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DESCRIPTION

TITLE OF INVENTION: RADAR DEVICE, RADAR SYSTEM, AND METHOD FOR
ADJUSTING RADAR ANTENNA

TECHNICAL FIELD
[0001]

The present invention relates to a radar device which detects an object present in a
specific detection target area on the basis of a receiving result of a reflected wave to a

transmitted wave.

BACKGROUND ART
[0002]

Heretofore, a radar device has been used which detects an object present in a
specific detection target area on the basis of a receiving result of a reflected wave to a
transmitted wave to detect a fallen foreign object on a road surface of an airport runway or the
like and quickly remove the object. An example of the radar device using a microwave or
millimeter wave band or the like is a frequency modulated continuous-wave (FMCW) radar
device including such a structure as shown in Fig. 1.
[0003]

A radar device 100 of Fig. 1 amplifies a frequency modulated radar signal from an
FMCW transmitting source 101 with a transmitting amplifier 103, and transmits the signal via a
transmitting antenna 104. In case where an object T (a reflective object) is present in a
detection target area of the radar device 100, a transmitted wave from the radar device 100 is
reflected by the object T. A reflected wave from the object T is received by a receiving antenna
105, mixed with a transmitting radar signal component from a distributor 102 by a frequency
mixer 107, and converted to an IF signal. The IF signal output from the frequency mixer 107 is
subjected to A/D conversion and signal processing in a signal processor 108.  As a result, radar
detection results are obtained, such as reflection receiving power (reflected wave power) by the
object T, a distance to the object T, and a rate in case where the object T is moving (a relative
speed to the radar device 100).
[0004]

Heretofore, various inventions have been suggested regarding such a radar device.
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For example, in Patent Literature 1, an invention is disclosed in which millimeter
wave radar is installed in a moving body, to measure a distance to a target position, on the basis
of a distance between a first reflective body and a second reflective body, and receiving results of
reflected waves from these reflective bodies.

CITATION LIST

PATENT LITERATURE

[0005]

PATENT LITERATURE 1: International Publication No. WO 2017/018021

SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0006]

An example of a use application of a radar device is an application of detecting a
fallen object on a road surface of a road, a runway or the like. In this case, at a normal time, a
desired reflective object such as the fallen object is not present on the road or the runway.
Consequently, a transmitting wave continues to be sent to a detection target area where any
desired reflective objects are not present, and only in case where a desired reflective object such
as the fallen object appears in the detection target area, a received wave (a reflected wave) is
present, and the object is detected.

[0007]

During an installing operation of the radar device, in order to optimally adjust
receiving sensitivity of the radar device, it is desirable to actually place a reflective object in an
assumed detection target area and to adjust an antenna angle of the radar device while
confirming reflected radio wave intensity. However, there is usually traffic of vehicles, aircrafts
or the like on the road, the runway or the like, and hence an operator cannot easily enter the road,
the runway or the like to place the reflective object. Furthermore, it is also considered that the
reflective object is actually placed on the road surface to perform an adjustment operation in a
time zone where traffic of the vehicles or aircrafts is low, for example, at nighttime. However,
if mechanical deviation or the like is generated in an antenna fixing angle due to change over
time or the like, it becomes necessary to actually place the reflective object on the road surface
and perform the adjustment operation for each deviation.

[0008]

Consequently, in case where a place such as the road or the runway which cannot
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be usually easily entered by the operator is the detection target area of the radar device, the
adjustment of the antenna angle of the radar device has involved difficulty.
[0009]
The present invention has been developed in view of such conventional situations
as described above, and an object thereof is to provide a technology which enables an antenna

angle to be adjusted without an operator entering a detection target area of a radar device.

SOLUTION TO PROBLEM
[0010]

In the present invention, to achieve the above object, a radar system is configured
as follows.

That is, provided is a radar system which controls an angle of an antenna of a
radar device detecting an object present in a specific detection target area on the basis of a
receiving result of a reflected wave to a transmitted wave, characterized by comprising a
reference reflective body installed in a prescribed position, and a controller which controls the
angle of the antenna on the basis of a positional relationship among the antenna, the reference
reflective body, and the detection target area, and on the basis of a receiving result of the
reflected wave from the reference reflective body obtained by the antenna.

[0011]

More specifically, the controller calculates an optimum antenna angle ¢' = 6'+¢ to
the detection target area on the basis of an angle difference ¢ between an optimum antenna angle
0 to the reference reflective body and an optimum antenna angle ¢ to the detection target area
calculated based on the positional relationship, and on the basis of an optimum antenna angle 6'
to the reference reflective body based on the receiving result of the reflected wave from the
reference reflective body, to control the angle of the antenna into the antenna angle ¢'.

[0012]

Here, the antenna angles 6 and ¢ can be calculated on the basis of relational
equations:

0 = arctan (d/(H-h)), and

¢ = arctan (D/H), in which H is a height of the antenna, h is a height of the
reference reflective body, d is a horizontal distance between the antenna and the reference
reflective body, and D is a horizontal distance between the antenna and the detection target area.
[0013]

Note that the controller may be configured to control the angle of the antenna by
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use of at least one of a reference reflective body installed on the same side as the radar device to
the detection target area or a reference reflective body installed on a side opposite to the radar
device with respect to the detection target area.
[0014]

Furthermore, the controller may be configured to control the angle of the antenna
of the radar device by use of two reference reflective bodies, in case where the two reference
reflective bodies are installed to sandwich the detection target area therebetween and the radar
device is installed on an extension line connecting the two reference reflective bodies.

[0015]
Additionally, the controller may be incorporated in the radar device, or may be a

separate device communicatively connected to the radar device.

ADVANTAGEOUS EFFECTS OF INVENTION
[0016]
According to the present invention, an antenna angle can be adjusted without an

operator entering a detection target area of a radar device.

BRIEF DESCRIPTION OF DRAWINGS
[0017]

[FIG. 1] Fig. 1 is a diagram showing a configuration example of a radar device
according to a conventional technology.

[FIG. 2] Fig. 2 is a diagram showing an outline of a radar system according to an
embodiment of the present invention.

[FIG. 3] Fig. 3 is a plan view of the radar system of Fig. 2.

[FIG. 4] Fig. 4 is a side view of the radar system of Fig. 2.

[FIG. 5] Fig. 5 is a diagram showing a calculation example of A6 in case where a
plurality of reference reflective bodies are used.

[FIG. 6] Fig. 6 is a diagram showing another calculation example of A6 in case
where the plurality of reference reflective bodies are used.

[FIG. 7] Fig. 7 is a chart showing an example of adjustment flow of an antenna
angle by the radar system of Fig. 2.

[FIG. 8] Fig. 8 is a plan view showing a behavior that the radar devices and the
reference reflective bodies are arranged on opposite sides of a detection target area.
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DESCRIPTION OF EMBODIMENTS
[0018]

Description will be made as to a radar system according to an embodiment of the
present invention with reference to the drawings.

Fig. 2 shows an outline of the radar system according to the embodiment of the
present invention. The radar system of the present embodiment comprises a radar device 100
installed with an antenna directed toward a specific detection target area R, and a radar controller
200 and a detection result display device 210 which are installed in a control room, a monitoring
room or the like. Fig. 2 shows only one radar device 100, but a plurality of radar devices 100
having different detection target areas R, respectively, may be installed.

[0019]

The radar device 100 receives a reflected wave of a radio wave (a transmitted
wave) transmitted to the detection target area R to process a signal, and transmits the signal to
the radar controller 200. The radar controller 200 summarizes data transmitted from the
respective radar devices 100 in the system, and displays a detection result of a fallen object X in
the detection result display device 210. Furthermore, the radar controller 200 also has a
function of adjusting (controlling) an antenna angle of the radar device 100. The radar device
100 of the present embodiment is configured so that a transmitting antenna and a receiving
antenna are unitized, and angles of the respective antennas can be controlled in conjunction.
Hereinafter, such an antenna unit will be called the antenna.

[0020]

In the radar device 100, a predetermined section on a road surface of a road, a
runway or the like is set to the detection target area R, and the antenna angle is adjusted to
include the detection target area R. At this time, in case where the antenna angle of the radar
device 100 is out of the detection target area R, even if the fallen object X is present in the
detection target area R, reflected wave intensity from the fallen object X decreases, and hence
sufficient receiving sensitivity cannot be obtained. Therefore, it is important to optimally set
the antenna angle of the radar device 100 to the detection target area R.  As described above,
during the adjustment of the antenna angle, it is desirable to install a certain reflective object on
the road surface and perform an adjustment operation depending on the reflected wave of the
object. However, in a place where there is traffic of vehicles or aircrafts, such as the road,
runway, it is difficult to actually install the reflective object and perform the adjustment
operation.

[0021]
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To solve the problem, in the radar system of the present embodiment, a reference
reflective body 300 is installed outside the detection target area R so that the adjustment
operation can be performed without entering the detection target area R (a restricted area). As a
place to install the reference reflective body 300, the restricted area close to the detection target
area R isassumed. Fig. 2 shows that three reference reflective bodies 300(A), 300(B), and
300(C) are installed at different positions outside the detection target area R.  Fig. 3 is a plan
view of the radar system of Fig. 2, and Fig. 4 is a side view of the radar system of Fig. 2.

[0022]

As the reference reflective body 300, an omnidirectional reflective body (e.g., a
spherical reflective body) which scatters the transmitted wave emitted from the radar device 100
in all directions is desirable. The reference reflective body 300 may be installed for exclusive
use in the adjustment of the antenna angle, or may be installed in addition to an existing light
pole, a guardrail or another installation.

[0023]

Description will be made as to the adjustment of the antenna angle of the radar
device 100 by the radar controller 200 with reference to Fig. 4. Here, for convenience of
description, it is considered that the radar device 100, the reference reflective body 300 and the
detection target area R are installed and set on the same plane, but in case where a gradient,
difference in level or the like is present in each place, a positional relationship between the
respective places may be taken into consideration.

[0024]

As shown in Fig. 4, a height of the radar device 100 to a set surface of the
detection target area R is denoted with H, and a height of the reference reflective body 300 to the
set surface of the detection target area R is denoted with h.  That is, a vertical distance between
the radar device 100 and the detection target area R is denoted with H, and a vertical distance
between the reference reflective body 300 and the detection target area R is denoted with h.
Furthermore, a horizontal distance between the radar device 100 and a central line of the
detection target area R on an extension line where the reference reflective body 300 is seen from
the radar device 100 is denoted with D, and a horizontal distance between the radar device 100
and the reference reflective body 300 is denoted with d. Here, the central line of the detection
target area R is a center line in an extending direction (an up-down direction of Fig. 2) of the
detection target area R, and is orthogonal (or almost orthogonal) to the extension line where the
reference reflective body 300 is seen from the radar device 100.

[0025]



10

15

20

25

30

A00685
7

The following equation is established from a positional relationship shown in Fig.

0 = arctan (d/(H-h)) ... (Equation 1), in which 6 is an optimum angle when the
reference reflective body 300 is seen from the radar device 100.

Furthermore, the following equation is established:

¢ = arctan (D/H) ... (Equation 2), in which ¢ is an optimum angle when the
detection target area R is seen from the radar device 100.

[0026]

These angles 6 and ¢ can be geometrically calculated in accordance with
installation information (the positional relationship of Fig. 4) during a construction to install the
radar device, from the above respective equations. However, the gradient, difference in level or
the like is actually present on an installation surface. Therefore, if the angles are simply
calculated only by using design values (H, h, D, d), an error may be generated. In this case, it is
preferable to calculate the angles 6 and ¢ in due consideration of the gradient, difference in level
or the like.

[0027]

The angles 6 and ¢ geometrically calculated in the above operation indicate
theoretical values. If the angles are actually measured, the optimum angle may vary.
Furthermore, also in case where mechanical deviation or the like is generated in an antenna
fixing angle due to, for example, change over time, the optimum angle may vary. Deterioration
of receiving sensitivity due to the deviation in the antenna fixing angle noticeably appears in case
where an antenna having a small beam width (a power half value width) is used.

[0028]

Here, the following equation is established:

¢ = ¢-0... (Equation 3), in which ¢ is an angle difference between the optimum
antenna angle 0 to the reference reflective body 300 and the optimum antenna angle ¢ to the
detection target area R.

If the calculated optimum antenna angles 6 and ¢ to the reference reflective body
300 and the detection target area R deviate from actual optimum antenna angles 6' and ¢', a
deviation amount A6 (= 0-0") of the antenna angle 6 to the reference reflective body 300 almost
matches a deviation amount A¢ (= ¢-¢") of the antenna angle ¢ to the detection target area R, and
hence the angle difference ¢ hardly changes.

From the above, it is seen that if an actually measured value 6' of the optimum

antenna angle to the reference reflective body 300 is known, an actually measured value ¢' of the
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optimum antenna angle to the detection target area R can be obtained just by adjusting the angle
difference o.
[0029]

To solve the problem, the radar controller 200 of the present embodiment controls
the radar device 100, actually measures the optimum antenna angle to the reference reflective
body 300, and calculates the actual optimum angle ¢' = 8'+¢ to the detection target area R on the
basis of the actually measured value 6' of the eventually obtained optimum angle and the angle
difference ¢ between the above calculated theoretically optimum angles 6 and ¢.

[0030]

In the radar controller 200, upon the calculation of the actual optimum angle ¢' to
the detection target area R, the radar device 100 is controlled to adjust and direct the antenna at
the angle ¢'.  Note that through actual measurement without calculating the angle ¢', the
antenna may be directed at the optimum angle 6' to the reference reflective body 300, and then
the antenna may be rotated from the angle as much as the angle difference .

[0031]

Regardless of the control to perform, it is necessary that the radar controller 200
can acquire at least the angle difference ¢. The radar controller 200 may only hold the angle
difference o itself, or may hold the above design values (H, h, D, d) or the calculated optimum
angles 0, ¢, and calculate the angle difference ¢ in the operation.

[0032]

Here, in case where the radar device 100 rotates in a horizontal direction, as
shown in Fig. 2 and Fig. 3, two or more reference reflective bodies 300 which can be detected by
the radar device 100 may be present. In this case, optimum antenna angles may be individually
and actually measured to all the reference reflective bodies 300 by the same method as described
above, and the antenna may be adjusted with the angle difference ¢.

[0033]

Furthermore, in case where the angle difference ¢ varies with each reference
reflective body, as shown in Fig. 5 and Fig. 6, an angle range may be divided and the angle
difference ¢ may be adaptively changed.

In Fig. 5, in case where angle differences ¢a, ¢g, and ¢c are obtained for the
reference reflective bodies 300(A), 300(B), and 300(C), respectively, an average value of ¢ and
0B (= (pates)/2) is applied to an area between the reference reflective body 300(A) and the
reference reflective body 300(B), and an average value of ¢g and ¢c (= (ps+¢c)/2) is applied to

an area between the reference reflective body 300(B) and the reference reflective body 300(C).
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[0034]

In Fig. 6, in case where the angle differences @a, ¢s, and @ are obtained for the
reference reflective bodies 300(A), 300(B), and 300(C), respectively, @a is applied to a
predetermined area centered on the reference reflective body 300(A), ¢g is applied to a
predetermined area centered on the reference reflective body 300(B), and ¢c is applied to a
predetermined area centered on the reference reflective body 300(C).

[0035]

Fig. 7 illustrates an example of an adjustment flow of the antenna angle by the
radar system of the present embodiment.

The radar controller 200 first rotates the radar device 100 in the horizontal
direction (step S110), and specifies a point at which reflection receiving intensity from the
reference reflective body 300 is maximized (step S120). The radar controller 200 rotates the
radar device 100 in a vertical direction at that point (step S130), and specifies the point at which
the reflection receiving intensity from the reference reflective body 300 is maximized (step
S140). An angle at this time is the actually measured value 6' of the optimum antenna angle to
the reference reflective body 300 (step S150). The radar controller 200 calculates the optimum
antenna angle ¢' = 6'+¢ to the detection target area R, and controls and adjusts the radar device
100 so that the antenna angle reaches ¢'.

[0036]

Note that the description has been made so far on the assumption that the
reference reflective body 300 is disposed between the radar device 100 and the detection target
area R, but needless to say, the present invention is applicable also to a configuration where the
reference reflective body 300 is disposed on a side opposite to the radar device 100 with respect
to the detection target area R.

[0037]

Fig. 8 shows a behavior that radar devices 100 and reference reflective bodies 300
are arranged on opposite sides of a detection target area R. A configuration where the radar
devices 100 are arranged on the opposite sides of the detection target area R is effective for a
case where monitoring only by one-side radar device 100 is difficult (e.g., a case where a central
portion of the detection target area R is formed to be raised). In the drawing, a radar device
100(A) and reference reflective bodies 300(A) to (C) are installed on a left side of the detection
target area R, and a radar device 100(B) and reference reflective bodies 300(D) to (F) are
installed on a right side of the detection target area R.

[0038]
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In case of such an arrangement, the radar device 100 may adjust the antenna angle
only by use of the reference reflective body 300 present on the same side, or may adjust the
antenna angle by use of the reference reflective body 300 present on the opposite side. In
particular, in case where the reference reflective body 300 is also present on an opposite side of
an extension line (or a vicinity thereof) connecting the radar device 100 and the reference
reflective body 300 on the same side, it is preferable to adjust the antenna angle by use of these
two reference reflective bodies 300.

[0039]

As an example, description will be made as to a case where the radar device
100(A) adjusts the antenna angle by use of the reference reflective body 300(B) on the same side
and the reference reflective body 300(E) on the opposite side. In this case, an optimum antenna
angle to the detection target area R based on the reference reflective body 300(B) on the same
side and an optimum antenna angle to the detection target area R based on the reference
reflective body 300(E) on the opposite side are obtained, respectively, and to an intermediate
value between the angles, an antenna angle of the radar device 100(A) may be adjusted.

[0040]

As described above, the radar system of the present embodiment is provided with
the radar device 100 installed with the antenna directed toward the specific detection target area
R, the reference reflective body 300 installed in the prescribed position, and the radar controller
200 which controls the antenna angle of the radar device 100.

Furthermore, the radar controller 200 is configured to control the antenna angle of
the radar device 100 on the basis of the positional relationship among the antenna of the radar
device 100, the reference reflective body 300, and the detection target area R, and on the basis of
a receiving result of the reflected wave from the reference reflective body 300 obtained by the
antenna.

[0041]

More specifically, the radar controller 200 calculates the optimum antenna angle
¢' = 0'+o to the detection target area R on the basis of the angle difference ¢ between the
optimum antenna angle 6 to the reference reflective body 300 and the optimum antenna angle ¢
to the detection target area R calculated based on the above positional relationship, and on the
basis of the optimum antenna angle 6' to the reference reflective body 300 based on the receiving
result of the reflected wave from the reference reflective body 300, to control the angle of the
antenna of the radar device 100 into the antenna angle ¢'.

[0042]
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This configuration enables the antenna angle to be optimally adjusted without an
operator entering the detection target area of the radar device. Note that the reference reflective
body may be installed for each adjustment of the antenna angle. However, by use of the
reference reflective body fixedly installed as described above, the operator does not have to go to
an installation place of the radar device. Therefore, the operator can operate the radar controller
installed in the control room, the monitoring room or the like, to remotely adjust the antenna
angle of the radar device. Note that if a scheduled date to adjust the antenna angle or an
interval to perform the adjustment is registered in the radar controller in advance, the antenna
angle can be automatically adjusted without the operator operating the radar controller, and
periodic maintenance (readjustment of the antenna angle) can be easily achieved. Note that it is
preferable to adjust the antenna angle in a time zone where traffic is low in the detection target
area, such as at nighttime or early in morning.

[0043]

Here, it has been described above that the radar controller controls the radar
device to adjust the antenna angle. Alternatively, the radar device may contain a function of the
radar controller and autonomously adjust the antenna angle. In this case, the radar device may
hold the angle difference ¢ (or a value for use in the calculation of the difference) in advance,
periodically actually measure the optimum angle to the reference reflective body, and adjust the
antenna angle to be optimum to the detection target area.

Furthermore, it has been described above that the reference reflective body 300 is
installed in the prescribed position outside the detection target area R.  Alternatively, the
reference reflective body 300 may be installed in a prescribed position inside the detection target
area R. Furthermore, the reference reflective body 300 may be installed for exclusive use in
adjustment of the antenna angle of the radar device, and a lamp, a sign or the like may be utilized
as the reference reflective body 300.

[0044]

As above, the present invention has been described in detail, but the present
invention is not limited to the system described herein, and needless to say, can be broadly
applied also to a system other than the above system.

Additionally, the present invention can be provided, for example, as a method or
system to execute processing according to the present invention, program to achieve such a

method or system, a storage medium to store the program, or the like.

INDUSTRIAL APPLICABILITY
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[0045]
The present invention can be utilized in a radar device which detects an object
present in a specific detection target area on the basis of a receiving result of a reflected wave to

a transmitted wave.

REFERENCE SIGNS LIST
[0046]
100 radar device
200 radar controller
210 detection result display device
300 reference reflective body

R detection target area
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CLAIMS
[CLAIM 1]

A radar system which controls an angle of an antenna of a radar device detecting
an object present in a specific detection target area on the basis of a receiving result of a reflected
wave to a transmitted wave, comprising:

a reference reflective body installed in a prescribed position, and

a controller which controls the angle of the antenna on the basis of a positional
relationship among the antenna, the reference reflective body, and the detection target area, and
on the basis of a receiving result of the reflected wave from the reference reflective body
obtained by the antenna.

[CLAIM 2]

The radar system according to claim 1, wherein the controller calculates an
optimum antenna angle ¢' = 0'+¢ to the detection target area on the basis of an angle difference ¢
between an optimum antenna angle 0 to the reference reflective body and an optimum antenna
angle ¢ to the detection target area calculated based on the positional relationship, and on the
basis of an optimum antenna angle 6' to the reference reflective body based on the receiving
result of the reflected wave from the reference reflective body, to control the angle of the antenna
into the antenna angle ¢'.

[CLAIM 3]

The radar system according to claim 2, wherein the antenna angles 6 and ¢ are
calculated on the basis of relational equations:

0 = arctan (d/(H-h)), and

¢ = arctan (D/H), in which H is a height of the antenna, h is a height of the
reference reflective body, d is a horizontal distance between the antenna and the reference
reflective body, and D is a horizontal distance between the antenna and the detection target area.
[CLAIM 4]

The radar system according to claim 1, wherein the controller controls the angle
of the antenna by use of at least one of a reference reflective body installed on the same side as
the radar device to the detection target area or a reference reflective body installed on a side
opposite to the radar device with respect to the detection target area.

[CLAIM 5]

The radar system according to claim 1, wherein the controller controls the angle

of the antenna of the radar device by use of two reference reflective bodies, in case where the

two reference reflective bodies are installed to sandwich the detection target area therebetween
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and the radar device is installed on an extension line connecting the two reference reflective
bodies.
[CLAIM 6]

The radar system according to claim 1, wherein the controller is incorporated in
the radar device, or is a separate device communicatively connected to the radar device.
[CLAIM 7]

A radar device which detects an object present in a specific detection target area
on the basis of a receiving result of a reflected wave to a transmitted wave obtained by an
antenna, wherein, by use of a reference reflective body installed in a prescribed position, an
angle of the antenna is controlled on the basis of a positional relationship among the antenna, the
reference reflective body, and the detection target area, and on the basis of a receiving result of
the reflected wave from the reference reflective body obtained by the antenna.

[CLAIM 8]

A method for adjusting a radar antenna to control an angle of the antenna of a
radar device which detects an object present in a specific detection target area on the basis of a
receiving result of a reflected wave to a transmitted wave, comprising:

specifying an optimum antenna angle 6' to a reference reflective body on the basis
of the receiving result of the reflected wave from the reference reflective body installed in a
prescribed position obtained by the antenna, and

controlling an angle of the antenna so that the angle is 6'+¢, by use of an angle
difference ¢ between an optimum antenna angle 6 to the reference reflective body and an
optimum antenna angle ¢ to the detection target area calculated on the basis of a positional

relationship among the antenna, the reference reflective body, and the detection target area.



