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(54) UNDERWATER TOWING SYSTEM

(57)

An underwater towing system (1) according to

one embodiment includes: a towing structure (2) sailing
on or in water; a towing rope (3) hanging down from the
towing structure (2) into the water; and underwater work
structures (5) towed by the towing rope (3). At least one
lightemitter (4)is attached to the towing rope (3). The light
emitter (4) is controlled by control circuitry (21) included in
the towing structure (2). Each of the underwater work

structures (5) includes a light receiver (53) that can
receive a light signal from the light emitter (4). One of
the underwater work structures (5) separates from the
towing rope (3) when the control circuitry (21) makes the
lightemitter (4) transmit a separation signal for this under-
water work structure (5), and the light receiver (53) of this
underwater work structure (5) receives the separation
signal.

FIG. 1
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Description
Technical Field

[0001] The presentdisclosure relates to an underwater
towing system that tows underwater work structures in
water.

Background Art

[0002] Underwater work structures, such as an auton-
omous underwater vehicle (AUV; also called an un-
manned underwater vehicle (UUV)) and underwater ob-
servation equipment, have been known. For example,
PTL 1 describes that to investigate a large water area,
AUVs are put into water from a support ship.

Citation List
Patent Literature

[0003] PTL 1: Japanese Laid-Open Patent Application
Publication No. 2018-172056

Summary of Invention
Technical Problem

[0004] However, when the support ship is rocking hard
by influence of wind, waves, or the like, itis difficult to put
the underwater work structures into water from the sup-
port ship.

[0005] An object of the present disclosure is to provide
an underwater towing system that can locate underwater
work structures at target places.

Solution to Problem

[0006] The presentdisclosure provides an underwater
towing system including: a towing structure sailing on or
in water and including control circuitry; a towing rope
hanging down from the towing structure into the water;
at least one light emitter attached to the towing rope and
controlled by the control circuitry; and underwater work
structures towed by the towing rope, wherein: each of the
underwater work structures includes a light receiver that
receives a light signal from the at least one light emitter;
and one of the underwater work structures separates
from the towing rope when the control circuitry makes
the at least one light emitter transmit a separation signal
for this underwater work structure, and the light receiver
of this underwater work structure receives the separation
signal.

Advantageous Effects of Invention

[0007] The present disclosure provides the under-
water towing system that can locate the underwater work
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structures at the target places.
Brief Description of Drawings
[0008]

FIG. 1 is a schematic configuration diagram of an
underwater towing system according to one embo-
diment.

FIG. 2 is a schematic configuration diagram of the
underwater towing system according to a modified
example.

FIG. 3 is a schematic configuration diagram of the
underwater towing system according to another
modified example.

Description of Embodiments

[0009] FIG. 1 shows an underwater towing system 1
according to one embodiment. The underwater towing
system 1 includes a towing structure 2 and underwater
work structures 5. In the present embodiment, the towing
structure 2 is a support ship 2A that sails on water.
[0010] A towing rope 3 hangs down from the towing
structure 2 into water. The underwater work structures 5
are towed by the towing rope 3. In the present embodi-
ment, the towing rope 3 includes: a main line 31 con-
nected to the towing structure 2; and branch lines 32 that
extend from the main line 31 and are used for connection
with the underwater work structures 5. However, the
branch lines 32 are not necessarily required, and the
underwater work structures 5 may be directly connected
to the main line 31.

[0011] At least one light emitter 4 is attached to the
towing rope 3. The light emitter 4 is, for example, a LED.
In the present embodiment, the light emitters 4, the
number of which is equal to the number of underwater
work structures 5, are attached to the main line 31 of the
towing rope 3. However, the number of light emitters 4
does not necessarily have to be equal to the number of
underwater work structures 5 and may be smaller or
larger than the number of underwater work structures
5. Moreover, the light emitters 4 may be attached to not
the main line 31 of the towing rope 3 but the branch lines
32 or may be attached to both of the main line 31 and the
branch lines 32.

[0012] The towing structure 2 includes first control
circuitry 21 configured to control the light emitters 4. To
be specific, the first control circuitry 21 is electrically
connected to all of the light emitters 4. In the present
embodiment, the first control circuitry 21 makes all of the
light emitters 4 transmit light signals of the same flashing
pattern such that all of the light emitters 4 flash in syn-
chronization with each other. To be specific, the flashing
pattern includes: information indicating which of the un-
derwater work structures 5 a command is directed to; and
a content of the command.

[0013] Regarding the first control circuitry 21 and be-
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low-described second control circuitry 56, the function-
ality of the elements disclosed herein may be implemen-
ted using circuitry or processing circuitry which includes
general purpose processors, special purpose proces-
sors, integrated circuits, ASICs ("Application Specific
Integrated Circuits"), conventional circuitry and/or com-
binations thereof which are configured or programmed to
perform the disclosed functionality. Processors are con-
sidered processing circuitry or circuitry as they include
transistors and other circuitry therein. In the disclosure,
the circuitry, units, or means are hardware that carry out
or are programmed to perform the recited functionality.
The hardware may be any hardware disclosed herein or
otherwise known which is programmed or configured to
carry out the recited functionality. When the hardware is a
processor which may be considered a type of circuitry,
the circuitry, means, or units are a combination of hard-
ware and software, the software being used to configure
the hardware and/or processor.

[0014] The number of underwater work structures 5 is
four in the illustrated example but may be two, three, or
five or more. In the present embodiment, the underwater
work structures 5 are AUVs. Specifically, each under-
water work structure 5 that is the AUV includes: a main
body 51 having a streamline shape; and a propulsor 52
located at the main body 51.

[0015] The propulsor 52 can apply thrust to the main
body 51 in a front-rear direction, left-right direction, and
upper-lower direction of the main body 51. In addition, the
propulsor 52 can apply turning force to the main body 51
in a yaw direction around an upper-lower axis of the main
body 51 and a pitch direction around a left-right axis of the
main body 51. Forexample, the propulsor 52 may include
thrusters that are directed in different directions from
each other or may include a single thruster of a swing
type.

[0016] A light receiver 53, an engager 54, and an
actuator 55 are located at a front portion of the main body
51. The light receiver 53 can receive the light signal from
the light emitter 4. The engager 54 can be connected to
the branch line 32 of the towing rope 3. The actuator 55
operates the engager 54. Moreover, the second control
circuitry 56 and an inertial navigation system 57 (INS) are
located at the main body 51.

[0017] The second control circuitry 56 is electrically
connected to the light receiver 53, the actuator 55, and
the inertial navigation system 57. The second control
circuitry 56 reads the command from the first control
circuitry 21 in such a manner that the light receiver 53
receives the light signal when the light signal from the
light emitter 4 includes the command directed to the
underwater work structure 5 on which this second control
circuitry 56 is mounted.

[0018] The engager 54 includes, for example, a hook
that can swing. In this case, the actuator 55 makes the
hook swing. The actuator 55 is controlled by the second
control circuitry 56.

[0019] The inertial navigation system 57 includes: ac-
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celerometers that detect respective accelerations in di-
rections in which three axes orthogonal to each other
extend; and gyro sensors that detect respective angular
velocities around the three axes. The inertial navigation
system 57 calculates a movement direction of the main
body 51 from areference position of the main body 51 and
a movement distance of the main body 51 from the
reference position of the main body 51, and calculates
a current posture of the main body 51. After the under-
water work structure 5 separates from the towing rope 3,
the second control circuitry 56 controls the propulsor 52
based on calculation results of the inertial navigation
system 57.

[0020] Next, control performed by the first control cir-
cuitry 21 and the second control circuitry 56 will be
described in detail.

[0021] When the towing structure 2 reaches a target
place of each underwater work structure 5, the first con-
trol circuitry 21 makes the light emitter 4 transmit a
separation signal for the underwater work structure 5
to be located. The target places of all of the underwater
work structures 5 may be the same as each other or may
be different from each other.

[0022] The second control circuitry 56 of each under-
water work structure 5 determines based on the flashing
pattern of the light signal received by the light receiver 53
whether or not the light signal is the separation signal for
this underwater work structure 5. When the light receiver
53 of each underwater work structure 5 receives the
separation signal for this underwater work structure 5,
the second control circuitry 56 drives the actuator 55 such
that the towing rope 3 and the engager 54 are discon-
nected from each other. Thus, the underwater work
structure 5 separates from the towing rope 3.

[0023] As described above, according to the under-
water towing system 1 of the present embodiment, the
underwater work structures 5 are towed by the towing
rope 3 that hangs down from the towing structure 2 into
water. Therefore, the underwater work structures 5 can
be conveyed to the target places by the sailing of the
towing structure 2. Moreover, when each underwater
work structure 5 is conveyed to the target place, and
the first control circuitry 21 makes the light emitter 4
transmit the separation signal for the underwater work
structure 5, the underwater work structure 5 separates
from the towing rope 3 at the target place. Therefore, the
underwater work structures 5 can be located at the target
places.

Modified Examples

[0024] The present disclosure is not limited to the
above embodiment, and various modifications may be
made within the scope of the present disclosure.

[0025] For example, the underwater work structures 5
may include respective light emitters, and light receivers
corresponding to these light emitters may be attached to
the towing rope 3 and electrically connected to the first
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control circuitry 21. According to this configuration, in-
formation can be output from the underwater work struc-
tures 5 to the first control circuitry 21. In this case, it is
desirable that the color of the light signal transmitted from
the light emitter 4 of the towing rope 3 and the color of the
light signal transmitted from the light emitter of the under-
water work structure 5 be different from each other. It is
desirable that when the light emitters of all of the under-
water work structures 5 emit light in the same color, the
lightemission of the light emitter of each underwater work
structure 5 be controlled by a light emission permission
command supplied from the first control circuitry 21 of the
towing structure 2 for this underwater work structure 5.

[0026] Moreover, as in an underwater towing system
1A according to a modified example shown in FIG. 2, the
towing structure 2 may be an AUV 2B that sails in water.
The AUV 2B includes a battery larger than that of the AUV
that is the underwater work structure 5. The AUV 2B can
sail in water for a long period of time. Moreover, the AUV
2B includes: a main body 22 having a streamline shape;
and a propulsor 23 located at the main body 22. The first
control circuitry 21 and an inertial navigation system 24
are located at the main body 22.

[0027] Moreover, as in an underwater towing system
1B according to another modified example shown in FIG.
3, each underwater work structure 5 may not include the
engager 54 and the actuator 55. In this case, the under-
water work structure 5 that is the AUV is towed by the
towing rope 3 by sailing while being guided by the light
signal from the light emitter 4. When the underwater work
structures 5 are guided by the light signals from the light
emitters 4, the number of light emitters 4 and the number
of underwater work structures 5 may be equal to each
other or may be different from each other as with the
above.

[0028] According to this configuration, the underwater
work structures 5 can be indirectly towed by the towing
rope 3 without being connected to the towing rope 3. On
the other hand, in a case where each underwater work
structure 5 includes the engager 54 and the actuator 55
as in the above embodiment, when the underwater work
structure 5 is towed by the towing rope 3, the underwater
work structure 5 can be mechanically connected to the
towing rope 3 (direct towing).

[0029] According to the underwater towing system 1B
shown in FIG. 3, when the light receiver 53 of each
underwater work structure 5 receives the separation
signal for this underwater work structure 5 from the light
emitter 4, the second control circuitry 56 changes from a
following mode in which the underwater work structure 5
sails while following the light emitter 4 to a work mode in
which the underwater work structure 5 performs under-
water work. Thus, the underwater work structure 5 se-
parates from the towing rope 3.

[0030] Moreover, the underwaterwork structure 5 does
not necessarily have to be the AUV and may be under-
water observation equipment. The underwater observa-
tion equipment may include a propulsor or may not
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include a propulsor.
Conclusion

[0031] As a first aspect, the present disclosure pro-
vides an underwater towing system including: a towing
structure sailing on or in water and including control
circuitry; a towing rope hanging down from the towing
structure into the water; atleast one light emitter attached
to the towing rope and controlled by the control circuitry;
and underwater work structures towed by the towing
rope, wherein: each of the underwater work structures
includes a light receiver that receives a light signal from
the at least one light emitter; and one of the underwater
work structures separates from the towing rope when the
control circuitry makes the at least one light emitter
transmit a separation signal for this underwater work
structure, and the light receiver of this underwater work
structure receives the separation signal.

[0032] According to the above configuration, the un-
derwater work structures are towed by the towing rope
hanging down from the towing structure into the water.
Therefore, the underwater work structures can be con-
veyed to the target places by the sailing of the towing
structure. Moreover, when each underwater work struc-
ture is conveyed to the target place, and the control
circuitry makes the light emitter transmit the separation
signal for the underwater work structure, the underwater
work structure separates from the towing rope at the
target place. Therefore, the underwater work structures
can be located at the target places.

[0033] As a second aspect, the underwater towing
system may be configured such that: in the first aspect,
the control circuitry includes first control circuitry; each of
the underwater work structures includes an engager that
is connectable to the towing rope, an actuator that oper-
ates the engager, and second control circuitry configured
to control the actuator; and when the light receiver re-
ceives the separation signal, the second control circuitry
drives the actuator such that the towing rope and the
engager are disconnected from each other. According to
this configuration, when towing the underwater work
structures by the towing rope, the underwater work struc-
tures can be mechanically connected to the towing rope.
[0034] Asathirdaspect, the underwatertowing system
may be configured such that in the first or second aspect,
for example, each of the underwater work structures
includes an autonomous underwater vehicle.

[0035] As afourth aspect, the underwater towing sys-
tem may be configured such that in the first aspect, each
of the underwater work structures includes an autono-
mous underwater vehicle including a propulsor and is
indirectly towed by the towing rope by sailing while being
guided by the light signal from the at least one light
emitter. According to this configuration, the underwater
work structures can be towed by the towing rope without
being connected to the towing rope.
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1. Anunderwater towing system comprising:

a towing structure sailing on or in water and
including control circuitry;

a towing rope hanging down from the towing
structure into the water;

at least one light emitter attached to the towing
rope and controlled by the control circuitry; and
underwater work structures towed by the towing
rope, wherein:

each of the underwater work structures in-
cludes a light receiver that receives a light
signal from the at least one light emitter; and
one of the underwater work structures se-
parates from the towing rope when the con-
trol circuitry makes the at least one light
emitter transmit a separation signal for this
underwater work structure, and the light
receiver of this underwater work structure
receives the separation signal.

2. The underwater towing system according to claim 1,
wherein:

the control circuitry includes first control circui-
try;
each of the underwater work structures includes

an engager thatis connectable to the towing
rope,

an actuator that operates the engager, and
second control circuitry configured to con-
trol the actuator; and

when the light receiver receives the separation
signal, the second control circuitry drives the
actuator such that the towing rope and the en-
gager are disconnected from each other.

3. The underwater towing system according to claim 1
or 2, wherein each of the underwater work structures
includes an autonomous underwater vehicle.

4. The underwater towing system according to claim 1,
wherein each of the underwater work structures
includes an autonomous underwater vehicle includ-
ing a propulsor and is indirectly towed by the towing
rope by sailing while being guided by the light signal
from the at least one light emitter.
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