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AUTOMATIC LANDING SYSTEM FOR VERTICAL TAKEOFF/LANDING 5 

AIRCRAFT, VERTICAL TAKEOFF/LANDING AIRCRAFT, AND CONTROL 

METHOD FOR LANDING OF VERTICAL TAKEOFF/LANDING AIRCRAFT 

 

Technical Field 

[0001] 10 

The present invention relates to an automatic landing system for a 

vertical take-off and landing aircraft, a vertical take-off and landing aircraft, 

and a landing control method for a vertical take-off and landing aircraft. 

 

Background Art 15 

[0002] 

In the past, techniques for guiding a vertical take-off and landing aircraft 

to a target location have been known. For example, Patent Document 1 

discloses an automatic take-off and landing system configured to calculate a 

positional relationship between a take-off and target landing and a flight body 20 

based on an image of the take-off and target landing captured by an imaging 

device mounted on the flight body, and control take-off and landing of the flight 

body based on the calculation result. 

 

Citation List 25 

Patent Literature 

[0003] 

Patent Document 1: JP 2012-071645 A 

 

Summary of Invention 30 

Technical Problem 

[0004] 

The automatic take-off and landing system described in Patent Document 

1 can capture a target landing point by image processing and can land a vertical 

take-off and landing aircraft such as a flight body on the target landing point. 35 

However, Patent Document 1 does not describe details of the process until the 

vertical take-off and landing aircraft is caused to land on the target landing 

point. In order to avoid interference with surrounding objects or the like when 

landing the vertical take-off and landing aircraft, more accurate landing control 

is required. 40 

[0005] 
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In light of the foregoing, an object of the present invention is to more 5 

accurately land a vertical take-off and landing aircraft on a target landing point. 

 

Solution to Problem 

[0006] 

In order to solve the problem described above and to achieve the object, 10 

an automatic landing system for a vertical take-off and landing aircraft 

according to the present invention includes an imaging device mounted on a 

vertical take-off and landing aircraft, a relative-position acquisition unit 

configured to perform image processing on an image, of a marker provided to a 

target landing point, captured by the imaging device and configured to acquire a 15 

relative position between the vertical take-off and landing aircraft and the target 

landing point, a relative-altitude acquisition unit configured to acquire a 

relative altitude between the vertical take-off and landing aircraft and the target 

landing point, and a control unit configured to control the vertical take-off and 

landing aircraft in a plurality of control modes such that the relative position 20 

becomes zero, wherein the plurality of control modes include a hovering mode 

and a landing mode, the hovering mode is executed within a first threshold 

value at which the relative position is within a range of the target landing point, 

the relative altitude of the vertical take-off and landing aircraft is lowered to a 

predetermined relative altitude, and when a predetermined condition including a 25 

condition that the relative position is within a predetermined threshold value 

that is less than the first threshold value is satisfied, the control mode is shifted 

to the landing mode, and in the landing mode, the relative altitude of the 

vertical take-off and landing aircraft is further lowered to land the vertical 

take-off and landing aircraft on the target landing point. 30 

[0007] 

In order to solve the above-described problem and to achieve the object, 

a vertical take-off and landing aircraft according to the present invention 

includes the automatic landing system for the vertical take-off and landing 

aircraft. 35 

[0008] 

In order to solve the above-described problem and to achieve the object, 

a landing control method for a vertical take-off and landing aircraft according to 

the present invention includes performing image processing on an image, of a 

marker provided to a target landing point, captured by an imaging device 40 

mounted on the vertical take-off and landing aircraft, and acquiring a relative 

position between the vertical take-off and landing aircraft and the target landing 
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point, acquiring a relative altitude between the vertical take-off and landing 5 

aircraft and the target landing point, and controlling the vertical take-off and 

landing aircraft in a plurality of control modes such that the relative position 

becomes zero, wherein the plurality of control modes include a hovering mode 

and a landing mode, the hovering mode is executed within a first threshold 

value at which the relative position is within a range of the target landing point, 10 

the relative altitude of the vertical take-off and landing aircraft is lowered to a 

predetermined relative altitude, and when a predetermined condition including a 

condition that the relative position is within a predetermined threshold value 

that is less than the first threshold value is satisfied, the control mode is shifted 

to the landing mode, and in the landing mode, the relative altitude of the 15 

vertical take-off and landing aircraft is further lowered to land the vertical 

take-off and landing aircraft on the target landing point. 

 

Advantageous Effects of Invention 

[0009] 20 

The automatic landing system for the vertical take-off and landing 

aircraft, the vertical take-off and landing aircraft, and the landing control 

method for the vertical take-off and landing aircraft according to the present 

invention provide the effect of being able to more accurately land the vertical 

take-off and landing aircraft on a target landing point. 25 

 

Brief Description of Drawings 

[0010] 

FIG. 1 is a schematic configuration diagram illustrating an example of an 

automatic landing system for a vertical take-off and landing aircraft according 30 

to a first embodiment. 

FIG. 2 is an explanatory diagram illustrating a state where the vertical 

take-off and landing aircraft according to the first embodiment travels toward a 

target landing point. 

FIG. 3 is an explanatory diagram illustrating an example of a marker 35 

provided at a target landing point. 

FIG. 4 is a flowchart illustrating an example of a processing procedure of 

a landing control method for a vertical take-off and landing aircraft according to 

the first embodiment. 

FIG. 5 is an explanatory diagram illustrating a landing operation of the 40 

vertical take-off and landing aircraft according to the first embodiment. 
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FIG. 6 is a flowchart illustrating an example of a processing procedure in 5 

an approach mode. 

FIG. 7 is a flowchart illustrating an example of a processing procedure in 

a high altitude hovering mode. 

FIG. 8 is a flowchart illustrating an example of a processing procedure in 

a low altitude hovering mode. 10 

FIG. 9 is a flowchart illustrating an example of a processing procedure in 

a landing mode. 

FIG. 10 is a flowchart illustrating an example of relative position 

calculation processing. 

FIG. 11 is a schematic configuration diagram illustrating an example of 15 

an automatic landing system for a vertical take-off and landing aircraft 

according to a second embodiment. 

FIG. 12 is a flowchart illustrating an example of a processing procedure 

in a high altitude hovering mode according to the second embodiment. 

FIG. 13 is a flowchart illustrating an example of a processing procedure 20 

in a low altitude hovering mode according to the second embodiment. 

FIG. 14 is a schematic configuration diagram illustrating an example of 

an automatic landing system for a vertical take-off and landing aircraft 

according to a third embodiment. 

FIG. 15 is a flowchart illustrating an example of a processing procedure 25 

in a high altitude hovering according to the third embodiment. 

FIG. 16 is a flowchart illustrating an example of a processing procedure 

in a low altitude hovering according to the third embodiment. 

 

Description of Embodiments 30 

[0011] 

Detailed descriptions of embodiments of an automatic landing system for 

a vertical take-off and landing aircraft, a vertical take-off and landing aircraft, 

and a landing control method for a vertical take-off and landing aircraft 

according to the present invention will be given below based on the drawings. 35 

Note that, the invention is not limited to the embodiments. 

[0012] 

First Embodiment 

FIG. 1 is a schematic configuration diagram illustrating an example of an 

automatic landing system for a vertical take-off and landing aircraft according 40 

to a first embodiment, and FIG. 2 is an explanatory diagram illustrating a state 

where the vertical take-off and landing aircraft according to the first 
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embodiment travels toward a target landing point. A vertical take-off and 5 

landing aircraft 1 according to the first embodiment is a flight body (for 

example, a helicopter or a drone) that serves as a rotorcraft. In the present 

embodiment, the vertical take-off and landing aircraft 1 is an unmanned aircraft. 

Note that the vertical take-off and landing aircraft 1 may be a flight body 

capable of traveling forward, traveling backward, turning, traveling laterally, 10 

and hovering, or may be a manned aircraft. Also, in a case where the vertical 

take-off and landing aircraft 1 is an unmanned aircraft, when remote manual 

control is performed while flight of the unmanned aircraft is controlled on 

automatic pilot, flight control based on the remote manual control is prioritized. 

Similarly, in a case where the vertical take-off and landing aircraft 1 is a 15 

manned aircraft, when manual control is performed while flight of the manned 

aircraft is controlled on automatic pilot, flight control based on the manual 

control is prioritized. This vertical take-off and landing aircraft 1 is equipped 

with an automatic landing system 100, its flight is controlled by the automatic 

landing system 100, and the vertical take-off and landing aircraft 1 lands on a 20 

target landing point 2 illustrated in FIG. 2. 

[0013] 

Target Landing Point 

In the present embodiment, the target landing point 2 is provided on a 

marine vessel 5, as illustrated in FIG. 2. Thus, the vertical take-off and landing 25 

aircraft 1 lands on (boards) the marine vessel 5 serving as a movable body that 

moves on water. However, the target landing point 2 is not limited to the marine 

vessel 5, and may be provided on a vehicle or the like serving as a movable 

body that moves on the ground, may be provided on a facility that does not 

move, or may be provided on the ground. Note that, the marine vessel 5 30 

includes a securing device (not illustrated) for securing the vertical take-off and 

landing aircraft 1 when the vertical take-off and landing aircraft 1 is caused to 

land on the target landing point 2. 

[0014] 

The target landing point 2 is provided with a marker 7 that allows the 35 

vertical take-off and landing aircraft 1 to capture a position of the target landing 

point 2. FIG. 3 is an explanatory diagram illustrating an example of a marker 

provided at a target landing point. As illustrated, the marker 7 is an AR marker 

that made up of two colors of black and white, for example, and is a square 

marker. Note that the marker 7 is not limited to the AR marker, and may be a 40 

marker with which the position of the target landing point 2 can be captured by 

image processing, or may be, for example, an H mark or an R mark indicating 
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the landing point of a heliport or the like. Furthermore, a plurality of markers 5 

having different shapes may be provided on the marine vessel 5 as the marker 7, 

and the vertical take-off and landing aircraft 1 may be guided to the target 

landing point 2 corresponding to any of the different markers 7. 

[0015] 

Marine Vessel 10 

As illustrated in FIG. 1, the marine vessel 5 includes a navigation system 

70, a data transmission device 80, and an operation display unit 90. The 

navigation system 70 is, for example, an inertial navigation system (INS), and 

acquires attitude angles in a pitch direction and a roll direction, a ship heading, 

velocity, acceleration, position coordinates in a geographic coordinate system, 15 

and the like, of the marine vessel 5. Note that in the present embodiment, the 

navigation system 70 is described with the inertial navigation system being 

employed, but the navigation system 70 is not particularly limited thereto and 

any kind of navigation system 70 may be used. Furthermore, in the present 

embodiment, the navigation system 70 is an inertial navigation system 20 

including a global positioning system (GPS) serving as a position measuring 

unit in order to more accurately measure a position. Although the present 

embodiment will deal with a case of employing an inertial navigation system 

including the GPS, the present invention is not particularly limited to the GPS, 

and it is only required that the position measuring unit is capable of measuring a 25 

position with high accuracy. For example, a quasi-zenith satellite system may 

be used, or the position measuring unit such as the GPS may be omitted 

provided that a position can be accurately measured by using only the 

navigation system 70. Furthermore, the navigation system 70 may acquire at 

least some of various types of data by using a sensor. The data transmission 30 

device 80 is provided in the automatic landing system 100 to be described 

below, and exchanges various signals by wireless communication with a data 

transmission device 40 mounted on the vertical take-off and landing aircraft 1. 

The operation display unit 90 is a user interface that enables an operator aboard 

the marine vessel 5 to identify a control status and to input various types of 35 

instructions. Examples of the instructions to be input by the operator by using 

the operation display unit 90 include a transition instruction in a control mode 

to be described later. Details of the transition instruction will be described 

below. The instruction input via the operation display unit 90 is transmitted 

from the data transmission device 80 to the data transmission device 40. 40 

Additionally, the control status of the vertical take-off and landing aircraft 1 is 

transmitted from the data transmission device 40 to the data transmission device 
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80. In other words, the data transmission device 40 and the data transmission 5 

device 80 are capable of bi-directional communication. 

[0016] 

Automatic Landing System 

The automatic landing system 100 for the vertical take-off and landing 

aircraft 1 according to the first embodiment is a system for controlling the 10 

position of the vertical take-off and landing aircraft 1 in order to land the 

vertical take-off and landing aircraft 1 on the target landing point 2 during flight. 

The automatic landing system 100 is mounted on the vertical take-off and 

landing aircraft 1. The automatic landing system 100 includes a camera 10, a 

navigation system 20, a control unit 30, and the data transmission device 40, as 15 

illustrated in FIG. 1. 

[0017] 

Imaging Device 

The camera 10 is an imaging device mounted on the vertical take-off and 

landing aircraft 1 by using a gimbal (not illustrated). The camera 10 may be a 20 

monocular camera, a compound eye camera, an infrared camera, or the like, as 

long as the marker 7 can be imaged. The camera 10 is provided to image the 

marker 7 provided at the target landing point 2 from the vertical take-off and 

landing aircraft 1. The camera 10 is capable of adjusting an imaging direction 

by using the gimbal (not illustrated). In the present embodiment, the camera 10 25 

is controlled by the control unit 30 such that a coverage area (an angle of view) 

B (see FIG. 2) of the camera 10 is directed downward in a vertical direction, as 

an example. Note that the camera 10 may be controlled by the control unit 30 

such that the coverage area B is directed diagonally forward with respect to the 

vertical direction. In addition, in the camera 10, the gimbal may be omitted and 30 

the camera 10 may be fixed directly under the body of the vertical take-off and 

landing aircraft 1 such that the imaging direction is directed downward in the 

vertical direction, for example. 

[0018] 

Navigation System 35 

As with the navigation system 70, the navigation system 20 is, for 

example, an inertial navigation system including a GPS. Note that, as with the 

navigation system 70, the navigation system 20 is not particularly limited and 

may be an inertial navigation system including a position measuring unit such 

as the GPS, or may be an inertial navigation system in which a position 40 

measuring unit such as the GPS is omitted. The navigation system 20 including 

the GPS acquires attitude angles in a pitch direction and a roll direction of the 
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vertical take-off and landing aircraft 1, an aircraft heading, an aircraft velocity 5 

and an aircraft acceleration of the vertical take-off and landing aircraft 1, 

position coordinates in a geographic coordinate system, and the like. Note that 

the navigation system 20 may include an attitude angle sensor that detects the 

attitude angles of the vertical take-off and landing aircraft 1, a velocity 

detection sensor that detects the aircraft velocity of the vertical take-off and 10 

landing aircraft 1, an acceleration detection sensor that detects aircraft 

acceleration of the vertical take-off and landing aircraft 1, and a sensor that 

detects the aircraft heading of the vertical take-off and landing aircraft 1. The 

navigation system 20 outputs the acquired attitude angles, aircraft velocity, 

aircraft acceleration, and position coordinates of the vertical take-off and 15 

landing aircraft 1 to the control unit 30. 

[0019] 

The automatic landing system 100 also includes an altitude sensor 25 

that detects an altitude of the vertical take-off and landing aircraft 1 from the 

ground surface or water surface, as illustrated in FIG. 1. The altitude sensor 25 20 

is, for example, a laser altimeter, and measures a relative altitude Δh (see FIG. 

2) from the vertical take-off and landing aircraft 1 to the target landing point 2. 

Note that, as the altitude sensor 25, a radio altimeter may be used, a barometric 

altimeter may be used, or any altimeter may be used. These altimeters may also 

be applied in combination as appropriate, depending on the usage environment, 25 

that is, in order to measure an altitude from the ground surface or an altitude 

from the sea surface. The altitude sensor 25 outputs the detected relative 

altitude Δh of the vertical take-off and landing aircraft 1 to the control unit 30. 

Note that the altitude sensor 25 measures the altitude of the vertical take-off and 

landing aircraft 1 and outputs the altitude to the control unit 30, and the control 30 

unit 30 may calculate the relative altitude Δh (see FIG. 2) to the target landing 

point 2 based on the altitude of the vertical take-off and landing aircraft 1 by 

using a guidance calculation unit 34 that will be described below. Further, the 

automatic landing system 100 is not limited to the altitude sensor 25, and the 

relative altitude Δh between the vertical take-off and landing aircraft 1 and the 35 

marine vessel 5 may be calculated by performing image processing on an image 

including the marker 7 captured by the camera 10 by using an image processing 

unit 32 that will be described below. 

[0020] 

Control Unit 40 

The control unit 30 includes the image processing unit 32, the guidance 

calculation unit 34, and a flight control unit 36. Note that the control unit 30 
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includes an imaging control unit (not illustrated) configured to control the 5 

imaging direction of the camera 10 by using the gimbal (not illustrated) 

provided on the vertical take-off and landing aircraft 1. In the present 

embodiment, as described above, the coverage area B of the camera 10 is 

adjusted to be directed directly below in the vertical direction. 

[0021] 10 

Image Processing Unit 

The image processing unit 32 performs image processing on an image 

captured by the camera 10 to calculate the center (Cx, Cy) of the marker 7, that 

is, the target landing point 2 (see FIG. 3). Here, the center (Cx, Cy) is a 

coordinate point in a camera-fixed coordinate system with the center of the 15 

image captured by the camera 10 serving as an origin, and can be calculated 

based on the number of pixels from the center of the image. Specifically, as 

illustrated in FIG. 3, the image processing unit 32 identifies two diagonals Ld 

extending between corners of the marker 7 by image processing, and determines 

the point of intersection between the two identified diagonals Ld as the center 20 

(Cx, Cy) of the marker 7. Note that the target landing point 2 is not limited to 

the center (Cx, Cy) of the marker 7, and may be any of the four corners of the 

marker 7, or may be a position offset from the center of the marker 7. 

[0022] 

Note that the image processing unit 32 may identify only one diagonal 25 

Ld, and may determine a center position of the length of the identified diagonal 

Ld as the center (Cx, Cy) of the marker 7. Additionally, the image processing 

unit 32 may identify two or more diagonals Ld, and may determine an average 

position of the center positions of the lengths of the identified diagonals Ld as 

the center (Cx, Cy) of the marker 7. Furthermore, when the image processing 30 

unit 32 performs trapezoidal correction on the marker 7, which has a square 

shape, by using a function obtained by projection transformation, the image 

processing unit 32 may calculate the center (Cx, Cy) of the square shape based 

on the function. At this time, the trapezoidal correction may be performed by 

using the coordinate points of the four corners of the marker 7 or the coordinate 35 

points of each of the points on boundaries marked by black and white of the 

marker 7, and the other coordinate points may be calculated by interpolation. 

The image processing unit 32 outputs the calculated center (Cx, Cy) of the 

marker 7 to the guidance calculation unit 34. 

[0023] 40 

Additionally, as described above, the image processing unit 32 may 

calculate the relative altitude Δh between the vertical take-off and landing 
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aircraft 1 and the marine vessel 5 by performing image processing on an image 5 

including the marker 7 captured by the camera 10. Furthermore, the image 

processing unit 32 may calculate a ship heading of the marine vessel 5 by 

performing image processing on the image including the marker 7 captured by 

the camera 10 to identify an orientation of the marker 7, and then correlating the 

orientation with an aircraft heading of the vertical take-off and landing aircraft 10 

1 acquired by the navigation system 20. Note that a marker for calculating the 

ship heading may be separately provided on the marine vessel 5. 

[0024] 

Guidance calculation unit 

The guidance calculation unit 34 calculates control amounts of the 15 

vertical take-off and landing aircraft 1 for guiding the vertical take-off and 

landing aircraft 1 to the target landing point 2. The control amounts are control 

amounts for adjusting the aircraft velocity, attitude angles, attitude rates, and 

the like of the vertical take-off and landing aircraft 1. In order to calculate the 

control amounts, the guidance calculation unit 34 calculates a relative position 20 

(X, Y) between the vertical take-off and landing aircraft 1 and the target landing 

point 2 and a relative velocity between the vertical take-off and landing aircraft 

1 and the target landing point 2. 

[0025] 

The guidance calculation unit 34 calculates the relative position (X, Y) 25 

between the vertical take-off and landing aircraft 1 and the target landing point 

2 based on the center (Cx, Cy) of the marker 7 calculated by the image 

processing unit 32, an azimuth of the camera 10, namely, an aircraft heading of 

the vertical take-off and landing aircraft 1, and an altitude of the vertical 

take-off and landing aircraft 1 (the relative altitude Δh with respect to the target 30 

landing point 2). Note that in the present embodiment, the azimuth of the 

camera 10 and the aircraft heading of the vertical take-off and landing aircraft 1 

are matched with each other, but the present invention is not particularly limited 

thereto, and the azimuth of the camera 10 and the aircraft heading of the vertical 

take-off and landing aircraft 1 need not be matched with each other. As 35 

described above, the image processing unit 32 and the guidance calculation unit 

34 function as a relative-position acquisition unit that acquires the relative 

position between the vertical take-off and landing aircraft 1 and the target 

landing point 2. The relative position (X, Y) is a distance between the vertical 

take-off and landing aircraft 1 and the target landing point 2 in a horizontal 40 

direction. More specifically, the guidance calculation unit 34 converts the 

center (Cx, Cy) of the marker 7 in the camera-fixed coordinate system 
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calculated by the image processing unit 32, based on the aircraft heading of the 5 

vertical take-off and landing aircraft 1 and the altitude of the vertical take-off 

and landing aircraft 1 (the relative altitude Δh with respect to the target landing 

point 2), into the relative position between the vertical take-off and landing 

aircraft 1 and the target landing point 2 in a ship inertial reference frame, and 

further converts the converted relative position into the relative position (X, Y) 10 

between the vertical take-off and landing aircraft 1 and the target landing point 

2 in an aircraft inertial reference frame. At this time, the guidance calculation 

unit 34 may directly convert the center (Cx, Cy) of the marker 7 into the 

relative position (X, Y) between the vertical take-off and landing aircraft 1 and 

the target landing point 2 in the aircraft inertial reference frame based on the 15 

aircraft heading of the vertical take-off and landing aircraft 1 and the altitude of 

the vertical take-off and landing aircraft 1 (the relative altitude Δh with respect 

to the target landing point 2). Note that the ship inertial reference frame is a 

coordinate system having, with the target landing point 2 serving as an origin, a 

direction along the ship heading of the marine vessel 5, a direction orthogonal 20 

to the ship heading of the marine vessel 5 in a horizontal direction, and 

orthogonal axes being in a vertical direction. Furthermore, as illustrated in FIG. 

2, the aircraft inertial reference frame is a coordinate system in which, with the 

vertical take-off and landing aircraft 1 serving as an origin, a direction along the 

aircraft heading of the vertical take-off and landing aircraft 1 serves as an X 25 

axis, a direction orthogonal to the aircraft heading of the vertical take-off and 

landing aircraft 1 in the horizontal direction serves as a Y axis, and the vertical 

direction serves as a Z axis. 

[0026] 

Furthermore, the guidance calculation unit 34 calculates a relative 30 

position (XGPS, YGPS) between the vertical take-off and landing aircraft 1 and 

the target landing point 2 based on position coordinates in the geographic 

coordinate system of the vertical take-off and landing aircraft 1 acquired by the 

navigation system 20 and position coordinates in the geographic coordinate 

system of the marine vessel 5 acquired by the navigation system 70 of the 35 

marine vessel 5 and obtained by communication between the data transmission 

devices 40 and 80. Thus, the guidance calculation unit 34 functions as a second 

relative-position acquisition unit that calculates the relative position (XGPS, 

YGPS) between the vertical take-off and landing aircraft 1 and the target landing 

point 2 based on position coordinates of the vertical take-off and landing 40 

aircraft 1 obtained by the GPS and position coordinates of the marine vessel 5 
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provided with the target landing point 2 that are acquired by the data 5 

transmission device 40. 

[0027] 

Furthermore, the guidance calculation unit 34 calculates a relative 

velocity between the vertical take-off and landing aircraft 1 and the target 

landing point 2. Thus, the guidance calculation unit 34 functions as a 10 

relative-velocity acquisition unit that acquires the relative velocity between the 

vertical take-off and landing aircraft 1 and the target landing point 2. More 

specifically, the guidance calculation unit 34 calculates the relative velocity 

based on, for example, a difference between the aircraft velocity of the vertical 

take-off and landing aircraft 1 and a hull velocity of the marine vessel 5, which 15 

are obtained by the navigation systems 20 and 70, respectively. In addition, the 

guidance calculation unit 34 may calculate the relative velocity based on a 

pseudo differential of the relative position (X, Y). In other words, the guidance 

calculation unit 34 functions as a relative-velocity acquisition unit that acquires 

the relative velocity. Furthermore, the guidance calculation unit 34 calculates a 20 

relative heading between the aircraft heading of the vertical take-off and 

landing aircraft 1 and the ship heading of the marine vessel 5. 

[0028] 

The guidance calculation unit 34 calculates the relative altitude Δh to the 

target landing point 20 based on an altitude of the vertical take-off and landing 25 

aircraft 1 detected by the altitude sensor 25. Thus, the altitude sensor 25 and the 

guidance calculation unit 34 function as a relative-altitude acquisition unit that 

acquires the relative altitude Δh between the vertical take-off and landing 

aircraft 1 and the target landing point 2. Note that when the image processing 

unit 32 calculates the relative altitude Δh between the vertical take-off and 30 

landing aircraft 1 and the marine vessel 5 by performing image processing on an 

image including the marker 7 captured by the camera 10, the image processing 

unit 32 serves as the relative-altitude acquisition unit. 

[0029] 

Then, the guidance calculation unit 34 calculates the control amounts by 35 

feedback control (PID control, for example) based on the relative position (X, 

Y), the relative velocity, the relative heading, and the aircraft acceleration. In 

the first embodiment, the guidance calculation unit 34 calculates the control 

amounts of the vertical take-off and landing aircraft 1 by feedback control such 

that the relative position (X, Y) and the relative heading become zero. 40 

Furthermore, the guidance calculation unit 34 may calculate the control 

amounts of the vertical take-off and landing aircraft 1 by feedback control such 



   13 

that the relative velocity is within a predetermined velocity and such that the 5 

aircraft acceleration is within a predetermined acceleration. The range within 

the predetermined velocity and within the predetermined acceleration is a range 

that satisfies a condition that the vertical take-off and landing aircraft 1 is 

considered to be in a state of stably flying at a predetermined relative altitude 

Δh. For example, the predetermined velocity is zero, and the predetermined 10 

acceleration is zero. The guidance calculation unit 34 outputs the calculated 

control amounts to the flight control unit 36. In the calculation of such control 

amounts, the guidance calculation unit 34 controls the vertical take-off and 

landing aircraft 1 in a plurality of control modes to guide and land the vertical 

take-off and landing aircraft 1 to the target landing point. The plurality of 15 

control modes include an approach mode, a hovering mode including a high 

altitude hovering mode and a low altitude hovering mode, and a landing mode. 

Details of each control mode will be described later. 

[0030] 

Flight Control Unit 20 

The flight control unit 36 controls each constituent element of the 

vertical take-off and landing aircraft 1 and causes the vertical take-off and 

landing aircraft 1 to fly in accordance with the control amounts calculated by 

the guidance calculation unit 34 to be described below. The flight control unit 

36 controls a blade pitch angle, a rotational speed, and the like of individual 25 

rotary blades in accordance with the control amounts, and adjusts the aircraft 

velocity, attitude angles, attitude rates, and the like of the vertical take-off and 

landing aircraft 1. Thus, the vertical take-off and landing aircraft 1 is guided to 

the target landing point 2. Note that in the present embodiment, the image 

processing unit 32 and the guidance calculation unit 34 are described as 30 

functional units separate from the flight control unit 36, but the flight control 

unit 36, the image processing unit 32, and the guidance calculation unit 34 may 

be an integrated functional unit. In other words, processing of the image 

processing unit 32 and the guidance calculation unit 34 may be performed in the 

flight control unit 36. 35 

[0031] 

Landing Control Method for Vertical Take-off and Landing Aircraft 

Next, as a landing control method for a vertical take-off and landing 

aircraft according to the first embodiment, a procedure for guiding and landing 

the vertical take-off and landing aircraft 1 to the target landing point 2 by using 40 

the control unit 30 will be described. FIG. 4 is a flowchart illustrating an 

example of a processing procedure of the landing control method for the 
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vertical take-off and landing aircraft according to the first embodiment. FIG. 5 5 

is an explanatory diagram illustrating a landing operation of the vertical 

take-off and landing aircraft according to the first embodiment. FIG. 6 is a 

flowchart illustrating an example of a processing procedure in the approach 

mode. FIG. 7 is a flowchart illustrating an example of a processing procedure in 

the high altitude hovering mode. FIG. 8 is a flowchart illustrating an example of 10 

a processing procedure in the low altitude hovering mode. FIG. 9 is a flowchart 

illustrating an example of a processing procedure in the landing mode. FIG. 10 

is a flowchart illustrating an example of relative position calculation processing. 

The processing illustrated in FIG. 4 to FIG. 10 is executed by the guidance 

calculation unit 34. 15 

[0032] 

First, a landing operation of the vertical take-off and landing aircraft 1 

will be described with reference to FIG. 4 and FIG. 5. The vertical take-off and 

landing aircraft 1 executes a plurality of control modes in a series of landing 

operations when landing on (boarding) the marine vessel 5 from a flying state. 20 

Specifically, the vertical take-off and landing aircraft 1 performs the series of 

landing operations by performing a step S1 in which the approach mode is 

executed, a step S2 in which the high altitude hovering mode is executed, a step 

S3 in which the low altitude hovering mode is executed, and a step S4 in which 

the landing mode is executed in this order. The vertical take-off and landing 25 

aircraft 1 also performs a step (a step S17 that will be described below) of 

executing an emergency mode in which execution of the high altitude hovering 

mode and the low altitude hovering mode is interrupted and the landing 

operation is interrupted. 

[0033] 30 

As illustrated in FIG. 5, the approach mode is a mode in which the 

vertical take-off and landing aircraft 1 is caused to advance above the deck of 

the marine vessel 5 and the vertical take-off and landing aircraft 1 is caused to 

hover over the marker 7 serving as the target landing point 2, based on an 

instruction from the marine vessel 5. The high altitude hovering mode is a mode 35 

in which the vertical take-off and landing aircraft 1 hovers such that the marker 

7 on the deck is captured by the camera 10, and the target landing point 2 that is 

the center of the marker 7 is at the center of the coverage area (angle of view) B 

of the camera 10. The low altitude hovering mode is a mode in which the 

vertical take-off and landing aircraft 1 descends and hovers at a lower altitude 40 

than that in the high altitude hovering mode. The landing mode is a mode in 

which the vertical take-off and landing aircraft 1 lands on the target landing 
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point 2. The emergency mode is a mode in which the landing operation of the 5 

vertical take-off and landing aircraft 1 on the marine vessel 5 is interrupted and 

the vertical take-off and landing aircraft 1 ascends. 

[0034] 

The vertical take-off and landing aircraft 1 performs the landing 

operation on the marine vessel 5 by executing these control modes. Next, each 10 

control mode will be described in detail with reference to FIG. 6 to FIG. 10. 

[0035] 

Approach Mode 

The guidance calculation unit 34 executes the approach mode as step S1. 

The approach mode will be described in detail with reference to FIG. 6. As a 15 

step S31, the guidance calculation unit 34 calculates (generates) the relative 

position (XGPS, YGPS) from position coordinates obtained by the navigation 

systems 20 and 70, that is, the GPSs. 

[0036] 

Next, the guidance calculation unit 34 determines whether an approach 20 

mode button is turned on as a step S32. The approach mode button is a button 

provided on the operation display unit 90 of the marine vessel 5 for inputting a 

transition instruction of the control mode, and is turned on and off by an 

operator aboard the marine vessel 5. The operator turns on the approach mode 

button once the vertical take-off and landing aircraft 1 is ready for landing on 25 

the marine vessel 5. When the control unit 30 determines that the approach 

mode button is not turned on (NO in step S2), the control unit 30 continues the 

processing in step S1. On the other hand, when the control unit 30 determines 

that the approach mode button is turned on (YES in step S2), the control unit 30 

proceeds to the processing in a step S33. 30 

[0037] 

As step S33, the guidance calculation unit 34 executes feedback control 

such that the relative position (XGPS, YGPS) generated in step S31 becomes zero. 

In this way, the guidance calculation unit 34 causes the vertical take-off and 

landing aircraft 1 to fly in the horizontal direction toward the target landing 35 

point 2. Furthermore, the guidance calculation unit 34 executes the feedback 

control such that the calculated relative heading between the aircraft heading of 

the vertical take-off and landing aircraft 1 and the ship heading of the marine 

vessel 5 becomes zero, as an example. As a result, the guidance calculation unit 

34 causes the vertical take-off and landing aircraft 1 to fly such that the aircraft 40 

heading of the vertical take-off and landing aircraft 1 matches the ship heading 

of the marine vessel 5 in the horizontal direction. Note that, as an example, the 
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guidance calculation unit 34 performs the feedback control such that the 5 

relative heading becomes zero, but the present invention is not particularly 

limited thereto, and the relative heading does not need to be zero. Furthermore, 

the guidance calculation unit 34 executes the feedback control such that the 

relative altitude Δh measured by the altitude sensor 25 becomes a first relative 

altitude Δh1. As a result, the guidance calculation unit 34 causes the vertical 10 

take-off and landing aircraft 1 to descend from an initial altitude to the first 

relative altitude Δh1 (see FIG. 2) in the vertical direction, and causes the 

vertical take-off and landing aircraft 1 to maintain the first relative altitude Δh1. 

The first relative altitude Δh1 is, for example, 8 m. Thus, in the approach mode, 

flight of the vertical take-off and landing aircraft 1 is controlled such that the 15 

vertical take-off and landing aircraft 1 is within a predetermined range of the 

target landing point 2 by performing control such that the relative position 

(XGPS, YGPS) becomes zero. 

[0038] 

The guidance calculation unit 34 executes relative position calculation 20 

processing with an image as a step S34, and calculates the relative position (X, 

Y) as a distance in the horizontal direction between the vertical take-off and 

landing aircraft 1 and the target landing point 2. Details of the relative position 

calculation processing with an image will be described later. 

[0039] 25 

The guidance calculation unit 34 determines, as a step S35, whether the 

relative position (X, Y) as the distance in the horizontal direction, which has 

been calculated in step S34, between the vertical take-off and landing aircraft 1 

and the target landing point 2 is within a first threshold value. The first 

threshold value is set as a value at which there is sufficient distance for the 30 

camera 10 to continue to capture the target landing point 2. When the guidance 

calculation unit 34 determines that the relative position (X, Y) is not within the 

first threshold value (NO in step S35), the guidance calculation unit 34 executes 

the processing of step S31 and subsequent steps again. That is, the vertical 

take-off and landing aircraft 1 performs the processing of step S33 and 35 

subsequent steps again due to the determination that the camera 10 cannot 

capture the target landing point 2, that is, the vertical take-off and landing 

aircraft 1 is not sufficiently close to the target landing point 2. Then, the 

guidance calculation unit 34 iterates the processing of step S33 and subsequent 

steps until the vertical take-off and landing aircraft 1 is at a distance sufficient 40 

to allow the camera 10 to continue to capture the target landing point 2. When 

the guidance calculation unit 34 determines that the relative position (X, Y) is 
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within the first threshold value (YES in step S35), the guidance calculation unit 5 

34 ends the approach mode and shifts the control mode to the next control mode 

due to the determination that the vertical take-off and landing aircraft 1 is at a 

distance sufficient to allow the camera 10 to continue to capture the target 

landing point 2, that is, the vertical take-off and landing aircraft 1 is sufficiently 

close to the target landing point 2. 10 

[0040] 

High Altitude Hovering Mode 

Description will be made returning to FIG. 4. When the approach mode 

has ended, the guidance calculation unit 34 executes the high altitude hovering 

mode as step S2. The high altitude hovering mode will be described in detail 15 

with reference to FIG. 7. In the high altitude hovering mode, the guidance 

calculation unit 34 executes the feedback control such that the relative position 

(X, Y) calculated in the relative position calculation processing with an image 

becomes zero, as illustrated in step S41 in FIG. 7. Additionally, the guidance 

calculation unit 34 executes the feedback control such that the calculated 20 

relative heading between the aircraft heading of the vertical take-off and 

landing aircraft 1 and the ship heading of the marine vessel 5 becomes zero, as 

an example. Furthermore, the guidance calculation unit 34 executes the 

feedback control such that the relative altitude Δh measured by the altitude 

sensor 25 becomes the first relative altitude Δh1. In this way, the guidance 25 

calculation unit 34 causes the vertical take-off and landing aircraft 1 to maintain 

the first relative altitude Δh1 while causing the vertical take-off and landing 

aircraft 1 to hover directly above the target landing point 2 in the vertical 

direction. Then, the guidance calculation unit 34 executes the relative position 

calculation processing with an image again as a step S42. 30 

[0041] 

As a step S43, the guidance calculation unit 34 determines whether the 

relative position (X, Y) calculated in step S42 is within a second threshold 

value, and whether a low altitude hovering mode button is turned on. The 

second threshold value is set as a value that is equal to or less than the first 35 

threshold value in the approach mode. The low altitude hovering mode button is 

a button provided on the operation display unit 90 of the marine vessel 5 for 

inputting a transition instruction of the control mode, and is turned on and off 

by an operator aboard the marine vessel 5. The operator visually checks whether 

the vertical take-off and landing aircraft 1 can stably fly at the first relative 40 

altitude Δh1, and turns on the low altitude hovering button when the vertical 

take-off and landing aircraft 1 can stably fly. Step S43 is for determining 
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whether a first condition for transition from the high altitude hovering mode to 5 

the low altitude hovering mode is satisfied. That is, in the first embodiment, the 

first condition includes, in addition to the condition that the relative position (X, 

Y) is within the second threshold value, a condition that the operator has 

instructed a mode transition to the low altitude hovering mode. 

[0042] 10 

When the guidance calculation unit 34 determines that the relative 

position (X, Y) is not within the second threshold value (NO in step S43), the 

guidance calculation unit 34 executes the processing of step S41 and subsequent 

steps again. In addition, when the guidance calculation unit 34 determines that 

the low altitude hovering mode button is not turned on (NO in step S43), the 15 

guidance calculation unit 34 also executes the processing of step S41 and 

subsequent steps again. Then, the guidance calculation unit 34 iterates the 

processing of step S41 and subsequent steps until the relative position (X, Y) of 

the vertical take-off and landing aircraft 1 with respect to the target landing 

point 2 falls within the second threshold value. When the guidance calculation 20 

unit 34 determines that the relative position (X, Y) is within the second 

threshold value and that the low altitude hovering mode button is turned on 

(YES in step S43), the guidance calculation unit 34 ends the high altitude 

hovering mode and shifts to the next control mode. 

[0043] 25 

Low Altitude Hovering Mode 

Description will be made returning to FIG. 4. When the guidance 

calculation unit 34 ends the high altitude hovering mode, the guidance 

calculation unit 34 executes the low altitude hovering mode as the step S3. The 

low altitude hovering mode will be described in details with reference to FIG. 8. 30 

In the low altitude hovering mode, the guidance calculation unit 34 executes the 

feedback control such that the relative position (X, Y) calculated in the relative 

position calculation processing with an image becomes zero, as illustrated in a 

step S51 in FIG. 8. Additionally, the guidance calculation unit 34 executes the 

feedback control such that the calculated relative heading between the aircraft 35 

heading of the vertical take-off and landing aircraft 1 and the ship heading of 

the marine vessel 5 becomes zero, as an example. Furthermore, the guidance 

calculation unit 34 performs the feedback control such that the relative altitude 

Δh measured by the altitude sensor 25 becomes a second relative altitude Δh2 

that is lower than the first relative altitude Δh1. Due to this, the guidance 40 

calculation unit 34 causes the altitude of the vertical take-off and landing 

aircraft 1 to descend to the second relative altitude Δh2 (see FIG. 2) while 
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causing the vertical take-off and landing aircraft 1 to perform hovering directly 5 

above the target landing point 2. The second relative altitude Δh2 is, for 

example, 3 m. At this time, the guidance calculation unit 34 causes a descent 

rate of the vertical take-off and landing aircraft 1 to be a first descent rate. The 

first descent rate is, for example, 0.6 m/s. Then, the guidance calculation unit 

34 executes the relative position calculation processing with an image again as 10 

a step S52. 

[0044] 

As a step S53, the guidance calculation unit 34 determines whether the 

relative position (X, Y) calculated in the step S52 is within a third threshold 

value (predetermined threshold value) or not and whether a landing mode 15 

button is turned on or not. The third threshold value is set as a value that is less 

than or equal to the second threshold value in the high altitude hovering. 

Additionally, the landing mode button is a button provided on the operation 

display unit 90 of the marine vessel 5 for inputting a transition instruction of the 

control mode, and is turned on and off by an operator being aboard the marine 20 

vessel 5. The operator visually checks whether the vertical take-off and landing 

aircraft 1 can stably fly at the second relative altitude Δh2, and turns on the 

landing mode button when the vertical take-off and landing aircraft 1 can stably 

fly. In the step S53, whether a second condition (predetermined condition) for 

the transition from the low altitude hovering mode to the landing mode is 25 

satisfied or not is determined. That is, in the first embodiment, the second 

condition includes, in addition to the condition that the relative position (X, Y) 

is within the third threshold value, a condition that the operator has instructed a 

mode transition to the landing mode. Note that the operator may turn on the 

landing mode button even when the vertical take-off and landing aircraft 1 is 30 

not stable. 

[0045] 

When the guidance calculation unit 34 determines that the relative 

position (X, Y) is not within the third threshold value (NO in the step S53), the 

guidance calculation unit 34 executes the processing of the step S51 and the 35 

subsequent steps again. Also, in a case where the guidance calculation unit 34 

determines that the landing mode button is not turned on (NO in the step S53), 

the guidance calculation unit 34 executes the processing of the step S51 and the 

subsequent steps again. Then, the guidance calculation unit 34 repeatedly 

performs the processing of the step S51 and the subsequent steps such that the 40 

vertical take-off and landing aircraft 1 is at a position where the relative 

position (X, Y) with respect to the target landing point 2 is within the third 
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threshold value and descends to the second relative altitude Δh2. When the 5 

guidance calculation unit 34 determines that the relative position (X, Y) is 

within the third threshold value and that the landing mode button is turned on 

(YES in the step S53), the guidance calculation unit 34 ends the low altitude 

hovering mode and shifts to the next control mode. 

[0046] 10 

Landing Mode 

Description will be made returning to FIG. 4. When the guidance 

calculation unit 34 ends the low altitude hovering mode, the guidance 

calculation unit 34 performs the landing mode as step S4. The landing mode 

will be described in detail with reference to FIG. 9. In the landing mode, as 15 

illustrated in step S61 in FIG. 9, the guidance calculation unit 34 executes 

feedback control such that the relative position (X, Y) calculated in the relative 

position calculation processing with an image becomes zero. Additionally, the 

guidance calculation unit 34 executes the feedback control such that the 

calculated relative heading between the aircraft heading of the vertical take-off 20 

and landing aircraft 1 and the ship heading of the marine vessel 5 becomes zero, 

as an example. Furthermore, the guidance calculation unit 34 performs vertical 

velocity control in which a descent rate is made to be constant until the relative 

altitude Δh measured by the altitude sensor 25 reaches a third relative altitude 

Δh3. The descent rate is the degree of altitude descending per unit time. In the 25 

vertical velocity control, the guidance calculation unit 34 causes a descent rate 

of the vertical take-off and landing aircraft 1 to be a second descent rate. As a 

result, the guidance calculation unit 34 lowers the relative altitude Δh of the 

vertical take-off and landing aircraft 1 to the third relative altitude Δh3 (see FIG. 

2). The third relative altitude Δh3 is, for example, 10 cm. In addition, the 30 

second descent rate is, for example, 1.0 m/s. Note that in the present 

embodiment, although the second descent rate is set to be larger than the first 

descent rate in order to quickly land the vertical take-off and landing aircraft 1 

on the target landing point 2 in the landing mode, any of the first descent rate 

and the second descent rate may be set to be larger, or the first descent rate and 35 

the second descent rate may have the same value. Furthermore, when the 

altitude of the vertical take-off and landing aircraft 1 reaches the third relative 

altitude Δh3, the guidance calculation unit 34 causes the vertical take-off and 

landing aircraft 1 to further descend while holding the control amounts related 

to the attitude angles of the vertical take-off and landing aircraft 1 when the 40 

altitude of the vertical take-off and landing aircraft 1 reaches the third relative 

altitude Δh3. 
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[0047] 5 

The guidance calculation unit 34 determines whether the target landing 

point 2 can be captured by the camera 10 as a step S62. Whether the target 

landing point 2 can be captured by the camera 10 can be calculated by 

processing similar to that in the relative position calculation processing with an 

image in a step S12 that will be described below. When the guidance calculation 10 

unit 34 determines that the target landing point 2 can be captured by the camera 

10 (YES in step S62), the guidance calculation unit 34 calculates the relative 

position (X, Y) by the image processing as a step S63. The relative position (X, 

Y) can be calculated by processing similar to that in a step S14 of the relative 

position calculation processing with an image that will be described later. On 15 

the other hand, when the guidance calculation unit 34 determines that the target 

landing point 2 cannot be captured by the camera 10 (NO in step S62), the 

guidance calculation unit 34 omits the processing of step S63 and proceeds to a 

step S64. In the present embodiment, in the landing mode, the landing mode is 

continuously performed due to the fact that the vertical take-off and landing 20 

aircraft 1 is in a state of being sufficiently close to the target landing point 2 and, 

even when the vertical take-off and landing aircraft 1 temporarily cannot 

capture the target landing point 2 by the camera 10, the vertical take-off and 

landing aircraft 1 can land near the target landing point 2. Note that, when the 

vertical take-off and landing aircraft 1 is a manned aircraft, the execution of the 25 

landing mode may be interrupted based on the determination of a pilot. 

[0048] 

The flight control unit 36 determines, as step S64, whether the vertical 

take-off and landing aircraft 1 has landed on the target landing point 2. Whether 

the vertical take-off and landing aircraft 1 has landed on the target landing point 30 

2 can be determined, for example, by providing a contact-type sensor on 

landing gear (not illustrated) of the vertical take-off and landing aircraft 1. 

When the flight control unit 36 determines that the vertical take-off and landing 

aircraft 1 has not landed on the target landing point 2 (NO in step S64), the 

flight control unit 36 executes the processing of step S61 and subsequent steps 35 

again. This controls the vertical take-off and landing aircraft 1 to descend in 

accordance with the procedure of step S61 until the vertical take-off and 

landing aircraft 1 lands on the target landing point 2. When the flight control 

unit 36 determines that the vertical take-off and landing aircraft 1 has landed on 

the target landing point 2 (YES in step S64), the guidance calculation unit 34 40 

ends the landing mode. This also ends the processing routine illustrated in FIG. 

4. 
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[0049] 5 

Relative Position Calculation processing with Image 

Next, the relative position calculation processing with an image will be 

described with reference to FIG. 10. In the relative position calculation 

processing with an image, the guidance calculation unit 34 determines whether 

an emergency mode button is off, as a step S11. The emergency mode button is 10 

provided on the operation display unit 90 of the marine vessel 5, and is turned 

on and off by an operator aboard the marine vessel 5. The operator turns on the 

emergency mode button when the operator determines that the vertical take-off 

and landing aircraft 1 should stop landing on the marine vessel 5. Specifically, 

the operator turns on the emergency mode button after visually checking the 15 

fact that the flying state of the vertical take-off and landing aircraft 1 is unstable, 

for example, due to influence of wind, occurrence of some kind of failure, or 

the like. 

[0050] 

When the guidance calculation unit 34 determines in step S11 that the 20 

emergency mode button is on (NO in step S11), the guidance calculation unit 34 

shifts to execution of the emergency mode as a step S17. In the emergency 

mode, the guidance calculation unit 34 causes the vertical take-off and landing 

aircraft 1 to ascend once to a predetermined altitude (for example, 20 m) being 

sufficiently away from the marine vessel 5 and to maintain the current relative 25 

position (X, Y). When shifting to the emergency mode, the guidance calculation 

unit 34 can perform the emergency mode during execution of step S2 in which 

the high altitude hovering mode illustrated in FIG. 4 is performed and step S3 in 

which the low altitude hovering mode is executed. Once the guidance 

calculation unit 34 causes the vertical take-off and landing aircraft 1 to ascend 30 

to an altitude that is sufficiently away from the marine vessel 5 by performing 

the emergency mode, the guidance calculation unit 34 restarts the processing 

illustrated in FIG. 4 again from step S1. 

[0051] 

On the other hand, when the guidance calculation unit 34 determines that 35 

the emergency mode button is off (YES in step S11), the guidance calculation 

unit 34 determines whether the target landing point 2 can be captured by the 

camera 10, as step S12. Whether the target landing point 2 can be captured by 

the camera 10 can be determined by whether information that can be used to 

calculate the center (Cx, Cy) of the marker 7 can be obtained in an image 40 

captured by the camera 10. 

[0052] 
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When the guidance calculation unit 34 determines that the target landing 5 

point 2 can be captured by using the camera 10 (YES in step S12), the guidance 

calculation unit 34 sets a target non-capture counter to a value of 0, as a step 

S13. Then, as step S14, the guidance calculation unit 34 calculates the relative 

position (X, Y) between the vertical take-off and landing aircraft 1 and the 

target landing point 2 based on the center (Cx, Cy) of the marker 7, an azimuth 10 

of the camera 10 (i.e., the aircraft heading of the vertical take-off and landing 

aircraft 1 having the same azimuth), and the altitude of the vertical take-off and 

landing aircraft 1 (the relative altitude Δh with respect to the target landing 

point 2). As described above, the relative position (X, Y) is calculated by 

converting the center (Cx, Cy) of the marker 7 in the camera-fixed coordinate 15 

system calculated by the image processing unit 32 into the relative position 

between the vertical take-off and landing aircraft 1 and the target landing point 

2 in the ship inertial reference frame, and further converting the converted 

relative position into the relative position (X, Y) between the vertical take-off 

and landing aircraft 1 and the target landing point 2 in the aircraft inertial 20 

reference frame. 

[0053] 

On the other hand, in step S12, when the guidance calculation unit 34 

determines that the target landing point 2 cannot be captured by using the 

camera 10 (NO in step S12), the guidance calculation unit 34 adds a value of 1 25 

to the target non-capture counter as a step S15, and determines whether the 

target non-capture counter is within a predetermined value as a step S16. When 

the guidance calculation unit 34 determines that the target non-capture counter 

is within a predetermined value (YES in step S16), the guidance calculation unit 

34 executes the processing of step S11 and subsequent steps again. When the 30 

guidance calculation unit 34 determines that the target non-capture counter is 

not within the predetermined value (NO in step S16), the guidance calculation 

unit 34 proceeds to a step S17 and shifts to execution of the emergency mode. 

In other words, the guidance calculation unit 34 determines that, when the 

target non-capture counter exceeds the predetermined value, a time period for 35 

which the target landing point 2 cannot be captured by the camera 10 continues 

longer than or equal to a predetermined time period, and executes the 

emergency mode. 

[0054] 

Operational Effects of First Embodiment 40 

As described above, the automatic landing system 100 for a vertical 

take-off and landing aircraft according to the first embodiment includes the 
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camera 10 (an imaging device) mounted on the vertical take-off and landing 5 

aircraft 1, the image processing unit 32 and the guidance calculation unit 34 (a 

relative-position acquisition unit) configured to perform image processing on an 

image, of the marker 7 provided at the target landing point 2, captured by the 

camera 10 and to acquire a relative position (X, Y) between the vertical take-off 

and landing aircraft 1 and the target landing point 2, the guidance calculation 10 

unit 34 (a relative-velocity acquisition unit) configured to acquire a relative 

velocity between the vertical take-off and landing aircraft 1 and the target 

landing point 2, the altitude sensor 25 and the guidance calculation unit 34 (a 

relative-altitude acquisition unit) configured to acquire a relative altitude Δh 

between the vertical take-off and landing aircraft 1 and the target landing point 15 

2, and the control unit 30 configured to control the vertical take-off and landing 

aircraft 1 in a plurality of control modes such that the relative position (X, Y) 

between the vertical take-off and landing aircraft 1 and the target landing point 

2 becomes zero, wherein the plurality of control modes include the hovering 

mode and the landing mode, and in the hovering mode, when the relative 20 

position (X, Y) is within the first threshold value, the relative altitude Δh of the 

vertical take-off and landing aircraft 1 is lowered to the second relative altitude 

Δh2 (a predetermined relative altitude) and when the second condition (a 

predetermined condition) including a condition that the relative position (X, Y) 

is within the third threshold value (a predetermined threshold value) is satisfied, 25 

the control mode is shifted to the landing mode, and in the landing mode, the 

relative altitude Δh of the vertical take-off and landing aircraft 1 is further 

lowered and, when the relative altitude Δh is lower than or equal to the third 

relative altitude Δh3 (a predetermined value), the vertical take-off and landing 

aircraft 1 is caused to descend and land on the target landing point 2 while a 30 

command for the control amounts related to the attitude angles of the vertical 

take-off and landing aircraft 1 is being held. 

[0055] 

With this configuration, the target landing point 2 can be captured by 

using the camera 10, and when the relative position (X, Y) is within the first 35 

threshold value, the vertical take-off and landing aircraft 1 can be controlled in 

the order of the hovering mode and the landing mode and be caused to land on 

the target landing point 2. In the hovering mode, the condition that the vertical 

take-off and landing aircraft 1 is caused to descend to the second relative 

altitude Δh2 and the relative position (X, Y) is within the third threshold value 40 

(a predetermined threshold value) is regarded as a condition for shifting to the 

landing mode. Thus, the vertical take-off and landing aircraft 1 is moved closer 
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to the target landing point 2, and then, the control mode can be shifted to the 5 

landing mode. Additionally, in the landing mode, when the relative altitude Δh 

reaches the third relative altitude Δh3, the vertical take-off and landing aircraft 

1 is caused to descend and land on the target landing point 2 while holding the 

control amounts related to the attitude angles of the vertical take-off and 

landing aircraft 1 when the relative altitude Δh reaches the third relative altitude 10 

Δh3. Thus, when the vertical take-off and landing aircraft 1 is positioned 

directly in front of the target landing point 2, the vertical take-off and landing 

aircraft 1 can be caused to land on the target landing point 2, while unstable 

behavior of the vertical take-off and landing aircraft 1 is suppressed by 

controlling the attitude angles of the vertical take-off and landing aircraft 1. 15 

Note that, although the automatic landing system 100 performs control such that 

the relative position becomes zero, in practice, after landing the vertical 

take-off and landing aircraft 1 on the marine vessel 5, the relative position does 

not necessarily become zero including errors, and the position of the vertical 

take-off and landing aircraft 1 and the position of the target landing point 2 do 20 

not perfectly coincide. 

[0056] 

Further, in the first embodiment, when the target landing point 2 can be 

captured by at least the camera 10, the relative position (X, Y) can be calculated 

based on the marker 7 captured by the camera 10. In other words, when the 25 

relative position (X, Y) is calculated, data communication with the marine 

vessel 5 side is not required. Thus, when the vertical take-off and landing 

aircraft 1 is controlled based on the relative position (X, Y), positioning 

accuracy can be improved and degradation in the responsiveness of the flight 

control caused by performing communication can be suppressed because 30 

influence due to errors or the like caused by the navigation systems 20 and 70 

can be avoided. 

[0057] 

Thus, according to the first embodiment, the vertical take-off and 

landing aircraft 1 can be more accurately landed on the target landing point 2. 35 

Further, by accurately controlling the position of the vertical take-off and 

landing aircraft 1 with respect to the target landing point 2, interference 

between the vertical take-off and landing aircraft 1 and facilities or structures 

provided near the target landing point 2 can be suppressed. 

[0058] 40 

Additionally, the hovering mode includes the high altitude hovering 

mode and the low altitude hovering mode, wherein, in the high altitude 
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hovering mode, when the relative position (X, Y) is within the first threshold 5 

value, the relative altitude Δh of the vertical take-off and landing aircraft 1 is 

maintained at the first relative altitude Δh1 that is higher than the second 

relative altitude Δh2 (a predetermined relative altitude), and when the first 

condition including the condition that the relative position (X, Y) is within the 

second threshold value is satisfied, the control mode is shifted to the low 10 

altitude hovering mode, and in the low altitude hovering mode, the relative 

altitude Δh of the vertical take-off and landing aircraft 1 is lowered to the 

second relative altitude Δh2 (a predetermined relative altitude), and when the 

second condition including the condition that the relative position (X, Y) is 

within the third threshold value is satisfied as a predetermined condition, the 15 

control mode is shifted to the landing mode. Note that, as described above, the 

second threshold value may include the first threshold value, or may be a value 

that is less than or equal to the first threshold value. Similarly, the third 

threshold value may include the second threshold value, or may be a value less 

than or equal to the second threshold value. 20 

[0059] 

This configuration allows the control mode to be shifted to the landing 

mode through the high altitude hovering mode and the low altitude hovering 

mode. In the high altitude hovering mode, the relative altitude Δh of the vertical 

take-off and landing aircraft 1 is maintained at the first relative altitude Δh1 that 25 

is higher than the second relative altitude Δh2 (a predetermined relative 

altitude), and when the relative position (X, Y) is within the second threshold 

value, the control mode is shifted to the low altitude hovering mode. Thus, the 

control mode can be shifted to the low altitude hovering mode in a state where 

the vertical take-off and landing aircraft 1 is caused to hover directly above the 30 

target landing point 2 while being temporarily maintained at the first relative 

altitude Δh1. Then, in the low altitude hovering mode, the vertical take-off and 

landing aircraft 1 is caused to descend to the second relative altitude Δh2, and 

when the relative position (X, Y) is within the third threshold value (a 

predetermined threshold value), the control mode is shifted to the landing mode. 35 

Thus, the vertical take-off and landing aircraft 1 can be shifted to the landing 

mode in a state where the vertical take-off and landing aircraft 1 is caused to 

hover directly above the target landing point 2. In this way, in the state where 

the vertical take-off and landing aircraft 1 is caused to hover directly above the 

target landing point 2, the vertical take-off and landing aircraft 1 can be stably 40 

landed by gradually changing the relative altitude Δh of the vertical take-off and 

landing aircraft 1 to be zero. 
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[0060] 5 

Additionally, the first condition and the second condition include a 

condition that mode transition has been instructed by an operator. That is, the 

first condition includes a condition that the operator has turned on the low 

altitude hovering mode button. Further, the second condition includes a 

condition that the operator has turned on the landing mode button. This 10 

configuration allows the operator to visually check whether the flight of the 

vertical take-off and landing aircraft 1 is stable, and then, allows the transition 

from the high altitude hovering mode to the low altitude hovering mode and the 

transition from the low altitude hovering mode to the landing mode to be 

performed. 15 

[0061] 

The automatic landing system 100 also includes the navigation system 

20 configured to acquire position coordinates of the vertical take-off and 

landing aircraft 1, the data transmission device 40 configured to exchange data 

between the vertical take-off and landing aircraft 1 and the marine vessel 5 (a 20 

facility) provided with the target landing point 2, and the guidance calculation 

unit 34 (a second relative-position acquisition unit) configured to calculate a 

relative position (XGPS, YGPS) between the vertical take-off and landing aircraft 

1 and the target landing point 2 based on the position coordinates of the vertical 

take-off and landing aircraft 1 acquired by the navigation system 20 and 25 

position coordinates of the marine vessel 5 provided with the target landing 

point 2 that are acquired by the data transmission device 40, wherein the 

plurality of control modes include the approach mode, and in the approach 

mode, the relative position (XGPS, YGPS) acquired by the guidance calculation 

unit 34 is controlled to become zero, the relative altitude Δh of the vertical 30 

take-off and landing aircraft 1 is maintained so as to descend to the first relative 

altitude Δh1 that is higher than the second relative altitude Δh2 (a 

predetermined relative altitude), and when the relative position (X, Y) acquired 

by the image processing unit 32 and the guidance calculation unit 34 (a 

relative-position acquisition unit) is within the first threshold value, the control 35 

mode is shifted to the high altitude hovering mode. 

[0062] 

With this configuration, the vertical take-off and landing aircraft 1 can 

be guided toward the target landing point 2 by using the relative position (XGPS, 

YGPS) based on position coordinates obtained by using the GPS when the 40 

vertical take-off and landing aircraft 1 and the target landing point 2 are 

separated to the extent that the target landing point 2 cannot be captured by the 
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camera 10. Additionally, when the target landing point 2 can be captured by the 5 

camera 10, the control mode can be shifted to the high altitude hovering mode 

under the condition that the relative position (X, Y) calculated by the image 

processing is within the first threshold value. 

[0063] 

Furthermore, when a time period for which the marker 7 cannot be 10 

continuously captured by the camera 10 is longer than or equal to a 

predetermined time period during execution of each control mode, the control 

unit 30 (the guidance calculation unit 34) shifts the control mode to the 

emergency mode in which the altitude of the vertical take-off and landing 

aircraft 1 is raised to a predetermined altitude. This configuration allows the 15 

vertical take-off and landing aircraft 1 to be separated from the marine vessel 5 

once due to the emergency mode in a case where the time period for which the 

marker 7 cannot be captured by the camera 10 continues for a long period and it 

is determined that the vertical take-off and landing aircraft 1 cannot be 

controlled based on the relative position (X, Y) obtained by the image 20 

processing. 

[0064] 

Note that in the first embodiment, the approach mode button, the high 

altitude hovering mode button, the low altitude hovering mode button, the 

landing mode button, and the emergency mode button are provided on the 25 

operation display unit 90 of the marine vessel 5, and are operated by the 

operator of the marine vessel 5, but in a case where the vertical take-off and 

landing aircraft 1 is a manned aircraft, these various mode buttons may be 

provided in the vertical take-off and landing aircraft 1 and may be operated by a 

pilot. 30 

[0065] 

Also in the first embodiment, the flight of the vertical take-off and 

landing aircraft 1 to the target landing point 2 is performed by the approach 

mode, but step S1 illustrated in FIG. 4 may be omitted and the vertical take-off 

and landing aircraft 1 may be caused to fly toward the target landing point 2 by 35 

a manual operation. 

[0066] 

Second Embodiment 

Next, an automatic landing system 200 and a landing control method for 

a vertical take-off and landing aircraft 1 according to a second embodiment will 40 

be described. FIG. 10 is a schematic configuration diagram illustrating an 

example of an automatic landing system for a vertical take-off and landing 
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aircraft 1 according to the second embodiment. The automatic landing system 5 

200 according to the second embodiment is a configuration in which the data 

transmission device 40 is omitted from the automatic landing system 100, as 

illustrated in FIG. 10. In addition, the automatic landing system 200 includes a 

guidance calculation unit 34A in place of the guidance calculation unit 34. 

Other configurations of the automatic landing system 200 are similar to those of 10 

the automatic landing system 100, and thus descriptions are omitted and the 

same constituent elements are denoted by the same reference signs. In addition, 

except for that described below, the guidance calculation unit 34A has functions 

similar to those of the guidance calculation unit 34, and thus, descriptions of 

such similar functions are omitted. 15 

[0067] 

Additionally, in the second embodiment, the marine vessel 5 need not 

include the data transmission device 80 and the operation display unit 90. Note 

that in FIG. 10, the navigation system 70 is omitted because exchange of data 

acquired by the navigation system 70 is not required between the vertical 20 

take-off and landing aircraft 1 and the marine vessel 5. 

[0068] 

In the second embodiment, the automatic landing system 200 does not 

perform data communication with the marine vessel 5 side. Thus, in calculating 

the relative velocity, it is not possible to acquire a hull velocity from the marine 25 

vessel 5. Thus, in the second embodiment, the guidance calculation unit 34 

calculates the relative velocity based on a relative position (X, Y) between the 

vertical take-off and landing aircraft 1 and the target landing point 2. 

Specifically, the guidance calculation unit 34A calculates the relative velocity 

by a pseudo differential of the relative position (X, Y). 30 

[0069] 

Next, details of the landing control method of the second embodiment 

will be described. In the second embodiment, the guidance calculation unit 34A 

does not perform the processing of step S1 in the flowchart illustrated in FIG. 4, 

and causes the vertical take-off and landing aircraft 1 to approach the marine 35 

vessel 5, that is, the target landing point 2 to the extent that the marker 7 is 

captured in the coverage area B of the camera 10 by another method. Examples 

of the other method include a method in which a laser irradiation device is 

mounted on the vertical take-off and landing aircraft 1, laser light is emitted 

toward the marine vessel 5 and a reflection wave of the laser light is received on 40 

the vertical take-off and landing aircraft 1 side, whereby the relative position 

between the vertical take-off and landing aircraft 1 and the marine vessel 5 is 
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acquired and the vertical take-off and landing aircraft 1 is guided to the marine 5 

vessel 5 (target landing point 2) based on the relative position. 

[0070] 

When the vertical take-off and landing aircraft 1 is sufficiently close to 

the marine vessel 5, that is, the target landing point 2 to the extent that the 

marker 7 is captured in the coverage area B of the camera 10, the guidance 10 

calculation unit 34A calculates a relative position (X, Y) by processing similar 

to that in step S14 in the relative position calculation processing with an image 

illustrated in FIG. 10 and, when the calculated relative position (X, Y) is within 

the first threshold value, performs the processing illustrated in FIG. 12 and FIG. 

13 instead of the processing in step S2 (FIG. 7) and step S3 (FIG. 8) in FIG. 4. 15 

FIG. 12 is a flowchart illustrating an example of a processing procedure in a 

high altitude hovering mode according to the second embodiment. FIG. 13 is a 

flowchart illustrating an example of a processing procedure in a low altitude 

hovering mode according to the second embodiment. 

[0071] 20 

The high altitude hovering mode in the second embodiment will be 

described with reference to FIG. 12. In step S41A and step S42A in FIG. 11, 

processing is similar to that in step S41 and step S42 in FIG. 7, and thus, 

description thereof is omitted. Note that in the second embodiment, the relative 

position calculation processing with an image is similar to that illustrated in 25 

FIG. 10. 

[0072] 

As a step S43A, the guidance calculation unit 34A determines whether 

the relative position (X, Y) calculated in step S42A, attitude rates (in a pitch 

direction and a roll direction) of the vertical take-off and landing aircraft 1, and 30 

the relative velocity are within corresponding first determination threshold 

values. The corresponding first determination threshold value of the relative 

position (X, Y) is the second threshold value in the first embodiment. In 

addition, the corresponding first determination threshold values of the attitude 

rates and the relative velocity are individually set for each parameter. The first 35 

determination threshold values that correspond to the attitude rates and the 

relative velocity are provided in place of the condition that the operator turns on 

the low altitude hovering mode button in the first embodiment. Thus, the first 

determination threshold values that correspond to the attitude rates and the 

relative velocity are set to satisfy that the vertical take-off and landing aircraft 1 40 

is considered to stably fly at the first relative altitude Δh1. 

[0073] 
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When the guidance calculation unit 34A determines that the relative 5 

position (X, Y) is not within the corresponding first determination threshold 

value, that is, a second threshold value (NO in step S43A), the guidance 

calculation unit 34A performs the processing of step S41A and subsequent steps 

again. Furthermore, also in a case where the guidance calculation unit 34A 

determines that the attitude rates and the relative velocity are not within the 10 

corresponding first determination threshold values (NO in step S43A), the 

guidance calculation unit 34A performs the processing of step S41A and 

subsequent steps again. 

[0074] 

On the other hand, in a case where the relative position (X, Y) is within 15 

the second threshold value, and the attitude rates and the relative velocity are 

within the corresponding first determination threshold values (YES in step 

S43A), the guidance calculation unit 34A ends the high altitude hovering mode 

and shifts the control mode to the low altitude hovering mode. Step S43A is for 

determining whether a first condition for transition from the high altitude 20 

hovering mode to the low altitude hovering mode is satisfied. That is, in the 

second embodiment, the first condition includes, in addition to the condition 

that the relative position (X, Y) is within the second threshold value, a 

condition that the attitude rates and the relative velocity are within the 

corresponding first determination threshold values. 25 

[0075] 

The low altitude hovering mode in the second embodiment will be 

described with reference to FIG. 13. Processing in step S51A and step S52A in 

FIG. 13 is similar to the processing in step S51 and step S52 in FIG. 8 in the 

first embodiment, and thus, description thereof is omitted. 30 

[0076] 

The guidance calculation unit 34A determines, as a step S53A, whether 

the relative position (X, Y) calculated in step S52A, the attitude rates (in the 

pitch direction and the roll direction) of the vertical take-off and landing 

aircraft 1, a relative heading, a relative velocity, the attitude angles (in the pitch 35 

direction and the roll direction), angles (in the pitch direction and the roll 

direction) in a horizontal direction of the target landing point 2, and the relative 

altitude Δh are within corresponding second determination threshold values. 

The corresponding second determination threshold value of the relative position 

(X, Y) is the third threshold value in the first embodiment. Additionally, the 40 

second determination threshold value of the relative altitude Δh is the second 

relative altitude Δh2. The second determination threshold value of the relative 
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altitude Δh is provided in order to automatically determine that the vertical 5 

take-off and landing aircraft 1 has descended to the second relative altitude Δh2 

and is stable in the low altitude hovering mode. 

[0077] 

Moreover, the corresponding second determination threshold values of 

the attitude rates of the vertical take-off and landing aircraft 1, the relative 10 

heading, the relative velocity, the attitude angles, and the angles in the 

horizontal direction of the target landing point 2 are individually set for each 

parameter. Note that the angles in the horizontal direction of the target landing 

point 2 are angles in the horizontal direction of the surface on which the target 

landing point 2 of the marine vessel 5 is provided, and can be calculated by 15 

performing image processing on an image of the marker 7 captured by the 

camera 10 in the image processing unit 32. The second determination threshold 

values corresponding to the attitude rates, the relative heading, the relative 

velocity, the attitude angles, and the angles in the horizontal direction of the 

target landing point 2 are provided instead of the condition that an operator 20 

turns on the landing mode button in the first embodiment. Thus, the second 

determination threshold values corresponding to the attitude rates, the relative 

heading, the relative velocity, the attitude angles, and the angles in the 

horizontal direction of the target landing point 2 are set to satisfy that the 

vertical take-off and landing aircraft 1 is regarded as being able to stably fly at 25 

the second relative altitude Δh2. Note that the second determination threshold 

values of the attitude rates and the relative velocity may be values smaller than 

the first determination threshold values, or may be the same values as the first 

determination threshold values. 

[0078] 30 

When the guidance calculation unit 34A determines that the relative 

position (X, Y) is not within the corresponding second determination threshold 

value, that is, the third threshold value (NO in step S53A), the guidance 

calculation unit 34A executes the processing of step S51A and subsequent steps 

again. Additionally, when the guidance calculation unit 34A determines that the 35 

relative altitude Δh is not within the corresponding first determination threshold 

value, that is, the second relative altitude Δh2 (NO in step S53A), the guidance 

calculation unit 34A executes the processing of step S51A and subsequent steps 

again. Furthermore, also in a case where the guidance calculation unit 34A 

determines that the attitude rates, the relative heading, the relative velocity, the 40 

attitude angles, and the angles in the horizontal direction of the target landing 

point 2 are not within the corresponding second determination threshold values 
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(NO in step S53A), the guidance calculation unit 34A executes the processing 5 

of step S51A and subsequent steps again. 

[0079] 

On the other hand, when the guidance calculation unit 34A determines 

that the relative position (X, Y) is within the second determination threshold 

value, that is, the third threshold value, the relative altitude Δh is within the 10 

second relative altitude Δh2, and the attitude rates, the relative heading, the 

relative velocity, the attitude angles, and the angles in the horizontal direction 

of the target landing point 2 are within the corresponding second determination 

threshold values (YES in step S53A), the guidance calculation unit 34A ends 

the low altitude hovering mode and shifts the control mode to the landing mode. 15 

Step S53A is for determining whether a second condition (a predetermined 

condition) for shifting from the low altitude hovering mode to the landing mode 

is satisfied. That is, in the second embodiment, the second condition includes, 

in addition to the condition that the relative position (X, Y) is within the third 

threshold value, a condition that the attitude rates, the relative heading, the 20 

relative velocity, the attitude angles, the angles in the horizontal direction of the 

target landing point 2, and the relative altitude Δh are within the corresponding 

second determination threshold values. 

[0080] 

Operational Effects of Second Embodiment 25 

As described above, the automatic landing system 200 for a vertical 

take-off and landing aircraft according to the second embodiment can calculate 

the relative position (X, Y) based on the marker 7 captured by the camera 10, 

and can calculate the relative velocity based on the relative position (X, Y). 

Thus, in calculating the relative position (X, Y) and the relative velocity, data 30 

communication with the marine vessel 5 side is not required. Thereby, when the 

vertical take-off and landing aircraft 1 is controlled based on the relative 

position (X, Y) and the relative velocity, the system can be simplified because 

data communication is not required. 

[0081] 35 

Also, in the second embodiment, the first condition includes a condition 

that the attitude rates of the vertical take-off and landing aircraft 1 and the 

relative velocity are within the corresponding first determination threshold 

values. With this configuration, a transition instruction from an operator is not 

required, and the control mode can be automatically shifted from the high 40 

altitude hovering mode to the low altitude hovering mode while the vertical 

take-off and landing aircraft 1 is caused to stably fly. Thus, there is no need to 
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exchange data with the marine vessel 5 when the control mode is shifted from 5 

the high altitude hovering mode to the low altitude hovering mode. 

[0082] 

The second condition includes a condition that the attitude angles of the 

vertical take-off and landing aircraft 1, the attitude rates, the relative heading, 

the relative velocity, the angles in the horizontal direction of the target landing 10 

point 2, and the relative altitude Δh are within the corresponding second 

determination threshold values. With this configuration, a transition instruction 

from an operator is not required, and the control mode can be automatically 

shifted from the low altitude hovering mode to the landing mode while the 

vertical take-off and landing aircraft 1 is caused to stably fly. Thus, when the 15 

control mode is shifted from the low altitude hovering mode to the landing 

mode, there is no need to exchange data with the marine vessel 5. 

[0083] 

Third Embodiment 

Next, an automatic landing system 300 and a landing control method for 20 

the vertical take-off and landing aircraft 1 according to a third embodiment will 

be described. FIG. 14 is a schematic configuration diagram illustrating an 

automatic landing system according to the third embodiment. As illustrated in 

FIG. 14, the automatic landing system 300 according to the third embodiment 

includes an image processing unit 32B and a guidance calculation unit 34B 25 

instead of the image processing unit 32 and the guidance calculation unit 34A of 

the automatic landing system 200 according to the second embodiment, 

respectively. Other configurations of the automatic landing system 300 are 

similar to those of the automatic landing system 200, and thus descriptions are 

omitted and the same constituent elements are denoted by the same reference 30 

signs. In addition, the image processing unit 32B and the guidance calculation 

unit 34B have functions similar to those of the image processing unit 32 and the 

guidance calculation unit 34, except for portions that will be described below, 

and thus, descriptions of the similar functions are omitted. 

[0084] 35 

Further, in the third embodiment, the marine vessel 5 need not include 

the data transmission device 80 and the operation display unit 90, similarly to 

the second embodiment. Note that in FIG. 14, the navigation system 70 is 

omitted because exchange of data acquired by the navigation system 70 is not 

required between the vertical take-off and landing aircraft 1 and the marine 40 

vessel 5. Further, in the third embodiment, the marine vessel 5 includes an 

operation display unit 95 connected to the marker 7. Furthermore, in the third 
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embodiment, the marker 7 is displayed on a display device (not illustrated) such 5 

as a liquid crystal display, and the shape of the marker is variable. The marker 7 

includes at least a shape for instructing transition from the high altitude 

hovering mode to the low altitude hovering mode, and a shape for instructing 

transition from the low altitude hovering mode to the landing mode. 

[0085] 10 

The image processing unit 32B performs image processing on an image 

captured by the camera 10 to identify the shape of the marker 7 in the image, 

and outputs an instruction based on the identified shape to the guidance 

calculation unit 34B. Specifically, in a case where the image processing unit 

32B identifies that the marker 7 is shaped to instruct transition from the high 15 

altitude hovering mode to the low altitude hovering mode, the image processing 

unit 32B outputs a transition instruction to transition from the high altitude 

hovering mode to the low altitude hovering mode to the guidance calculation 

unit 34B. Additionally, in a case where the image processing unit 32B identifies 

that the marker 7 is shaped to instruct transition from the low altitude hovering 20 

mode to the landing mode, the image processing unit 32B outputs a transition 

instruction to transition from the low altitude hovering mode to the landing 

mode to the guidance calculation unit 34B. 

[0086] 

The guidance calculation unit 34B calculates relative velocity in a 25 

manner similar to that of the guidance calculation unit 34A according to the 

second embodiment. As a result, as in the second embodiment, the relative 

velocity can be acquired without acquiring a hull velocity from the marine 

vessel 5. 

[0087] 30 

Next, a landing control method according to the third embodiment will 

be described. In the third embodiment, as in the second embodiment, the 

guidance calculation unit 34B does not perform the processing from step S1 to 

step S3 of the flowchart illustrated in FIG. 4, and causes the vertical take-off 

and landing aircraft 1 to approach the marine vessel 5, that is, the target landing 35 

point 2 to the extent that the marker 7 is captured in the coverage area B of the 

camera 10 by another method. Then, when the vertical take-off and landing 

aircraft 1 is sufficiently close to the marine vessel 5, that is, the target landing 

point 2 to the extent that the marker 7 is captured in the coverage area B of the 

camera 10, the guidance calculation unit 34B calculates a relative position (X, 40 

Y) by processing similar to that in step S14 in the relative position calculation 

processing with an image illustrated in FIG. 10, and when the calculated 
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relative position (X, Y) is within a first threshold value, the guidance 5 

calculation unit 34B executes the processing illustrated in FIG. 15 and FIG. 16 

instead of the processing in step S2 (FIG. 7) and step S3 (FIG. 8) in FIG. 4. FIG. 

15 is a flowchart illustrating an example of a processing procedure in the high 

altitude hovering mode according to the third embodiment. FIG. 16 is a 

flowchart illustrating an example of a processing procedure in the low altitude 10 

hovering mode according to the third embodiment. 

[0088] 

The high altitude hovering mode according to the third embodiment will 

be described with reference to FIG. 15. Processing in step S41B and step S42B 

in FIG. 15 is similar to that in step S41 and step S42 in FIG. 8, and thus, 15 

description thereof is omitted. Note that, in the third embodiment, the relative 

position calculation processing with an image is similar to the processing 

illustrated in FIG. 10. 

[0089] 

As a step S43B, the guidance calculation unit 34B determines whether 20 

the relative position (X, Y) calculated in step S42B is within the second 

threshold value and whether the marker 7 is shaped to indicate transition to the 

low altitude hovering mode. The determination of whether the marker 7 is 

shaped to indicate transition to the low altitude hovering mode is provided 

instead of the condition that the operator turns on the low altitude hovering 25 

mode button in the first embodiment. The operator visually checks whether the 

vertical take-off and landing aircraft 1 can stably fly at the first relative altitude 

Δh1, and changes the marker 7 to have a shape indicating transition to the low 

altitude hovering mode by using the operation display unit 95 in the case where 

the vertical take-off and landing aircraft 1 can stably fly. 30 

[0090] 

When the guidance calculation unit 34B determines that the relative 

position (X, Y) is not within the corresponding second threshold value (NO in 

step S43B), the guidance calculation unit 34B performs the processing of step 

S41B and subsequent steps again. In addition, also in a case where the guidance 35 

calculation unit 34B determines that the marker 7 does not have the shape 

indicating transition to the low altitude hovering mode (NO in step S43B), the 

guidance calculation unit 34B performs the processing of step S41B and 

subsequent steps again. This controls the flight of the vertical take-off and 

landing aircraft 1 by feedback control, as in the first embodiment, such that the 40 

relative position (X, Y) with respect to the target landing point 2 is within the 

second threshold value, and the first relative altitude Δh1 is maintained. 



   37 

[0091] 5 

When the guidance calculation unit 34B determines that the relative 

position (X, Y) is within the second threshold value and the marker 7 has the 

shape indicating transition to the low altitude hovering mode (YES in step 

S43B), the guidance calculation unit 34B ends the high altitude hovering mode 

and shifts the control mode to the low altitude hovering mode. In the third 10 

embodiment, in step S43B, whether a first condition for the transition from the 

high altitude hovering mode to the low altitude hovering mode is satisfied is 

determined. That is, in the third embodiment, the first condition includes, in 

addition to the condition that the relative position (X, Y) is within the second 

threshold value, a condition that the marker 7 is shaped to indicate transition to 15 

the low altitude hovering mode. 

[0092] 

The low altitude hovering mode in the third embodiment will be 

described with reference to FIG. 16. Processing in step S51B and step S52B in 

FIG. 16 is similar to the processing in step S51 and step S52 in FIG. 8 in the 20 

first embodiment, and thus, description thereof is omitted. 

[0093] 

As a step S53B, the guidance calculation unit 34B determines whether 

the relative position (X, Y) calculated in the step S52B is within the third 

threshold value and whether the marker 7 is shaped to indicate transition to the 25 

landing mode. The determination of whether the marker 7 is shaped to indicate 

transition to the landing mode is provided instead of the condition that the 

operator turns on the landing mode button in the first embodiment. An operator 

visually checks whether the vertical take-off and landing aircraft 1 can stably 

fly at the second relative altitude Δh2, and changes the marker 7 to a shape 30 

indicating transition to the landing mode by using the operation display unit 95 

in a case where the vertical take-off and landing aircraft 1 can stably fly. 

[0094] 

When the guidance calculation unit 34B determines that the relative 

position (X, Y) is not within the corresponding second threshold value (NO in 35 

step S53B), the guidance calculation unit 34B performs the processing of step 

S51B and subsequent steps again. In addition, also in a case where the guidance 

calculation unit 34B determines that the marker 7 is not shaped to indicate 

transition to the landing mode (NO in step S53B), the guidance calculation unit 

34B performs the processing of step S51B and subsequent steps again. This 40 

controls the flight of the vertical take-off and landing aircraft 1 by feedback 

control, as in the first embodiment, such that the relative position (X, Y) with 
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respect to the target landing point 2 is within the third threshold value, and the 5 

second relative altitude Δh2 is maintained. 

[0095] 

When the guidance calculation unit 34B determines that the relative 

position (X, Y) is within the third threshold value and the marker 7 is shaped to 

indicate transition to the landing mode (YES in step S53B), the guidance 10 

calculation unit 34B ends the low altitude hovering mode and shifts the control 

mode to the landing mode. In the third embodiment, in the step S53B, whether a 

second condition (a predetermined condition) for transitioning from the low 

altitude hovering mode to the landing mode is satisfied is determined. That is, 

in the third embodiment, the second condition includes, in addition to the 15 

condition that the relative position (X, Y) is within the third threshold value, a 

condition that the marker 7 is shaped to indicate transition to the landing mode. 

[0096] 

Operational Effects of Third Embodiment 

As described above, the automatic landing system 300 of the vertical 20 

take-off and landing aircraft according to the third embodiment does not need to 

perform data communication with the marine vessel 5 side in calculating the 

relative position (X, Y) and the relative velocity. Thereby, when the vertical 

take-off and landing aircraft 1 is controlled based on the relative position (X, Y) 

and the relative velocity, the system can be simplified because data 25 

communication is not required. 

[0097] 

In addition, in the third embodiment, the marker 7 has a variable marker 

shape, and the first condition and the second condition include a condition that 

the marker shape is a shape indicating a mode transition. This configuration 30 

allows the transition from the high altitude hovering mode to the low altitude 

hovering mode, and the transition from the low altitude hovering mode to the 

landing mode to be performed based on a change in the marker shape without 

receiving an instruction of the mode transition from the operator through data 

communication. Thus, when the transition from the high altitude hovering mode 35 

to the low altitude hovering mode, and the transition from the low altitude 

hovering mode to the landing mode are performed, data communication with the 

marine vessel 5 is not required, the mode transition can be instructed without 

communication, and the mode transition can be instructed even under an 

environment where a radio wave is shielded, for example. 40 

[0098] 
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Note that in the first to third embodiments, in a case where the relative 5 

altitude Δh reaches the third relative altitude Δh3 in the landing mode, the 

control amounts related to the attitude angles of the vertical take-off and 

landing aircraft 1 when the relative altitude Δh reaches the third relative altitude 

Δh3 are held. However, the vertical take-off and landing aircraft 1 may be 

caused to land on the target landing point 2 in a state in which all of the control 10 

amounts for not only the attitude angles, but also the relative position (X, Y), 

the relative heading, and the relative velocity are held, any of the control 

amounts are not held, or some of the control amounts are held. 

 

Reference Signs List 15 

[0099] 

1 Vertical take-off and landing aircraft 

2 Target landing point 

5 Marine vessel 

7 Marker 20 

10 Camera 

20, 70 Navigation system 

25 Altitude sensor 

30 Control unit 

32, 32B Image processing unit 25 

34, 34A, 34B Guidance calculation unit 

36 Flight control unit 

40, 80 Data transmission device 

90, 95 Operation display unit 

100, 200, 300 Automatic landing system 30 
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Claims 5 

 

[Claim 1] 

An automatic landing system for a vertical take-off and landing aircraft, 

the automatic landing system comprising: 

an imaging device mounted on the vertical take-off and landing aircraft; 10 

a relative-position acquisition unit configured to perform image 

processing on an image, of a marker provided on a target landing point, 

captured by the imaging device, and configured to acquire a relative position 

between the vertical take-off and landing aircraft and the target landing point; 

a relative-altitude acquisition unit configured to acquire a relative 15 

altitude between the vertical take-off and landing aircraft and the target landing 

point; and 

a control unit configured to control the vertical take-off and landing 

aircraft in a plurality of control modes such that the relative position becomes 

zero, wherein 20 

the plurality of control modes include a hovering mode and a landing 

mode, 

the hovering mode is executed within a first threshold value at which the 

relative position is within a range of the target landing point, the relative 

altitude of the vertical take-off and landing aircraft is lowered to a 25 

predetermined relative altitude, and when a predetermined condition including a 

condition that the relative position is within a predetermined threshold value 

that is less than the first threshold value is satisfied, the control mode is shifted 

to the landing mode, and 

in the landing mode, the relative altitude of the vertical take-off and 30 

landing aircraft is further lowered to land the vertical take-off and landing 

aircraft on the target landing point. 

 

[Claim 2] 

The automatic landing system for a vertical take-off and landing aircraft 35 

according to claim 1, further comprising: 

a relative-velocity acquisition unit configured to acquire a relative 

velocity between the vertical take-off and landing aircraft and the target landing 

point, wherein 

the control unit controls the vertical take-off and landing aircraft in a 40 

plurality of control modes such that the relative velocity is within a 

predetermined velocity. 
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 5 

[Claim 3] 

The automatic landing system for a vertical take-off and landing aircraft 

according to claim 1 or 2, wherein 

in the landing mode, when the relative altitude is less than or equal to a 

predetermined value, the vertical take-off and landing aircraft is caused to 10 

descend without changing an attitude angle of the vertical take-off and landing 

aircraft. 

 

[Claim 4] 

The automatic landing system for a vertical take-off and landing aircraft 15 

according to any one of claims 1 to 3, wherein 

the hovering mode includes a high altitude hovering mode and a low 

altitude hovering mode, 

in the high altitude hovering mode, the relative altitude of the vertical 

take-off and landing aircraft is maintained at a first relative altitude that is 20 

higher than the predetermined relative altitude, and when a first condition 

including a condition that the relative position is within a second threshold 

value is satisfied, the control mode is shifted to the low altitude hovering mode, 

and 

in the low altitude hovering mode, the relative altitude of the vertical 25 

take-off and landing aircraft is lowered to the predetermined relative altitude, 

and when a second condition as the predetermined condition including a 

condition that the relative position is within the predetermined threshold value 

is satisfied, the control mode is shifted to the landing mode. 

 30 

[Claim 5] 

The automatic landing system for a vertical take-off and landing aircraft 

according to claim 4, wherein 

the first condition and the second condition include a condition that a 

mode transition is instructed by an operator. 35 

 

[Claim 6] 

The automatic landing system for a vertical take-off and landing aircraft 

according to claim 4, wherein 

the first condition includes a condition that an attitude rate of the vertical 40 

take-off and landing aircraft and a relative velocity between the vertical take-off 
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and landing aircraft and the target landing point are within corresponding first 5 

determination threshold values. 

 

[Claim 7] 

The automatic landing system for a vertical take-off and landing aircraft 

according to claim 4 or 6, wherein 10 

the second condition includes a condition that an attitude angle of the 

vertical take-off and landing aircraft, an attitude rate, a relative velocity 

between the vertical take-off and landing aircraft and the target landing point, 

an angle in a horizontal direction of the target landing point, and the relative 

altitude are within corresponding second determination threshold values. 15 

 

[Claim 8] 

The automatic landing system for a vertical take-off and landing aircraft 

according to claim 4, wherein 

the marker has a marker shape being variable, and 20 

the first condition and the second condition include a condition that the 

marker shape is a shape indicating a mode transition. 

 

[Claim 9] 

The automatic landing system for a vertical take-off and landing aircraft 25 

according to any one of claims 1 to 8, further comprising: 

a position measuring unit configured to acquire position coordinates of 

the vertical take-off and landing aircraft; 

a data transmission device configured to exchange data between the 

vertical take-off and landing aircraft and a facility provided with the target 30 

landing point; and 

a second relative-position acquisition unit configured to calculate a 

relative position between a position of the vertical take-off and landing aircraft 

acquired by the position measuring unit and a position of the target landing 

point based on the position coordinates of the vertical take-off and landing 35 

aircraft acquired by the position measuring unit and position coordinates of the 

facility provided with the target landing point acquired by the data transmission 

device, wherein 

the plurality of control modes include an approach mode, and 

in the approach mode, the vertical take-off and landing aircraft is caused 40 

to fly toward the target landing point based on the relative position acquired by 

the second relative-position acquisition unit and, when the relative position 
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acquired by the relative-position acquisition unit is within the first threshold 5 

value, the control mode is shifted to the hovering mode. 

 

[Claim 10] 

The automatic landing system for a vertical take-off and landing aircraft 

according to any one of claims 1 to 9, wherein 10 

when a time period for which the marker cannot be captured by the 

imaging device continues longer than or equal to a predetermined time period 

during execution of the hovering mode, the control unit shifts the control mode 

to an emergency mode in which an altitude of the vertical take-off and landing 

aircraft is raised to a predetermined altitude. 15 

 

[Claim 11] 

A vertical take-off and landing aircraft comprising: 

the automatic landing system for a vertical take-off and landing aircraft 

according to any one of claims 1 to 10. 20 

 

[Claim 12] 

A landing control method for a vertical take-off and landing aircraft, the 

method comprising: 

performing image processing on an image, of a marker provided to a 25 

target landing point, captured by an imaging device mounted on the vertical 

take-off and landing aircraft, and acquiring a relative position between the 

vertical take-off and landing aircraft and the target landing point; 

acquiring a relative altitude between the vertical take-off and landing 

aircraft and the target landing point; and 30 

controlling the vertical take-off and landing aircraft in a plurality of 

control modes such that the relative position becomes zero, wherein 

the plurality of control modes include a hovering mode and a landing 

mode, 

the hovering mode is executed within a first threshold value at which the 35 

relative position is within a range of the target landing point, the relative 

altitude of the vertical take-off and landing aircraft is lowered to a 

predetermined relative altitude, and when a predetermined condition including a 

condition that the relative position is within a predetermined threshold value 

that is less than the first threshold value is satisfied, the control mode is shifted 40 

to the landing mode, and 
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in the landing mode, the relative altitude of the vertical take-off and 5 

landing aircraft is further lowered to land the vertical take-off and landing 

aircraft on the target landing point. 


