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Description

Title of Invention: UNMANNED AERIAL VEHICLE, FLIGHT CONTROL
MECHANISM FOR UNMANNED AERIAL VEHICLE, AND METHOD FOR
USING UNMANNED AERIAL VEHICLE AND MECHANISM FOR
UNMANNED AERIAL VEHICLE

Technical Field
[0001]

The present invention relates to an unmanned aerial vehicle, a flight
control mechanism for an unmanned aerial vehicle, and a method for using
an unmanned aerial vehicle and a mechanism for an unmanned aerial
vehicle. More specifically, the present invention relates to a flight control
mechanism for controlling flight of an unmanned aerial vehicle, an
unmanned aerial vehicle with the mechanism and a method using them in
an environment including the inside of a closed-type space such as the inside
of a tubular space or the inside of a rectangular space where collisions with

some boundary surface may occur.

Background Art
[0002]

The useful life of a sewage pipeline (sewer conduit) is set to
approximately 50 years, and it is assumed that facilities that have reached
the end of their useful life will exponentially increases in the future. For
efficient maintenance and management, it is essential to grasp a state of the
sewage pipeline.

[0003]

As a method of inspecting the state of the sewage pipeline, a method
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of an inspector moving in a pipe to perform direct visual inspection, a method
of arranging a television camera connected to the ground via a cable in a pipe
to perform shooting, a method of loading a television camera connected to the
ground via a cable into a self-propelled vehicle and arranging the television
camera 1in a pipe to perform shooting while traveling, and the like have been
used. However, in the method of the direct visual inspection by the
inspector, there are various problems such as a risk of a toxic gas being
produced in the sewage pipeline to affect a human body and a risk from
immersion at the time of sudden rainfall. In the method of arranging the
television camera in the pipe, there are also problems that a sufficient
inspection speed is not obtained and a vehicle is difficult to control when a
water level in the sewage pipeline rises.

[0004]

In flying an unmanned aerial vehicle in not only the sewage pipeline
but also an environment where a collision with any boundary surface such as
a wall surface or a ceiling may occur, controllability of the unmanned aerial
vehicle may be deteriorated by the collision with the boundary surface, or an

vehicle body may be damaged in some cases.

Citation List

Patent Literature

[0005]

Patent Literature 1:Japanese Patent Laid-Open No. 2017-087917
Patent Literature 2: Japanese Patent Laid-Open No. 2017-226259
Patent Literature 3: Japanese Patent Laid-Open No. 2018-001967

Summary of Invention
Technical Problem
[0006]

An object of the present invention is to provide a flight control
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mechanism for controlling flight of an unmanned aerial vehicle by
controlling collisions with boundary surfaces, an unmanned aerial vehicle

with the mechanism and a method using them.

Solution to Problem
[0007]

To solve the above-described problems, the present invention
provides a flight control mechanism for an unmanned aerial vehicle
comprising: a first preceding collision member; a second preceding collision
member; and a holding member which holds the first and the second
preceding collision members with a distance above a vehicle body of an
unmanned aerial vehicle, wherein the holding member can be inclined with
respect to the vehicle body by rotating toward the lateral side of the vehicle
body around a predetermined position in the vehicle body or on the vehicle
body, and the holding member rotates responsive to one of the first and the

second preceding collision members colliding with a boundary surface.

[0008]

In the flight control mechanism, the holding member may be
configured to rotate responsive to one of the first and the second preceding
collision members colliding with the boundary surface so that both of the
first and the second preceding collision members touch the boundary surface
according to ascension of the vehicle body.

[0009]

In the flight control mechanism, the first and the second preceding
collision members may be rotary members, and the flight control mechanism
may be configured so that the first and the second rotary members rotate
when the unmanned aerial vehicle flies while the first and the second rotary

members are touching the boundary surface.
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[0010]

In addition, the present invention provides the unmanned aerial
vehicle comprising two or more flight control mechanisms in front and
behind with a distance, wherein the unmanned aerial vehicle is configured to
fly along the boundary surface by flying with first and the second preceding
collision members of the respective flight control mechanisms touching the

boundary surface.

[0011]

The unmanned aerial vehicle may be configured as an unmanned
aerial vehicle comprising: at least four rbtary wings; a drive device which
drives the rotary wings; and a control signal generation unit which generates
a control signal for causing the drive device to drive the rotary wings.

[0012]

The unmanned aerial vehicle may comprise: two sets of rotary wings
as the at least four rotary wings where each set consists of two rotary wings
distanced in left and right; and the flight control mechanism for each one set
of the two sets wherein in each set, the predetermined position is below the
positions of the two rotary wings included in that set in a state where the
vehicle body is not inclined.

[0013]

The control signal may include an attitude control signal, and the
unmanned aerial vehicle may be configured to control the attitude of the
unmanned aerial vehicle by causing the drive device to drive the rotary
wings with the attitude control signal to reduce thé number of rotations of at
least one or some of the rotary wings when the unmanned aerial vehicle is

inclined.

[0014]

In the unmanned aerial vehicle, the drive device may include a
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plurality of motors which respective motors provide the respective rotary
wings with motive powers, respectively, and respective motors may be
configured to provide respective rotary wings with motive powers,
respectively, at a position with a higher gravitational potential than the
rotary wing which receives motive power from the each motor.

[0015]

The unmanned aerial vehicle may further comprise a thrust
generation propeller, and the unmanned aerial vehicle may be configured to
propel by rotations of the thrust generation propeller while floating by
rotations of the at least four rotary wings.

[0016]

The unmanned aerial vehicle may further comprise a shooting
camera and may be configured to fly inside a closed-type space by driving the
rotary wings while shooting inside the closed-type space using the shooting
camera.

[0017]

The unmanned aerial vehicle may further comprises a traveling
direction shooting camera and a traveling direction shooting data
transmission unit, and the unmanned aerial vehicle may be configured to fly
while shooting in the traveling direction by means of the traveling direction
shooting camera and transmitting obtained traveling direction shooting data

from the traveling direction shooting data transmission unit to the outside.

[0018]

In addition, the present invention provides a method for flying an
unmanned aerial vehicle along a boundary surface, the unmanned aerial
vehicle comprises two or more flight control mechanisms in front and behind
with a distance, each flight control mechanism comprises:

a first preceding collision member;

a second preceding collision member; and
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a holding member which holds the first and the second preceding
collision members separately above a vehicle body of an unmanned aerial
vehicle, wherein the holding member can be inclined with respect to the
vehicle body by rotating toward the lateral side of the vehicle body around a
predetermined position in the vehicle body or on the vehicle body, and the
holding member rotates responsive to one of the first and the second
preceding collision members colliding with a boundary surface and makes
both of the first and the second preceding collision members touch the
boundary surface according to ascension of the vehicle body,

the method comprises flying the unmanned aerial vehicle in a state
where the first and the second preceding collision members of the respective

flight control mechanisms are touching the boundary surface.

Advantageous Effect of Invention
[0019]

By controlling flight of an unmanned aerial vehicle according to the
present invention, the risk of damages to the vehicle body, reduction of
controllability etc. according to collisions when flying the unmanned aerial
vehicle in an environment where collisions with a boundary surface may
occur, is at least reduced.

Brief Description of Drawings

[0020]

[Figure 1A] Figure 1A is a perspective view of an unmanned aerial vehicle
according to an embodiment of the present embodiment.

[Figure 1B] Figure 1B is a diagram of the unmanned aerial vehicle
illustrated in Figure 1A in a positive direction of z.

[Figure 1C] Figure 1C is a diagram of the unmanned aerial vehicle
illustrated in Figure 1A in a positive direction of y.

[Figure 1D] Figure 1D is a perspective view of the unmanned aerial vehicle

illustrated in Figure 1A from behind in a traveling direction.
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[Figure 1E] Figure 1E is a perspective view of the unmanned aerial vehicle
illustrated in Figure 1A in a negative direction of z.

[Figure 1F] Figure 1F is a perspective view of the unmanned aerial vehicle
illustrated in Figure 1A in the negative direction of z and in a direction
different from that in Figure 1E.

[Figure 2] Figure 2 is a diagram illustrating a holding member that holds
preceding collision members (a rotary member such as a wheel or a roller)
and a holding member attachment member to which the holding member is
attached.

[Figure 3A] Figure 3Ais a diagram illustrating the holding member with the
preceding collision members removed.

[Figure 3B] Figure 3B is a diagram illustrating the holding member, the
preceding collision member (a rotary member such as a wheel or a roller) to
be attached to the holding member, and a shaft section for preceding collision
member as viewed in an arrow direction indicated by A in Figure 3A.

[Figure 4] Figure 4 is a diagram illustrating the holding member to which
the preceding collision members other than a rotary member such as a wheel
or a roller is attached.

[Figure 5A] Figure 5A is a diagram illustrating a positional relationship
when a holding member is attached to an vehicle body to rotate around a
position lower than a corresponding set of rotors.

[Figure 5B] Figure 5B is a diagram illustrating a positional relationship
when the holding member illustrated in Figure 5A is inclined with respect to
the vehicle body.

[Figure 5C] Figure 5C is a diagram illustrating a force to be exerted on each
of the rotors when the inclination illustrated in Figure 5B has occurred
during flight and a rotational direction of the vehicle body caused by the
force.

[Figure 5D] Figure 5D is a diagram illustrating a positional relationship

when the vehicle body is inclined by a function of the force to the rotor
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illustrated in Figure 5C.

[Figure 5E] Figure 5E is a conceptual diagram illustrating a principle of the
inclination of the vehicle body described with reference to Figures 5A to 5D.
[Figure 6A] Figure 6A is a diagram illustrating a positional relationship
when a holding member is attached to an vehicle body to rotate around a
position higher than a corresponding set of rotors.

[Figure 6B] Figure 6B is a diagram illustrating a positional relationship
when the holding member illustrated in Figure 6A is inclined with respect to
the vehicle body.

[Figure 6C] Figure 6C is4 a diagram illustrating a force to be exerted on each
of the rotors when the inclination illustrated in Figure 6B has occurred
during flight and a rotational direction of the vehicle body caused by the
force.

[Figure 6D] Figure 6D is a diagram illustrating a positional relationship
when the vehicle body is inclined by the function of the force to the rotor
illustrated in Figure 6C.

[Figure 6E] Figure 6E is a conceptual diagram illustrating a principle of the
inclination of the vehicle body described with reference to Figures 6A to 6D.
[Figure 7A] Figure 7A is a perspective view illustrating a positional
relationship between rotors and motor members in a comparative example.
[Figure 7B] Figure 7B is a diagram of the rotors and the motor members
1llustrated in Figure 7A in a positive direction of x.

[Figure 7C] Figure 7C is a diagram illustrating a cross section cut along a
plane A - A in Figure 7B of the motor members illustrated in Figure 7A and |
each of the motor members.

[Figure 8] Figure 8 is a perspective view illustrating a positional relationship
between rotors and motor members in the present embodiment.

[Figure 9] Figure 9 is a block diagram illustrating a functional configuration
of the unmanned aerial vehicle illustrated in Figure 1A.

[Figure 10] Figure 10 is a diagram illustrating a structure of a sewage
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pipeline facility capable of flying the unmanned aerial vehicle illustrated in
Figure 1A.

[Figure 11] Figure 11 is a diagram illustrating the unmanned aerial vehicle
illustrated in Figure 1A that flies in a tubular space in the sewage pipeline
facility illustrated in Figure 10.

[Figure 12A] Figure 12A is a diagram illustrating how a preceding collision
member collides with an inner wall of a sewage pipeline during flight
illustrated in Figure 11.

[Figure 12B] Figure 12B is a diagram illustrating how the holding member
rotates in response the collision illustrated in Figure 12A and the other
preceding collision member to be held by the holding member also collides
with the inner wall in response to rise of the vehicle body.

[Figure 12C] Figure 12C is a diagram illustrating how the vehicle body is
inclined after the holding member illustrated in Figure 12B is inclined.
[Figure 13A] Figure 13A is a diagram illustrating how the preceding collision
member collides with the inner wall of the sewage pipeline (at a position
different from a collision position illustrated in Figure 12A) during flight
1llustrated in Figure 11.

[Figure 13B] Figure 13B is a diagram illustrating how the holding member
rotates in response the collision illustrated in Figure 13A and the other
preceding collision member to be held by the holding member also collides
with the inner wall in response to rise of the vehicle body.

[Figure 14] Figure 14 is a diagram illustrating how the unmanned aerial
vehicle illustrated in Figure 1A is inclined by rotating (rolling) around an
X-axis.

[Figure 15] Figure 15 is a diagram illustrating an example of an image in the

sewage pipeline shot by a front camera.

Description of Embodiments

[0021]
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An unmanned aerial vehicle, a flight control mechanism for the
unmanned aerial vehicle, and a method using these according to an
embodiment of the present invention will be described below with reference
to the drawings. Note that the unmanned aerial vehicle, the flight control
mechanism for the unmanned aerial vehicle, and the method using these are
not limited to a specific mode described below, but are appropriately
changeable within the scope of the present invention. For example, the
unmanned aerial vehicle according to the present invention is not
necessarily an autonomous flight type unmanned aerial vehicle, and a
functional configuration of the unmanned aerial vehicle is not limited to that
illustrated in Figure 9, but is also arbitrary if a similar operation can be
performed. For example, operations to be performed by a plurality of
components may be performed by a single component, for example, a
function of a communication unit is integrated with a main operation unit.
Alternatively, an operation to be performed by a single component as
illustrated may be performed by a plurality of components, for example, a
function of a main operation unit is distributed among a plurality of
operation units. An autonomous control progfam of the unmanned aerial
vehicle may be recorded on a recording device such as a hard disk drive and
read out and executed by the main operation unit (The autonomous control
program as illustrated may be decomposed into a plurality of program
modules, or any other programs may be executed by the main operation unit
or the like.), or a similar operation may be performed by a built-in type
system using a microcomputer or the like. All components illustrated in the
following embodiment need not be included in the unmanned aerial vehicle
and the flight control mechanism for the unmanned aerial vehicle according
to the present invention (For example, the unmanned aerial vehicle and the
flight control mechanism for the unmanned aerial vehicle need not include a
thrust generation propeller 25 when propulsion of the unmanned aerial

vehicle is controlled under control of rotors 13 to 16 illustrated in Figure 1B
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and need not include an autonomous control program and various types of
databases if the unmanned aerial vehicle is completely flown under control
from outside without performing autonomous control.), and the method
according to the present invention need not include all method steps as
illustrated. A rotary wing for floating the unmanned aerial vehicle is not
limited to four rotors 13 to 16 as illustrated in Figure 1B, for example, but
may be any number of (four or more) rotary wings. A propeller for
generating a thrust is not limited to the thrust generation propeller 25
illustrated in Figure 1D, for example, but may be any propeller. The flight
control mechanism for the unmanned aerial vehicle according to the present
invention can be used for controlling any unmanned aerial vehicle such as a
rotorcraft or a fixed-wing craft, and the unmanned aerial vehicle according to
the present invention is not limited to the rotorcraft. An vehicle body size of
the unmanned aerial vehicle is also arbitrary. Although an example in
which the unmanned aerial vehicle performs shooting flight (flight while
taking pictures) in a closed-type space is illustrated in the following
embodiment, the unmanned aerial vehicle according to the present invention
can be flown in not only the closed state but also any environment and for
any purpose, and the flight control mechanism can be used in not only the
closed-type space but also any environment. Note that the closed-type
space need not be completely closed, but may be a space that is at least
partially closed and where flight of the unmanned aerial vehicle is at least
partially restricted. For example, a tubular space in a sewage pipeline
connected to the outside via a manhole is also a closed-type space, and a
tunnel of a highway is also a closed-type space, as described in the following
embodiment. The number of preceding collision members to be held by the
holding member is not limited to two, but is also arbitrary, and the number of
flight control mechanisms to be attached to the vehicle body is also arbitrary.
Note that although the holding member can be formed of a metal or plastic,

for example, the holding member may be formed of any material such as an
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elastic body if it can exhibit a function as the holding member. Other
members and components may be composed of any material if they can

exhibit functions of the present invention.
[0022]
Configuration of Unmanned aerial vehicle

Figures 1A to 1F illustrate an appearance of an unmanned aerial
vehicle according to an embodiment of the present invention. Figure 1Aisa
perspective view, Figure 1B is a diagram viewed in a positive direction of z
illustrated in Figure 1A, Figure 1C is a diagram viewed in a positive
direction of y, Figure 1D is a perspective view viewed from behind in a
traveling direction, and Figures 1E and 1F are perspective views viewed in a
negative direction of z (but in different directions) illustrated in Figure 1A.
An unmanned aerial vehicle 1 is designed in dimensions of an overall width
(a width in a y-direction in Figure 1A) of approximately 250 mm and an
overall length (a width in an x-direction in Figure 1A) of approximately 550
mm to be able to fly in a closed-type space having a bore diameter of
approximately 400 mm in an example, and includes a main body section 2
(housed in a waterproof case 3), five motors 17 to 21 (see Figures 9) that are
driven in response to a control signal from the main body section 2, four
rotors (rotary wings) 13 to 16 that respectively rotate by drives of the motors
17 to 20 to float the unmanned aerial vehicle 1 (The adjacent rotors
respectively rotate in opposite directions, for example, the rotors 13 and 16
rotate in a clockwise direction viewed in the positive direction of z, and the
rotors 14 and 15 rotate in a counterclockwise direction viewed in the positive
direction of z.), a thrust generation propeller 25 that rotates by a drive of the
motor 21 to generate a thrust of the unmanned aerial vehicle 1, an inspection
camera 22, a front camera 23, and a ultrasonic sensor 24, and each of the
components are integrated using a frame 4.
[0023]

The unmanned aerial vehicle 1 further includes a holding member 9

12
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that separates preceding collision members (a rotary member such as a
wheel or a roller) 5 and 6 to hold the preceding collision members 5 and 6
above an vehicle body of the unmanned aerial vehicle 1 (the positive
direction of the z-axis) and can be inclined with respect to the. vehicle body by
rotating toward the lateral side of the vehicle body around a predetermined
position in the vehicle body or on the vehicle body (in the positive direction of
y or in a negative direction of y, which need not be completely parallel to the
y-direction but may intersect the x-direction) and a holding member 10 that
similarly holds preceding collision members (a rotary member such as a
wheel or a roller) 7 and 8 and can be similarly inclined with respect to the
vehicle body with the holding member 9 and the holding member 10
separated from each other in a front-rear direction (A positive direction of x
in Figure 1A is a forward direction, énd the positive direction of y and the
negative direction of y in Figure 1A are respectively a leftward direction and
a rightward direction.). The holding member 9 is attached to the
waterproof case 3 by a holding member attachment member 11 (Figure 1E),
as 1illustrated in Figure 1E, and the holding member 10 is also similarly
attached to the waterproof case 3 by a holding member attachment member
12 (Figure 1F). Note that the number of holding members to be attached to
the vehicle body is arbitrary. For example, one of the holding members 9
and 10 may be detached, only one holding member may be used by being
attached to the vicinity of a center of gravity 26 of the vehicle body, or three
or more holding members may be used by being attached. Note that in the
present embodiment, the components of the unmanned aerial vehicle 1
illustrated in Figure 1A, excluding the holding members 9 and 10 and the
preceding collision members 5 to 8 held thereby or excluding shaft sections
for preceding collision member 5A to 8A and preceding collision member
attachment members 9B-1, 9B-2, 10B-1, and 10B-2 when the preceding
collision members 5 to 8, are each a rotary member such as a wheel or a

roller are referred to as an "vehicle body".
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[0024]

Figure 2 illustrates the holding member 9 that holds the preceding
collision members 5 and 6 and the holding member attachment member 11 to
which the holding member 9 is attached. The same may apply to a
configuration of the holding member 10 that holds the preceding collision
members 7 and 8 and the holding member attachment member 12 to which
the holding member 10 is attached. As illustrated in Figures 1E and 1F, the
holding member attachment members 11 and 12 are fixed to the waterproof
case 3. The holding member 9 is provided with a hole 9A. When a shaft
section for holding member 11A in the holding member attachment member
11 is inserted into the hole 9A (See Figure 1E. Although the shaft section
for holding member 11A extends along the paper in Figure 2, the shaft
section for holding member 11A is inserted into the hole 9A with the shaft
section 11A extending in a direction perpendicular to the paper.), the holding
member 9 is attached to the vehicle body. The holding member 9 can be
inclined with respect to the vehicle body by rotating toward the lateral side
of the vehicle body around a position of the hole 9A with the shaft section for
holding member 11A used as a rotation axis (fixing axis). To prevent the
holding member 9 from separating from the holding member attachment
member 11, a member for separation prevention (a cap, etc.) may be further
fitted in the shaft section for holding member 11A after the holding member
9 is attached. Note that "rotation" herein is not limited to rotation in one
direction but may be rotation in both directions (in positive and negative
directions in the y-direction in Figure 1A in an example) or may not be
complete rotation by 360 degrees (The same applies to subsequent
"rotation".). As illustrated in Figure 1E, although the holding member 9 is
exposed to the top of the vehicle body (in the positive direction of z) from a
hole provided in the frame 4 as illustrated in Figure 1A while being attached
to the waterproof case 3 by the holding member attachment member 11,

rotational motion of the holding member 9 is prevented at a boundary
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position (rotation stop positions 4A and 4B) on the lateral side of the hole.
Thus, the rotational motion is limited to rotation up to a predetermined
maximum angle. The holding member 10 is also similarly exposed to the
top of the vehicle body (in the positive direction of z) from a hole provided in
the frame 4 while being attached to the waterproof case 3 by the holding
member attachment member 12, and rotational motion of the holding
member 10 is prevented at a boundary position (rotation stop positions 4C
and 4D (see Figure 1D)) on the lateral side of the hole. Thus, the rotational
motion of the holding member 10 is also limited to rotation up to a
predetermined maximum angle (The respective maximum rotational angles
of the holding members 9 and 10 may differ from each other.).

[0025]

The holding member 9 with the preceding collision members 5 and 6
removed is illustrated in Figure 3A. The same may apply to the holding
member 10 with the preceding collision members 7 and 8 removed. The
holding member 9 is provided with preceding collision member attachment
members 9B-1 and 9B-2. The holding member 9, the preceding collision
member 5 to be attached to the holding member 9, and the shaft section for
preceding collision member 5A as viewed in an arrow direction indicated by A
in Figure 3A are illustrated in Figure 3B. Here, the preceding collision
member 5 as a rotary member such as a wheel or a roller is fixed to the shaft
section for preceding collision member 5A, and the shaft section for
preceding collision member 5A is inserted into a hole 9C-1 provided in the
preceding collision member attachment member 9B-1 in the holding member
9 (It may be passed through the hole 9C-1, as illustrated in Figure 2. The
same applies to insertion of the shaft section for holding member 11A into
the above-described hole 9A.) (although the shaft section for preceding
collision member 5A extends along the paper in Figure 3B, the shaft section
for preceding collision member 5A is inserted into the hole 9C-1 with the

shaft section 5A extending in the direction perpendicular to the paper.) so
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that the shaft section 5A is held in the holding member 9. Note that
"holding" herein does not require that the preceding collision member 5 is
completely fixed to the holding member 9 but may prevent the preceding
collision member 5 from completely separating from the holing member 9
and freely moving (The same applies to the other holding member and the
other preceding collision members.). In a configuration illustrated in
Figure 3B, the preceding collision member (rotary member) 5 and the shaft
section for preceding collision member 5A can rotate in an integrated
manner with the shaft section for preceding collision member 5A held in the
holding member 9 using the shaft section for preceding collision member 5A
as a rotation axis. To prevent the preceding collision member 5 from
separating from the holding member 9, a member for separation prevention
(a cap, etc.) may be further fitted in the shaft section for preceding collision
member 5A after the preceding collision member 5 is attached to the holding
member 9 as described above. The same may apply to a mode in which the
holding member 9 holds the preceding collision member 6 and a mode in
which the holding member 10 holds the preceding collision members 7 and 8.
[0026]

Note that a member other than a rotary member such as a wheel or a
roller may be used as the preceding collision members 5 to 8. An example in
which a preceding collision member fixed to a holding member is used is
1llustrated in Figure 4 as an example. In Figure 4, the preceding collision
members 5 and 6 are each configured as a member fixed to the holding
member 9, and are each formed of a low friction plastic material or the like.
Even if the preceding collision member and the holding member each having
such a configuration are used, flight control of an unmanned aerial vehicle as
described below can be performed. Note that the preceding collision
member advances while sliding on a boundary surface (like, e.g., a sled),
unlike when a rotary member such as a wheel or a roller is used. Thus, the

preceding collision member is preferably formed of a material having a low
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friction between itself and the boundary surface. The same may apply in a
mode in which the holding member 10 holds the preceding collision members
7 and 8. When the preceding collision members 5 to 8 wear out by
advancing while sliding in contact with the boundary surface, the preceding
collision members 5 to 8 are preferably replaced with new ones.

[0027]

The inspection camera 22 is a camera for shooting a still image or a
moving image during flight in a closed-type space by the unmanned aerial
vehicle 1. In an example of the inspection camera 22, a commercially
available camera such as a GoPro session (Tajima MOTOR CORPORATION)
can be used. The front camera 23 is a camera for shooting a still image or a
moving image in a traveling direction during flight in the closed-type space
by the unmanned aerial vehicle 1. Data of the shot still image or moving
image is transmitted to an external apparatus (e.g., a computer including a
display), as needed, and an operator can steer the unmanned aerial vehicle 1
while confirming the data. The ultrasonic sensor 24 is a sensor for
detecting an obstacle or the like ahead thereof, and can transmit a ultrasonic
wave in the traveling direction during flight in the closed-type space by the
unmanned aerial vehicle 1 and measure a distance from the obstacle or the
like by receiving a reflected wave. The inspection camera 22 and the front
camera 23 may be each a camera such as an infrared camera or a ultraviolet
camera.

[0028]

The above-described rotation center position in each of the holding
members 9 and 10 is preferably below (in the negative direction of z in
Figure 1A) a position of the set of rotors corresponding to the holding
member with the vehicle body not inclined. A reason for that will be
described below with reference to Figures 5A to 5E. Note that although
description is made hereinafter using a model in which the rotation center

position of the holding member 9 (10) and the rotation center position of the
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rotors 13 (15) and 14 (16) are coplanar (a yz plane in Figure 1A) (respective x
coordinates illustrated in Figure 1A are equal to each other) for the purpose
of simplifying the description (The same applies in a comparative example
illustrated in Figures 6A to 6E.), an operation can be basically described in a
similar principle otherwise.

[0029]

A positional relationship when the holding member is attached to be
rotatable around a position lower than the corresponding set of rotors (in the
negative direction of z in Figure 1A) with the vehicle body not inclined is
illustrated in Figure 5A (viewed in the positive direction of x in Figure 1A).
Although description is made below using the holding member 9 and the
corresponding set of rotors 13 and 14, an operation can also be described in a
similar principle in the holding member 10 and the corresponding set of
rotors 15 and 16. Although it is assumed that respective distances between
a center line of the holding member, which remains not inclined with respect
to the vehicle body, and center lines of the two rotors in the corresponding set
are equal to each other (1 in Figure 5A), and respective distances from a
branch portion of the holding member 9 (10) to the preceding collision
members 5 (7) and 6 (8) on both sides are also equal to each other (d in
Figure 5A), the operation can be basically described in a similar principle
even when the respective distances are not equal to each other.

[0030]

As illustrated in Figure 5B, the holding member 9 is inclined toward
the lateral side of the vehicle body due to any reason. When the rotors 13
and 14 continue to rotate in this state, forces f are respectively exerted
(respectively act) on the rotors 13 and 14, as indicated by arrows in Figure
5C. Note that although an entire configuration illustrated in Figure 5B is
drawn in an inclined manner for convenience of illustration in Figure 5C, a
relative inclination between the holding member 9 and the vehicle body does

not change from the configuration illustrated in Figure 5B. Although it is
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assumed that the forces respectively exerted on the rotors 13 and 14 are
equal to each other for simplicity, the operation can also be basically
described in a similar principle even when the forces respectively exerted on
the rotors 13 and 14 differ from each other due to a difference in number of
rotations, for example.

[0031]

At this time, a "distance" between the rotor 14 and the center line of
the holding member 9 (a distance in a direction perpendicular to the center
line of the holding member 9 between a rotation center of the rotor 14 and
the center line) is b, while a "distance" between the rotor 13 and the center
line of the holding member 9 (a distance in the direction perpendicular to the
center line of the holding member 9 between a rotation center of the rotor 13
and the center line) is a, and a is larger than b (It is assumed that respective
magnitudes of distances and the angles from a position on the holding
member attachment member 11 as a rotation center of the holding member 9
to the rotation centers of the rotors 13 and 14 are equal to each other in
Figure 5A. Even in a configuration deviating from such a configuration, an
operation can be basically described in a similar principle.). Accordingly, a
force (torque) to rotate the vehicle body in an arrow direction indicated by R
in Figure 5C is exerted as a whole on the vehicle body. The force is a force to
be exerted in a direction in which the inclination of the holding member 9
with respect to the vehicle body is canceled. When the vehicle body is
inclined in a similar direction to that of the inclination of the holding
member 9, as illustrated in Figure 5D, a relative inclination between the
holding member 9 and the vehicle body can be at least partially canceled. A
positional relationship between the holding member 9 and the rotors 13 and
14, including an attachment position of the holding member 9 (a position of
the holding member attachment member 11), is illustrated in Figure 5E if
conceptually drawn, and a principle in which the above'described relative

inclination can be at least partially canceled can be understood. In the
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holding member 10, when the holding member 10 is also attached to be
rotatable around a position lower than a position of the corresponding set of

rotors 15 and 16 (in the negative direction of z in Figure 1A), a relative

vinclination between the holding member 10 and the vehicle body can also be

at least partially canceled in a similar principle.
[0032]

Then, as a comparative example, a positional relationship when a
holding member is attached to be rotatable around a position higher than a
corresponding set of rotors with an vehicle body not inclined (in the positive
direction of z in Figure 1A) is illustrated in Figure 6A (viewed in the positive
direction of x in Figure 1A). Although description is made below using a
holding member 9 and a corresponding set of rotors 13 and 14, an operation
can also be described in a similar principle in a holding member 10 and a
corresponding set of rotors 15 and 16. Although it is assumed that
respective distances between a center line of the holding member and center
lines of the two rotors in the corresponding set with the vehicle body not
inclined are equal to each other (I in Figure 6A), the operation can be
basically described in a similar principle even when the distances are not
equal to each other.

[0033] |

As illustrated in Figure 6B, it is assumed that the holding member 9
1s inclined toward the lateral side of the vehicle body due to any reason.
When the rotors 13 and 14 continue to rotate in this state, forces f are
respectively exerted (respectively act) on the rotors 13 and 14, as indicated
by an arrow in Figure 6C. Note that although an entire configuration
illustrated in Figure 6B is drawn in an inclined manner for convenience of
illustration in Figure 6C, a relative inclination between the holding member
9 and the vehicle body does not change from the configuration illustrated in
Figure 6B. Although it is assumed that the forces respectively exerted on

the rotors 13 and 14 are equal to each other for simplicity, an operation can
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be basically described in a similar principle even when the forces
respectively exerted on the rotors 13 and 14 differ from each other due to a
difference in number of rotations, for example.

[0034]

At this time, although a "distance" between the rotor 14 and a center
line of the holding member 9 (a distance in a direction perpendicular to the
center line of the holding member 9 between a rotation center of the rotor 14
and the center line) is ¢, while a "distance" between the rotor 13 and the
center line of the holding member 9 (a distance in the direction
perpendicular to the center line of the holding member 9 between a rotation
center of the rotor 13 and the center line) is d, and c is larger than d (It is
assumed that respective magnitudes of distances and angles from a position
on a holding member attachment member 11 as a rotation center of the
holding member 9 to the rotation centers of the rotors 13 and 14 are equal to
each other in Figure 6A. In a configuration deviating from such a
configuration, the operation can also be basically described in a similar
principle.). Accordingly, a force (torque) to rotate the vehicle body in an
arrow direction indicated by R in Figure 6C is exerted as a whole on the
vehicle body. The force is a force to be exerted in a direction in which
inclination of the holding member 9 with respect to the vehicle body is
increased. When the vehicle body is inclined in a direction opposite to the
direction of the inclination of the holding member 9, as illustrated in Figure
6D, a relative inclination between the holding member 9 and the vehicle
body increases. A positional relationship between the holding member 9
and the rotors 13 and 14, including an attachment position of the holding
member 9 (a position of the holding member attachment member 11), is
illustrated in Figure 6E if conceptually drawn, and a principle in which the
above-described relative inclination increases can be understood. In the
holding member 10, when the holding member 10 is also attached to be

rotatable around a position higher than a position of the corresponding set of
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rotors 15 and 16 (in the positive direction of z in Figure 1A), a relative
inclination between the holding member 10 and the vehicle body increases in
a similar principle. Although a configuration corresponding to Figure 5A is
preferably adopted to cancel the relative inclination, it should be noted that
the present invention can be implemented even if a configuration
corresponding to Figure 6A is adopted.

[0035]

As illustrated in Figure 1C, the motors 17 and 19 are configured to be
respectively positioned above rotors 13 and 15 (at a position where a gravity
potential is high) to drive the rotors 13 and 15. The motors 18 and 20 (see
Figure 9) are also similarly configured to be respectively positioned on the
rotors 14 and 16 to drive the rotors. An advantage of adopting such a
configuration will be described while comparing the configuration with that
in the comparative example in which motors are positioned below the rotors,
as illustrated in Figures 7A to 7C. Note that the unmanned aerial vehicle,
the flight control mechanism for the unmanned aerial vehicle, and the
method of using these can also be implemented even if a positional
relationship between the rotors and the motors as in the comparative
example is adopted.

[0036]

Figure 7A is a perspective view illustrating a positional relationship
between rotors and motor members in the comparative example, Figure 7B
1s a diagram of the rotors and the motor members illustrated in Figure 7A as
viewed in a positive direction of x in Figure 7A, and Figure 7C is a diagram
illustrating a cross section cut along a plane A - A in Figure 7B and each of
the motor members. The rotors 13, 14, 15, and 16 are fixed to a rod-shaped
protrusion (see Figure 7C) of a motor member 27A (see Figure 7B), and
rotate with the rod-shaped protrusion as a rotation axis. The rotors 13, 14,
15, and 16 receive a force in an arrow direction (in a positive direction of z) in

Figure 7A by rotating, to pull the motor member 27A in the same direction.
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As illustrated in Figure 7C, the motor member 27A and a motor member 27B
are fitted to each other, and do not necessarily adhere to each other.
Therefore, if the motor member 27A is pulled in the positive direction of z,
the motor member 27A may separate from the motor member 27B. To
prevent the separation, a motor member 27C is used as a fastener in the
configuration in the comparative example (see Figures 7B and 7C). As
illustrated in Figure 7C, when the motor member 27C is fitted in a groove
27A-1 provided in the motor member 27A (After the motor member 27A and
the motor member 27B are fitted to each other.), the motor member 27A can
be prevented from separating from the motor member 27B. However, the
motor member 27C needs to be detached when the motors are maintained.
[0037]

A positional relationship between rotors and motor members in the
present embodiment is illustrated in a perspective view of Figurev 8. The
present embodiment is similar to the comparative example except that the
rotors 13, 14, 15, and 16 are positioned below the motor members 27A and
27B and that the motor member 27C is not used. The rotors 13, 14, 15, and
16 are fixed to a rod-shaped protrusion (see Figure 7C) of the motor member
27A (see Figure 7B), and rotate with the rod-shaped protrusion as a rotation
axis. The rotors 13, 14, 15, and 16 receive a force in an arrow direction (in a
positive direction of z) in Figure 8A by rotating, to press the motor member
27A in the same direction. As a result, since the motor member 27A is
pressed against the motor member 27B, the motor member 27A need not be
prevented from separating from the motor member 27B. Therefore, in a
configuration illustrated in Figure 8, the motor member 27C is not required
so that the motors are easily maintained.

[0038]

Figure 9 1s a block diagram illustrating a functional configuration of

the unmanned aerial vehicle illustrated in Figure 1A. The main body

section 2 in the unmanned aerial vehicle 1 includes a main operation unit
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28a including a processor, a temporary memory, and the like to perform
various types of operations, a signal conversion unit 28b including a
processor, a temporary memory, and the like, which performs processing for
converting control command value data obtained by an operation by the
main operation unit 28a into a pulse signal (PWM: a pulse width modulation
signal) (An operation unit including the main operation unit 28a and the
signal conversion unit 28b is referred to as a control signal generation unit
29.), speed controllers (ESC: electric speed controllers) 30 to 34 that convert
the pulse signal generated by the control signal generation unit 29 into
driving currents, respectively, to the motors 17 to 21, a communication
antenna 35 and a communication unit (including a processor, a temporary
memory, and the like) 36 that transmit and receive various types of data
signals to and from outside, a sensor unit 37 including various types of
sensors such as a GPS (global positioning system) sensor, an attitude sensor,
an altitude sensor, and a direction sensor, a recording apparatus 39 including
a recording device such as a hard disk drive that records an autonomous
flight program 38a, various types of databases 38b, and the like, and a power
supply system 40 including a battery device such as a lithium polymer
battery or a lithium ion battery and a power distribution system to each of
elements.

[0039]

In addition, the unmanned aerial vehicle 1 may include any
functional unit, information, and the like depending on a functional use. As
an example, if the unmanned aerial vehicle 1 autonomously flies according to
a flight plan, flight plan information, which is data representing a flight plan
as any rule to follow during flight, such as a flight plan path as a set of a
start position and a destination of flight, and a check point position (a
latitude, a longitude, and an altitude) through which the unmanned aerial
vehicle 1 is to pass until it reaches the destination after starting at the start

position, a speed limit, and an altitude limit is recorded in the recording
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apparatus 39, and the main operation unit 28a reads the flight plan
information to execute the autonomous control program 38a so that the
unmanned aerial vehicle 1 flies according to the flight plan. Specifically,
the flight of the unmanned aerial vehicle 1 is controlled by determining a
current position, a speed, and the like of the unmanned aerial vehicle 1
based on information obtained from the various types of sensors in the
sensor unit 37, comparing the determined current position, speed, and the
like with respective target values of the flight plan path, the speed limit, the
altitude limit, and the like determined in the flight plan to operate respective
control command values for the rotors 13 to 16 and the thrust generation
propeller 25 in the main operation unit 28a, converting data respectively
representing the control command values into pulse signals (generating
control signals) and transmitting the pulse signals to the speed controllers
30 to 34 in the signal conversion unit 28b, respectively converting the pulse
signals into driving currents and outputting the driving currents to the
motors 17 to 21 in the speed controllers 30 to 34, and controlling drives of the
motors 17 to 21 to control respective rotational speeds and the like of the
rotors 13 to 16 and the thrust generation propeller 25. As an example,
control is performed to increase the réspective numbers of rotations of the
rotors 13 and 16 for a control command to increase the altitude of the
unmanned aerial vehicle 1 (decrease the numbers of rotations when the
altitude is decreased), increase the number of rotations of the thrust
generation propeller 25 for a control command to accelerate the unmanned
aerial vehicle 1in a forward direction (in the position direction of x in Figure
1A) (decrease the numbers of rotations when the unmanned aerial vehicle 1
is decelerated), and decrease the respective numbers of rotations of the
rotors 14 and 16 for a control command to incline the unmanned aerial
vehicle 1 by rolling around the x-axis illustrated in Figure 1A (in a
counterclockwise direction as viewed in the positive direction of x) to

maintain the respective numbers of rotations of the rotors 13 and 15, for
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example. Note that the acceleration (deceleration) in the forward direction
of the unmanned aerial vehicle 1 can also be performed by controlling the
respective numbers of rotations of the rotors 13 to 16, for example,
decreasing the respective numbers of rotations of the rotors 13 and 14 to
increase the respective numbers of rotations of the rotors 15 and 16 (opposite
control when the unmanned aerial vehicle 1 is decelerated), and the
unmanned aerial vehicle 1 can also be flown without using the thrust
generation propeller 25. Note that simplified control can be performed.
For example, the speed of the unmanned aerial vehicle 1 in the forward
direction (in the positive direction of x in Figure 1A) can be performed by
making all the respective numbers of rotations of the rotors 13 to 16 equal to
one another (performing control to only equally increase or decrease the
respective numbers of rotations of all the four rotors 13 to 16) to float and
land (or land on water) the unmanned aerial vehicle 1 and controlling the
number of rotations of the thrust generation propeller 25. Flight recording
information such as a flight path through which the unmanned aerial vehicle
1 has actually flown (e.g., a position of the aircraft of the unmanned aerial
vehicle 1 at each time point) and various types of sensor data are recorded on
various types of databases 38b, as needed, during flight.
[0040]

As examples of the autonomous flight type unmanned aerial vehicle,
Mini Surveyor ACSL-PF1 (Autonomous Control Systems Laboratory Ltd.),
Snap (Vantage Robotics), AR. Drone 2.0 (Parrot), and Bebop Drone (Parrot),
for example, are commercially available.
[0041]

Note that when the unmanned aerial vehicle 1 flies under control
from outside, the unmanned aerial vehicle 1 receives data representing a
control command value received from a controller device or the like of the
operator using the communication antenna 35 and the communication unit

36, converts the data into a pulse signal using the signal conversion unit 28b
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(generates a control signal), and controls respective rotational speeds of the
rotors 13 to 16 and the thrust generation propeller 25 using the speed
controllers 30 to 34 and the motors 17 to 21, to perform flight control. Even
in this case, when the main operation unit 28a reads data representing
attitude information of the unmanned aerial vehicle 1 obtained from the
attitude sensor (a gyro sensor or a magnetic sensor) among the various types
of sensors in the sensor unit 37 to execute the autonomous control program
38a, partial autonomous control and control from outside can also be
combined with each other. For example, a command value of attitude
control is operated by comparing the data from the attitude sensor with a
target value of an attitude, for example, to perform attitude control (In this
case, the main operation unit 28a operates a final control command value by
executing the autonomous control program 38a based on data representing a
control command value received from an external controller device or the like
and data representing the command value of the attitude control. When the
signal conversion unit 28b converts data representing the control command
value into a pulse signal, a control signal including an attitude control signal
is generated.). Although it is assumed that the unmanned aerial vehicle 1
basically flies in response to a control signal from the external controller
device or the like in shooting flight described below, and only an attitude is
autonomously controlled, similar shooting flight can also be performed by the
unmanned aerial vehicle 1 that performs fully autonomous control flight and
fully external control flight.

[0042]

Shooting Flight in Closed-type space by Unmanned aerial vehicle

As an example of shooting flight in a closed-type space by the
unmanned aerial vehicle 1, shooting flight in a sewage pipeline will be
described below with reference to Figures 10 to 14. Note that a use of the
unmanned aerial vehicle, the flight control mechanism for the unmanned

aerial vehicle, and the method using these according to the present invention
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as already described 1s not limited to such shooting flight, but an unmanned

aerial vehicle, a flight control mechanism for the unmanned aerial vehicle,

~ and a method using these according to the present invention can be used in

any environment and for any purpose.
[0043]

Figure 10 illustrates a structure of a sewage pipeline facility capable
of flying the unmanned aerial vehicle illustrated in Figure 1A. A manhole
42a provided on a ground surface 41 leads to the sewage pipeline 43, and
follows the sewage pipeline 43 in a rightward direction in Figure 10 to reach
another manhole 42b (Although the sewage pipeline 43 is drawn by being cut
at two points in the middle in Figure 10, this is a representation used for
convenience and is actually formed as a consecutive sewage pipeline 43
longer than that illustrated.). A boundary surface of the closed-type space
is defined by an inner wall 44 in the sewage pipeline 43, and a connection
section 45 exists for each predetermined distance in the rightward direction
in Figure 10 in the sewage pipeline 43.

[0044]

In performing the shooting flight in the sewage pipeline 43 by the
unmanned aerial vehicle 1, the unmanned aerial vehicle 1 is advanced into
the manhole 42a and dropped to a depth of the sewage pipeline 43. In an
example, a holding table is provided at a distal end of a pole having
approximately the same length as the depth of the manholes 42a and 42b,
and the pole is inserted into the manhole 42a with the unmanned aerial
vehicle 1 loaded on the holding table to drop the unmanned aerial vehicle 1.
If the autonomous flight type unmanned aerial vehicle 1 is used, a position of
the manhole 42a, the depth of the sewage pipeline 43, and the like may be
previously recorded as a flight plan path on the recording apparatus 39, and
the main operation unit 28a may read the flight plan information including
data of the flight plan path and execute the autonomous control program 38a

to autonomously fly the unmanned aerial vehicle 1 and guide the unmanned
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aerial vehicle 1 to one end of the sewage pipeline 43 (a left end in the sewage
pipeline 43 in Figure 10, which is hereinafter referred to as a shooting flight
start position S), or may transmit a control signal to the unmanned aerial
vehicle 1 from the external controller device and steer the unmanned aerial
vehicle 1 to guide the unmanned aerial vehicle 1 to the shooting flight start
position S.

[0045]

The unmanned aerial vehicle 1 starts the shooting flight in the
rightward direction in Figure 10 (with the direction used as the positive
direction of x in Figure 1A, i.e., the traveling direction) from the shooting
flight start position (Figure 11). With manual control by the operator from
the external controller, the inspection camera 22 and the front camera 23
shoot a still image or a moving image within the sewage pipeline 43 while
the unmanned aerial vehicle 1 is flying in the traveling direction upon
receiving a control signal for issuing a forward instruction. Note that
although water 46 normally exists in the sewage pipeline 43, and its water
level varies, as needed, a float force can also be obtained by a water surface
effect produced by rotation of the rotors 13 to 16 can also be obtained (If
there is no water 46, a similar effect can also be obtained from the inner wall
44.).

[0046]

Data of the still image or the moving image shot by the inspection
camera 22 is recorded in a built-in memory in the inspection camera 22, and
data of the still image or the moving image shot by the front camera 23 is
transmitted, as needed, to an external computer of the operator from the
communication antenna 35 by the communication unit 36 after being
recorded in a built-in memory in the front camera 23. The operator displays
the still image or the moving image shot by the front camera 23 on a display
provided in the external computer using the received data, and steers the

unmanned aerial vehicle 1 by the external controller while confirming the
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still image or the moving image (If a communication quality between the
external controller and the communication antenna 35 is not sufficient, a
radio relay station is preferably previously installed in the sewage pipeline
43. A GPS signal can also be received similarly via the radio relay station.).
In an example, the unmanned aerial vehicle 1 is steered while a distance by
which the unmanned aerial vehicle 1 has advanced with the connection
section 45 reflected on the displayed still image or moving image used as a
landmark.

[0047]

During the shooting flight, the unmanned aerial vehicle 1 may
excessively rise to collide with the inner wall 44 of the sewage pipeline 43
due to any reason such as an accuracy problem of manual control by the
external controller or an accuracy problem of autonomous attitude control.
A situation at this time is illustrated in Figure 12A. The preceding collision
member 6 (as a rotary member such as a wheel or‘a roller) held by the
holding member 9 in the unmanned aerial vehicle 1 contacts the boundary
surface 47 between the sewage pipeline 43 and the inner wall 44, and a force
in an arrow direction indicated by F in Figure 12A is exerted on the
preceding collision member 6 from the inner wall 44. This force is exerted
as a force for rotating the holding member 9 (with the shaft section for
holding member 11A as a fixed rotation axis) in an arrow direction indicated
by R in Figure 12A.

[0048]

When the holding member 9 rotates as described above, and the
vehicle body further rises, both the rotary members 5 and 6 to be held by the
holding member 9 contact the boundary surface 47, as illustrated in Figure
12B. The rotary members 7 and 8 to be held by the holding member 10 also
contact the boundary surface 47 in a similar principle (Some of the rotary
members may not contact the boundary surface 47 depending on a shape of

the boundary surface.). Assuming that the holding member 9 is attached to
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be rotatable around a position lower than the corresponding set of rotors 13
and 14 (in the negative direction of z in Figure 1A) with the vehicle body not
inclined, and the holding member 10 is attached to be rotatable around a
position lower than the corresponding set of rotors 15 and 16 (in the negative
direction of z in Figure 1A) with the vehicle body similarly not inclined, the
vehicle body is inclined in a similar direction to the direction of the
inclination of the holding members 9 and 10, as described with reference to
Figures 5A to 5E (Figure 12C). In this state, if the unmanned aerial vehicle
1 is flown in an x-direction in Figure 12C, for example, (In the present
specification, "fly" also includes the unmanned aerial vehicle moving while
floating with the components of the unmanned aerial vehicle contacting the
boundary surface.), the unmanned aerial vehicle 1 flies along the boundary
surface 47 while the rotary member, which contacts the boundary surface 47,
among the rotary members 5 to 8 is rotating (see Figure 3B). Note that it is
not essential to incline the vehicle body, as illustrated in Figure 12C. The
unmanned aerial vehicle 1 can also fly along the boundary surface 47 with
the vehicle body not inclined. Alternatively, the unmanned aerial vehicle 1
can fly along the boundary surface 47 even if the vehicle body is inclined in
an opposite direction, as described with reference to Figures 6A to 6E. If
the preceding collision members 5 to 8 are not each a rotary member such as
a wheel or a roller, but are each a member fixed to the holding member, as
described with reference to Figure 4, for example, the unmanned aerial
vehicle 1 flies along the boundary surface 47 while the preceding collision
member, which contacts the boundary surface 47, among the preceding
collision members 5 to 8 is sliding.
[0049]

Note that although description has been made assuming that the
boundary surface 47 is inclined in one direction in a region with which the
preceding collision member collies in an example illustrated in Figures 12A

to 12C, even if the preceding collision member collies with a flat region on
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the boundary surface 47, a region symmetrically inclined in both directions,
or the like, the unmanned aerial vehicle 1 can basically be flown along the
boundary surface 47 in a similar principle. As an example, when the
preceding collision member 5 contacts the region on the boundary surface 47
illustrated iI;l Figure 13A, a force is exerted on the preceding collision
member 5 from the inner wall 44 in an arrow direction indicated by F in
Figure 13A, and the holding member 9 rotates in an arrow direction
indicated by R in Figure 13A. When the vehicle body further rises, both the
preceding collision members 5 and 6 to be held by the holding member 9
contact the boundary surface 47, as illustrated in Figure 13B. The
preceding collision members 7 and 8 to be held by the holding member 10
also contact the boundary surface 47 in a similar principle (Some of the
rotary members may not contact the boundary surface 47 depending on a
shape of the boundary surface.). Hereinafter, the unmanned aerial vehicle
1 can fly along the boundary surface 47 in a similar principle. If the
preceding collision member is a rotary member such as a wheel or a roller,
the unmanned aerial vehicle 1 flies along the boundary surface 47 while
rotating the rotary member that has contacted the boundary surface 47.
With a member described with reference to Figure 4, the unmanned aerial
vehicle 1 flies along the boundary surface 47 while sliding the member on the
boundary surface 47.

[0050]

Note that the unmanned aerial vehicle 1 may be inclined due to any
reason such as an accuracy problem of manual control and autonomous
attitude control during the shooting flight in addition to or in a case other
than a case where the preceding collision member collides with the boundary
surface 47, as described above. As an example, Figure 14 illustrates how
the unmanned aerial vehicle 1 is inclined by rotating (rolling) around the
x-axis illustrated in Figure 1A. If the preceding collision member does not

contact the boundary surface 47, for example, the lower side (the side in the
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positive direction of y) of the vehicle body can be raised by increasing the
respective numbers of rotations of the rotors 13 and 15 to recover the
attitude of the vehicle body to be horizontal. However, in this case, the
vehicle body rises so that the unmanned aerial vehicle 1 may collide with an
upper surface of the inner wall 44. As described with reference to Figures
12A to 13B, if the unmanned aerial vehicle 1 flies along the boundary surface
47 with the inner wall 44, the collision need not particularly be prevented.
However, if the unmanned aerial vehicle 1 is desired to be flown while
avoiding contact with the boundary surface 47, the respective numbers of
rotations of the rotors 14 and 16 are preferably reduced to lower the higher
side (the side in the negative direction of y) of the vehicle body and recover
the attitude to be horizontal. Although such attitude control is typically
performed when the main operation unit 28a reads data representing the
attitude information of the unmanned aerial vehicle 1 obtained from the
attitude sensor, as described above, and executes the autonomous control
program 38a, the attitude control may be performed by transmitting a
control signal representing a control command value of an attitude from the
external controller device (a control signal including an attitude control
signal for issuing an instruction to roll in an opposite direction to that of the
inclination illustrated in Figure 14), receiving the control signal in the
unmanned aerial vehicle 1, and executing the autonomous control program
38a in the main operation unit 28a. The attitude can be recovered by
similarly reducing the respective numbers of rotations of some of the rotors
for the inclination of the unmanned aerial vehicle 1 by any rotation such as
rotation around a y-axis (a pitch) or a z-axis (a yaw).

[0051]

The unmanned aerial vehicle 1 reaches the other end of the sewage
pipeline 43 (a right end in the sewage pipeline in Figure 10, which is
hereinafter referred to as a shooting flight end position G), the shooting
flight ends. A pole having a holding table provided at its distal end is
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inserted into the manhole 42b, and the unmanned aerial vehicle 1 is loaded
on the holding table and is pulled up, for example, to recover the unmanned
aerial vehicle 1. The unmanned aerial vehicle 1 may be pulled up from the
end position G by autonomous flight, like when the unmanned aerial vehicle
1 is guided into a shooting flight start position S. Respective states of the
sewage pipeline 43, the inner wall 44, and the like can be confirmed by
detaching the inspection camera 22 from the recovered unmanned aerial
vehicle 1 and seeing a still image or a moving image recorded in the memory
of the inspection camera 22.

[0052]

Figure 15 illustrates an example of an image in the sewage pipeline
shot by the front camera. A similar image can be obtained by the shooting
flight of the unmanned aerial vehicle 1 loaded with the front camera 23.
The operator can steer the unmanned aerial vehicle 1 using the external
controller device while seeing a still image or a moving image at a first
person view shot by the front camera 23 as illustrated in Figure 15. After
the shooting flight, the state of the sewage pipeline 43, for example, a crack
of the inner wall‘ 44 or a shift of a packing in the connection section 45 can be
confirmed by detaching the inspection camera 22 from the recovered
unmanned aerial vehicle 1 and seeing a still image or a moving image

recorded in the memory.

Industrial Applicability
[0053]

The present invention can be used for shooting inspection in any
closed-type space such as the inside of a water supply pipeline, the inside of a
sewage pipeline, the inside of a drainage channel, the inside of a tunnel of a
highway, the inside of a drainage pipe of the highway, the inside of a cave
passage, the inside of a duct, the inside of a pipe shaft, or the inside of a gas

pipeline. The present invention is also usable when an unmanned aerial
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vehicle (unmanned flying object) is flown for any purpose in any space other

than a closed-type space.

Reference Signs List

[0054]

1 unmanned aerial vehicle, unmanned flying object
2 main body section

3 waterproof case

4 frame

4a frame rear section

4b, 4c through hole

4A to 4D rotation stop position

5to 8 preceding collision member

5A to 8A shaft section for preceding collision member
9,10 holding member

9A, 10A hole

9B-1, 9B-2, 10B-1, 10B-2 preceding collision member
member

9C-1, 9C-2, 10C-1, 10C-2 hole

11, 12 holding member attachment member

11A, 12A shaft section for holding member
13 to 16 rotor

17 to 21 motor

22 inspection camera

23 front camera

24 ultrasonic sensor

25 thrust generation propeller

26 center of gravity

27A  motor member

27B  motor member

35
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27C

27A-1 groove

28A  main operation unit

28b signal conversion unit

29 control signal generation unit
30 to 34 speed controller

35 communication antenna

36 communication unit

37 various types of sensors

38a autonomous control program
38b  various types of databases

39 recording apparatus

40 power supply system

41 ground surface

42a, 42b manhole

43 sewage pipeline, inspection space
44 inner wall

45 connection section

46 water

47 boundary surface

motor member
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Claims

[Claim 1]

A flight control mechanism for an unmanned aerial vehicle
comprising:

a first preceding collision member;

a second preceding collision member; and

a holding member which holds the first and the second preceding
collision members with a distance above a vehicle body of an unmanned
aerial vehicle, wherein the holding member can be inclined with respect to
the vehicle body by rotating toward the lateral side of the vehicle body
around a predetermined position in the vehicle body or on the vehicle body,
and the holding member rotates responsive to one of the first and the second

preceding collision members colliding with a boundary surface.

[Claim 2]

The flight control mechanism according to claim 1, wherein the
holding member is configured to rotate responsive to one of the first and the
second preceding collision members colliding with the boundary surface and
both of the first and the second preceding collision members touch the

boundary surface according to ascension of the vehicle body.

[Claim 3]

The flight control mechanism according to claim 2, wherein the first
and the second preceding collision members are rotary members, and the
flight control mechanism is configured so that the first and the second rotary
members rotate when the unmanned aerial vehicle flies while the first and

the second rotary members are touching the boundary surface.

[Claim 4]
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An unmanned aerial vehicle comprising two or more flight control
mechanisms according to claim 2 or 3 in front and behind with a distance,
wherein the unmanned aerial vehicle is configured to fly along the boundary
surface by flying with the first and the second preceding collision members of

the respective flight control mechanisms touching the boundary surface.

[Claim 5]
The unmanned aerial vehicle according to claim 4 comprising:
at least four rotary wings;
a drive device which drives the rotary wings; and
a control signal generation unit which generates a control signal for

causing the drive device to drive the rotary wings.

[Claim 6]

The unmanned aerial vehicle according to claim 5 comprising:

two sets of rotary wings as the at least four rotary wings where each
set consists of two rotary wings distanced in left and right; and

the flight control mechanism for each one set of the two sets wherein
in each set, the predetermined position is below the positions of the two
rotary wings included in that set in a state where the vehicle body is not

inclined.

[Claim 7]

The unmanned aerial vehicle according to claim 5 or 6 wherein the
control signal includes an attitude control signal, and the unmanned aerial
vehicle is configured to control the attitude of the unmanned aerial vehicle
by causing the drive device to drive the rotary wings with the attitude
control signal to reduce the number of rotations of at least one or some of the

rotary wings when the unmanned aerial vehicle is inclined.
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[Claim 8]

The unmanned aerial vehicle according to any of claims 5 to 7,
wherein the drive device includes a plurality of motors which respective
motors provide the respective rotary wings with motive powers, respectively,
and respective motors are configured to provide respective rotary wings with
motive powers, respectively, at a position with a higher gravitational
potential than the rotary wing which receives motive power from the each

motor.

[Claim 9]

The unmanned aerial vehicle according to any of claims 5 to 8,
further comprising a thrust generation propeller, wherein the unmanned
aerial vehicle is configured to propel by rotations of the thrust generation

propeller while floating by rotations of the at least four rotary wings.

[Claim 10]

The unmanned aerial vehicle according to any of claims 5 to 9,
further comprising a shooting camera, wherein the unmanned aerial vehicle
is configured to fly inside a closed-type space by driving the rotary wings

while shooting inside the closed-type space using the shooting camera.

[Claim 11]

The unmanned aerial vehicle according to claim 10 further
comprising a traveling direction shooting camera and a traveling direction
shooting data transmission unit, wherein the unmanned aerial vehicle is
configured to fly while shooting in the traveling direction by means of the
traveling direction shooting camera and transmitting obtained traveling
direction shooting data from the traveling direction shooting data

transmission unit to the outside.
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[Claim 12]

A method for flying an unmanned aerial vehicle along a boundary
surface, the unmanned. aerial vehicle comprises two or more flight control
mechanisms in front and behind with a distance, each flight control
mechanism comprises:

a first preceding collision member;

a second preceding collision member; and

a holding member which holds the ﬁrst' and the second preceding
collision members separately above a vehicle body of an unmanned aerial
vehicle, wherein the holding member can be inclined with respect to the
vehicle body by rotating toward the lateral side of the vehicle body around a
predetermined position in the vehicle body or on the vehicle body, and the
holding member rotates responsive to one of the first and the second
preceding collision members colliding with a boundary surface and makes
both of the first and the second preceding collisidn members touch the
boundary surface according to ascension of the vehicle body,

the method comprises flying the unmanned aerial vehicle in a state
where the first and the second preceding collision members of the respective

flight control mechanisms are touching the boundary surface.

40



