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MANAGEMENT METHOD

(567)  Provided are a flight vehicle operation manage-
ment system and a flight vehicle operation management
method for airports, said system and method enabling
improved airport utilization efficiency at an airport which
is for the takeoff and landing of multiple flight vehicles
having a vertical takeoff-and-landing function. The flight
vehicle operation management system manages
flight-path planning and the takeoff and landing of flight
vehicles at an airport which is equipped with a plurality
of airport aprons. The flight vehicle operation manage-
ment system is characterized in that: the system sets a
layered region comprising one or more layers above the
airport, and sets an occupied region around a flight ve-
hicle; and the occupied region is set in a layered region
where the flight vehicle flies and in an adjacent layered
region above and/or below said layered region.
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Description
Technical Field

[0001] The present invention relates to a flight vehicle
operation management system and a flight vehicle op-
eration management method for a flight vehicle such as
an aircraft.

Background Art

[0002] In recent years, there is an increasing need to
use a small aircraft (an eVTOL: electric vertical takeoff
and landing aircraft) capable of vertical takeoff and land-
ing by rotating a plurality of rotor blades with an electric
motor. The electric vertical takeoff and landing aircraft
(eVTOL) is expected to solve various traffic problems
such asreduction of traffic congestion and environmental
load in urban areas, and securing of transportation
means to underpopulated areas.

[0003] In order to implement the small aircraft as de-
scribed above as a social infrastructure, it is necessary
to spread the small aircraft by realizing highly efficient
operation of a large number of flight vehicles. In particu-
lar, at the time of takeoff and landing, the flight vehicle is
unstable due to an influence of an airflow generated by
another flight vehicle and the like, and thus it is important
to ensure efficiency and safety.

[0004] As a technique related to ensuring safe opera-
tion of the aircraft, for example, there is a technique de-
scribed in PTL 1. PTL 1 discloses a technique of setting
a partition in which a part of a landing area is virtually
divided as a landing area for the purpose of efficiently
using the landing area for a flight vehicle such as adrone,
and performing landing processing in the landing area.

Citation List
Patent Literature

[0005] PTL 1: WO 2020/194495 A

Summary of Invention
Technical Problem

[0006] PTL 1 proposes a method for efficiently using
a takeoff and landing area assuming a state in which a
plurality of flight vehicles fly into a takeoff and landing
area assuming an airport. However, considering a future
operation state, a high frequency of operation, installation
ofthe airportin a city, and the like can also be considered,
and thus there is a possibility that a sufficient region can-
not be secured. Therefore, there are few flight vehicles
that can stand by above the airport when flight frequency
increases, and not only utilization efficiency of the airport
decreases, but also flexible flight management such as
changing a landing order according to a degree of urgen-
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cy cannot be performed.

[0007] Therefore, an object of the present invention is
to provide a flight vehicle operation management system
and a flight vehicle operation management method for
an airport, the system and the method capable ofincreas-
ing the utilization efficiency of the airport at the airport
where a large number of flight vehicles having a vertical
takeoff and landing function to take off and land.

Solution to Problem

[0008] Inordertoachieve the above object, the present
invention provides "a flight vehicle operation manage-
ment system that manages flight-path planning and take-
off and landing of a flight vehicle at an airport including
a plurality of airport aprons, in which the flight vehicle
operation management system sets a layered region in-
cluding at least one or more layers above the airport, and
an occupied region around the flight vehicle, and the oc-
cupied region is set in the layered region in which the
flight vehicle flies and in at least one of layered regions
vertically adjacent to the layered region".

[0009] Further, the present invention provides "a flight
vehicle operation management method in an airport in-
cluding an airport apron, the flight vehicle operation man-
agement method including: setting a layered region in-
cluding at least one or more layers above the airport to
allow a flight vehicle to move in the layered region and
take off and land; and setting an occupied region around
the flight vehicle in the layered region, in which the oc-
cupied region is set in the layered region in which the
flight vehicle flies and in at least one of layered regions
vertically adjacent to the layered region".

Advantageous Effects of Invention

[0010] According to the presentinvention, itis possible
to provide a flight vehicle operation management system
and a flight vehicle control system capable of efficiently
and safely taking off and landing a plurality of flight ve-
hicles at an airport.

Brief Description of Drawings
[0011]

[FIG. 1] FIG. 1 is a conceptual diagram illustrating a
relationship between a flight vehicle, an airport, a
layered region of the airport, and an occupied region
of the flight vehicle according to a first embodiment
of the present invention.

[FIG. 2] FIG. 2 is a block diagram illustrating a con-
figuration example of a flight vehicle operation man-
agement system installed in the airport and a flight
vehicle control system installed in the flight vehicle
according to the first embodiment of the present in-
vention.

[FIG. 3] FIG. 3 is a schematic diagram of a cross-



3 EP 4 357 244 A1 4

sectional view in a certain vertical plane of the airport
as viewed from right beside.

[FIG. 4] FIG. 4 is a schematic diagram illustrating a
relationship between height setting of the layered
region and an airflow generated by the flight vehicle.
[FIG. 5] FIG. 5 is a schematic diagram of the occu-
pied region in contact with a plane of an upper end
of a standby region indicated by an arrow | in FIG. 3.
[FIG. 6] FIG. 6 is a flowchart illustrating an operation
flow of the flight vehicle operation management sys-
tem at the time of landing according to the first em-
bodiment of the present invention.

[FIG. 7] FIG. 7 is a flowchart illustrating an operation
flow of the flight vehicle control system at the time
of landing according to the first embodiment of the
present invention.

[FIG. 8] FIG. 8 is a schematic diagram illustrating
that only a region in which a flight vehicle F1 flies
and a region below the region is occupied.

[FIG. 9] FIG. 9 is a schematic diagram illustrating the
occupiedregion having a trapezoidal cross-sectional
shape.

[FIG. 10] FIG. 10 is a flowchart illustrating an oper-
ation flow of the flight vehicle operation management
system at the time of takeoff according to a second
embodiment of the present invention.

[FIG. 11] FIG. 11 is a flowchart illustrating an oper-
ation flow of the flight vehicle control system at the
time of takeoff according to the second embodiment
of the present invention.

[FIG. 12] FIG. 12 is a schematic diagram illustrating
another example of a cross-sectional view in a cer-
tain vertical plane of the airport.

[FIG. 13] FIG. 13 is a schematic diagram illustrating
another example of a cross-sectional view in a cer-
tain vertical plane of the airport.

Description of Embodiments

[0012] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the drawings.
[0013] Note that in the drawings, the same compo-
nents are denoted by the same reference numerals, and
overlapping similar descriptions may be omitted. In ad-
dition, various components of the present invention do
not necessarily have to be independent from each other,
anditis allowable that one componentincludes a plurality
of members, a plurality of components includes one
member, a certain component is a part of another com-
ponent, a part of a certain component overlaps with a
part of another component, and the like.

First embodiment

[0014] FIG. 1is a conceptual diagram illustrating a re-
lationship between a flight vehicle, an airport, a layered
region of the airport, and an occupied region of the flight
vehicle according to a first embodiment of the present
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invention.

[0015] FIG. 1 illustrates a state in which flight vehicles
F (F1to F4)is capable of vertical takeoff and landing with
a plurality of rotor blades and are flying into an airport 5
at the same time. The flight vehicles F are used for ap-
plications such as boarding of a user, carrying of luggage,
and photographing of aerial photographs. In addition, the
flight vehicle F includes a flight vehicle control device 200
that controls flight of the flight vehicle F described later
with reference to FIG. 2 inside the flight vehicle F.
[0016] The airport 5 includes a plurality of airport
aprons A (Aa, Ab) where the flight vehicles F take off and
land, a control facility 8 that manages takeoff and landing
in the airport, and an aerial monitoring unit 9 including a
sensor that monitors a position and a state of the flight
vehicle F above the airport 5. As will be described in detail
later with reference to FIG. 2, a flight vehicle operation
management system 100 is installed in the control facility
8, and manages takeoff and landing on the basis of a
state of the airport apron A of the airport 5, surrounding
weather conditions, and the state of the flight vehicle F.
[0017] The flight vehicle operation management sys-
tem 100 of the present invention sets layered regions R
(Ra to Rd) which are layered virtual regions above the
airport 5. The layered region R is obtained by dividing a
sky region of the airport 5 into a plurality of layers, and
is set as the sky region of the airport 5.

[0018] Further, in the layered regions R, for example,
fourlayers of R1, R2, R3, and R4 are sequentially formed
in ascending order of height in a height direction. In the
layered regions R configured as described above, the
flight vehicle F (for example, F3) sequentially passes
through the layers R1, R2, and R3 in the layered region
from the airport apron Aa, and starts navigation from R4
toward a destination. Here, among the layers, R1 as a
lowermost layer is to be referred to as an aircraft parking
layer for parking the flight vehicle F, R4 as an uppermost
layer is to be referred to as a takeoff and landing layer
since it is an entrance for entering and exiting the airport
apron, and R2 and R4 are layers that allow the flight
vehicle F to move in a horizontal direction, and play a
role as a standby layer that allows other flight vehicles F
to take off and land preferentially by allowing the flight
vehicle F to move in the horizontal direction.

[0019] As described above, in the system of FIG. 1,
the layered regions R are set above the airport 5 accord-
ing to an altitude by the flight vehicle operation manage-
ment system 100, and in which region the flight vehicle
is flying is grasped using information of the flight vehicle
operation management system 100 and the flight vehicle
control system 200.

[0020] Further, occupied regions O (Oa to Od) of the
flight vehicles are set around the flight vehicles F (F1 to
F4)thathave flown into the airport 5. The occupied region
O has a three-dimensional shape obtained by vertically
extending a plane wider in the horizontal direction than
an outer edge of, for example, F3 as a flight vehicle, and
occupies in a vertical direction at least a region in which
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the flight vehicle F3 is currently flying. In the case of the
flight vehicle F3in FIG. 1, an R2 layer among the layered
regions R is an occupied region Oc2 (the number (2)
indicates a suffix (in this case, 2) of the layered region
R) in which the flight vehicle F3 occupies in the vertical
direction a region in which the flight vehicle F3 is currently
flying.

[0021] Further in the present invention, the occupied
region Oc is set including the layered region R2 in which
the flight vehicle F3 is currently flying and occupied re-
gions Oc1 and Oc3 set in the layered regions R1 and R3
vertically adjacent to the layered region R2. Note that
although the occupied region O is described as a tubular
shape here, the occupied region O may be set as a rec-
tangular parallelepiped or the like.

[0022] Thus, the flight vehicles F (F1 to F4) flying into
the airport 5 descend along flight paths set inside the
occupied regions O, land on the airport aprons Aa and
Ab, and take off.

[0023] Next, functional configurations of the flight ve-
hicle operation management system 100 installed in the
airport 5 and flight vehicle control systems 200 installed
in the flight vehicles F1 to F4 will be described. FIG. 2 is
a block diagram illustrating a configuration example of
the flight vehicle operation management system 100 and
the flight vehicle control system 200 according to the first
embodiment of the present invention.

[0024] In FIG. 2, the flight vehicle operation manage-
ment system 100 includes an aerial monitoring unit 101
described above, a flight vehicle detection unit 102 that
detects the position, state, and the like of the flight vehi-
cle, a control information exchange unit 103 that acquires
information of a flight vehicle flying in another airport or
outside the airport and transmits information of the flight
vehicle present in the airport, a takeoff and landing de-
termination unit 104 that determines takeoff and landing
of the flight vehicle in the airport, a port information ac-
quisition unit 105 that acquires airport peripheral infor-
mation such as space availability of the airport apron,
climate (wind, wind and rain, and the like), the number
of passengers, and the like, an occupied region setting
unit 106 that sets the occupied region O of the flight ve-
hicle, a takeoff and landing path design unit 107 that gen-
erates the flight path in the occupied region of the flight
vehicle, and a communication unit 108 that transmits a
takeoff and landing path and a position of the occupied
region O to the flight vehicle control system 200, and
receives surrounding conditions based on a sensor of
the flight vehicle, and a current position of the flight ve-
hicle, and the like.

[0025] The flight vehicle control system 200 installed
in the flight vehicle includes a communication unit 201
ontheflight vehicle control system 200 side thatexchang-
es signals with the communication unit 108 of the flight
vehicle operation management system 100, a state mon-
itoring unit 202 that monitors a posture, a position, a bat-
tery charge amount, a state of a device and the like of
the flight vehicle, a peripheral monitoring unit 203 includ-
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ing a sensor that detects another flight vehicle, an obsta-
cle, and the like around the flight vehicle, and a flight
control unit 204 that controls a flight of the flight vehicle
based on the state of the flight vehicle obtained by the
state monitoring unit 202 based on takeoff and landing
path information and information on the occupied region
O received by the communication unit 201, and informa-
tion around the flight vehicle obtained by the peripheral
monitoring unit.

[0026] Further, FIG. 3 is a schematic diagram of a
cross-sectional view in a certain vertical plane of the air-
port 5 as viewed from right beside. The layered regions
R and the occupied regions O set above the airport 5 will
be described with reference to FIG. 3. In an example of
FIG. 3, the layered regions R are set above the airport
5. An upper end layer R4 of the layered regions R is
preferably set based on a height atwhich the flight vehicle
F can fly or the like. FIG. 3 illustrates an example in which
the occupied region is not set because a flight vehicle F5
is out of a management region by the layered region R.
[0027] Note thatin FIG. 3, regions in the height direc-
tion of the airport aprons A (Aa, Ab, and Ac) are the lay-
ered regions R, and portions with background colors in
the layered regions represent the occupied regions O
(Oc, Oa, and Ob) respectively set for the flight vehicles
F (F1,F3,and F4). Further, arrows illustrated on the flight
vehicles F (F1, F3, and F4) indicate movable directions
of the flight vehicles.

[0028] FIG. 4 is a schematic diagram illustrating a re-
lationship between height setting of the layered region
and an airflow generated by the flight vehicle.

[0029] Here, a design example of each layer of the
layered regions will be described with reference to FIG.
4. FIG. 4 illustrates the flight vehicles F1 and F2 flying in
upper and lower layered regions R1 and R3 with, for ex-
ample, R2 (indicated by gray hatching) as one layer re-
gion of the layered regions interposed therebetween.
This figure illustrates a state in which the flight vehicle
F1 is flying in contact with an upper end of the one layer
region R2, and the flight vehicle F2 is flying in contact
with a lower end of the one layer region R2.

[0030] InFIG. 4, apart of flow of the airflow generated
by afan of the flight vehicle F1 isindicated by a streamline
110.

[0031] As illustrated in the figure, in the case of the
flight vehicle F1 assuming the vertical takeoff and landing
aircraft, a large airflow is generated in the vertical direc-
tion of the flight vehicle F1. In particular, since a down-
ward airflow is large, a height of the one layer region R2
of the layered regions is preferably set higher than an
influence range of the downward airflow as illustrated in
FIG. 4. By setting the height in this manner, when a plu-
rality of flight vehicles fly, the airflow generated by a flight
vehicle above does not affect a flight vehicle below by
sandwiching one layered region R between the flight ve-
hicles.

[0032] Although FIG. 4 illustrates a method of deter-
mining the height on the basis of the influence range of
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the airflow generated by the fan of the flight vehicle, and
in addition to this, the height can be determined on the
basis of an expected movement amount until recovery
after a partial failure of the flight vehicle, disturbance such
as an expected weather change, an movement amount
of the flight vehicle required to avoid an intruder such as
a bird, and the like.

[0033] In addition, it is preferable that the layered re-
gions R1, R2, R3, and R4 have different roles depending
on, for example, the height and are configured by tran-
sition regions R1 and R3 and standby regions R2 and
R4.Here, in the transition regions R1 and R3, the position
ofthe occupied region O cannot be moved when the flight
vehicle F flies inthese regions, and when the flight vehicle
F flies in the standby regions R2 and R4, the position of
the occupied region O can be changed in the horizontal
direction together with the flight vehicle F while avoiding
contact with other occupied regions O.

[0034] Further, the occupied region O of the flight ve-
hicle F is set as a three-dimensional occupied region O
around the flight vehicle F.

[0035] The occupiedregion O has a three-dimensional
shape obtained by vertically extending a plane set wider
than the outer edge of the flight vehicle F in the horizontal
direction. For example, as illustrated in FIG. 3, the occu-
pied region O is preferably extended over regions (tran-
sition regions R1 and R3) vertically adjacent to the region
(standby region R2) in which the flight vehicle F flies.
[0036] In this way, by alternately arranging the transi-
tion regions R1 and R3 and the standby regions R2 and
R4 and setting the occupied region O, only a movement
path in the vertical direction is basically designed in the
transition regions R1 and R3, and a movement path in
the horizontal direction is designed in the standby regions
R2 and R4. For example, movement in the horizontal
direction is designed as illustrated in FIG. 5.

[0037] FIG. 5is a schematic diagram of the occupied
region O in contact with a plane of the upper end of the
standby region R2 indicated by an arrow | in FIG. 3. The
flight vehicles F1 and F3 flying in the standby region can
horizontally move 114 and 116 together with the occu-
pied regions Oa and Oc. The occupied region Od of the
flight vehicle F2 is not allowed to horizontally move be-
cause the flight vehicle is flying in the transition region.
FIG. 5 illustrates movement loci 114 and 116 when the
flight vehicles F1 and F3 and the occupied regions Oa
and Oc move.

[0038] As described in this figure, the locus of the oc-
cupiedregion O atthe time of movement can be designed
not to come into contact with another occupied region O
and another movementlocus for each control cycle. How-
ever, the occupied region Oa of the flight vehicle F3 is at
a vertical position that is not in contact with the occupied
region Od, and thus the occupied region Oa and the
movement locus 116 may be designed to be allowed to
contact and overlap with each other although the path is
not in contact with another path in this drawing.

[0039] In addition, the layered regions are preferably
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set such that the transition regions R1 and R3 are higher
than the standby regions R2 and R4. Since the standby
regions R1 and R3 require path design in the horizontal
direction and the vertical direction, an increase in
processing load or the like is assumed, and the transition
regions R1 and R3 are preferably set high in order to
shorten takeoff and landing time.

[0040] Next, operations of the flight vehicle operation
management system 100, the flight vehicle control sys-
tem 200, and the flight vehicle F1 will be described. FIG.
6 is a flowchart illustrating the operation of the flight ve-
hicle operation management system 100 according to
the first embodiment of the present invention, and FIG.
7 is a flowchart illustrating the operation of the flight ve-
hicle control system 200. Hereinafter, in FIGS. 6 and 7,
a description will be given assuming a landing time in a
takeoff and landing operation. In FIG. 7, the flight vehicle
F1 of the plurality of flight vehicles F1 to F4 illustrated in
FIG. 3 will be described as an example.

[0041] Flows of FIGS. 6 and 7 are respectively oper-
ated in the flight vehicle operation management system
100 and the flight vehicle control system 200, and there
is a relationship in which signals are exchanged at an
appropriate timing to affect each other. Therefore, in the
following description, mutual operations will be described
in chronological order.

[0042] A first stage of FIGS. 6 and 7 is a state in which
the flight vehicle F1 is approaching above the airport.
[0043] Atthistime, in processing step S301 of the flight
vehicle operation management system 100 installed in
the airport 5 in FIG. 6, when the flight vehicle arrives
above the airport, permission to land is determined, and
a landing permission signal Sg1 is notified to the flight
vehicle F1.

[0044] More specifically, in step S301, the flight vehicle
F1 arrives above the airport 5, and the flight vehicle de-
tection unit 104 detects the flight vehicle F1 on the basis
of aerial information of the aerial monitoring unit 101 in-
stalled in the airport 5 and position information of the flight
vehicle F1 of the flight vehicle control system 200 from
the communication unit 108. In addition, the takeoff and
landing determination unit 104 determines landing on the
airport 5 by using situation above the airport 5 by the
aerial monitoring unit 101, a flight plan of the flight vehicle
F1 and flight information of other flight vehicles received
by the control information exchange unit 103, airport
apron availability information of the airport 5 of the port
information acquisition unit 105, surrounding weather in-
formation, airport information such as the presence or
absence of emergency information, a landing application
signal Sg0 from the flight vehicle control system 200 of
the flight vehicle F1 obtained by the communication unit
108, and the like, and notifies the flight vehicle F1 of the
landing permission signal Sg1 by using the communica-
tion unit 108. Thereafter, the process proceeds to step
S302.

[0045] On the other hand, at this time, in processing
step S401 of the flight vehicle control system 200 on the
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flight vehicle side, the flight vehicle F1 arrives above the
airport 5 and transitions to a landing state.

[0046] More specifically, in step S401 in FIG. 7, when
the flight vehicle F1 arrives above the airport 5, it is de-
termined that the flight vehicle F1 has entered the region
of the airport 5, and the landing application signal Sg0 is
transmitted. Further, as described above, the flight vehi-
cle F1 transitions to the landing state by receiving the
landing permission signal Sg1 from the flight vehicle op-
eration management system 100.

[0047] Thereafter, the process proceeds to step S402,
and the state monitoring unit 202 installed in the flight
vehicle F1 collects, forexample, internal information such
as the position, attitude, battery state of the flight vehicle
F1, and control state of each device, and external infor-
mation such as flight vehicles other than the flight vehicle
F1 and obstacles acquired by the peripheral monitoring
unit 203, and transmits the collected information to the
flight vehicle operation management system 100 on the
airport 5 side via the communication unit 201 as a flight
vehicle information signal Sg2. Note that processing in
step S402 is processing continuously executed in a flight
state.

[0048] In step S403, it is determined whether it is the
flight state, and when it is the flight state, processing in
step S404 is continuously executed.

[0049] In processing step S302 of the flight vehicle op-
eration management system 100 installed in the airport
5in FIG. 6, the flight vehicle information signal Sg2 trans-
mitted in step S402 in FIG. 7 is received, and the position
of the flight vehicle is detected. Specifically, the flight ve-
hicle detection unit 102 detects the position information
of the flight vehicle F1 on the basis of the aerial informa-
tion obtained by the aerial monitoring unit 101 installed
in the airport 5 and the position information of the flight
vehicle F1 included in the flight vehicle information signal
Sg2 transmitted from the flight vehicle control system 200
obtained by the communication unit 108. Thereafter, the
process proceeds to step S303.

[0050] In step S303, the takeoff and landing determi-
nation unit 104 determines whether the flight vehicle F1
is in the flight state or the landing state on the basis of
the position information of the flight vehicle F1 and the
state information of the flight vehicle F1. The process
proceeds to step S304 in the case of the flight state, and
the process proceeds to step S311 in the case of the
landing state.

[0051] In step S304, an airport apron designated by
the flight vehicle operation management system 100 of
the airport 5 is determined as a landing position. This
parking position may be changed due to availability of
the airport apron, congestion in the airport, occurrence
of an emergency, or the like. Thereafter, the process pro-
ceeds to step S305.

[0052] In step S305, the occupied region setting unit
106 sets the occupied region O around the flight vehicle
F1. In the present embodiment, as described above, in
the occupied region O, a three-dimensional body ob-
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tained by vertically extending a plane having an edge
horizontally outward from the edge of the flight vehicle is
set as the occupied region O. Thereafter, the process
proceeds to step S306.

[0053] In step S306, the takeoff and landing path de-
sign unit 107 determines where in the layered region R
the flight vehicle F1 is flying on the basis of the position
information of the flight vehicle F1. For example, deter-
mination is made by comparing a height of the flight ve-
hicle F1 with aheight of each region ofthe layered regions
R set above the airport 5. If the flight vehicle is flying in
the standby region, the process proceeds to step S307,
and if the flight vehicle is flying in the transition region,
the process proceeds to step S309.

[0054] In step S307, the takeoff and landing path de-
sign unit 107 designs a horizontal flight path in the stand-
by region of the flight vehicle F1. The above-described
method can be used as a method of designing the hori-
zontal flight path. Thereafter, the process proceeds to
step S308.

[0055] In step S308, the takeoff and landing path de-
sign unit 107 designs a flight path in the vertical direction
of the flight vehicle F1. For example, the path can be
designed so as to have a constant descent speed that
does not damage cargo. Thereafter, the process pro-
ceeds to step S309.

[0056] In step S309, since the flight vehicle F1 flies in
the transition region, the takeoff and landing path design
unit 107 does not allow the path design in the horizontal
direction. The flight path in the vertical direction can be
designed so as to have, for example, the constant de-
scent speed that does not damage the cargo. Thereafter,
the process proceeds to step S310.

[0057] Instep S310, the communication unit 108 trans-
mits information Sg3 on the occupied region O and the
flight path to the flight vehicle control system 200 of the
flight vehicle F1. Thereafter, the process returns to step
S302, and the above processing is repeated.

[0058] Note that in step S311, when the flight vehicle
F1 lands, the communication unit 108 transmits landing
completion information Sg4 to the flight vehicle control
system 200 of the flight vehicle F1, and ends processing
at the time of landing.

[0059] Next, an example of a processing flow of the
flight vehicle control system 100 installed in the flight ve-
hicle F1 after receiving the information Sg3 on the flight
path in step S404 of FIG. 7 will be described. Note that
inthis state, in step S403, it has been determined whether
the flight vehicle F1 is in the flight state or the landing
state on the basis of the position information of the flight
vehicle F1 and the state information of the flight vehicle
F1, and it has been confirmed that the flight vehicle F1
is in the flight state.

[0060] In step S404 of FIG. 7, the flight unit F1 in flight
acquires the information Sg3 on the occupied region O
and a path plan assigned to the flight vehicle F1 from the
flight vehicle operation management system 100 in-
stalled on the airport 5 side by the state monitoring unit
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202.

[0061] Next, in step S405, the flight control unit 204
detects an obstacle around the flight vehicle F1 on the
basis of information of the state monitoring unit 202, and
checks the presence or absence of the obstacle on the
path assigned from the flight vehicle operation manage-
ment system 100. If there is no obstacle, the process
proceeds to step S407, and if there is the obstacle, the
process proceeds to step S406.

[0062] When there is the obstacle, in step S406, the
flight control unit 204 detects a position of the obstacle
on the basis of the information of the state monitoring
unit 202, and corrects the movement path transmitted
fromthe flight vehicle operation management system 100
so as to avoid the obstacle. At this time, when an avoid-
ance path is designed in the occupied region O, contact
with another flight vehicle can be avoided.

[0063] If it is determined in step S405 that there is no
obstacle or if the path is corrected in step S406, the flight
is performed according to these pieces of path informa-
tion in step S407. Thereafter, the process proceeds to
step S402, and is repeated until landing is determined in
S403.

[0064] Note that in step S408, the landing completion
information of the flight vehicle F1 is transmitted to the
flight vehicle operation management system via the com-
munication unit 201.

[0065] In the first embodiment, a landing operation of
the flight vehicle F1 is performed as described above. By
performing such a landing operation, the utilization effi-
ciency above the airport 5 is improved, and even when
the airport is located in a narrow land, it is possible to
stand by in the sky. Furthermore, by taking a large space
below an aircraft, it is possible to avoid being affected by
the airflow of another flight vehicle mainly in the takeoff
and landing of the vertical takeoff and landing aircraft,
and thus it is possible to realize safe flight of the flight
vehicle above the airport 5.

[0066] In addition, by setting the layered region R, al-
ternately setting each of the regions to the standby region
and the transition region, and adding movement restric-
tion of the flight vehicle for each region, it is possible to
design paths in a planar space as illustrated in FIG. 5,
and itis possible to reduce a calculation load by the flight
vehicle operation management system 100 and realize
smooth operation management.

[0067] Note that FIGS. 1 and 3 illustrate horizontal
widths of the occupied regions O of the plurality of flight
vehicles as being the same, but each of the widths may
be changed according to a size and performance of the
flight vehicle and the climate around the airport 5.
[0068] Further, the height of the layered region R may
also be changed according to the climate around the air-
port 5.

[0069] This makes it possible to fly safely even when
position control of the flight vehicle F1 is not stable, such
as when the wind is strong.

[0070] In addition, FIGS. 1 and 3 illustrate an example
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in which the flight vehicle F1 occupies the region in which
the flight vehicle F1 flies and regions above and below
the region, however, as illustrated in FIG. 8, even if the
flight vehicle F1 occupies the region in which the flight
vehicle F1 flies and only a region below the region, an
effect substantially the same as the above-described
content can be obtained.

[0071] In addition, as illustrated in FIG. 9, when an en-
try angle with respect to the airport 5 is required, safety
below the flight vehicle can be secured by setting the
occupied region O having a trapezoidal cross-sectional
shape.

Second embodiment

[0072] In a second embodiment of the present inven-
tion, an operation at the time of takeoff will be described
with reference to FIGS. 10 and 11. FIG. 10 is a flowchart
illustrating the operation of the flight vehicle operation
management system 100 according to the second em-
bodiment of the presentinvention, and FIG. 11 is a flow-
chart illustrating the operation of the flight vehicle control
system 200. Hereinafter, in FIGS. 10 and 11, the descrip-
tion will be given assuming a takeoff time in the takeoff
and landing operation.

[0073] First, according to an example of a processing
flow of the flight vehicle operation management system
100 installed in the airport 5, preparation for takeoff of
the flight vehicle F4 at the airport apron Ab is completed
in step S501. The takeoff and landing determination unit
104 allows takeoff using a flight plan of the flight vehicle
F4 and the flight information of other flight vehicles re-
ceived by the control information exchange unit 103, the
aerial information of the airport 5 of the port information
acquisition unit 105, the surrounding weather informa-
tion, the airport information such as the presence or ab-
sence of emergency information, a takeoff application
information Sg10 from the flight vehicle control system
200 of the flight vehicle F4 obtained by the communica-
tion unit 108, and the like, and notifies the flight vehicle
F1 of a takeoff permission information Sg11 by using the
communication unit 108. Thereafter, the process pro-
ceeds to step S502.

[0074] Further, at this timing, the processing flow of
the flight vehicle control system 100 installed in the flight
vehicle F4 operates as follows.

[0075] On the flight vehicle F4 side, as illustrated in
FIG. 11, in step S601, the preparation for takeoff of the
flight vehicle F4 at the airport apron Ab is completed, the
takeoff application information Sg10 is transmitted to the
flight vehicle operation management system 100, and by
receiving the takeoff permission information Sg11 from
the flight vehicle operation management system 100 as
described above, the flight vehicle F4 shifts to a takeoff
state.

[0076] Thereafter, the process proceeds to step S602,
and the state monitoring unit 202 installed in the flight
vehicle F4 collects, for example, internalinformation such
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as the position, attitude, battery state of the flight vehicle
F4, and control state of each device, and external infor-
mation such as flight vehicles other than the flight vehicle
F4 and obstacles acquired by the peripheral monitoring
unit 203, and transmits the collected information to the
flight vehicle operation management system 100 on the
airport 5 side via the communication unit 201 as a flight
vehicle information signal Sg12 of the flight vehicle F4.
[0077] Next, returning to processing on the airport side
in FIG. 10 again, in step S502, the flight vehicle detection
unit 102 detects the position information of the flight ve-
hicle F4 on the basis of the aerial information obtained
by the aerial monitoring unit 101 installed in the airport 5
and flightvehicle position informationincluded in the flight
vehicle information signal Sg12 of the flight vehicle F4
transmitted from the flight vehicle control system 200 ob-
tained by the communication unit 108.

[0078] Next, in step S503, the takeoff and landing de-
termination unit 104 determines whether the flight vehicle
F4 arrives at a leaving airspace on the basis of the posi-
tion information of the flight vehicle F4 and the state in-
formation of the flight vehicle F4. The leaving airspace
is set at an upper end of the layered regions set above
the airport 5. The process proceeds to step S504 in the
case of before arriving at the leaving airspace, and pro-
ceeds to step S511 in the case of after arriving at the
leaving airspace.

[0079] Before arriving at the leaving airspace, in step
S504, the leaving airspace is designated by the flight
vehicle operation management system 100 of the airport
5. The leaving airspace may be changed due to conges-
tion in the airport, occurrence of the emergency, or the
like.

[0080] Next, in step S505, the occupied region setting
unit 106 sets the occupied region O around the flight ve-
hicle F4. In this case, at an initial stage when the flight
vehicle F4 is in a parking state, R1 as the lowermost layer
and R2 as an upper layer of R1 of the layered regions
are set as occupied regions Ob1 and Ob2. Note that as
described above, in the occupied region, the three-di-
mensional body obtained by vertically extending the
plane having the edge horizontally outward fromthe edge
of the flight vehicle is set as the occupied region O.
[0081] Thereafter,instep S506, the takeoff and landing
path design unit 107 determines where in the layered
region R the flight vehicle F4 is flying on the basis of the
position information of the flight vehicle F4. For example,
determination is made by comparing a height of the flight
vehicle F4 with the height of each region of the layered
regions R set above the airport 5. If the flight vehicle is
flying in the standby region R1 or R3, the process pro-
ceeds to step S507, and if the flight vehicle is flying in
the transition region R2 or R4, the process proceeds to
step S509.

[0082] When the flight vehicle is flying in the standby
regions R1 or R3, in step S507, the takeoff and landing
path design unit 107 designs a horizontal flight path in
the standby region of the flight vehicle F4. The above-
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described method can be used as a method of designing
the horizontal flight path. Thereafter, the process pro-
ceeds to step S508, and the takeoff and landing path
design unit 107 designs a flight path in the vertical direc-
tion of the flight vehicle F4. For example, the path can
be designed so as to have a constant rising speed that
does not damage the cargo.

[0083] Whenitis determined in step S506 that the flight
vehicle is flying in the transition regions R2 or R4, in step
S509, the takeoff and landing path design unit 107 does
not allow the path design in the horizontal direction since
the flight vehicle F4 flies in the transition region. The flight
path in the vertical direction can be designed so as to
have, for example, the constant rising speed that does
not damage the cargo.

[0084] Thereafter, the process proceeds to step S510,
and the communication unit 108 transmits information
Sg14 on the occupied region O and the flight path to the
flight vehicle control system 200 of the flight vehicle F4.
Thereafter, the process proceeds to step S502.

[0085] Note that, in processing of step S511 whenitis
determined in step S503 that it is after arriving at the
leaving airspace, the communication unit 108 transmits
the fact that the flight vehicle F4 has arrived at the leaving
airspace to the flight vehicle control system 200 of the
flight vehicle F4. Thereafter, the processing at the time
of landing is ended.

[0086] Returning to FIG. 11, processing on the flight
vehicle side after obtaining the takeoff permission infor-
mation Sg11 will be described. First, in step S603, the
flight control unit 204 determines whether the flight vehi-
cle F4 arrives at the leaving airspace on the basis of the
position information of the flight vehicle F4. Thereafter,
the process proceeds to step S604 in the case of before
arriving at the leaving airspace, and proceeds to step
S608 in the case of after arriving at the leaving airspace.
[0087] In the case of before arriving at the leaving air-
space, in step S604, the state monitoring unit 202 ac-
quires the information Sg14 on the occupied region O
and the path plan assigned to the flight vehicle F4 from
the flight vehicle operation management system 100 in-
stalled on the airport 5 side.

[0088] Thereafter, in step S605, the flight control unit
204 detects the obstacle around the flight vehicle F4 on
the basis of the information of the state monitoring unit
202, and checks the presence or absence of the obstacle
on the path assigned from the flight vehicle operation
management system 100. If there is no obstacle, the
process proceeds to step S607, and if there is the obsta-
cle, the process proceeds to step S606.

[0089] When there is the obstacle, in step S606, the
flight control unit 204 detects the position of the obstacle
on the basis of the information of the state monitoring
unit 202, and corrects the movement path (Sg14) trans-
mitted from the flight vehicle operation management sys-
tem 100 so as to avoid the obstacle. At this time, when
an avoidance path is designed in the occupied region O,
contact with another flight vehicle can be avoided. There-
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after, the process proceeds to step S607.

[0090] When there is no obstacle, in step S607, the
flight vehicle flies to trace a path on the basis of the path
information Sg14 by the flight control unit 204. Thereafter,
the process proceeds to step S602, and is repeated until
it is determined in S603 that the flight vehicle has arrived
at the leaving airspace.

[0091] Note that after arriving at the leaving airspace,
in step S608, arrival of the flight vehicle F4 at the leaving
airspace is transmitted to the flight vehicle operation
management system 100 via the communication unit
201.

[0092] Note that the above procedure is an example,
and in actual takeoff, it is preferable to take off from a
state in which the path information Sg14 is given. In the
second embodiment, a takeoff operation of the flight ve-
hicle F4 is performed as described above.

[0093] As described above, by performing the takeoff
operation of the flight vehicle F4, the utilization efficiency
above the airport 5 is improved, and even when the air-
port is located in the narrow land, it is possible to stand
by in the sky. Furthermore, by taking a large space below
an aircraft, it is possible to avoid being affected by the
airflow of another flight vehicle mainly in the takeoff and
landing of the vertical takeoff and landing aircraft, and
thus it is possible to realize safe flight of the flight vehicle
above the airport 5. In addition, since the same methods
as those of the first embodiment can be used for a path
design method, an occupied space design method, and
the like, descriptions thereof will be omitted here.

Third embodiment

[0094] A third embodiment of the present invention will
be described with reference to FIGS. 12 and 13. Similarly
to FIG. 3 of the first embodiment, FIG. 12 is a schematic
diagram of a cross-sectional view in a certain vertical
plane of the airport 5 as viewed from right beside. Com-
ponents common to those of the first embodiment and
the second embodiment are denoted by the same refer-
ence numerals, and detailed descriptions thereof will be
omitted.

[0095] Unlike FIG. 3, only the layered region R is set
above the airport 5 illustrated in FIG. 12. An upper end
of the layered region R can be set based on a height at
which the flight vehicle can fly or the like. Configurations
of other flight vehicles and the airport 5 are the same as
those in the first and second embodiments.

[0096] In this configuration, the flight vehicle F is al-
lowed to move in both the horizontal direction and the
vertical direction in the layered region. In addition, the
occupied regions Oa, Ob, and Oc of the flight vehicle are
set as three-dimensional bodies obtained by vertically
extending the plane having the edge horizontally outward
from the edge of the flight vehicle F from the upper end
to the lower end of the layered region R.

[0097] The flight vehicles F respectively move horizon-
tally and vertically in the occupied regions Oa, Ob, and
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Oc.

[0098] With such occupied region setting, the paths of
the flight vehicles F1, F2, and F3 can be designed in a
plane as illustrated in FIG. 13. FIG. 13 is a schematic
diagram of the occupied region O in contact with a plane
of the upper end of the layered region R indicated by an
arrow B in FIG. 12. The flight vehicles F1, F2, and F3
can horizontally move together with the occupied regions
Oa, Ob, and Oc. FIG. 13 illustrates movement loci 114,
115, and 116 when the flight vehicles F1, F2, and F3 and
the occupied regions Oa, Ob, and Oc move. As described
in this figure, the movement loci of the occupied regions
O at the time of movement can be designed not to come
into contact with another occupied region O and another
movement locus for each control cycle.

[0099] Since an operation flow at the time of flight is
the same as that at the time of landing except for steps
S306 and S309 in FIG. 6 of the first embodiment and at
the time of takeoff except for steps S503 and S509 in
FIG. 10 of the second embodiment, a description thereof
will be omitted here.

[0100] By performing design and operation in the sky
region of the airport 5 as described above, collision be-
tween the plurality of flight vehicles does not occur, and
there is no influence of the airflow generated by the flight
vehicle, and thus it is possible to realize safe flight of the
flight vehicle in the airport. In addition, since a movement
path for avoiding the collision between the plurality of
flight vehicles can be designed in a plane, it is possible
to reduce the calculation load by the flight vehicle oper-
ation management system 100 and realize smooth op-
eration management.

[0101] Note that the present invention is not limited to
the above-described embodiments, and includes various
modifications.

[0102] The above-described embodiments have been
described in detail in order to describe the present inven-
tion in an easy-to-understand manner, and are not nec-
essarily limited to those having all described configura-
tions.

Reference Signs List
[0103]

F1, F2, F3, F4, F5 flight vehicle with vertical takeoff
and landing function

5 airport

Aa, Ab airport apron

8 control facility

9 aerial monitoring unit

R1, R2, R3, R4 layered region

R2, R4 standby region

R1, R3 transition region

Oa, Ob, Oc, Od occupied region

100 flight vehicle operation management system
101 aerial monitoring unit

102 flight vehicle detection unit



17 EP 4 357 244 A1 18

103 control information exchange unit

104 takeoff and landing determination unit
105 port information acquisition unit

106 occupied region setting unit

107 takeoff and landing path design unit
108 (airport-side) communication unit

200 flight vehicle control system

201 (flight vehicle-side) communication unit
202 state monitoring unit

203 peripheral monitoring unit

204 flight vehicle control unit

Claims

A flight vehicle operation management system that
manages flight-path planning and takeoff and land-
ing of a flight vehicle at an airport including a plurality
of airport aprons, wherein

the flight vehicle operation management system
sets a layered region including at least one or
more layers above the airport, and an occupied
region around the flight vehicle, and

the occupied region is set in the layered region
in which the flight vehicle flies and in at least one
of layered regions vertically adjacent to the lay-
ered region.

The flight vehicle operation management system ac-
cording to claim 1, wherein
a three-dimensional body obtained by vertically ex-
tending a plane having an edge horizontally outside
an edge of the flight vehicle is set as the occupied
region of the flight vehicle.

The flight vehicle operation management system ac-
cording to claim 2, wherein

a horizontal direction width of the occupied region is
smaller than a vertical direction height.

The flight vehicle operation management system ac-
cording to claim 2, wherein

a height of the occupied region is set to a height of
the layered region in which the flight vehicle flies and
the layered regions vertically adjacent to the layered
region.

The flight vehicle operation management system ac-
cording to claim 2, wherein

a height of the layered region is set higher than a
height at which a flight vehicle flying at a lower end
of the layered region does not affect a flight vehicle
flying atan upper end of the layered region two layers
below the layered region.

The flight vehicle operation management system ac-
cording to claim 5, wherein
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10

10.

1.

12.

13.

14.

the height of the layered region is designed based
on an influence range of an airflow generated by the
flight vehicle.

The flight vehicle operation management system ac-
cording to claim 5, wherein

the height of the layered region is designed based
on a fall amount calculated based on a time for re-
covery from a failure assumed in the flight vehicle.

The flight vehicle operation management system ac-
cording to claim 5, wherein

heights of the occupied region and the layered region
have a margin for movement of the flight vehicle ex-
pected due to wind, avoidance of an intruder, and
the like.

The flight vehicle operation management system ac-
cording to claim 2, wherein

when the flight vehicle moves to another one of the
layered regions, occupation of a region other than
the layered region in which the flight vehicle flies and
the layered regions vertically adjacent to the layered
region is canceled.

The flight vehicle operation management system ac-
cording to claim 1, wherein

the layered region includes a standby region that al-
lows the flight vehicle to move in a horizontal direc-
tion of the occupied region in which the flight vehicle
exists, and a transition region that does not allow the
flight vehicle to move in the horizontal direction of
the occupied region in which the flight vehicle exists.

The flight vehicle operation management system
according to claim 10, wherein
a height of the layered region is higher in the transi-
tion region than in the standby region.

The flight vehicle operation management system ac-
cording to claim 10, wherein

when the layered region includes one layer, the lay-
ered region is treated as the standby region.

The flight vehicle operation management system ac-
cording to claim 10, wherein

when there are a plurality of occupied regions in the
standby region, a path for moving the flight vehicle
and the occupied region is designed such that the
occupied regions of flight vehicles flying in the stand-
by region do not come into contact with each other.

The flight vehicle operation management system ac-
cording to claim 10, wherein

when there is an intruder from an outside, the flight
vehicle designs a path to avoid the intruder within
the occupied region.



15.

16.

17.
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The flight vehicle operation management system ac-
cording to claim 10, wherein

the airport includes a sensor that detects a position
and a state of the flight vehicle.

A flight vehicle operation management method in an
airport including an airport apron, the flight vehicle
operation management method comprising:

setting a layered region including at least one or
more layers above the airport to allow a flight
vehicle to move in the layered region and take
off and land; and

setting an occupied region around the flight ve-
hicle in the layered region, wherein

the occupied region is set in the layered region
in which the flight vehicle flies and in at least one
of layered regions vertically adjacent to the lay-
ered region.

Theflightvehicle operation management method ac-
cording to claim 16, wherein

the layered region including one or more layers in-
cludes a standby region that allows the flight vehicle
to move in a vertical direction and in a horizontal
direction, and a transition region that allows the flight
vehicle to move in the vertical direction.
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FIG. 3
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FIG. 4
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FIG. 5
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FIG. 6
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FIG. 7
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FIG. 11
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