DESCRIPTION
TITLE OF THE INVENTION: Radar Device and Radar System
TECHNICAL FIELD
[0001] The present invention relates to a radar device for
detecting an object that exists within a predetermined range on
the basis of the results of reception of a reflected wave 1iIn
response to a transmitted wave.
BACKGROUND ART
[0002] In order to detect and smoothly remove a foreign object
that has been dropped onto an airport runway, a radar device for
detecting an object that exists within a predetermined range on
the basis of the results of reception of a reflected wave 1In
response to a transmitted wave has been actively used. The
conventional radar devices using microwaves or a millimeter
waveband include an FMCW (frequency modulated continuous wave)
radar device having the structure as shown in FIG. 1.
[0003] The radar device 100 in FIG. 1 allows a transmission power
amplifier 103 to amplify the frequency modulated radar signal from
an FMCW transmission source 101, and transmits the radar signal
from a transmitting antenna 104. In the case where an object T
(reflector) exists within the detection range of the radar device
100, the transmitted wave from the radar device 100 is reflected
from the object T. The reflected wave from the object T i1s received
by a receiving antenna 105 and mixed with the radar signal
component transmitted from a power distributor 102 by means of a
mixer 107 so as to be converted to an IF signal. The IF signal
outputted from the mixer 107 is A/D converted and signal processed
in a signal processing unit 108, and as a result, the radar
detection results including the reception power reflected from the

object T (reflected wave power), the distance to the object T and



the velocity in the case where the object T is moving (relative
velocity with respect to the radar device 100) are gained.

[0004] Various inventions that relate to such a radar device have
been proposed.

For example, Patent Literature 1 discloses an invention
according to which a millimeter wave radar is installed on a moving
body, and the distance to the target location iIs measured on the
basis of the distance between a TfTirst reflector and a second
reflector and the results of reception of the reflected waves from
these reflectors.

CITATIONS LIST

PATENT LITERATURE

[0005] Patent Literature 1: W02017/018021A1

SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

[0006] The reflected reception power is determined by the radar
cross-section (RCS) of the object that reflects the radar signal
and the distance. Therefore, In the case where an object having
a large RCS (for example, an airplane) exists in proximity of the
antenna of the radar device, an excessive reflected reception power
is Inputted into the receiving antenna of the radar device, which
may damage the receiving circult.

[0007] FIG. 2 shows an example of a technique that prevents an
excessive power from being inputted into the receiving circuit
where a power attenuator 109 is arranged in the front stage before
the receiver so that the power attenuator 109 can be operated when
an excessive power is inputted so as to protect the reception power
amplifier 106 in the rear stage. However, the receilver noise
figure increases by the insertion loss of the power attenuator,
which deteriorates the detection sensitivity of the entire

reception system. In particular, the insertion loss of the power
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attenuator tends to increase in a high-frequency band such as a
millimeter waveband, where an increase in the receiver noise figure
cannot be avoided. There is also a risk of not being able to
protect the receiving circuit by arranging a power attenuator
depending on the factors such as the transmission power, the
distance between the reflector and the receiving antenna, and the
size of the reflector.
[0008] The present iInvention is provided in view of the above-
described conventional states, and an object thereof Is to propose
a technology with which 1t Is possible to protect the receiving
circuit of a radar device from the input of an excessive reflected
reception power.
SOLUTION TO PROBLEM
[0009] In order to achieve the above-described object, the present
invention provides the following configuration for a radar device.
The radar device according to the present invention detects
an object that exists within a predetermined range on the basis of
the results of reception of a reflected wave 1In response to a
transmitted wave, and the radar device 1s provided with: a
determination unit which determines whether or not the object 1is
a moving body on the basis of the results of reception; and a
controller which controls the radar device so that the radar
operation is temporarily stopped 1in the case where the
determination unit has determined that the object is a moving body.
[0010] This configuration allows the radar device to solely and
automatically stop the radar operation temporarily as a moving
body approaches, and therefore, the receiving circuit of the radar
device can be protected from the input of an excessive reflected
reception power.
[0011] Here, the examples of the configuration may include such a

configuration that the controller stops the radar operation of the
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radar device at the point iIn time when the determination unit
determines that the object 1i1s a moving body, or such a
configuration that the controller stops the radar operation of the
radar device at the point In time when the reception power of the
reflected wave exceeds a preset threshold value.

[0012] Alternatively, the configuration may allow the controller
to resume the radar operation of the radar device at the point iIn
time when a preset period of time has elapsed after the stoppage
of the radar operation of the radar device, or the configuration
may allow the controller to resume the radar operation of the radar
device at the point In time when a period of time calculated on
the basis of the moving velocity of the object has elapsed after
the stoppage of the radar operation of the radar device.

[0013] In addition, the present invention can provide a radar
system that i1s formed of a plurality of radar devices.

The radar system according to the present iInvention has a
plurality of radar devices for detecting an object that exists
within a predetermined range on the basis of the results of
reception of a reflected wave iIn response to a transmitted wave,
and the radar system is provided with: a determination unit which
determines whether or not the object is a moving body on the basis
of the results of reception by at least any of the radar devices;
and a controller which controls as a target a radar device that is
installed in the moving direction of the object so that the radar
operation is temporarily stopped 1in the case where the
determination unit has determined that the object is a moving body.
[0014] This configuration allows the plurality of radar devices to
work together so that the radar operation can be automatically
stopped temporarily as a moving body approaches, and therefore,
the receiving circuit of a radar device can be protected from the

input of an excessive reflected reception power.
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[0015] Here, the examples of the configuration may include a
configuration where the controller controls the target radar
device so that the radar operation is temporarily stopped on the
basis of the positional relationship between the object and the
target radar device.

[0016] Alternatively, the configuration may allow a control device
which 1is connected to the plurality of radar devices iIn a
communicable manner to be provided with the determination unit and
the controller, or the configuration may allow the radar devices
to be connected to each other 1In a communicable manner and to be
respectively provided with the determination unit and the
controller where each of the plurality of radar devices controls
itself so that the radar operation can be temporarily stopped on
the basis of the results of reception by another radar device.
[0017] In addition, the configuration may allow the plurality of
radar devices to include a moving body detection radar device that
IS superior to other radar devices 1iIn terms of the power
withstanding performance so that the determination unit and the
controller can carry out a process by using the results of
reception by the moving body detection radar device. In this case,
it is preferable for the moving body detection radar device to be
installed on the upstream side of the other radar devices along
the route through which the object is assumed to move.
ADVANTAGEOUS EFFECTS OF THE INVENTION

[0018] The present invention makes 1t possible to protect the
receiving circuit of a radar device from the input of an excessive
reflected reception power.

BRIEF DESCRIPTION OF DRAWINGS

[0019] FIG. 1 is a diagram showing an example of the configuration

of the radar device according to the prior art;



FIG. 2 1is a diagram showing another example of the
configuration of the radar device according to the prior art;

FIG. 3 is a diagram showing an example of the configuration
of the radar device according to one embodiment of the present
invention;

FIG. 4 is a diagram illustrating the radar stoppage control
according to Example 1;

FIG. 5A 1s a graph showing the change of the reflected
reception power over time according to Example 1;

FIG. 5B 1s a graph showing the change of the distance to the
object over time according to Example 1;

FIG. 6 1s a diagram illustrating the radar stoppage control
according to Example 2;

FIG. 7A 1s a graph showing the change of the reflected
reception power over time according to Example 2;

FIG. 7B 1s a graph showing the change of the distance to the
object over time according to Example 2;

FIG. 8 i1s a diragram illustrating the calculation of the
coordinates of an object according to Example 2;

FIG. 9 i1s a diagram illustrating the location of an object
after radar rotation according to Example 2;

FIG. 10 is a diagram illustrating the arrangement of the radar
devices according to Example 3;

FIG. 11 is a diagram illustrating the detection of an object
by means of the radar devices according to Example 3;

FIG. 12 is a diagram showing an example of the configuration
of the radar system according to Example 3;

FIG. 13 is a diagram illustrating the radar stoppage control
according to Example 3;

FIG. 14 is a diagram illustrating the radar stoppage control

according to Example 3;



FIG. 15 is a diagram illustrating the radar stoppage control
according to Example 3;

FIG. 16 is a diagram illustrating the radar stoppage control
according to Example 3;

FIG. 17 is a diagram illustrating the radar stoppage control
according to Example 3;

FIG. 18 is a diagram showing the arrangement of the radars in
the radar system according to Example 4 as viewed diagonally from
the top; and

FIG. 19 is a diagram showing the arrangement of the radars in
the radar system according to Example 4 as viewed in the horizontal
direction.

DESCRIPTION OF EMBODIMENTS

[0020] The radar devices and the radar system according to one
embodiment of the present iInvention are described iIn reference to
the drawings. Here, it 1s assumed that radar devices for detecting
an object that exists within a predetermined range on the basis of
the results of reception of a reflected wave 1In response to a
transmitted wave are installed toward a runway of an airport.

FIG. 3 shows an example of the configuration of the radar
device according to one embodiment of the present invention. The
radar device 200 in the present embodiment iIs an FMCW radar device
that is provided with an FMCW transmission source 201, a power
distributor 202, a transmission power amplifier 203, a
transmitting antenna 204, a receiving antenna 205, a reception
power amplifier 206, a mixer 207 and a signal processing unit 210.
[0021] The radar device 200 allows the transmission power amplifier
203 to amplify the frequency modulated radar signal from the FMCW
transmission source 201, and transmits the radar signal from the
transmitting antenna 204. In the case where an object T

(reflector) exists within the detection range of the radar device

7



200, the transmitted wave from the radar device 200 is reflected
from the object T. The reflected wave from the object T is received
by the receiving antenna 205 and mixed with the transmitted radar
signal component from the power distributor 202 by means of the
mixer 207 so as to be converted to an IF signal. The IF signal
outputted from the mixer 207 is A/D converted and signal processed
in the signal processing unit 210, and as a result, the radar
detection results including the reflected reception power from the
object T (the reception power of the reflected wave), the distance
to the object T and the velocity in the case where the object T 1is
moving (the relative velocity to the radar device 200) are gained.
[0022] In addition, the radar device 200 has such a function as to
protect the receiving circuit from the input of an excessive
reflected reception power. That i1s to say, the radar device 200
temporarily stops the radar operation in the case where 1t 1is
determined that the object is a moving body on the basis of a
chronological change In a state of the radar detection results.
More preferably, the radar device 200 estimates iIn advance that an
object having a large reflected reception power (an airplane 1is
assumed i1n the present embodiment) is approaching within such a
distance that there is a risk of the reception power exceeding the
standard reception power value of the receiving circuit, and
temporarily stops the radar operation in the case where it 1is
expected that the distance between the object having a large
reflected reception power and the radar device will become shorter.
In order to implement such a function, the signal processing
unit 210 in the radar device 200 is provided with a movement
determination unit 211 and a stoppage controller 212.
[0023] The movement determination unit 211 determines whether or
not the object T that has been detected within the detection range

of the radar device 200 is a moving body on the basis of the radar
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detection results gained by carrying out a signal process on the
received reflected wave. In the case where it is determined that
the object T is moving, for example, the object T is determined to
be a moving body. Alternatively, the moving velocity of the object
T 1s compared with the preset reference velocity, and when the
moving velocity 1is the reference velocity or greater, it 1is
determined that the object T is a moving body, or otherwise, It is
determined that the object T Is not a moving body.

[0024] The stoppage controller 212 controls the radar device 200
so that the radar operation is temporarily stopped iIn the case
where the object T i1s determined to be a moving body. The radar
operation of the radar device 200 is stopped, for example, at the
point in time when the object T i1s determined to be a moving body
or at the point In time when the reflected reception power exceeds
the preset threshold value. In addition, the radar operation of
the radar device 200 i1s resumed, for example, at the point in time
when a preset period of time has elapsed after the stoppage of the
radar operation or at the point In time when the period of time
that has been calculated on the basis of the moving velocity of
the object T has elapsed.

[0025] The control for stopping the radar operation is possible by
issuing a radar operation stoppage signal from the signal
processing unit 210. As an example of the radar operation stoppage
signal, a transmission source stoppage signal for instructing the
stoppage of the output from the FMCW transmission source 201, a
transmitting circuit power supply cutting signal for instructing
the cutting off of the power supply for operating the transmission
power amplifier 203, and a receiving circuit power supply cutting
signal for instructing the cutting off of the power supply for
operating the reception power amplifier 206 can be cited, and thus,

the control of the radar device 200 for temporarily stopping the
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radar operation is possible by issuing one or more of these signals.
In addition, the control for resuming the radar operation is
possible by 1issuing a radar operation resuming signal that
corresponds to the issued radar operation stoppage signal (that is
to say, a transmission source resuming signal, a transmitting
circuit power supply restarting signal, or a receiving circuit
power supply restarting signal).

[0026] The radar device 200 according to the present embodiment is
provided with the above-described movement determination unit 211
and stoppage controller 212 so that the receiving circuit of the
radar device 200 can be protected from the input of an excessive
reflected reception power without using a power attenuator which
might become a factor for deteriorating the receiver noise figure.
[0027] Here, 1t Is not necessary to temporarily stop the radar
operation in the case where the detected object T Is such an object
that does not cause a problem even when it closely approaches the
radar device 200 (object of which the reflected reception power 1is
small such as a bird). In addition, i1t iIs not necessary to
temporarily stop the radar operation in the case where 1t can be
seen that the object T will not approach the radar device 200 very
closely, judging from the direction in which the object T is moving.
Therefore, it is preferable to determine whether or not the object
T corresponds to the above-described conditions so that the radar
operation is not temporarily stopped in the case where the object
T corresponds to any of the above-described conditions. Whether
or not the object T corresponds to the former conditions can be
determined on the basis of the relationship between the reflected
reception power (intensity of the received electromagnetic field)
and the distance to the object (distance between the receiving
antenna and the object T), for example. Whether or not the object

T corresponds to the latter conditions can be determined on the
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basis of the positional relationship between the object T and the
radar device 200 as well as the direction in which the object T is
moving, for example.

[0028] In the following, the radar stoppage control in the present
invention is more concretely described in reference to the examples.
EXAMPLE 1

[0029] FIG. 4 is a diagram illustrating the radar stoppage control
according to Example 1.

In Example 1, the radar device 200 does not rotate, and the
detection range S by the radar device 200 i1s fixed. The radar
device 200 monitors the predetermined route R, and thus, FIG. 4
shows a case where an object T that i1s moving linearly iIs detected.
The object T 1s moving in the order of point A, point B, point C,
point D and point E, and thus is gradually approaching the radar
device 200. Here, FIG. 5A shows the change in the reflected
reception power over time, and FIG. 5B shows the change of the
distance to the object T over time. FIG. 5A is a graph where the
horizontal axis indicates the time and the longitudinal axis
indicates the reflected reception power. FIG. 5B i1s a graph where
the horizontal axis indicates the time and the longitudinal axis
indicates the distance to the object. Thus, the reflected
reception power increases while the distance to the object shortens
as the time elapses.

[0030] In the case where the object T moves linearly (constant
direction) at almost a constant velocity, the location of the
object T after a certain period of time has elapsed can be
estimated on the basis of the radar detection results (the distance
to the object T and the velocity of the object T). Here, in the
case where the reception power limit is L as shown in FIG. 5A, for
example, and the object T has reached the point E at which the

reflected reception power exceeds the reception power limit L
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without any measures being taken, there is a risk of the receiving
circuit being damaged by an excessive reflected reception power.
Therefore, as shown in FIG. 5A, for example, a threshold value Th
iIs set at a value that is smaller than the reception power limit
L, and the radar device 200 issues a radar operation stoppage
signal to the target apparatus at the point in time when the
reflected reception power exceeds the threshold value Th so as to
temporarily stop the radar operation. After that, the radar device
200 estimates the movement of the object T under the presupposition
that the object T moves In the constant direction at a constant
velocity, and resumes the radar operation at the time when the
object T has passed the radar device 200 so as to move away
therefrom by such a distance that the reflected reception power
does not cause a problem. As a result, the radar operation 1is
stopped during a certain period d when there is a risk of an
excessive reception power flowing into the receiving circuit.

[0031] As described above, Example 1 provides a configuration where
it 1s determined whether or not an object that has been detected
within the detection range is a moving body in the case where the
object has been detected by the radar device that does not rotate,
and the radar operation of the radar device is stopped until the
time calculated on the basis of the moving velocity of the object
has elapsed from the point in time when the reception power
reflected from the object exceeds the preset threshold value in
the case where the object has been determined to be a moving body.
[0032] Here, the configuration may allow the maximum stoppage time
of the radar operation to be calculated in advance on the basis of
the lower limit value of the velocity that can be assumed for a
moving body (reference value to be used for the determination of
a moving body) so that the radar operation can be stopped until

the maximum stoppage time has elapsed irrelevant of the actual
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moving velocity. Alternatively, the radar operation may be stopped
at the point in time when the object is determined to be a moving
body instead of the stoppage of the radar operation at the point
in time when the reflected reception power exceeds the preset
threshold value.

EXAMPLE 2

[0033] FIG. 6 is a diagram illustrating the radar stoppage control
in Example 2.

In Example 2, the radar device 200 rotates, and the detection
range by the radar device 200 shifts counterclockwise In the order
of S1, S2 and S3. The radar device 200 monitors the preset route
R, and FIG. 6 shows a case where an object T that 1s moving linearly
(in a constant direction) i1s detected. The object T moves iIn the
order of point F, point G, point H, point I and point J, and thus
is gradually moving away after i1t has approached the radar device
200. Here, FIG. 7A shows the change in the reflected reception
power over time, and FIG. 7B shows the change in the distance to
the object T over time. FIG. 7A 1s a graph where the horizontal
axis indicates the time and the longitudinal axis indicates the
reflected reception power. FIG. 7B is a graph where the horizontal
axis indicates the time and the longitudinal axis indicates the
distance to the object. Thus, the reflected reception power
gradually increases and decreases after it has reached the peak,
and the distance to the object gradually shortens and lengthens
after i1t has reached the shortest distance as time elapses.
[0034] As shown in FIG. 7A, for example, iIn the case where the
reception power limit is L and the object T has reached point H at
which the reflected reception power exceeds the reception power
limit L without any measures being taken, there is a risk of the
receiving circuit being damaged by an excessive reflected

reception power. Therefore, as shown in FIG. 7A, for example, a
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threshold value Th is set at a value that is smaller than the
reception power limit L, and the radar device 200 issues a radar
operation stoppage signal to the target apparatus at the point iIn
time when the reflected reception power exceeds the threshold value
Th so that the radar operation is temporarily stopped. After that,
the radar device 200 estimates the movement of the object T under
the assumption that the object T moves In a constant direction at
a constant velocity, and thus resumes the radar operation at the
time when the object T has passed the radar device 200 so as to
move away therefrom by such a distance that the reflected reception
power does not cause a problem. As a result, the radar operation
IS stopped during a certain period d when there i1s a risk of
excessive reflected reception power flowing iInto the receiving
circuit.

[0035] In the case where the radar device 200 rotates as described
above, 1t 1s necessary to take iInto consideration the rotation
angle and the rotation period of the radar device 200 in order to
estimate the location of the object T. The rotating radar device
200 can specify the rotation angle and the distance to the object
T at the moment when the moving object T i1s detected. At this
time, the coordinates (X1, Y1) of the object T can be calculated
in the following formula when the rotation angle at the time when
the object T is detected is 60 and the distance to the object is
LO as in FIG. 8, for example.

(X1, Y1) = (X0 + LO x cos(60), YO + LO x sin(e0))

Here, (X0, YO) are the coordinates of the radar device 200.
[0036] As shown in FIG. 9, in the case where the rotation period
of the radar device 200 is At, it is assumed that the object that
has been detected at the coordinates (X1, Y1) at a certain time
has moved to the coordinates (X2, Y2) after At during which the

radar device 200 has rotated once. At this time, the moving
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velocity AV of the object can be calculated in the following
formula (2).

AV = sqrt(abs(X2 - X1)2 + (abs(Y2 - Y1)2) = At .. (2)

Here, “sqrt()” is a function for calculating the square root,
and “abs()” i1s a function for calculating the absolute value. The
location of the object T after a certain period of time has
additionally elapsed can be estimated by finding the moving
velocity AV as described above. As a result, the radar device 200
can calculate the time at which the object T has passed the radar
device 200 so as to move away therefrom by such a distance that
the reflected reception power does not cause a problem so that the
radar operation can be stopped until then.

[0037] As described above, Example 2 provides a configuration where
it 1s determined whether or not an object that has been detected
within the detection range is a moving body in the case where the
object has been detected by the radar device that rotates at a
certain rotation period, and the radar operation of the radar
device i1s stopped until the period of time calculated on the basis
of the moving velocity of the object has elapsed from the point iIn
time when the reception power reflected from the object exceeds
the preset threshold value iIn the case where the object 1is
determined to be a moving body.

[0038] Here, the maximum stoppage time of the radar operation may
be calculated in advance on the basis of the lower limit value of
the velocity that is assumed for a moving body (reference value to
be used for the determination of a moving body), and thus, the
radar operation may be stopped until the maximum stoppage time has
elapsed irrelevant of the actual moving velocity. In addition,
the radar operation may be stopped at the point in time when it is

determined that the object is a moving body instead of the stoppage
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of the radar operation at the point in time when the reflected
reception power exceeds the preset threshold value.
EXAMPLE 3
[0039] Though the radar device solely carries out the radar
stoppage control in Example 1 and Example 2, a plurality of radar
device can cooperate with each other in order to carry out radar
stoppage control. That i1Is to say, a radar system having a
plurality of radar devices may be constructed so that the entire
system can share the individual radar detection results. As a
result, a radar device that is installed in the moving direction
of the moving object can be specified so that the radar operation
thereof can be temporarily stopped.
[0040] As shown in FIG. 10, Example 3 provides an arrangement of
four radar devices 200(a) through 200(d) in total with two radar
devices on either side with the root R along which the object T
passes in between. The coordinates of the radar devices 200(a)
through 200(d) are as follows.

Radar device 200(a): (Xa, Ya)

Radar device 200(b): (Xb, Yb)

Radar device 200(c): (Xc, Yoc)

Radar device 200(d): (Xd, Yd)
[0041] In this case, the coordinates of each radar device 200 can
be calculated as follows when the distances Ax and Ay between
mutual radar devices in the arrangement are known. In the case
where the coordinates (Xa, Ya) of the radar device 200(a) are
known, for example, the coordinates of the other radar devices are
uniquely determined.

Radar device 200(a): (Xa, Ya)

Radar device 200(b): (Xa + Ax, Ya)

Radar device 200(c): (Xa + AX, Ya + Ay)

Radar device 200(d): (Xa, Ya + Ay)
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[0042] In the case where an object T is moving along the route R
as shown in FIG. 11, the rotation angles 6a through od and the
distances to the object La through Ld are specified at the time
when the object T is detected by the respective radar devices
200(a) through 200(d). At this time, the coordinates of the object
T as viewed from each of the radar devices 200(a) through 200(d)
can be represented as follows.
The coordinates of the object T as viewed from the radar
device 200(a):
(X, Y) = (Xa + La x cos(ba), Ya + La x sin(ea))
The coordinates of the object T as viewed from the radar
device 200(b):
X, Y) = (Xb + Lb x cos(6b), Yb + Lb x sin(eb))
= (Xa + Ax + Lb x cos(eb), Ya + Lb x sin(eb))
The coordinates of the object T as viewed from the radar
device 200(c):
(X, Y) = (Xc + Lc x cos(6c), Yc + Lc x sin(ec))
= (Xa + AX + Lc x cos(ec), Ya + Ay + Lc x sin(ec))
The coordinates of the object T as viewed from the radar
device 200(d):
X, Y) = (Xd + Ld x cos(ed), Yd + Ld x sin(ed))
= (Xa + Ld x cos(ed), Ya + Ay + Ld x sin(ed))
[0043] As described above, it is possible for the entire radar
system to share the coordinates of the moving object T that are
found from the radar detection results of the respective radar
devices 200(a) through 200(d) when one original point (Xa, Ya) and
the distances Ax and Ay between the vradar devices 1iIn the
arrangement are known.
[0044] FIG. 12 shows an example of the configuration of the radar

system according to Example 3.
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In Example 3, four radar devices 200(a) through 200(d) 1in
total that are arranged with the route R along which an object T
passes in between are connected to a central control device 400.
The radar devices 200(a) through 200(d) respectively have
detection ranges Sa through Sd. The detection ranges Sa through
Sd are provided so as to partially overlap each other. The radar
detection results by the radar devices 200(a) through 200(d) are
shared with each other via the central control device 400.

[0045] The radar stoppage control iIn the radar system having this
configuration is described in reference to FIGS. 13 through 17.

FIG. 13 shows a case where an object T is located at the
coordinates (X1, Y1), and the central control device 400 allows
the coordinates (X1, Y1) of the object T to be shared by all the
radar devices 200(a) through 200(d). In this case, 1t 1is
determined that the object T is located in such a location that an
excessive reflected reception power is not caused in any of the
radar devices 200(a) through 200(d), and thus, the radar operations
of all the radar devices 200(a) through 200(d) are turned ON.
[0046] FIG. 14 shows a case where the object T i1s located at the
coordinates (X2, Y2), and the central control device 400 allows
the coordinates (X2, Y2) of the object T to be shared by all the
radar devices 200(a) through 200(d). In this case as well, it is
determined that the object T is located in such a location that an
excessive reflected reception power is not caused in any of the
radar devices 200(a) through 200(d), and thus, the radar operations
of all the devices 200(a) through 200(d) are turned ON.

[0047] FIG. 15 shows a case where the object T is located at the
coordinates (X3, Y3), and the central control device 400 allows
the coordinates (X3, Y3) of the object T to be shared by all the
radar devices 200(a) through 200(d). Here, it is assumed that it

is determined that the object T is located in such a location that
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an excessive reflected reception power is caused iIn the radar
device 200(c). In this case, the radar operation of the radar
device 200(c) i1s turned OFF, whereas the radar operation of the
other radar devices 200(a), 200(b) and 200(d) are turned ON.
[0048] FIG. 16 shows a case where the object T is located at the
coordinates (X4, Y4), and the central control device 400 allows
the coordinates (X4, Y4) of the object T to be shared by all the
radar devices 200(a) through 200(d). Here, it is assumed that it
is determined that the object T is located in such a location that
an excessive reflected reception power 1iIs caused In the radar
device 200(c), and the object T is moving In such a direction as
to approach the radar device 200(d). In this case, the radar
operations of the radar devices 200(c) and 200(d) are turned OFF,
whereas the radar operations of the other radar devices 200(a) and
200(b) are turned ON.

[0049] FIG. 17 shows a case where the object T i1s located at the
coordinates (X5, Y5), and the central control device 400 allows
the coordinates (X5, Y5) of the object T to be shared by all the
radar devices 200(a) through 200(d). Here, it is assumed that it
is determined that the object T is located in such a location that
an excessive reflected reception power is caused iIn the radar
device 200(d), and an excessive reflected reception power iIs not
caused iIn the radar device 200(c). In this case, the radar
operation of the radar device 200(d) is turned OFF, whereas the
radar operation of the other radar devices 200(a), 200(b) and
200(c) are turned ON.

[0050] As described above in Example 3, the radar detection results
are shared by a plurality of radar devices so that the location of
an object that could possibly cause an excessive received reflected
power can be shared by all the radar devices, and as a result, it

becomes possible to temporarily stop the radar operation of the
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radar device having a risk of the object being approached by
estimating the corresponding risk in advance.

[0051] The stoppage and the resumption of the radar operation of
a target radar device can be controlled on the basis of the
relationship between the radar device and the object. For example,
the radar operation of a target radar device can be stopped at the
point in time when an object enters within the stoppage range that
iIs set with the location In which the target radar device 1is
installed at the center, and the radar operation can be resumed at
the point in time when the object exits to the outside of the
stoppage range. The stoppage range may be preset for each radar
device or may be calculated for each object on the basis of the
radar detection results by each radar device. In the latter case,
the range where the reflected reception power that is measured by
the target radar device exceeds the preset threshold value (for
example, the threshold value Th In Example 1 or Example 2) may be
calculated as the stoppage range.

[0052] Such a radar stoppage control can be carried out by the
radar device itself of which the radar operation is to be stopped
on the basis of the radar detection results by other radar devices.
In Example 1 and Example 2, the radar device operates individually,
and thus, the location of a moving body cannot be specified during
the stoppage of the radar operation; however, iIn Example 3, the
location of a moving body can be specified even during the stoppage
of the radar operation of a radar device on the basis of the radar
detection results by the other radar devices.

[0053] In Example 3, each radar device controls itself for the
temporary stoppage of the radar operation thereof on the basis of
the radar detection results of other radar devices; however, such
control for temporarily stopping the radar operation 1is not

necessarily carried out by the radar device itself.
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For example, a radar device for which it has been clarified
that it iIs not necessary to stop the radar operation (for example,
a radar device that is far away from the moving body) may specify
the radar device that is installed in such a location that the
object is approaching, and thus remotely controls the radar device
so that the radar operation thereof is temporarily stopped.

Alternatively, a control device that 1is communicably
connected to the respective radar devices may specify the radar
device that is installed in such a location that the object 1is
approaching, and thus remotely controls the radar device so that
the radar operation thereof is temporarily stopped. The central
control device 400 can be used for such a control device, for
example. In this case, the central control device 400 may have
functional units that correspond to the movement determination
unit 211 and the stoppage controller 212.

EXAMPLE 4

[0054] In the above-described radar system, it becomes difficult
for the entire system to share the location of a moving object
that causes an excessive reflected reception power in the case
where the radar device that i1s supposed to discover the object
first 1s damaged.

Therefore, in Example 4, a radar device of which the power
withstanding performance is superior to the other radar devices
(hereinafter, referred to as moving body detection radar device)
is arranged in the position in which an object that causes an
excessive reception power can be discovered first. FIGS. 18 and
19 are diagrams showing the radar arrangement in the radar system
according to Example 4 as viewed from the top and as viewed in the
horizontal direction.

[0055] In Example 4, as shown in FIG. 18, a moving body detection

radar device 300 of which the power withstanding performance is
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superior to the radar device 200 is arranged on the upstream side
relative to the radar device 200 along the route R through which
an object T is assumed to move. In FIG. 18, it is assumed that an
object T enters into the monitoring area of the radar system (area
formed by overlapping the detection ranges of the respective radar
devices) in any of four directions, and therefore, four moving
body detection radar devices 300 are additionally installed in
order to deal with this assumption. Here, one moving body
detection radar device 300 may be enough, and thus, the number
thereof 1s not limited in the present invention.

[0056] The radar detection results by the moving detection radar
devices 300 are shared by the entire system via the central control
device 400 in the same manner as the radar devices 200. That 1is
to say, the control of a radar device 200 for the temporary
stoppage of the radar operation thereof may be carried out by
taking into consideration not only the radar detection results by
the radar devices 200, but also the radar detection results by the
moving body detection radar devices 300.

[0057] A moving body detection radar device 300 of which the power
withstanding performance 1is superior 1is installed iIn such a
location where an object that enters into the monitoring area of
a radar system is discovered first, and therefore, the possibility
of the receiving circuit in the moving body detection radar device
300 being damaged is low even when an object having a large
reflected reception power enters, and thus, there is less concern
that a problem may be caused in the radar stoppage control.

Here, as shown in FIG. 19, i1t is preferable for a moving body
detection radar device 300 to be installed diagonally face the top
in such an environment where an object that causes an excessive
reflected reception power enters diagonally from the top. By doing

so, the entrance of an object can be discovered at an early time.
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[0058] Though in the above description the stoppage of the radar
operation is planned to protect the receiving circuit, another
method for solving the problem can be provided with radar devices
where the degree of amplification by the transmission power
amplifier or the reception power amplifier can be adjusted in such
a manner that the degree of amplification is temporarily adjusted
so as to be lowered In the case where an object that causes an
excessive reflected reception power passes close to the radar
device.

[0059] Here, the configurations of the system and the devices
according to the present invention are not necessarily limited to
those shown In the above, and various modifications may be used.
For example, in the above-described configuration, radar devices
are installed toward a runway of an airport; however, the present
invention can be applied to a case where radar devices are
installed toward a railroad track or a highway.

In addition, i1t is possible for the present invention to
provide a method or a system for implementing the process according
to the present iInvention, a program for implementing this method
or system, and a recording medium for storing this program.
INDUSTRIAL APPLICABILITY
[0060] The present invention can be applied to a radar device for
detecting an object that exists within a predetermined range on
the basis of the results of reception of a reflected wave 1iIn
response to a transmitted wave.

REFERENCE SIGNS LIST
[0061] 100: radar device

101: FMCW transmission source

102: power distributor

103: transmission power amplifier

104: transmitting antenna
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105:
106:
107:
108:
109:
200:
201:
202:
203:
204:
205:
206:
207:
210:
211:
212:
300:
400:

receiving antenna

reception power amplifier
mixer

signal processing unit
power attenuator

radar device

FMCW transmission source
power distributor
transmission power amplifier
transmitting antenna
receiving antenna

reception power amplifier
mixer

signal processing unit
movement determination unit
stoppage controller

radar device

central control device
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CLAIMS
[1] A radar system having a plurality of radar devices for
detecting an object that exists within a predetermined range on
the basis of results of reception of a reflected wave in response
to a transmitted wave, characterized by comprising:

a determination unit which determines whether or not the
object is a moving body on the basis of the results of reception
by at least any of the radar devices; and

a controller which controls as a target a radar device that
is installed in the moving direction of the object so that the
radar operation is temporarily stopped in the case where the
determination unit has determined that the object is a moving
body,

characterized in that the controller stops the radar
operation at the point in time when the reception power of the
reflected wave exceeds a preset threshold value,

the plurality of radar devices includes a moving body
detection radar device that is superior to other radar devices
in terms of the power withstanding performance, and

the determination unit and the controller can carry out a
process by using the results of reception by the moving body
detection radar device.

[2] The radar system according to claim 1, characterized in that
the controller controls the target radar device so that the
radar operation is temporarily stopped on the basis of the
positional relationship between the object and the target radar
device.

[3] The radar system according to claim 1, characterized in that
a control device which is connected to the plurality of radar
devices in a communicable manner 1is provided with the
determination unit and the controller.

[4] The radar system according to claim 1, characterized in that
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the radar devices are connected to each other in a
communicable manner and are respectively provided with the
determination unit and the controller, and

each of the plurality of radar devices controls itself so
that the radar operation can be temporarily stopped on the basis
of the results of reception by another radar device.

[5] The radar system according to claim 1, characterized in that
the moving body detection radar device is installed on the
upstream side of the other radar devices along the route through

which the object is assumed to move.
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