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1
PULSE DOPPLER RADAR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Japanese patent appli-
cation serial No. 2008-128093, filed on May 15, 2008, the
entire content of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a pulse Doppler radar
device for detecting a range to an object in vicinity and a
relative velocity of the object at the same time. And in par-
ticular, the present invention relates to a pulse Doppler radar
device making use of a pulse with an ultra wideband.

2. Description of the Related Art

Conventionally, as a pulse Doppler radar device for vehicle
for detecting a range to and a relative velocity of an object,
there is known a type as disclosed in a Patent Reference 1 for
example. The pulse Doppler radar device for vehicle as dis-
closed in the Patent Reference 1 emits a pulse, and then
receives a reflected wave, which is reflected by an object.

The reflected wave, which is received thereat, is sampled
for each of range gates (or range bins). The sampled data is
presum-processed, and then the presum-processed data is
subjected to an FFT (a fast Fourier transform) processing. In
the FFT processing, a frequency analysis is performed for a
signal at each of the range gates, and then an amplitude output
is evaluated for each of frequency gates. Further, after per-
forming such processing, a range to an object is evaluated
based on the range gate at which the signal is detected, and
also arelative velocity of the object detected at the range gate
is evaluated as well based on the frequency gate at which the
signal is detected. Furthermore, the Patent Reference 1 pro-
poses performing a presum-processing over a plurality of
range gates in a receiving circuit in order to improve an S/N
(signal to noise) ratio.

Patent Reference 1: Japanese Patent Application Publica-
tion No. 2004-125591

However, the operation mode of a radar device for vehicle
includes a case where the radar device is used in a period of
running at high speed, such as a collision detecting radar or
the like, and a case where the radar device is used in a period
of running at lower speed, such as a parking support radar or
the like. And then an operating condition required, such as a
range resolution, a measuring range (ranging area), a measur-
ing cycle (data renewal cycle), or the like, is different for each
case. In the former case of the collision detecting radar or the
like, the range resolution may be as rough as several tens
centimeters approximately, however, there is a requirement
for detecting an object having a large relative velocity ofup to
approximately 200 km/h within a ranging area. On the other
hand, in the latter case of the parking support radar or the like,
the range resolution should be finer than 10 cm for example,
however, it is sufficient if it is possible to detect an object
having a relative velocity not larger than 20 km/h for example.

Moreover, a data renewal cycle (measuring cycle) required
for notifying a result of a radar detection to a crew is different
depending on the operation modes. That is, in the former
operation mode of the collision detecting radar or the like,
because the relative velocity to an object is large, the measur-
ing cycle needs to be as short as approximately 10 ms for
example. On the other hand, in the later operation mode of the
parking support radar or the like, the measuring cycle may be
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about ten times as long as that in the former case because the
relative velocity of the object is smaller.

Thus, it has been necessary to install separate radar devices
corresponding to different operation modes. However,
installing a plurality of radar devices requires an excessively
large installation space, which makes it difficult to install the
radar devices and makes the system costly.

The present invention is made to solve the above men-
tioned problems. It is an object of the present invention to
provide a pulse Doppler radar device which is capable of
automatically judging a change of the operation mode and
switching an operating condition.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, there is
provided a pulse Doppler radar device, comprising: a judging
and controlling part for receiving a predetermined judgment
reference data and judging an operation mode; a wide band
impulse generating part including a pulse width setting unit
for setting a bandwidth of a pulse to be generated based on a
result of the judgment of the operation mode, a seed pulse
generating unit for generating a seed pulse, and an impulse
generating unit for generating a pulse having a bandwidth set
by the pulse width setting unit using the seed pulse; a pulse
Doppler transmitting and receiving part for transmitting out-
side the pulse generated in the wide band impulse generating
part as a transmitting pulse, receiving a reflected pulse
reflected by an object and returned therefrom, and outputting
quadrature phase I and Q signals by performing a quadrature
phase detection for the reflected pulse using a carrier wave of
the transmitting pulse; a range gate setting part for determin-
ing a timing for sampling the quadrature phase I and Q signals
based on a delay time for each of range gates from the gen-
eration of the seed pulse, and outputting a range gate signal
with the timing; a bandwidth limiting part for receiving the
quadrature phase I and Q signals from the pulse Doppler
transmitting and receiving part, and limiting the quadrature
phase I and Q signals within a band limiting width set based
on the result of the judgment of the operation mode; an
A/D-converting part for receiving the quadrature phase I and
Q signals from the bandwidth limiting part, and A/D-convert-
ing the quadrature phase I and Q signals with the timing with
which the range gate signal is input from the range gate
setting part; a presum part for receiving a digital value for
each of the A/D-converted quadrature phase I and Q signals
from the A/D-converting part, and outputting integrated [ and
Q signals by integrating the digital values for each of the
quadrature phase I and Q signals by a predetermined number
of'times; and an instruction executing part for determining the
delay time for each of the range gates and outputting the delay
time to the range gate setting part, receiving the integrated I
and Q signals from the presum part, performing a frequency
analysis for all of the range gates to calculate an amplitude
output for each of the range gates and an amplitude output for
each of frequency gates, judging whether there is or not an
object by comparing the amplitude output for each of the
range gates and the amplitude output for each of the fre-
quency gates with a predetermined threshold, and calculating
a range to and a relative velocity of the object based on the
range gate and the frequency gate where the object is
detected.

The above and other objects features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
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tion of presently preferred embodiments of the invention,
when in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a configuration of a
pulse Doppler radar device according to the first embodiment
of the present invention;

FIG. 2 is a graph showing a relation between a Doppler
period and a relative velocity;

FIG. 3 is a flow chart showing a process of judging an
operation mode at an operation mode judging unit in the first
embodiment;

FIG. 4 is a schematic diagram for explaining a method of
generating an impulse signal for transmitting at a wide band
impulse generating part in the first embodiment;

FIG. 5 is a state transition diagram explaining an operation
performed at a judging and controlling part in the first
embodiment;

FIG. 6 is a block diagram showing a configuration of a
bandwidth limiting part in the first embodiment;

FIG. 7 is a diagram showing an example of presum-pro-
cessing for one range gate;

FIG. 8 is a flow chart showing a detail of an FFT processing
performed at an FFT unit in the first embodiment;

FIG. 9 is an overall flow chart showing an operation of a
pulse Doppler radar device according to the first embodiment;

FIG. 10 is a state transition diagram explaining an opera-
tion performed at a judging and controlling part in the second
embodiment; and

FIG. 11 is a state transition diagram explaining an opera-
tion performed at a judging and controlling part in the third
embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The First Embodiment

A preferred embodiment of a pulse Doppler radar device
according to the present invention will be described in detail
below, with reference to the drawings. Here, each of compo-
nent parts having a similar function is designated by the
similar symbol for simplifying a drawing and a description. In
the following, the description is given to a case where the
pulse Doppler radar device according to the present invention
is used with being mounted in a vehicle, for example.

The pulse Doppler radar device according to the first
embodiment of the present invention realizes an operation
mode of such as a collision detecting or the like, in which
objects having a large relative velocity are detected with a
relatively low range resolution, and another operation mode
of such as a parking support or the like, in which objects
having a small relative velocity are detected with a relatively
high range resolution. First, an operating condition required
for each of the operation modes will be described in detail
below.

When an object moving with a relative velocity v is
detected using an RF signal having a center frequency F_, a
Doppler frequency F , is given by the following equation:

F=2vF /e,

where c is the velocity of light. In a pulse Doppler radar, F , is
estimated by frequency-analyzing sampled data at a prede-
termined range gate. Here, a Doppler period is 1/F . FIG. 2
shows a relation between the Doppler period and a relative
velocity of an object, where the center frequency F, is
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assumed to be 26.5 (GHz), and the velocity of light ¢ is
assumed to be 3x10® (m/s). In order to estimate the Doppler
frequency by performing an FFT processing as a method of
frequency analysis, it is necessary to observe a range gate
over at least one Doppler period.

First, a case where an object having a low relative velocity
needs to be detected with a high range resolution will be
described in detail below. As one example, the relative veloc-
ity of the object is assumed to be 1 (m/s) (=3.6 (km/h)), and
the range resolution required therefor is assumed to be 0.075
(m). In this case, by substituting the relative velocity of 1
(m/s) into the above equation, the Doppler period of 5.67 (ms)
is obtained. Because the Doppler period becomes longer as
the relative velocity becomes smaller (see FIG. 2), it is nec-
essary to set an observing cycle Ts for each range gate long
when observing an object having a small relative velocity.

Next, a case of observing an object having a large relative
velocity will be described in detail below. As one example,
considering a case where the range resolution and the observ-
ing cycle Ts are 0.075 (m) and 5.67 (ms), respectively, which
are the same values as above mentioned, and where an object
having the relative velocity v of 200 (km/h) is observed, then
amoving distance of the object L, during one observing cycle
T, is calculated by the following equation:

Ly = (200 x 10? /3600) % 0.00567

=0.315 (m).

The object moves by not shorter than 0.3 m during an
observing cycle T, of one range gate. On the contrary, a
distance corresponding to one range gate (a range resolution)
is setto 0.075 (m). Therefore, it is probable that a signal ofthe
object detected in one of the range gates is decreased to not
larger than one fourth thereof and buried below a noise level.

Moreover, in the case where the range gates are set by the
above mentioned unit of 0.075 (m), a period of time required
for measuring over a predetermined ranging area, that is to
say, a measuring cycle (data renewal cycle) T, is calculated as
follows:

Ty, = Tdint](B K,y /R

Step] >

where R

max

denotes a maximum measuring range, R,
denotes a minimum measuring range, R, denotes a range
resolution (or a distance per range gate), and ‘int| |” denotes
an operator for rounding off fractions. Substituting T =5.67
(ms), R,,,,=10 (m), R,,,,=0.1 (m), and R, ,=0.075 (m) into
the above equation, a measuring cycle T,=748 (ms) is
obtained.

As described above, it is necessary to set the measuring
cycleT,, excessively long in order to observe over the ranging
area of 10 m with the range gates set by the unit of 0.075 (m).
However, such a long measuring cycle is undesirable for a
collision detecting radar and for a parking support radar as
well. Hence, in a case where the range resolution is set small,
it is necessary to set the maximum measuring range R, .
small as well. On the contrary, it is necessary to set the range
resolution R, large in a case where the maximum measur-
ing range R, is set long. In particular, for the purpose of
detecting an object with a large relative velocity, it is prefer-
able to set the range resolution R, large in order to shorten
the measuring cycle.

As described above, the operating conditions of the rang-
ing area (R,,,.), the range resolution (R,,,), the observing
cycle (T,) for each range gate, which corresponds to the

resolution of the relative velocity, and the measuring cycle
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(T,,) are relating to one another. Accordingly, it is necessary
to properly set each of those conditions in accordance with the
operation mode required. The pulse Doppler radar device
according to the present embodiment is configured to receive
a predetermined judgment reference data from a vehicle and
to determine an operation mode, and then to determine each
of'the operating conditions of the pulse Doppler radar device
in accordance with the operation mode determined.

Moreover, the pulse Doppler radar device according to the
present embodiment is configured to change a pulse width of
an impulse sent out therefrom in accordance with a range
resolution. Because the range resolution with which arange is
measurable using an impulse is determined by T, xc/2, where
T, denotes a pulse width, and ¢ denotes the velocity of light,
it is desirable to send an ultra wideband impulse with a small
pulse width in a case where a high range resolution is
required, such as a case of a parking support radar or the like.
For example, for realizing the above mentioned parking sup-
port radar, the pulse width T, may be set approximately to 0.5
ns (2 GHz), with which a range is measurable with the range
resolution of 0.075 m.

On the other hand, in a case where the range resolution may
be low, such as a case of a collision detecting radar or the like,
a narrow band impulse of a large pulse width is output. By
setting the pulse width wide in accordance with the range
resolution, it becomes possible to perform measurement
without any dead zone. For example, for realizing the above
mentioned collision detecting radar, the pulse width T, may
be set approximately to 2 ns (0.5 GHz), with which a range is
measurable with a range resolution of 0.3 m. Moreover, nar-
rowing the bandwidth as such is helpful for suppressing an
occupied bandwidth, thereby reducing an interference with
other system or the like.

The pulse Doppler radar device according to the present
embodiment will be described in detail below, with reference
to the block diagram shown in FIG. 1. A pulse Doppler radar
device 100 according to the present embodiment is config-
ured to automatically judge and switch between an operation
mode as the collision detecting radar required when the rela-
tive velocity is large and another operation mode as the park-
ing support radar adopted when the relative velocity is small.

According to the present embodiment, for the purpose of
judging the above mentioned operation modes, a gear infor-
mation is input from a predetermined controlling device in the
vehicle. The gear information is used to automatically select
either one of the operation mode as the collision detecting
radar or the operation mode as the parking support radar.
When the operation mode as the collision detecting radar is
selected, each of the operating conditions is set so as for the
radar to be able to measure an object of a large velocity
existing within a predetermined ranging area. On the other
hand, when the operation mode as the parking support radar is
selected, each of the operating conditions is set so as for the
radar to be able to measure an object of a small velocity with
a higher range resolution.

Still further, according to the present embodiment, when
the operation mode as the parking support radar in which the
measurement with higher range resolution is required is
selected, the impulse of ultra wideband is sent out therefrom
to perform measurement, and when the operation mode as the
collision detecting radar in which the range resolution may be
lower is selected, the impulse of the narrow band is sent out
therefrom to perform measurement. By configuring the radar
in such a way, it becomes possible to realize a high range
resolution when used as a parking support radar, and to realize
the measurement without dead zone when used as a collision
detecting radar.
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The pulse Doppler radar device 100 according to the
present embodiment comprises a judging and controlling part
110 for judging an operation mode thereof and performing a
predetermined controlling therefor, a wide band impulse gen-
erating part 120 for generating an impulse signal having a
bandwidth set based on a result of the judgment of the opera-
tion mode, a pulse Doppler transmitting and receiving part
130 for sending out the impulse signal as a transmitting pulse
and receiving and processing a reflected pulse reflected by an
object and returned therefrom, a range gate setting part 140
for processing the received signal, a bandwidth limiting part
150, an A/D-converting part 160, a presum part 170, and an
instruction executing part 180.

The judging and controlling part 110 comprises an opera-
tion mode judging unit 111, a pulse width selecting unit 112,
and a band limiting width selecting unit 113, wherein the
operation mode judging unit 111 receives a signal of a gear
state from a predetermined controlling device (not shown in
the figures) in a vehicle, and then judges the operation mode
of'the radar device. Further, based on a result of the judgment
at the operation mode judging unit 111, the pulse width
selecting unit 112 and the band limiting width selecting unit
113 control the wide band impulse generating part 120 and
the bandwidth limiting part 150, respectively. Still further, the
operation mode judging unit 111 instructs the instruction
executing part 180 to initialize an instruction execution pro-
cess when a change of the operation mode is judged.

The wide band impulse generating part 120 comprises a
pulse width setting unit 121, a seed pulse generating unit 122,
and an impulse generating unit 123, and generates an impulse
signal with a predetermined pulse width.

The pulse Doppler transmitting and receiving part 130
receives the impulse signal from the wide band impulse gen-
erating part 120, and then sends out a transmitting pulse
outside. The pulse Doppler transmitting and receiving part
130 receives a reflected pulse reflected by an object and
returned therefrom, performs a quadrature phase detection
for the reflected pulse using a carrier wave of the transmitting
pulse, and then outputs an I signal and a Q signal.

The range gate setting part 140 outputs a signal (a range
gate signal) for instructing a timing of sampling the quadra-
ture phase I and Q signals, which are output from the pulse
Doppler transmitting and receiving part 130, for each of the
range gates, with reference to a timing with which the seed
pulse is generated at the seed pulse generating unit 122.

The bandwidth limiting part 150 limits a passing band for
the quadrature phase I and Q signals, which are output from
the pulse Doppler transmitting and receiving part 130.

The A/D-converting part 160 A/D-converts the I and the Q
signals which are output from the bandwidth limiting part
150, with a timing with which the range gate signal is input
from the range gate setting part 140.

The presum part 170 comprises a adding unit 171, a
memory 172 and a data readout unit 173. The presum part 170
integrates the sampled values of the [ and the Q signals which
are converted into the digital data at the A/D converting part
160 by a predetermined number of times, and outputs the
presum data.

The instruction executing part 180 comprises a measuring
and controlling unit 181, an FFT unit 182 and a peak detecting
unit 183. The measuring and controlling unit 181 controls a
generation of seed pulses and a signal-processing of received
pulses. Furthermore, when receiving an instruction to initial-
ize the instruction execution process from the judging and
controlling part 110, the instruction executing part 180 ini-
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tializes a range gate counter and a pulse transmitting counter,
and commences a measurement as a collision detecting radar
or as a parking support radar.

Next, signal processing in each of the component parts of
the pulse Doppler radar device 100 according to the present
embodiment will be described in further detail below.

First, in the judging and controlling part 110, the operation
mode judging unit 111 receives a signal of a gear state as a
judgment reference data from a predetermined controlling
device (not shown in the figures) in the vehicle. With refer-
ence to such signal, the operation mode judging unit 111
judges whether to use the pulse Doppler radar device 100 as
the collision detecting radar (referred to as a collision detect-
ing mode hereinafter), or to use the same as the parking
support radar (referred to as a parking support mode herein-
after). A process of judging an operation mode at the opera-
tion mode judging unit 111 will be described in detail below
with reference to FIG. 3. FIG. 3 is a flow chart showing a
process of judging an operation mode at the operation mode
judging unit 111.

In FIG. 3, when an electric power source of the vehicle is
turned on (step S11), the collision detecting mode is set as an
initial operation mode for the pulse Doppler radar device 100
(step S12). Thereafter, the following steps are performed
cyclically. The operation mode judging unit 111 receives a
signal of a gear state from a predetermined controlling device
(step S13). Then, a judgment whether the state of a back gear
is changed or not (ON/OFF) is made (step S14). In a case
where the state of the back gear has not been changed, the
signal processing of the steps S13 and S14 are performed
again in a next observing cycle.

On the other hand, in a case where the state of the back gear
is judged to have been changed in the step S14, a judgment
whether the state of the back gear is ON or OFF is made in the
step S15. Then in a case where the back gear is ON, the
parking support mode is selected (step S16). Meanwhile, in a
case where the back gear is OFF, the collision detecting mode
is selected (step S17). In the step S18, an operation mode
selected is output to the pulse width selecting unit 112 and the
band limiting width selecting unit 113 as an instruction at the
time of change of the operation mode. Further, the operation
mode judging unit 111 instructs the instruction executing part
180 to initialize the instruction executing process.

The pulse width selecting unit 112, when receiving an
operation mode data from the operation mode judging unit
111, outputs a pulse width instruction value (or a bandwidth
instruction value) corresponding to the operation mode to the
pulse width setting unit 121. That is to say, when the collision
detecting mode data is received from the operation mode
judging unit 111, an instruction value to generate an impulse
signal having a wide pulse width is output to the pulse width
setting unit 121. Meanwhile, when the parking support mode
data is received from the operation mode judging unit 111, an
instruction value to generate an impulse signal having a nar-
row pulse width is output to the pulse width setting unit 121.

The instruction value output to the pulse width setting unit
121 from the pulse width selecting unit 112 may be a digital
value which corresponds to a threshold voltage 41 as shown in
FIG. 4(a). Such a digital value is used for determining a pulse
width of an impulse signal generated at the wide band impulse
generating part 120, i.e., the digital value is set larger to
narrow the pulse width (FIG. 4(a. 1)), while the digital value
is set smaller to widen the pulse width (FIG. 4(a. 2)).

The band limiting width selecting unit 113 outputs a band
limiting width to the bandwidth limiting part 150 for limiting
apassing band of the received wave in accordance with a band
of the pulse generated at the wide band impulse generating
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part 120, based on the instruction to operate either in the
collision detecting mode or in the parking support mode,
which is input from the operation mode judging unit 111.

The operation of the judging and controlling part 110 is
shown in a state transition diagram of FIG. 5. According to the
state transition diagram as shown in FIG. 5, the collision
detecting mode is continued during a period of time where the
back gear is OFF, and the parking support mode is continued
during a period of time where the back gear is ON. Moreover,
the operation mode is switched from the collision detecting
mode to the parking support mode when the back gear is
switched from OFF state to ON state. On the contrary, the
operation mode is switched from the parking support mode to
the collision detecting mode when the back gear is switched
from ON state to OFF state.

When using the radar in the collision detecting mode, the
pulse width is selected wider (2 ns, for example) by setting the
bandwidth of the pulse signal to a narrower bandwidth (0.5
GHz for example), in order to make the range resolution
lower. On the other hand, when using the radar in the parking
support mode, the pulse width is selected narrower (0.5 ns for
example) by setting the bandwidth of the pulse signal to a
wider bandwidth (2 GHz for example), in order to make the
range resolution higher.

Next, the operation of the wide band impulse generating
part 120 will be described in detail below with reference to
FIG. 4. FIG. 4 is a schematic diagram for explaining a method
of generating an impulse signal for transmitting at the wide
band impulse generating part 120. The left side of the figure
shows a case of generating an impulse signal having a nar-
rower pulse width (the parking support mode), meanwhile,
the right side of the figure shows a case of generating an
impulse signal having a wider pulse width (the collision
detecting mode).

The pulse width setting unit 121 is comprised of a D/A
converter, for example. The pulse width setting unit 121
receives a predetermined digital value from the pulse width
selecting unit 112, D/A converts the digital value, and outputs
a threshold voltage 41, which is shown in FIG. 4(a), to the
impulse generating unit 123.

The seed pulse generating unit 122, when receiving an
instruction to generate a pulse from the measuring and con-
trolling unit 181, generates a seed pulse 42 having a triangle
shape as shown in FIG. 4(a), for example, and outputs the
pulse to the impulse generating unit 123. The seed pulse
generating unit 122 is configured to generate seed pulses
having a constant shape at all times.

The impulse generating unit 123 compares the seed pulse
42 input from the seed pulse generating unit 122 with the
threshold voltage 41 input from the pulse width setting unit
121 (FIG. 4(a)). The impulse generating unit 123 outputs a
High signal for a period of time during which the seed pulse
42 is not lower than the threshold voltage 41, and on the other
hand, outputs a Low signal for a period of time during which
the seed pulse 42 is lower than the threshold voltage 41. Thus,
an impulse signal 43, which has a pulse width corresponding
to the period of time during which the High signal is output,
is output from the impulse generating unit 123 (FIG. 4(5)). As
shown in the left side of FIG. 4, when the threshold voltage 41
output from the pulse width setting unit 121 is high, the period
of'time during which the High signal is output becomes short,
and then the impulse signal 43 having a narrower pulse width
is generated (FIG. 4(5. 1)). On the other hand, as shown in the
right side of FIG. 4, when the threshold voltage 41 output
from the pulse width setting unit 121 is low, the period of time
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during which the High signal is output becomes long, and
then the impulse signal 43 having a wider pulse width is
generated (FIG. 4(4. 2)).

An example of a frequency spectrum of the impulse signal
43 generated in the impulse generating unit 123 is shown in
FIG. 4(c). It is shown in FIG. 4(c) that the bandwidth is wide
when the pulse width is narrow, (FIG. 4(c. 1)), on the other
hand, the bandwidth is narrow when the pulse width is wide
(FIG. 4(c. 2)).

The pulse Doppler transmitting and receiving part 130
receives an impulse signal from the wide band impulse gen-
erating part 120, up-converts the impulse signal using a car-
rier wave within a predetermined frequency band, or within a
submillimeter wave band (26.5 GHz) for example, and then
emits the impulse signal into a space. The emitted transmit-
ting pulse is reflected by an object and then returned there-
from. The pulse Doppler transmitting and receiving part 130
receives the reflected pulse, and performs a quadrature phase
detection for the received pulse using the carrier wave of the
transmitting pulse. Thus, an I signal and a Q signal, which are
orthogonal to each other, are generated and then output from
the pulse Doppler transmitting and receiving part 130.

The range gate setting part 140 receives a delay time that
corresponds to the range gate being measured from the mea-
suring and controlling unit 181, and also receives a release
timing of the seed pulse 42 from the seed pulse generating
unit 122. Using such input data, the range gate setting part 140
outputs a range gate signal to the A/D-converting part 160,
with a timing at which the delay time has elapsed since the
release of the seed pulse 42. It is possible to use a seed pulse
itself as the release timing of the seed pulse 42. In this case,
the seed pulse is delayed by the delay time received from the
measuring and controlling unit 181 at the range gate setting
part 140, and the delayed pulse is output to the A/D-convert-
ing part 160 as the range gate signal.

The bandwidth limiting part 150 limits the passing band for
the quadrature phase I and Q signals which are output from
the pulse Doppler transmitting and receiving part 130, based
on a band limiting width received from the band limiting
width selecting unit 113. The bandwidth limiting part 150
may be configured using an active LPF as shown in FIG. 6, for
example, which allows either one of the bands as shown in
FIG. 4(c) to pass therethrough based on the band limiting
width received from the band limiting width selecting unit
113.

The A/D-converting part 160 A/D-converts the I and the Q
signals which are output from the bandwidth limiting part 150
with a timing at which the range gate signal is input from the
range gate setting part 140. In a case where the seed pulse
generated at the seed pulse generating unit 122 and delayed
by the predetermined delay time is input as the range gate
signal, the A/D-converting part 160 may be configured to
latch the 1 and the Q signals for a extremely short period of
rising time of the delayed seed pulse to convert the signals
into digital signals.

In the presum part 170, the adding unit 171 receives the
A/D-converted digital value from the A/D-converting part
160, and performs a presum-processing. A general overview
of such a presum-processing will be described in detail with
reference to FIG. 7. FIG. 7 is a diagram showing an example
of presum-processing for one range gate. In the presum-
processing, digital values si (denoted by the reference
numeral 71 in FIG. 7, where i is a natural number from 1 to
960), which are input from the A/D-converting part 160, are
summed up by a predetermined number of pieces to compress
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the data, to obtain a presum values Pj (denoted by the refer-
ence numeral 72 in FIG. 7, where j is a natural number from
1to 64).

In the example shown in FIG. 7, 960 points of time series
sampled values si (denoted by the reference numeral 71 in
FIG. 7, where1is a natural number from 1 to 960) are obtained
during one observing cycle for one range gate n. And then 64
points of presum values Pj (denoted by the reference numeral
72 in FIG. 7, where j is a natural number from 1 to 64) are
obtained by performing the presum-processing by every 15
points of the sampled values. In the presum-processing, the
adding unit 171 reads out the results of adding (or integrating)
so far which have been stored in the memory 172 for the [ and
Q signals using the data reading unit 173, adds the digital
value si which is newly input from the A/D-converting part
160 thereto, and then stores the results into the memory 172
again. When the above adding process is repeated by 15
times, the result is stored as a presum value Pj into the
memory 172. Thus, by repeating such signal processing, 64
points of presum values corresponding to the range gate n are
stored in the memory 172.

In the instruction executing part 180, the measuring and
controlling unit 181 controls a generation of transmitting
pulses and a signal processing of received pulses. Still further,
the measuring and controlling unit 181, when receiving an
instruction to initialize an instruction execution from the
operation mode judging unit 111, interrupts the instruction
execution so far, initializes the instruction execution, and then
commences a signal processing in accordance with the colli-
sion detecting mode or the parking support mode, which is
input from the operation mode judging unit 111. In the ini-
tialization of the instruction execution, a range gate counter n
is set to one, and a pulse transmitting counter i is set to zero.

The measuring and controlling unit 181 sends out pulses by
a predetermined number of times (960 times for example) for
each of the range gates, and controls the signal processing of
reflected pulses received. First, the measuring and controlling
unit 181 outputs a delay time for determining a timing of
sampling the received pulses with respect to a range gate n to
the range gave setting part 140. The delay time is calculated
by 2R, /c, where R , is a range corresponding to the range gate
n. A timing at which a range gate signal is output from the
range gate setting part 140 is determined based on the delay
time. And using such timing, the A/D converting part 160
performs sampling (or A/D-converts) for the range gate n.

Next, the measuring and controlling unit 181 outputs an
instruction to generate seed pulses to the seed pulse generat-
ing unit 122 in order for the wide band impulse generating
part 120 to send out a predetermined impulse signals by a
predetermined number of times for each of the range gates n.
Thus, the impulse signals are output from the impulse gener-
ating unit 123, which then are up-converted to a predeter-
mined frequency band at the pulse Doppler transmitting and
receiving part 130, and sent out into a space. When transmit-
ted signals are reflected by an object and then received at the
pulse Doppler transmitting and receiving part 130, the signals
are processed at the bandwidth limiting part 150, the A/D-
converting part 160, and then at the presum part 170. The
result of presuming is stored into the memory 172.

The measuring and controlling unit 181 performs the above
mentioned signal processing for each of the range gates.
When the presum values for all of the range gates are stored
into the memory 172, the measuring and controlling unit 181
reads out the presum values and executes the FFT unit 182.
The FFT unit 182 performs a frequency analysis for each of
the range gates based on the data for which the presum-
processing is performed for each of the I and the Q signals at



US 8,169,359 B2

11

the presum part 170. The results of the frequency analysis for
all of the range gates are output to the peak detecting unit 183.

The peak detecting unit 183 judges whether an object exists
or not by comparing each of the amplitude outputs of each of
the range gates and the frequency gates with a predetermined
threshold, and determines a range to and a relative velocity of
the object based on the range gate and the frequency gate at
which the object is detected, respectively.

The FFT processing performed at the FFT unit 182 will be
described in detail below, with reference to the flow chart
shown in FIG. 8. First, in the step S21, a range gate counter n
is initialized. In the next step S22, the data for each channels
(64 points for the I and Q signals each) corresponding to the
range gate n, which have been presum-processed, is read out
from the memory 172. And then in the step S23, a complex
FFT processing is performed, with the data for the I signal
being assumed to be as a real part and the data for the Q signal
being assumed to be as an imaginary part.

In the step S24, a judgment is performed whether the FFT
processing is completed or not for all of the 64 points of the
range gates. If the number of the range gates for which the
FFT processing has been completed is smaller than a prede-
termined number (i.e., 64), the range gate counter is increased
by one in the step S25, and repeats the processing of the step
S22 again. Onthe other hand, if it is judged in the step S24 that
the FFT processing has been completed for all of the range
gates, the FFT processing is ended.

An operation of the pulse Doppler radar device 100 accord-
ing to the present embodiment as described above will be
described in detail below, with reference to an overall flow
chart shown in FIG. 9. The pulse Doppler radar device 100
according to the present embodiment, when an electric power
is turned on or when the operation mode judging unit 111
judges a change of an operation mode, initializes a processing
of a radar measurement and starts an instruction execution. A
signal processing in the case where the change of the opera-
tion mode is judged at the operation mode judging unit 111
will be described in detail below with reference to FIG. 9.
Here, the numerals as referred to in the parentheses in FIG. 9
designate the reference numerals of component parts at which
the signal processing is performed.

First, when the operation mode judging unit 111 judges a
change of an operation mode based on a gear state (step S31),
the pulse width selecting unit 112 selects a pulse width which
corresponds to the operation mode, and outputs the pulse
width to the pulse width setting unit 121. Moreover, the band
limiting width selecting unit 113 selects a band limiting width
and outputs the band limiting width to the bandwidth limiting
part 150 (step S32). Further, the operation mode judging unit
111 sends an instruction to initialize to the measuring and
controlling unit 181, whereby the measuring and controlling
unit 181 initializes the range gate counter n and the pulse
transmitting counter i (step S33).

In the step S34 through to the step S44, according to the
control by the measuring and controlling unit 181, impulse
signals are output by a predetermined number of times for
each of the predetermined number of range gates, and then a
predetermined signal processing is performed for each of the
received pulses. In the following description, in accordance
with the example of the presum-processing shown in FIG. 7,
the number of the range gates is assumed to be 64, and the
number of pulses transmitted for each range gate is assumed
to be 960.

In the step S34, each of the range gates is set in order from
1 to 64 at the measuring and controlling unit 181. Further-
more, a delay time for determining a timing of sampling a
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received signal, which corresponds to each of the range gates
n, is output to the range gate setting part 140.

Next steps S35 through to S41 are executed for each of the
range gates.

First, in the step S35, the measuring and controlling unit
181 outputs an signal for instructing the seed pulse generating
unit 122 to generate a seed pulse, and the pulse transmitting
counter i is increased by one. Following the output of the seed
pulse from the seed pulse generating unit 122, an impulse
signal is output from the impulse generating unit 123 to a
transmitting side of the pulse Doppler transmitting and
receiving part 130 (step S36).

When the impulse signal is input to the transmitting side of
the pulse Doppler transmitting and receiving part 130, the
pulse Doppler transmitting and receiving part 130 emits the
impulse signal outside in a predetermined frequency band.
The emitted impulse signal is reflected by an object and then
received by the pulse Doppler transmitting and receiving part
130 again. The pulse Doppler transmitting and receiving part
130 performs a quadrature phase detection for the received
pulse signal, and then an I signal and a Q signal, which are
orthogonal to each other, are output to the bandwidth limiting
part 150 (step S37).

The bandwidth limiting part 150 limits a passing band of
the quadrature phase I and Q signals output from the pulse
Doppler transmitting and receiving part 130, based on a band
limiting width set by the band limiting width selecting unit
113. The band limiting width set by the band limiting width
selecting unit 113 is equivalent to the bandwidth of the
impulse signal generated at the impulse generating unit 123
(step S38).

The quadrature phase I and Q signals, which have passed
through the band width limiting part 150, are individually
converted into the digital signals at the A/D converting part
160 at a timing with which the range gate signal is input from
the range gate setting part 140, and then such digital signals
are output to the presum part 170 (step S39).

The presum part 170 performs a presum-processing for the
digital values which are input from the A/D converting part
160 for each of the range gates. Thus, 64 points of the presum
values for each of the range gates are stored into the memory
172 (step S40).

In the step S41, the measuring and controlling unit 181
judges whether or not a predetermined number of times (960
times) of pulse transmitting are completed for the range gate
n. In a case where the pulses transmitting has not been done
the predetermined number of times, the measuring and con-
trolling unit 181 returns to the step S35 again and then repeats
the similar signal processing as described above. On the other
hand, in a case where the pulse transmitting has been done the
predetermined number of times, the measuring and control-
ling unit 181 proceeds to the next step S42 to judge whether
ornot the range gate counter has reached to the predetermined
number (i.e., 64; or whether or not the signal processing has
been finished for all of the range gates). And then in a case
where the range gate counter has not reached to the predeter-
mined number (i.e., in a case where some range gates have not
yet been processed), the measuring and controlling unit 181
proceeds to the step S43.

In the step S43, the measuring and controlling unit 181
increases the range gate counter n by one. And then, in the
next step S44, the measuring and controlling unit 181 initial-
izes the pulse transmitting counter i to zero, thereby preparing
for the signal processing for a next range gate. Thereafter, the
signal processing is repeated from the step S34.

In a case where the signal processing is judged to have been
finished for all of the range gates in the step S42, the FFT
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processing is performed by using the FFT unit 182 in the step
S45. After finishing the FFT processing for all of the range
gates, the peak detecting unit 183 is executed in the step S46.
The peak detecting unit 183 decides a distance to an object
based on the range gate in which a peak is detected, and a
relative velocity of the object as well based on the frequency
gate in which the peak is detected.

The pulse Doppler radar device 100 according to the first
embodiment as described above is configured to automati-
cally judge the operation mode after receiving the gear data.
Accordingly, it becomes possible to scan slower with a wide
band (approximately 2 GHz) within a narrower range during
the period of the back gear being ON (parking support mode),
for which a higher range resolution is required, while it
becomes also possible to scan faster with a narrow band
(approximately 0.5 GHz) within a wider range during the
period of the back gear being OFF (collision detecting mode).

The Second Embodiment

A pulse Doppler radar device according to the second
embodiment of the present invention is configured to use a
velocity of a vehicle for judging an operation mode of the
radar. The operation mode judging unit 111 receives a veloc-
ity of the vehicle, instead of the signal of the gear state used in
the first embodiment, from a predetermined controlling
device in the vehicle. Using the velocity of the vehicle as a
judgment reference data, whether the pulse Doppler radar
device 100 should be used in the parking support mode or in
the collision detecting mode is judged.

As one example, the pulse Doppler radar device 100 oper-
ates in the parking support mode when the operation mode
judging unit 111 judges that the velocity of the vehicle is low
(not higher than 20 km/h). On the other hand, the pulse
Doppler radar device 100 operates in the collision detecting
mode when the operation mode judging unit 111 judges that
the velocity of the vehicle is high (higher than 20 km/h). Thus,
it becomes possible to set an operating condition so as for the
radar to scan slow with a wide band (approximately 2 GHz)
within a narrower range in the case of the vehicle running with
a lower speed, while so as for the radar to scan fast with a
narrow band (approximately 0.5 GHz) within a wider range in
the case of vehicle running with a higher speed.

The operation of the judging and controlling part 110 for
judging an operation mode in the present embodiment will be
described in detail below with reference to a state transition
diagram shown in FIG. 10. According to the state transition
diagram shown in FIG. 10, the parking support mode is con-
tinued during a period of time where the velocity of the
vehicle is kept not higher than 20 km/h (a low speed), and the
collision detecting mode is continued during a period of time
where the velocity of the vehicle is kept higher than 20 km/h
(a high speed). Moreover, the operation mode is switched
from the parking support mode to the collision detecting
mode when the velocity of the vehicle is changed from not
higher than 20 km/h to higher than 20 km/h. On the contrary,
the operation mode is switched from the collision detecting
mode to the parking support mode when the velocity of the
vehicle is slowed down from higher than 20 km/h to not
higher than 20 km/h.

According to the present embodiment, when the pulse
Doppler radar device 100 operates in the collision detecting
mode, the bandwidth of the pulse signal is narrowed (to 0.5
GHz for example) or the pulse width is widened (to 2 ns for
example) in order to lower the range resolution. On the other
hand, when the pulse Doppler radar device 100 operates in the
parking support mode, the bandwidth of the pulse signal is
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widened (to 2 GHz, for example) or the pulse width is nar-
rowed (to 0.5 ns, for example) in order to heighten the range
resolution. Thus, it becomes possible to scan slower with a
wide band (approximately 2 GHz) within a narrower range
when the vehicle is running with a lower speed, while it
becomes also possible to scan faster with a narrow band
(approximately 0.5 GHz) within a wider range when the
vehicle is running with a higher speed.

The Third Embodiment

A pulse Doppler radar device according to the third
embodiment of the present invention is configured to switch
the operation mode depending on whether or not a large size
object exists within a detecting range of the radar. That is to
say, the pulse Doppler radar device normally scans fast within
a wide range using a pulse signal having a narrow bandwidth
(0.5 GHz for example), having a relatively low range resolu-
tion. When a large size object is detected within the detecting
range of the radar, the pulse Doppler radar device starts scan-
ning with a higher range resolution within a range before the
large size object, using a pulse signal having a wider band-
width (2 GHz for example). For the purpose of judging an
existence of a large size object, for example, the instruction
executing part 180 may be configured to calculate a radar
cross section, using the integrated I and Q signals which are
input from the presum part 170.

When a large size object (corresponding to a radar cross
section of 20 dBsm, for example) exists within a detecting
range of the radar, the radar may fail to detect small size
objects (corresponding to a radar cross section of zero dBsm,
for example) existing before the large size object, if the range
resolution is low. On the contrary, the pulse Doppler radar
device according to the present embodiment normally scans
fast within a wide range using a pulse signal having a narrow
bandwidth, having a relatively low range resolution. When a
large size object is detected within the detecting range, the
radar starts scanning with a higher range resolution within a
limited range before the large size object by switching to a
pulse signal having a wider bandwidth. Hence, it becomes
possible to avoid failing to detect smaller size objects. When
alarge size object exists within the detecting range, there is no
electromagnetic wave emitted beyond the large size object.
Therefore, it is possible to reduce an interference with other
systems even when a pulse signal having a wide bandwidth is
used.

The operation of the judging and controlling part 110 for
judging an operation mode in the present embodiment will be
described in detail below with reference to a state transition
diagram shown in FIG. 11. According to the state transition
diagram shown in FIG. 11, when a large size object (corre-
sponding to a radar cross section of 20 dBsm, for example)
does not exist within the detecting range (referred to as a
normal mode hereinafter), a bandwidth of a pulse signal is
narrow (0.5 GHz, for example) or the pulse width is wide (2
ns, for example) in order to have a wide measuring range.
When a large size object exists within the detecting range
(referred to as a high resolution mode hereinafter), the range
resolution is made higher by setting the bandwidth of the
pulse signal wider (2 GHz, for example) or the pulse width
narrower (0.5 ns, for example) such that small size other
objects (corresponding to a radar cross section of approxi-
mately zero dBsm, for example) can be detected.

When a large size object is detected in the period of oper-
ating in the normal mode, the operation mode is switched
from the normal mode to the high resolution mode, and then
the radar starts scanning within the narrower range with a
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higher resolution. Similarly, when the large size object, which
has existed within the detecting range, goes out of the detect-
ing range, the operation mode is switched from the high
resolution mode to the normal mode again, and then the radar
restarts fast scanning within a wider range. Thus, it becomes
possible to scan without failing in detecting smaller size
objects.

According to the present invention, it becomes possible to
provide a pulse Doppler radar device capable of detecting
within a narrow range with a high range resolution, and also
detecting within a wide range quickly, by automatically judg-
ing a change of an operation mode and switching an operating
condition therefor. The pulse Doppler radar device according
to the present invention can support a plurality of operation
modes without mounting a plurality of sensors thereon.

The description regarding the above embodiments shows
one example of the pulse Doppler radar device according to
the present invention, and the present invention is not limited
thereto. A detailed configuration, operation, or the like of the
pulse Doppler radar device according to the present embodi-
ments can be modified properly without departing from the
subject of the present invention.

Although the invention has been described with respect to
the specific embodiments for complete and clear disclosure,
the appended claims are not to be thus limited but are to be
construed as embodying all modification and alternative con-
struction that may occur to one skilled in the art that fairly fall
within the basic teaching herein set forth.

What is claimed is:
1. A pulse Doppler radar device, comprising:
a judging and controlling part for receiving a predeter-
mined judgment reference data and judging an operation
mode;
a wide band impulse generating part including
a pulse width setting unit for setting a bandwidth of a
pulse to be generated based on a result of the judgment
of the operation mode,

a seed pulse generating unit for generating a seed pulse,
and

an impulse generating unit for generating a pulse having
a bandwidth set by the pulse width setting unit using
the seed pulse;

a pulse Doppler transmitting and receiving part for trans-
mitting outside the pulse generated in the wide band
impulse generating part as a transmitting pulse, receiv-
ing a reflected pulse reflected by an object and returned
therefrom, and outputting quadrature phase [ and Q sig-
nals by performing a quadrature phase detection for the
reflected pulse using a carrier wave of the transmitting
pulse;

a range gate setting part for determining a timing for sam-
pling the quadrature phase I and Q signals based on a
delay time for each of range gates from the generation of
the seed pulse, and outputting a range gate signal with
the timing;

a bandwidth limiting part for receiving the quadrature
phase I and Q signals from the pulse Doppler transmit-
ting and receiving part, and limiting the quadrature
phase I and Q signals within a band limiting width set
based on the result of the judgment of the operation
mode;
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an A/D-converting part for receiving the quadrature phase
I and Q signals from the bandwidth limiting part, and
A/D-converting the quadrature phase I and Q signals
with the timing with which the range gate signal is input
from the range gate setting part;

a presum part for receiving a digital value for each of the
A/D-converted quadrature phase I and Q signals from
the A/D-converting part, and outputting integrated [ and
Q signals by integrating the digital values for each of the
quadrature phase 1 and Q signals by a predetermined
number of times; and

aninstruction executing part for determining the delay time
for each of the range gates and outputting the delay time
to the range gate setting part, receiving the integrated I
and Q signals from the presum part, performing a fre-
quency analysis for all of the range gates to calculate an
amplitude output for each of the range gates and an
amplitude output for each of frequency gates, judging
whether there is or not an object by comparing the ampli-
tude output for each of the range gates and the amplitude
output for each of the frequency gates with a predeter-
mined threshold, and calculating a range to and arelative
velocity of the object based on the range gate and the
frequency gate where the object is detected.

2. The pulse Doppler radar device according to claim 1,

wherein said pulse Doppler radar device is mounted in a
vehicle, and the judging and controlling part receives a
gear state of the vehicle as the judgment reference data,
and sets the bandwidth of the pulse and the band limiting
width to a predetermined wide bandwidth in a case
where the gear state is at a back gear ON state, while sets
the bandwidth ofthe pulse and the band limiting width to
a predetermined narrow bandwidth in a case where the
gear state is at the back gear OFF state.

3. The pulse Doppler radar device according to claim 1,

wherein said pulse Doppler radar device is mounted in a
vehicle, and the judging and controlling part receives a
velocity of the vehicle as the judgment reference data,
and sets the bandwidth of the pulse and the band limiting
width to a predetermined wide bandwidth in a case
where the velocity is not greater than a predetermined
threshold value of velocity, while sets the bandwidth of
the pulse and the band limiting width to a predetermined
narrow bandwidth in a case where the velocity is greater
than the predetermined threshold value of velocity.

4. The pulse Doppler radar device according to claim 1,

wherein said pulse Doppler radar device is mounted in a
vehicle, the instruction executing part calculates a radar
cross section using the integrated I and Q signals input
from the presum part, and the judging and controlling
part receives the radar cross section as the judgment
reference data from the instruction executing part, and
sets the bandwidth of the pulse and the band limiting
width to a predetermined wide bandwidth in a case
where the radar cross section is larger than a predeter-
mined threshold value of cross section, while sets the
bandwidth ofthe pulse and the band limiting width of the
pulse to a predetermined narrow bandwidth in a case
where the radar cross section is not larger than the pre-
determined threshold value of cross section.
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