DESCRIPTION
TITLE OF INVENTION: MODULAR PLATFORM FOR RETRIEVING WATER

SURFACE FLOATING CONTAMINANTS

[001] REFERENCE TO RELATED APPLICATIONS
[002] This application claims the priority to Korean patent application No. 10-2025-

0012545, filed on 31 January 2025, the contents of which are incorporated herein by

reference.
[003] TECHNICAL FIELD
[004] The present invention relates to an apparatus, etc. for retrieving contaminants

floating on a water surface.

[005] An example of the contaminants may be oil, or may be oil water in which
water and oil are mixed. Mainly, it deals with contaminants in a fluid state (i.e., oil or oil
water, etc.), but sometimes it can also handle marine debris in a solid state. The marine
debris in a solid state does not necessarily need to be floating, and a part or all of it may be

below the water surface.

[006] BACKGROUND
[007] Description of Related Art
[008] In a case where an accident occurs in which oil is spilled on a water surface

such as an ocean or lake, it is necessary to prevent the oil from spreading widely by quickly
performing response work.

[009] An oil spill refers to the release of liquid petroleum hydrocarbons into the



surrounding environment as a result of human activities, not intentionally. 'Oil' may be
crude oil, refined oil, refined petroleum products (gasoline, diesel, etc.), or byproducts,
ship's bunker oil, or oily waste. The spilled oil may take several months to several years to
clean up.

[0010] To remove such spilled oil, methods such as deploying emulsifiers or
hygroscopic agents on the sea, removal using absorbent pads, or removal using automated
oil-water separators, etc., are used.

[0011] For example, when performing such response work, a method is being used in
which, after installing an oil fence on the periphery of the area where oil is spilled, a worker
throws a rectangular absorbent pad, which is made of non-woven fabric or the like, into the
inside of the oil fence, lets the absorbent pad absorb the oil, and then removes the oil
through a method of manually collecting the absorbent pad.

[0012] However, when performing response work with this method, because the
absorbent pad must be thrown precisely onto the area where the oil is spilled, not only is it
difficult to effectively control the oil distributed over a wide area, but also because a worker
must collect the absorbent pad that has absorbed the oil, a problem has occurred in that
collection takes a lot of time.

[0013] In particular, in this way, when a worker manually collects the absorbent pad,
the worker is exposed to oil, and in particular, a problem has occurred in that health
problems are caused by the worker inhaling oil vapor evaporated from the oil.

[0014] Therefore, recently, various marine response apparatuses for solving these
problems have been developed and are being used.

[0015] However, because these marine response apparatuses are installed and used
on large ships, there was a problem in that movement is inconvenient and it is difficult to

quickly deploy them to the site.



[0016] Furthermore, with these marine response apparatuses, an operator of the ship
must check the location where the oil is floating with the naked eye and move the ship to
the location of the oil, and in this way, there was a problem in that it is very difficult for a
person to check the oil floating far away with the naked eye.

[0017] Furthermore, in this way, the response work of controlling oil floating on the
water surface takes a lot of time, and as described above, when an operator checks the
location of the oil with the naked eye and operates the ship, the operator easily feels fatigue,
causing a problem in that continuous response work cannot be performed for a long time.
[0018] In addition to the method using absorbent pads, automated oil-water
separation methods such as Weir Skimmers, Oleophilic Skimmers, Conveyor Skimmers,
Hydro-Dynamic Skimmers, mobile and fixed (ship-mounted) oil recovery units, Vacuum
Skimmers, etc., are known, but all of these apparatuses are installed and used on large ships.
[0019] In Korea, oil spill accidents occur about 270 times per year on average, and
the amount of spilled oil reaches 700,000 L. Most oil spills are small-scale accidents of 100
L or less, and this accounts for 70% of the frequency of all accidents. The problem is that
existing automated equipment is all expensive, large-scale equipment, and due to the reason
that different equipment must be used depending on the type of oil, it is mainly used for
large-scale oil spill accidents, and small-scale accidents are mostly conventional, labor-
intensive absorbent pad operations.

[0020] In that process, as described above, industrial accidents such as oil odor,
headaches, and back pain occur to the responders, and naturally, working hours increase,
making initial response difficult, and the amount of waste increases.

[0021] Therefore, a new method or apparatus for solving these problems has become

necessary.



[0022] SUMMARY
[0023] An object of the present invention is to obtain an oil recovery apparatus
capable of performing various functions with a single platform.
[0024] Furthermore, another object is to facilitate distance measurement with objects
to reduce a risk of collision or to provide assistance during avoidance navigation.
[0025] Furthermore, another object is to facilitate assembling and disassembling a net
or a net fence.
[0026] Furthermore, another object is to enable state tracking of an actuator of the oil
recovery apparatus.
[0027] Furthermore, another object is to enable accurate estimation of a waste
retrieval amount.
[0028] The technical objects of the present invention are not limited to the technical
objects mentioned above, and other unmentioned technical objects will be clearly
understood by one of ordinary skill in the art from the description below.
[0029] According to the present invention, a water surface floating contaminant
retrieval apparatus is provided,
)] a hull including a main frame;
(i1) a Contaminated matter inlet disposed at a front part of the hull and
receiving contaminated water;
(iii))  a Propulsion body exerting a propulsion force to move the hull in
a desired direction;
a platform comprising the same, and
(iv)  an oil recovery part storing the contaminated water introduced
through the Contaminated matter inlet; an oil recovery part filter

disposed at a lower end of the oil recovery part and filtering water



separated to the lower part when the contaminated water is
separated by a density difference, oil is separated on top, and water
is separated below; and a cartridge storing the oil separated on top,
or
) a net installed at a rear of the hull, wherein the net functions as a
solid contaminant retrieval module for retrieving solid
contaminants included in the contaminated water introduced into
the hull of the floating contaminant retrieval apparatus through the
Contaminated matter inlet, or
(vi)  a net fence installed rearward of the Contaminated matter inlet,

wherein one end of the net fence is installed at a rear of the hull of
the water surface floating contaminant retrieval apparatus
(hereinafter, also referred to as a first water surface floating
contaminant retrieval apparatus), and the other end of the net fence
is installed at a rear of the hull of a separate water surface floating
contaminant retrieval apparatus (hereinafter, also referred to as a
second water surface floating contaminant retrieval apparatus),
wherein the net fence functions as a fence module for retrieving
water surface floating contaminants between the first water surface
floating contaminant retrieval apparatus and the second water
surface floating contaminant retrieval apparatus,

further comprising Add-on equipment which is any one of the foregoing (iv), (v),

and (vi),

wherein the apparatus is configured such that (iv) can be detached from and attached

to the platform, (v) can be detached from and attached to the platform, and (vi) can



be detached from and attached to the platform.
[0030] Preferably, the Propulsion body further comprises a Propulsion body guard
around its periphery,
wherein the Propulsion body guard, in a longitudinal direction of the water surface
floating contaminant retrieval apparatus,
(a) a middle region, which is a region overlapping with the
Propulsion body, (b) a front region, which is a region in front of
the Propulsion body, (c) a rear region, which is a region behind
the Propulsion body comprises:
wherein the middle region, the front region, and the rear region are surrounded by
a mesh, a first open space, where the mesh is not installed, is present between the
middle region and the front region, and a second open space, where the mesh is not
installed, is present between the middle region and the front region,
and wherein the middle region moves forward to contact the front region such that
the first open space disappears and the second open space becomes larger, or the
middle region moves rearward to contact the rear region such that the first open
space becomes larger and the second open space disappears.
[0031] Preferably, the net of (v) or the net fence of (vi) is coupled to a rear of the hull
through a Connecting link.
[0032] Preferably, the Connecting link comprises a first ring and a second ring,
wherein the first ring is connected to the hull, and the second ring is connected to
the net of (v) or the net fence of (vi),
and wherein the first ring and the second ring face each other.
[0033] Preferably, the first ring and the second ring are connected to a pole, and then,

by moving the pole, allowing the first ring to be connected to the hull, and allowing the



second ring to be connected to the net of (v) or the net fence of (vi), and thereafter separating
the pole from a combination of the first ring and the second ring, the first ring and the
second ring are connected to the hull and the net or the net fence.

[0034] Preferably, not only an input electrical signal but also an output electrical
signal of the Propulsion body, which is an actuator of the water surface floating contaminant
retrieval apparatus, are monitored, thereby inferring a state of the actuator of the water
surface floating contaminant retrieval apparatus.

[0035] Preferably, the input electrical signal is current or electric power, and the
output electrical signal is current or electric power.

[0036] Preferably, by comparing a numerical value in the input electrical signal and
a numerical value in the output electrical signal, feedback is obtained on whether the
actuator actually moved as commanded.

[0037] Preferably, a capacity is primarily estimated by utilizing an aquatic monitoring
camera so that an amount of solid marine debris retrieved by the water surface floating
contaminant retrieval apparatus can be known, and furthermore, the amount of retrieved
marine debris is secondarily estimated through an input electrical signal, an output
electrical signal, and driving speed data, which are input to the Propulsion body that is the
actuator of the water surface floating contaminant retrieval apparatus.

[0038] Preferably, the primary estimation and the secondary estimation comprise: a
step of analyzing a contaminant collection amount through an image obtained from a
camera installed on an upper part of the water surface floating contaminant retrieval
apparatus; and a step of reinforcing a marine debris amount estimation value.

[0039] Preferably, the step of reinforcing the marine debris amount estimation value
comprises:

estimating a driving speed of the water surface floating contaminant retrieval



apparatus (hereinafter, referred to as 'Speed A'") through data from GPS and IMU
(Inertial Measurement Unit) sensors, and also monitoring data of the input electrical
signal and the output electrical signal of the Propulsion body;
acquiring a driving speed of the robot (hereinafter, referred to as 'Speed B')
corresponding to the current input electrical signal and the current output electrical
signal, based on a pre-calculated propulsion speed table;
determining a speed propulsion degradation level of the water surface floating
contaminant retrieval apparatus through a difference between the Speed A and the
Speed B; and
reinforcing the numerical value of the marine debris amount estimated by the
camera, according to the determined speed propulsion degradation level.
[0040] Preferably, the pre-calculated propulsion speed table refers to a data table in
which the propulsion speed of the water surface floating contaminant retrieval apparatus is
calculated based on data of the input electrical signal and the output electrical signal of the
Propulsion body in an environment without currents and waves.
[0041] Preferably, the apparatus further comprises:
an inlet impeller installed at the Contaminated matter inlet and introducing
contaminated water into the hull;
an inlet impeller housing surrounding the inlet impeller; and
a Water splash prevention shield installed at an upper part of an upstream portion
of the inlet impeller housing.
[0042] Preferably, the apparatus further comprises:
a buoyancy device connected to the hull or being a part of the hull,
and wherein the hull and the buoyancy device have a buoyancy set such that the

inlet impeller is 40% to 60% submerged.



[0043] Preferably, the apparatus further comprises:
a first flow separation plate installed on the hull, installed at a height of a sea level,
and having a shape extending rearward and then extending downward again;
a first vertical baffle installed rearward of the first flow separation plate, and having
an upper opening and a lower opening;
an upper horizontal baffle installed rearward of the first vertical baffle, and having
a first filter for filtering oil; and
a lower horizontal baffle installed below the upper horizontal baffle, and having a
second filter with a denser mesh net than the first filter,
wherein the lower horizontal baffle is installed across a lower part of the first
vertical baffle and the upper horizontal baffle, or is installed across a lower part of
the first flow separation plate, the first vertical baffle, and the upper horizontal baffle,
and wherein fluid that flows through the lower opening of the first vertical baffle is
configured to be introduced to a side lower part of the upper horizontal baffle after
passing through a pocket groove,
and wherein fluid that flows through the upper opening of the first vertical baffle is
configured to be introduced to an upper part of the upper horizontal baffle.
[0044] Preferably, in the cartridge of (iv), a cartridge partition formed vertically is
formed inside the cartridge, and delay or filtering of the flow of the contaminated water is
performed by the cartridge partition, such that the contaminant is separated.
[0045] Preferably, the cartridge partition comprises a first partition closer to an inlet
to the cartridge, and a second partition farther from the inlet, wherein a separation force of
the second partition is higher than a separation force of the first partition.
[0046] Preferably, at a lower end of a section farthest from the inlet to the cartridge

among sections separated by the cartridge partition, a buoyant body exists that can move



from a first height below to a second height above, wherein the buoyant body has an
intermediate specific gravity between the contaminant and water, wherein as the
contaminant, which has a lower specific gravity than water, rises in an upper part of the
farthest section, the buoyant body descends downward along a boundary between the
contaminant and the water, and wherein when the buoyant body descends to a
predetermined height at a position corresponding to a predetermined contaminant storage
capacity of the cartridge, a sensor detects this.

[0047] Preferably, among the three spaces partitioned by the first partition and the
second partition, when the space closest to the inlet to the cartridge is referred to as a first
stacking space, the space between the first partition and the second partition is referred to
as a second stacking space, and the space farthest from the inlet to the cartridge is referred
to as a third stacking space, a discharge hole and a means for opening and closing the
discharge hole are formed in the first stacking space.

[0048] Preferably, a filter is disposed at a lower part of the third stacking space, and
a filter part hole and a means for opening and closing the filter part hole are formed above
the filter.

[0049] According to the present invention, as a Connecting equipment, comprising
the aforementioned pole, the first ring, and the second ring, wherein the first ring and the
second ring are connected to the pole, and then, by moving the pole, allowing the first ring
to be connected to the hull, and allowing the second ring to be connected to the net of (v)
or the net fence of (vi), and thereafter separating the pole from a combination of the first
ring and the second ring, thereby causing the first ring and the second ring to be connected

to the hull and the net or the net fence, a Connecting equipment is provided.

[0050] BRIEF DESCRIPTION OF THE DRAWINGS
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[0051] [FIG. 1a] is a perspective view of an apparatus according to an embodiment
(first embodiment) of the present invention, seen obliquely from above.

[0052] [FIG. 1b] is a perspective view of the apparatus according to an embodiment
of the present invention, seen obliquely from below.

[0053] [FIG. 1c] is a front view of the apparatus according to an embodiment of the
present invention.

[0054] [FIG. 1d] is a rear view of the apparatus according to an embodiment of the
present invention.

[0055] [FIG. le] is a top view of the apparatus according to an embodiment of the
present invention.

[0056] [FIG. 1f] is a bottom view of the apparatus according to an embodiment of the
present invention.

[0057] [FIG. 1g] is a right side view of the apparatus according to an embodiment of
the present invention.

[0058] [FIG. 1h] is a left side view of the apparatus according to an embodiment of
the present invention.

[0059] [FIG. 2a] is a diagram showing another embodiment (second embodiment) of
the present invention, which has a somewhat different outer appearance from that of [FIG.
1a] to [FIG. 1h] (the first embodiment of the present invention).

[0060] [FIG. 2b] is a partially enlarged view of [FIG. 2a].

[0061] [FIG. 2c¢] is a side cross-sectional view near the inlet 20 in the embodiment of
[FIG. 2a].
[0062] [FIG. 2d] is a cross-sectional view of the apparatus of an embodiment of the

present invention shown in [FIG. 2a], seen from above.

[0063] [FIG. 2e] is a side cross-sectional view showing an interior of the water
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surface floating layer removal apparatus according to an embodiment of the present
invention,.

[0064] [FIG. 2f] is a perspective cross-sectional view showing in detail a part
schematically shown in [FIG. 2e].

[0065] [FIG. 3] is a diagram showing other embodiments (Embodiments 3 to 6) of
the present invention.

[0066] [FIG. 4a] is a diagram showing the apparatus 10-4 of Embodiment 4 of the
present invention.

[0067] [FIG. 4b] is a diagram for explaining the apparatus 10-4 of Embodiment 4 of
the present invention by part.

[0068] [FIG. 4c] is an exploded perspective view of [FIG. 4b].

[0069] FIGS. 5a to Se are diagrams explaining the assembly and disassembly of the
cartridge part before the deployment of the equipment 10-4.

[0070] [FIG. 6a] to [FIG. 6¢] are diagrams explaining a method of using the cartridge.
[0071] [FIG. 7a] is a diagram showing the apparatus 10-5 of Embodiment 5 of the
present invention.

[0072] [FIG. 7b] is a diagram for explaining the apparatus 10-5 of Embodiment 5 of
the present invention by part.

[0073] [FIG. 7c] is an exploded perspective view of [FIG. 7b].

[0074] [FIG. 8a] and [FIG. 8b] are diagrams explaining the assembly and disassembly
of the net before the deployment of the equipment 10-5.

[0075] [FIG. 9a] is a diagram showing the apparatus 10-6 of Embodiment 6 of the
present invention.

[0076] [FIG. 9b] is a diagram for explaining the apparatus 10-6 of Embodiment 6 of

the present invention by part.
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[0077] [FIG. 9c] is an exploded perspective view of [FIG. 9b].

[0078] [FIG. 10a] to [FIG. 10c] are diagrams explaining the assembly and
disassembly of the net fence before the deployment of the equipment 10-6.

[0079] [FIG. 11a] is a diagram for explaining a controller (wireless controller, remote
control).

[0080] [FIG. 11b] to [FIG. 11f] also show explanations regarding the controller.
[0081] [FIG. 12a] shows a status LED.

[0082] [FIG. 12b] is a diagram regarding the washing of the equipment.

[0083] [FIG. 13a] to [FIG. 13c] show a impeller guard according to the present
invention.

[0084] [FIG. 14] shows a Connecting equipment.

[0085] [FIG. 15a] to [FIG. 15h] show Embodiment 7 of the present invention, and are
mainly for explaining the cartridge 60.

[0086] [FIG. 16] is an exploded perspective view schematically showing the overall
configuration of a modular platform (Water robot) according to a new embodiment of the
present invention.

[0087] [FIG. 17] is a perspective view showing the basic platform shown in FIG. 16,
that is, the Water robot 1600, in more detail.

[0088] [FIG. 18] is a diagram showing in detail a process in which the oil recovery
module 1700 according to an embodiment of the present invention is coupled to the Body
part 1610 of the Water robot 1600.

[0089] [FIG. 19] is a diagram showing a process in which the solid contaminant
retrieval module 1800 according to an embodiment of the present invention is coupled to
the Body part 1610 of the Water robot 1600.

[0090] [FIG. 20] is a diagram showing a process in which the fence module 1900
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according to an embodiment of the present invention is coupled to the Body part 1610 of

the Water robot 1600.

[0091] DETAILED DESCRIPTION

[0092] Advantages and features of the present invention, and methods of achieving
them, will become clear by referring to the embodiments described in detail later together
with the accompanying drawings. However, the present invention is not limited to the
embodiments disclosed below but will be implemented in various different forms, and these
embodiments are merely provided so that the disclosure of the present invention is complete,
and to fully inform the scope of the invention to one of ordinary skill in the art to which the
present invention pertains, and the present invention is only defined by the scope of the
claims. Throughout the specification, the same reference numerals refer to the same
constituent elements.

[0093] A specific example of the present invention is a marine spilled oil removal
system and method using an aquatic response robot that has an Al camera and is capable of
autonomous navigation, in a case where oil is spilled on a water surface (ocean or lake,
etc.).

[0094] FIG. la is a perspective view of an apparatus according to an embodiment
(first embodiment) of the present invention, seen obliquely from above.

[0095] The present invention is not limited to the illustration of FIG. la, and is
presented as an example to explain the overall matters of the apparatus of the present
invention.

[0096] For reference, the illustrations of FIGS. 1a to 1h may be referred to as a first
embodiment of the present invention.

[0097] In the apparatus 10 of FIG. 1a (which may be called by various other names
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such as hull, oil recovery unit, oil recovery robot, robot, water surface floating layer
retrieval apparatus, water surface floating layer removal apparatus, marine contaminant
retrieval apparatus, marine debris retrieval apparatus, etc.), a contaminated water inlet 20
(contaminated water retrieval part) is disposed at a front surface of the movable hull 10.
Behind the contaminated water inlet 20, a storage part 40 exists where the introduced
contaminated water is stored. An interior of the contaminated water inlet 20 of the hull 10
and the storage part 40 is connected.

[0098] In a state where the hull 10 is floating on the water surface, the water surface
comes to be within a height range of the inlet 21, allowing contaminated water to be
introduced according to the advance of the hull 10, and this inlet 21 includes a filtering
means 22 to block an influx of large-sized solids that can float in the contaminated water.
[0099] FIG. 1b is a perspective view of the apparatus according to an embodiment of
the present invention, seen obliquely from below.

[00100] Impellers 30-1 and 30-2 are a means for moving the hull 10 of the apparatus
forward and backward. Although two are shown, the number thereof is adjustable according
to necessity.

[00101] Impellers 30-3 and 30-4 are a means for moving the hull 10 of the apparatus
left and right. This also, although two are shown, the number thereofis adjustable according
to necessity.

[00102] The position and number of Impellers 30-1, 30-2, 30-3, and 30-4 are not
limited to the illustration, and in fact, in other embodiments described later, the position
and number of the impellers (Propulsion bodies) are different.

[00103] The outlet 50 (discharge part) is a part where the water remaining after oil is
separated from the introduced contaminated water is discharged. In this exemplary

illustration, the outlet 50 is at a lower part of the hull 10, but according to necessity, it may
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be disposed on a rear surface, may be disposed at a lower end of the rear surface, or may
be disposed at a rear part of a bottom surface.

[00104] FIG. 1c is a front view of the apparatus according to an embodiment of the
present invention.

[00105] On the front surface, the filtering means 22 is seen, and behind it, the impeller
31 is seen. The entire surface of the impeller 31 is not seen, and its upper part is slightly
covered by the Water splash prevention shield 32.

[00106] And, at a lower part, the aforementioned impellers 30-1 and 30-2 for forward
and backward movement are shown.

[00107] In FIG. lc, the impeller 31 is illustrated as a means for introducing/retrieving
oil water (water and oil) at the inlet, but it is not necessarily limited to the use of the impeller
31, and for example, other examples using a pump or the like are also possible.

[00108] FIG. 1d is a rear view of the apparatus according to an embodiment of the
present invention.

[00109] Here as well, at a lower part of the drawing, the aforementioned impellers 30-
1 and 30-2 for forward and backward movement are shown.

[00110] FIG. le is a top view of the apparatus according to an embodiment of the
present invention.

[00111] On the right side of the drawing, the contaminated water inlet 20
(contaminated water retrieval part) is seen, and because it is seen from above, structures
such as the filtering means 22, the inlet 21, and the impeller 31 are not well seen.

[00112] And, the storage part 40 is shown, wherein both (left and right of the hull)
outer walls of the storage part 40 may include a Buoyant body providing buoyancy. The
buoyancy may be provided from the left and right sides of the storage part 40, and may be

provided from the bottom side of the storage part 40. It will be preferable to provide
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buoyancy slightly from all of the left, right, and bottom sides of the storage part 40.
[00113] The degree of buoyancy is appropriate to submerge the impeller 31 by about
half. Half does not mean exactly 50%, and may be about 40% to 60%. Depending on the
case, it may be submerged by about 30% to 70%. Thus, by the action of the impeller 31
half-submerged in water, the contaminated water appropriately moves toward the storage
part 40 inside the hull 10.

[00114] Of course, the impellers 30-1, 30-2, 30-3, and 30-4 that exert propulsion force
for the forward, backward, left, and right movement of the hull are all submerged in water.
Only the inlet impeller 31 disposed near the inlet 20 is submerged about half way in the
water surface.

[00115] FIG. 1fis a bottom view of the apparatus according to an embodiment of the
present invention.

[00116] The contaminated water inlet 20 (contaminated water retrieval part) is seen on
the right side of the drawing, and the impellers 30-1, 30-2, 30-3, and 30-4 can be confirmed.
[00117] FIG. 1g is a right side view of the apparatus according to an embodiment of
the present invention.

[00118] The contaminated water inlet 20 (contaminated water retrieval part) is seen on
the right side of the drawing, and the side wall of the storage part 40 and the impellers 30-
2, 30-3, and 30-4 can be confirmed.

[00119] FIG. 1h s a left side view of the apparatus according to an embodiment of the
present invention.

[00120] The contaminated water inlet 20 (contaminated water retrieval part) is seen on
the left side of the drawing, and the side wall of the storage part 40 and the impellers 30-1,
30-3, and 30-4 can be confirmed.

[00121] FIG. 2a is a diagram showing another embodiment (second embodiment) of
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the present invention, which has a somewhat different outer appearance from that of FIGS.

la to 1h (the first embodiment of the present invention).

[00122] The present invention is not limited to the illustration of FIG. 2a, and is

presented as an example to explain the overall matters of the apparatus of the present

invention.

[00123] For reference, the illustrations of FIGS. 2a to 2f may be referred to as a second
embodiment of the present invention.

[00124] In FIG. 2a, the filtering means 22 is omitted compared to the embodiment of
FIGS. 1a to 1h (the first embodiment), and it may be understood that it is omitted only in
the illustration so that the impeller 31 is better seen, or, according to necessity, it is also

permissible to increase the introduction efficiency by not actually installing the filtering

means 22.

[00125] In FIG. 2a, at a front upper end part of the impeller 31, a Water splash
prevention shield 32 is installed.

[00126] FIG. 2b is a partially enlarged view of FIG. 2a.

[00127] Although not shown in the drawings, the buoyancy of the hull 10 is adjusted
so that the water surface is at an intermediate level of the impeller 31. That is, approximately,
above the axis of rotation of the impeller 31 is not submerged in water, and below the axis

of rotation will be a state of being submerged in water.

[00128] At this time, the impeller 31 introduces contaminated water and sends it
toward the storage part 40, and the inflow water may splash out toward the vicinity above

the water surface (that is, the upper half of the impeller). To prevent this, a part of an upper
end of an inlet side of the pipe 33 (impeller housing) where the impeller 31 is installed is
covered by the Water splash prevention shield 32. This shield 32 serves a role of preventing

the inflow water, which has been introduced toward the impeller housing 33, from being
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splashed outward (that is, in the +X direction) by the impeller 31. Through this operation,
the efficiency of introducing (retrieving) oil water (contaminated water) can be increased.

[00129] That is, as a phenomenon occurs in which water splashes to the front of the
hull 10 during rotation of the impeller 31, a problem occurs in that spilled oil is pushed
away, and to solve this problem, by coupling the Water splash prevention shield 32 to about
20% to 30% of the upper end of the inlet of the impeller 31, the problem of spilled oil
diffusion existing in front of the hull 10 is solved. The 20% to 30% is a preferred example,
and if necessary, it may be blocked up to 40% to 50%.

[00130] FIG. 2c is a side cross-sectional view near the inlet 20 in the embodiment of
FIG. 2a.

[00131] In FIG. 2c, the pipe 33 surrounding the impeller 31 is shown, and it can be
seen that the inlet 20 and the storage part 40 are connected through this pipe 33. For
convenience of explanation, the illustration of the filtering means 22 is omitted.

[00132] The impeller 31 is a structure for the introduction (retrieval) of contaminated
water, and this may be a thing that operates by being connected to a motor 31M.

[00133] The position of the motor 31M shown in FIG. 2c is an example, and other
positions are also possible.

[00134] The impeller 31 is for introducing (retrieving) contaminated water, and in
other words, it may also be explained that it pushes oil on the sea surface downward and
sends it rearward. In this case, the closer the impeller 31 is to the retrieval start point, the
more quickly the spilled oil on the front part of the hull 10 and the impeller 31 can contact,
and the retrieval speed is improved.

[00135] That is, when the hull 10 moves forward and retrieves spilled oil
(contaminated water), in order to suppress the occurrence of a stagnation phenomenon of

the inflow material (that is, seawater+spilled oil) in the impeller housing 33 (pipe), the
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stagnation phenomenon can be resolved by advancing the position of the impeller 31 and
the impeller housing 33 and removing an unnecessary front part.

[00136] FIG. 2d is a cross-sectional view of the apparatus of an embodiment of the
present invention shown in FIG. 2a, seen from above.

[00137] The impeller housing 33 is also shown as a cross-section cut in half, and the
impeller 31 is accommodated therein. Although two each of the impeller 31 and the housing
33 are shown, this number may be changed according to necessity, but compared to the
case where there is one each of the impeller 31 and the housing 33, the case of having two,
as in FIG. 2a, will be better in the efficiency of oil water inflow.

[00138] FIG. 2e is a side cross-sectional view showing an interior of the water surface
floating layer removal apparatus according to an embodiment of the present invention, and
FIG. 2f is a perspective cross-sectional view of the same part.

[00139] Going from left to right in FIG. 2¢, a flow separation plate 1000, a vertical
baffle 2000, and an upper horizontal baffle 4000 exist. A pocket groove 3000 connecting
the vertical baffle 2000 and the upper horizontal baffle 4000 is formed.

[00140] The vertical baffle 2000, strictly speaking, refers to a wall on the left side in
the drawing among the illustrated 2000 (a front wall as the apparatus) and a wall on the
right side in the drawing among the illustrated 2000 (a rear wall as the apparatus).

[00141] Furthermore, at a lower part of the flow separation plate 1000, the vertical
baffle 2000, the pocket groove 3000, and the upper horizontal baffle 4000, a lower
horizontal baffle 5000 is formed.

[00142] The storage part 40 shown in FIG. 1a (first embodiment), FIG. 2a (second
embodiment), etc., will be understood to correspond approximately to the region indicated
by reference numerals 2000, 3000, 4000, and 5000 in FIG. 2¢ (including the space above

reference numeral 4000). Of course, the reference numeral 1000 and the region near it may
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also be broadly seen as the storage part 40 in the sense that it is the interior of the water
surface floating layer removal apparatus of the present invention.

[00143] FIG. 2f shows in detail a part schematically shown in FIG. 2e.

[00144] FIG. 3 is a diagram showing other embodiments (Embodiments 3 to 6) of the
present invention.

[00145] These embodiments (Embodiments 3 to 6) relate to the Ark Platform 10(10-
3), the Ark-M 10(10-4), the Ark-C 10(10-5), and the Ark-F 10(10-6) respectively shown in
FIG. 3.

[00146] The reference numerals for the apparatus 10 of Embodiments 3 to 6 (which
may be called by various other names such as hull, oil recovery unit, oil recovery robot,
robot, water surface floating layer retrieval apparatus, water surface floating layer removal
apparatus, marine contaminant retrieval apparatus, marine debris retrieval apparatus, etc.)
are attached as 10(10-3), 10(10-4), 10(10-5), and 10(10-6), respectively, and the meaning
is

[00147] There is a commonality in that the apparatus 10 of each of these embodiments
is the apparatus 10 of the present invention described in FIGS. 1, 2, etc. (that is, various
names are possible such as hull, oil recovery unit, oil recovery robot, robot, water surface
floating layer retrieval apparatus, water surface floating layer removal apparatus, marine
contaminant retrieval apparatus, marine debris retrieval apparatus, etc.),

[00148] Individually for each embodiment, there are additionally unique structures and
effects of each (slightly modified) embodiment, and therefore, when distinguishing them,
they may also be called apparatus 10-3, apparatus 10-4, apparatus 10-5, and apparatus 10-
6 is the meaning.

[00149] That is, Embodiments 3 to 6 of the present invention, in a broad framework,

function as the apparatus 10 (hull, oil recovery unit, oil recovery robot, robot, water surface
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floating layer retrieval apparatus, water surface floating layer removal apparatus, marine
contaminant retrieval apparatus, marine debris retrieval apparatus, etc.), and in detail, it
means that the apparatus 10 of Embodiment 3 may have a unique configuration as apparatus
10-3, the apparatus 10 of Embodiment 4 may have a unique configuration as apparatus 10-
4, the apparatus 10 of Embodiment 5 may have a unique configuration as apparatus 10-5,
and the apparatus 10 of Embodiment 6 may have a unique configuration as apparatus 10-6.
[00150] Of course, the term apparatus 10, broadly, is a concept that encompasses
Embodiments 1 and 2 as well as Embodiments 3 to 6.

[00151] To first briefly explain each embodiment, the Ark Platform 10(10-3) of
Embodiment 3 - is the most basic Platform Base structure - Various function expansions
can be implemented by mounting several sub-modules has the properties.

[00152] Next, the Ark-M 10(10-4) of Embodiment 4 - is a retrieval solution capable of
responding to oil generated from marine accidents - Oil and water can be immediately
separated by mounting a main body to which an oil-water separation function is applied
inside - The product can be used standalone has the properties.

[00153] The Ark-C 10(10-5) of Embodiment 5 - is a marine debris retrieval solution
that can collect and retrieve small solid contaminants with a net - The net at the lower end
part can be simply attached and detached - The product can be used standalone has the
properties.

[00154] The Ark-F 10(10-6) of Embodiment 6 - is a solution that can gather and
retrieve a large amount of marine debris by utilizing a net fence - Basically, operation of 2
units of equipment is necessary - Can process floating marine debris together with a large-
scale cleaning vessel has the properties.

[00155] To explain Embodiments 3 to 6 comprehensively,

[00156] Whereas Embodiment 1 or Embodiment 2 has a fixed single form with not
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much room for change in outer appearance,

[00157] Embodiments 3 to 6 are ones in which the functional module for oil recovery
is completely separable,

[00158] For example, if a certain member (module) is attached to or detached from the
apparatus of Embodiment 3, it becomes Embodiment 4, and likewise, if another member
(module) is attached to or detached from the apparatus of Embodiment 3, it becomes
Embodiment 5, and likewise, if yet another member (module) is attached to or detached
from the apparatus of Embodiment 3, it becomes Embodiment 6.

[00159] And, although there are of course parts where the detailed outer appearance is
different, some functions are different, and the position and number of each member are
different, basically, each member shown in Embodiments 1 to 2 (for example, the inlet 20,
the impellers 30-1 to 30-4 (Propulsion bodies), the storage part 40) is also provided in
Embodiments 3 to 6.

[00160] Hereinafter, the details thereof will be described.

[00161] FIG. 4a is a diagram showing the apparatus 10-4 of Embodiment 4 of the
present invention.

[00162] The apparatus 10-4 (oil recovery robot) comprises parts as shown in FIG. 4a,
and,

[00163] a sweeping arm (SWA) is attached at a front of the robot 10-4 to improve
contaminant collection and retrieval capability,

[00164] the cartridge (oil recovery cartridge) is capable of being disassembled and
assembled through a hook and a snatch lock located at a rear of the product,

[00165] two batteries are basically mounted in the product as 1 set,

[00166] the controller (wireless controller), for example, can be implemented using a

161Z model of a Futaba product.
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[00167] For reference, 'cartridge' is a module corresponding to the storage part 40
aforementioned in Embodiments 1 and 2, and it may also be understood that the cartridge
is a somewhat modified version of the storage part 40 of Embodiments 1 and 2 to be
detachable. However, the storage part 40 of Embodiments 1 and 2, although not limited
thereto, is typically assumed to be fixed to the hull 10, and the cartridge of Embodiment 4
is detachable, so there is a difference. Furthermore, if one must state a difference, it is highly
likely that oil water (that is, oil and water) is stored together in the storage part 40 of
Embodiments 1 and 2, but in the cartridge of Embodiment 4, it is highly likely that
preferably oil (after being separated from water) is mainly stored. Of course, although the
position or detachability of the cartridge of Embodiment 4 is different from the storage part
40 of Embodiments 1 and 2, it has a somewhat common function in that it stores oil water
(and/or marine contaminants).

[00168] Furthermore, as will be described later, the cartridge of Embodiment 4 may be
replaced (to the extent possible based on its properties) with the cartridge 60 of
Embodiment 7 shown in FIGS. 15a to 15h.

[00169] FIG. 4b is a diagram for explaining the apparatus 10-4 of Embodiment 4 of
the present invention by part.

[00170] The apparatus 10-4 (which may be called by other names such as oil recovery
unit, oil recovery robot, robot, marine contaminant retrieval unit, marine debris retrieval
unit, etc.), as shown in FIG. 4b, has each component from (1) Buoyant body to (1) Cartridge.
[00171] 'Sweeping arm (SWA)' and 'cartridge' have also been mentioned in the
description of FIG. 4a.

[00172] IG. 4c is an exploded perspective view of FIG. 4b

[00173] Regarding (1), this is an exterior part, and includes storage for the main system

components of the product, the Propulsion body, and the Buoyant body. The battery can be
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replaced inside by opening the exterior lid on top of the Buoyant body, and battery charging
is possible using the connector on top of the Buoyant body.

[00174] Regarding (2), this is a recovery part, and is an apparatus for retrieving
contaminants, in which a motor and an impeller necessary for rotational power are built-in,
and it serves a role of floating the contaminated oil above the water surface and discharging
clean water out of the equipment through the built-in filter.

[00175] Regarding (3), this is a cartridge part, is located at a rear of the recovery part,
and serves a role of storing the retrieved contaminants. The contaminants can be easily
discharged by operating a manual valve on top of the cartridge.

[00176] To explain in more detail,

[00177] in FIG. 4a, the apparatus 10 is in a state of being fully assembled,

[00178] in FIG. 4b, part (3) (oil recovery part) is shown as it is assembled, and only
part 10) (oil recovery part filter) and part (11) (cartridge) are shown virtually disassembled
and slightly rearward,

[00179] and in FIG. 4c, part (3) (oil recovery part), part (oil recovery part filter),
and part (11) (cartridge) are all shown virtually disassembled and pushed back a considerable
portion to the rear.

[00180] That is, in actuality, the apparatus 10 is launched and operates as shown in
FIG. 4a, and according to necessity, contaminated water is introduced into part (3) (oil
recovery part) while in 'a state with the sweeping arm (SWA) open' or 'while the sweeping
arm (SWA) repeats opening and closing'.

[00181] When contaminated water is introduced into part (3) (oil recovery part), oil is
separated upward and water is separated downward due to a density difference, and at this
time, by part (oil recovery part filter) located at a lower part thereof, water is

approximately separated to a lower part (inside) of part (10) (oil recovery part filter), and oil
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does not pass through part (10) (oil recovery part filter) (for example, a mesh) and remains
on top of part (10) (oil recovery part filter).

[00182] And, part (1) (cartridge) is located at a rear of part (3) (oil recovery part) and
at an upper part of part (oil recovery part filter), and it is good to have the retrieved
contaminants (for example, separated oil) be retrieved into part (1) (cartridge).

[00183] According to the oil recovery robot 10-4 of the fourth embodiment of the
present invention as such, it is possible to check current data of actuators such as the robot's
Propulsion body, the recovery part for contaminant retrieval, and the electric opening and
closing device of the cartridge, and rotation data through a sensor, so state analysis and
alarm are possible when an error occurs.

[00184] FIGS. 5a to Se are diagrams explaining the assembly and disassembly of the
cartridge part before the deployment of the equipment 10-4.

[00185] The Ark-M (that is, the oil recovery robot 10-4) enables contaminant retrieval
with simple assembly. Foreign substances and oil can be separated through a filter, and oil
can be collected in the cartridge through oil retrieval utilizing an oil extraction system.
[00186] In FIG. 5a, a hook at a lower part of the cartridge is hung on a hook located at
a rear of the product. Thereafter, an upper part of the cartridge is pushed toward the product
to be automatically locked by a snatch lock.

[00187] In FIG. 5b, in the case of disassembly, a lever of the snatch lock is pushed to
release the lock, and it is disassembled.

[00188] In FIG. 5c, after the cartridge is coupled, a hose is coupled to an upper part of
the cartridge.

[00189] In FIG. 5d, cables are coupled to two places on a valve module at the upper
part of the cartridge.

[00190] In FIG. 5e, a filter module at a lower end of the oil recovery part is coupled.
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[00191] FIGS. 6a to 6¢ are diagrams explaining a method of using the cartridge.
[00192] In FIG. 6a, there is an opening and closing lever of a manual valve on a left
side of the cartridge.

[00193] In FIG. 6b, a lower end of the manual lever directly communicates with the
outside and serves a role of discharging contaminants filled inside.

[00194] In FIG. 6¢, when deploying the equipment 10-4 to a contaminated area, it is
good to surely lock the manual lever, and it is deployed into the water after opening the
electric lever through operation of the remote control (controller, wireless controller).
[00195] After the work is finished, after closing the electric lever using the controller,
retrieval of the equipment 10-4 is proceeded with.

[00196] After separating the cartridge from the equipment, oil is discarded by
simultaneously raising the manual lever.

[00197] FIG. 7a is a diagram showing the apparatus 10-5 of Embodiment 5 of the
present invention.

[00198] The apparatus 10-5 (oil recovery robot) comprises parts as shown in FIG. 7a,
and,

[00199] For example, the net has a basic capacity of 500L, and is capable of being
disassembled and assembled using a toggle latch on an upper part of the product,

[00200] two batteries are basically mounted in the product as 1 set,

[00201] the controller (wireless controller, remote control), for example, can use a
161Z model of a Futaba product.

[00202] FIG. 7b is a diagram for explaining the apparatus 10-5 of Embodiment 5 of
the present invention by part.

[00203] The apparatus 10-5 (which may be called by other names such as oil recovery

unit, oil recovery robot, robot, marine contaminant retrieval unit, marine debris retrieval
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unit, etc.), as shown in FIG. 7b, has each component from (1) Buoyant body to (8) net.
[00204] FIG. 7c¢ is an exploded perspective view of FIG. 7b.

[00205] Regarding (1)", this is an exterior part, and includes storage for the main
system components of the product, the Propulsion body, and the Buoyant body. The battery
can be replaced inside by opening the exterior lid on top of the Buoyant body, and battery
charging is possible using the connector on top of the Buoyant body.

[00206] Regarding (2)", this is a net part, is coupled to a rear of the exterior part, and
serves a role of storing the retrieved waste. The waste can be easily discharged using a
drawstring at a rear of the net, and it can be easily disassembled and assembled using a
toggle latch on top of the frame.

[00207] FIGS. 8a and 8b are diagrams explaining the assembly and disassembly of the
net before the deployment of the equipment 10-5.

[00208] The Ark-C (that is, the oil recovery robot 10-5) is a robot that retrieves waste
through a net that is simply detachable. A user can move the robot 10-5 to a place where
waste is located, and thereafter, can collect it in the net by passing the robot 10-5 between
the waste. When the waste collection is completed, the waste can be easily removed by
loosening the drawstring at the rear of the net.

[00209] In FIG. 8a, the net is inserted through a groove at a rear of the product.
[00210] In FIG. 8b, after inserting the net, it is fixed so as not to detach by fastening
the toggle latch.

[00211] FIG. 9a is a diagram showing the apparatus 10-6 of Embodiment 6 of the
present invention.

[00212] The apparatus 10-6 (oil recovery robot) comprises parts as shown in FIG. 9a,
and,

[00213] the net fence is 1 set of 4 total in Sm units, and is a structure that can be

28



mutually coupled, and can be used up to 20m according to the situation,

[00214] two batteries are basically mounted in the product as 1 set,

[00215] the controller (wireless controller, remote control), for example, uses a 161Z
model of a Futaba product.

[00216] FIG. 9b is a diagram for explaining the apparatus 10-6 of Embodiment 6 of
the present invention by part.

[00217] The apparatus 10-6 (which may be called by other names such as oil recovery
unit, oil recovery robot, robot, marine contaminant retrieval unit, marine debris retrieval
unit, etc.), as shown in FIG. 9b, has each component from (1) Buoyant body to (9) net fence.
[00218] FIG. 9c is an exploded perspective view of FIG. 9b.

[00219] Regarding (1), this is an exterior part, and includes storage for the main
system components of the product, the Propulsion body, and the Buoyant body. The battery
can be replaced inside by opening the exterior lid on top of the Buoyant body, and battery
charging is possible using the connector on top of the Buoyant body.

[00220] Regarding (2)", this is a net fence part, is coupled to a rear of the exterior part,
and serves a role of gathering and moving waste. Assembly and disassembly of each net
fence are possible using a carabiner at an end of the net fence, and coupling to the product
is also possible.

[00221] FIGS. 10a to 10c are diagrams explaining the assembly and disassembly of
the net fence before the deployment of the equipment 10-6.

[00222] The ARK-F (that is, the oil recovery robot 10-6) enables waste retrieval with
simple assembly. Two units (that is, 2 oil recovery robots 10-6) are operated simultaneously,
and they connect a net fence to the rear of each product to collect and deliver the waste to
a cleaning vessel to process the waste.

[00223] In FIG. 10a, the length is set according to the purpose, and the net fences are
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connected to each other using carabiners at both ends of the net fences by the required
quantity.

[00224] In FIG. 10b, a stop pin at a rear of the product is removed, and a pipe cap is
lifted up.

[00225] In FIG. 10c, a tripod is coupled to the net fence connecting pipe. Thereafter,
the stop pin is coupled.

[00226] FIG. 11a is a diagram for explaining a controller (wireless controller, remote
control).

[00227] Although it is not limited to this, for example, the controller used in the Sheco
Ark (the oil recovery robots 10-3, 10-4, 10-5, 10-6 of Embodiments 3 to 6) uses the T161Z
product from Futaba. The battery capacity of the controller is 14.8Wh (7.4VDC -
2000mAh), and it can be used for 8 hours or more.

[00228] Descriptions of (1) to (7) shown in FIG. 1la are as follows. Although
described from the perspective of the controller, since the controller ultimately operates the
oil recovery robots 10-3 to 10-6, it will be understood that they are configurations and

functions provided in the oil recovery robots 10-3 to 10-6.

[00229] @ Power button

[00230] When the power button is pressed, the controller turns on. Powering off is
terminated when the power button is pressed for about 2 seconds while the power is on.
[00231] @ Left Propulsion body control stick

[00232] It is in charge of left Propulsion body control of the Ark 10-3 to 10-6. Pushing

up is forward, and pulling down is backward. This control stick operates independently of

the 'right Propulsion body control stick'.

[00233] (® Mode change switch
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[00234] A total of 3 mode change functions exist. When the controller is held normally,
pushing up activates the oil recovery function Auto Mode, the middle stops the oil recovery
function Auto Mode, and pulling down becomes the manual mode state. Functions (5), (6),

and (7) can be operated when in the manual mode state.

[00235] @ Suction system on-off switch

[00236] A total of 3 extraction system functions exist. When the controller is held
normally, pushing up activates suction so that contaminants are introduced into the
cartridge, the middle position stops operation, and pulling down rotates in a reverse

direction to move contaminants from the cartridge to the robot.

[00237] ® Recovery part control throttle

[00238] It is a throttle that can control the operation direction and retrieval speed of
the recovery part. The dot of the throttle is the reference for the position. Based on the very
center (stop), it can be adjusted in 10 steps in each of both directions, and performs a
discharge operation when rotated counterclockwise and a retrieval operation when rotated
clockwise. The more the throttle is rotated toward the end of each direction, the faster the

retrieval and discharge speed becomes.

[00239] ® Cartridge opening and closing switch

[00240] It is a switch in charge of the opening and closing function of the cartridge,
and a total of 2 functions exist. When the controller is held normally, when the stick position

is up, it is cartridge opening, when the stick is in the middle, it is stop, and when it is down,

it is cartridge closing.

[00241] @ Right Propulsion body control stick

[00242] It is in charge of right Propulsion body control of the Ark (the oil recovery
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robots 10-3 to 10-6). Pushing up is forward, and pulling down is backward. This control
stick operates independently of the 'left Propulsion body control stick'.

[00243] FIGS. 11b to 11f also show explanations regarding the controller.

[00244] As described above, since the controller ultimately operates the oil recovery
robots 10-3 to 10-6, it will be understood that they are configurations and functions
provided in the oil recovery robots 10-3 to 10-6.

[00245] Regarding FIG. 11b, from the perspective of body (hull) (that is, the oil
recovery robots 10-3 to 10-6) operation control, the direction and speed of propulsion, and
the forward/backward, clockwise/counterclockwise rotation of the body can be controlled
using the two control sticks of the controller. The left stick is in charge of the output of the
Propulsion body located on the left side of the equipment, and the right stick is in charge
of the output of the Propulsion body located on the right side of the equipment.

[00246] Regarding FIG. llc, from the perspective of a mode change system, an
operation method for simply operating the contaminant retrieval solution is shown.
[00247] The details thereof are divided into (i) Auto Mode On, (ii) Auto Mode Off, and
(iii) Manual Mode, as shown in FIG. 11c.

[00248] In (i) Auto Mode On,

[00249] the oil recovery solution is proceeded with automatically,

[00250] and it operates with impeller forward rotation, hose pump forward rotation,
and cartridge plug opening.

[00251] In (ii) Auto Mode Off,

[00252] the oil recovery solution is stopped,

[00253] and it operates with impeller stop, hose pump stop, and cartridge plug closing.
[00254] In (iii) Manual Mode,

[00255] the oil recovery solution is manually operated,
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[00256] and the impeller, hose pump, and cartridge operations can be directly utilized.
[00257] Regarding FIGS. 11d to 11f, additional function control of the body (hull) is
possible.

[00258] This additional function includes, for example, cartridge opening and closing,
extraction system on-off, and recovery part control.

[00259] FIG. 11d is a diagram regarding the suction system on/off, and it can operate
in 3 modes shown in FIG. 11d according to the switch position.

[00260] FIG. 1le is a diagram regarding cartridge opening and closing, and it can
operate in 2 modes shown in FIG. 11e according to the switch position.

[00261] FIG. 11fis a diagram regarding recovery part control, and it can operate in 3
modes shown in FIG. 11f according to the switch position.

[00262] Regarding FIGS. 11a to 11f,

[00263] In almost all situations for contaminant retrieval work, the cartridge lever is
Opened to enable internal buoyancy control during equipment deployment and smooth
clean water discharge after oil-water separation work,

[00264] However, when retrieving the equipment, it is preferable to proceed with the
retrieval work after surely Closing [it] in order to prevent contaminants inside the cartridge
from escaping to the outside.

[00265] FIG. 12a shows a status LED.

[00266] This may be commonly applied to Embodiments 1 to 6 (especially,
Embodiments 3 to 6).

[00267] Specifically,

[00268] The current status of the equipment can be checked through the LED located
on an upper part of the product,

[00269] The LED has a different lighting method expressed according to priority, and
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when a simultaneous situation occurs, a state expression with a high priority is output,
[00270] The priority is, "Operation abnormal state = Retrieval complete state > Normal
state > Standby state",

[00271] If there is no problem with the body (apparatus 10) or no change in state, it
normally constantly blinks in the standby state.

[00272] Of course, this is an example, and the LED lighting state or logic may be
appropriately changed according to necessity.

[00273] FIG. 12b is a diagram regarding the washing of the equipment.

[00274] In the retrieval of the equipment,

[00275] After retrieving the robot 10, the power of the controller and the equipment is

terminated,
[00276] the modules for each part are separated to retrieve contaminants,
[00277] and after moving the equipment and modules to a washing place, they are

washed using high-pressure water.

[00278] Specific items to be washed are somewhat different according to the
embodiment, as shown in FIG. 12b.

[00279] That is, in Embodiment 4, the filter part and the cartridge are washed, in
Embodiment 5, the net is washed, and in Embodiment 6, the net fence is washed, and of
course, this is a difference that occurs because the parts installed (provided) on the
apparatus 10 (for example, 10-3) that becomes the basic platform are different according to
the embodiment.

[00280] FIGS. 13ato 13c are diagrams showing a Propulsion body guard according to
the present invention.

[00281] The Propulsion body (also referred to as impeller) is also shown by reference

numerals 30-1, 30-2, 30-3, and 30-4 of FIG. 1b (Embodiment 1), and is also shown at a
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lower right of the drawing in FIG. 2a (Embodiment 2).

[00282] A Propulsion body that performs the same function also exists, of course, in
Embodiments 3 to 6, and exists at a lower part of the apparatus 10.

[00283] In Embodiments 1 to 6, the Propulsion body (impeller) is exposed, but as a
modification thereof, the degree of exposure can be somewhat lowered by installing the
Propulsion body guard shown in FIGS. 13a to 13c.

[00284] Specifically, looking at FIG. 13a (side view), it is shown that the Propulsion
body (impeller) is installed below a plate material. In FIG. 13a, the proceeding direction of
the apparatus 10 is to the left. That is, the Propulsion body exerts a propulsion force toward
the right side of FIG. 13a (that is, the rear of the apparatus 10) to make the hull (apparatus
10) advance to the left side of FIG. 13a (that is, the front of the apparatus 10).

[00285] Looking at the side view of FIG. 13a, there exists a member divided into
several frames just like a window, and although it is difficult to know just from the drawing,
the inside of the approximately rectangular part is padded with a mesh, so that fluid passes
through easily and it is made difficult for waste having a certain size to approach the vicinity
of the Propulsion body.

[00286] FIG. 13b shows the side view shown in FIG. 13a as a perspective view.
[00287] It is shown that the Propulsion body is installed below the plate shown
transparently. This plate shown transparently, in actuality, will generally be a case that is
not transparent (a metal plate or a resin plate forming a part of the hull), and is shown
transparently for convenience to easily grasp the internal structure.

[00288] Looking at FIG. 13b, (i) a front region of the Propulsion body, (ii) a region
where the Propulsion body is (middle region), and (iii) a rear region of the Propulsion body
approximately exist as three regions, and among these, the region where the Propulsion

body is (ii) (middle region) is enabled to move forward and backward by a rail.
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[00289] FIG. 13c shows a state in which the region where the Propulsion body is
(middle region) has moved forward by sliding.

[00290] As also mentioned regarding FIG. 13b, the region where the Propulsion body
is (i1) (middle region) is enabled to move forward and backward by a rail, and in FIG. 13c,
the region where the Propulsion body is (middle region) actually moves forward and is in
contact with the front region.

[00291] Although not well shown just by the illustration, since a mesh is attached to
each and every window-like section, as described above, fluid can reach the Propulsion
body, but waste having a certain volume cannot reach the Propulsion body, so the
Propulsion body is protected.

[00292] To explain the Propulsion body guard differently, it is as follows.

[00293] The Propulsion body guard is a means for blocking the influx of marine debris
and, at the same time, maximizing the utilization of propulsion performance. Most of its
housing is made of a mesh net, and front and rear opening and closing is possible. The
openable and closable part can be opened and closed through the water stream of the
Propulsion body. This is to, at the same time, resolve the loss of propulsion performance
due to the mesh net when propulsion force is obtained by pushing out the water stream
during propulsion, and to utilize the fact that when the water stream comes out, waste influx
does not occur due to the flow of water exiting the housing.

[00294] In FIGS. 13a to 13c, three regions are presented, and among them, it was
explained that only the middle region moves, but it is not necessary to be limited to this,
and if necessary, it may be changed so that the front region and the rear region move.
[00295] Even in the case where only the middle region moves, the middle region may
be controlled to attach to the front region or attach to the rear region by electronic control,

or the middle region may be made to move forward or backward naturally (without separate
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power, by inertia, etc.) according to the flow of water or the forward/backward movement
of the apparatus 10.

[00296] For example, if a situation occurs such as the apparatus 10 moving forward,
or the water stream flowing from the front to the rear of the apparatus 10, the middle region
may naturally move toward the rear region and be attached. In this case, although an open
space is created between the front region and the middle region, it is not easy for marine
contaminants (whether solid or fluid) to enter the open space because there is a water stream
discharged from the Propulsion body. And, since a mesh is installed in most of the regions
of the Propulsion body guard excluding the open space, a certain degree of protection is
also provided in other parts.

[00297] Conversely, if a situation occurs such as the apparatus 10 moving backward,
or the water stream flowing from the rear to the front of the apparatus 10, the middle region
may naturally move toward the front region and be attached (the situation shown in FIG.
13¢). In this case, although an open space is created between the middle region and the rear
region (see FIG. 13c¢), it is not easy for marine contaminants (whether solid or fluid) to
enter the open space because there is a water stream discharged from the Propulsion body.
And, since a mesh is installed in most of the regions of the Propulsion body guard excluding
the open space, a certain degree of protection is also provided in other parts.

[00298] Of course, what is described above is an example, and it is not necessarily
limited to such operation, and if necessary, it may be made to be a situation like FIG. 13c
(that is, 'a situation where the open space is at the rear') during forward movement of the
apparatus 10, and to be 'a situation where the open space is at the front' during backward
movement of the apparatus 10.

[00299] Apart from FIGS. 13a to 13c, as one feature of an embodiment of the present

invention, there is [a feature] that enables distance measurement with objects through an
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Al technology that mimics LIDAR during camera-based aquatic monitoring, and through
this, informs a robot 10 operator of a collision risk or enables use as data during avoidance
navigation.

[00300] FIG. 14 is a diagram showing a Connecting equipment.

[00301] Looking at FIG. 7a (the apparatus 10-5 of Embodiment 5), an illustration of
the solid contaminant retrieval module (net) alone and an illustration of a coupled state are
shown, and looking at FIG. 7¢ (also Embodiment 5), a state in which the solid contaminant
retrieval module (net) is separated is shown.

[00302] Furthermore, looking at FIG. 9a (the apparatus 10-6 of Embodiment 6), an
illustration of the fence module (net fence) alone and an illustration of a coupled state are
shown, and looking at FIG. 9c (also Embodiment 6), a state in which the fence module (net
fence) is separated is shown.

[00303] Although it may be thought to be conventional that the assembly and
disassembly of such a solid contaminant retrieval module (in the case of Embodiment 5)
and fence module (in the case of Embodiment 6) are performed after lifting and moving the
apparatus 10 to a mothership (also referred to as 'response vessel') or land, in the present
invention, they can also be attached and detached in a separated state (that is, a state where
the apparatus 10 is launched on the water, not a state where the apparatus 10 is lifted and
moved to the mothership or land. This launched position may be a site for processing
marine contaminants (oil water, etc.)), without necessarily lifting and moving the apparatus
10 to the mothership or land, and an attachment/detachment equipment for this will be
described below.

[00304] A part (attachment/detachment equipment) (also referred to as Connecting
equipment) to be utilized when attaching or detaching the solid contaminant retrieval

module or the fence module to or from the platform (that is, 10-3) in a separated state is as
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shown in FIG. 14.

[00305] The attachment/detachment equipment is a form in which (i) at an end of a
pole, (i) a hook for hanging on a crane and (iii) a part for ease of coupling between modules
are provided.

[00306] The part indicated in red is the hook of (ii) above, and the opposite side thereof
is (iii) above, which is a place for hanging on the recovery part module and the fence
module. (Of course, a form in which the hook hangs on the recovery part module and the
fence module, and the opposite side thereof hangs on the apparatus 10 is also possible.)
[00307] Although not limited to this, the attachment/detachment equipment is a
structure in which the hook of (ii) above and the module coupling part of (iii) above face
each other, and the pole of (i) above is provided to be orthogonal to (ii) and (iii) above.
[00308] Without lifting the apparatus 10 to the mothership or land, in a state where the
apparatus 10 is launched, a person on the mothership or land, using the
attachment/detachment equipment, (i) grasps an end (one end) of the pole, (ii) hangs the
hook at the opposite end (the other end) of the pole onto the apparatus 10, (iii) hangs the
module coupling part on the opposite side of the hook onto the recovery part module or the
fence module, and separates the pole by pressing a switch, not shown, which may be
disposed at the one end of the pole.

[00309] Then, by (ii) and (iii) above, a state is achieved in which the apparatus 10 and
the recovery part module (or fence module) are coupled, and the pole of (i) above can be
separated and stored by the user.

[00310] According to such an attachment/detachment equipment, the solid
contaminant retrieval module (fifth embodiment) and the fence towing module (sixth
embodiment) can be assembled and disassembled in a separated state without retrieving the

robot 10 at the waterside. This has the effect of minimizing exposure of workers to serious
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disasters at the site. To add a word, if it is a site for retrieving oil water, from the perspective
of a user on the mothership, there is a large difference between 'the apparatus 10 may remain
launched on the water' and 'the apparatus 10 must be lifted from the water and moved to
the mothership' when installing the net (Embodiment 5) or the fence (Embodiment 6). If
the apparatus 10 must be lifted from the water and moved to the mothership, the apparatus
10, which is stained with oil, comes to the closest place to the user (worker), and thus health
damage such as exposure to harmful substances accordingly cannot be ignored. On the
other hand, if the net or fence can be attached to the apparatus 10 even while the apparatus
10 is launched on the water, even if it is inevitable that the mothership goes near the
apparatus 10, at least the apparatus 10 is not lifted to the mothership and does not come to
the closest place to the user (worker), so it can be seen that a relatively safer working
environment is created. This is true in terms of safety, and it is also more advantageous in
terms of work efficiency.

[00311] In other words, in the case of the corresponding modules, a worker can
separate and assemble them in a state separated from the robot (apparatus 10) in an aquatic
environment, without directly taking the robot (apparatus 10) out at the waterside. What
makes this possible is the attachment/detachment equipment shown in FIG. 14 and
described above. A part that is easy to couple to the module of the robot 10 and also easy
to couple to a crane is attached to the end of the long pole, so that the worker first couples
[it] to the module of the robot 10 wusing the corresponding equipment
(attachment/detachment equipment), and thereafter, it is a method of separating the
corresponding module without lifting the robot 10 by hanging [it] on a crane hook that
comes down. This is an efficient means that shortens the work time of putting in and taking
out the robot at the site.

[00312] As an additional feature of an embodiment of the present invention, unrelated
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to FIG. 14, the following point also exists.

[00313] It is made possible to monitor not only an Input value (for example, current or
electric power) but also an Output value (for example, current or electric power) of an
actuator (recovery part, Propulsion body) on the system (apparatus 10), and by analyzing
the corresponding data, it is possible to infer a state of the robot's actuator.

[00314] Monitoring the current output value has the following advantages. First, to
exemplify one situation, an Input value is set so that 30% output can be produced from the
Propulsion body. However, if foreign substances are stuck, the Propulsion body is unable
to rotate well, and at this time, it is impossible to know whether or not foreign substances
are stuck with simply the Input value. This is because the Input value is simply at a level of
giving a command as a code, so it only gives a certain command to rotate 30%, but it is
impossible to know if it is rotating well. However, if the Output value becomes known, it
becomes possible to receive feedback on whether 30% of Output actually comes out when
30% of Input is instructed, and through this, it is possible to check if the motor is actually
doing about 30% of work. Through this, the state of the motor can be inferred, and an
abnormal state can be notified to the worker. This function allows monitoring by attaching
a current measurement module or sensor to the corresponding wire side when the
Propulsion body draws power from the battery within the system board. Therefore, it is
possible to infer what state it is in by looking at the tendency of the current output value,
such as the Output value itself not coming out because the Propulsion body state is a
problem, or the Output value becoming extremely high because foreign substances are
stuck (if foreign substances are stuck, it continuously draws an immense amount of current
until the Propulsion body rotates), and through this, follow-up measures such as presenting
expected problems to customers are possible.

[00315] Furthermore, another feature of the present invention is as follows.
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[00316] A capacity is estimated by utilizing an aquatic monitoring camera so that a
retrieval amount of marine debris can be known, and, the amount of retrieved waste can be
estimated through an input value (for example, current or electric power), an output value
(for example, current or electric power), and driving speed data, which are input to the
Propulsion body of the robot 10.

[00317] As a contaminant collection amount estimation solution of the robot 10,
[00318] analyzing the contaminant collection amount by camera through a camera at
an upper rear part of the robot 10; and

at this time, considering the difficulty in estimating the entire capacity of waste in the water,
reinforcing the waste amount estimation value with the following additional solution:

@) That is, estimating a driving speed of the robot (hereinafter,
referred to as 'Speed A') through sensor fusion of data from GPS
and IMU (Inertial Measurement Unit) sensors, and simultaneously
monitoring Input and Output data of the Propulsion body through
a system box.

(i) acquiring a driving speed of the robot (hereinafter, referred to as
'Speed B') corresponding to the current Input and Output data,
based on a pre-calculated propulsion speed table (a data table in
which the propulsion speed of the robot is calculated based on
Input and Output data of the Propulsion body in an environment
without currents and waves).

(iii))  determining a speed propulsion degradation level of the robot
through a difference between the two speeds (Speed A - Speed B).

(iv)  reinforcing the marine debris amount value estimated by the

camera, through the corresponding data.
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[00319] FIGS. 15ato 15h show Embodiment 7 of the present invention, and are mainly
for explaining the cartridge 60.

[00320] FIG. 15a is an example of the present invention according to Embodiment 7,
and is not essentially different from Embodiments 1 to 6, but the arrangement or outer
appearance of each constituent element is somewhat different.

[00321] In the water surface floating layer removal apparatus 10 according to
Embodiment 7 of the present invention, a contaminated water inlet 20 (contaminated water
retrieval part) (due to the angle of the illustration, it is not well shown in FIG. 15a, but see
FIG. 15b, etc.) is disposed at a front surface (left side in the drawing), which is the
proceeding direction of the movable hull 10. Behind the contaminated water inlet 20, a
storage part 40 (internal storage container) exists where the introduced contaminated water
is stored. An interior of the contaminated water inlet 20 of the hull 10 and the internal
storage container 40 is connected. And, rearward of the internal storage container 40 (right
side in the drawing), there is a detachable/attachable external storage container 60.
[00322] FIG. 15b is a perspective view of the apparatus according to an embodiment
of the present invention, seen obliquely from the front side.

[00323] Unlike FIG. 15a which is seen obliquely from the rear side, FIG. 15b is seen
obliquely from the front side, and is a side cross-sectional view with some members omitted,
so that the internal structure can be confirmed.

[00324] The apparatus 10 of the present invention basically has a basic operation
principle of [contaminated water is introduced through the inlet 20 -> oil is stored in the
storage part 40 (oil-water separation proceeds due to filter and density difference) -> after
oil-water separation, clean water is discharged to a lower part of the filter HF2].

[00325] Although it will be described in detail later, the approximate principle is that

the retrieved oil passes over the inclined surfaces (uw1 and uw?2 of FIG. 15¢) and gathers
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in the region near the rear sea level of the internal storage part 40 (A2 of FIG. 15¢), and by
intensively retrieving (A3 of FIG. 15¢) only the gathered oil generated by the specific
gravity difference, it becomes possible to accurately retrieve only the desired contaminated
water.

[00326] If a lot of oil is retrieved, the oil comes to be stacked in the storage part 40
(internal storage container), and if this oil is not continuously discharged, there is a problem
in that the retrieval amount gradually decreases and the oil may leak out. The present
invention can continuously retrieve only oil by operating a pump in real time, so the
retrieval amount can be continuously maintained, and it can be used smoothly until the
external storage container 60 is full.

[00327] The contaminated water (for example, oil) extracted from the internal storage
part 40 (internal storage container) is proceeded to move to the external storage container
60 (cartridge) through a pump.

[00328] The above is a rough explanation, and if explained one by one by constituent
clement, it is as follows.

[00329] The contaminated water inlet 20 includes, for example, an inlet 21 and an
impeller 31.

[00330] In FIG. 15b, two each of the inlet 21 and the impeller 31 are shown, but it is
not limited to this.

[00331] In a state where the hull 10 is floating on the water surface, the water surface
comes to be within a height range of the inlet 21, allowing contaminated water to be
introduced according to the advance of the hull 10 (proceeding in the left direction in FIG.
2), and in front of this inlet 21, a filtering means (not shown) may be installed to block an
influx of large-sized solids that can float in the contaminated water.

[00332] Furthermore, although not shown in FIGS. 15a and 15b, near the bottom of
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the hull 10, an impeller (not shown) (separately from the impeller 31 of the contaminated
water inlet 20, a separate impeller for the propulsion of the hull 10) is installed and can
move the hull 10 forward and backward. For example, the impeller (not shown) may be
two, but the number thereof is adjustable according to necessity.

[00333] The outlet 50 (discharge part) is a part where the water remaining after oil is
separated from the introduced contaminated water is discharged. In FIG. 15b, the outlet 50
is at a lower part of the hull 10, but according to necessity, it may be disposed on a rear
surface, may be disposed at a lower end of the rear surface, or may be disposed at a rear
part of a bottom surface. However, considering the external storage container 60 to be
described later, it is good that the outlet 50 is at the lower part of the hull 10.

[00334] The outlet 50 includes a lower filter HF2.

[00335] In FIG. 15b, the contaminated water (for example, oil water) introduced
through the inlet 21 passes through the connecting part 1000, is introduced into the internal
storage container 40 (especially, 40-1 of the front part), and moves to the further rear
internal storage container 40 (that is, 40-2 of the rear part) after passing through rough
filtering at the vertical partition VW. The vertical partition VW may be a simple structure
of a filter net that performs lower-performance filtering than the upper filter HF1 and the
lower filter HF2 to be described later. This vertical partition VW (storage part partition)
may perform full-scale filtering, or it is sufficient for it to serve a role of somewhat slowing
or hindering the flow of the fluid. Even just hindering (delaying) the flow can increase the
time or probability for oil to float to the top due to the specific gravity difference.

[00336] In FIG. 15b, the impeller 31 is illustrated as a means for introducing/retrieving
oil water (water and oil) at the inlet 21, but it is not necessarily limited to the use of the
impeller 31, and for example, other examples using a pump or the like are also possible.

[00337] In the internal storage container 40 (especially, 40-2), oil floats to the top and
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water sinks to the bottom by a specific gravity difference, and the water is discharged
through the outlet 50 after passing through the upper filter HF1 and the lower filter HF2.
[00338] Meanwhile, in addition to the upper filter HF1 and the lower filter HF2, a
separate small window (or small filter SF) exists on a front side of the upper filter HF 1, and
water may also be discharged after passing through the small filter SF and the lower filter
HF2. The flow of contaminated water (water and oil) will be described later in FIG. 15c.
[00339] And, the storage part 40 is shown, wherein both (left and right of the hull)
outer walls of the storage part 40 (see FIG. 15a, etc., in an uncut state) may include a
Buoyant body providing buoyancy. The buoyancy may be provided from the left and right
sides of the storage part 40, and may be provided from the bottom side of the storage part
40. It will be preferable to provide buoyancy slightly from all of the left, right, and bottom
sides of the storage part 40.

[00340] The degree of buoyancy is appropriate to submerge the impeller 31 by about
half. Half does not mean exactly 50%, and may be about 40% to 60%. Depending on the
case, it may be submerged by about 30% to 70%. Thus, by the action of the impeller 31
half-submerged in water, the contaminated water appropriately moves toward the storage
part 40 inside the hull 10.

[00341] Of course, it is preferable that the separate impeller (not shown, a separate
member from the impeller 31) that exerts propulsion force for the forward, backward, left,
and right movement of the hull 10 is all submerged in water. Only the inlet impeller 31
disposed near the contaminated water inlet 20 is submerged about half way in the water
surface.

[00342] FIG. 15c shows [it], focusing mainly on the flow of contaminated water.
[00343] In FIG. 15c, a dark arrow (or a black arrow) indicates a flow of oil, and a light-

colored arrow (or a blue arrow) indicates a flow of water.
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[00344] Of course, although the flow (the flow of water and the flow of oil) is not
clearly distinguished like these arrows, it is for conceptually showing an approximate flow
in a case where oil water is introduced through the contaminated water inlet 20.

[00345] In FIG. 15c, although it is indicated as sea level, it is not limited to the sea,
and is applicable anywhere where there is contaminated water (or more broadly,
contaminated liquid).

[00346] The buoyancy of the hull 10 is adjusted so that the water surface is at an
intermediate level of the impeller 31. That is, approximately, above the axis of rotation of
the impeller 31 is not submerged in water, and below the axis of rotation will be a state of
being submerged in water. At this time, the impeller 31 introduces contaminated water and
sends it toward the connecting part 1000.

[00347] Furthermore, even if it is not necessarily water and oil, it is of course
applicable if it is about the retrieval and separation of two or more liquids that can be
separated by a specific gravity difference, and the most typical example given is
contaminated water, which is a mixture of oil and water.

[00348] In FIG. 15c, the introduced oil passes through the inlet 21, passes through the
connecting part 1000, moves to the front internal storage container 40-1, and then generally
moves to an upper part of the rear internal storage container 40-2 after passing through the
vertical partition VW. A part of the oil may move from the front internal storage container
40-1 to a space below it through the front horizontal baffle 2000, but in many cases, it floats
up again to the front internal storage container 40-1.

[00349] Meanwhile, regarding the oil moving from the front internal storage container
40-1 to the rear internal storage container 40-2 and then floating up, both the upper wall
uw1 of the front internal storage container 40-1 and the upper wall uw2 of the rear internal

storage container 40-2 are in a shape such that the walls uw1 and uw2 become higher as
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they go rearward. In this case, due to these inclined walls uw1 and uw2, the oil easily moves
rearward.

[00350] If a comparative example is assumed in which, unlike the drawing, the upper
walls uwl and uw2 are horizontal, it can be easily understood that oil will be generally
uniformly floating on an upper part in the front internal storage container 40-1 and the rear
internal storage container 40-2 (the two together are also referred to as the internal storage
container 40). However, according to the present invention (as shown), not the comparative
example, the upper walls uw1 and uw?2 become higher as they go rearward, so the oil easily
moves rearward, and as a result, the oil, rather than existing over the entire water surface
of the internal storage container 40, generally gathers in the oil storage region A2 on the
rear side, and also has a tendency to gather more in the oil concentration region A3.
[00351] This approximate flow of oil can be confirmed through the dark arrow (black
arrow).

[00352] And, the introduced water passes through the inlet 21, passes through the
connecting part 1000, moves to the front internal storage container 40-1, and then generally
moves to a lower part of the rear internal storage container 40-2 after passing through the
vertical partition VW. A part of the water moves from the front internal storage container
40-1 to a space below it through the front horizontal baffle 2000, and is discharged after
passing through the small filter SF (it is permissible for it to be a small window and not
necessarily a filter) and the lower filter HF2.

[00353] And, another part of the water generally moves to a lower part of the rear
internal storage container 40-2. This water moves from the rear internal storage container
40-2 to a space below it through the rear horizontal baffle 3000, and is discharged after
passing through the upper filter HF1 and the lower filter HF2.

[00354] This approximate flow of water can be confirmed through the light-colored
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arrow (blue arrow).

[00355] Although not limited to this, the filtering performance, relatively, may be high
for the upper filter HF1 and the lower filter HF2, intermediate for the small filter SF, and
low for the front horizontal baffle 2000 and the rear horizontal baffle 3000.

[00356] FIG. 15d is a diagram similar to FIG. 15a, but is shown so that the
attached/detached state of the external storage container 60 is more clearly revealed.
[00357] That is, FIG. 15d is a diagram schematically showing how the external storage
container 60 is attached to the hull.

[00358] As described above, the external storage container 60 is a detachable method,
and it can also be confirmed that handles are attached on both sides for convenience of
attachment/detachment. It is also easy to replace it with another external storage container
60 according to necessity.

[00359] This detachable external storage container 60 may also be called a cartridge
60.

[00360] FIG. 15¢ is a perspective view of the external storage container 60 of FIG. 15d.
[00361] The left side of FIG. 15¢ is an upper side perspective view, and the right side
of FIG. 15¢ is a lower side perspective view.

[00362] In the lower side perspective view on the right side of FIG. 15¢, a state in
which the filter is separated is shown for convenience of explanation.

[00363] This external storage container 60 is a part of the semi-submersible oil
recovery unit 10 of the present invention, and is an oil storage device 60 that can check an
automatic replacement time while simultaneously proceeding with oil-water separation
inside the storage device 60 when contaminants, in which oil and water are mixed together,
are introduced from inside the oil recovery unit 10.

[00364] FIG. 15fis a perspective view of a cross-sectional view of the external storage
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container 60.

[00365] The filter 113 at the lower left of FIG. 15f can be slid and fitted into the right
side thereof.

[00366] And, the first partition 115 partitioning the first stacking section B1 and the
second stacking section B2 is formed with vertical slits at a predetermined height, and a
lowermost end of the partition is an open structure, and the second partition 117 partitioning
the second stacking section B2 and the third stacking section B3 is a structure in which a
filter is applied to almost the entire surface. In this case, since the degree of separation of
contaminants and water at the second partition 117 is higher than the separation of
contaminants and water at the first partition 115 (that is, oil-water separation is done better),
it may also be expressed that the separation force of the second partition 117 is higher than
the separation force of the first partition 115. However, this is an example, and is not limited
to this. As another example, the first partition 115 may also have a structure similar to the
second partition 117.

[00367] That is, two vertical partitions 115 and 117 having different shapes are formed
inside the oil storage device 60 (external storage container). The first partition 115 has holes
only at a sea level position and a lowermost position, and serves a role of floating oil above
the sea level. The second partition 117 uses a mesh net filter over a wide area to slow down
movement using the viscosity of the contaminants, so that there is no malfunction of the
sensor. It also serves a role of filtering internal contaminants.

[00368] The first partition 115 and/or the second partition 117, broadly seen, may
perform full-scale filtering, or may serve a role of somewhat slowing or hindering the flow
of fluid, rather than full-scale filtering. This is because even just hindering (delaying) the
flow can increase the time or probability for oil to float to the top due to the specific gravity

difference. However, it is better for filtering to be done in order to obtain a clearer
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separation. In the drawings, the first partition 115 and the second partition 117 are shown
as the cartridge partition, but the cartridge partition is not necessarily limited to two, and
may be one, or three or more. However, it is good for there to be two from the perspective
of processing time, filtering effect or ease, balance of appropriate separation degree and
processing time, etc.

[00369] FIG. 15g assumes a case as a comparative example where the partitions 115
and 117 are not in the external storage container 60.

[00370] As shown in FIG. 15g, it can be seen that as the inflow amount of
contaminated water increases, and as time passes, the degree of separation of oil and water
does not become that high.

[00371] FIG. 15h assumes a case as an invention example (cartridge) where the
partitions 115 and 117 are in the external storage container 60.

[00372] As shown in FIG. 15h, it can be seen that as the inflow amount of
contaminated water increases, and as time passes, the degree of separation of oil and water
becomes high, and especially, the degree of separation of oil and water becomes higher
going from the first stacking section Bl — the second stacking section B2 — the third
stacking section B3.

(1) The photo at the upper left of FIG. 15h is an example where 1L of
contaminated water has been introduced.

(i)  When the introduction proceeds further, it becomes an example
where 5L of contaminated water has been introduced, like the
photo at the upper right of FIG. 15h.

(iii))  When the introduction proceeds further, it becomes an example
where 10L of contaminated water has been introduced, like the

photo at the lower left of FIG. 15h.
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(iv)  When the introduction proceeds further, it becomes an example
where 15~17L of contaminated water has been introduced, like the
photo at the lower right of FIG. 15h.

[00373] In the example of FIG. 15h (especially, the photo at the lower right), although
the third stacking section B3 is only half-filled with contaminants (for example, oil) on top,
if the boundary line between the contaminants and water further descends to a
predetermined position (for example, a position where 70~90% of contaminants are filled),
the first stacking section B1, where the discharge hole 119 is, will be filled with
contaminants almost close to 100% (of course, although it depends on the filtering
performance of the first partition 115 and the second partition 117, for example, about
90~100%).

[00374] At this time, this is sensed in the third stacking section B3 by the buoyant body
111 and the Hall sensor 121, and it is made possible for a worker to know this through an
LED light L, and the worker, seeing this, thinks that this cartridge 60 is full up to the storage
limit of contaminants, detaches the cartridge 60, and after detaching, can discharge the
contaminants (and some of the water) by operating the discharge lever 103 at another place,
causing the discharge hole 119 below the third stacking section B3 to open.

[00375] As described above, the filter part hole 123 is opened only when deploying
and retrieving the cartridge 60 at the site, and serves a role of blocking the discharge of
internal contaminated water while allowing water to be discharged to the outside. The
discharge hole 119 is opened only when discharging contaminated water, after separating
the cartridge 60 on land after all work is finished. Typically, there is no situation where the
two holes 119 and 123 are opened simultaneously.

[00376] Through FIGS. 15a to 15h, the cartridge 60 has been described, and this

cartridge 60 is not limited to Embodiment 7, and may be applied to Embodiments 1 to 6
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according to necessity, and it may be appropriate for it to be applied especially to

Embodiment 4.
[00377]
[00378] Hereinafter, new embodiments of the present invention will be described with

reference to FIGS. 16 to 20. For configurations that perform the same or similar functions
as the constituent elements of the existing FIGS. 1 to 15, the same names may be used, but
new reference numerals are assigned for clear distinction.

[00379] FIG. 16 is an exploded perspective view schematically showing the overall
configuration of a modular platform (Water robot) according to a new embodiment of the
present invention.

[00380] Referring to FIG. 16, the Water robot 1600 according to the present invention
comprises a basic platform 1600 that is drivable by itself, and various Add-on equipment
that is selectively attached to and detached from the platform 1600 to perform a specific
mission.

[00381] In this embodiment, three modules are shown as an example of the Add-on
equipment. The first Add-on equipment is an oil recovery module 1700 for processing fluid
contaminants. The second Add-on equipment is a solid contaminant retrieval module 1800
for retrieving solid contaminants. The third Add-on equipment is a fence module 1900 for
gathering contaminants on the water surface.

[00382] The biggest feature of such a modular configuration is the point that the
necessary functional modules 1700, 1800, and 1900 can be selectively replaced and coupled
based on a single platform 1600, according to a site situation or a type of contaminant (fluid
or solid).

[00383] This enables responding to complex situations or performing various

purification tasks with a single Water robot 1600, without needing to deploy separate
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specialized equipment for each of oil pollution accidents and marine debris collection tasks.
Therefore, there is an effect that the economic efficiency of equipment operation and field
usability are maximized.

[00384] As shown by the dotted line, the oil recovery module 1700 is coupled to an
interior of the platform 1600, and the solid contaminant retrieval module 1800 and the fence
module 1900 may be configured to be coupled to a rear of the platform 1600.

[00385]

[00386] FIG. 17 is a perspective view showing the basic platform shown in FIG. 16,
that is, the Water robot 1600, in more detail.

[00387] Referring to FIG. 17, the Water robot 1600, as a basic main body before the
Add-on equipment 1700, 1800, and 1900 is coupled, may largely include a Body part 1610,
a Contaminated matter inlet 1620, and a Propulsion body 1630.

[00388] The Body part 1610 forms the main structure of the apparatus, and includes a
main frame disposed in the center, where various Control units or a power source (not
shown), etc. can be installed. Furthermore, the Body part 1610 may be provided with a
camera 1650 for photographing the aquatic environment. The camera 1650 may be installed
in at least one or more of various positions such as the front, rear, left, or right of the Body
part 1610 according to the operational purpose, and may transmit image data to the Control
unit.

[00389] Furthermore, the Body part 1610 includes a pair of Buoyant bodies 1614
coupled to both side surfaces of the main frame 1612 and providing buoyancy to the Water
robot 1600. Furthermore, on both inner side surfaces of the main frame 1612, a first guide
rail 1616 extending in a horizontal direction is provided so that the oil recovery module
1700 can be coupled in a sliding manner. The first guide rail 1616, for example, may be

implemented in a groove or protrusion shape corresponding to a second guide rail (1710 of
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FIG. 18) provided on a side surface of the oil recovery module.

[00390] The Contaminated matter inlet is disposed at a front part of the Body part 1610,
and is formed by a pair of guide members 1620 extending forward. The guide members

1620 serve a role of guiding contaminants on the water surface to gather to the center when
the Water robot 1600 moves forward.

[00391] The Contaminated matter inlet is disposed at a front part of the Body part 1610,
and is formed by a pair of guide members 1620 extending forward. The guide members

1620 serve a role of guiding contaminants on the water surface to gather to the center when
the Water robot 1600 moves forward.

[00392] The Propulsion body 1630 provides power for moving the Water robot 1600

in a desired direction, and in this embodiment, may be installed at a lower part of each of
the pair of Buoyant bodies 1614.

[00393] Furthermore, around the Propulsion body 1630, a Propulsion body guard 1632

is installed, and blocks marine debris or foreign substances from being introduced and
hindering the drive. The Propulsion body guard 1632 is preferably formed in a net or mesh

shape structure so as to, at least on the front and rear surfaces where water flow occurs,

pass fluid such as water but not pass solid contaminants of a certain size or more.

[00394] Meanwhile, at a rear of the Body part 1610, a coupling structure for coupling

with the Add-on equipment 1800 and 1900 to be described in FIGS. 19 and 20, for example,

a hook 1618 or a connecting pipe 1640, etc. may be further provided.

[00395] Furthermore, on the Body part 1610 of the Water robot 1600, although not
shown in the drawings, a Control unit that controls the overall drive of the apparatus and
determines an operational state may be mounted. The Control unit receives data from

various sensors provided on the Body part 1610. For example, the Control unit may receive

image data from the camera 1650 to recognize contaminants or marine structures and
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primarily estimate the collection amount. Furthermore, the Control unit may receive data
from a current sensor (not shown) that monitors an input electrical signal and an output
electrical signal of the Propulsion body 1630, in order to grasp a drive state of the
Propulsion body 1630. The Control unit may compare these two signals to infer an
abnormal state such as foreign substances being stuck in the Propulsion body or to obtain
feedback on whether an actual drive is performed. Furthermore, the Control unit may also
perform a dual estimation method of reinforcing the first estimated value of the camera
through the difference, by calculating a first driving speed from the GPS or IMU sensor
(not shown) and a second driving speed from the current sensor.

[00396]

[00397] FIG. 18 is a diagram showing in detail a process in which the oil recovery
module 1700 according to an embodiment of the present invention is coupled to the Body
part 1610 of the Water robot 1600.

[00398] FIG. 18(a) shows a state in which the oil recovery module 1700 is separated
from the Body part 1610, and (b) shows a state in which the coupling of the oil recovery
module 1700 to the interior of the Body part 1610 is completed, respectively.

[00399] To explain the coupling process in detail, as described in FIG. 17, on the Body
part 1610 of the Water robot 1600, especially on both inner side surfaces of the main frame
1612, a first guide rail 1616 extending in a horizontal direction may be provided.

[00400] Corresponding to this, on both outer side surfaces of the oil recovery module
1700, a second guide rail 1710 having a shape corresponding to the first guide rail 1616
may be formed.

[00401] Therefore, a worker, by aligning the second guide rail 1710 of the oil recovery
module 1700 with the first guide rail 1616 of the Body part 1610 and pushing it in in a

sliding manner, can simply and quickly mount the oil recovery module 1700 to the interior
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of the Body part 1610.

[00402] This sliding coupling method facilitates module replacement, and enables
rapid function transition according to the site situation. Especially, in a case where the
module must be replaced directly on the water surface without hoisting the Water robot
1600 to land, the utility of such a simple coupling structure is further maximized.

[00403] The oil recovery module 1700 coupled in this way can process fluid
contaminants introduced through the Contaminated matter inlet internally. For example, the
oil recovery module 1700 may include an oil-water separation part 1720 that provides a
space where fluid contaminants are separated by a density difference, an oil-water
separation filter 1730 that filters the separated oil, and a cartridge 1740 that stores the
separated oil.

[00404] Especially, it is important that the oil recovery module 1700 is designed so
that its inlet or oil-water separation part 1720 exactly matches the height of the water
surface, in order to efficiently retrieve oil floating on the water surface. To this end, the pair
of Buoyant bodies 1614 of the Body part 1610 may be designed so that the entire Water
robot 1600 maintains appropriate buoyancy in a state where the oil recovery module 1700
is coupled. That is, the buoyancy design of the Body part 1610 is set so that the optimal
retrieval height of the oil recovery module 1700, which is fixed by the first and second
guide rails 1616 and 1710, matches the actual water surface, so that oil retrieval efficiency
can be maximized.

[00405]

[00406] FIG. 19 is a diagram showing a process in which the solid contaminant
retrieval module 1800 according to an embodiment of the present invention is coupled to
the Body part 1610 of the Water robot 1600.

[00407] FIG. 19(a) shows a state in which the solid contaminant retrieval module 1800
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is separated from the Body part 1610, and (b) shows a state in which the coupling of the
module 1800 to the rear of the Body part 1610 is completed, respectively.

[00408] To explain the coupling method in detail, as described in FIG. 17, at a rear
edge of the Body part 1610 of the Water robot 1600, at least one hook 1618 may be provided
so that the Add-on equipment can be coupled.

[00409] Corresponding to this, the solid contaminant retrieval module 1800 may
comprise: a net 1810 for collecting solid contaminants, and a Connecting link 1812
provided on a front frame of the net 1810 and detachably coupled to the hook 1618.
[00410] Therefore, a worker can quickly mount or separate the module by simply
fastening the Connecting link 1812 of the solid contaminant retrieval module 1800 to the
hook 1618 of the Body part 1610. Furthermore, the solid contaminant retrieval module
1800 may be equipped with an electromagnet or a mechanical clamping method instead of
the hook method, so that a worker can control the solid contaminant retrieval module 1800
to be automatically coupled or detached from the Water robot through RC adjustment and
an LTE-based web program. Through this, the worker can remotely separate the net, in
which solid contaminants are collected, and the front frame of the net to lift it from the
water, or can couple the solid contaminant retrieval module 1800 to the Water robot.
[00411] This simple coupling structure, just as in the case of the oil recovery module
1700 of FIG. 18, facilitates replacing the module on the water surface without needing to
hoist the Water robot 1600 to land, and can increase field usability.

[00412] The solid contaminant retrieval module 1800 coupled in this way performs a
role of collecting and retrieving, inside the net 1810, solid contaminants that are introduced
through the Contaminated matter inlet or have passed through a lower part of the Body part
1610, as the Water robot 1600 moves forward.

[00413]
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[00414] FIG. 20 is a diagram showing a process in which the fence module 1900
according to an embodiment of the present invention is coupled to the Body part 1610 of
the Water robot 1600.

[00415] FIG. 20(a) shows a state in which the fence module 1900 is separated from the
Body part 1610, and (b) shows a state in which the coupling of the module 1900 to the rear
of the Body part 1610 is completed, respectively.

[00416] To explain the coupling method in detail, as described in FIG. 17, at a rear of
the Body part 1610 of the Water robot 1600, a connecting pipe 1640 may be provided so
that one end of the fence module 1900 is coupled.

[00417] Corresponding to this, the fence module 1900 may comprise: a net fence 1910
(a part of 1900) for gathering contaminants on the water surface, and a connecting part
1912 (a part of 1900) provided on one end of the net fence 1910 and detachably coupled to
the connecting pipe 1640.

[00418] For example, the connecting part 1912 may be implemented in a hook-type or
carabiner form, so that a worker can easily hang it on or separate it from the connecting
pipe 1640.

[00419] This coupling structure provides a key feature that distinguishes the fence
module 1900 from the solid contaminant retrieval module (1800 of FIG. 19). That is, the
fence module 1900 is towed in a state where only one end is connected to the Body part
1610, and the other end thereof may be connected to a separate Water robot or a fixture
such as land. Through this, collaborative tasks, such as two Water robots towing the net
fence 1910 from both sides and efficiently gathering contaminants over a wide range, can
be performed.

[00420] Although the embodiments of the present invention have been described

above with reference to the accompanying drawings, the present invention is not limited to
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the above embodiments but may be manufactured in various different forms, and it will be
understood by one of ordinary skill in the art to which the present invention pertains that
other specific forms can be implemented without changing the technical spirit or essential
features of the present invention. Therefore, it must be understood that the embodiments

described above are illustrative in all aspects and not restrictive.
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Claims:
Claim 1. A water robot configured as a modular platform for retrieving water surface
floating contaminants, comprising;:

a body part including a main frame;

a contaminated matter inlet disposed at a front part of the body part and receiving
contaminants;

a propulsion body provided in the body part and exerting a propulsion force to move
the body part in a desired direction; and

add-on equipment detachably coupled to a rear or an interior of the body part.

Claim 2. The water robot of claim 1, wherein the body part comprises:
the main frame disposed at a center; and
a pair of buoyant bodies coupled to both side surfaces of the main frame and providing

buoyancy.

Claim 3. The water robot of claim 1, wherein the contaminated matter inlet comprises:
a pair of guide members extending forward from both front sides of the body part and
configured to gather contaminants to the contaminated matter inlet,

wherein the pair of guide members comprises at least one wheel on the edge.

Claim 4. The water robot of claim 2, wherein the propulsion body further comprises:
a propulsion body guard installed at a lower part of each of the pair of buoyant bodies, and

surrounding a periphery of the propulsion body to prevent an influx of marine debris.

Claim 5. The water robot of claim 1, wherein the add-on equipment is any one of:
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an oil recovery module detachably coupled to an interior of the body part, and storing
and separating fluid contaminants introduced through the contaminated matter inlet;

a solid contaminant retrieval module detachably coupled to a rear of the body part, and
including a net for collecting solid contaminants introduced through the contaminated
matter inlet; and

a fence module including a net fence configured such that one end is detachably
coupled to the rear of the body part, and the other end is connected to a separate water robot

or a fixture.

Claim 6. The water robot of claim 5, wherein the add-on equipment is an oil recovery
module,
wherein the body part further comprises:

a first guide rail provided on both inner side surfaces so that the oil recovery module
is coupled in a sliding manner,
and wherein the oil recovery module comprises:

a second guide rail provided on both outer side surfaces corresponding to the first guide
rail;

an oil-water separation part providing a space for fluid contaminants introduced
through the Contaminated matter inlet to be separated by a density difference;

an oil-water separation filter disposed at a lower end of the oil-water separation part
and filtering oil in the lower part; and

a cartridge storing oil separated onto the oil-water separation part.

Claim 7. The water robot of claim 5, wherein the add-on equipment is a solid contaminant

retrieval module,
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wherein the body part further comprises:

at least one hook provided at a rear edge so that the solid contaminant retrieval module
is coupled,
and wherein the solid contaminant retrieval module is:

a net including a connecting link detachably coupled to the hook.

Claim 8. The water robot of claim 5, wherein the add-on equipment is a solid contaminant
retrieval module,
wherein the body part and the solid contaminant retrieval module further comprise:

an automatic coupling part capable of coupling or detaching the solid contaminant
retrieval module by a worker's remote control,
and wherein the automatic coupling part uses at least one of an electromagnet or a

mechanical clamping method.

Claim 9. The water robot of claim 5, wherein the add-on equipment is a fence module,
wherein the body part further comprises:

a connecting pipe provided at a rear thereof so that one end of the fence module is
coupled,
and wherein the fence module is:

a net fence having a connecting part detachably coupled to the connecting pipe in a

hook-type.

Claim 10. The water robot of claim 1, wherein the body part comprises:
at least one camera provided on an upper part thereof;

at least one current sensor monitoring an input electrical signal and an output electrical
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signal of the propulsion body; and
a control unit determining an operational state of the water robot or controlling a drive

thereof, based on data received from the camera and the current sensor.

Claim 11. The water robot of claim 10,

wherein the control unit compares and calculates the input electrical signal and the output
electrical signal of the propulsion body received from the current sensor,

to infer an abnormal state of the propulsion body or to generate feedback on whether an

actual drive is performed according to the input electrical signal.
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