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(54) EXCAVATOR AND METHOD AND DEVICE FOR CONTROLLING EXCAVATOR

(57) According to an embodiment, a method for con-
trolling an excavator is provided, the method comprising:
determining a first angle which is an angle of an arm, at
which a volume of an object contained in a bucket is a
preset value; moving the arm such that the angle of the

arm corresponds to the first angle; rotating the bucket
connected to the arm, according to the angle of the arm
corresponding to the first angle; and moving a boom, as
an angle of the bucket corresponds to a second angle
according to the rotation of the bucket.
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Description

[Technical Field]

[0001] The present disclosure relates to a method and
device for controlling an excavator, and more particularly,
to a method and device which can effectively control
movement of an arm, a bucket, and a boom based on an
angle of the arm at which a volume of an object contained
in the bucket is a preset value.

[Background Art]

[0002] In general, in excavators, excavation works are
controlled by operator’s manual operations, operations
are complicated, operations skills of operators are differ-
ent, and thus excavation results are differently achieved
according to the operators.
[0003] Accordingly, demands for autonomous excava-
tion technologies that may solve the above problem and
accurately determine an excavation trajectory are in-
creasing.

[Disclosure]

[Technical Problem]

[0004] The present disclosure is directed to providing
a method and device which may effectively control move-
ment of an arm, a bucket, and a boom based on an angle
of the arm at which a volume of an object contained in
the bucket is a preset value.
[0005] The present disclosure is directed to also pro-
viding a method and device which may effectively control
the movement of the arm, the bucket, and the boom
based on a point at which a projection area of the bucket
and a trend line overlap each other.
[0006] The purpose of the present disclosure is not lim-
ited to the purpose described above, and other purposes
which are not described may be understood from the
following description.

[Technical Solution]

[0007] One aspect of the present disclosure provides
a method of controlling an excavator, the method includ-
ing determining a first angle that is an angle of an arm at
which a volume of an object contained in a bucket is a
preset value, moving the arm so that the angle of the arm
corresponds to the first angle, rotating a bucket connect-
ed to the arm in response to the angle of the arm corre-
sponding to the first angle, and moving a boom in re-
sponse to an angle of the bucket corresponding to a sec-
ond angle through the rotation of the bucket.
[0008] The determining of the first angle may include
determining the first angle based on a trend line deter-
mined according to a slope of a terrain including the obj
ect.

[0009] The moving of the arm may include rotating the
arm so that an angle between the arm and a direction of
gravity corresponds to the first angle.
[0010] The rotating of the bucket may include rotating
the bucket in a direction in which an angle between the
arm and the bucket decreases.
[0011] The moving of the boom may include rotating
the boom until a difference value between a lowermost
height that the bucket reaches and an uppermost height
of a load carrier (e.g., a dump truck, a hopper, and a
crusher) adjacent to the excavator corresponds to a pre-
set value.
[0012] The rotating of the bucket may include sensing
a pressure applied to the arm, and rotating the boom in
a direction in which the bucket raises in a state in which
a hydraulic pressure applied to the arm and the bucket
is maintained when the pressure applied to the arm cor-
responds to a first pressure.
[0013] The rotating of the boom in the direction in which
the bucket raises may include stopping the rotation of
the boom when the pressure applied to the arm corre-
sponds to a second pressure, and the second pressure
may be smaller than the first pressure.
[0014] The moving of the arm may include rotating the
arm in a direction in which the arm approaches a body
of the excavator in a state in which the bucket and the
boom are stopped.
[0015] The rotating of the bucket may include simulta-
neously rotating the arm and the bucket in a state in which
the boom is stopped.
[0016] The moving of the boom may include simulta-
neously rotating the arm, the bucket, and the boom.
[0017] The first angle may be determined based on a
point at which a projection area of the bucket and the
trend line overlap each other.
[0018] Another aspect of the present disclosure pro-
vides a device for controlling an excavator, the device
including a reception unit that acquires information on a
terrain including an object, and a processor that deter-
mines a first angle, which is an angle of an arm at which
a volume of the object contained in a bucket is a preset
value, based on the information on the terrain, moves
the arm so that the angle of the arm corresponds to the
first angle, rotates the bucket connected to the arm in
response to the angle of the arm corresponding to the
first angle, and moves a boom in response to an angle
of the bucket corresponding to a second angle through
the rotation of the bucket.
[0019] The processor may determine the first angle
based on a trend line determined according to a slope of
the terrain including the object.
[0020] The processor may rotate the arm so that an
angle between the arm and a direction of gravity corre-
sponds to the first angle.
[0021] The processor may rotate the bucket in a direc-
tion in which an angle between the arm and the bucket
decreases.
[0022] The processor may rotate the boom until a dif-
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ference value between a lowermost height that the buck-
et reaches and an uppermost height of a load carrier
adjacent to the excavator corresponds to a preset value.
[0023] The processor may sense a pressure applied
to the arm and rotate the boom in a direction in which the
bucket raises in a state in which a hydraulic pressure
applied to the arm and the bucket is maintained when
the pressure applied to the arm corresponds to a first
pressure.
[0024] The processor may stop the rotation of the
boom when the pressure applied to the arm corresponds
to a second pressure, and the second pressure may be
smaller than the first pressure.
[0025] The processor may rotate the arm in a direction
in which the arm approaches a body of the excavator in
a state in which the bucket and the boom are stopped.
[0026] The first angle may be determined based on a
point at which a projection area of the bucket and the
trend line overlap each other.
[0027] Still another aspect of the present disclosure
provides an excavator including a boom, an arm con-
nected to the boom, a bucket connected to the arm, and
a controller that determines a first angle which is an angle
of the arm at which a volume of an object contained in
the bucket is a preset value, controls the arm so that the
angle of the arm corresponds to the first angle, controls
the bucket so that the bucket connected to the arm rotates
in response to the angle of the arm corresponding to the
first angle, and controls the beam so that the boom moves
in response to an angle between the arm and the bucket
corresponding to a second angle through the rotation of
the bucket.
[0028] Yet another aspect of the present disclosure
provides a computer-readable recording medium on
which a program for executing the method according to
any one of the first aspect and the second aspect in a
computer is recorded. Yet another aspect of the present
disclosure provides a computer program stored in a re-
cording medium to implement the method according to
any one of the first aspect and the second aspect.

[Advantageous Effects]

[0029] According to an embodiment of the present dis-
closure, movement of an arm, a bucket, and a boom can
be effectively controlled based on an angle of the arm at
which a volume of an object contained in the bucket is a
preset value.
[0030] Alternatively, according to an embodiment of
the present disclosure, the movement of the arm, the
bucket, and the boom can be effectively controlled based
on a point at which a projection area of the bucket and a
trend line overlap each other.
[0031] The effects of the present disclosure are not
limited to the above effects and should be understood to
include all effects that may be deduced from the detailed
description of the present disclosure or the configuration
of the present disclosure described in the appended

claims.

[Description of Drawings]

[0032]

FIG. 1 is a schematic block diagram illustrating a
configuration of a device according to an embodi-
ment.
FIG. 2 is a schematic block diagram illustrating a
configuration of an excavator according to the em-
bodiment.
FIG. 3 is a flowchart illustrating a method of control-
ling the excavator according to the embodiment.
FIGS. 4 to 6 are views illustrating operations of mov-
ing an arm, a bucket, and a boom in a first time seg-
ment, a second time segment, and a third time seg-
ment according to the embodiment.
FIGS. 7 and 8 are views for describing an operation
in which the device controls rotation of the boom ac-
cording to the embodiment.
FIG. 9 is a view for describing a projection area of
the bucket according to the embodiment.
FIG. 10 is a view for describing an example in which
the device controls movement of the arm, the bucket,
and the boom based on a point at which the projec-
tion area of the bucket and a trend line overlap each
other, according to the embodiment.

[Modes of the Invention]

[0033] Hereinafter, the present disclosure will be de-
scribed with reference to the accompanying drawings.
However, the present disclosure may be implemented in
various different forms and thus is not limited to embod-
iment described herein. Further, in the drawings, parts
irrelevant to the description are omitted in order to clearly
describe the present disclosure, and throughout the
specification, similar numerals reference numerals are
assigned to similar parts.
[0034] Terms used herein have been selected as cur-
rently widely used general terms as much as possible
while considering functions in the present disclosure but
may be changed according to the intention or precedent
of an engineer in the field, the emergence of a new tech-
nology, and the like. Further, in a specific case, a term
is arbitrarily selected by the applicant, and in this case,
the meaning thereof will be described in detail in the cor-
responding description of the disclosure. Thus, the terms
used herein should be defined based on meaning of the
terms and the entire contents of the present disclosure
not simple names of the terms.
[0035] Throughout the specification, when a part "in-
cludes" a component, this means that another compo-
nent is not excluded but may be further included unless
otherwise stated. Further, terms "unit", "module", and the
like described in the specification refer to a unit that proc-
esses at least one function or operation and may be im-
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plemented as hardware or software or a combination of
the hardware and the software.
[0036] Throughout the specification, when a first part
is connected to a second part, this includes not only a
case in which the first part is "directly connected" to the
second part but also a case in which the first part is "in-
directly connected" to the second part with a third part
interposed therebetween. Further, when a part "includes"
a component, this means that another component is not
excluded but may be further included unless otherwise
stated.
[0037] Hereinafter, embodiments of the present disclo-
sure will be described in detail with reference to the ac-
companying drawings so that those of the skilled in the
art to which the present disclosure pertains may easily
carry out the present disclosure. However, the present
disclosure may be implemented in various different
forms, and is not limited to the embodiments described
herein.
[0038] Hereinafter, the embodiments of the present
disclosure will be described in detail with reference to the
accompanying drawings.
[0039] FIG. 1 is a schematic block diagram illustrating
a configuration of a device 100 according to an embod-
iment.
[0040] Referring to FIG. 1, the device 100 may control
an excavator 200, and in the embodiment, may be im-
plemented as a computing device that operates through
a computer program for implementing a function de-
scribed in the specification. For example, the device 100
may be implemented to control the overall operation of
the excavator 200 while mounted on the excavator 200,
to transmit a control signal to a controller 240 while elec-
trically connected to the controller 240 that controls the
excavator 200, or to be included in the controller 240.
[0041] The device 100 may include a reception unit
110 and a processor 120.
[0042] The reception unit 110 may acquire information
on a terrain including an object. Here, the object is an
excavation target of the excavator 200 and may include
all types of target materials that may be loaded or trans-
ported by the excavator 200, for example, soil during a
soil moving work, building debris during a building dem-
olition work, and ground debris during a ground clearing
work.
[0043] In the embodiment, the reception unit 110 may
receive information on the terrain including the object
from another device (e.g., a server) or another compo-
nent (e.g., a memory, a sensor, or the like) and may in-
clude, for example, a wired/wireless communication de-
vice that may transmit or receive various pieces of infor-
mation described throughout the specification while con-
nected to the other device through a network.
[0044] In another embodiment, the reception unit 110
may generate the information on the terrain through
sensing the terrain including the object, may include, for
example, one or more terrain detection sensor modules
such as a camera, a radar, and a lidar, and may sense,

in real time, the information on the terrain including a
position, a size, a type of surrounding terrain, an angle
between the object and the surrounding terrain, and the
like of the object (e.g., soil) within a target area which
changes in real time as an arm 210, a bucket 220, or a
boom 230 of the excavator 200 moves.
[0045] The processor 120 may determine a first angle,
which is an angle of the arm 210, at which a volume of
the object contained in the bucket 220 is a preset value,
based on the information on the terrain, may move the
arm 210 so that the angle of the arm 210 corresponds to
the first angle, may rotate the bucket 220 connected to
the arm 210 as the angle of the arm 210 corresponds to
the first angle, and may move the boom 230 as an angle
between the arm 210 and the bucket 220 corresponds
to a second angle through the rotation of the bucket 220.
However, there may be various methods for determining
the first angle, and the volume of the object contained in
the bucket 220, a point (which will be described below in
FIGS. 9 and 10) at which a projection area of the bucket
220 and a trend line overlap each other, and the like may
be used to determine the first angle.
[0046] The series of operations described above will
be described in detail below with reference to FIGS. 3 to 8.
[0047] In the embodiment, the processor 120 may per-
form a series of operations for controlling the excavator
200, may be implemented as a central processing unit
(CPU) or the controller 240 for controlling the overall op-
erations of the device 100, and may be electrically con-
nected to the reception unit 110 and other components
to control data flow therebetween.
[0048] FIG. 2 is a schematic block diagram illustrating
a configuration of the excavator 200 according to the em-
bodiment.
[0049] Referring to FIG. 2, the excavator 200 is a de-
vice that excavates the object, and may include various
types of excavators that may perform the excavation op-
eration in various manners in the soil moving work, the
building demolition work, and the ground clearing work.
[0050] In the embodiment, the excavator 200 may be
implemented to include the computing device that oper-
ates through a computer program for implementing a
function described in the present specification, and in
another embodiment, the excavator 200 may be connect-
ed to the device 100 and controlled according to a control
signal of the device 100.
[0051] The excavator 200 may include the arm 210,
the bucket 220, the boom 230, and the controller 240.
[0052] The arm 210 may be connected to each of the
bucket 220 and the boom 230, and in the embodiment,
the boom 230, the arm 210, and the bucket 220 may be
connected through joints in this order, and the joints may
move by hydraulic cylinders. For example, the arm 210
may be connected to the boom 230 connected to an up-
per vehicle body of the excavator 200 at one end thereof
and connected to the bucket 220 at the other end, the
arm 210, the bucket 220, and the boom 230 may rotate
about one or more axes by an arm cylinder, a bucket
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cylinder, and a boom cylinder, the bucket 220 may con-
tain the object (e.g., the soil) on the ground according to
the rotation, and the controller 240 may control the overall
operation.
[0053] The controller 240 according to the embodiment
may determine the first angle that is the angle of the arm
210 at which the volume of the object contained in the
bucket 220 is a preset value, may control the arm 210
so that the angle of the arm 210 corresponds to the first
angle, may control the bucket 220 so that the bucket 220
connected to the arm 210 rotates as the angle of the arm
210 corresponds to the first angle, and may control the
boom 230 so that the boom 230 moves as the angle
between the arm 210 and the bucket 220 corresponds
to the second angle through the rotation of the bucket
220.
[0054] The series of operations described above will
be described in detail below with reference to FIGS. 3 to 8.
[0055] Throughout the specification, the controller 240
and the processor 120 are distinct concepts, the control-
ler 240 may be implemented to include a function of the
processor 120 in the embodiment and controlled by the
processor 120 in another embodiment.
[0056] Further, those skilled in the art can understand
that other general-purpose components other than the
components illustrated in FIGS. 1 and 2 may be further
included in the device 100 or the excavator 200. For ex-
ample, the device 100 or the excavator 200 may further
include various types of drivers for the movement of the
arm 210, the bucket 220, and the boom 230, a drive con-
trol module for controlling the drivers in detail, a pipe, a
lower body, a memory for storing data used in the overall
operation, an input/output interface for receiving user in-
put or outputting information, and the like.
[0057] FIG. 3 is a flowchart illustrating a method of con-
trolling the excavator 200 according to the embodiment,
and FIGS. 4 to 6 are views illustrating operations of mov-
ing an arm 210, a bucket 220, and a boom 230 in a first
time segment, a second time segment, and a third time
segment, respectively, according to the embodiment.
Hereinafter, embodiments in which the device 100 con-
trols the excavator 200 will be mainly described, but em-
bodiments in which the controller 240 controls the exca-
vator 200 in the same or similar manner may be included.
[0058] Referring to FIGS. 3 to 6, the device 100 may
control movement of (a) the arm 210, (b) the arm 210
and the bucket 220, and (c) the arm 210, the bucket 220,
and the boom 230 in this order over time. In detail, as a
digging operation starts, only the arm 210 may be con-
trolled to move during the first time segment, the arm 210
and the bucket 220 may be controlled to move together
during the second time segment after the first time seg-
ment, and all the arm 210, the bucket 220, and the boom
230 may be controlled to move during the third time seg-
ment after the second time segment.
[0059] In operation S310, the device 100 may deter-
mine the first angle that is the angle of the arm 210 at
which the volume of the object contained in the bucket

220 is a preset value. In the embodiment, the device 100
may obtain the information on the terrain including the
object, may determine the first angle based on the infor-
mation on the terrain, and for example, and may calculate
the first angle, which is the angle of the arm 210 at which
the object (e.g., the soil) having a predetermined volume
or more is contained in the bucket 220, using information
on a position, a size, a type of the terrain, a height, a
slope, angle between the object and the surrounding ter-
rain, and the like of the object (e.g., the soil) included in
the information on the terrain.
[0060] In the embodiment, the first angle includes an
angle between the arm 210 and a horizontal surface, but
the present disclosure is not limited thereto, and the first
angle may be, for example, angles with respect to various
reference surfaces, such as an angle between the arm
210 and the boom 230, an angle with respect to the
ground, an angle with respect to a vertical surface, and
an angle with respect to gravity. For another example,
the first angle may be the amount of change in the moved
angle as compared to an angle at which the arm 210
firstly starts to move and the amount of change in the
angle of the arm 210 per unit time. The above-described
various manners may be applied.
[0061] In the embodiment, the device 100 may deter-
mine the first angle based on a trend line 710 determined
according to a slope of the terrain including the object.
Here, the trend line 710 indicates an inclination line be-
tween the excavator 200 and the slope of the terrain, and
in the embodiment, may mean an average inclination line
with respect to the slope of the land viewed from the
excavator 200. For example, the device 100 may deter-
mine the first angle by calculating a total rotation angle
(the first angle), a rotation angle per unit time, a rotation
duration time (the first time segment), and a rotation path
of the arm 210 so that the soil having a preset volume
may move into the bucket 220 in consideration of a height
of the terrain, an inclination between slopes of the terrain
with respect to the horizontal surface, and a type of the
object (e.g., the soil) included in the pre-obtained infor-
mation on the terrain.
[0062] In the embodiment, the present volume may be
updated based on the trend line 710. For example, when
an average angle between the excavator 200 and the
slope of the land is greater than or equal to a preset value,
a reference value of the volume of the object contained
in the bucket 220 may be adjusted by reducing the preset
volume by a preset ratio or by reflecting an adjustment
factor that is inverse proportional to the average angle.
[0063] In operation S320, the device 100 may move
the arm 210 such that the angle of the arm 210 corre-
sponds to the first angle, and for example, may rotate
the arm 210 until the angle between the arm 210 and the
boom 230 is equal to the first angle or approaches the
first angle by a preset difference value.
[0064] In the embodiment, the movement includes the
rotation, but the present disclosure is not limited thereto,
and according to a typical embodiment, the movement
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may be controlled in a rotational manner but may also
include movement in a manner other than the rotation.
[0065] In the embodiment, the device 100 may rotate
the arm 210 such that an angle between the arm 210 and
the direction of gravity corresponds to the first angle, and
for example, may rotate the arm 210 until an angle be-
tween the arm 210 and the vertical surface is the first
angle.
[0066] In the embodiment, the device 100 may rotate
the arm 210 in a direction in which the bucket 220 ap-
proaches a body of the excavator 200 in a state in which
the bucket 220 and the boom 230 are stopped, and for
example, may perform a control such that the bucket 220
and the boom 230 do not rotate, only the arm 210 rotates
toward the body of the excavator 200, the bucket 220
connected to the arm 210 moves together, and thus the
soil is contained in the bucket 220, as illustrated in FIG. 4.
[0067] Referring to FIG. 4, the arm 210 may move from
a (1-1)th point 410 at which the arm 210 firstly starts to
move to a (1-2)th point 430 along a (1-1)th movement
path 420 during the first time segment indicating a time
until the angle of the arm 210 corresponds to the first
angle. In this case, the bucket 220 and the boom 230 do
not rotate, and only the arm 210 may rotate. In the em-
bodiment, an angle between the (1-1)th point 410 and the
(1-2)th point 420 with respect to a rotary shaft of the arm
210 may corresponds to the first angle. In this case, the
arm 210 rotates at a first rotational speed during the first
time segment, so that the amount of change in the angle,
which is equal to the first angle, and the amount of posi-
tional movement, which is equal to the (1-1)th movement
path 420, may be generated.
[0068] In operation S330, the device 100 may rotate
the bucket 220 connected to the arm 210 as the angle
of the arm 210 corresponds to the first angle. For exam-
ple, the arm cylinder connected to the arm 210 is rota-
tionally driven to rotate only the arm 210 until the angle
of the arm 210 reaches the first angle. From a time point
at which the angle of the arm 210 reaches the first angle,
the arm cylinder and the bucket cylinder connected to
the bucket 220 may be rotationally driven to rotate the
arm 210 and the bucket 220 together.
[0069] In the embodiment, the device 100 may rotates
the bucket 220 in a direction in which the angle between
the arm 210 and the bucket 220 decreases. That is, the
arm 210 and the bucket 220 may rotate together so that
the bucket 220 rotates in an inward direction. In the em-
bodiment, the device 100 may move the arm 210 at a
(2-1)th rotational speed and move the bucket 220 at a
(2-2)th rotational speed greater than the (2-1)th rotational
speed. As an example, a rotational speed of the bucket
220 may be controlled such that an initial movement
speed may be determined as the (2-2)th rotational speed
greater than the (2-1)th rotational speed by a preset ratio
or more and the movement speed becomes equal to the
(2-1)th rotational speed over time.
[0070] In the embodiment, the device 100 may rotate
the arm 210 and the bucket 220 in a state in which the

boom 230 is stopped. For example, as illustrated in FIG.
5, the device 100 may perform a control such that, as the
boom 230 does not rotate and only the arm 210 and the
bucket 220 rotate toward the body of the excavator 200,
the soil having a predetermined volume or more is con-
tained in the bucket 220.
[0071] Referring to FIG. 5, during the second time seg-
ment indicating a time from when the angle of the arm
210 corresponds to the first angle until the angle between
the arm 210 and the bucket 220 corresponds to the sec-
ond angle, the bucket 220 may move from a (2-1)th point
510 at which the bucket 220 firstly starts to move to a
(2-2)th point 530 along a (2-1)th movement path 520. In
the embodiment, during the same time segment, the arm
210 may move from the (1-2)th point 430, at which the
angle of the arm 210 corresponds to the first angle, along
a (1-2)th movement path 440 to a (1-3)th point 450 or may
move toward the (1-3)th point 450. In this case, the boom
230 does not rotate and only the arm 210 and the bucket
220 rotate, and thus the angle between the arm 210 and
the bucket 220 may decrease over time. In another em-
bodiment, during the same time segment, only the bucket
220 may rotate, and the arm 210 and the boom 230 may
not rotate.
[0072] In the embodiment, an inclination between the
arm 210 and the bucket 220 with respect to a rotary shaft
of the bucket 220 may correspond to the second angle.
For example, a time point at which the angle of the arm
210 is the first angle indicates a boundary time point be-
tween the first time segment and the second time seg-
ment. During the second time segment, the arm 210 ro-
tates at the (2-1)th rotational speed to generate the
amount of change in the angle, which is equal to a (2-1)th

angle and the amount of positional movement, which is
equal to the (1-2)th movement path 440. The bucket 220
rotates at the (2-2)th rotational speed to generate the
amount of change in the angle, which is equal to a (2-2)th

angle and the amount of positional movement, which is
equal to the (2-1)th movement path 520. The arm 210
and the bucket 220 may rotate until a difference between
the (2-2)th angle and the (2-1)th angle corresponds to the
preset second angle.
[0073] In this way, the device 100 may determine the
first angle through calculation in advance, and then se-
quentially control the rotation of the arm 210 and the
bucket 220 according to the first angle in a state in which
the first angle is determined. Accordingly, while the arm
210 moves, the device 100 may operate without meas-
uring the volume of the soil contained in the bucket 220
in real time. Thus, considerable resource consumption
required in a process of measuring the volume of the soil
in real time can be reduced, thereby achieving efficient
operation, and at the same time, the first angle may be
calculated based on the information on the terrain so that
control of an excavation operation of the excavator 200
is accurately performed.
[0074] In the embodiment, the second angle may be
determined based on at least one of the first angle, the
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preset volume, and the trend line 710. For example, in
operation S310, when the first angle is determined, the
second angle may be calculated by applying a preset
ratio from the first angle, a set value by a user may be
applied to the second angle, or the second angle may be
adjusted by reflecting, on the set value, an average angle
of the slope of the land viewed from the excavator 200.
[0075] In the embodiment, the device 100 may sense
a pressure applied to the arm 210, may stop the move-
ment of the arm 210 and the bucket 220 when the pres-
sure applied to the arm 210 corresponds to a first pres-
sure, and may rotate the boom 230 in a direction in which
the bucket 220 raises in a state in which a hydraulic pres-
sure applied to the arm 210 and the bucket 220 is main-
tained. However, in this case, even though the hydraulic
pressure is maintained in the arm 210 and the bucket
220, in some cases, the arm 210 and the bucket 220 may
seem to be stopped due to a pressure applied from the
outside. During the digging operation, in particular, in the
second time segment, a stuck state indicating a state in
which a load is too large and thus the arm 210 and the
bucket 220 cannot move may be detected. In this case,
the arm 210 and the bucket 220 may be released from
the stuck state through a boom-up operation of moving
the boom 230. For example, the device 100 may sense
the pressure applied to the arm 210 in real time through
a built-in pressure sensor and perform the boom-up op-
eration of rotating and moving the boom 230 upward
when it is detected that the pressure of the arm 210 is
greater than or equal to the first pressure (e.g., 280 bar)
while the arm 210 and the bucket 220 rotate.
[0076] In the embodiment, when the pressure applied
to the arm 210 corresponds to the second pressure, the
device 100 may stop the rotation of the boom 230, and
the second pressure may be smaller than the first pres-
sure. For example, when it is detected that the pressure
of the arm 210 is lower than or equal to a second value
(e.g., 250 bar) while the boom-up operation is performed
so that the arm 210 and the bucket 220 are released from
the stuck state, the boom-up operation is released, and
the remaining operation of rotating only the arm 210 and
the bucket 220 may be subsequently performed until the
angle between the arm 210 and the bucket 220 becomes
the second angle. That is, only when the pressure is low
enough, the boom-up operation may be stopped.
[0077] In the embodiment, the second value may be
smaller than the first value by a predetermined value or
ratio, and the second value may be determined to a value
that is two times smaller than the first value or a value
that is smaller than the first value by a predetermined
ratio or more based on statistical data causing the stuck
state. That is, the second value may be set to be smaller
than the first value with a sufficient margin to some extent
to prevent the movement from stopping unnecessarily
frequently.
[0078] In the embodiment, the second value may be
adjusted based on the trend line 710. For example, when
an average angle between the excavator 200 and the

ground is very large more than a preset value, the second
value is updated to a value smaller than a preset ratio,
and thus in a very sloping area, more sufficient margins
may be set.
[0079] In the embodiment, the device 100 may deter-
mine a speed of the boom 230 based on the first pressure
in a process of performing the boom-up operation as the
pressure applied to the arm 210 corresponds to the first
pressure. For example, the device 100 may adjust a ro-
tational speed of the boom 230 within a set level by re-
flecting an adjustment factor inversely proportional to the
first pressure. The boom 230 may move slowly when a
very large pressure is detected on the arm 210 and may
move quickly when a relatively small pressure is detected
and thus the boom-up operation is performed.
[0080] In operation S340, the device 100 may move
the boom 230 as the angle between the arm 210 and the
bucket 220 corresponds to the second angle due to the
rotation of the bucket 220. For example, the arm 210 and
the bucket 220 rotate together until the angle between
the arm 210 and the bucket 220 reaches the second an-
gle. As the arm 210 and the bucket 220 rotate, the angle
between the arm 210 and the bucket 220 decreases, and
when the angle between the arm 210 and the bucket 220
reaches the second angle, the boom 230 may rotate.
Alternatively, according to another embodiment, the
movement of the bucket 220 reaches a preset ratio (e.g.,
0.8 times) or more of a preset target angle and then the
boom 230 may be moved so that the movement amount
of the arm 210 becomes a preset value (e.g., the first
angle * 1.5).
[0081] In the embodiment, the device 100 may simul-
taneously rotate the arm 210, the bucket 220, and the
boom 230. For example, the rotation of the arm 210, the
bucket 220, and the boom 230 may be sequentially trig-
gered in a manner in which the bucket 220 additionally
rotates when the angle of the arm 210 reaches a preset
ratio (e.g., 70%) of the first angle, and the boom 230
additionally rotates when the angle between the arm 210
and the bucket 220 reaches a preset ratio (e.g., 80%) of
the second angle.
[0082] Referring to FIG. 6, during the third time seg-
ment indicating a time from when the angle between the
arm 210 and the bucket 220 corresponds to the second
angle until the height of an end of the bucket 220 corre-
sponds to a preset height, the boom 230 may move from
a (3-1)th point 610, at which the boom 230 firstly starts
to move, along a third movement path 620 to a third point
630. In the embodiment, during the same time segment,
the arm 210 may move from the (1-2)th point 430, at which
the angle between the arm 210 and the bucket 220 cor-
responds to the second angle, along the (1-2)th move-
ment path 440 to the (1-3)th point 450. The bucket 220
may move from the (2-2)th point 530, at which the angle
between the arm 210 and the bucket 220 corresponds
to the second angle, along a (2-2)th movement path 540
to a (2-3)th point 550. In this case, all the arm 210, the
bucket 220, and the boom 230 rotate, and thus the angle
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between the arm 210 and the bucket 220 may further
decrease over time. In another embodiment, during the
same time segment, only the boom 230 may rotate, and
at least one of the arm 210 and the bucket 220 may not
rotate.
[0083] For example, a time point at which the angle
between the arm 210 and the bucket 220 is the second
angle indicates a boundary time point between the sec-
ond time segment and the third time segment. The device
100 may perform the boom-up operation of moving the
boom 230 upward until a lowermost height of the bucket
220 reaches a determined target height based on a high-
est height of a load carrier (e.g., a dump truck, a hopper,
and a crusher) adjacent to the excavator 200 through a
built-in height sensor.
[0084] The built-in height sensor may include the ex-
cavator 200, may be included in the load carrier, or may
be included in another third device (e.g., an adjacent de-
vice). The type and operation method (e.g., an ultraviolet
method, an infrared method, ultrasonic method) of the
sensor is not limited.
[0085] In this way, the device 100 rotates the arm 210
and starts to rotate the bucket 220 at a trigger time point
at which the angle of the arm 210 corresponds to the first
angle. The device 100 rotates the arm 210 and the bucket
220 together and starts to rotate the boom 230 at a trigger
time point at which the angle between the arm 210 and
the bucket 220 corresponds to the second angle. The
device 100 may efficiently control to rotate the arm 210,
the bucket 220, and the boom 230 together and terminate
the rotation of the boom 230 through the digging opera-
tion at a trigger time point at which the height of the bucket
220 corresponds to the preset heigh so that the soil hav-
ing a targeted volume is contained in the bucket 220.
[0086] FIGS. 7 and 8 are views for describing an op-
eration in which the device 100 controls rotation of the
boom 230 according to the embodiment.
[0087] Referring to FIG. 7, the device 100 may deter-
mine the trend line 710 according to the slope of the ter-
rain based on the information on the terrain including the
object, may analyze the movement of the bucket 220
required to contain the object (e.g., the soil) having a
preset volume or more in the bucket 220 based on a pile
shape trend line of a pre-stored environment recognition
algorithm (see identification number 720), may deter-
mine the first angle of the arm 210 and the second angle
of the arm 210 and the bucket 220 for containing the
object (e.g., the soil) having a preset volume or more in
the bucket 220 according to the analysis result, and may
calculate a target angle of the boom 230 by sensing in-
formation on a height between a bottom point of the buck-
et 220 and a dump bed disposed at an upper end of the
load carrier through the built-in height sensor.
[0088] In the embodiment, the device 100 may analyze
the amount of movement of the arm 210 and the amount
of movement of the bucket 220 for containing the object
(e.g., the soil) having a preset volume or more in the
bucket 220 of the arm 210, may calculate the first angle

and the second angle from the analysis, and may rotate
only the arm 210 until the angle of the arm 210 reaches
the first angle (see identification number 730). Further,
when the angle of the arm 210 reaches the first angle,
until a total angle change amount of the arm 210 reaches
a preset value (e.g., the analyzed amount of the arm 210
* 1.5) and the angle of the bucket 220 reaches a certain
level (e.g., 80%) of the second angle, the arm 210 and
the bucket 220 may rotate together at different rotational
speeds (see identification number 740 and 750). When
the angle between the arm 210 and the bucket 220 reach-
es a target value, the boom 230 starts to rotate, and the
boom-up operation may be performed until a height dif-
ference between the bottom point of the bucket 220 and
the uppermost end of the load carrier corresponds to a
preset value (see identification number 860).
[0089] Further, as described above, in a process of
rotating the arm 210 and the bucket 220 together, when
the pressure applied to at least one of the arm 210 and
the bucket 220 is sensed in real time, a chamber pressure
having a preset value or more or a mutually equivalent
pressure is detected, and thus the arm 210 and the buck-
et 220 are determined as the stuck state (or a stall state),
the device 100 may perform the boom-up operation of
activating the boom 230 so that the arm 210 and the
bucket 220 are released from the corresponding state.
[0090] Referring to FIG. 8, the device 100 may rotate
the boom 230 until a difference value between a lower-
most height that the bucket 220 may reach and an up-
permost height of the load carrier adjacent to the exca-
vator 200 corresponds to a preset value. Here, the low-
ermost end of the bucket 220 indicates a lowermost
height that an end point of the bucket 220 may reach
when the rotation of the bucket 220 is considered. FIG.
8 illustrates a dump bed 810 which is disposed at an
upper end of the load carrier adjacent to the excavator
200 and on which the object contained in the bucket 220
may be loaded. The device 100 may sense a first height
820 that is a distance between the ground and an upper-
most position of the dump bed 810, may set a target value
of a second height 830 that is a lowermost height that
the bucket 220 may reach such that the second height
830 has a margin greater than the first height 820 by a
preset value (e.g., 50 cm) or more, and may sense the
second height 830 in real time in a process of rotating
the boom 230 and perform the boom-up operation until
a difference value 840 between the second height 830
and the first height 820 reaches a preset value (e.g., 50
cm).
[0091] In the embodiment, the device 100 may deter-
mine an arrival point 860 of the bucket 220 based on at
least one of the difference value 840 between the first
height 820 and the second height 830, a width 850 of the
bucket 220, and a central position of the dump bed 810.
For example, as illustrated in FIG. 8, the lowermost height
that the bucket 220 is to reach is determined so that the
difference value 840 between the second height 830 and
the first height 820 reaches a preset value (e.g., 50 cm),
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and a height Zr of the arrival point 860 may be determined
by adding the width 850 of the bucket 220 to the deter-
mined lowermost height so that the bucket 220 may suf-
ficiently rotate by a preset angle (e.g., 90 degrees) or
more in a process of loading the object on the load carrier.
Further, a center position (Xd and Yd) of the dump bed
810 is detected in an X axis direction and an Y axis di-
rection, a horizontal width Xr and a vertical width Yr of
the arrival point 860 are determined according to the cent-
er position (Xd and Yd) of the dump bed 810 or deter-
mined such that the arrival point 860 is positioned within
a preset distance margin therefrom, and thus positional
coordinates Xr, Yr, and Zr of the arrival point 860, which
correspond to a target position that the rotary shaft of the
bucket 220 finally reaches, may be determined.
[0092] In the embodiment, the positional coordinates
Xr, Yr, and Zr of the arrival point 860 may be determined
based on at least one of Equation 1 and Equation 2, but
the present disclosure is not limited thereto.

[0093] (Here, Xm, Ym, and Zm denote a preset first
margin in the X axis direction, a preset second margin in
the Y axis direction, and a preset third margin in a Z axis
direction, Wb denote the width 850 of the bucket 220,
and Xd and Yd denote the center position of the dump
bed 810 in the X axis direction and the Y axis direction).
[0094] In this way, the device 100 may set, as a target
angle, the angle of the boom 230 when a difference be-
tween the lowermost end of the bucket 220 and the up-
permost end of the dump bed 810 is a certain margin
(e.g., 50 cm) or more, may perform a control so as not
to perform the boom-up operation after the boom-up op-
eration is performed only up to the target angle, and thus
may perform a control so that an efficient movement that
is as large as necessary is achieved.
[0095] In the embodiment, the device 100 may differ-
ently determine at least one of the speed of the arm 210
and the speed of the bucket 220 in operations S310,
S320, and S330. For example, the rotational speed of
the arm 210 is determined such that the speed decreases
in the order of operations S310, S320, and S330. In an

initial stage in which rough work is performed, the arm
210 may move quickly, and in a late stage in which del-
icate work is required, the arm 210 may move slowly. As
another example, in respective operations, the speed of
the arm 210 may be controlled to be continuously
changed in order of a first speed, a second speed (faster
than the first speed), and the first speed over time and
may be determined such that the speed is smaller in the
late stage than in the initial stage.
[0096] In the embodiment, in the device 100, at least
one of the speed of the arm 210 and the speed of the
bucket 220 may be updated based on the type of object,
the importance of work, and the trend line 710. For ex-
ample, when the excavator 200 is gently inclined at a
preset level or more with respect to the ground, the im-
portance of work received through user input is normal,
or the type of object is general soil, the speed may be
set to be quick or the degree of difference between
speeds in step by step may increase. Further, when the
excavator 200 is sharply inclined, the importance of work
is high, or the type of object is a hazardous material, the
speed may be set to be slow or the degree of difference
between speeds in step by step may decrease. Further,
different weights may be assigned to respective ele-
ments, and for example, high weights may be assigned
in the order of the type of object, the importance of work,
and the trend line 710. In this way, the digging operation
may be performed quickly and precisely according to sit-
uations in consideration of a stage in which the digging
operation is performed, the slope situation, the type of
object, and the like.
[0097] FIG. 9 is a view for describing a projection area
910 of the bucket 220 according to the embodiment. Re-
ferring to FIG. 9, the virtual projection area 910 for the
bucket 220 may be identified according to the shape of
the bucket 220. When the device 100 controls the move-
ment of the arm 210, the bucket 220, and the boom 230,
the projection area 910 may be used.
[0098] In detail, FIG. 10 illustrates an example in which
the device 100 according to the embodiment controls the
movement of the arm 210, the bucket 220, and the boom
230 based on a point 1110 at which the projection area
910 of the bucket 220 and the trend line 710 overlap each
other.
[0099] Referring to FIG. 10, the device 100 may deter-
mine the first angle based on the point 1110 at which the
projection area 910 and the trend line 710 overlap each
other, may move the arm 210 so that the angle of the
arm 210 corresponds to the first angle, may rotate the
bucket 220 connected to the arm 210 as the angle of the
arm 210 corresponds to the first angle, and may move
the boom 230 as the angle between the arm 210 and the
bucket 220 corresponds to the second angle through the
rotation of the bucket 220.
[0100] For example, the device 100 may determine the
first angle based on a ratio of a first height 1130 and a
second height 1120, which is determined according to
the overlapping point 1110. As an example, the device
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100 may control the rotation of the arm 210 by previously
determining the first angle when "the first height 1 130/the
second height 1120 = 0.9". Here, 0.9 is an arbitrary
number, and the number may be determined as an arbi-
trary number of 1 or less in advance.
[0101] According to the embodiment, the device 100
may determine the angle of the arm 210, at which the
volume of the object contained in the bucket 220 is a
preset value, according to the overlapping point 1110. In
detail, the device 100 may determine the volume of the
object contained in the bucket 220 based on the ratio of
the first height 1130 and the second height 1120 and may
determine the first angle accordingly.
[0102] The device operation according to the determi-
nation of the first angle may refer to the details described
above with reference to FIGS. 1 to 8.
[0103] According to an embodiment of the present dis-
closure, movement of an arm, a bucket, and a boom can
be effectively controlled based on an angle of the arm at
which a volume of an object contained in the bucket is a
preset value.
[0104] The order and combination of the operations
described above is an embodiment, and it can be seen
that an order, a combination, a branch, a function, and a
subject of performance thereof may be variously imple-
mented in an added form, an omitted form, or a modified
form without departing from the essential characteristics
of respective components described in the specification.
[0105] Meanwhile, the above-described method may
be written as a computer-executable program and may
be implemented in a general-purpose digital computer
that operates the program using a computer-readable
recording medium. Further, a structure of data used in
the above-described method may be recorded on the
computer-readable recording medium through various
means. The computer-readable recording medium in-
cludes storage media such as magnetic storage media
(e.g., a read-only memory (ROM), a random access
memory (RAM), a universal serial bus (USB), a floppy
disc, a hard disc, and the like) and optical reading media
(e.g., a compact disc read-only memory (CD-ROM), a
digital versatile disc (DVD), and the like).
[0106] The above description of the present disclosure
is merely illustrative, and those skilled in the art to which
the present disclosure pertains can understand that the
present disclosure can be easily modified in other specific
forms without changing the technical spirit or essential
features of the present disclosure. Therefore, it should
be understood that the embodiments described above
are illustrative but not limiting in all aspects. For example,
components described as a single type may be imple-
mented in a distributed manner, and likewise, compo-
nents described as a distributed manner may also be
implemented in a coupled form.
[0107] The scope of the present disclosure is indicated
by the appended claims, and all changes or modifications
derived from the meaning and scope of the appended
claims and equivalent concepts thereof should be con-

strued as being included in the scope of the present dis-
closure.

Claims

1. A method of controlling an excavator, the method
comprising:

determining a first angle that is an angle of an
arm at which a volume of an object contained in
a bucket is a preset value;
moving the arm so that the angle of the arm cor-
responds to the first angle;
rotating a bucket connected to the arm in re-
sponse to the angle of the arm corresponding
to the first angle; and
moving a boom in response to an angle of the
bucket corresponding to a second angle through
the rotation of the bucket.

2. The method of claim 1, wherein the determining of
the first angle includes determining the first angle
based on a trend line determined according to a
slope of a terrain including the object.

3. The method of claim 1, wherein the moving of the
arm includes rotating the arm so that an angle be-
tween the arm and a direction of gravity corresponds
to the first angle.

4. The method of claim 1, wherein the rotating of the
bucket includes rotating the bucket in a direction in
which an angle between the arm and the bucket de-
creases.

5. The method of claim 1, wherein the moving of the
boom includes rotating the boom until a difference
value between a lowermost height that the bucket
reaches and an uppermost height of a load carrier
adjacent to the excavator corresponds to a preset
value.

6. The method of claim 1, wherein the rotating of the
bucket includes:

sensing a pressure applied to the arm; and
rotating the boom in a direction in which the
bucket raises in a state in which a hydraulic pres-
sure applied to the arm and the bucket is main-
tained when the pressure applied to the arm cor-
responds to a first pressure.

7. The method of claim 6, wherein the rotating of the
boom in the direction in which the bucket raises in-
cludes stopping the rotation of the boom when the
pressure applied to the arm corresponds to a second
pressure, and
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the second pressure is smaller than the first pres-
sure.

8. The method of claim 1, wherein the moving of the
arm includes rotating the arm in a direction in which
the arm approaches a body of the excavator in a
state in which the bucket and the boom are stopped.

9. The method of claim 1, wherein the rotating of the
bucket includes simultaneously rotating the arm and
the bucket in a state in which the boom is stopped.

10. The method of claim 1, wherein the moving of the
boom includes simultaneously rotating the arm, the
bucket, and the boom.

11. The method of claim 2, wherein the first angle is de-
termined based on a point at which a projection area
of the bucket and the trend line overlap each other.

12. A device for controlling an excavator, the device
comprising:

a reception unit configured to acquire informa-
tion on a terrain including an object; and
a processor configured to
determine a first angle, which is an angle of an
arm at which a volume of the object contained
in a bucket is a preset value, based on the in-
formation on the terrain,
move the arm so that the angle of the arm cor-
responds to the first angle,
rotate the bucket connected to the arm in re-
sponse to the angle of the arm corresponding
to the first angle, and
move a boom in response to an angle of the
bucket corresponding to a second angle through
the rotation of the bucket.

13. The device of claim 12, wherein the processor de-
termines the first angle based on a trend line deter-
mined according to a slope of the terrain including
the obj ect.

14. The device of claim 12, wherein the processor ro-
tates the arm so that an angle between the arm and
a direction of gravity corresponds to the first angle.

15.  The device of claim 12, wherein the processor ro-
tates the bucket in a direction in which an angle be-
tween the arm and the bucket decreases.

16. The device of claim 12, wherein the processor ro-
tates the boom until a difference value between a
lowermost height that the bucket reaches and an up-
permost height of a load carrier adjacent to the ex-
cavator corresponds to a preset value.

17. The device of claim 12, wherein the processor sens-
es a pressure applied to the arm and rotates the
boom in a direction in which the bucket raises in a
state in which a hydraulic pressure applied to the
arm and the bucket is maintained when the pressure
applied to the arm corresponds to a first pressure.

18. The device of claim 17, wherein the processor stops
the rotation of the boom when the pressure applied
to the arm corresponds to a second pressure, and
the second pressure is smaller than the first pres-
sure.

19. The device of claim 12, wherein the processor ro-
tates the arm in a direction in which the arm ap-
proaches a body of the excavator in a state in which
the bucket and the boom are stopped.

20. The device of claim 13, wherein the first angle is
determined based on a point at which a projection
area of the bucket and the trend line overlap each
other.

21.  An excavator comprising:

a boom;
an arm connected to the boom;
a bucket connected to the arm; and
a controller configured to determine a first angle
which is an angle of the arm at which a volume
of an object contained in the bucket is a preset
value, control the arm so that the angle of the
arm corresponds to the first angle, control the
bucket so that the bucket connected to the arm
rotates in response to the angle of the arm cor-
responding to the first angle, and control the
beam so that the boom moves in response to
an angle between the arm and the bucket cor-
responding to a second angle through the rota-
tion of the bucket.

22. A computer-readable recording medium on which a
program for executing the method of any one of
claims 1 to 11 in a computer is recorded.
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