIGS. 3A and 3B. FIG. 2A is a graph to show change in
transmit frequency, and change in receive frequency of
re-radiated beam from a target located at a position the
distance R apart and moving at the relative velocity of zero,
wherein the ordinate indicates the frequency and the
abscissa the time. The solid line indicates the frequency of
transmit signal and the dashed line the frequency of receive
signal. As apparent from this graph, the transmit signal is a
modulated signal resulting from triangular frequency modu-
lation of continuous wave. The center frequency of the
modulated wave is f0, the frequency shift width AF, and the
repetition frequency of the triangular wave fm. FIG. 3Ais a
graph to indicate change in receive signal when the relative
velocity of the target is not zero but velocity V, wherein the
solid line represents the frequency of transmit signal and the
dashed line the frequency of receive signal. The definition of
the transmit signal and coordinate axes is the same as in FIG.
2A.

It is understood from FIG. 2A and FIG. 3A that the receive
signal under radiation of such transmit signal experiences a
time delay T (T=2R/C: C is the speed of light) according to
the range R when the relative velocity of the target is zero
and that the receive signal experiences the time delay T
according to the range R, and a frequency shift D commen-
surate with the relative velocity when the relative velocity of
the target is V. The example shown in FIG. 3A indicates the
case where the frequency of the receive signal is shifted up
in the same graph and thus the target is approaching.

When this receive signal is mixed with part of the transmit
signal, a beat signal will be obtained. FIG. 2B and FIG. 3B
are graphs to show the beat frequency when the relative
velocity V of the target is zero and when the relative velocity
V is not zero, respectively, wherein the time axis (abscissa)
is timed with that of FIG. 2A or FIG. 3A, respectively.

Now, let fr be the beat frequency at the relative velocity
of zero, fd be the Doppler frequency based on the relative
velocity, fbl be the beat frequency in frequency-increasing
intervals (up intervals), and fb2 be the beat frequency in
frequency-decreasing intervals (down intervals). Then the
following equations hold.

foi=fr-fd &)
fo=frefd @

Hence, fr and fd can be calculated from the following
equations (3) and (4) by separately measuring the beat
frequencies fbl and fb2 in the up interval and in the down
interval, respectively, of the modulation cycles.

fr=(fb1+fb2)/2 3)
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4

fd=(fb2-fb1)/2 4

Once fr and fd are obtained, the range R and the relative
velocity V of the target can be calculated from the following
equations (5) and (6).

R=(C/(4-AF-fm))fr ®

V=(C/2A0)fd ®)

In the above equations, C indicates the speed of light.

The range R and relative velocity V of the target can be
obtained for an arbitrary beam direction as described above
and, therefore, the direction, range, and relative velocity of
the target can be determined by successively calculating the
range R and relative velocity V with scanning of beam. This
is the principle of the FM-CW radar.

Next, the fundamental concept of the digital beamforming
(DBF) technique utilized in the present invention will be
described. The DBF is a technique for taking receive signals
of an array antenna composed of a plurality of antenna
elements through analog-to-digital conversion into a digital
signal processing section and for actualizing beam scanning
and adjustment of sidelobe characteristics etc. in the digital
signal processing section. The principle of the beam scan-
ning by DBF is easier to understand when compared with a
phased array antenna radar, and, therefore, the phased array
antenna radar will be described first.

FIG. 4 is a diagram to show the fundamental structure of
the phased array antenna radar. When an array antenna 31
consisting of n antenna elements arranged at the spacing d
receives the radio wave coming from the direction Y which
makes the angle 6 to the center direction X of the radar, each
propagation path length to the antenna element (CH2), . . .,
or the antenna e¢lement (CHn) is dsin®, . . . , or (n—1)dsin®,
respectively, longer than that of the radio wave to the
antenna element (CH1), as shown in FIG. 4. Accordingly,
the phase of the radio wave reaching the antenna element
(CH2), . . ., or the antenna ¢lement (CHn) lags the phase of
the radio wave reaching the antenna element (CH1) by that
degree.

This phase delay is (2xdsing)/A, . . . , or (2(n—1)wdsin®)/)
for each of the antenna elements. Here, A is the wavelength
of the radio wave. This delay is restored by a phase shifter
32-1 to 32-n provided at the back end of each antenna
element so as to put the phase forward, whereby the radio
wave from the Y direction is received in the same phase by
the all antenna elements. This means that the directivity is
set in the O direction. The signal processing after synthesis
of the receive signals passing through the respective phase
shifters is the same as in the case of the mechanical
scanning; the signal is amplified by low-noise amplifier 33,
then the signal is downconverted by being mixed with the
transmit signal outputted from oscillator 35, in mixer 34, and
the signal is sent to signal processing circuit 36. Numeral 37
denotes a transmit antenna.

‘With this phased array antenna radar, the directivity can
be changed to an arbitrary direction in a fixed state of the
array antenna composed of the antenna elements, by prop-
erly controlling the phase shift amounts of the respective
phase shifters.

The DBF radar employs the digital signal processing to
achieve the function of the phase shifters of the phased array
antenna radar. FIG. 5 illustrates the fundamental structure of
the DBF radar. A low-noise amplifier 52-1 to 52-n is
provided for each antenna element 51-1 to 51-n and a signal
from each amplifier is downconverted in an associated mixer
53-1 to 53-n. The signal after the downconversion is filtered
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in filter 55-1 to 55-n, thereafter the analog signal is con-
verted to a digital signal by A/D converter 56-1 to 56-n, and
the digital signal is sent to digital signal processing (DSP)
circuit 57. Numeral 58 denotes the transmit antenna.

Since the DSP circuit 57 can freely change the phase and
amplitude, the directivity of the antenna can be determined
in an arbitrary direction and in an arbitrary shape by sub-
jecting the digital receive signals of the respective channels
to phase and amplitude conversion according to a certain
rule and synthesizing the signals of the all channels. This is
called digital beamforming (DBF).

A principal feature of the DBF is that once the signals of
the all antenna elements (all receive channels) are taken in
as digital signals, a beam can be synthesized in an arbitrary
direction, based thereon, and, therefore, a plurality of beams
can be created from one signal capture.

The radar apparatus as an embodiment of the present
invention illustrated in FIG. 1 is constructed in such struc-
ture that the principle of DBF described above is applied to
the FM-CW radar apparatus and that the whole apparatus is
equipped with only one set of analog devices such as the RF
amplifier and mixer, which were provided for each of the
antenna elements in the conventional DBF radar apparatus.

The radar apparatus of the invention is provided with
transmit section 1, array antenna 2, switch 3, receive section
4, and digital signal processing section 5.

The transmit section 1 is provided with voltage-controlled
oscillator 11 having the center frequency of f0 (for example,
60 GHz), buffer amplifier 12, transmit antenna 13, and RF
amplifier 14. The oscillator 11 outputs the modulated wave
(transmit signal) of f0+AF/2 by control voltage outputted
from a dc power supply for modulation not illustrated. The
modulated wave is amplified by the buffer amplifier 12 to be
radiated as an electromagnetic wave from the transmit
antenna 13. Part of the transmit signal is amplified by the RF
amplifier 14 and the amplified signal is outputted as a local
signal for detection of receive signal.

The array antenna 2 for reception is provided with n
antenna elements respectively corresponding to channels
from the first channel (CH1) to the n-th channel (CHn). The
switch 3 has n input terminals and one output terminal and
each antenna element of the array antenna 2 is connected to
an associated input terminal. The output terminal is arranged
to be connected to either one of the input terminals and the
connection is switched at regular intervals by switching
signal (clock signal). The switching of connection is elec-
trically conducted on the circuitry.

The receive section 4 is provided with RF amplifier 41,
mixer 42, amplifier 43, filter 44, A/D converter 45, and
switching signal oscillator 46. A signal outputted from the
output terminal of the switch 3, which is a signal received by
either antenna element of the array antenna 2, is amplified by
the RF amplifier 41 and the amplified signal is mixed with
part of the transmit signal from the RF amplifier 14 in the
mixer 42. This mixing causes the receive signal to be
downconverted, thereby creating a beat signal which is a
difference signal between the transmit signal and the receive
signal. The beat signal is input through the amplifier 43 and
low-pass filter 44 into the A/D converter 45 to be converted
to a digital signal at the timing of an output signal from the
oscillator 46, i.e., at the timing of the clock signal for
switching of connection in the switch 3.

The digital signal processing section 5 carries out the
digital beamforming (DBF) based on the aforementioned
principle with the input of the digital beat signal from the
A/D converter 45.

Next described is the overall operation of the radar
apparatus constructed as described above.
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6

Let - be the frequency of the transmit signal, fz(1) be
the frequency of the receive signal (where i=1, 2, . . . , n),
and fb(i) be the frequency of the beat signal (where i=1,
2, . .., n). Then the frequency fb(i) of the beat signal is
expressed by the following equation.

Jb (i)=lfrx_f RX(i) | (7)

With an example of the radar apparatus to be mounted on
automobiles, f,,~f,,(1)~60 GHz and then fb(i)<100 kHz,
approximately. When in this example the frequency fsw of
the clock signal, which is the switching signal of the switch
3, is set to several MHz to several hundred MHz, the mixer
42 downconverts several hundred to several thousand cycles
of each receive wave (in the 60 GHz band) from the
respective channels (antenna elements) to repetitively gen-
erate beat signals of fb(i) from 1 to n in order.

The downconverted signals are illustrated in FIG. 6. In
this figure the number n of receive channels is set as n=8 and
the value of fsw is decreased to a value close to fb(i) for
simplicity. There is a small shift between phases of the beat
signals obtained in the respective antenna elements of CH1
to CHS.

In FIG. 6, eight curved lines indicated by thin lines
represent the beat signals in the case where each of the
signals received by the respective channels (antenna
elements) of the array antenna 2 is downconverted. Since the
switching of channel is conducted at the frequency fsw by
the switch 3 in the present embodiment, the beat signals
obtained in the mixer 42 are chopped beat signals indicated
by solid lines. Each of the chopped beat signals of the
individual channels is input through the amplifier 43 and
filter 44 into the A/D converter 45.

Since the A/D converter 45 performs the A/D conversion
in synchronism with the switching timing of the switch 3,
there is 1:1 correspondence between the digital data after the
A/D conversion and the channels. The timing of A/D con-
version in each channel is slightly delayed from the switch-
ing timing of the switch 3, so as to be set at the center of a
connection period. FIG. 7 is a graph to show the signal of the
first channel extracted from FIG. 6, in which positions
indicated by black dots are points of A/D conversion timing.

Then the digital signal processing section 5 accumulates
fixed data amounts of the serial data of the eight channels,
for example, data of 1024 points for each channel, in eight
buffers. Each channel and each buffer are in 1:1 correspon-
dence. The first buffer stores 1024 chopped digital beat
signals of the first channel (only three of which are illus-
trated in FIG. 7), and likewise, the second buffer to the
eighth buffer store the digital beat signals of the second
channel to the eighth channel, respectively.

In this example, the value of fsw is decreased to a value
close to fb(i) for simplicity of illustration, as described
above. However, fsw>>fb(i) in practice, so that the period of
the switching signal is much shorter relative to the period of
the beat signals than that illustrated. Therefore, the beat
signals are actually chopped finer. Regeneration of fb(i) is
allowed up to the frequency where the sampling theorem
holds (i.e., to fsw/(2xthe number of channels)).

In the digital signal processing section 5, the data series
separated in the respective channels are processed in a
similar manner to those in the case of the conventional DBF
radar apparatus for downconverting data for each channel.
More specifically, after execution of the FFT process, the
phase rotation process is carried out according to the idea of
DBF as was stated referring to FIG. 4 and FIG. 5, a beam is
synthesized at each direction angle, and the range to the
object and the relative velocity of the object are computed
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according to aforementioned Egs. (5) and (6) from frequen-
cies of beat signals of each beam. In the last step the position
and velocity of the object are determined from all these
results.

FIG. 8 is a flowchart to show the whole of the sequential
flow concerning the operation of the radar apparatus of the
present embodiment detailed above. Let i represent a chan-
nel number and j represent a data sampling number. First,
step 801 is to set i=1 and j=1. Then the clock signal fsw is
taken in (step 802), and with detection of an edge of the
clock signal the output terminal of the switch 3 is switched
to the input terminal of CHi (steps 803, 804). Here, i=1 at
this point, and thus the output terminal is connected to the
input terminal of CH1.

Then the A/D converter 45 performs the A/D conversion
process with a delay of the time t (t=1/(2 fsw)) which is half
of the period of the clock signal, and digital data produced
by the process is taken into the buffer in the digital signal
processing section 5 (steps 805, 806). Since i=1 and j=1 at
this point, the first sampled data is stored in the first system
of buffer.

After that, a process of i=i+1 is carried out (step 807) and
then the flow returns to step 802 to repeat the processes of
steps 802 to 807 before the condition of i>8 is satisfied (step
808). This repetition causes the first sampled data to be
stored in each of the first to the eighth buffers in the digital
signal processing section 5.

When the condition of i>8 is satisfied in step 808, the flow
moves to step 809 to set i=1 and j=j+1. Since j=1 so far, j=2
is set here. Step 810 is to determine whether j>1024. The
processes of steps 802 to 809 are repeated before the
condition of j>1024 is met. This repetition causes all
sampled data of the first to the thousand twenty fourth points
to be stored in each of the first to the eighth buffers in the
digital signal processing section 5.

After that, DBF synthesis is conducted and then recog-
nition of object is carried out based on the synthesis result
(step 811).

Incidentally, in this embodiment, the data is not one
obtained at the same time in a precise sense, because the
measuring times of the respective channels are shifted each
by 1/fsw. If the condition of fsw=>>fb(i) holds adequately, for
example, if the condition of fsw>(fb(i)x1000) approxi-
mately is met, the data can be synthesized as assuming that
the data was obtained at the same time. Where such condi-
tion is not met, it is desirable to effect compensation
commensurate with the frequency for the rotation amount
(direction angle) of the phase rotation in each channel.

The compensation amount ¢ with respect to the reference
of CHI1 (no compensation) is given as follows:

G=(fD(0)/fsw)x(i-1)x27
where i=1, 2, . . ., n.

Another embodiment of the present invention will be
described below. FIG. 9 is a diagram to show the structure
of the radar apparatus as the second embodiment of the
present invention. The radar apparatus of the first embodi-
ment is adapted to carry out the homodyne detection,
whereas the radar apparatus of the present embodiment is
adapted to perform heterodyne detection to reduce the noise.

It is not easy to perform heterodyne detection of high-
frequency signals such as the microwaves and millimeter
waves. This is because it is difficult to construct an oscillator
for stably supplying the local signal of transmit
frequency=+intermediate frequency, which is used in down-
converting the receive signal to the signal of the intermedi-
ate frequency, at low cost. The present embodiment is thus
implemented as a radar apparatus without the need for such
an oscillator.
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In FIG. 9, the same elements as in FIG. 1 are denoted by
the same reference symbols and the detailed description
thereof is omitted herein. Switch 6 has n input terminals and
one output terminal, similar to the switch 3 of FIG. 3, and
the output terminal is connected to either one of the input
terminals. The connection is switched at regular intervals by
the switching signal (clock signal) from the oscillator 46.
The switch 6 is different from the switch 3 in that the
connection between the input terminal and the output ter-
minals is interrupted by an intermittent signal supplied from
the outside.

The receive section 7 is constructed in such structure that
IF amplifier 71 and second mixer 72 are interposed in series
between the mixer 42 and the amplifier 43 of the receive
section 4 of FIG. 1. The receive section has an oscillator 73,
in addition to the oscillator 46, and the oscillator 73 outputs
the intermittent signal f,- having the frequency several ten
times that of the switching signal. An example of the
frequencies of the respective signals is as follows; the
frequency f0 of the transmit signal is 60 GHz, the frequency
f, of the intermittent signal in the intermediate frequency
band is 100 MHz, the frequency of the switching signal is 5
MHz, and the frequency of the beat signal is DC to 100 kHz,
for example.

Next described is the operation of the radar apparatus of
the present embodiment constructed as described above.

The receive signals (fO0+fb) received by the respective
antenna elements of the array antenna 2 are successively
connected to the RF amplifier 41 in the order of CH1, CH2,
. . ., CHn by the switch 6 and each channel connected
undergoes repetitive on and off of the connection by the
intermittent signal.

FIG. 10 is a timing chart to show the switching in the
switch 6. It is seen from this figure that switching of channel
is effected at rise edges and fall edges of the switching signal
of the frequency fsw and each channel selected in an
alternative way by this switching is subjected to on and off
of connection by the intermittent signal of the frequency f..

The switching operation and intermittent operation in this
switch 6 set the frequency of the signal outputted from the
output terminal of the switch 6 to (f0+fb)=f,, i.e., fO+f,+fb.

‘When this signal is amplified by the RF amplifier 41 and
thereafter input to the mixer 42, it is mixed with part of the
transmit signal obtained from the RF amplifier 14, to obtain
an intermediate signal having the frequency of f+fb.

FIG. 11 is a timing chart to show intermediate signals
outputted from the mixer 41. As apparent from this figure,
each intermediate signal outputted from the mixer 41 is a
signal amplitude-modulated by the beat signal of each
channel with the intermittent signal of the frequency f; as
a carrier signal. For simplifying the description, FIG. 11
shows the case where the number n of receive channels is
n=8 and fsw is decreased to a value close to fb(i), just as in
the description of the first embodiment. There is also a small
shift between the phases of the beat signals obtained from
the respective antenna elements of CH1 to CHS.

When the intermediate signal of the frequency f,xfb
obtained in this way is amplified by the IF amplifier 71 and
thereafter mixed with the intermittent signal of the fre-
quency f,» in the second mixer 72, the beat signals are
obtained in succession in the sequence of the channels. FIG.
12 shows the beat signals outputted from the second mixer
72.

The processing thereafter is the same as in the first
embodiment; the beat signal is input through the amplifier
43 and filter 44 to the A/D converter 45 to be subjected to
A/D conversion in synchronism with the switching signal of
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the frequency fsw and the digital data output therefrom is
supplied to the digital signal processing section 5. The
processing in the digital signal processing section 5 is also
similar to that in the first embodiment; the digital data input
is subjected to the FFT process, thereafter the phase rotation
process is effected thereon, a beam is synthesized in each
direction angle, and the range to the object and the velocity
of the object are computed from the frequencies of beat
signals of each beam. In the final step the position and
velocity of the object are determined from all these results.

FIG. 13 is a spectral map to show the way of frequency
conversion in the signal processing step in the present
embodiment. In the radar apparatus of the present
embodiment, the receive signal 130 is replaced with signals
131 and 132 by on and off according to the intermittent
signal in the switch 6, thereafter they are downconverted to
the intermediate signal 133 by the mixer 42, and
subsequently, it is downconverted to the beat signal 134 by
the second mixer 72.

In FIG. 13, a curve 135 represents the noise floor of the
mixer 42 and a curve 136 the noise floor of the second mixer
72. As apparent from this figure, the mixer 42 performs the
downconverting to the IF band where the influence of the
noise thereof is lowered. Then the second mixer 72, which
has lower noise in the low frequency region than the mixer
42, downconverts the signal to the beat signal. Accordingly,
the noise margin becomes much larger than in the homodyne
method.

Since the mixer 42 has a very wide frequency band, it
normally demonstrates rather much 1/f noise and FM-AM
conversion noise due to the FM-CW method in the low
frequency region. In contrast, the second mixer 72 has a
narrower frequency band and the noise floor thereof is thus
lower. The present embodiment achieves expansion of the
noise margin by taking advantage of this action.

If the frequency band of the IF amplifier 71 at the front
end of the second mixer 72 is made narrower, the IF signal
can be separated from the FM-AM conversion noise appear-
ing in the low frequency region, whereby the low-frequency
noise can be further decreased.

The first and second embodiments described above are the
radar apparatus of the FM-CW method, but the present
invention can also be applied to the radar apparatus of other
methods where the position and relative velocity of object
are determined using the difference signal between the
transmit signal and the receive signal.

As detailed above, the radar apparatus of the present
invention is implemented with only one set of expensive
devices necessary for downconverting, for example, such as
the RF amplifier and the mixer of high frequency band,
irrespective of the number of antenna elements. The entire
apparatus can be constructed at low cost and in compact size
accordingly.

From the invention thus described, it will be obvious that
the invention may be varied in many ways. Such variations
are not to be regarded as a departure from the spirit and
scope of the invention, and all such modifications as would
be obvious to one skilled in the art are intended for inclusion
within the scope of the following claims.

What is claimed is:

1. A radar apparatus comprising:

a transmit section for radiating a transmit signal in the

form of an electromagnetic wave;

an array antenna comprised of a plurality of antenna

elements for receiving a receive signal re-radiated from
an object in the form of an electromagnetic wave when
said transmit signal reaches the object;
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switching means for connecting alternatively said antenna
elements individually to a predetermined terminal by a
switching signal;

a receive section for downconverting said receive signal
obtained from said predetermined terminal by use of
part of said transmit signal to generate a difference
signal between said transmit signal and said receive
signal, and converting said difference signal to a digital
signal; and

a digital signal processing section for subjecting the
digital signal from said receive section to a predeter-
mined process to detect a distance to said object or a
relative velocity of said object;

wherein a frequency of said switching signal is set in a
range smaller than a frequency of said transmit signal
and larger than a frequency of said difference signal,

the conversion of the difference signal to a digital signal
involves the digitization of a single sample of said
difference signal and occurs successively after an
antenna element is connected to the predetermined
terminal in response to the switching signal; and

an antenna element switch is executed after every con-

version of the difference signal to a digital signal.

2. The radar apparatus according to claim 1, wherein said
switching means is adapted to interrupt connection between
said output terminal and said antenna elements by an inter-
mittent signal of a frequency higher than the frequency of
said switching signal and lower than the frequency of said
transmit signal, and

wherein said receive section is adapted to downconvert
the receive signal from said switching means by use of
the transmit signal and further downconvert said down-
converted signal by use of said intermittent signal to
generate said difference signal.

3. The radar apparatus according to claim 1, wherein said
receive signal outputted from the output terminal of said
switching means is subjected to phase compensation accord-
ing to a frequency of said switching signal for each of said
antenna elements.

4. The radar apparatus according to claim 2, wherein said
receive signal outputted from the output terminal of said
switching means is subjected to phase compensation accord-
ing to a frequency of said switching signal for each of said
antenna elements.

5. A radar apparatus comprising:

a transmit section for radiating a transmit signal in the
form of an electromagnetic wave;

a receive antenna array comprising a plurality of antenna
elements for receiving a re-radiated receive signal from
an object in the form of an electromagnetic wave when
said transmit signal reaches said object;

switching means for sequentially connecting said antenna
elements individually to the single output terminal of
said switching means, and wherein said switching
means is sequentially switched by application of a
switching signal;

a receive section for downconverting said receive signal
from the switching means output terminal and for
combining a part of said transmit signal with the
receive signal to generate an analog difference signal,
and including AID means for converting said analog
difference signal to a digital difference signal, wherein
sequential individual analog difference signals are
generated, as individual antenna elements are sequen-
tially connected to said switching means output termi-
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nal in response to said switching signal applied to said a digital signal processing means connected to the A/D
switching means, following conversion of said sequen- means for processing said sequential digital difference
tially generated analog difference signal to a digital signals to detect the distance to said object or the
difference signal, and wherein said switching signal has relative velocity of said object.

a frequency less than the transmit signal frequency but 5
greater than the frequency of the difference signal; and * % ok % %
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