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Description
Title of Invention: LAWN MOWER ROBOT AND METHOD FOR
CONTROLLING THE SAME
Technical Field
[1] This application relates to a lawn mower robot and a method for controlling the

same, and one particular implementation relates to a lawn mower robot, which can be
located in a preset region even when an obstacle is present on a boundary of the preset

region, and a method for controlling the same.

Background Art

[2] A lawn mower robot is a machine for mowing grass or lawn by moving itself
according to preset control information. A user may input in advance control in-
formation related to desired mowing motion, time, and period. The lawn mower robot
operates according to the input control information.

[3] An environment in which a lawn mower robot is used may be a space having a large
area, such as a meadow or a garden. Therefore, the lawn mower robot generally moves
along a preset path in order to mow the lawn, etc. distributed in a large area.

[4] In addition, the lawn mower robot divides the space into several small spaces and
then moves along a preset path in each small space. By this division, the lawn mower
robot can move closely in a large space. In other words, the lawn mower robot can pass
through all the spaces without missing any space.

[5] The division may be performed as a user inputs a control signal after setting a virtual
space. Alternatively, the division may be performed by a physical method using a
fence or the like.

[6] On the other hand, considering that an environment using a lawn mower robot is an
outdoor space, unexpected situations may occur. One example may be presence of an
obstacle that may affect the travel of the lawn mower robot. When such obstacle is
located in a divided small space, the lawn mower robot may return according to a
preset control signal.

[7] However, a situation may arise where the obstacle is located adjacent to a boundary
that partitions the small space. In this case, the lawn mower robot may be deviated
from a small space, in which it is performing a task, due to collision with the obstacle,
and then enter another small space.

[8] A control signal input to a lawn mower robot is generally generated to lead the lawn
mower robot to enter another small space after completing a lawn mowing operation in
a specific small space. That is, if the control signal for such a situation is not input in

advance, the lawn mower robot cannot operate properly.
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In addition, a lawn mower robot may enter another small space without completing a
lawn mowing operation for a small space in which the operation is being performed.
As aresult, a case where a lawn mowing operation for an entire space is terminated

without completing a lawn mowing operation in an original small space.
In such a case, the lawn mowing operation may not be performed effectively, and

also a negative effect may be caused in user's satisfaction.

Korean Registration Patent Application No. 10-1918994 discloses a lawn mower
robot. Specifically, the patent document discloses a lawn mower robot, which can
detect descending of caster located on a bottom surface of an inner body by a sensor
part provided for detecting lifting of the caster.

The lawn mower robot of the structure can detect the lifting of the component.
However, there is a limitation in that the lawn mower robot does not provide a coun-
termeasure for a case of deviating from a region in which the robot is moving.

Korean Laid-Open Publication Patent Application No. 10-2016-0128123 discloses a
moving robot and a control method thereof. More specifically, the patent document
discloses a moving robot having a structure capable of improving work efficiency for a
work region by dividing the work region into a plurality of small regions, and a control
method thereof.

However, the moving robot of the structure has considered about the method of
dividing the work region, but fails to suggest a solution for a case where the robot
leaves a region in which the robot is performing a work.

[Prior Art Documents]

[Patent Documents]

Korean Registration Patent Application No. 10-1918994 (February 8, 2019)

Korean Laid-Open Publication Patent Application No. 10-2016-0128123 (November
7,2016)

Disclosure of Invention

Technical Problem

The present disclosure provides a lawn mower robot having a structure capable of
solving those drawbacks, and a method for controlling the same.

One aspect of the present disclosure is to provide a lawn mower robot having a
structure, capable of returning to an original position without a user's separate ma-
nipulation when colliding with an obstacle during an operation, and a method for con-
trolling the same.

Another aspect of the present disclosure is to provide a lawn mower robot having a
structure, capable of returning to an original region through a shortest path when it is

deviated from (forcedly left or moved out of) a region where it was working due to
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collision with an obstacle, and a method for controlling the same.
Still another aspect of the present disclosure is to provide a lawn mower robot having

a structure, capable of returning to a pre-recognized region when colliding with an
obstacle during working, and a method for controlling the same.

Still another aspect of the present disclosure is to provide a lawn mower robot having
a structure, capable of minimizing an area of a skip region (skip place, skip space)
which is left without being mowed (processed, treated, managed, maintained) when a
work is restarted after collision with an obstacle, and a method for controlling the
same.

Still another aspect of the present disclosure is to provide a lawn mower robot having
a structure, capable of continuously performing a task which was being originally
performed, after collision with an obstacle, and a method for controlling the same.

Still another aspect of the present disclosure is to provide a lawn mower robot having
a structure, capable of improving reliability of a task which the lawn mower robot is
performing.

Solution to Problem

In order to achieve the above aspects according to the present disclosure, there is
provided a lawn mower robot, including a body part, a plurality of main wheels
rotatably connected to the body part, a power module provided in plurality connected
to the main wheels, respectively, and configured to be rotated according to driving in-
formation so as to rotate the main wheels, a controller configured to calculate the
driving information and electrically connected to the power module to transfer the
calculated driving information to the power module, and a sensor part configured to
detect spaced distance information from a wire disposed to surround a preset region,
and electrically connected to the controller to transfer the detected spaced distance in-
formation to the controller. The controller may calculate the driving information using
the spaced distance information detected by the sensor part.

The spaced distance information calculated by the controller of the lawn mower
robot may include first spaced distance information in a preset first direction, and
second spaced distance information in a preset second direction opposite to the first
direction. The sensor part may include a first distance sensor unit configured to detect
the first spaced distance information, and a second distance sensor unit configured to
detect the second spaced distance information.

The spaced distance information calculated by the controller of the lawn mower
robot may also include third spaced distance information in a preset third direction
between the first direction and the second direction, and the sensor part may include a

third distance sensor unit configured to detect the third spaced distance information.
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The controller of the lawn mower robot may be configured to calculate adjacent
direction information related to a more adjacent direction of the first direction and the
second direction, using a difference between the first spaced distance information and
the second spaced distance information.

The controller of the lawn mower robot may be configured to calculate deviation in-
formation related to a ratio of a volume of the body part deviated from the preset
region, and calculate the adjacent direction information when the calculated deviation
information exceeds a preset ratio value.

The power module of the lawn mower robot may be configured to be rotated in one
of a preset first rotational direction and a preset second rotational direction opposite to
the first rotational direction. When the calculated deviation information exceeds the
preset ratio value, the controller may be configured to calculate the driving information
for rotating the power module in a direction, opposite to a rotational direction of the
power module immediately before the calculated deviation information exceeds the
preset ratio value, of the first rotational direction and the second rotational direction.

The main wheel of the lawn mower robot may include a first main wheel located at
one side of the body part facing the first direction, and a second main wheel located at
another side of the body part facing the second direction. The power module may
include a first power module connected to the first main wheel, and a second power
module connected to the second main wheel. The controller may be configured to
calculate steering information for controlling the power module such that a rotational
speed of the second power module is faster than a rotational speed of the first power
module when the calculated adjacent direction information is the first direction. On the
other hand, the controller may be configured to calculate steering information for con-
trolling the power module such that a rotational speed of the first power module is
faster than a rotational speed of the second power module when the calculated adjacent
direction information is the second direction.

In order to achieve the aspects according to the present disclosure, there is provided a
method for controlling a lawn mower robot, the method including (a) detecting, by a
distance sensor module, spaced distance information from a wire disposed to surround
a preset region, (b) calculating, by an external information calculation module,
adjacent direction information by using the detected spaced distance information, (c)
calculating, by an operation information calculation module, operation information
using the calculated adjacent direction information, and (d) controlling a power module
according to the calculated operation information.

The step (a) in the method for controlling the lawn mower robot may include (al)
detecting, by a first distance sensor unit, first spaced distance information in a preset

first direction, and (a2) detecting, by a second distance sensor unit, second spaced
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distance information in a preset second direction opposite to the first direction.

The step (b) in the method for controlling the lawn mower robot may include (b1)
detecting, by a position sensor module, position information related to a body part of
the lawn mower robot, (b2) calculating, by a deviation information calculation unit,
deviation information related to a ratio of a volume of the body part deviated from the
preset region, and (b3) calculating, by an adjacent direction information calculation
unit, the adjacent direction information using a difference between the detected first
spaced distance information and the detected second spaced distance information when
the deviation information exceeds a preset ratio value.

The operation information in the method for controlling the lawn mower robot may
include driving information for driving the power module. The power module may be
configured to be rotated in one of a preset first rotational direction and a preset second
rotational direction opposite to the first rotational direction. The step (c) may include
(c1) calculating, by the operation information calculation module, driving information
for rotating the power module in a direction, opposite to a rotational direction of the
power module immediately before the calculated deviation information exceeds the
preset ratio value, of the first rotational direction and the second rotational direction,
when the calculated deviation information exceeds the preset ratio value.

The power module in the method for controlling the lawn mower robot may include a
first power module located in the first direction, and a second power module located in
the second direction. The operation information may include steering information for
controlling rotations of the first power module and the second power module, re-
spectively. The step (c) may include (c2) calculating, by the operation information cal-
culation module, steering information for controlling the power module such that a ro-
tational speed of the second power module is faster than a rotational speed of the first
power module, when the calculated deviation information exceeds the preset ratio
value and the calculated adjacent direction information is the first direction, and (c3)
calculating, by the operation information calculation module, steering information for
controlling the power module such that a rotational speed of the first power module is
faster than a rotational speed of the second power module, when the calculated
deviation information exceeds the preset ratio value and the calculated adjacent
direction information is the second direction.

The step (d) in the method for controlling the lawn mower robot may include (d1)
rotating the power module according to the calculated steering information, and (d)
rotating the power module according to the calculated driving information.

The method for controlling the lawn mower robot may further include after the step
(d), (e) operating the power module in the preset region.

The step (e) in the method for controlling the lawn mower robot may include (el)
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detecting, by the position sensor module, position information related to the body part,
(e2) calculating, by the deviation information calculation unit, deviation information
related to a ratio of a volume of the body part deviated from the preset region, using
the detected position information, (e€3) calculating, by the operation information cal-
culation module, steering information in a preset manner when the calculated deviation
information is equal to or lower than a preset ratio value, and (e4) calculating, by the
operation information calculation module, driving information in a preset manner
when the calculated deviation information is equal to or lower than the preset ratio

value.
The step (e) in the method for controlling the lawn mower robot may include after

the step (e4), (e5) controlling, by a power module control unit, the power module to
rotate according to the calculated steering information and the calculated driving in-

formation.

Advantageous Effects of Invention

According to the present disclosure, the following effects can be achieved.

First, a lawn mower robot collides with an obstacle is controlled to move in a
direction opposite to its proceeding direction. Therefore, when the lawn mower robot
collides with an obstacle while performing a task, the lawn mower robot can return to
its original position without a separate user's manipulation.

In addition, when the lawn mower robot is deviated from a region where it is
performing a work, the lawn mower robot may detect a direction in which a distance
from a wire partitioning the region is the shortest. The lawn mower robot can be
steered to be able to move in the detected direction by the shortest distance.

Therefore, even when the lawn mower robot is deviated from the region where it is
performing a task, the lawn mower robot can return to its original region through a
shortest path.

Also, the lawn mower robot which has collided with the obstacle can be controlled to
move in an opposite direction to its originally traveling direction.

Thus, the lawn mower robot can return to a region where it has performed a task,
namely, a region of which it has already been aware.

In addition, the lawn mower robot which has collided with the obstacle is controlled
to restart its task in the region where it has already performed the task.

Accordingly, frequency of an occurrence of a skipped region can be reduced as
compared with a case where a task is restarted in a region where a task has not been
performed. Further, even if such a skipped region is generated, its area can be
minimized.

In addition, after the lawn mower robot collided with the obstacle returns to its
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original region, whether or not the lawn mower robot has been deviated from its
original task region can be calculated. When it is determined that the lawn mower
robot is located in its original task region, the lawn mower robot can restart the task

which the robot was performing.
Therefore, even when the lawn mower robot returns to its original task region after

being deviated from the region due to the collision with the obstacle, the original task
can be restarted. Accordingly, reliability of the task performed by the lawn mower
robot can be improved.
Brief Description of Drawings

FIG. 1 is a perspective view illustrating appearance of a lawn mower robot in ac-
cordance with an embodiment.

FIG. 2 is a lateral view illustrating appearance of one side of the lawn mower robot
of FIG. 1.

FIG. 3 is a block diagram illustrating a configuration of the lawn mower robot of
FIG. 1.

FIG. 4 is a flowchart illustrating a method for controlling a lawn mower robot in ac-
cordance with an embodiment.

FIG. 5 is a flowchart illustrating a detailed flow of a step S100 of FIG. 4.

FIG. 6 is a flowchart illustrating a detailed flow of a step S200 of FIG. 4.

FIG. 7 is a flowchart illustrating a detailed flow of a step S300 of FIG. 4.

FIG. 8 is a flowchart illustrating a detailed flow of a step S400 of FIG. 4.

FIG. 9 is a flowchart illustrating a detailed flow of a step S500 of FIG. 4.

FIG. 10 is a conceptual view illustrating an exemplary traveling process of the lawn
mower robot of FIG. 1.

FIG. 11 is a conceptual view illustrating an exemplary traveling process of the lawn
mower robot of FIG. 1.

FIGS. 12 FIG. 13 are conceptual views illustrating an exemplary traveling process of
the lawn mower robot of FIG. 1.

FIG. 14 is a conceptual view illustrating an exemplary traveling process of the lawn
mower robot of FIG. 1.
Best Mode for Carrying out the Invention

Hereinafter, a lawn mower robot and a method for controlling the same according to
embodiments will be described in detail, with reference to the accompanying drawings.

In the following description, description of some components may be omitted in
order to clarify the technical characteristics of this disclosure.

1. Definition of Terms

The term "lawn" or "grass" as used in the following description means any plant that
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is growing on a specific area and can be mowed or cut by a lawn mower robot 10.

As used in the following description, the term "work" or "task" means a series of op-
erations performed by the lawn mower robot 10 to mow and maintain lawn, grass and
the like in a specific area.

The term "advancing”, "moving forward" or "proceeding” as used in the following
description means an operation in which the lawn mower robot 10 moves in a specific
direction to perform a task.

As used in the following description, the term "moving backward" or "reversing"
means an operation in which the lawn mower robot 10 moves in a direction opposite to
a specific direction in which the lawn mower robot 10 moves to perform a task.

As used in the following description, the term "electrically connected" means that
one component and another component are electrically connected to each other or
connected to perform information communication. The electric connection may be
realized by a conductor wire, a communication cable, and the like.

The terms "front side", "rear side", "upper side", "lower side", "right side", and "left
side" used in the following description will be understood with reference to a co-
ordinate system shown in FIG. 1.

2. Description of Configuration of L.awn mower robot 10 according to embodiment

Referring to FIGS. 1 to 3, a lawn mower robot 10 according to an embodiment
disclosed herein includes a body part 100, a sensor part 200, a controller 300, and a
database part 400.

(1) Description of Body part 100

The body part 100 defines a body of the lawn mower robot 10. The body part 100
includes a housing 110, a driving module 120, and a power module 130.

The housing 110 defines an outer side of the body part 100.

The housing 110 is preferably formed of a lightweight and highly durable material.
In one embodiment, the housing 110 may be formed of a synthetic resin such as re-
inforced plastic or the like.

The sensor part 200 may be partially provided on an outer side of the housing 110. In
addition, although not indicated by a reference numeral, a handle easily gripped by a
user may be provided on the outer side of the housing 110.

A predetermined space is formed inside the housing 110. In the space, the part of the
sensor part 200, the controller 300, and the database part 400 may be disposed.

Openings are formed at both sides of the housing 110, namely, at both right and left
sides in the illustrated embodiment. A main wheel 121 is located in the openings.

An image sensor module 210 of the sensor part 200 is located on one side of the
housing 110, namely, on a top of the housing 110 in the illustrated embodiment.

A sub wheel 122 is located on another side of the housing 110, namely, on a bottom
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of the housing 110 in the illustrated embodiment. A blade (not shown) is also provided
on the bottom of the housing 110 to perform a task for maintaining the lawn.

A distance sensor module 220 of the sensor part 200 is located on another side of the
housing 110, namely, on a front side in the illustrated embodiment.

The driving module 120 functions as a component which allows the lawn mower
robot 10 to travel. The driving module 120 is connected to the power module 130.

A driving force generated by the power module 130 is transmitted to the driving
module 120, so that the lawn mower robot 10 can move to the front or to the rear. In
addition, as will be described later, the power module 130 may be provided in plurality
and driven independently. Accordingly, the driving module 120 may also be inde-
pendently driven to change a direction in which the lawn mower robot 10 travels.

The driving module 120 includes a main wheel 121 and a sub wheel 122.

The main wheel 121 is connected to the power module 130 and receives the driving
force generated by the power module 130. The main wheel 121 is rotated by the
driving force, so that the lawn mower robot 10 can move to the front or rear side.

In the illustrated embodiment, the main wheel 121 is located at the rear side of the
housing 110.

The main wheel 121 may be provided in plurality. In the illustrated embodiment, the
main wheel 121 includes a first main wheel 121a and a second main wheel 121b.

The first main wheel 121a is located in an opening formed at the right side of the rear
of the housing 110. In addition, the second main wheel 121b is located in an opening
formed at the left side of the rear of the housing 110.

The first main wheel 121a and the second main wheel 121b are disposed opposite to
each other. The first main wheel 121a and the second main wheel 121b may be rotated
independently of each other. To this end, the first main wheel 121a and the second
main wheel 121b may be connected to a first power module 131 and a second power
module 132, respectively.

The main wheel 121 may be formed in an arbitrary shape which is rotated by a ro-
tational force so that the lawn mower robot 10 can move. In one embodiment, the main
wheel 121 may be provided in the form of a wheel.

The sub wheel 122 is located on a bottom of the front of the lawn mower robot 10.
The sub wheel 122 supports the front side of the lawn mower robot 10.

In the illustrated embodiment, the sub wheel 122 is provided by one in number. Al-
ternatively, the sub wheel 122 may be provided in plurality. In the alternative em-
bodiment, the lawn mower robot 10 may be stably supported by the plurality of sub
wheels 122.

The sub wheel 122 may be provided in an arbitrary form to be rotatably coupled to

the lawn mower robot 10. In one embodiment, the sub wheel 122 may be provided in
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the form of a wheel.

When the main wheel 121 is steered, the sub wheel 122 may be rotated in a direction
in which the lawn mower robot 10 proceeds.

The power module 130 generates a driving force for the lawn mower robot 10. The
power module 130 may be electrically connected to the controller 300 to receive
driving information and steering information.

In one embodiment, the power module 130 may be provided as a motor. The power
module 130 may be accommodated in an inner space of the housing 110.

The power module 130 may receive power from outside. In one embodiment, the
power module 130 may receive power from a battery (not shown) provided in the lawn
mower robot 10. The power module 130 may be electrically connected to the battery
(not shown).

The driving module 130 is connected to the main wheel 121. When the power
module 130 is rotated, the main wheel 121 may also be rotated. Accordingly, the
driving force generated by the power module 130 is transmitted to the main wheel 121.

The power module 130 may be provided in plurality. In the illustrated embodiment,
the power module 130 includes a first power module 131 and a second power module
132.

The first power module 131 is connected to the first main wheel 121a. When the first
power module 131 is rotated, the first main wheel 121a may be rotated. The second
power module 132 is connected to the second main wheel 121b. When the second
power module 132 is rotated, the second main wheel 121b may be rotated.

Accordingly, the lawn mower robot 10 may move forward or backward by the first
power module 131 and the second power module 132.

The first power module 131 and the second power module 132 may be driven inde-
pendently of each other. That is, whether each of the first power module 131 and the
second power module 132 rotates, the number of turns, etc. may be independently
controlled. To this end, the first power module 131 and the second power module 132
may be electrically connected to the controller 300, respectively.

As the first power module 131 and the second power module 132 are rotated at
different speeds, a direction in which the lawn mower robot 10 proceeds may change.

(2) Description of Sensor part 200

The sensor part 200 detects information on an external environment in which the
lawn mower robot 10 operates. In addition, the sensor part 200 detects information on
a driving situation of the lawn mower robot 10. Various pieces of information detected
by the sensor part 200 may be transmitted to the controller 300, and the controller 300
may generate control information suitable for situations.

The sensor part 200 may be provided in an arbitrary form, which is capable of
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detecting information on an external environment or a driving situation of the lawn
mower robot 10.

The sensor part 200 may be electrically connected to a battery (not shown). Power
required for an operation of the sensor part 200 may be supplied by the connection.

The sensor part 200 includes an image sensor module 210, a distance sensor module
220, a position sensor module 230, and a rotation sensor module 240.

The image sensor module 210 is configured to detect external image information
related to one side of the lawn mower robot 10. In one embodiment, the image sensor
module 210 may be configured to detect image information related to the front side in
a direction in which the lawn mower robot 10 is traveling.

The image sensor module 210 may be provided in any form capable of acquiring
image information, that is, still images or moving images (videos). In one embodiment,
the image sensor module 210 may be implemented as a camera, a camcorder, or the
like.

The image sensor module 210 may be electrically connected to a detection in-
formation reception module 340 of the controller 300. The image information detected
by the image sensor module 210 may be transferred to an image information reception
unit 341 and used to calculate operation information.

In the illustrated embodiment, the image sensor module 210 is located on a top of the
housing 110. The image sensor module 210 may be disposed at any position where
image information can be acquired.

The distance sensor module 220 is configured to detect a distance between the lawn
mower robot 10 and an arbitrary object outside the lawn mower robot 10. That is, the
distance sensor module 220 is configured to detect spaced distance information which
is information on a distance between the lawn mower robot 10 and the object.

The distance sensor module 220 may be provided in any form capable of detecting a
distance from an arbitrary object. In one embodiment, the distance sensor module 220
may be configured as an ultrasonic sensor, an infrared ray (IR) sensor, a light detection
and ranging (LiDAR) sensor, a radio detecting and ranging (Radar) sensor, a camera
(stereo camera), or the like.

The distance sensor module 220 may be electrically connected to the detection in-
formation reception module 340 of the controller 300. The spaced distance information
detected by the distance sensor module 220 may be transferred to a distance in-
formation reception unit 342, and used to calculate operation information.

The distance sensor module 220 is located on the front side of the housing 110.

The distance sensor module 220 may be provided in plurality. In the illustrated em-
bodiment, the distance sensor module 220 includes a first distance sensor unit 221, a

second distance sensor unit 222, and a third distance sensor unit 223.
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The first distance sensor unit 221 may be configured to detect first spaced distance
information D1 that is spaced distance information in a preset first direction. To this
end, the first distance sensor unit 221 may be located to be inclined toward the first
direction.

In the illustrated embodiment, the first direction indicates a right side, and the first
distance sensor unit 221 may be inclined to the right side of the front of the housing
110.

The second distance sensor unit 222 may be configured to detect second spaced
distance information D2 which is spaced distance information in a preset second
direction. To this end, the second distance sensor unit 222 may be located to be
inclined toward the second direction.

In the illustrated embodiment, the second direction indicates a left side, and the
second distance sensor unit 222 may be located to be inclined to the left side of the
front of the housing 110.

The third distance sensor unit 223 may be configured to detect third spaced distance
information D3 which is spaced distance information in a preset third direction. To this
end, the third distance sensor unit 223 may be located to face the third direction.

In the illustrated embodiment, the third direction indicates the front side, and the
third distance sensor unit 223 may be located to face the front side of the housing 110.

The third direction may be located between the first direction and the second
direction. In the illustrated embodiment, the third direction is located to face the front
side, namely, between the first direction facing the right side and the second direction
facing the left side.

Therefore, the first distance sensor unit 221 detects the first spaced distance in-
formation D1 from an object located at the right side of the lawn mower robot 10. In
addition, the second distance sensor unit 222 detects the second spaced distance in-
formation D2 from an object located at the left side of the lawn mower robot 10. Fur-
thermore, the third distance sensor unit 223 detects the third spaced distance in-
formation D3 from an object located at the front side of the lawn mower robot 10.

This takes into account that the lawn mower robot 10 generally travels to the front
side and to the right and left sides with respect to the front side. Accordingly,
frequency at which the lawn mower robot 10 collides with an object present on a travel
path can be reduced, so that an efficient lawn maintenance work can be performed.

The position sensor module 230 is configured to detect position information related
to the lawn mower robot 10. That is, the position sensor module 230 may set an area in
which the lawn mower robot 10 performs a task in one coordinate system, and detect
the position of the lawn mower robot 10 in the form of coordinate information.

The position sensor module 230 may be provided in any form capable of detecting a
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position of a currently moving object in a predetermined manner. In one embodiment,
the position sensor module 230 may be configured as a Global Positioning System
(GPS) sensor.

The position sensor module 230 may be accommodated in a predetermined space
formed inside the housing 110. Alternatively, the position sensor module 230 may be
located outside the housing 110 to improve reception efficiency.

The position sensor module 230 may be electrically connected to the detection in-
formation reception module 340 of the controller 300. The position information
detected by the position sensor module 230 may be transferred to a position in-
formation reception unit 343 and used to calculate operation information.

A rotation sensor module 240 is configured to detect rotation information related to
the number of turns of the main wheel 121. The rotation sensor module 240 may be
provided in the main wheel 121 or the power module 130. This results from that the
main wheel 121 and the power module 130 have the same number of turns or rev-
olutions.

The rotation sensor module 240 may be provided in any form capable of detecting
the number of turns or rotations of a rotating object. In one embodiment, the rotation
sensor module 240 may be configured as a photo sensor or the like.

The rotation sensor module 240 may be provided in plurality. In the illustrated em-
bodiment, the rotation sensor module 240 is configured by totally two modules,
namely, a first rotation sensor module 241 and a second rotation sensor module 242.
This is because the main wheel 121 and the power module 130 are provided by two in
number, respectively.

The first rotation sensor module 241 is located adjacent to the first main wheel 121a
or the first power module 131. The first rotation sensor module 241 may detect the
number of rotations of the first main wheel 121a or the first power module 131.

The second rotation sensor module 242 is located adjacent to the second main wheel
121b or the second power module 132. The second rotation sensor module 242 may
detect the number of rotations of the second main wheel 121b or the second power
module 132.

(3) Description of Controller 300

The controller 300 receives a control signal from a user and calculates operation in-

formation for operating the lawn mower robot 10.

In addition, the controller 300 may receive various detection information detected by
the sensor part 200. To this end, the controller 300 is electrically connected to the
sensor part 200.

The controller 300 may calculate operation information using the received control

signal or detection information. In addition, the controller 300 may control each
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component, specifically, the power module 130 of the lawn mower robot 10 according
to the calculated operation information. To this end, the controller 300 is electrically
connected to the power module 130.

Also, the controller 300 is electrically connected to the database part 400. A control
signal input by a user, detection information detected by the sensor part 200, and
various pieces of information calculated by the controller 300 may be stored in the
database part 400.

Various modules and units of the controller 300 to be described later may be elec-
trically connected to one another. Accordingly, information input to one module or unit
or information calculated by one module or unit may be transferred to another module
or unit.

The controller 300 may be provided in any form capable of inputting, outputting, and
calculating information. In one embodiment, the controller 300 may be configured as a
microprocessor, a central processing unit (CPU), a printed circuit board (PCB), or the
like.

The controller 300 is located in a predetermined space formed inside the housing
110. The controller 300 may be hermetically accommodated in the space so as not to
be affected by external moisture and the like.

The controller 300 includes a control signal input module 310, an operation in-
formation calculation module 320, an operation control module 330, a detection in-
formation reception module 340, and an external information calculation module 350.

The control signal input module 310 receives a control signal which is input by a
user for operating the lawn mower robot 10. The user may input such a control signal
through a terminal or the like. In one embodiment, the terminal may be a smartphone
or the like.

In another embodiment, the user may input a control signal through an input interface
(not shown) included in the lawn mower robot 10. In the above embodiment, the
control signal input module 310 may be electrically connected to the input interface
(not shown).

The control signal input to the control signal input module 310 is transmitted to the
operation information calculation module 320. In addition, the control signal input to
the control signal input module 310 may be transmitted to a control signal storage
module 410 of the database part 400.

The operation information calculation module 320 calculates operation information
for operating the lawn mower robot 10.

The operation information calculation module 320 may calculate operation in-
formation by using a control signal input through the control signal input module 310

or each information calculated by the external information calculation module 350.
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In one embodiment, the operation information may include driving information and
steering information. The driving information may be defined as operation information
related to forward or backward movement of the lawn mower robot 10. In addition, the
steering information may be defined as operation information related to a direction in
which the lawn mower robot 10 proceeds to the left or the right.

The operation information calculated by the operation information calculation
module 320 is transmitted to the operation control module 330. The operation in-
formation calculated by the operation information calculation module 320 is also
transmitted to an operation information storage module 420 of the database part 400.

The operation information calculation module 320 includes a driving information
calculation unit 321 and a steering information calculation unit 322.

The driving information calculation unit 321 calculates the driving information. The
driving information calculation unit 321 may calculate driving information by using a
control signal input through the control signal input module 310 or each information
calculated by the external information calculation module 350.

The driving information calculated by the driving information calculation unit 321
may include information on a rotational direction of the first power module 131 and
the second power module 132.

In detail, the first power module 131 and the second power module 132 may be
rotated in a preset first rotational direction. In addition, the first power module 131 and
the second power module 132 may be rotated in a preset second rotational direction
opposite to the first rotational direction. That is, the first power module 131 and the
second power module 132 may be rotated in any one of the first rotational direction
and the second rotational direction.

In one embodiment, the first rotational direction may be a direction in which the
lawn mower robot 10 moves forward, that is, a counterclockwise direction when
viewed from the left side of the lawn mower robot 10.

Similarly, the second rotational direction may be a direction in which the lawn
mower robot 10 moves backward, that is, a clockwise direction when viewed from the
left side of the lawn mower robot 10.

As described above, the first power module 131 and the second power module 132
may be controlled independently. Thus, the driving information may be classified into
first driving information for controlling the first power module 131 and second driving
information for controlling the second power module 132.

The first driving information includes control information for rotating or not rotating
the first power module 131 in one of the first rotational direction and the second ro-
tational direction. Similarly, the second driving information includes control in-

formation for rotating or not rotating the second power module 132 in one of the first
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rotational direction and the second rotational direction.

For example, when the first driving information and the second driving information
are all calculated as the first rotational direction and the first steering information and
the second steering information are calculated as the same, the lawn mower robot 10
travels straight toward the front side.

On the contrary, when the first driving information and the second driving in-
formation are all calculated as the second rotational direction, and the first steering in-
formation and the second steering information are calculated as the same, the lawn
mower robot 10 moves backward toward the rear side.

As another example, a case may be considered in which the first driving information
is calculated as information related to non-rotation and the second driving information
is calculated as the first rotational direction. In this case, the lawn mower robot 10
performs a curved motion centering on the first main wheel 121a connected to the first
power module 131 as an axis.

On the contrary, a case may be considered in which the first driving information is
calculated as the first rotational direction and the second driving information is
calculated as information related to non-rotation. In this case, the lawn mower robot 10
performs a curved motion centering on the second main wheel 121b connected to the
second power module 132 as an axis.

The driving information calculated by the driving information calculation unit 321,
specifically, the first driving information and the second driving information, are
transmitted to the operation control module 330 and the operation information storage
module 420.

The steering information calculation unit 322 calculates the steering information. The
steering information calculation unit 322 may calculate the steering information by
using a control signal input through the control signal input module 310 or each in-
formation calculated by the external information calculation module 350.

The steering information calculated by the steering information calculation unit 322
may include information related to the number of turns or a rotational speed of each of
the first power module 131 and the second power module 132.

As described above, the first power module 131 and the second power module 132
may be controlled independently. Thus, the steering information may be classified into
first steering information for controlling the first power module 131 and second
steering information for controlling the second power module 132.

The first steering information includes control information related to the number of
turns or rotations or a rotational speed of the first power module 131. Similarly, the
second steering information includes control information related to the number turns or

rotations or a rotational speed of the second power module 132.
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Therefore, when the first steering information and the second steering information
are calculated differently, the lawn mower robot 10 may be rotated.

For example, when the first steering information is calculated to have a larger value
than the second steering information, the rotational speed of the first power module
131 is faster than the rotational speed of the second power module 132. Accordingly,
the lawn mower robot 10 performs a curved motion by which the second main wheel
121b connected to the second power module 132 is disposed radially inward.

On the contrary, when the second steering information is calculated to have a larger
value than the first steering information, the rotational speed of the second power
module 132 is faster than the rotational speed of the first power module 131. Ac-
cordingly, the lawn mower robot 10 performs a curved motion in which the first main
wheel 121a connected to the first power module 131 is disposed radially inward.

The steering information calculated by the steering information calculation unit 322,
specifically, the first steering information and the second steering information, are
transmitted to the operation control module 330 and the operation information storage
module 420.

According to the combination of the first and second driving information and the first
and second steering information described above, the lawn mower robot 10 can travel
in various directions.

The operation control module 330 controls the power module 130 according to the
operation information calculated by the operation information calculation module 320.
The operation control module 330 is electrically connected to the operation in-
formation calculation module 320.

The operation control module 330 includes a power module control unit 331.

The power module control unit 331 is configured to control the power module 130 in
correspondence with the calculated operation information.

In detail, the power module control unit 331 may control the first power module 131
according to the calculated first driving information and first steering information. In
addition, the power module control unit 331 may control the second power module 132
according to the calculated second driving information and second steering in-
formation.

The power module control unit 331 is electrically connected to the power module
130.

The detection information reception module 340 is configured to receive each in-
formation detected by the sensor part 200. The detection information reception module
340 is electrically connected to the sensor part 200.

Each information transmitted to the detection information reception module 340 is

transferred to the external information calculation module 350 and used to calculate
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each information. The detection information reception module 340 is electrically
connected to the external information calculation module 350.

The detection information reception module 340 is electrically connected to the
database part 400. Each information detected by the sensor part 200 may be
transmitted to the database part 400 through the detection information reception
module 340.

The detection information reception module 340 includes an image information
reception unit 341, a distance information reception unit 342, and a position in-
formation reception unit 343.

The image information reception unit 341 receives image information detected by the
image sensor module 210. The image information reception unit 341 is electrically
connected to the image sensor module 210.

The image information may be utilized to calculate whether there is an obstacle such
as an arbitrary object on a path on which the lawn mower robot 10 travels. Also, the
image information may be provided to the user in the form of visualization in-
formation, so that the user can recognize a current task situation.

The image information received by the image information reception unit 341 may be
delivered to a user terminal (not shown) in the form of visualization information. To
this end, the image information reception unit 341 may be electrically connected to the
terminal (not shown).

In one embodiment, the image information reception unit 341 and the terminal (not
shown) may be connected in a manner such as Wi-Fi or Bluetooth.

The image information received by the image information reception unit 341 is
transmitted to a detection information storage module 430 of the database part 400.
The image information reception unit 341 is electrically connected to an image in-
formation storage unit 431.

The distance information reception unit 342 is configured to receive spaced distance
information detected by the distance sensor module 220. The distance information
reception unit 342 is electrically connected to the distance sensor module 220.

In the illustrated embodiment, the spaced distance information detected by the
distance sensor module 220 may be classified into three pieces of information.

That is, the spaced distance information may be classified into first spaced distance
information D1 in a first direction, second spaced distance information D2 in a second
direction, and third spaced distance information D3 in a third direction. The distance
sensor module 220 may receive all of the first to third spaced distance information D1,
D2, D3.

The first to third spaced distance information D1, D2, D3 may be used to calculate

adjacent direction information related to a direction in which a spaced distance
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between the lawn mower robot 10 and a wire W is the shortest.

Each spaced distance information D1, D2, D3 received by the distance information
reception unit 342 is transmitted to the external information calculation module 350.
The distance information reception unit 342 is electrically connected to an adjacent
direction information calculation unit 351 of the external information calculation
module 350.

Each spaced distance information D1, D2, D3 received by the distance information
reception unit 342 is transmitted to the detection information storage module 430. The
distance information reception unit 342 is electrically connected to a distance in-
formation storage unit 432.

The position information reception unit 343 is configured to receive position in-
formation detected by the position sensor module 230. The position information
reception unit 343 is electrically connected to the position sensor module 230.

The position information received by the position information reception unit 343 is
utilized to accurately calculate the position of the lawn mower robot 10. In addition,
the position information is used to calculate a region where the lawn mower robot 10 is
located, and a volume ratio deviated from the region.

The position information received by the position information reception unit 343 is
transmitted to the external information calculation module 350. The position in-
formation reception unit 343 is electrically connected to the deviation information cal-
culation module 352.

The position information received by the position information reception unit 343 is
transmitted to a position information storage unit 433 of the database part 400. The
position information reception unit 343 is electrically connected to the position in-
formation storage unit 433.

The external information calculation module 350 is configured to calculate in-
formation related to an operating state of the lawn mower robot 10 by using each in-
formation received by the detection information reception module 340.

In detail, the external information calculation module 350 may calculate information
related to the travel of the lawn mower robot 10. In addition, the external information
calculation module 350 may calculate information related to an external environment
in which the lawn mower robot 10 performs a task.

The external information calculation module 350 is electrically connected to the
detection information reception module 340. Each information transmitted from the
sensor part 200 to the detection information reception module 340 may be transferred
to the external information calculation module 350.

The external information calculation module 350 is electrically connected to the

database part 400. Each information calculated by the external information calculation
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module 350 may be transferred to the database part 400.

Each information calculated by the external information calculation module 350 is
transferred to the operation information calculation module 320 and used to calculate
operating information. The external information calculation module 350 is electrically
connected to the operation information calculation module 320.

The external information calculation module 350 includes an adjacent direction in-
formation calculation unit 351 and a deviation information calculation unit 352.

The adjacent direction information calculation unit 351 calculates adjacent direction
information related to a direction in which a distance between the lawn mower robot
10 and an arbitrary object is the shortest.

That is, the adjacent direction information may be defined as information related to a
direction in which the lawn mower robot 10 is closer to the arbitrary object.

In one embodiment, the object may be an obstacle such as a stone, or may be a wire
W for partitioning a region where the lawn mower robot 10 performs a task.

The adjacent direction information calculation unit 351 is electrically connected to
the distance information reception unit 342. Each spaced distance information detected
by the distance sensor module 220 may be transferred to the adjacent direction in-
formation calculation unit 351 through the distance information reception unit 342.

The adjacent direction information calculation unit 351 calculates adjacent direction
information by using the received first to third spaced distance information D1, D2,
and D3. The adjacent direction information calculation unit 351 may calculate the
adjacent direction information by using differences among the first to third spaced
distance information D1, D2, and D3.

In detail, the adjacent direction information calculation unit 351 may calculate re-
spective differences among the first spaced distance information D1, the second spaced
distance information D2, and the third spaced distance information D3.

That is, the adjacent direction information calculation unit 351 calculates a difference
between the first spaced distance information D1 and the second spaced distance in-
formation D2, and a difference between the second spaced distance information D2
and the third spaced distance information D3, and a difference between the first spaced
distance information D1 and the third spaced distance information D3.

In addition, the adjacent direction information calculation unit 351 compares the
calculated differences so as to calculate the adjacent direction information.

Alternatively, the adjacent direction information calculation unit 351 may calculate
adjacent direction information by using magnitudes of the first to third spaced distance
information D1, D2, and D3.

The adjacent direction information calculation unit 351 may calculate the adjacent

direction information as one of a first direction, a second direction, and a third
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direction.

When the adjacent direction information is calculated as the first direction, the lawn
mower robot 10 may be determined to be closest to the object in the first direction.

Similarly, when the adjacent direction information is calculated as the second
direction, the lawn mower robot 10 may be determined to be closest to the object in the
second direction.

In addition, when the adjacent direction information is calculated as the third
direction, the lawn mower robot 10 may be determined to be closest to the object in the
third direction.

A detailed description of the process of controlling the operation of the lawn mower
robot 10 according to the calculation result will be given later.

The adjacent direction information calculated by the adjacent direction information
calculation unit 351 is transmitted to the operation information calculation module 320.
The operation information calculation module 320 may calculate driving information
or steering information according to the transmitted adjacent direction information.
The adjacent direction information calculation unit 351 is electrically connected to the
operation information calculation module 320.

The adjacent direction information calculated by the adjacent direction information
calculation unit 351 is transmitted to the calculation information storage module 440.
The calculation information storage module 440 may store the transferred adjacent
direction information. The adjacent direction information calculation unit 351 is elec-
trically connected to the calculation information storage module 440.

The deviation information calculation unit 352 calculates deviation information
related to a degree to which the lawn mower robot 10 has been deviated from (has been
forcedly moved out of) a specific region.

That is, the deviation information may be defined as information related to a ratio of
an area or a volume deviated from a preset region.

In one embodiment, the preset region may be one of a plurality of small regions par-
titioned (divided) for the lawn mower robot 10 to perform a task.

The deviation information calculation unit 352 is electrically connected to the
position information reception unit 343. Position information detected by the position
sensor module 230 may be transferred to the deviation information calculation unit 352
through the position information reception unit 343.

As described above, the position information may be configured in the form of co-
ordinate information according to a GPS system. The deviation information calculation
unit 352 may calculate the position of the lawn mower robot 10 using the position in-
formation.

In addition, the deviation information calculation unit 352 may receive position in-
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formation related to the divided small regions, stored in the position information
storage unit 433. To this end, the deviation information calculation unit 352 is elec-
trically connected to the database part 400.

Accordingly, when the lawn mower robot 10 covers boundaries of the divided small
regions, the deviation information calculation unit 352 may calculate a ratio of an area
or volume of the lawn mower robot 10 located in each small region.

In particular, information related to an area or volume of the lawn mower robot 10
located outside a specific small region where the lawn mower robot 10 is performing a
work may be defined as the deviation information. That is, the deviation information is
information related to a ratio of deviation from the specific small region.

Also, the deviation information calculation unit 352 compares the calculated
deviation information with a preset ratio value. In one embodiment, the preset ratio
value may be 50%. That is, the preset ratio value indicates that half of the lawn mower
robot 10 has been deviated from a small region where the lawn mower robot 10 was
performing a work.

The preset ratio value may change depending on an operating environment of the
lawn mower robot 10. In addition, a user may directly input a preset ratio value
through an input interface (not shown) or a terminal (not shown).

A detailed description of the process of controlling the operation of the lawn mower
robot 10 according to the calculation and comparison results will be given later.

The deviation information calculated by the deviation information calculation unit
352 is transmitted to the operation information calculation module 320. The operation
information calculation module 320 may calculate driving information or steering in-
formation according to the deviation information. The deviation information cal-
culation unit 352 is electrically connected to the operation information calculation
module 320.

The deviation information calculated by the deviation information calculation unit
352 is transmitted to the operation information calculation module 440. The calculation
information storage module 440 may store the transferred deviation information. The
deviation information calculation unit 352 is electrically connected to the calculation
information storage module 440.

(4) Description of Database part 400

The database part 400 stores various information related to the operation of the lawn
mower robot 10.

The database part 400 may be provided in any form capable of inputting, outputting,
and storing information. In one embodiment, the database part 400 may be provided in

the form of an SD card, a micro SD card, a USB memory, an SSD, or the like.
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The database part 400 is electrically connected to the control signal input module
310. A control signal input to the control signal input module 310 may be transmitted
to the database part 400 and stored.

The database part 400 is electrically connected to the operation information cal-
culation module 320. Operation information calculated by the operation information
calculation module 320 may be transferred to the database part 400 and stored.

The database part 400 is electrically connected to the sensor part 200 through the
detection information reception module 340. Each detection information detected by
the sensor part 200 may be transferred to the database part 400 and stored.

The database part 400 is electrically connected to the external information calculation
module 350. Each information calculated by the external information calculation
module 350 may be transferred to the database part 400 and stored.

Each of the stored information may be stored by mapping to an operating time and
environment of the lawn mower robot 10. That is, each information related to a task
performed by the lawn mower robot 10 and a small (partial) area on which the lawn
mower robot 10 performed the task at a specific time point may be stored in a mapping
manner.

The stored data may be used as big data for the lawn mower robot 10 to efficiently
perform tasks. The lawn mower robot 10 may also perform tasks more effectively by
learning the stored information through artificial intelligence (Al).

The database part 400 includes a control signal storage module 410, an operation in-
formation storage module 420, a detection information storage module 430, and a cal-
culation information storage module 440. Each of the modules 410, 420, 430, and 440
may be electrically connected to one another.

The control signal storage module 410 stores a control signal input to the control
signal input module 310. The control signal storage module 410 is electrically
connected to the control signal input module 310.

The control signal stored in the control signal storage module 410 may be mapped to
environment information in which the lawn mower robot 10 operates and then stored.
Accordingly, the control signal storage module 410 may classify and store a control
signal with respect to a task desired by the user according to a specific environment.

The control signals stored in the control signal storage module 410 may be utilized
when the user wants to perform tasks automatically. That is, when an environment of a
time for which the lawn mower robot 10 operates is similar to a specific environment
to which the stored control signal is mapped, the lawn mower robot 10 may be
controlled according to the corresponding control signal.

The operation information storage module 420 stores operation information

calculated by the operation information calculation module 320. The operation in-
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formation storage module 420 is electrically connected to the operation information
calculation module 320.

The operation information storage module 420 may store operation information
according to a specific control signal. The operation information storage module 420 is
electrically connected to the control signal storage module 410.

The operation information stored in the operation information storage module 420
may be mapped to environment information in which the lawn mower robot 10
operates and a control information for operating the lawn mower robot 10 and then
stored. Accordingly, the operation information storage module 420 may classify and
store operation information on a task to be performed by the lawn mower robot 10
according to a specific environment and a specific control signal.

The operation information stored in the operation information storage module 420
may be utilized when the user wants to perform a task automatically. That is, when an
environment of a time for which the lawn mower robot 10 operates or a control signal
for operating the lawn mower robot 10 is similar to a specific environment or specific
control signal mapped with operation information, the power module 130 may be
operated according to the corresponding operation information.

As described above, the operation information includes driving information and
steering information. Accordingly, the driving information and the steering in-
formation may be classified and stored in the operation information storage module
420.

The detection information storage module 430 stores each information detected by
the sensor part 200. Each information detected by the sensor part 200 may be
transmitted to the detection information storage module 430 through the detection in-
formation reception module 340. The detection information storage module 430 is
electrically connected to the detection information reception module 340.

The detection information storage module 430 may store detection information
according to a specific control signal and specific operation information. The detection
information storage module 430 is electrically connected to the control signal storage
module 410 and the operation information storage module 420.

The operation information stored in the detection information storage module 430
may be mapped to the environment information, the control signal, and the operation
information all related to the operation of the lawn mower robot 10, and then stored.

That is, the detection information storage module 430 may classify and store in-
formation on an external environment, which is detected while the lawn mower robot
10 performs a task, according to a specific environment, a control signal, and operation
information.

As described above, the information detected by the sensor part 200 may include
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image information, spaced distance information, position information, and rotation in-
formation. Accordingly, the detection information storage module 430 includes an
image information storage unit 431, a distance information storage unit 432, and a
position information storage unit 433.

The image information storage unit 431 stores transferred image information. The
distance information storage unit 432 stores transferred spaced distance information,
and the position information storage unit 433 stores transferred position information.

The information storage units 431, 432, 433 may be electrically connected to one
another. In addition, the information stored in each of the information storage units
431, 432, 433 may be mapped to one another according to a working time, a working
environment, and the like.

Therefore, when the lawn mower robot 10 is performing a task at a specific position
at a specific time, it may be determined whether an obstacle such as a stone or the like
is present, whether the obstacle is located adjacent to a specific local (small) area, and
the like.

As aresult, the lawn mower robot 10 can recognize in advance the presence of the
obstacle at the specific position while performing a task, and thus avoid the obstacle.
This may result in improving operation efficiency of the lawn mower robot 10.

The calculation information storage module 440 stores each information calculated
by the external information calculation module 350. The calculation information
storage module 440 is electrically connected to the external information calculation
module 350.

Each calculated information stored in the operation information storage module 440
may be mapped to a control signal, operation information, and detection information,
respectively. The calculation information storage module 440 is electrically connected
to the control signal storage module 410, the operation information storage module
420, and the detection information storage module 430.

Therefore, the information calculated according to the specific control signal,
operation information and detection information can be databased.

As aresult, when an unpredictable situation occurs while the lawn mower robot 10 is
operating, immediate response to the situation can be made by utilizing each in-
formation stored in the calculation information storage module 440 without repetitive
calculation. Accordingly, the operation efficiency of the lawn mower robot 10 can be
improved.

As described above, the external information calculation module 350 calculates
adjacent direction information and deviation information. Accordingly, the calculation
information storage module 440 includes an adjacent direction information storage unit

441 and a deviation information storage unit 442.
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The adjacent direction information calculation unit 441 stores transferred adjacent
direction information. The deviation information storage unit 442 stores transferred
deviation information. The adjacent direction information storage unit 441 and the
deviation information storage unit 442 are electrically connected to each other.

The detection process of the sensor part 200, the information processing and cal-
culation process of the controller 300, and the storing process of the database part 400
may be performed in real time. In addition, each of the processes may be performed

continuously.

3. Description of Method for controlling L.awn mower robot 10 according to em-
bodiment

In a method for controlling a lawn mower robot 10 according to an embodiment
disclosed herein, when the lawn mower robot 10 collides with an obstacle during an
operation, the lawn mower robot 10 may be controlled to return to an original position.

The control may be achieved by the aforementioned configurations without a control
signal separately input by the user.

Hereinafter, a method for controlling a lawn mower robot according to an em-
bodiment will be described in detail with reference to FIGS. 4 to 9.

The term "preset region B" used in the following description refers to a specific small
area or region, in which the lawn mower robot 10 is performing a work according to an

input control signal, among a plurality of small regions.

(1) Description of Step (S100) in which the distance sensor module 220 detects

spaced distance information from wire W arranged to surround preset region B
This is a step in which the sensor part 200 detects information on an external en-

vironment of the lawn mower robot 10 and information on an operating state of the
lawn mower robot 10. Hereinafter, this step will be described in detail with reference
to FIG 5.

First, the first distance sensor unit 221 detects first spaced distance information D1
which is spaced distance information in a preset first direction (S110).

In one embodiment, as described above, the first direction may be a right direction of
the lawn mower robot 10.

In addition, the second distance sensor unit 222 detects second spaced distance in-
formation D2 which is spaced distance information in a preset second direction
opposite to the first direction (S120).

In one embodiment, as described above, the second direction may be a left direction
of the lawn mower robot 10.

Although not shown, the third distance sensor unit 223 may also detect third spaced

distance information D3 which is spaced distance information in a preset third
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direction.

In one embodiment, as described above, the third direction may be between the first
direction and the second direction, that is, the front of the lawn mower robot 10.

The first to third spaced distance information D1, D2, and D3 detected by the
distance sensor units 221, 222, and 223 are transmitted to the distance information

reception unit 342 of the detection information reception module 340.

(2) Description of Step (S200) in which the external information calculation module

350 calculates adjacent direction information using detected spaced distance in-
formation

The controller 300 receives each detected spaced distance information D1, D2, and
D3, and calculates adjacent direction information by using the received spaced distance
information D1, D2, and D3. Hereinafter, this step will be described in detail with
reference to FIG 6.

In the following description, it is assumed that the lawn mower robot 10 has been
deviated from a preset course due to collision with an obstacle during an operation.

That is, the assumption may include not only a situation in which the lawn mower
robot 10 has been deviated from a preset region B but also a situation in which the
lawn mower robot 10 is located in the preset region B but has been deviated only from
a preset course.

First, the position sensor module 230 detects position information related to the lawn
mower robot 10 (S210).

The position sensor module 230 may detect position information related to the body
part 100 of the lawn mower robot 10. This results from that the body part 100 defines
the outside of the lawn mower robot 10.

The position information detected by the position sensor module 230 is transmitted to
the position information reception unit 343 of the detection information reception
module 340. The transferred position information is then transferred to the deviation
information calculation unit 352 of the external information calculation module 350.

The deviation information calculation unit 352 calculates information on a ratio of a
volume at which the body part 100 of the lawn mower robot 10 has been deviated from
the preset region B, that is, deviation information, using the detected position in-
formation (S220).

In one embodiment, the deviation information may be calculated as a ratio of a
volume of the body part 100 of the lawn mower robot 10, which is not located in the
preset region B, with respect to an entire volume of the body part 100.

Also, the deviation information calculation unit 352 compares the calculated
deviation information with a preset ratio value.

The preset ratio value may be determined as a maximum value by which it can be de-
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termined that the lawn mower robot 10 has not been completely deviated from the
preset region B. That is, the preset ratio value may be defined as a reference value by
which the lawn mower robot 10 can return to the preset region B only by reversing or
the like.

In one embodiment, the preset ratio value may be determined as 50%.

When the calculated deviation information exceeds a preset ratio value according to
the comparison result, it may be determined that the lawn mower robot 10 has been
deviated from the preset region B due to collision with an obstacle or the like. It may
also be determined that the lawn mower robot 10 cannot return to the preset region B
only by a simple operation such as reversing.

In this case, the adjacent direction information calculation unit 351 calculates
adjacent direction information by using a difference between the detected first spaced
distance information D1 and the detected second spaced distance information D2
(5230).

The adjacent direction information calculation unit 351 may calculate adjacent
direction information even by using the third spaced distance information D3.

That is, the adjacent direction information calculation unit 351 calculates the dif-
ferences among the first to third spaced distance information D1, D2, and D3, re-
spectively. As a result of the calculation, spaced distance information having the
smallest value may be calculated as adjacent direction information.

For example, when a value obtained by subtracting the second spaced distance in-
formation D2 from the first spaced distance information D1 is a negative value, the
first spaced distance information D1 may be calculated as adjacent direction in-
formation.

Alternatively, as described above, the adjacent direction information may be
calculated using the magnitudes among the first to third spaced distance information
D1, D2, and D3.

That is, this is a step of determining a direction in which the lawn mower robot 10,
which has been deviated from the preset region B, can return to the preset region B at
the shortest distance. In this step, the adjacent direction information may be calculated
as one of the first direction, the second direction, and the third direction.

Alternatively, the adjacent direction information may be computed as any direction
between the first and second directions or between the second and third directions.

The adjacent direction information calculated by the adjacent direction information
calculation unit 351 is transmitted to the operation information calculation module 320.

3) Description of Step (S300) in which the operation information calculation module

320 calculates operation information using calculated adjacent direction information
The operation information calculation module 320 calculates operation information
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using the adjacent direction information calculated by the adjacent direction in-
formation calculation unit 351. Hereinafter, this step will be described in detail with
reference to FIG 7.

In this step, it is assumed that the lawn mower robot 10 has been excessively
deviated from the preset region B because deviation information calculated by the
deviation information calculation unit 352 exceeds a preset ratio value.

The operation information calculation module 320 receives the adjacent direction in-
formation. As described above, the adjacent direction information may be any one of
the first direction, the second direction, and the third direction.

The operation information calculation module 320 receives past operation in-
formation from the operation information storage module 420 of the database part 400.

The past operation information may be operation information immediately before the
calculated deviation information exceeds the preset ratio value, that is, a moment when
the calculated deviation information is the same as the preset ratio value.

Based on the received adjacent direction information and past operation information,
the operation information calculation module 320 calculates operation information.
That is, the driving information calculation unit 321 calculates driving information,
and the steering information calculation unit 322 calculates steering information.

Specifically, the operation information calculation module 320 calculates driving in-
formation for rotating the power module 130 in a direction opposite to a rotational
direction, which is a direction immediately before the calculated deviation information
exceeds the preset ratio value, of a first rotational direction and a second rotational
direction (S310).

That is, when the immediately preceding rotational direction is the first rotational
direction, the driving information may be calculated as the second rotational direction.
On the other hand, when the immediately preceding rotational direction is the second
rotational direction, the driving information may be calculated as the first rotational
direction.

This is to make the lawn mower robot 10 move rearward when it collides with an
obstacle while moving forward. Similarly, this is to make the lawn mower robot 10
move forward when the lawn mower robot 10 collides with an obstacle while moving
rearward.

Accordingly, an additional collision between the lawn mower robot 10 and an
obstacle or the like can be prevented. In addition, the lawn mower robot 10 may return
to the preset region B along a path on which it has been deviated from the preset region
B.

In addition, the operation information calculation module 320 calculates steering in-

formation for the lawn mower robot 10 to return to the preset region B along the
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operation information calculation module 320 may include calculate steering in-
formation for controlling the power module 130 such that a rotational speed of the
second power module 132 is faster than that of the first power module 131 (S320).

In other words, the steering information is calculated such that the second steering in-
formation has a larger value than the first steering information.

On the contrary, when the calculated adjacent direction information is the second
direction, the operation information calculation module 320 may calculate steering in-
formation for controlling the power module 130 such that the rotational speed of the
first power module 131 is faster than that of the second power module 132 (S330).

In other words, the steering information is calculated such that the first steering in-
formation has a larger value than the second steering information.

This considers the position of the distance sensor module 220 provided on the front
side of the housing 110.

That is, when the calculated adjacent direction information is the first direction, it
may be determined that a distance between the second main wheel 121b and the wire
W is longer than a distance between the first main wheel 121a and the wire W.

Therefore, when the second main wheel 121b is rotated faster than the first main
wheel 121a, the second main wheel 121b draws a curve having a larger radius than the
first main wheel 121a. Accordingly, the lawn mower robot 10 may return to the preset
region B by traveling the shortest distance.

In addition, when the calculated adjacent direction information is the second
direction, it may be determined that the distance between the first main wheel 121a and
the wire W is longer than the distance between the second main wheel 121b and the
wire W.

Therefore, when the first main wheel 121a is rotated faster than the second main
wheel 121b, the first main wheel 121a draws a curve having a larger radius than the
second main wheel 121b. Accordingly, the lawn mower robot 10 may return to the
preset region B by traveling the shortest distance.

The driving information and the steering information calculated by the operation in-
formation calculation module 320 are transmitted to the operation control module 330.

(4) Description of Step (S400) in which the power module 130 is controlled

according to calculated operation information
This is a step in which the operation control module 330 calculates operation control

information according to the operation information, namely, the driving information
and the steering information, calculated by the operation information calculation

module 320, and the power module 130 is controlled according to the calculated
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operation control information. Hereinafter, this step will be described in detail with
reference to FIG 8.

The operation control module 330 receives the calculated driving information and
steering information. In detail, the power module control unit 331 calculates operation
control information for controlling the power module 130 by receiving the calculated
driving information and steering information.

The operation control module 330 rotates the power module 130 according to the
calculated steering information (S410).

In addition, the operation control module 330 rotates the power module 130
according to the calculated driving information (S420).

In the illustrated embodiment, the power module 130 is controlled based on
operation control information according to steering information, and then controlled
based on operation control information according to driving information. This is to
control the lawn mower robot 10 to be moved after a moving direction of the lawn
mower robot 10 is decided.

The order of the control may change.

That is, the lawn mower robot 10 may be controlled by the operation control in-
formation according to the steering information and then controlled by the operation
control information according to the driving information. Furthermore, the lawn
mower robot 10 may be controlled simultaneously by each operation control in-
formation according to the driving information and the steering information.

S) Description of Step (S500) in which the power module 130 operates in preset
region B

This is a step in which the lawn mower robot 10 returns to the preset region B and
then operates in the preset region B in a preset manner, namely, according to a pre-
input control signal. Hereinafter, this step will be described in detail with reference to
FIG 9.

The position sensor module 230 detects position information related to the lawn
mower robot 10 (S510). In one embodiment, the position sensor module 230 may
detect the position of the body part 100.

The position information detected by the position sensor module 230 is transmitted to
the deviation information calculation unit 352.

The deviation information calculation unit 352 calculates deviation information on a
ratio of a volume of the body part 100 of the lawn mower robot 10, which has been
deviated from the preset region B, by using the detected position information (S520).

Also, the deviation information calculation unit 352 compares the calculated
deviation information with a preset ratio value. The step is performed to determine

whether the lawn mower robot 10 is located in the preset region B.
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According to a result of the comparison, a case where the calculated deviation in-
formation exceeds the preset ratio value may be predicted. In this case, it may be de-
termined that the lawn mower robot 10 has not sufficiently returned to the preset
region B. Therefore, the steps S100 to S400 may be repeatedly performed.

According to the result of the comparison, another case where the calculated
deviation information is equal to or lower than the preset ratio value may be predicted.
In this case, it may be determined that the lawn mower robot 10 has sufficiently
returned to the preset region B. Therefore, the lawn mower robot 10 is controlled to
operate according to a pre-input control signal.

Hereinafter, description will be given of a step performed under assumption that the
lawn mower robot 10 has sufficiently returned to the preset region B, that is, the
calculated deviation information is equal to or lower than the preset ratio value.

The steering information calculation unit 322 of the operation information cal-
culation module 320 calculates steering information in a preset manner (S530).

The preset manner may be steering information calculated according to a control
signal previously input through the control signal input module 310.

In addition, the driving information calculation unit 321 of the operation information
calculation module 320 calculates driving information in a preset manner (S540).

The preset manner may be driving information calculated according to a control
signal previously input through the control signal input module 310.

The calculated steering information and driving information are transmitted to the
power module control unit 331.

The power module control unit 311 controls the power module 130 to operate,
namely, rotate according to the calculated steering information and driving information
(5550).

That is, the lawn mower robot 10 restarts a work according to operation information
which is calculated according to the pre-input control signal.

Accordingly, the lawn mower robot 10 which has returned from an unpredicted
situation can perform a task corresponding to the pre-input control signal. Therefore, a
situation in which a work in progress is stopped due to an occurrence of such an un-
predicted situation can be prevented.

4. Description of Operating process of Lawn mower robot 10 according to em-
bodiment

Hereinafter, description will be given in detail of a process in which the lawn mower
robot 10 is controlled to perform a task according to the respective components of the
lawn mower robot 10 and the control method of the lawn mower robot 10, with
reference to FIGS. 10 to 14.

Referring to FIG. 10, the lawn mower robot 10 performs a work in a preset region.
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The preset region B is partitioned by the wire W and surrounded by the wire W.

In the illustrated embodiment, the lawn mower robot 10 moves upward. When the
lawn mower robot 10 is located adjacent to the upper wire W, the lawn mower robot
10 is rotated counterclockwise to move to the left along the wire W.

This is to prevent a situation in which a task is not performed on a boundary of the
partitioned small region.

The lawn mower robot 10 is then rotated counterclockwise again and moves
downward. When the lawn mower robot 10 is located adjacent to the lower wire W,
the lawn mower robot 10 is rotated clockwise to move to the left along the wire W.

That is, the lawn mower robot 10 moves along a zigzag path by repeatedly moving
up and down in the preset region B.

In the illustrated embodiment, a path along which the lawn mower robot 10 moves
upward and a path along which the lawn mower robot 10 moves downward are slightly
spaced apart from each other. This is for convenience of understanding, and it will be
understood that the path for the upward movement and the path for the downward
movement are adjacent to each other in an actual case.

The lawn mower robot 10 which is moving upward again approaches a region A
where an obstacle O is located.

Referring to FIG. 11, the lawn mower robot 10 which is moving upward collides
with the obstacle O. Due to the collision, the lawn mower robot 10 may be deviated
from the preset region B and thereby enter another small region.

Referring to FIGS. 12 and 13, a process in which the lawn mower robot 10 which has
entered another small region returns to the preset region B is illustrated.

Each distance sensor unit 221, 222, 223 detects spaced distance information D1, D2,
and D3 between the lawn mower robot 10 and the wire W. The sensed spaced distance
information D1, D2, and D3 are transmitted to the adjacent direction information cal-
culation unit 351 of the controller 300.

The position sensor module 230 detects position information related to the lawn
mower robot 10. The detected position information is transmitted to the deviation in-
formation calculation unit 352.

The deviation information calculation unit 352 calculates deviation information using
the transmitted position information and position information related to the preset
region B.

In the embodiment illustrated in FIGS. 12 and 13, the lawn mower robot 10 is
completely deviated out of the preset region B. Therefore, the calculated deviation in-
formation may be calculated as 100%.

Also, the deviation information calculation unit 352 compares the calculated

deviation information with a preset ratio value. In one embodiment, the preset ratio
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value may be determined as 50%. Therefore, the calculated deviation information
exceeds the preset ratio value.

Thus, the adjacent direction information calculation unit 351 calculates adjacent
direction information. The calculation may be performed based on the spaced distance
information D1, D2, and D3 detected by each of the first to third distance sensor units
221,222, and 223.

In the embodiment illustrated in FIG. 12, the first spaced distance information D1 is
the longest and the second spaced distance information D2 is the shortest. Therefore,
the adjacent direction information calculation unit 351 calculates the adjacent direction
information according to the second spaced distance information D2. That is, the
adjacent direction information is calculated as the second direction.

In addition, in the embodiment illustrated in FIG. 13, the second spaced distance in-
formation D2 is the longest, and the first spaced distance information D1 is the
shortest. Therefore, the adjacent direction information calculation unit 351 calculates
the adjacent direction information according to the first spaced distance information
D1. That is, the adjacent direction information is calculated as the first direction.

The adjacent direction information calculated by the adjacent direction information
calculation unit 351 is transmitted to the operation information calculation module 320.
The operation information calculation module 320 calculates operation information
according to the transmitted adjacent direction information.

In the embodiment illustrated in FIGS. 12 and 13, the lawn mower robot 10 proceeds
upward, namely, to the front thereof immediately before the collision with the obstacle
0.

That is, if a first rotational direction is defined as a direction for allowing the lawn
mower robot 10 to move forward, it may be said that the power module 130 was being
rotated in the first rotational direction. The information may be transferred by the
operation information storage module 420 of the database unit 400.

Accordingly, the driving information calculation unit 321 calculates driving in-
formation for rotating the first power module 131 and the second power module 132 in
a rotational direction opposite to the first rotational direction, namely, the second
direction.

According to the driving information, each of the power modules 131 and 132 may
be rotated in the second direction so that the lawn mower robot 10 can move toward
the rear side.

In addition, in the embodiment illustrated in FIG. 12, the adjacent direction in-
formation is calculated as the second direction.

Accordingly, the steering information calculation unit 322 calculates steering in-

formation for controlling the lawn mower robot 10 such that a rotational speed of the
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first main wheel 121a located at the right side of the lawn mower robot 10 is faster
than that of the second main wheel 121b located at the left side of the lawn mower
robot 10.

Therefore, since the first main wheel 121a is rotated more for the same time, the lawn
mower robot 10 can be rotated clockwise and reversed.

In contrast, in the embodiment illustrated in FIG. 13, the adjacent direction in-
formation is calculated as the first direction.

Accordingly, the steering information calculation unit 322 calculates steering in-
formation for controlling the lawn mower robot 10 such that the rotational speed of the
second main wheel 121b located at the left side of the lawn mower robot 10 is faster
than that of the first main wheel 121a located at the right side of the lawn mower robot
10.

Therefore, since the second main wheel 121b is rotated more for the same time, the
lawn mower robot 10 can be rotated counterclockwise and reversed.

Referring to FIG. 14, a situation in which the lawn mower robot 10 returns to the
inside of the preset region B through the aforementioned processes is illustrated.

The position sensor module 230 detects position information related to the lawn
mower robot 10. The detected position information is transmitted to the deviation in-
formation calculation unit 352.

The deviation information calculation unit 352 calculates deviation information using
the transmitted position information and the position information related to the preset
region B.

In the embodiment illustrated in FIG. 14, the lawn mower robot 10 is located inside
the preset region B. Therefore, the calculated deviation information may be calculated
as 0%.

Also, the deviation information calculation unit 352 compares the calculated
deviation information with a preset ratio value. In one embodiment, the preset ratio
value may be determined as 50%. Therefore, the calculated deviation information is
equal to or lower than the preset ratio value.

Thus, the operation information calculation module 320 calculates operation in-
formation according to a control signal previously input through the control signal
input module 310. The calculated operation information is operation information
according to the pre-input control signal, namely, operation information for performing
a task, which the user wanted to perform before the occurrence of the collision.

Therefore, the lawn mower robot 10, as described above, restarts the operation by
moving up and down in the preset region B along a zigzag path. At this time, the lawn
mower robot 10 has already been aware of the presence of the obstacle O. Therefore,

the lawn mower robot 10 does not proceed to the upper wire W in order to avoid the
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repeated collision with the obstacle O.

That is, the lawn mower robot 10 may be moved to the left by being rotated counter-
clockwise at a distance that the robot may not be in contact with the obstacle O, and
then perform a task by repeatedly moving up and down along the preset zigzag path.

The foregoing description has been given of the preferred embodiments, but it will be
apparent to those skilled in the art that various modifications and variations can be
made in the present disclosure without departing from the scope of the disclosure as

defined in the appended claims.
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Claims

A lawn mower robot comprising:

a body part;

a plurality of main wheels rotatably connected to the body part;

a power module provided in plurality connected to the main wheels, re-
spectively, and configured to be rotated according to driving in-
formation so as to rotate the main wheels;

a controller configured to calculate the driving information and elec-
trically connected to the power module to transfer the calculated
driving information to the power module; and

a sensor part configured to detect spaced distance information from a
wire disposed to surround a preset region, and electrically connected to
the controller to transfer the detected spaced distance information to the
controller,

wherein the controller calculates the driving information using the
spaced distance information detected by the sensor part.

The lawn mower robot of claim 1, wherein the spaced distance in-
formation comprises:

first spaced distance information in a preset first direction; and

second spaced distance information in a preset second direction
opposite to the first direction,

the sensor part comprises:

a first distance sensor unit configured to detect the first spaced distance
information; and

a second distance sensor unit configured to detect the second spaced
distance information.

The lawn mower robot of claim 2, wherein,

the spaced distance information comprises third spaced distance in-
formation in a preset third direction between the first direction and the
second direction, and

the sensor part comprises a third distance sensor unit configured to
detect the third spaced distance information.

The lawn mower robot of claim 2, wherein the controller is configured
to calculate adjacent direction information related to a more adjacent
direction of the first direction and the second direction, using a
difference between the first spaced distance information and the second

spaced distance information.
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The lawn mower robot of claim 4, wherein the controller is configured
to calculate deviation information related to a ratio of a volume of the
body part deviated from the preset region, and calculate the adjacent
direction information when the calculated deviation information
exceeds a preset ratio value.

The lawn mower robot of claim 5, wherein,

the power module is configured to be rotated in one of a preset first ro-
tational direction and a preset second rotational direction opposite to
the first rotational direction, and

the controller, when the calculated deviation information exceeds the
preset ratio value, is configured to calculate the driving information for
rotating the power module in a direction, opposite to a rotational
direction of the power module immediately before the calculated
deviation information exceeds the preset ratio value, of the first ro-
tational direction and the second rotational direction.

The lawn mower robot of claim 6, wherein the main wheel comprises:
a first main wheel located at one side of the body part facing the first
direction; and

a second main wheel located at another side of the body part facing the
second direction,

the power module comprises:

a first power module connected to the first main wheel; and

a second power module connected to the second main wheel, and

the controller is configured to calculate steering information for con-
trolling the power module such that a rotational speed of the second
power module is faster than a rotational speed of the first power
module when the calculated adjacent direction information is the first
direction, and

is configured to calculate steering information for controlling the power
module such that a rotational speed of the first power module is faster
than a rotational speed of the second power module when the calculated
adjacent direction information is the second direction.

A method for controlling a lawn mower robot, the method comprising:
(a) detecting, by a distance sensor module, spaced distance information
from a wire disposed to surround a preset region;

(b) calculating, by an external information calculation module, adjacent
direction information by using the detected spaced distance in-

formation;
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(c) calculating, by an operation information calculation module,
operation information using the calculated adjacent direction in-
formation; and

(d) controlling a power module according to the calculated operation
information.

The method of claim 8, wherein the step (a) comprises:

(al) detecting, by a first distance sensor unit, first spaced distance in-
formation in a preset first direction; and

(a2) detecting, by a second distance sensor unit, second spaced distance
information in a preset second direction opposite to the first direction.
The method of claim 9, wherein the step (b) comprises:

(b1) detecting, by a position sensor module, position information
related to a body part of the lawn mower robot;

(b2) calculating, by a deviation information calculation unit, deviation
information related to a ratio of a volume of the body part deviated
from the preset region; and

(b3) calculating, by an adjacent direction information calculation unit,
the adjacent direction information using a difference between the
detected first spaced distance information and the detected second
spaced distance information when the deviation information exceeds a
preset ratio value.

The method of claim 10, wherein,

the operation information comprises driving information for driving the
power module,

the power module is configured to be rotated in one of a preset first ro-
tational direction and a preset second rotational direction opposite to
the first rotational direction, and

the step (c) comprises (c1) calculating, by the operation information
calculation module, driving information for rotating the power module
in a direction, opposite to a rotational direction of the power module
immediately before the calculated deviation information exceeds the
preset ratio value, of the first rotational direction and the second ro-
tational direction, when the calculated deviation information exceeds
the preset ratio value.

The method of claim 11, wherein the power module comprises:

a first power module located in the first direction; and

a second power module located in the second direction,

the operation information comprises steering information for con-
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trolling rotations of the first power module and the second power
module, respectively,

the step (c) comprises:

(c2) calculating, by the operation information calculation module,
steering information for controlling the power module such that a ro-
tational speed of the second power module is faster than a rotational
speed of the first power module, when the calculated deviation in-
formation exceeds the preset ratio value and the calculated adjacent
direction information is the first direction; and

(c3) calculating, by the operation information calculation module,
steering information for controlling the power module such that a ro-
tational speed of the first power module is faster than a rotational speed
of the second power module, when the calculated deviation information
exceeds the preset ratio value and the calculated adjacent direction in-
formation is the second direction.

The method of claim 12, wherein the step (d) comprises:

(d1) rotating the power module according to the calculated steering in-
formation; and

(d) rotating the power module according to the calculated driving in-
formation.

The method of claim 13, further comprising after the step (d):

(e) operating the power module in the preset region.

The method of claim 14, wherein the step (e) comprises:

(el) detecting, by the position sensor module, position information
related to the body part;

(e2) calculating, by the deviation information calculation unit,
deviation information related to a ratio of a volume of the body part
deviated from the preset region, using the detected position in-
formation;

(e3) calculating, by the operation information calculation module,
steering information in a preset manner when the calculated deviation
information is equal to or lower than a preset ratio value; and

(e4) calculating, by the operation information calculation module,
driving information in a preset manner when the calculated deviation
information is equal to or lower than the preset ratio value.

The method of claim 15, wherein the step (e) comprises after the step
(e4):

(e5) controlling, by a power module control unit, the power module to
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rotate according to the calculated steering information and the

calculated driving information.
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[Fig. 4]
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[Fig. 6]
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[Fig. 7]

( START )

WHEN CALCULATED DEVIATION INFORMATION EXCEEDS PRESET
RATIO VALUE, OPERATION INFORMATION CALCULATION MODULE
CALCULATES DRIVING TNFORMATTION FOR ROTATING POWER
MODULE IN DIRECTION OPPOSITE TO ROTATIONAL DIRECTION, {——S310)
IMMEDIATELY BEFORE CALCULATED DEVIATION INFORMATION
EXCEEDS PRESET RATIO VALUE, OF FIRST ROTATIONAL

DIRECTION AND SECOND ROTATIONAL DIRECTION

WHEN CALCULATED DEVIATION INFORMATION EXCEEDS PRESET
RATIO VALUE AND CALCULATED ADJACENT DIRECTION INFORMATION

CALCULATION MODULE CALCULATES STEERING INFORMATION FOR , 75300
CONTROLLING POVER MODULE SUCH THAT ROTATIONAL SPEED OF | — -2

SECOND POWER MODULE IS FASTER THAN THAT OF FIRST
POWER MODULE

WHEN CALCULATED DEVIATION INFORMATION EXCEEDS PRESET
RATIO VALUE AND CALCULATED ADJACENT DIRECTION INFORMATION
IS SECOND DIRECTION, OPERATTION INFORMATION CALCULATION — |~—S330/
STEERING INFORMATION FOR CONTROLLING POWER MODULE SUCH
THAT ROTATIONAL SPEED OF FIRST POWER MODULE IS FASTER
THEN THAT OF SECOND POWER MODULE

END

( START )

[Fig. 8]

POWER MODULE IS ROTATED ACCORDING TO |
CALCULATED STEERING INFORMATTON 5410
3400
POVER MODULE 1S ROTATED ACCORDING TO
CALCULATED DRIVING INFORMATION 5420

END



6/10

WO 2021/006436 PCT/KR2019/016709

( START )

POSITION SENSOR MODULE DETECTS POSITION INFORMATION ON BODY PART |~-S510)

[Fig. 9]

DEVIATION INFORMATION CALCULATION UNIT CALCULATES DEVIATION
INFORMATION ON RATIO OF VOLUME OF BODY PART DEVIATED FROM PRESET [~—S520
REGION, BY USING DETECTED POSITION INFORMATION

OPERATION INFORMATION CALCULATION MODULE CALCULATES STEERING
INFORMATION IN PRESET MANNER WHEN CALCULATED DEVIATION INFORMATION }——S530
IS FQUAL TO OR LOWER THAN PRESET RATIO VALUE

~5500

OPERATION INFORMATION CALCULATION MODULE CALCULATES DRIVING

INFORMATION IN PRESET MANNER WHEN CALCULATED DEVIATION —— S540
[NFORMATION IS EQUAL TO OR LOWER THAN PRESET RATIO VALUE

POWER MODULE CONTROL UNIT ROTATES POWER MODULE ACCORDING TO
CALCULATED STEERING INFORMATION AND DRIVING INFORMATION

“-'SSBOJ

END



7/10

PCT/KR2019/016709

WO 2021/006436

[Fig. 10]

AN

AN

NN RN

N
N \\\\\\ .

N

\\\

_|||Q|||||_

T

‘ e \W

| @ — | h . |
A @ w * @ \H

1[E) = | \\
= B g

) A = g
N\ — @ S J_ 7

| \ %u /S - /
ST VPP DI \ \ Y S



8/10

PCT/KR2019/016709

WO 2021/006436

[Fig. 11]

[Fig. 12]

VY4

I
K

/

/




9/10

PCT/KR2019/016709

WO 2021/006436

[Fig. 13]




10/10

WO 2021/006436 PCT/KR2019/016709

[Fig. 14]




International application No.
INTERNATIONAL SEARCH REPORT pp
PCT/KR2019/016709

A. CLASSIFICATION OF SUBJECT MATTER

A01D 34/00(2006.01)i, B25J 5/00(2006.01)i, B25J 11/00(2006.01)i, B25J 13/08(2006.01)i, B25J 9/16(2006.01)i, GOSB
19/19(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
A01D 34/00; AO1B 69/00; A01D 41/127; GO5B 15/00; GO5D 1/00; GO5SD 1/02; B25J 5/00; B25J 11/00;, B25J 13/08; B25J 9/16;, GO5B
19/19

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models

Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: lawn, mower, robot, distance, sensor, obstacle, deviation, volume and reverse

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2014-0324269 A1 (F. ROBOTICS ACQUISITIONS LTD.) 30 October 2014 1-4,8,9
paragraphs [0067]-[0151] and figures 1-9
Y 5,10
A 6,7,11-16
Y US 2017-0322559 A1 (YANMAR CO., LTD.) 09 November 2017 5,10

paragraphs [0043]-[0074] and figures 1-4

A US 2014-0012418 A1 (JOHNSON, DAVID AUGUST et al.) 09 January 2014 1-16
paragraphs [0045]-[0103] and figures 1-18

A US 2018-0299894 A1 (KUBOTA CORPORATION) 18 October 2018 1-16
paragraphs [0059]-[0064] and figure 6

A JP 2018-099041 A (KUBOTA CORP.) 28 June 2018 1-16
paragraphs [0050]-[0060] and figures 8-16

|:| Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"D" document cited by the applicant in the international application "X" document of particular relevance; the claimed invention cannot be

"E" eartlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive
filing date step when the document is taken alone

"L"  document which may throw doubts on priority claim(s) or which is "Y" document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents,such combination

"O" document referring to an oral disclosure, use, exhibition or other means

being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
02 April 2020 (02.04.2020) 02 April 2020 (02.04.2020)
Name and mailing address of the [SA/KR Authorized officer

International Application Division

Korean Intellectual Property Office PARK, Tae Wook
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

A,

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-3405
Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/KR2019/016709
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2014-0324269 Al 30/10/2014 EP 2806325 A2 26/11/2014
EP 2806325 A3 07/10/2015
EP 2806325 Bl 21/03/2018
US 9268331 B2 23/02/2016
US 2017-0322559 Al 09/11/2017 EP 3232290 Al 18/10/2017
EP 3232290 Bl 30/10/2019
JP 2016-114984 A 23/06/2016
KR 10-2017-0091110 A 08/08/2017
KR 10-2017965 Bl 03/09/2019
US 10274963 B2 30/04/2019
WO 2016-093311 Al 16/06/2016
US 2014-0012418 Al 09/01/2014 CN 103542800 A 29/01/2014
CN 103542800 B 21/06/2019
EP 2684438 Al 15/01/2014
EP 2684438 B1 04/04/2018
US 9072218 B2 07/07/2015
US 2018-0299894 Al 18/10/2018 CN 107614348 A 19/01/2018
EP 3345799 Al 11/07/2018
JP 2017-047762 A 09/03/2017
JP 6639835 B2 05/02/2020
KR 10-2018-0048451 A 10/05/2018
US 10503169 B2 10/12/2019
WO 2017-038170 Al 09/03/2017
JP 2018-099041 A 28/06/2018 CN 109936975 A 25/06/2019
EP 3549419 Al 09/10/2019
JP 2018-092620 A 14/06/2018
JP 2018-099112 A 28/06/2018
KR 10-2019-0091262 A 05/08/2019
WO 2018-101351 Al 07/06/2018

Form PCT/ISA/210 (patent family annex) (July 2019)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - wo-search-report
	Page 55 - wo-search-report

