DESCRIPTION
TITLE OF INVENTION: TAKE-OFF AND LANDING SITE MONITORING
DEVICE, TAKE-OFF AND LANDING SITE MONITORING METHOD, AND TAKE-

OFF AND LANDING SITE MONITORING SYSTEM

TECHNICAL FIELD
[0001] The present disclosure relates to a take-off and landing site monitoring device,
a take-off and landing site monitoring method, and a take-off and landing site

monitoring system.

BACKGROUND ART

[0002] An aircraft that takes off and lands in a vertical direction without sliding is
called a vertical take-off and landing aircraft (hereinafter, referred to as “VTOL
aircraft”). Examples of the VTOL aircraft include a drone, a flying vehicle, and a
helicopter. For example, Patent Literature 1 discloses a vertiport management system
that manages a vertiport where a VTOL aircraft takes off and lands. The vertiport

management system includes a sensor that monitors a state of the vertiport.

CITATION LIST
PATENT LITERATURE

[0003] Patent Literature 1: JP 2021-503677 A

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0004] In the vertiport management system disclosed in Patent Literature 1, although



the sensor monitors the state of the vertiport, there is a problem that the type of
obstruction that hinders take-off and landing of the VTOL aircraft cannot be found.
When the type of obstruction is not found, an administrator or the like of the vertiport
cannot easily remove the obstruction in some cases.

[0005] The present disclosure has been made in order to solve the above problem, and
an object of the present disclosure is to obtain a take-off and landing site monitoring
device capable of specifying the type of obstruction that hinders take-off and landing of

a vertical take-off and landing aircraft.

SOLUTION TO PROBLEM

[0006] A take-off and landing site monitoring device according to the present
disclosure includes: an image data acquiring unit that acquires, from an imaging device
that images a take-off and landing site, image data indicating a captured image of the
take-off and landing site; and an obstruction detecting unit that determines the type of
obstruction that hinders take-off and landing of a vertical take-off and landing aircraft
using the take-off and landing site on the basis of the image data acquired by the image

data acquiring unit.

ADVANTAGEOUS EFFECTS OF INVENTION
[0007] According to the present disclosure, it is possible to specify the type of

obstruction that hinders take-off and landing of a vertical take-off and landing aircraft.

BRIEF DESCRIPTION OF DRAWINGS
[0008] FIG. 1 is an explanatory diagram illustrating a take-off and landing site 1 to

which a take-off and landing site monitoring system according to a first embodiment is



applied.

FIG. 2 is an explanatory diagram illustrating a take-off and landing airspace of
a vertical take-off and landing aircraft M above the take-off and landing site 1.

FIG. 3 is a configuration diagram illustrating a take-off and landing site
monitoring system according to the first embodiment.

FIG. 4 is a hardware configuration diagram illustrating hardware of a take-off
and landing site monitoring device 30 according to the first embodiment.

FIG. 5 is a hardware configuration diagram of a computer in a case where the
take-off and landing site monitoring device 30 is implemented by software, firmware, or
the like.

FIG. 6 is a flowchart illustrating a take-off and landing site monitoring method
which is a processing procedure performed by the take-off and landing site monitoring
device 30.

FIG. 7 is a flowchart illustrating a processing procedure when “unauthorized
occupation of a vertical take-off and landing aircraft”, “presence of garbage”, or
“occurrence of fire” is recognized as the type of obstruction detected by an obstruction
detecting unit 45.

FIG. 8 is a flowchart illustrating a processing procedure when “presence of a
suspicious flying object” or a “presence of a bird” is recognized as the type of
obstruction detected by the obstruction detecting unit 45.

FIG. 9 is a configuration diagram illustrating a take-off and landing site
monitoring system according to a second embodiment.

FIG. 10 is a hardware configuration diagram illustrating hardware of a take-off
and landing site monitoring device 30 according to the second embodiment.

FIG. 11 is an explanatory diagram illustrating an operation plan of the take-off



and landing site 1 in which an operation state and the like of the take-off and landing
site 1 are recorded.

FIG. 12 is an explanatory diagram illustrating an update example of the
operation plan of the take-off and landing site 1 in which an operation state and the like
of the take-off and landing site 1 are recorded.

FIG. 13 is a configuration diagram illustrating a take-off and landing site
monitoring system according to a third embodiment.

FIG. 14 is a hardware configuration diagram illustrating hardware of a take-off
and landing site monitoring device 30 according to the third embodiment.

FIG. 15 is a configuration diagram illustrating a take-off and landing site
monitoring system according to a fourth embodiment.

FIG. 16 is a hardware configuration diagram illustrating hardware of a take-off
and landing site monitoring device 30 according to the fourth embodiment.

FIG. 17 is a configuration diagram illustrating a take-off and landing site
monitoring system according to a fifth embodiment.

FIG. 18 is a hardware configuration diagram illustrating hardware of a take-off
and landing site monitoring device 30 according to the fifth embodiment.

FIG. 19 is a configuration diagram illustrating a take-off and landing site
monitoring system according to a sixth embodiment.

FIG. 20 is a hardware configuration diagram illustrating hardware of a take-off

and landing site monitoring device 30 according to the sixth embodiment.

DESCRIPTION OF EMBODIMENTS
[0009] Hereinafter, in order to describe the present disclosure in more detail,

embodiments for carrying out the present disclosure will be described with reference to



the attached drawings.
[0010] First Embodiment.

FIG. 1 is an explanatory diagram illustrating a take-off and landing site 1 to
which a take-off and landing site monitoring system according to a first embodiment is
applied.

FIG. 2 is an explanatory diagram illustrating a take-off and landing airspace of
a vertical take-off and landing aircraft M above the take-off and landing site 1.

The take-off and landing site 1 includes a take-off and landing place 2 where
the vertical take-off and landing aircraft M can take off and land, and parking places 3-
1, 3-2, and 3-3 where the vertical take-off and landing aircraft M can be parked.

Examples of the vertical take-off and landing aircraft M include a drone 11, a
flying vehicle 12, and a helicopter 13.

A marking 2a indicating a take-off and landing position of the vertical take-off
and landing aircraft M is applied to the take-off and landing place 2. The marking 2a
s lit.

To the parking places 3-1, 3-2, and 3-3, markings 3-1a, 3-2a, and 3-3a
indicating parking positions of the vertical take-off and landing aircraft M are applied,
respectively. Each of the markings 3-1a, 3-2a, 3-3a is lit.

The take-off and landing site 1 illustrated in FIG. 1 includes the three parking
places 3-1, 3-2, and 3-3. However, this is merely an example, and the number of
parking places included in the take-off and landing site 1 may be less than three or four
or more.

[0011] The imaging device 21 images the take-off and landing site 1 and outputs
image data indicating a captured image of the take-off and landing site 1 to a take-off

and landing site monitoring device 30. An imaging range of the imaging device 21



includes not only the site of the take-off and landing site 1 but also a take-off and
landing airspace of the vertical take-off and landing aircraft M above the take-off and
landing site 1.

A lighting device 22 is a lighting fixture for illuminating the take-off and
landing site 1.

A windsock 23 is a windblast used to specify each of a wind direction and a
wind speed at the take-off and landing site 1.

A receiver 24 receives a remote identification (ID) transmitted from the vertical
take-off and landing aircraft M, and outputs the remote ID to the take-off and landing
site monitoring device 30. The remote ID includes identification information of the
vertical take-off and landing aircraft M, position information of the vertical take-off and
landing aircraft M, and the like.

Here, the receiver 24 receives the remote ID. However, this is merely an
example, and for example, when the vertical take-off and landing aircraft M is equipped
with a transponder, the receiver 24 may further receive a transponder signal transmitted
from the vertical take-off and landing aircraft M.

[0012] Each of obstruction removing devices 31-1,31-2, and 31-3 is a device for
removing obstruction that hinders take-off and landing of the vertical take-off and
landing aircraft M. The types of obstruction that can be removed by the obstruction
removing devices 31-1 to 31-3 are different from each other.

Specifically, the obstruction removing device 31-1 is a device for removing a
bird that is obstruction. The obstruction removing device 31-1 removes a bird that is
obstruction, for example, by emitting a loud sound, a sound, light, or an electromagnetic
wave with a frequency which the bird does not like.

The obstruction removing device 31-2 is a device for extinguishing fire that is



obstruction. The obstruction removing device 31-3 is a device for removing garbage
that is obstruction.

The three obstruction removing devices 31-1 to 31-3 are arranged in the take-
off and landing site 1 illustrated in FIG. 1. However, this is merely an example, and
the number of obstruction removing devices arranged in the take-off and landing site 1
may be less than three or four or more.

[0013] FIG. 3 is a configuration diagram illustrating a take-off and landing site
monitoring system according to the first embodiment.

FIG. 4 is a hardware configuration diagram illustrating hardware of the take-off
and landing site monitoring device 30 according to the first embodiment.

The take-off and landing site monitoring system illustrated in FIG. 3 includes
the imaging device 21, the receiver 24, the take-off and landing site monitoring device
30, and the obstruction removing devices 31-1 to 31-3.

[0014] The take-off and landing site monitoring device 30 is a device that determines
the type of obstruction that hinders take-off and landing of the vertical take-off and
landing aircraft M using the take-off and landing site 1.

The take-off and landing site monitoring device 30 includes an image data
acquiring unit 41, an identification information acquiring unit 42, a position detecting
unit 43, a wind specifying unit 44, an obstruction detecting unit 45, and a removal
device activating unit 46.

The image data acquiring unit 41 is implemented by, for example, an image
data acquiring circuit 61 illustrated in FIG. 4.

The image data acquiring unit 41 acquires image data indicating a captured
image of the take-off and landing site 1 from the imaging device 21.

The image data acquiring unit 41 outputs the image data to each of the position



detecting unit 43, the wind specifying unit 44, and the obstruction detecting unit 45.
[0015] The identification information acquiring unit 42 is implemented by, for
example, an identification information acquiring circuit 62 illustrated in FIG. 4.

The identification information acquiring unit 42 acquires a remote ID which is
identification information of the vertical take-off and landing aircraft M from the
receiver 24.

The identification information acquiring unit 42 outputs the remote ID to each
of the position detecting unit 43 and the obstruction detecting unit 45.

[0016] The position detecting unit 43 is implemented by, for example, a position
detecting circuit 63 illustrated in FIG. 4.

The position detecting unit 43 detects the position of the vertical take-off and
landing aircraft M on the basis of the image data acquired by the image data acquiring
unit 41.

The position detecting unit 43 outputs position information indicating the
position of the vertical take-off and landing aircraft M to the obstruction detecting unit
45.

Here, the position detecting unit 43 detects the position of the vertical take-off
and landing aircraft M on the basis of the image data. However, this is merely an
example, and the position detecting unit 43 may acquire the remote ID of the vertical
take-off and landing aircraft M from the identification information acquiring unit 42,
and may detect the position of the vertical take-off and landing aircraft M using the
image data and the position information of the vertical take-off and landing aircraft M
included in the remote ID.

[0017] The wind specifying unit 44 is implemented by, for example, a wind specifying

circuit 64 illustrated in FIG. 4.



The wind specifying unit 44 specifies each of a wind direction and a wind
speed at the take-off and landing site 1 on the basis of the image data acquired by the
image data acquiring unit 41.

The wind specifying unit 44 outputs wind information indicating each of the
wind direction and the wind speed to the obstruction detecting unit 45.

[0018] The obstruction detecting unit 45 is implemented by, for example, an
obstruction detecting circuit 65 illustrated in FIG. 4.

The obstruction detecting unit 45 determines the type of obstruction that
hinders take-off and landing of the vertical take-off and landing aircraft M on the basis
of the image data acquired by the image data acquiring unit 41.

The obstruction detecting unit 45 may determine the type of obstruction on the
basis of not only the image data but also the remote ID, the position information, or the
wind information.

The obstruction detecting unit 45 outputs a determination result of the
obstruction type to the removal device activating unit 46.

[0019] The removal device activating unit 46 is implemented by, for example, a
removal device activating circuit 66 illustrated in FIG. 4.

The removal device activating unit 46 selects an obstruction removing device
used for removal of obstruction from among the obstruction removing devices 31-1 to
31-3 on the basis of the type of obstruction determined by the obstruction detecting unit
45, and activates the selected obstruction removing device.

[0020] In FIG. 4, it is assumed that each of the image data acquiring unit 41, the
identification information acquiring unit 42, the position detecting unit 43, the wind
specifying unit 44, the obstruction detecting unit 45, and the removal device activating

unit 46, which are constituent elements of the take-off and landing site monitoring



device 30, is implemented by dedicated hardware as illustrated in FIG. 4. That is, it is
assumed that the take-off and landing site monitoring device 30 is implemented by the
image data acquiring circuit 61, the identification information acquiring circuit 62, the
position detecting circuit 63, the wind specifying circuit 64, the obstruction detecting
circuit 65, and the removal device activating circuit 66.

To each of the image data acquiring circuit 61, the identification information
acquiring circuit 62, the position detecting circuit 63, the wind specifying circuit 64, the
obstruction detecting circuit 65, and the removal device activating circuit 66, for
example, a single circuit, a composite circuit, a programmed processor, a parallel-
programmed processor, an application specific integrated circuit (ASIC), a field-
programmable gate array (FPGA), or a combination thereof corresponds.

[0021] The constituent elements of the take-off and landing site monitoring device 30
are not limited to those implemented by dedicated hardware, and the take-off and
landing site monitoring device 30 may be implemented by software, firmware, or a
combination of software and firmware.

Software or firmware is stored as a program in a memory of a computer. The
computer means hardware for executing a program. To the computer, for example, a
central processing unit (CPU), a central processing device, a processing device, an
arithmetic device, a microprocessor, a microcomputer, a processor, or a digital signal
processor (DSP) corresponds.

[0022] FIG. 5 is a hardware configuration diagram of a computer in a case where the
take-off and landing site monitoring device 30 is implemented by software, firmware, or
the like.

In a case where the take-off and landing site monitoring device 30 is

implemented by software, firmware, or the like, a program for causing a computer to
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execute a processing procedure in each of the image data acquiring unit 41, the
identification information acquiring unit 42, the position detecting unit 43, the wind
specifying unit 44, the obstruction detecting unit 45, and the removal device activating
unit 46 is stored in a memory 81. A processor 82 of the computer executes the
program stored in the memory 81.

[0023] FIG. 4 illustrates an example in which each of the constituent elements of the
take-off and landing site monitoring device 30 is implemented by dedicated hardware,
and FIG. 5 illustrates an example in which the take-off and landing site monitoring
device 30 is implemented by software, firmware, or the like. However, this is merely
an example, and some of the constituent elements of the take-off and landing site
monitoring device 30 may be implemented by dedicated hardware, and the remaining
constituent elements may be implemented by software, firmware, or the like.

[0024] Next, an operation of the take-off and landing site monitoring system illustrated
in FIG. 3 will be described.

FIG. 6 is a flowchart illustrating a take-off and landing site monitoring method
which is a processing procedure performed by the take-off and landing site monitoring
device 30.

The imaging device 21 images the take-off and landing site 1 and outputs
image data indicating a captured image of the take-off and landing site 1 to the take-off
and landing site monitoring device 30.

The receiver 24 receives a remote ID transmitted from the vertical take-off and
landing aircraft M, and outputs the remote ID to the take-off and landing site monitoring
device 30.

[0025] The take-off and landing site monitoring device 30 acquires the image data

from the imaging device 21 and acquires the remote ID from the receiver 24.
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The take-off and landing site monitoring device 30 determines the type of
obstruction that hinders take-off and landing of the vertical take-off and landing aircraft
M on the basis of each of the image data and the remote ID.

Hereinafter, processing contents of the take-off and landing site monitoring
device 30 will be specifically described.

[0026] The image data acquiring unit 41 acquires image data indicating a captured
image of the take-off and landing site 1 from the imaging device 21 (step ST1 in FIG.
6).

The image data acquiring unit 41 outputs the image data to each of the position
detecting unit 43, the wind specifying unit 44, and the obstruction detecting unit 45.
[0027] The identification information acquiring unit 42 acquires the remote ID from
the receiver 24 (step ST2 in FIG. 6).

The identification information acquiring unit 42 outputs the remote ID to each
of the position detecting unit 43 and the obstruction detecting unit 45.

[0028] The position detecting unit 43 acquires the image data from the image data
acquiring unit 41.

The position detecting unit 43 detects the position of the vertical take-off and
landing aircraft M on the basis of the image data (step ST3 in FIG. 6). The processing
itself of detecting the position of the vertical take-off and landing aircraft M from the
image data is a known technique, and for example, the position of the vertical take-off
and landing aircraft M can be detected by analyzing the captured image indicated by the
image data by a known method.

As described above, the position detecting unit 43 may detect the position of
the vertical take-off and landing aircraft M using the image data and the position

information of the vertical take-off and landing aircraft M included in the remote ID.
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In the example of FIG. 2, each of the drone 11, the flying vehicle 12, and the
helicopter 13 is flying as the vertical take-off and landing aircraft M, and therefore the
position detecting unit 43 detects the position of each of the drone 11, the flying vehicle
12, and the helicopter 13.

When a bird appears in the captured image of the take-off and landing site 1,
the position detecting unit 43 also detects the position of the bird as the vertical take-off
and landing aircraft M.

The position detecting unit 43 outputs position information indicating the
position of the vertical take-off and landing aircraft M to the obstruction detecting unit
45.

[0029] The wind specifying unit 44 acquires the image data from the image data
acquiring unit 41.

By analyzing a captured image indicated by the image data, the wind
specifying unit 44 specifies an angle o formed by a direction from a proximal end to a
distal end of the windsock 23 appearing in the captured image and a vertical direction.

When the formed angle a is zero, a wind speed at the take-off and landing site
1 is substantially zero, and the wind speed at the take-off and landing site 1 increases as
the formed angle a is closer to 90 degrees. The wind speed at the take-off and landing
site 1 is generally proportional to the formed angle a.

In an internal memory of the wind specifying unit 44, for example, a
correspondence relationship between the formed angle o and the wind speed is
recorded.

By referring to the correspondence relationship, the wind specifying unit 44
specifies a wind speed corresponding to the formed angle a as the wind speed at the

take-off and landing site 1 (step ST4 in FIG. 6).
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In addition, by analyzing the captured image indicated by the image data, the
wind specifying unit 44 specifies an azimuth d, which is a direction in a horizontal
plane from a proximal end to a distal end of the windsock 23, as a wind direction at the
wind speed at the take-off and landing site 1 (step ST4 in FIG. 6).

The wind specifying unit 44 outputs wind information indicating each of the
wind direction and the wind speed to the obstruction detecting unit 45.

Here, the wind specifying unit 44 specifies a wind speed corresponding to the
formed angle a with reference to the correspondence relationship. However, this is
merely an example, and the wind specifying unit 44 may calculate the wind speed by
substituting the formed angle o into a mathematical expression indicating the
correspondence relationship between the formed angle o and the wind speed.

In addition, the wind specifying unit 44 may give the image data to a learning
model and may acquire wind information indicating each of the wind speed and the
azimuth d from the learning model. Examples of the learning model include a learning
model to which image data and teacher data indicating wind information are given at the
time of learning, learns the wind information, and outputs the wind information
corresponding to the given image data at the time of inference.

[0030] The obstruction detecting unit 45 acquires the image data from the image data
acquiring unit 41 and acquires the remote ID from the identification information
acquiring unit 42.

In addition, the obstruction detecting unit 45 acquires the position information
from the position detecting unit 43 and acquires the wind information from the wind
specifying unit 44.

The obstruction detecting unit 45 determines the type of obstruction that

hinders take-off and landing of the vertical take-off and landing aircraft M on the basis
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of each of the image data, the remote ID, the position information, and the wind
information (step ST5 in FIG. 6).

The obstruction detecting unit 45 outputs a determination result of the
obstruction type to the removal device activating unit 46.

[0031] Hereinafter, processing of determining an obstruction type performed by the
obstruction detecting unit 45 will be specifically described.

First, a processing procedure performed by the obstruction detecting unit 45
when “unauthorized occupation of a vertical take-off and landing aircraft”, “presence of
garbage”, or “occurrence of fire” is recognized as the type of obstruction will be
described.

FIG. 7 is a flowchart illustrating a processing procedure when “unauthorized
occupation of a vertical take-off and landing aircraft”, “presence of garbage”, or
“occurrence of fire” is recognized as the type of obstruction detected by an obstruction
detecting unit 45.

First, by analyzing the captured image indicated by the image data, the
obstruction detecting unit 45 specifies an appearance of the marking 2a applied to the
take-off and landing place 2 and an appearance of the marking 3-na applied to the
parking place 3-n (n =1, 2, or 3).

When the entire marking 2a appears, neither the vertical take-off and landing
aircraft M nor an obstacle is present at the take-off and landing place 2.  When a part
or whole of the marking 2a does not appear, either the vertical take-off and landing
aircraft M or an obstacle is present at the take-off and landing place 2.

If either the vertical take-off and landing aircraft M or an obstacle is present at

the take-off and landing place 2 (step ST10 in FIG. 7: YES), the obstruction detecting

unit 45 determines that the take-off and landing place 2 is occupied by either the vertical
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take-off and landing aircraft M or an obstacle (step ST11 in FIG. 7).

If neither the vertical take-off and landing aircraft M nor an obstacle is present
at the take-off and landing place 2 (step ST10 in FIG. 7: NO), the obstruction detecting
unit 45 determines that the take-off and landing place 2 is occupied by neither the
vertical take-off and landing aircraft M nor an obstacle.

[0032] When the entire marking 3-na appears, neither the vertical take-off and landing
aircraft M nor an obstacle is present at the parking place 3-n.  When a part or whole of
the marking 3-na does not appear, either the vertical take-off and landing aircraft M or
an obstacle is present at the parking place 3-n.

If either the vertical take-off and landing aircraft M or an obstacle is present at
the parking place 3-n (step ST10 in FIG. 7: YES), the obstruction detecting unit 45
determines that the parking place 3-n is occupied by either the vertical take-off and
landing aircraft M or an obstacle (step ST11 in FIG. 7).

If neither the vertical take-off and landing aircraft M nor an obstacle is present
at the parking place 3-n (step ST10 in FIG. 7: NO), the obstruction detecting unit 45
determines that the parking place 3-n is occupied by neither the vertical take-off and
landing aircraft M nor an obstacle.

[0033] When the take-off and landing place 2 is occupied, if an object occupying the
take-off and landing place 2 is transmitting a remote ID and the identification
information acquiring unit 42 has acquired the remote ID (step ST12 in FIG. 7: YES),
the obstruction detecting unit 45 determines that the object occupying the take-off and
landing place 2 is the vertical take-off and landing aircraft M.

Whether or not the object occupying the take-off and landing place 2 is
transmitting the remote ID can be determined when the transmission position of the

remote ID received by the receiver 24 is found. For example, when the receiver 24
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includes a plurality of antennas, the transmission position of the remote ID can be
calculated on the basis of a remote ID arriving time difference between the antennas.

In addition, the obstruction detecting unit 45 can determine whether or not the object
occupying the take-off and landing place 2 is transmitting the remote ID on the basis of
position information of the vertical take-off and landing aircraft M included in the
remote ID.

In addition to the receiver 24 disposed in the take-off and landing site 1, a
receiver that receives the remote ID is disposed at the take-off and landing place 2, and
a receivable range of the receiver is limited to a range including the take-off and landing
place 2. In this case, the obstruction detecting unit 45 can determine whether or not
the object occupying the take-off and landing place 2 is transmitting the remote ID on
the basis of whether or not the receiver has received the remote ID.

In a case where the object occupying the take-off and landing place 2 is the
vertical take-off and landing aircraft M, if the vertical take-off and landing aircraft M is
not a valid vertical take-off and landing aircraft M recorded in, for example, “take-off
and landing place/airspace occupied” of the operation plan illustrated in FIG. 12 (ST13
in FIG. 7: NO), the obstruction detecting unit 45 recognizes “unauthorized occupation
of a vertical take-off and landing aircraft” as the type of obstruction that hinders take-off
and landing of the vertical take-off and landing aircraft M (step ST14 in FIG. 7).

[0034] When the parking place 3-n is occupied, if an object occupying the parking
place 3-n is transmitting a remote ID and the identification information acquiring unit
42 has acquired the remote ID (step ST12 in FIG. 7: YES), the obstruction detecting
unit 45 determines that the object occupying the parking place 3-n is the vertical take-
off and landing aircraft M.

Whether or not the object occupying the parking place 3-n is transmitting the
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remote ID can be determined when the transmission position of the remote ID received
by the receiver 24 is found.

In a case where the object occupying the parking place 3-n is the vertical take-
off and landing aircraft M, if the vertical take-off and landing aircraft M is not a valid
vertical take-off and landing aircraft M recorded in, for example, “parking place 3-n
occupied” of the operation plan illustrated in FIG. 12 (ST13 in FIG. 7: NO), the
obstruction detecting unit 45 recognizes “unauthorized occupation of a vertical take-off
and landing aircraft” as the type of obstruction that hinders take-off and landing of the
vertical take-off and landing aircraft M (step ST14 in FIG. 7).

[0035] When the take-off and landing place 2 is occupied, if the identification
information acquiring unit 42 has not acquired a remote ID because an object occupying
the take-off and landing place 2 is not transmitting the remote ID (step ST12 in FIG. 7:
NO), the obstruction detecting unit 45 determines that the object occupying the take-off
and landing place 2 is garbage.

If the object occupying the take-off and landing place 2 is garbage, the
obstruction detecting unit 45 recognizes “presence of garbage” as the type of
obstruction that hinders take-off and landing of the vertical take-off and landing aircraft
M (step ST15 in FIG. 7).

When the parking place 3-n is occupied, if the identification information
acquiring unit 42 has not acquired a remote ID because an object occupying the parking
place 3-n is not transmitting the remote ID (step ST12 in FIG. 7: NO), the obstruction
detecting unit 45 determines that the object occupying the parking place 3-n is garbage.

If the object occupying the parking place 3-n is garbage, the obstruction
detecting unit 45 recognizes “presence of garbage” as the type of obstruction that

hinders take-off and landing of the vertical take-off and landing aircraft M (step ST15 in
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FIG. 7).
[0036] Next, by analyzing the captured image indicated by the image data, the
obstruction detecting unit 45 performs processing of detecting flame generated in the
site of the take-off and landing site 1 or smoke present in the take-off and landing
airspace at the take-off and landing site 1. The processing itself of detecting flame or
smoke by analyzing the captured image is a known technique, and thus a detailed
description thereof is omitted.

If the obstruction detecting unit 45 has detected flame or smoke (step ST16 in
FIG. 7: YES), the obstruction detecting unit 45 recognizes “occurrence of fire” as the
type of obstruction that hinders take-off and landing of the vertical take-off and landing
aircraft M (step ST17 in FIG. 7).
[0037] In a case where neither the vertical take-off and landing aircraft M nor an
obstacle is present at the take-off and landing place 2 or the like or in a case where the
object occupying the take-off and landing place 2 or the like is a valid vertical take-off
and landing aircraft M (step ST13 in FIG. 7: YES) and the obstruction detecting unit 45
has not detected flame or the like (step ST16 in FIG. 7: NO), the obstruction detecting
unit 45 does not recognize “unauthorized occupation of a vertical take-oft and landing
aircraft”, “presence of garbage”, or “occurrence of fire” as the type of obstruction.
[0038] Next, a processing procedure performed by the obstruction detecting unit 45
when “presence of a suspicious flying object” or a “presence of a bird” is recognized as
the type of obstruction will be described.

FIG. 8 is a flowchart illustrating a processing procedure when “presence of a
suspicious flying object” or “presence of a bird” is recognized as the type of obstruction
detected by the obstruction detecting unit 45.

The obstruction detecting unit 45 detects, for example, the drone 11, the flying
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vehicle 12, the helicopter 13, or a bird as the vertical take-off and landing aircraft M by
analyzing the captured image indicated by the image data. The processing itself of
detecting the vertical take-off and landing aircraft M is a known technique, and thus a
detailed description thereof is omitted. For example, by giving the captured image to a
learning model that has learned the type of the vertical take-off and landing aircraft M
corresponding to the shape of the vertical take-off and landing aircraft M, the
obstruction detecting unit 45 can obtain information indicating the type of the vertical
take-off and landing aircraft M appearing in the captured image from the learning
model.

[0039] If the detected vertical take-off and landing aircraft M is, for example, the
drone 11, the flying vehicle 12, or the helicopter 13 (step ST21 in FIG. 8: YES), the
obstruction detecting unit 45 determines whether or not the remote ID acquired by the
identification information acquiring unit 42 is a suspicious remote ID.

For example, in a case where the remote ID acquired by the identification
information acquiring unit 42 is not a remote ID of the vertical take-off and landing
aircraft M recorded in the operation plan of the take-off and landing site 1 or is a remote
ID of the vertical take-off and landing aircraft M of a model that cannot use the take-off
and landing site 1, the obstruction detecting unit 45 determines that the remote ID is a
suspicious remote ID.

If the obstruction detecting unit 45 determines that the remote ID acquired by
the identification information acquiring unit 42 is a suspicious remote ID (step ST22 in
FIG. 8: YES), the obstruction detecting unit 45 recognizes “presence of a suspicious
flying object” as the type of obstruction (step ST23 in FIG. 8). The flying object here
is a concept including an aircraft other than a vertical take-oft and landing aircraft.

In the take-off and landing site monitoring system illustrated in FIG. 3, when
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the remote ID acquired by the identification information acquiring unit 42 is a
suspicious remote ID, the obstruction detecting unit 45 recognizes “presence of a
suspicious flying object” as the type of obstruction. However, this is merely an
example, and when the identification information acquiring unit 42 has not acquired a
remote ID because the detected drone 11, flying vehicle 12, or helicopter 13 is not
transmitting the remote ID, the obstruction detecting unit 45 may recognize “presence
of a suspicious flying object” as the type of obstruction.

[0040] If the detected vertical take-off and landing aircraft M is a bird (step ST21 in
FIG. 8: NO), the obstruction detecting unit 45 recognizes “presence of a bird” as the
type of obstruction (step ST24 in FIG. 8).

In the take-off and landing site monitoring system illustrated in FIG. 3, when
the detected vertical take-off and landing aircraft M is a bird, the obstruction detecting
unit 45 recognizes “presence of a bird” as the type of obstruction. Even when the
detected vertical take-off and landing aircraft M is a bird, the obstruction detecting unit
45 may recognize “presence of a bird” as the type of obstruction only in a case where
stay time of the bird is equal to or more than a stay time determining threshold. The
stay time determining threshold may be stored in an internal memory of the obstruction
detecting unit 45 or may be given from the outside of the take-off and landing site
monitoring device 30.

[0041] If the remote ID acquired by the identification information acquiring unit 42 is
not a suspicious remote ID (step ST22 in FIG. 8: NO), the obstruction detecting unit 45
does not recognize “presence of a suspicious flying object” or “presence of a bird” as
the type of obstruction.

[0042] Next, a processing procedure performed by the obstruction detecting unit 45

when recognizing “strong wind” as the type of obstruction will be described.
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The obstruction detecting unit 45 acquires wind information from the wind
specifying unit 44.

The obstruction detecting unit 45 accumulates the acquired wind information
and calculates an average wind speed vave and a maximum wind speed vmax from a
certain time before the present to the present.

In a case where the average wind speed vave is larger than a threshold vthave
indicating an abnormal average wind speed or in a case where the maximum wind speed
vmax 18 larger than a threshold vthmax indicating an abnormal maximum wind speed, the
obstruction detecting unit 45 recognizes “strong wind” as the type of obstruction.

In a case where the average wind speed vave 1s equal to or less than the
threshold vthave and the maximum wind speed vmax is equal to or less than the threshold
vthmax, the obstruction detecting unit 45 does not recognize “strong wind” as the type of
obstruction.

Each of the threshold vthave and the threshold vthmax may be stored in an
internal memory of the obstruction detecting unit 45 or may be given from the outside
of the take-off and landing site monitoring device 30.

Each of the threshold vthave and the threshold vthmax may vary depending on a
wind direction at the take-off and landing site 1.

[0043] In the internal memory of the removal device activating unit 46, a
correspondence relationship between the type of obstruction and an obstruction
removing device is described as follows.

Type of obstruction Obstruction removing device

“Unauthorized occupation of a vertical take-off and landing aircraft” — none

“Presence of garbage” — Obstruction removing device 31-3

“Occurrence of fire” — Obstruction removing device 31-2
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“Presence of a suspicious flying object” — none

“Presence of a bird” — Obstruction removing device 31-1

“Strong wind” — none
[0044] The removal device activating unit 46 selects an obstruction removing device
used for removal of obstruction from among the obstruction removing devices 31-1 to
31-3 on the basis of the type of obstruction determined by the obstruction detecting unit
45.

That is, the removal device activating unit 46 selects the obstruction removing
device 31-3 when the type of obstruction is “presence of garbage”, selects the
obstruction removing device 31-2 when the type of obstruction is “occurrence of fire”,
and selects the obstruction removing device 31-1 when the type of obstruction is
“presence of a bird”.

The removal device activating unit 46 activates the selected obstruction
removing device (step ST6 in FIG. 6).

Note that, in a case where the type of obstruction is “unauthorized occupation
of a vertical take-off and landing aircraft”, “presence of a suspicious flying object”, or
“strong wind”, there is no obstruction removing device capable of removing the
obstruction among the obstruction removing devices 31-1 to 31-3.  Therefore, the
removal device activating unit 46 transmits a message indicating the type of obstruction
to, for example, a server device of a management company of the take-off and landing
site 1.

[0045] In the above first embodiment, the take-off and landing site monitoring device
30 is configured to include: the image data acquiring unit 41 that acquires image data
indicating a captured image of the take-off and landing site 1 from the imaging device

21 that images the take-off and landing site 1; and the obstruction detecting unit 45 that
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determines the type of obstruction that hinders take-off and landing of a vertical take-off
and landing aircraft using the take-off and landing site 1 on the basis of the image data
acquired by the image data acquiring unit41. Therefore, the take-off and landing site
monitoring device 30 can specify the type of obstruction that hinders take-off and
landing of a vertical take-off and landing aircraft.

[0046] In addition, in the first embodiment, the take-off and landing site monitoring
device 30 is configured to include the removal device activating unit 46 that selects an
obstruction removing device used for removal of obstruction from among the plurality
of obstruction removing devices 31-1 to 31-3 whose types of obstruction to be removed
are different from each other on the basis of the type of obstruction determined by the
obstruction detecting unit 45, and activates the selected obstruction removing device.
Therefore, with the take-off and landing site monitoring device 30, for example, a
worker of a management company of the take-off and landing site 1 may be able to
remove obstruction without performing work for removing the obstruction.

[0047] Second Embodiment.

In a second embodiment, a take-off and landing site monitoring device 30
including an operation planning unit 50 that creates an operation plan of a take-off and
landing site or updates the operation plan will be described.

[0048] FIG. 9 is a configuration diagram illustrating a take-off and landing site
monitoring system according to the second embodiment. In FIG. 9, the same reference
numerals as in FIG. 3 indicate the same or corresponding parts, and therefore
description thereof is omitted.

FIG. 10 is a hardware configuration diagram illustrating hardware of the take-
off and landing site monitoring device 30 according to the second embodiment. In

FIG. 10, the same reference numerals as in FIG. 4 indicate the same or corresponding
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parts, and therefore description thereof is omitted.

The take-off and landing site monitoring device 30 illustrated in FIG. 10
includes an image data acquiring unit 41, an identification information acquiring unit
42, a position detecting unit 43, a wind specifying unit 44, an obstruction detecting unit
45, and a removal device activating unit 46.

In addition, the take-off and landing site monitoring device 30 illustrated in
FIG. 10 includes a management information acquiring unit 47, a flight information
acquiring unit 48, an operation state determining unit 49, and the operation planning
unit 50.

[0049] The management information acquiring unit 47 is implemented by, for
example, a management information acquiring circuit 67 illustrated in FIG. 10.

The management information acquiring unit 47 acquires management
information indicating maintenance of a take-off and landing site 1 from, for example, a
server device of a management company of the take-off and landing site 1.

The management information acquiring unit 47 outputs the management
information to the operation state determining unit 49.

[0050] The flight information acquiring unit 48 is implemented by, for example, a
flight information acquiring circuit 68 illustrated in FIG. 10.

The flight information acquiring unit 48 acquires flight information of a
vertical take-off and landing aircraft M from, for example, a server device of an
operation company of the vertical take-off and landing aircraft M.

The flight information acquiring unit 48 outputs the flight information of the
vertical take-off and landing aircraft M to the operation planning unit 50.

[0051] The operation state determining unit 49 is implemented by, for example, an

operation state determining circuit 69 illustrated in FIG. 10.
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The operation state determining unit 49 determines an operation state of the
take-off and landing site 1 on the basis of a determination result of the obstruction type
determined by the obstruction detecting unit 45.

The operation state determining unit 49 may determine the operation state of
the take-off and landing site 1 on the basis of not only the determination result of the
obstruction type but also the management information.

[0052] The operation planning unit 50 is implemented by, for example, an operation
planning circuit 70 illustrated in FIG. 10.

The operation planning unit 50 creates an operation plan of the take-off and
landing site 1 on the basis of the operation state of the take-off and landing site 1
determined by the operation state determining unit 49.

In addition, the operation planning unit 50 updates the operation plan on the
basis of the operation state of the take-off and landing site 1 and each of a remote ID
which is identification information acquired by the identification information acquiring
unit 42 and the flight information of the vertical take-off and landing aircraft M.

[0053] InFIG. 9, it is assumed that each of the image data acquiring unit 41, the
identification information acquiring unit 42, the position detecting unit 43, the wind
specifying unit 44, the obstruction detecting unit 45, the removal device activating unit
46, the management information acquiring unit 47, the flight information acquiring unit
48, the operation state determining unit 49, and the operation planning unit 50, which
are constituent elements of the take-off and landing site monitoring device 30, is
implemented by dedicated hardware as illustrated in FIG. 10. That is, it is assumed
that the take-off and landing site monitoring device 30 is implemented by the image
data acquiring circuit 61, the identification information acquiring circuit 62, the position

detecting circuit 63, the wind specifying circuit 64, the obstruction detecting circuit 65,
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the removal device activating circuit 66, the management information acquiring circuit
67, the flight information acquiring circuit 68, the operation state determining circuit 69,
and the operation planning circuit 70.

To each of the image data acquiring circuit 61, the identification information
acquiring circuit 62, the position detecting circuit 63, the wind specifying circuit 64, the
obstruction detecting circuit 65, the removal device activating circuit 66, the
management information acquiring circuit 67, the flight information acquiring circuit
68, the operation state determining circuit 69, and the operation planning circuit 70, for
example, a single circuit, a composite circuit, a programmed processor, a parallel-
programmed processor, ASIC, FPGA, or a combination thereof corresponds.

[0054] The constituent elements of the take-oft and landing site monitoring device 30
are not limited to those implemented by dedicated hardware, and the take-off and
landing site monitoring device 30 may be implemented by software, firmware, or a
combination of software and firmware.

In a case where the take-off and landing site monitoring device 30 is
implemented by software, firmware, or the like, a program for causing a computer to
execute a processing procedure in each of the image data acquiring unit 41, the
identification information acquiring unit 42, the position detecting unit 43, the wind
specifying unit 44, the obstruction detecting unit 45, the removal device activating unit
46, the management information acquiring unit 47, the flight information acquiring unit
48, the operation state determining unit 49, and the operation planning unit 50 is stored
in a memory 81 illustrated in FIG. 5. A processor 82 illustrated in FIG. 5 executes the
program stored in the memory 81.

[0055] FIG. 10 illustrates an example in which each of the constituent elements of the

take-off and landing site monitoring device 30 is implemented by dedicated hardware,
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and FIG. 5 illustrates an example in which the take-off and landing site monitoring
device 30 is implemented by software, firmware, or the like. However, this is merely
an example, and some of the constituent elements of the take-off and landing site
monitoring device 30 may be implemented by dedicated hardware, and the remaining
constituent elements may be implemented by software, firmware, or the like.

[0056] Next, an operation of the take-off and landing site monitoring system illustrated
in FIG. 9 will be described. The operation of the take-off and landing site monitoring
system illustrated in FIG. 9 is similar to that of the take-off and landing site monitoring
system illustrated in FIG. 3 except for the management information acquiring unit 47,
the flight information acquiring unit 48, the operation state determining unit 49, and the
operation planning unit 50. Therefore, here, operations of the management
information acquiring unit 47, the flight information acquiring unit 48, the operation
state determining unit 49, and the operation planning unit 50 will be mainly described.
[0057] The management information acquiring unit 47 acquires management
information indicating maintenance of a take-off and landing site 1 from, for example, a
server device of a management company of the take-off and landing site 1.

The management information indicating maintenance includes, for example,
information indicating a time period in which maintenance is performed and
information indicating a place where maintenance is performed. Examples of the
place where maintenance is performed include a take-off and landing place 2, a parking
place 3-1, a parking place 3-2, and a parking place 3-3.

The management information acquiring unit 47 outputs the management
information to the operation state determining unit 49.

[0058] The flight information acquiring unit 48 acquires flight information of a

vertical take-off and landing aircraft M from, for example, a server device of an
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operation company of the vertical take-off and landing aircraft M.

The flight information of the vertical take-off and landing aircraft M includes,
for example, information indicating a passing route of the vertical take-oft and landing
aircraft M, information indicating a passing time of the vertical take-off and landing
aircraft M, information indicating a landing time on the take-off and landing site 1,
information indicating a stay time at the take-off and landing site 1, and information
indicating a takeoff time from the take-off and landing site 1.

The flight information acquiring unit 48 outputs the flight information of the
vertical take-off and landing aircraft M to the operation planning unit 50.

[0059] The obstruction detecting unit 45 outputs a determination result of the
obstruction type to the removal device activating unit 46 and outputs the determination
result of the obstruction type to the operation state determining unit 49.

[0060] The operation state determining unit 49 acquires the determination result of the
obstruction type from the obstruction detecting unit 45, and acquires the management
information from the management information acquiring unit 47.

The operation state determining unit 49 determines an operation state of the
take-off and landing site 1 on the basis of the determination result of the obstruction
type and the management information.

Hereinafter, processing of determining an operation state performed by the
operation state determining unit 49 will be specifically described.

[0061] FIG. 11 is an explanatory diagram illustrating an operation plan of the take-off
and landing site 1 in which an operation state and the like of the take-off and landing
site 1 are recorded.

In FIG. 11, “take-off and landing operation state” is an operation state of the

take-off and landing place 2. “In operation” indicates that the take-off and landing

29



place 2 can be operated. “Operation stop” indicates that an operation of the take-off
and landing place 2 is stopped.

“Parking operation state” indicates that the parking places 3-1 to 3-3 are
operated. “Vacant” indicates that a new vertical take-off and landing aircraft M can be
parked in any one of the parking places 3-1 to 3-3. “Full” indicates that the vertical
take-off and landing aircraft M is parked in each of the parking places 3-1to 3-3. A
state where operation states of the parking places 3-1 to 3-3 are in “operation stop” is a
state where an operation of each of the parking places 3-1 to 3-3 is stopped, and “full” is
written also in this case.

“Possibility of take-off and landing due to wind or the like” indicates whether
or not each of the drone 11, the flying vehicle 12, and the helicopter 13 can take off and
land. “Possible” indicates a state where take-off and landing can be performed.
“Impossible” indicates a state where take-off and landing cannot be performed due to
obstruction such as wind.

[0062] “Presence or absence of take-off and landing” indicates whether the take-off
and landing place 2 is used for either takeoff or landing or unused.

“Take-off and landing place/airspace occupied” indicates a remote ID of a
vertical take-off and landing aircraft M occupying the take-off and landing place 2 or a
remote ID of a vertical take-off and landing aircraft M occupying the take-off and
landing airspace.

When “maintenance” is recorded in “take-off and landing place/airspace
occupied”, this indicates that the take-off and landing place 2 is under maintenance.

“Parking place 3-n (n = 1, 2, or 3) occupied” indicates a remote ID of a vertical
take-off and landing aircraft M occupying the parking place 3-n. In “parking place 3-n

occupied”, “none” indicates that there is no vertical take-off and landing aircraft M
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occupying the parking place 3-n.

[0063] In a case where the determination result of the obstruction type indicates
“unauthorized occupation of a vertical take-off and landing aircraft” or “presence of
garbage” for the take-off and landing place 2, the operation state determining unit 49
determines the operation state of the take-off and landing place 2 in the take-off and
landing site 1 as “operation stop”.

In a case where the determination result of the obstruction type indicates
“unauthorized occupation of a vertical take-off and landing aircraft” or “presence of
garbage” for the parking place 3-n (n=1, 2, or 3), the operation state determining unit 49
determines the operation state of the parking place 3-n in the take-off and landing site 1
as “operation stop”.

In a case where the determination result of the obstruction type indicates
“occurrence of fire”, the operation state determining unit 49 determines the operation
state of the take-off and landing site 1 as “operation stop”.

In a case where the determination result of the obstruction type indicates
“presence of a suspicious flying object” or “presence of a bird”, the operation state
determining unit 49 determines the operation state of the take-off and landing site 1 as
“operation stop”.

In a case where the determination result of the obstruction type indicates
“strong wind”, the operation state determining unit 49 determines the operation state of
the take-off and landing place 2 in the take-off and landing site 1 as “operation stop”.
[0064] When the management information indicates maintenance of the take-off and
landing place 2, the operation state determining unit 49 determines the operation state of
the take-off and landing place 2 as “operation stop” in a time period during which

maintenance is performed.
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When the management information indicates maintenance of the parking place
3-n, the operation state determining unit 49 determines the operation state of the parking
place 3-n as “operation stop” in a time period during which maintenance is performed.
[0065] The operation planning unit 50 creates an operation plan of the take-off and
landing site 1 on the basis of the operation state of the take-off and landing site 1
determined by the operation state determining unit 19.

Hereinafter, processing of creating the operation plan performed by the
operation planning unit 50 will be specifically described.

[0066] In a case where the operation state determining unit 19 has determined the
operation state of the take-off and landing place 2 as “operation stop”, the operation
planning unit 50 records “operation stop” in “take-off and landing operation state” in
the operation plan illustrated in FIG. 11, for example. In addition, in a case where the
operation state determining unit 19 has determined the operation state of the take-off
and landing site 1 as “operation stop”, the operation planning unit 50 records “operation
stop” in “take-off and landing operation state” in the operation plan illustrated in FIG.
11, for example.

In the operation plan illustrated in FIG. 11, for example, “operation stop” is
recorded in a time period of 20:00 to 20:14 on December 31, 20XS5.

When the operation state determining unit 19 has not determined the operation
state of the take-off and landing place 2 as “operation stop”, the operation planning unit
50 records “in operation” in “take-off and landing operation state” in the operation plan
illustrated in FIG. 11, for example.

In the operation plan illustrated in FIG. 11, for example, “in operation” is
recorded in a time period of 19:45 to 19:59 on December 31, 20X5.

[0067] In a case where the operation state determining unit 19 has determined the

32



operation state of the parking place 3-n as “operation stop”, the operation planning unit
50 records “full” in “parking operation state” in the operation plan illustrated in FIG. 11,
for example.

In the operation plan illustrated in FIG. 11, for example, “full” is recorded in a
time period of 5:45 to 5:59 on January 1, 20X6.

When the operation state determining unit 19 has not determined the operation
state of the parking place 3-n as “operation stop”, the operation planning unit 50 records
“vacant” in “parking operation state” in the operation plan illustrated in FIG. 11, for
example. Note that when a vertical take-off and landing aircraft M is parked in each of
the parking places 3-1 to 3-3, the operation planning unit 50 records “full”.

[0068] When the operation state of the take-off and landing place 2 is determined as
“operation stop” because the type of obstruction is “strong wind”, the operation
planning unit 50 records “impossible” in “possibility of take-off and landing due to
wind or the like” in the operation plan illustrated in FIG. 11, for example.
“Impossible” means “operation stop”.

In the operation plan illustrated in FIG. 11, for example, “impossible” is
recorded in a time period of 20:00 to 20:14 on December 31, 20X5.

Here, when the operation state of the take-off and landing place 2 has been
determined as “operation stop”, “impossible” is recorded for each of the drone 11, the
flying vehicle 12, and the helicopter 13. However, even when take-off and landing of
each of the drone 11 and the flying vehicle 12 are difficult due to strong wind, take-off
and landing of the helicopter 13 may be possible. In such a case, the operation
planning unit 50 may record “possible” in “possibility of take-off and landing due to
wind or the like” for the helicopter 13, and may record “impossible” in “possibility of

take-off and landing due to wind or the like” for each of the drone 11 and the flying
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vehicle 12.

The obstruction detecting unit 45 can determine whether or not there is
obstruction of “strong wind” for each type of vertical take-off and landing aircraft M by
using a threshold that varies depending on the type of vertical take-off and landing
aircraft M for a threshold vthave indicating an abnormal average wind speed and a
threshold vthmax indicating an abnormal maximum wind speed.

[0069] The operation plan illustrated in FIG. 11 includes various items in addition to
the items of “take-off and landing operation state”, “parking operation state”, and
“possibility of take-off and landing due to wind or the like”. The operation planning
unit 50 also performs record in the various items, but this record itself is similar to
record of a general operation plan, and thus detailed description thereof is omitted.
[0070] After creating the operation plan, the operation planning unit 50 updates the
operation plan of the take-off and landing site 1 on the basis of the operation state of the
take-off and landing site 1 and each of the remote ID and the flight information of the
vertical take-off and landing aircraft M.

Hereinafter, processing of updating the operation plan performed by the
operation planning unit 50 will be specifically described.

FIG. 12 is an explanatory diagram illustrating an update example of the
operation plan of the take-off and landing site 1 in which an operation state and the like
of the take-off and landing site 1 are recorded.

[0071] When the operation state determining unit 19 changes the operation state of the
take-off and landing place 2 from “in operation” to “operation stop”, the operation
planning unit 50 changes “take-off and landing operation state” in the operation plan
from “in operation” to “operation stop”.

In addition, when the operation state determining unit 19 changes the operation

34



state of the take-off and landing place 2 from “operation stop” to “in operation”, the
operation planning unit 50 changes “take-off and landing operation state” in the
operation plan from “operation stop” to “in operation”.

In the operation plan illustrated in FIG. 12, for example, the record in a time
period of 23:45 to 23:59 on December 31, 20XS5 is changed from “operation stop” to “in
operation”.

[0072] On the basis of the type of vertical take-off and landing aircraft M indicated by
the remote ID, the operation planning unit 50 specifies, for example, an appropriate
temporal interval with a vertical take-off and landing aircraft M that has taken off and
landed immediately before the vertical take-off and landing aircraft M or an appropriate
temporal interval with a vertical take-off and landing aircraft M that will take off and
land immediately after the vertical take-off and landing aircraft M. The appropriate
temporal interval is a temporal interval until the next vertical take-off and landing
aircraft M can safely take off and land because wind is generated at the take-off and
landing place 2 along with take-off and landing of the vertical take-off and landing
aircraft M.  This temporal interval varies depending on the type of vertical take-off and
landing aircraft M.  Since the processing itself of specifying the appropriate temporal
interval is a known technique, detailed description thereof is omitted.

The operation planning unit 50 specifies a current temporal interval on the
basis of flight information of a plurality of vertical take-off and landing aircrafts M
using the take-off and landing site 1.

When the specified current temporal interval is shorter than the appropriate
temporal interval, the operation planning unit 50 changes the operation plan in such a
manner that the current temporal interval is the appropriate temporal interval.

At this time, in addition to a method for changing the operation plan by
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delaying a take-off and landing time of a vertical take-off and landing aircraft M to take
off and land later, there is a method for changing the operation plan by changing the
take-off and landing order of a vertical take-off and landing aircraft M to take off and
land earlier and a vertical take-off and landing aircraft M to take off and land later.
Even when the current temporal interval is not changed, the appropriate time interval
may be maintained by changing the take-off and landing order. ~As the method for
changing the operation plan by changing the take-off and landing order, a general
scheduling method for an airplane can be used.

[0073] In the examples of the operation plans illustrated in FIGS. 11 and 12, the take-
off and landing order of a vertical take-off and landing aircraft M in a time period of
6:45 to 6:59 on January 1, 20X6 and a vertical take-off and landing aircraft M in a time
period of 7:00 to 7:14 on January 1, 20X6 is changed.

That is, in the operation plan illustrated in FIG. 11, the vertical take-off and
landing aircraft M in the time period of 6:45 to 6:59 on January 1, 20X6 is a flying
vehicle, and in the operation plan illustrated in FIG. 12, the vertical take-off and landing
aircraft M in the time period of 6:45 to 6:59 on January 1, 20X6 is a drone.

In addition, in the operation plan illustrated in FIG. 11, the vertical take-off and
landing aircraft M in the time period of 7:00 to 7:14 on January 1, 20X6 is a drone, and
in the operation plan illustrated in FIG. 12, the vertical take-off and landing aircraft M
in the time period of 7:00 to 7:14 on January 1, 20X6 is a flying vehicle.

[0074] In the above second embodiment, the take-off and landing site monitoring
device 30 illustrated in FIG. 9 is configured to include the operation planning unit 50
that creates or updates the operation plan of the take-off and landing site 1 on the basis
of the operation state of the take-off and landing site 1 determined by the operation state

determining unit 49. Therefore, similarly to the take-off and landing site monitoring
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device 30 illustrated in FIG. 3, the take-off and landing site monitoring device 30
illustrated in FIG. 9 can specify the type of obstruction that hinders take-off and landing
of a vertical take-off and landing aircraft, and can automatically obtain the operation
plan of the take-off and landing site 1.

[0075] Third Embodiment.

In a third embodiment, a take-off and landing site monitoring device 30
including a charging management unit 52 that calculates a usage fee of a vertical take-
off and landing aircraft M for a take-off and landing site 1 will be described.

[0076] FIG. 13 is a configuration diagram illustrating a take-off and landing site
monitoring system according to the third embodiment. In FIG. 13, the same reference
numerals as in FIGS. 3 and 9 indicate the same or corresponding parts, and therefore
description thereof is omitted.

FIG. 14 is a hardware configuration diagram illustrating hardware of the take-
off and landing site monitoring device 30 according to the third embodiment. In FIG.
14, the same reference numerals as in FIGS. 4 and 10 indicate the same or
corresponding parts, and therefore description thereof is omitted.

The take-off and landing site monitoring device 30 illustrated in FIG. 13
includes an image data acquiring unit 41, an identification information acquiring unit
42, a position detecting unit 43, a wind specifying unit 44, an obstruction detecting unit
45, and a removal device activating unit 46.

In addition, the take-off and landing site monitoring device 30 illustrated in
FIG. 13 includes a supply information acquiring unit 51 and the charging management
unit 52.

In the take-off and landing site monitoring device 30 illustrated in FIG. 13, the

supply information acquiring unit 51 and the charging management unit 52 are applied
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to the take-off and landing site monitoring device 30 illustrated in FIG. 3. However,
this is merely an example, and the supply information acquiring unit 51 and the
charging management unit 52 may be applied to the take-off and landing site monitoring
device 30 illustrated in FIG. 9.

[0077] A power source supplying device 25 is a device for supplying fuel to a vertical
take-off and landing aircraft M or charging the vertical take-off and landing aircraft M.

The power source supplying device 25 outputs supply information indicating a
fuel supply amount to the vertical take-off and landing aircraft M or a charge amount to
the vertical take-off and landing aircraft M to the take-off and landing site monitoring
device 30.

[0078] The supply information acquiring unit 51 is implemented by, for example, a
supply information acquiring circuit 71 illustrated in FIG. 14.

The supply information acquiring unit 51 acquires, from the power source
supplying device 25, supply information indicating a fuel supply amount to the vertical
take-off and landing aircraft M or a charge amount to the vertical take-oft and landing
aircraft M.

The supply information acquiring unit 51 outputs the supply information to the
charging management unit 52.

[0079] The charging management unit 52 is implemented by, for example, a charging
management circuit 72 illustrated in FIG. 14.

The charging management unit 52 calculates a usage fee of the vertical take-off
and landing aircraft M for the take-off and landing site 1 on the basis of a determination
result of an occupation state determined by the obstruction detecting unit 45 and a
remote ID which is identification information acquired by the identification information

acquiring unit 42. The determination result of the occupation state determined by the
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obstruction detecting unit 45 indicates whether or not the vertical take-off and landing
aircraft M occupies the take-off and landing place 2 or whether or not the vertical take-
off and landing aircraft M occupies the parking place 3-n (n =1, 2, or 3).

The charging management unit 52 may calculate the usage fee of the vertical
take-off and landing aircraft M for the take-off and landing site 1 on the basis of not
only the determination result of the occupation state determined by the obstruction
detecting unit 45 and the remote ID but also the supply information acquired by the
supply information acquiring unit 51.

The charging management unit 52 transmits fee information indicating the
usage fee of the vertical take-off and landing aircraft M to, for example, a server device
of a management company of the take-off and landing site 1.

[0080] In FIG. 13, it is assumed that each of the image data acquiring unit 41, the
identification information acquiring unit 42, the position detecting unit 43, the wind
specifying unit 44, the obstruction detecting unit 45, and the removal device activating
unit 46, the supply information acquiring unit 51, and the charging management unit 52,
which are constituent elements of the take-off and landing site monitoring device 30, is
implemented by dedicated hardware as illustrated in FIG. 14. That is, it is assumed
that the take-off and landing site monitoring device 30 is implemented by the image
data acquiring circuit 61, the identification information acquiring circuit 62, the position
detecting circuit 63, the wind specifying circuit 64, the obstruction detecting circuit 65,
the removal device activating circuit 66, the supply information acquiring circuit 71,
and the charging management circuit 72.

To each of the image data acquiring circuit 61, the identification information
acquiring circuit 62, the position detecting circuit 63, the wind specifying circuit 64, the

obstruction detecting circuit 65, the removal device activating circuit 66, the supply
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information acquiring circuit 71, and the charging management circuit 72, for example,
a single circuit, a composite circuit, a programmed processor, a parallel-programmed
processor, ASIC, FPGA, or a combination thereof corresponds.

[0081] The constituent elements of the take-off and landing site monitoring device 30
are not limited to those implemented by dedicated hardware, and the take-off and
landing site monitoring device 30 may be implemented by software, firmware, or a
combination of software and firmware.

In a case where the take-off and landing site monitoring device 30 is
implemented by software, firmware, or the like, a program for causing a computer to
execute a processing procedure in each of the image data acquiring unit 41, the
identification information acquiring unit 42, the position detecting unit 43, the wind
specifying unit 44, the obstruction detecting unit 45, and the removal device activating
unit 46, the supply information acquiring unit 51, and the charging management unit 52
is stored in a memory 81 illustrated in FIG. 5. A processor 82 illustrated in FIG. 5
executes the program stored in the memory 81.

[0082] FIG. 14 illustrates an example in which each of the constituent elements of the
take-off and landing site monitoring device 30 is implemented by dedicated hardware,
and FIG. 5 illustrates an example in which the take-off and landing site monitoring
device 30 is implemented by software, firmware, or the like. However, this is merely
an example, and some of the constituent elements of the take-off and landing site
monitoring device 30 may be implemented by dedicated hardware, and the remaining
constituent elements may be implemented by software, firmware, or the like.

[0083] Next, an operation of the take-off and landing site monitoring system illustrated
in FIG. 13 will be described. The operation of the take-off and landing site monitoring

system illustrated in FIG. 13 is similar to that of the take-off and landing site monitoring
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system illustrated in FIG. 3 except for the supply information acquiring unit 51 and the
charging management unit 52. Therefore, here, operations of the supply information
acquiring unit 51 and the charging management unit 52 will be mainly described.

[0084] When the vertical take-off and landing aircraft M is present in the take-off and
landing site 1, the vertical take-off and landing aircraft M may receive supply of fuel for
moving an engine from the power source supplying device 25.

In addition, when the vertical take-off and landing aircraft M is present in the
take-off and landing site 1, the vertical take-off and landing aircraft M may receive
charge of a battery from the power source supplying device 25.

When supplying fuel to the vertical take-off and landing aircraft M, the power
source supplying device 25 transmits supply information indicating a fuel supply
amount to the take-off and landing site monitoring device 30.

When charging a battery of the vertical take-off and landing aircraft M, the
power source supplying device 25 outputs supply information indicating a charge
amount to the take-off and landing site monitoring device 30.

[0085] The supply information acquiring unit 51 acquires the supply information from
the power source supplying device 25 and outputs the supply information to the
charging management unit 52.

The charging management unit 52 acquires, from the obstruction detecting unit
45, a determination result indicating whether or not the vertical take-off and landing
aircraft M occupies the take-off and landing place 2 or whether or not the vertical take-
off and landing aircraft M occupies the parking place 3-n (n =1, 2, or 3).

In addition, the charging management unit 52 acquires the remote ID from the
identification information acquiring unit 42 and acquires the supply information from

the power source supplying device 25.
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[0086] When the vertical take-off and landing aircraft M occupies the take-off and
landing place 2, a usage fee corresponding to a time during which the vertical take-off
and landing aircraft M occupies the take-off and landing place 2 is charged.

In addition, when the vertical take-off and landing aircraft M occupies the
parking place 3-n, a usage fee corresponding to a time during which the vertical take-off
and landing aircraft M occupies the parking place 3-n is charged.

A usage fee per unit time varies depending on a model of the vertical take-off
and landing aircraft M indicated by the remote ID, for example.

When the vertical take-off and landing aircraft M has received supply of fuel
from the power source supplying device 25, a usage fee corresponding to a fuel supply
amount is charged.

In a case where the vertical take-off and landing aircraft M has received charge
of a battery from the power source supplying device 25, a usage fee corresponding to a
charge amount is charged.

[0087] The charging management unit 52 specifies a time Ta during which the vertical
take-off and landing aircraft M occupies the take-off and landing place 2 or a time Tb
during which the vertical take-off and landing aircraft M occupies the parking place 3-n
on the basis of the determination result indicating whether or not the vertical take-off
and landing aircraft M occupies the take-off and landing place 2 or the parking place 3-
n.

The charging management unit 52 specifies a model Model of the vertical take-
off and landing aircraft M on the basis of the remote ID.

In addition, the charging management unit 52 specifies a fuel supply amount
Fuel or a battery charge amount Char on the basis of the supply information.

[0088] The charging management unit 52 calculates a usage fee P of the vertical take-
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off and landing aircraft M using, for example, any one of the following Equations (1) to
.

P =Ta x Panour xc + Fuel X Frasic (1)

P =Tb X Pbhour x ¢ + Fuel X Foasic (2)

P =Ta X Panour X ¢ + Char X Coasic (3)

P =Tb X Pbhour X ¢ + Char X Chasic (4)

In Equations (1) to (4), Panour represents a usage fee per unit time at the take-off
and landing place 2, and Pbnour represents a usage fee per unit time at the parking place
3-n.

¢ represents a variable corresponding to the model Model of the vertical take-
off and landing aircraft M, and varies depending on the model Model.  Fbasic represents
a usage fee per unit supply amount, and Chrasic represents a usage fee per unit charge
amount.

The charging management unit 52 transmits fee information indicating the
usage fee P of the vertical take-off and landing aircraft M to, for example, a server
device of a management company of the take-off and landing site 1.

[0089] In the above third embodiment, the take-off and landing site monitoring device
30 illustrated in FIG. 13 is configured to include the charging management unit 52 that
calculates a usage fee of a vertical take-off and landing aircraft for the take-off and
landing site 1 on the basis of the determination result of the occupation state determined
by the obstruction detecting unit 45 and the identification information acquired by the
identification information acquiring unit 42. Therefore, similarly to the take-oft and
landing site monitoring device 30 illustrated in FIG. 3, the take-off and landing site
monitoring device 30 illustrated in FIG. 13 can specify the type of obstruction that

hinders take-off and landing of a vertical take-off and landing aircraft, and can notify,
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for example, a management company of the take-off and landing site 1 of a usage fee of
the vertical take-off and landing aircraft for the take-off and landing site 1.
[0090] Fourth embodiment.

In a fourth embodiment, a take-off and landing site monitoring device 30
including a wind measurement data acquiring unit 53 and a weather information
acquiring unit 54 will be described.

[0091] FIG. 15 is a configuration diagram illustrating a take-off and landing site
monitoring system according to the fourth embodiment. In FIG. 15, the same
reference numerals as in FIGS. 3, 9, and 13 indicate the same or corresponding parts,
and therefore description thereof is omitted.

FIG. 16 is a hardware configuration diagram illustrating hardware of the take-
off and landing site monitoring device 30 according to the fourth embodiment. In FIG.
16, the same reference numerals as in FIGS. 4, 10, and 14 indicate the same or
corresponding parts, and therefore description thereof is omitted.

The take-off and landing site monitoring device 30 illustrated in FIG. 15
includes an image data acquiring unit 41, an identification information acquiring unit
42, a position detecting unit 43, a wind specifying unit 44, an obstruction detecting unit
45, and a removal device activating unit 46.

In addition, the take-off and landing site monitoring device 30 illustrated in
FIG. 15 includes the wind measurement data acquiring unit 53 and the weather
information acquiring unit 54.

In the take-off and landing site monitoring device 30 illustrated in FIG. 15, the
wind measurement data acquiring unit 53 and the weather information acquiring unit 54
are applied to the take-off and landing site monitoring device 30 illustrated in FIG. 3.

However, this is merely an example, and the wind measurement data acquiring unit 53
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and the weather information acquiring unit 54 may be applied to the take-off and
landing site monitoring device 30 illustrated in FIG. 9 or the take-off and landing site
monitoring device 30 illustrated in FIG. 13.

[0092] A wind measuring instrument 26 is a wind direction and wind speed sensor that
measures wind at a take-off and landing site 1.

The wind measuring instrument 26 outputs wind measurement data indicating a
wind measurement result to the take-off and landing site monitoring device 30.

A weather observing device 27 is, for example, a device owned by a company
or the like that provides weather data, and predicts wind in each region.

The weather observing device 27 transmits weather information indicating a
wind prediction result at the take-off and landing site 1 to the take-off and landing site
monitoring device 30 via a network such as the Internet.

[0093] The wind measurement data acquiring unit 53 is implemented by, for example,
a wind measurement data acquiring circuit 73 illustrated in FIG. 16.

The wind measurement data acquiring unit 53 acquires wind measurement data
indicating a wind measurement result from the wind measuring instrument 26.

The wind measurement data acquiring unit 53 outputs the wind measurement
data to the wind specifying unit 44.

[0094] The weather information acquiring unit 54 is implemented by, for example, a
weather information acquiring circuit 74 illustrated in FIG. 16.

The weather information acquiring unit 54 acquires weather information
indicating a wind prediction result at the take-off and landing site 1 from the weather
observing device 27.

The weather information acquiring unit 54 outputs the weather information to

the wind specifying unit 44.
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[0095] The wind specifying unit 44 illustrated in FIG. 15 specifies each of a wind
direction and a wind speed at the take-off and landing site 1 on the basis of not only
image data acquired by the image data acquiring unit 41 but also the wind measurement
data acquired by the wind measurement data acquiring unit 53 and the weather
information acquired by the weather information acquiring unit 54.

[0096] In FIG. 15, it is assumed that each of the image data acquiring unit 41, the
identification information acquiring unit 42, the position detecting unit 43, the wind
specifying unit 44, the obstruction detecting unit 45, and the removal device activating
unit 46, the wind measurement data acquiring unit 53 and the weather information
acquiring unit 54, which are constituent elements of the take-off and landing site
monitoring device 30, is implemented by dedicated hardware as illustrated in FIG. 16.
That is, it is assumed that the take-off and landing site monitoring device 30 is
implemented by the image data acquiring circuit 61, the identification information
acquiring circuit 62, the position detecting circuit 63, the wind specifying circuit 64, the
obstruction detecting circuit 65, the removal device activating circuit 66, the wind
measurement data acquiring circuit 73, and the weather information acquiring circuit
74.

To each of the image data acquiring circuit 61, the identification information
acquiring circuit 62, the position detecting circuit 63, the wind specifying circuit 64, the
obstruction detecting circuit 65, the removal device activating circuit 66, the wind
measurement data acquiring circuit 73, and the weather information acquiring circuit
74, for example, a single circuit, a composite circuit, a programmed processor, a
parallel-programmed processor, ASIC, FPGA, or a combination thereof corresponds.
[0097] The constituent elements of the take-off and landing site monitoring device 30

are not limited to those implemented by dedicated hardware, and the take-off and
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landing site monitoring device 30 may be implemented by software, firmware, or a
combination of software and firmware.

In a case where the take-off and landing site monitoring device 30 is
implemented by software, firmware, or the like, a program for causing a computer to
execute a processing procedure in each of the image data acquiring unit 41, the
identification information acquiring unit 42, the position detecting unit 43, the wind
specifying unit 44, the obstruction detecting unit 45, and the removal device activating
unit 46, the wind measurement data acquiring unit 53 and the weather information
acquiring unit 54 is stored in a memory 81 illustrated in FIG. 5. A processor 82
illustrated in FIG. 5 executes the program stored in the memory 81.

[0098] FIG. 16 illustrates an example in which each of the constituent elements of the
take-off and landing site monitoring device 30 is implemented by dedicated hardware,
and FIG. 5 illustrates an example in which the take-off and landing site monitoring
device 30 is implemented by software, firmware, or the like. However, this is merely
an example, and some of the constituent elements of the take-off and landing site
monitoring device 30 may be implemented by dedicated hardware, and the remaining
constituent elements may be implemented by software, firmware, or the like.

[0099] Next, an operation of the take-off and landing site monitoring system illustrated
in FIG. 15 will be described. The operation of the take-off and landing site monitoring
system illustrated in FIG. 15 is similar to that of the take-off and landing site monitoring
system illustrated in FIG. 3 except for the wind measurement data acquiring unit 53, the
weather information acquiring unit 54, and the wind specifying unit 44. Therefore,
here, operations of the wind measurement data acquiring unit 53, the weather
information acquiring unit 54, and the wind specifying unit 44 will be mainly described.

[0100] The wind measuring instrument 26 measures wind at the take-off and landing
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site 1.

The wind measuring instrument 26 outputs wind measurement data indicating a
wind measurement result to the take-off and landing site monitoring device 30.

The weather observing device 27 observes wind in each region and predicts the
wind in each region.

The weather observing device 27 transmits weather information indicating a
wind prediction result at the take-off and landing site 1 to the take-off and landing site
monitoring device 30 via a network such as the Internet.

[0101] The wind measurement data acquiring unit 53 acquires wind measurement data
indicating a wind measurement result from the wind measuring instrument 26, and
outputs the wind measurement data to the wind specifying unit 44.

The weather information acquiring unit 54 acquires weather information
indicating a wind prediction result at the take-off and landing site 1 from the weather
observing device 27, and outputs the weather information to the wind specifying unit
44.

[0102] The wind specifying unit 44 illustrated in FIG. 15 acquires image data from the
image data acquiring unit 41.

In addition, the wind specifying unit 44 illustrated in FIG. 15 acquires the wind
measurement data from the wind measurement data acquiring unit 53, and acquires the
weather information from the weather information acquiring unit 54.

Similarly to the wind specifying unit 44 illustrated in FIG. 3, the wind
specifying unit 44 illustrated in FIG. 15 specifies each of a wind direction and a wind
speed at the take-off and landing site 1 on the basis of the image data.

The wind specifying unit 44 illustrated in FIG. 15 integrates a specification

result based on the image data, the wind measurement data, and the weather
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information.

Specifically, the wind specifying unit 44 performs the integration by
calculating an average value of the wind direction specified on the basis of the image
data, the wind direction indicated by the wind measurement data, and the wind direction
related to the prediction result indicated by the weather information.

In addition, the wind specifying unit 44 performs the integration by calculating
an average value of the wind speed specified on the basis of the image data, the wind
speed indicated by the wind measurement data, and the wind speed related to the
prediction result indicated by the weather information.

The wind specifying unit 44 illustrated in FIG. 15 outputs wind information
indicating each of the integrated wind direction and the integrated wind speed to the
obstruction detecting unit 45.

[0103] In the take-off and landing site monitoring device 30 illustrated in FIG. 15, the
wind specifying unit 44 performs the integration by calculating an average value of the
wind direction specified on the basis of the image data, the wind direction indicated by
the wind measurement data, and the wind direction related to the prediction result
indicated by the weather information. However, this is merely an example, and the
wind specifying unit 44 may perform the integration by calculating a weighted average
value of the wind direction specified on the basis of the image data, the wind direction
indicated by the wind measurement data, and the wind direction related to the prediction
result indicated by the weather information. In addition, the wind specifying unit 44
may perform the integration by performing data assimilation of the wind direction
specified on the basis of the image data, the wind direction indicated by the wind
measurement data, and the wind direction related to the prediction result indicated by

the weather information.
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In the take-off and landing site monitoring device 30 illustrated in FIG. 15, the
wind specifying unit 44 performs the integration by calculating an average value of the
wind speed specified on the basis of the image data, the wind speed indicated by the
wind measurement data, and the wind speed related to the prediction result indicated by
the weather information. However, this is merely an example, and the wind specifying
unit 44 may perform the integration by calculating a weighted average value of the wind
speed specified on the basis of the image data, the wind speed indicated by the wind
measurement data, and the wind speed related to the prediction result indicated by the
weather information. In addition, the wind specifying unit 44 may perform the
integration by performing data assimilation of the wind speed specified on the basis of
the image data, the wind speed indicated by the wind measurement data, and the wind
speed related to the prediction result indicated by the weather information.

[0104] In the above fourth embodiment, the take-off and landing site monitoring
device 30 illustrated in FIG. 15 is configured to include the wind measurement data
acquiring unit 53 that acquires wind measurement data indicating a wind measurement
result from the wind measuring instrument 26 that measures wind at the take-off and
landing site 1, and the weather information acquiring unit 54 that acquires weather
information indicating a wind prediction result at the take-off and landing site 1 from
the weather observing device 27. In addition, in the take-off and landing site
monitoring device 30 illustrated in FIG. 15, the wind specifying unit 44 specifies each
of a wind direction and a wind speed at the take-off and landing site 1 on the basis of
image data acquired by the image data acquiring unit 41, wind measurement data
acquired by the wind measurement data acquiring unit 53, and weather information
acquired by the weather information acquiring unit 54. Therefore, similarly to the

take-off and landing site monitoring device 30 illustrated in FIG. 3, the take-off and
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landing site monitoring device 30 illustrated in FIG. 15 can specify the type of
obstruction that hinders take-off and landing of a vertical take-off and landing aircraft,
and can enhance wind direction specifying accuracy and wind speed specifying
accuracy as compared with the take-off and landing site monitoring device 30 illustrated
in FIG. 3.

[0105] Fifth embodiment.

In a fifth embodiment, a take-off and landing site monitoring device 30
including a visibility information acquiring unit 55 and a suspicious flying object
detecting unit 56 will be described.

[0106] FIG. 17 is a configuration diagram illustrating a take-off and landing site
monitoring system according to the fifth embodiment. In FIG. 17, the same reference
numerals as in FIGS. 3, 9, 13, and 15 indicate the same or corresponding parts, and
therefore description thereof is omitted.

FIG. 18 is a hardware configuration diagram illustrating hardware of the take-
off and landing site monitoring device 30 according to the fifth embodiment. In FIG.
18, the same reference numerals as in FIGS. 4, 10, 14, and 16 indicate the same or
corresponding parts, and therefore description thereof is omitted.

The take-off and landing site monitoring device 30 illustrated in FIG. 17
includes an image data acquiring unit 41, an identification information acquiring unit
42, a position detecting unit 43, a wind specifying unit 44, an obstruction detecting unit
45, and a removal device activating unit 46.

In addition, the take-off and landing site monitoring device 30 illustrated in
FIG. 17 includes the visibility information acquiring unit 55 and the suspicious flying
object detecting unit 56.

In the take-off and landing site monitoring device 30 illustrated in FIG. 15, the
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visibility information acquiring unit 55 and the suspicious flying object detecting unit
56 are applied to the take-off and landing site monitoring device 30 illustrated in FIG. 3.
However, this is merely an example, and the visibility information acquiring unit 55 and
the suspicious flying object detecting unit 56 may be applied to the take-off and landing
site monitoring device 30 illustrated in FIG. 9, the take-off and landing site monitoring
device 30 illustrated in FIG. 13, or the take-off and landing site monitoring device 30
illustrated in FIG. 15.
[0107] A visibility meter 28 is a sensor that measures visibility of a take-off and
landing airspace of a vertical take-off and landing aircraft M at a take-off and landing
site 1.

The visibility information acquiring unit 55 is implemented by, for example, a
visibility information acquiring circuit 75 illustrated in FIG. 18.

The visibility information acquiring unit 55 acquires visibility information
indicating visibility of the take-off and landing airspace from the visibility meter 28.

The visibility information acquiring unit 55 outputs the visibility information to
the obstruction detecting unit 45.
[0108] Similarly to the obstruction detecting unit 45 illustrated in FIG. 3, the
obstruction detecting unit 45 illustrated in FIG. 17 determines the type of obstruction.

In addition, the obstruction detecting unit 45 illustrated in FIG. 17 determines
visibility obstruction as the type of obstruction on the basis of the visibility information
acquired by the visibility information acquiring unit 55.
[0109] The suspicious flying object detecting unit 56 is implemented by, for example,
a suspicious flying object detecting circuit 76 illustrated in FIG. 18.

When the type of obstruction determined by the obstruction detecting unit 45 is

presence of a suspicious flying object, the suspicious flying object detecting unit 56
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transmits suspicious flying object detecting information to, for example, a server device
of a management company of the take-off and landing site 1.
[0110] In FIG. 17, it is assumed that each of the image data acquiring unit 41, the
identification information acquiring unit 42, the position detecting unit 43, the wind
specifying unit 44, the obstruction detecting unit 45, and the removal device activating
unit 46, the visibility information acquiring unit 55 and the suspicious flying object
detecting unit 56, which are constituent elements of the take-off and landing site
monitoring device 30, is implemented by dedicated hardware as illustrated in FIG. 18.
That is, it is assumed that the take-off and landing site monitoring device 30 is
implemented by the image data acquiring circuit 61, the identification information
acquiring circuit 62, the position detecting circuit 63, the wind specifying circuit 64, the
obstruction detecting circuit 65, the removal device activating circuit 66, the visibility
information acquiring circuit 75, and the suspicious flying object detecting circuit 76.

To each of the image data acquiring circuit 61, the identification information
acquiring circuit 62, the position detecting circuit 63, the wind specifying circuit 64, the
obstruction detecting circuit 65, the removal device activating circuit 66, the visibility
information acquiring circuit 75, and the suspicious flying object detecting circuit 76,
for example, a single circuit, a composite circuit, a programmed processor, a parallel-
programmed processor, ASIC, FPGA, or a combination thereof corresponds.
[0111] The constituent elements of the take-off and landing site monitoring device 30
are not limited to those implemented by dedicated hardware, and the take-off and
landing site monitoring device 30 may be implemented by software, firmware, or a
combination of software and firmware.

In a case where the take-off and landing site monitoring device 30 is

implemented by software, firmware, or the like, a program for causing a computer to
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execute a processing procedure in each of the image data acquiring unit 41, the
identification information acquiring unit 42, the position detecting unit 43, the wind
specifying unit 44, the obstruction detecting unit 45, and the removal device activating
unit 46, the visibility information acquiring unit 55, and the suspicious flying object
detecting unit 56 is stored in a memory 81 illustrated in FIG. 5. A processor 82
illustrated in FIG. 5 executes the program stored in the memory 81.

[0112] FIG. 18 illustrates an example in which each of the constituent elements of the
take-off and landing site monitoring device 30 is implemented by dedicated hardware,
and FIG. 5 illustrates an example in which the take-off and landing site monitoring
device 30 is implemented by software, firmware, or the like. However, this is merely
an example, and some of the constituent elements of the take-off and landing site
monitoring device 30 may be implemented by dedicated hardware, and the remaining
constituent elements may be implemented by software, firmware, or the like.

[0113] Next, an operation of the take-off and landing site monitoring system illustrated
in FIG. 17 will be described. The operation of the take-off and landing site monitoring
system illustrated in FIG. 17 is similar to that of the take-off and landing site monitoring
system illustrated in FIG. 3 except for the obstruction detecting unit 45, the visibility
information acquiring unit 55, and the suspicious flying object detecting unit 56.
Therefore, here, operations of the obstruction detecting unit 45, the visibility
information acquiring unit 55, and the suspicious flying object detecting unit 56 will be
mainly described.

[0114] By measuring an extinction ratio of the atmosphere in the take-off and landing
airspace of the vertical take-off and landing aircraft M or a light transmittance of the
atmosphere in the take-off and landing airspace, the visibility meter 28 measures

visibility of the take-off and landing airspace.
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The visibility meter 28 outputs visibility information indicating visibility to the
take-off and landing site monitoring device 30.

The visibility information acquiring unit 55 acquires the visibility information
from the visibility meter 28, and outputs the visibility information to the obstruction
detecting unit 45.

[0115] Similarly to the obstruction detecting unit 45 illustrated in FIG. 3, the
obstruction detecting unit 45 illustrated in FIG. 17 determines the type of obstruction.

The obstruction detecting unit 45 illustrated in FIG. 17 acquires the visibility
information from the visibility information acquiring unit 55.

Unlike the obstruction detecting unit 45 illustrated in FIG. 3, the obstruction
detecting unit 45 illustrated in FIG. 17 also determines visibility obstruction as the type
of obstruction on the basis of the visibility information.

That is, the obstruction detecting unit 45 illustrated in FIG. 17 compares the
visibility indicated by the visibility information with a visibility determining threshold,
and recognizes that visibility obstruction is occurring when the visibility is shorter than
the visibility determining threshold.

The obstruction detecting unit 45 illustrated in FIG. 17 recognizes that
visibility obstruction is not occurring when the visibility is equal to or more than the
visibility determining threshold.

The visibility determining threshold may be stored in an internal memory of
the obstruction detecting unit 45 or may be given from the outside of the take-off and
landing site monitoring device 30.

The obstruction detecting unit 45 illustrated in FIG. 17 outputs the
determination result of the obstruction type to each of the removal device activating unit

46 and the suspicious flying object detecting unit 56.
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[0116] The removal device activating unit 46 acquires a determination result of the
obstruction type from the obstruction detecting unit 45 illustrated in FIG. 17.

The removal device activating unit 46 selects an obstruction removing device
used for removal of obstruction from among the obstruction removing devices 31-1 to
31-3 on the basis of the type of obstruction determined by the obstruction detecting unit
45.

The removal device activating unit 46 activates the selected obstruction
removing device.

When the type of obstruction is “visibility obstruction”, there is no obstruction
removing device capable of removing the obstruction among the obstruction removing
devices 31-1 to 31-3. Therefore, the removal device activating unit 46 transmits a
message indicating the type of obstruction to, for example, a server device of a
management company of the take-off and landing site 1.

[0117] The suspicious flying object detecting unit 56 acquires the determination result
of the obstruction type from the obstruction detecting unit 45 illustrated in FIG. 17.

When the type of obstruction is “presence of a suspicious flying object”, the
suspicious flying object detecting unit 56 transmits suspicious flying object detecting
information to, for example, a server device of a management company of the take-off
and landing site 1.

For example, when a drone catching device or an anti-drone device is disposed
at the take-off and landing site 1, the suspicious flying object detecting unit 56 may
remove the suspicious flying object by activating the drone catching device or the like
via the removal device activating unit 46, for example.

[0118] In the above fifth embodiment, the take-off and landing site monitoring device

30 illustrated in FIG. 17 is configured to include the visibility information acquiring
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unit 55 that acquires visibility information indicating visibility from the visibility meter
28 that measures visibility of a take-off and landing airspace of a vertical take-off and
landing aircraft at the take-off and landing site 1, in such a manner that the obstruction
detecting unit 45 determines visibility obstruction as the type of obstruction on the basis
of the visibility information acquired by the visibility information acquiring unit 55.
Therefore, similarly to the take-off and landing site monitoring device 30 illustrated in
FIG. 3, the take-off and landing site monitoring device 30 illustrated in FIG. 17 can
specify the type of obstruction that hinders take-off and landing of a vertical take-off
and landing aircraft, and can specify visibility obstruction as the type of obstruction.
[0119] In addition, in the fifth embodiment, the take-off and landing site monitoring
device 30 is configured to include the suspicious flying object detecting unit 56 that
transmits suspicious flying object detecting information when the type of obstruction
determined by the obstruction detecting unit 45 is presence of the suspicious flying
object. Therefore, the take-off and landing site monitoring device 30 can notify, for
example, a management company of the take-off and landing site 1 of presence of the
suspicious flying object.

[0120] Sixth embodiment.

In a sixth embodiment, a take-off and landing site monitoring device 30
including an aeronautical weather information providing unit 57 and an electromagnetic
environment information acquiring unit 58 will be described.

[0121] FIG. 19 is a configuration diagram illustrating a take-off and landing site
monitoring system according to the sixth embodiment. In FIG. 19, the same reference
numerals as in FIGS. 3, 9, 13, 15, and 17 indicate the same or corresponding parts, and
therefore description thereof is omitted.

FIG. 20 is a hardware configuration diagram illustrating hardware of the take-
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off and landing site monitoring device 30 according to the sixth embodiment. In FIG.
20, the same reference numerals as in FIGS. 4, 10, 14, 16, and 18 indicate the same or
corresponding parts, and therefore description thereof is omitted.

The take-off and landing site monitoring device 30 illustrated in FIG. 19
includes an image data acquiring unit 41, an identification information acquiring unit
42, a position detecting unit 43, a wind specifying unit 44, an obstruction detecting unit
45, and a removal device activating unit 46.

In addition, the take-off and landing site monitoring device 30 illustrated in
FIG. 19 includes the aeronautical weather information providing unit 57 and the
electromagnetic environment information acquiring unit 58.

In the take-off and landing site monitoring device 30 illustrated in FIG. 19, the
aeronautical weather information providing unit 57 and the electromagnetic
environment information acquiring unit 58 are applied to the take-off and landing site
monitoring device 30 illustrated in FIG. 3. However, this is merely an example, and
the aeronautical weather information providing unit 57 and the electromagnetic
environment information acquiring unit 58 may be applied to the take-off and landing
site monitoring device 30 illustrated in FIG. 9, the take-off and landing site monitoring
device 30 illustrated in FIG. 13, the take-off and landing site monitoring device 30
illustrated in FIG. 15, or the take-off and landing site monitoring device 30 illustrated in
FIG. 17.

[0122] An aeronautical weather observing meter 91 includes, as sensors, for example,
one or more of a visibility meter, a rain gauge, a thermometer, a barometer, a snow
gauge, a hygrometer, a cloud height measuring instrument, and a wind direction and
wind speed sensor.

The aeronautical weather observing meter 91 observes, as aeronautical weather,
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one or more of visibility, rainfall, temperature, atmospheric pressure, snow cover, and
humidity.

The aeronautical weather observing meter 91 outputs aecronautical weather
information indicating an observation result of aeronautical weather to the take-off and
landing site monitoring device 30.

[0123] An electromagnetic environment monitoring device 92 monitors an
electromagnetic environment at the take-off and landing site 1. The electromagnetic
environment at the take-off and landing site 1 may include not only an electromagnetic
environment in the site of the take-off and landing site 1 but also an electromagnetic
environment around the take-off and landing site 1.

The electromagnetic environment monitoring device 92 outputs
electromagnetic environment information indicating a monitoring result of the
electromagnetic environment to the take-off and landing site monitoring device 30.
[0124] A radar device 93 receives a reflected wave from a vertical take-off and landing
aircraft M, and detects the position of the vertical take-off and landing aircraft M from
the reflected wave.

The radar device 93 outputs position information indicating the position of the
vertical take-off and landing aircraft M to the take-off and landing site monitoring
device 30.

[0125] The aeronautical weather information providing unit 57 is implemented by, for
example, an aeronautical weather information providing circuit 77 illustrated in FIG.
20.

The aeronautical weather information providing unit 57 acquires aeronautical

weather information indicating an observation result of aeronautical weather from the

aeronautical weather observing meter 91 that observes aeronautical weather.
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The aeronautical weather information providing unit 57 transmits the
aeronautical weather information to the vertical take-off and landing aircraft M using
the take-off and landing site 1.

In addition, the aeronautical weather information providing unit 57 determines
whether or not weather at the take-off and landing site 1 is visual weather on the basis
of the aeronautical weather information.

The aeronautical weather information providing unit 57 transmits a
determination result of the visual weather to the vertical take-off and landing aircraft M
using the take-off and landing site 1.

[0126] The electromagnetic environment information acquiring unit 58 is
implemented by, for example, an electromagnetic environment information acquiring
circuit 78 illustrated in FIG. 20.

The electromagnetic environment information acquiring unit 58 acquires
electromagnetic environment information indicating a monitoring result of the
electromagnetic environment from the electromagnetic environment monitoring device
92 that monitors the electromagnetic environment at the take-off and landing site 1.

The electromagnetic environment information acquiring unit 58 outputs the
electromagnetic environment information to the obstruction detecting unit 45.

[0127] Similarly to the obstruction detecting unit 45 illustrated in FIG. 3, the
obstruction detecting unit 45 illustrated in FIG. 19 determines the type of obstruction.

In addition, the obstruction detecting unit 45 illustrated in FIG. 19 determines
electromagnetic obstruction as the type of obstruction on the basis of the
electromagnetic environment information acquired by the electromagnetic environment
information acquiring unit 58.

[0128] Similarly to the position detecting unit 43 illustrated in FIG. 3, the position
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detecting unit 43 illustrated in FIG. 19 detects the position of the vertical take-off and
landing aircraft M on the basis of image data acquired by the image data acquiring unit
41 and the like.

In addition, unlike the position detecting unit 43 illustrated in FIG. 3, the
position detecting unit 43 illustrated in FIG. 19 acquires position information indicating
the position of the vertical take-off and landing aircraft M from the radar device 93, and
detects the position of the vertical take-off and landing aircraft M on the basis of the
position information.

The position detecting unit 43 illustrated in FIG. 19 may use either the position
of the vertical take-off and landing aircraft M detected on the basis of the image data
and the like or the position of the vertical take-off and landing aircraft M detected on the
basis of the position information as a detection result. For example, the position
detecting unit 43 illustrated in FIG. 19 may use an average value of the position of the
vertical take-off and landing aircraft M detected on the basis of the image data and the
like and the position of the vertical take-off and landing aircraft M detected on the basis
of the position information as a detection result.

The take-off and landing site monitoring system illustrated in FIG. 19 includes
the radar device 93. However, this is merely an example, and the take-off and landing
site monitoring system illustrated in FIG. 19 may include, in addition to the radar device
93, a LiDAR device that detects the position of a vertical take-off and landing aircraft
M, or may include both the radar device 93 and the LiDAR device.

[0129] In FIG. 19, it is assumed that each of the image data acquiring unit 41, the
identification information acquiring unit 42, the position detecting unit 43, the wind
specifying unit 44, the obstruction detecting unit 45, and the removal device activating

unit 46, the aeronautical weather information providing unit 57, and the electromagnetic
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environment information acquiring unit 58, which are constituent elements of the take-
off and landing site monitoring device 30, is implemented by dedicated hardware as
illustrated in FIG. 20. That is, it is assumed that the take-off and landing site
monitoring device 30 is implemented by the image data acquiring circuit 61, the
identification information acquiring circuit 62, the position detecting circuit 63, the
wind specifying circuit 64, the obstruction detecting circuit 65, the removal device
activating circuit 66, the aeronautical weather information providing circuit 77, and the
electromagnetic environment information acquiring circuit 78.

To each of the image data acquiring circuit 61, the identification information
acquiring circuit 62, the position detecting circuit 63, the wind specifying circuit 64, the
obstruction detecting circuit 65, the removal device activating circuit 66, the
aeronautical weather information providing circuit 77, and the electromagnetic
environment information acquiring circuit 78, for example, a single circuit, a composite
circuit, a programmed processor, a parallel-programmed processor, ASIC, FPGA, or a
combination thereof corresponds.

[0130] The constituent elements of the take-oft and landing site monitoring device 30
are not limited to those implemented by dedicated hardware, and the take-off and
landing site monitoring device 30 may be implemented by software, firmware, or a
combination of software and firmware.

In a case where the take-off and landing site monitoring device 30 is
implemented by software, firmware, or the like, a program for causing a computer to
execute a processing procedure in each of the image data acquiring unit 41, the
identification information acquiring unit 42, the position detecting unit 43, the wind
specifying unit 44, the obstruction detecting unit 45, and the removal device activating

unit 46, the aeronautical weather information providing unit 57, and the electromagnetic
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environment information acquiring unit 58 is stored in a memory 81 illustrated in FIG.
5. Aprocessor 82 illustrated in FIG. 5 executes the program stored in the memory 81.
[0131] FIG. 20 illustrates an example in which each of the constituent elements of the
take-off and landing site monitoring device 30 is implemented by dedicated hardware,
and FIG. 5 illustrates an example in which the take-off and landing site monitoring
device 30 is implemented by software, firmware, or the like. However, this is merely
an example, and some of the constituent elements of the take-off and landing site
monitoring device 30 may be implemented by dedicated hardware, and the remaining
constituent elements may be implemented by software, firmware, or the like.
[0132] Next, an operation of the take-off and landing site monitoring system illustrated
in FIG. 19 will be described. The operation of the take-off and landing site monitoring
system illustrated in FIG. 19 is similar to that of the take-off and landing site monitoring
system illustrated in FIG. 3 except for the position detecting unit 43, the obstruction
detecting unit 45, the aeronautical weather information providing unit 57, and the
electromagnetic environment information acquiring unit 58. Therefore, here,
operations of the position detecting unit 43, the obstruction detecting unit 45, the
aeronautical weather information providing unit 57, and the electromagnetic
environment information acquiring unit 58 will be mainly described.
[0133] The aeronautical weather observing meter 91 observes, as aeronautical weather,
for example, one or more of visibility, rainfall, temperature, atmospheric pressure, snow
cover, and humidity.

The aeronautical weather observing meter 91 outputs aeronautical weather
information indicating an observation result of aeronautical weather to the take-off and
landing site monitoring device 30.

[0134] The aeronautical weather information providing unit 57 acquires aeronautical
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weather information from the aeronautical weather observing meter 91 and transmits the
aeronautical weather information to the vertical take-off and landing aircraft M using
the take-off and landing site 1.

In addition, the aeronautical weather information providing unit 57 determines
whether or not weather at the take-off and landing site 1 is visual weather on the basis
of the aeronautical weather information.

For example, the aeronautical weather information providing unit 57 compares
visibility included in an observation result indicated by the aeronautical weather
information with a visual weather determining threshold based on the visibility, and
determines that the weather is visual weather when the visibility is equal to or more than
the visual weather determining threshold.

The aeronautical weather information providing unit 57 determines that the
visibility is not visual weather when the visibility is less than the visual weather
determining threshold. The visual weather determining threshold may be stored in an
internal memory of the aeronautical weather information providing unit 57 or may be
given from the outside of the take-off and landing site monitoring device 30.

The aeronautical weather information providing unit 57 transmits a
determination result of the visual weather to the vertical take-off and landing aircraft M
using the take-off and landing site 1.

In the take-off and landing site monitoring device 30 illustrated in FIG. 19, the
aeronautical weather information providing unit 57 determines whether or not the
weather at the take-off and landing site 1 is visual weather by comparing visibility
included in an observation result indicated by the aeronautical weather information with
the visual weather determining threshold based on the visibility. However, this is

merely an example, and the aeronautical weather information providing unit 57 may
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determine whether or not the weather at the take-off and landing site 1 is visual weather
by comparing a cloud height included in an observation result indicated by the
aeronautical weather information with a visual weather determining threshold base on
the cloud height. The aeronautical weather information providing unit 57 determines
that the weather is visual weather when the cloud height is equal to or more than the
visual weather determining threshold, and determines that the weather is not visual
weather when the cloud height is less than the visual weather determining threshold.

In addition, the aeronautical weather information providing unit 57 may
determine that the weather is visual weather, for example, only in a case where visibility
is equal to or more than a visual weather determining threshold based on the visibility
and a cloud height is equal to or more than a visual weather determining threshold based
on the cloud height.

[0135] The electromagnetic environment monitoring device 92 monitors, for example,
radio wave interference at the take-off and landing site 1 as an electromagnetic
environment at the take-off and landing site 1.

The electromagnetic environment monitoring device 92 outputs
electromagnetic environment information indicating a monitoring result of the
electromagnetic environment to the take-off and landing site monitoring device 30.

The electromagnetic environment information acquiring unit 58 acquires
electromagnetic environment information from the electromagnetic environment
monitoring device 92, and outputs the electromagnetic environment information to the
obstruction detecting unit 45.

[0136] Similarly to the obstruction detecting unit 45 illustrated in FIG. 3, the
obstruction detecting unit 45 illustrated in FIG. 19 determines the type of obstruction.

In addition, the obstruction detecting unit 45 illustrated in FIG. 19 acquires the
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electromagnetic environment information from the electromagnetic environment
information acquiring unit 58.

Unlike the obstruction detecting unit 45 illustrated in FIG. 3, the obstruction
detecting unit 45 illustrated in FIG. 19 also determines electromagnetic obstruction as
the type of obstruction on the basis of the electromagnetic environment information.

For example, the obstruction detecting unit 45 illustrated in FIG. 19 compares
the level of radio wave interference indicated by the electromagnetic environment
information with a radio wave interference threshold, and recognizes electromagnetic
obstruction as the type of obstruction when the level of radio wave interference is equal
to or more than the radio wave interference threshold.

The obstruction detecting unit 45 illustrated in FIG. 19 does not recognize
electromagnetic obstruction as the type of obstruction when the level of radio wave
interference is the radio wave interference threshold. The radio wave interference
threshold may be stored in an internal memory of the obstruction detecting unit 45 or
may be given from the outside of the take-off and landing site monitoring device 30.

The obstruction detecting unit 45 illustrated in FIG. 19 outputs a determination
result of the obstruction type to the removal device activating unit 46.

[0137] The removal device activating unit 46 acquires a determination result of the
obstruction type from the obstruction detecting unit 45 illustrated in FIG. 19.

The removal device activating unit 46 selects an obstruction removing device
used for removal of obstruction from among the obstruction removing devices 31-1 to
31-3 on the basis of the type of obstruction determined by the obstruction detecting unit
45.

The removal device activating unit 46 activates the selected obstruction

removing device.
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When the type of obstruction is “electromagnetic obstruction”, there is no
obstruction removing device capable of removing obstruction among the obstruction
removing devices 31-1 to 31-3. Therefore, the removal device activating unit 46
transmits a message indicating the type of obstruction to, for example, a server device of
a management company of the take-off and landing site 1.

As operation of a management company that has acquired a message indicating
the type of obstruction, for example, the following operation is conceivable.

In a case where there is electromagnetic obstruction, operation of equipment
used for operation of the vertical take-off and landing aircraft M may be hindered.
Therefore, it is conceivable that the management company stops operation of take-off
and landing for the vertical take-off and landing aircraft M and starts investigation of a
cause of the electromagnetic obstruction.

Alternatively, when the message indicating the type of obstruction indicates

electromagnetic obstruction, it is conceivable that operation of take-off and landing for
the vertical take-off and landing aircraft M is automatically stopped.
[0138] In the take-off and landing site monitoring device 30 illustrated in FIG. 19, the
obstruction detecting unit 45 determines electromagnetic obstruction. For example, in
a case where a snow removing device or a snow melting device is disposed in the take-
off and landing site 1, in addition to determining the electromagnetic obstruction, the
obstruction detecting unit 45 may determine either whether or not snow removal is
necessary or whether or not snow melting is necessary on the basis of aeronautical
weather regarding snow cover acquired from, for example, the aeronautical weather
observing meter 91.

When determining that snow removal is necessary, the obstruction detecting

unit 45 removes accumulated snow, by, for example, activating a snow removal device
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via the removal device activating unit 46. When determining that snow melting is
necessary, the obstruction detecting unit 45 removes accumulated snow, by, for
example, activating a snow melting device via the removal device activating unit 46.
[0139] In the above sixth embodiment, the take-off and landing site monitoring device
30 illustrated in FIG. 19 is configured to include the aeronautical weather information
providing unit 57 that acquires aeronautical weather information indicating an
observation result of aecronautical weather from the aeronautical weather observing
meter 91 that observes the aeronautical weather, and transmits the aeronautical weather
information to a vertical take-off and landing aircraft using the take-off and landing site
1. Therefore, similarly to the take-off and landing site monitoring device 30 illustrated
in FIG. 3, the take-off and landing site monitoring device 30 illustrated in FIG. 19 can
specify the type of obstruction that hinders take-off and landing of a vertical take-off
and landing aircraft, and can notify the vertical take-off and landing aircraft of the
aeronautical weather.

[0140] In addition, in the above sixth embodiment, the take-off and landing site
monitoring device 30 is configured to include the electromagnetic environment
information acquiring unit 58 that acquires, from the electromagnetic environment
monitoring device 92 that monitors an electromagnetic environment at the take-off and
landing site 1, electromagnetic environment information indicating a monitoring result
of the electromagnetic environment, in such a manner that the obstruction detecting unit
45 determines electromagnetic obstruction as the type of obstruction on the basis of the
electromagnetic environment information acquired by the electromagnetic environment
information acquiring unit 58. Therefore, the take-off and landing site monitoring
device 30 can also specify the electromagnetic obstruction as the type of obstruction.

[0141] Note that the present disclosure can freely combine the embodiments to each
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other, modify any constituent element in each of the embodiments, or omit any

constituent element in each of the embodiments.

INDUSTRIAL APPLICABILITY
[0142] The present disclosure is suitable for a take-off and landing site monitoring
device, a take-off and landing site monitoring method, and a take-off and landing site

monitoring system.

REFERENCE SIGNS LIST

[0143] 1: take-off and landing site, 2: take-off and landing place, 2a: marking, 3-1, 3-
2, 3-3: parking place, 3-1a, 3-2a, 3-3a: marking, 11: drone, 12: flying vehicle, 13:
helicopter, 21: imaging device, 22: lighting device, 23: windsock, 24: receiver, 25:
power source supplying device, 26: wind measuring instrument, 27: weather observing
device, 28: visibility meter, 30: take-off and landing site monitoring device, 31-1 to 31-
3: obstruction removing device, 41: image data acquiring unit, 42: identification
information acquiring unit, 43: position detecting unit, 44: wind specifying unit, 45:
obstruction detecting unit, 46: removal device activating unit, 47: management
information acquiring unit, 48: flight information acquiring unit, 49: operation state
determining unit, 50: operation planning unit, 51: supply information acquiring unit, 52:
charging management unit, 53: wind measurement data acquiring unit, 54: weather
information acquiring unit, 55: visibility information acquiring unit, 56: suspicious
flying object detecting unit, 57: aeronautical weather information providing unit, 58:
electromagnetic environment information acquiring unit, 61: image data acquiring
circuit, 62: identification information acquiring circuit, 63: position detecting circuit,

64: wind specifying circuit, 65: obstruction detecting circuit, 66: removal device
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activating circuit, 67: management information acquiring circuit, 68: flight information
acquiring circuit, 69: operation state determining circuit, 70: operation planning circuit,
71: supply information acquiring circuit, 72: charging management circuit, 73: wind
measurement data acquiring circuit, 74: weather information acquiring circuit, 75:
visibility information acquiring circuit, 76: suspicious flying object detecting circuit, 77:
aeronautical weather information providing circuit, 78: electromagnetic environment
information acquiring circuit, 81: memory, 82: processor, 91: acronautical weather

observing meter, 92: electromagnetic environment monitoring device, 93: radar device
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CLAIMS
1. A take-off and landing site monitoring device comprising:
an image data acquiring unit to acquire, from an imaging device to image a
take-off and landing site, image data indicating a captured image of the take-off and
landing site; and
an obstruction detecting unit to determine a type of obstruction that hinders
take-off and landing of a vertical take-off and landing aircraft using the take-off and

landing site on a basis of the image data acquired by the image data acquiring unit.

2. The take-off and landing site monitoring device according to claim 1,
comprising a removal device activating unit to select an obstruction removing device
used for removal of obstruction from among a plurality of obstruction removing devices
whose types of obstruction to be removed are different from each other on a basis of the
type of obstruction determined by the obstruction detecting unit, and to activate the

selected obstruction removing device.

3. The take-off and landing site monitoring device according to claim 1,
comprising an identification information acquiring unit to acquire, from a receiver to
receive identification information of the vertical take-off and landing aircraft, the
identification information, wherein

the obstruction detecting unit determines the type of obstruction on a basis of
the image data and the identification information acquired by the identification

information acquiring unit.

4. The take-off and landing site monitoring device according to claim 3,
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comprising a position detecting unit to detect a position of the vertical take-off and
landing aircraft on a basis of the image data acquired by the image data acquiring unit,
wherein

the obstruction detecting unit determines the type of obstruction on a basis of
the image data, the identification information, and the position detected by the position

detecting unit.

5. The take-off and landing site monitoring device according to claim 1,
comprising a wind specifying unit to specify each of a wind direction and a wind speed
at the take-off and landing site on a basis of the image data acquired by the image data
acquiring unit, wherein

the obstruction detecting unit determines the type of obstruction on a basis of
the image data and each of the wind direction and the wind speed specified by the wind

specifying unit.

6. The take-off and landing site monitoring device according to claim 1, wherein

the obstruction detecting unit

specifies an appearance of a marking applied to a take-off and landing position
in the take-off and landing site on a basis of the image data acquired by the image data
acquiring unit, and determines an occupation state of the take-off and landing position
by either a vertical take-off and landing aircraft or an obstacle on a basis of the
appearance of the marking, and

specifies an appearance of a marking applied to a parking position in the take-
off and landing site on a basis of the image data, and determines an occupation state of

the parking position by either a vertical take-off and landing aircraft or an obstacle on a
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basis of the appearance of the marking applied to the parking position.

7. The take-off and landing site monitoring device according to claim 1,
comprising an operation state determining unit to determine an operation state of the
take-off and landing site on a basis of a determination result of the obstruction type

determined by the obstruction detecting unit.

8. The take-off and landing site monitoring device according to claim 7,
comprising a management information acquiring unit to acquire management
information indicating maintenance of the take-off and landing site, wherein

the operation state determining unit determines an operation state of the take-
off and landing site on a basis of a determination result of the obstruction type
determined by the obstruction detecting unit and the management information acquired

by the management information acquiring unit.

9. The take-off and landing site monitoring device according to claim 7,
comprising an operation planning unit to create or update an operation plan of the take-
off and landing site on a basis of an operation state of the take-off and landing site

determined by the operation state determining unit.

10. The take-off and landing site monitoring device according to claim 9,
comprising:

an operation information acquiring unit to acquire operation information of the
vertical take-off and landing aircraft; and

an identification information acquiring unit to acquire, from a receiver to
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receive identification information of the vertical take-off and landing aircraft, the
identification information, wherein

the operation planning unit updates the operation plan on a basis of the
operation information acquired by the operation information acquiring unit and the

identification information acquired by the identification information acquiring unit.

11. The take-off and landing site monitoring device according to claim 6,
comprising:

an identification information acquiring unit to acquire, from a receiver to
receive identification information of the vertical take-off and landing aircraft, the
identification information; and

a charging management unit to calculate a usage fee of the vertical take-off and
landing aircraft for the take-off and landing site on a basis of a determination result of
the occupation state determined by the obstruction detecting unit and the identification

information acquired by the identification information acquiring unit.

12. The take-off and landing site monitoring device according to claim 11,
comprising a supply information acquiring unit to acquire supply information indicating
a fuel supply amount to the vertical take-off and landing aircraft or a charge amount to
the vertical take-off and landing aircraft from a power source supplying device, wherein

the charging management unit calculates a usage fee of the vertical take-off and
landing aircraft on a basis of the determination result of the occupation state determined
by the obstruction detecting unit, the identification information, and the supply

information.
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13. The take-off and landing site monitoring device according to claim 5,
comprising:

a wind measurement data acquiring unit to acquire, from a wind measuring
instrument to measure wind at the take-off and landing site, wind measurement data
indicating a measurement result of the wind; and

a weather information acquiring unit to acquire weather information indicating
a wind prediction result at the take-off and landing site from a weather observing
device, wherein

the wind specifying unit specifies each of a wind direction and a wind speed at
the take-off and landing site on a basis of the image data acquired by the image data
acquiring unit, the wind measurement data acquired by the wind measurement data
acquiring unit, and the weather information acquired by the weather information

acquiring unit.

14. The take-off and landing site monitoring device according to claim 1,
comprising a visibility information acquiring unit to acquire, from a visibility meter to
measure visibility of a take-off and landing airspace at the take-off and landing site,
visibility information indicating the visibility, wherein

the obstruction detecting unit determines visibility obstruction as the type of
obstruction on a basis of the visibility information acquired by the visibility information

acquiring unit.

15. The take-off and landing site monitoring device according to claim 3,
comprising a suspicious flying object detecting unit to transmit suspicious flying object

detecting information when the type of obstruction determined by the obstruction
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detecting unit is presence of the suspicious flying object.

16. The take-off and landing site monitoring device according to claim 1,
comprising an aeronautical weather information providing unit to acquire, from an
aeronautical weather observing meter to observe aeronautical weather, aeronautical
weather information indicating an observation result of the aeronautical weather, and to
transmit the aeronautical weather information to a vertical take-off and landing aircraft

using the take-off and landing site.

17. The take-off and landing site monitoring device according to claim 16, wherein
the aeronautical weather information providing unit determines whether or not

weather at the take-off and landing site is visual weather on a basis of the aecronautical

weather information, and transmits a determination result of the visual weather to the

vertical take-off and landing aircraft.

18. The take-off and landing site monitoring device according to claim 1,
comprising an electromagnetic environment information acquiring unit to acquire, from
an electromagnetic environment monitoring device to monitor an electromagnetic
environment at the take-off and landing site, electromagnetic environment information
indicating a monitoring result of the electromagnetic environment, wherein

the obstruction detecting unit determines electromagnetic obstruction as the
type of obstruction on a basis of the electromagnetic environment information acquired

by the electromagnetic environment information acquiring unit.

19. The take-off and landing site monitoring device according to claim 4, wherein
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the position detecting unit acquires, from a radar device to receive a reflected
wave from the vertical take-off and landing aircraft and to detect a position of the
vertical take-off and landing aircraft from the reflected wave, position information

indicating the position of the vertical take-off and landing aircraft.

20. A take-off and landing site monitoring method comprising:

acquiring, by an image data acquiring unit, from an imaging device to image a
take-off and landing site, image data indicating a captured image of the take-off and
landing site; and

determining, by an obstruction detecting unit, a type of obstruction that hinders
take-off and landing of a vertical take-off and landing aircraft using the take-off and

landing site on a basis of the image data acquired by the image data acquiring unit.

21. A take-off and landing site monitoring system comprising:

an imaging device to image a take-off and landing site;

an image data acquiring unit to acquire, from the imaging device, image data
indicating a captured image of the take-off and landing site; and

an obstruction detecting unit to determine a type of obstruction that hinders
take-off and landing of a vertical take-off and landing aircraft using the take-off and

landing site on a basis of the image data acquired by the image data acquiring unit.
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