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[Fig. 7]
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1
WORKING ROBOT

TECHNICAL FIELD

The present invention relates to a working robot, and
more particularly to a working robot having a high posture
stability.

BACKGROUND ART

In the modern society, the importance of safety becomes
more serious, and in the past, a human directly operates a
machine for restoration work in rough terrains such as the
fields of disaster and construction.

An overturn prevention method according to a related art
is applicable only to specific equipment called an excavator.
In addition, information such as postures and positions is
obtained from an upper body of the excavator such as a
boom, an arm and a bucket, which are working parts of the
excavator, not from a machine driving part. However, there
is a limitation in terms of responsiveness and intuition when
it is implemented in an automatic manner.

DISCLOSURE
Technical Problem

The present invention relates to a working robot having a
high posture stability.

The invention also relates to a working robot that is
effectively controlled to have a stable posture.

In addition, the present invention relates to a working
robot having a high responsiveness and intuition in the
posture stabilization process.

Technical Solution

According to one embodiment of the present invention,
there is provided a working robot including: a body; a
plurality of traveling units connected to the body, having
supporting members and traveling members rotatably con-
nected to the supporting members, and provided so as to be
travelable with respect to the ground; and a plurality of
adjusting units connecting the body and the traveling units,
and provided to enable the relative positions of the traveling
units to the body to be adjusted, wherein the plurality of
traveling units are traveled and the plurality of adjusting
units are adjusted so as to maintain a horizontal state of the
body.

The adjusting unit may adjust positions of the plurality of
traveling units independently with respect to the body in
up-down, front-rear, and left-right directions.

The adjusting unit may include: an upper connection
member connected to the body to rotate in an up-down
direction; an adjusting member provided in a form of an arm
having a predetermined length, and having one end rotatably
connected to the upper connection member; and a lower
connection member rotatably connected to an opposite end
of the adjusting member and having a traveling shaft to
which the traveling unit is connected.

The adjusting unit may further include a first driving
member having a variable length, in which one end of the
first driving member is connected to the adjusting member,
and an opposite end of the first driving member is connected
to the body.

The adjusting member may include: a first adjusting
member having a predetermined length, in which one end of
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the first adjusting member is rotatably connected to the
upper connection member, and an opposite end of the first
adjusting member is rotatably connected to the lower con-
nection member; and a second adjusting member having a
predetermined length, in which one end of the second
adjusting member is rotatably connected to the upper con-
nection member, an opposite end of the second adjusting
member is rotatably connected to the lower connection
member, and the second adjusting member is spaced apart
from the first adjusting member by a predetermined dis-
tance.

The adjusting unit may further include a second driving
member having a structure with a variable length, in which
one end of the second driving member is connected to the
first adjusting member, and an opposite end of the second
driving member is connected to the second adjusting mem-
ber.

The working robot may further include: a sensor config-
ured to detect information about a state of the working robot;
and a controller configured to drive the adjusting unit such
that a relative position of the traveling unit with respect to
the body is adjusted through information provided by the
Sensor.

The working robot may further include: a driving member
configured to drive the traveling unit and the adjusting unit,
wherein the sensor may include: a main sensor configured to
detect a movement state of the body; and a driving sensor
configured to detect an operating state of the driving mem-
ber.

The sensor may further include a tilt sensor configured to
detect a tilting angle of the traveling unit.

The controller may independently control relative posi-
tions of the plurality of traveling units with respect to the
body so that a posture of the working robot corresponds to
a posture command.

The controller, after recognizing a state of the working
robot through the information provided by the sensor, may
control a posture of the working robot by independently
controlling relative positions of the plurality of traveling
units with respect to the body, and the state recognition of
the working robot and the posture control for the working
robot may be repeatedly performed at least once in a closed
loop structure.

The controller may perform the posture control through a
closed loop inverse kinematics control (CLIK).

The controller may allow the traveling member to rotate
by reflecting a relative speed change occurring between the
plurality of traveling units when the relative position of the
traveling unit with respect to the body is adjusted.

The controller may control an operation of the traveling
member to compensate for a speed reduction of the traveling
unit in a direction of a horizontal plane when the relative
position of the traveling unit with respect to the body is
adjusted in a state in which the traveling unit is tilted with
respect to the horizontal plane.

The working robot may further include: a controller
configured to control the plurality of traveling units and the
plurality of adjusting units, wherein, when rotation occurs in
left-right directions of the body, the controller recovers a
horizontal state of the body by controlling the adjusting unit,
which is located on a side where the body is tilted down-
ward, to gather in a downward direction of the body, and
controlling the adjusting unit, which is located on a side
where the body is tilted upward, to escape out of the body,
and the controller controls to cause a difference in a traveling
speed between the traveling unit located on the side where
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the body is tilted downward and the traveling unit located on
the side where the body is tilted upward.

The working robot may further include: a controller
configured to control the plurality of traveling units and the
plurality of adjusting units, wherein, when rotation occurs
about an axis extending in front-rear directions of the body,
the controller recovers a horizontal state of the body by:
controlling the adjusting units such that a relative distance
between the adjusting units located on a side where the body
is tilted downward becomes closer and a relative distance
between the adjusting units located on a side where the body
is tilted upward becomes far away, controlling the traveling
units such that a relative distance between the traveling units
located on a side where the body tilted downward becomes
closer, and controlling the adjusting unit such that a relative
distance between the adjusting units located on a side where
the body is tilted upward becomes far way.

Advantageous Effects

According to one embodiment of the present invention, a
working robot having a high posture stability can be pro-
vided.

In addition, according to one embodiment of the present
invention, a working robot which can be effectively con-
trolled to have a stable posture can be provided.

Further, according to one embodiment of the present
invention, a working robot having a high responsiveness and
intuitiveness in the posture stabilization process can be
provided.

DESCRIPTION OF DRAWINGS

FIG. 1 is a view showing a working robot according to
one embodiment of the present invention.

FIG. 2 is an enlarged view of a traveling unit and an
adjusting unit located on one side of the working robot.

FIG. 3 is a side view of a traveling unit and an adjusting
unit of FIG. 2.

FIG. 4 is a plan view of a traveling unit and an adjusting
unit of FIG. 2.

FIG. 5 is a longitudinal sectional perspective view of an
adjusting unit taken along the longitudinal direction of the
adjusting unit.

FIG. 6 is a view illustrating a control procedure of a
working robot.

FIG. 7 is a flowchart illustrating a process of controlling
a working robot.

FIGS. 8 and 9 are views showing an example in which the
posture is adjusted in a tilted state of a working robot.

BEST MODE
Mode for Invention

Hereinafter, preferred embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings. The embodiments of the present inven-
tion can be modified in various forms, and the scope of the
present invention should not be construed as being limited to
the following embodiments. This embodiment is provided to
more completely explain the present invention to those
skilled in the art. Therefore, the shape of the elements in the
drawings may be exaggerated to emphasize a more clear
description.

FIG. 1 is a view showing a working robot according to
one embodiment of the present invention.
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In the following description in association with the con-
figuration of a working robot 1, based on the position of the
working robot 1 on a horizontal plane, one direction in
which the working robot 1 can travel may be referred to as
a front direction and a direction opposite to the front
direction may be referred to as a rear direction, left-right
directions perpendicular to the front-rear direction on the
plane parallel to the ground may be referred to as a width
direction, and a direction perpendicular to the front-rear
directions and the width direction may be referred to as a
height direction.

In addition, the direction directed forward from the rear
direction may be referred to as a first direction X, the width
direction may be referred to as a second direction Y, and the
height direction may be referred to as the third direction Z.

Referring to FIG. 1, a working robot 1 according to an
exemplary embodiment of the present invention may include
a body 10, a traveling unit 20, and an adjusting unit 30.

The body 10 may provide a skeleton of the working robot
1. The body 10 may have a preset volume. The body 10 may
be provided with additional components to assist the func-
tion of the working robot 1. For example, the body 10 may
be provided with a configuration for an excavation work, a
robot arm, a camera, and the like, so that the working robot
1 may perform the excavation work, a work for manipulat-
ing a workpiece using the robot arm, and a work for
photographing a target space.

The traveling unit 20 may be connected to the body 10
and may travel on the ground, such that the working robot
1 may travel for position shift. A plurality of traveling units
20 may be provided. For example, the traveling unit 20 may
be positioned at both sides of front and rear portions of the
body 10, so that four traveling units 20 may be provided for
the working robot 1. In this case, the traveling units 20 may
be referred to as a left front traveling unit 20a, a right front
traveling unit 205, a left rear traveling unit 20c, and a right
rear traveling unit 204 according to the position relative to
the body 10.

FIG. 2 is an enlarged view of the traveling unit and the
adjusting unit located on one side of the working robot.

Referring to FIG. 2, the traveling unit 20 may include a
supporting member 210 and a traveling member 220.

The supporting member 210 may have a preset volume
and can provide a skeleton of the traveling unit 20. The
supporting member 210 may have a preset thickness in the
width direction and a preset length in the front-rear direc-
tion.

The traveling member 220 is rotatably connected to the
supporting member 210, so that the working robot 1 may
travel in accordance with the rotation of the traveling
member 220. For example, the traveling member 220 may
be provided in the form of a wheel located around an outer
portion of the supporting member 210.

The traveling member 220 may include a front traveling
member 221, a rear traveling member 222, and a lower
traveling member 223.

The front traveling member 221 may be provided at the
front end of the supporting member 210. The front traveling
member 221 may include a first front traveling member
221a and a second front traveling member 2215. The first
front traveling member 221a may be positioned below the
front end portion of the supporting member 210. The second
front traveling member 2215 may be positioned above the
front end portion of the supporting member 210. The second
front traveling member 2215 may protrude in the front
direction more than the first front traveling member 221a.
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The rear traveling member 222 may be provided at a rear
end of the supporting member 210. The rear traveling
member 222 may include a first rear traveling member 222a
and a second rear traveling member 222b. The first rear
traveling member 222a may be located below a rear region
of the supporting member 210. The second rear traveling
member 2225 may be positioned above the rear region of the
supporting member 210. The first rear traveling member
222a may protrude in a rearward direction more than the
second rear traveling member 2225.

The lower traveling member 223 may be provided at a
lower outer side of the supporting member 210. A plurality
of lower traveling members 223 may be provided in the
front-rear directions.

In addition, if necessary, the traveling unit 20 may further
include a caterpillar (not shown). The caterpillar may be
provided around the outer portion of the supporting member
210 to make contact with the traveling member 220. There-
fore, when the traveling member 220 is rotated, the cater-
pillar is rotated along the outer periphery of the supporting
member 210, so that the working robot 1 may travel.

FIG. 3 is a side view of the traveling unit and the adjusting
unit shown in FIG. 2, and FIG. 4 is a plan view of the
traveling unit and the adjusting unit shown in FIG. 2.

Referring to FIGS. 3 and 4, the adjusting unit 30 connects
the body 10 and the traveling unit 20. The adjusting unit 30
may include a left front adjusting unit 30a connected to the
left front traveling unit 20a, a right front adjusting unit 305
connected to the right front traveling unit 205, a left rear
adjusting unit 30¢ connected to the left rear traveling unit
20c¢, and a right rear adjusting unit 304 connected to the right
rear traveling 20d.

The adjusting unit 30 may adjust the relative position of
the traveling unit 20 with respect to the body 10. The
adjusting unit 30 may include an upper connection member
310, an adjusting member 320, a lower connection member
330, and driving members 341, 342, and 343.

The upper connection member 310 may be located at one
end of the adjusting unit 30. One end of the upper connection
member 310 may be rotatably connected to one side of the
body 10. For example, the upper connection member 310
may be connected to the outer portion of the body 10 to
rotate in the up-down direction about a shaft 311 provided in
the left-right directions.

The adjusting member 320 may be provided in the form
of an arm having a preset length. One end of the adjusting
member 320 may be rotatably connected to the other end of
the upper connection member 310. The adjusting member
320 may include a first adjusting member 321 and a second
adjusting member 322.

The first adjusting member 321 may be provided in the
form of an arm having a preset length. One end of the first
adjusting member 321 may be connected to the inside of the
other end of the upper connection member 310. The first
adjusting member 321 may be rotatable in the horizontal
direction with respect to the upper connection member 310
by a shaft 321a.

The second adjusting member 322 may be provided in the
form of an arm having a preset length, and may be spaced
apart from the first adjusting member 321 by a preset
distance. One end of the second adjusting member 322 may
be connected to an outer portion of the other end of the upper
connection member 310. The second adjusting member 322
may be rotatable in the left-right directions with respect to
the upper connection member 310 by a shaft 322a. The
rotating shaft 3224 of the second adjusting member 322 may
be positioned parallel to a rotating shaft 321a of the first
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adjusting member 321 and spaced apart from rotating shaft
321a in the width direction by a preset distance.

The lower connection member 330 may be located at the
other end of the adjusting unit 30. One side of the lower
connection member 330 may be rotatably connected to the
other end of the adjusting member 320. One side of the
lower connection member 330 may be rotatably connected
to the other end of the first adjusting member 321. One side
of the lower connection member 330 may be rotatably
connected to the other end of the second adjusting member
322. A rotating shaft 3215 of the other end of the first
adjusting member 321 may be provided in parallel with a
rotating shaft 321a of one end of the first adjusting member
321. A rotating shaft 32256 of the other end of the second
adjusting member 322 may be provided in parallel with the
rotating shaft 322a of the one end of the second adjusting
member 322. The rotating shaft 3215 of the other end of the
first adjusting member 321 may be spaced apart from the
rotating shaft 3225 of the other end of the second adjusting
member 322 in the width direction by a predetermined
distance. The lower connection member 330 may be con-
nected to the traveling unit 20 through a traveling shaft 331.
The traveling shaft 331 may be located outside the lower
connection member 330 and may extend outward by a preset
length. The traveling unit 20 may be rotatable about the
traveling shaft 331.

The driving members 341, 342, and 343 may provide
power for driving the traveling unit 20 and the adjusting unit
30. The driving members 341, 342, and 343 may include a
first driving member 341, a second driving member 342, and
a third driving member 343.

The first driving member 341 may provide power for the
adjusting member 320 such that the adjusting member 320
may rotate in the up-down direction (the Z-axis direction in
FIG. 1) with respect to the body 10. The first driving
member 341 may have a structure with a variable length, in
which one end of the first driving member 341 may be
connected to one end of the adjusting member 320, and the
other end may be connected to the body 10. The first driving
member 341 may have a cylinder structure driven by a fluid,
in which one end is inserted into the other end so that the
length is adjustable. One end of the first driving member 341
may be rotatably connected to the upper connection member
310, and the other end of the first driving member 341 may
be rotatably connected to the body 10. One end of the first
driving member 341 may be rotatable in the up-down
direction with respect to the upper connection member 310
by a shaft 312, and the other end of the first driving member
341 may be rotatable in the up-down direction with respect
to the body 10 by a shaft 341a. As the first driving member
341 is driven, the position of the traveling unit 20 in the
up-down and front-rear directions with respect to the body
10 may be adjusted.

FIG. 5 is a longitudinal sectional perspective view of the
adjusting unit taken along the longitudinal direction of the
adjusting unit.

Referring to FIG. 5, the second driving member 342 may
provide power to rotate the adjusting member 320 in the
left-right directions (the Y-axis direction in FIG. 1).

The second driving member 342 may have a structure
with a variable length, one end of which may be connected
to the first adjusting member 321, and the other end of which
may be connected to the second adjusting member 322. For
example, the second driving member 342 may have a
cylinder structure driven by a fluid, in which one end is
inserted into the other end so that the length is adjustable.
One end of the second driving member 342 may be rotatably
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connected to the first adjusting member 321, and the other
end of the second driving member 342 may be rotatably
connected to the second adjusting member 322. The rotating
shafts 321a and 3215 provided at both ends of the second
driving member 342 may be in parallel with a shaft provided
at an end of the adjusting member 320. For example, one end
of the second driving member 342 may be connected to the
rotating shaft 321a provided at one end of the first adjusting
member 321. As the second driving member 342 is driven,
the position of the traveling unit 20 in the left-right direc-
tions with respect to the body 10 may be adjusted.

The third driving member 343 may provide power to the
traveling member 220. The third driving member 343 may
be connected to at least one of the front traveling member
221, the rear traveling member 222, and the lower traveling
member 223 to provide the power for rotation. For example,
the third driving member 343 may include a motor that
provides power to the traveling unit 20. For this purpose, the
third driving member 343 may be provided at one side of the
traveling unit 20. p FIG. 6 is a view illustrating a control
procedure of the working robot.

Referring to FIG. 6, the working robot 1 may be provided
with a controller 40. The controller 40 may control compo-
nents of the working robot 1. The controller 40 may control
the posture of the working robot 1 by using information
provided by the sensors 51, 52, and 53.

The sensors 51, 52, and 53 may detect information about
the state of the working robot 1 and provide the information
to the controller 40. The sensors 51, 52, and 53 may include
a main sensor 51, a driving sensor 52, and a tilt sensor 53.

The main sensor 51 may be configured to detect a
movement state of the body 10. The main sensor 51 may be
configured to detect at least one of the speed, direction, and
acceleration of the body 10. For example, the main sensor 51
may be provided as an inertial measurement unit (IMU) to
detect the speed, direction, gravity, and acceleration of the
body 10, thereby detecting the yaw, roll and pitch of the
body 10.

The driving sensor 52 may detect an operating state of the
driving members 341, 342, and 343. The driving sensor 52
may include a first driving sensor 52q, a second driving
sensor 524, and a third driving sensor 52c.

The first driving sensor 52a may detect an operating state
of the first driving member 341. For example, when the first
driving member 341 is provided to be driven with a variable
length, the first driving sensor 52¢ may be configured to
detect the extension degree, the contraction degree, or the
length of the first driving member 341. In addition, the first
driving sensor 52a may be configured to detect a speed in
length change of the first driving member 341. The first
driving sensor 52a may be positioned on the adjusting unit
30 or the body 10 adjacent to the first driving member 341,
or located inside the first driving member 341.

The second driving sensor 525 may detect an operating
state of the second driving member 342. For example, when
the second driving member 342 is provided to be driven with
a variable length, the second driving sensor 525 may be
configured to detect the extension degree, the contraction
degree, or the length of the second driving member 342. In
addition, the second driving sensor 524 may be configured
to detect a speed in length change of the second driving
member 342. The second drive sensor 526 may be located on
the adjusting unit 30 adjacent to the second driving member
342.

The third driving sensor 52¢ may detect an operating state
of the third driving member 343. For example, the third
driving sensor 52¢ may be configured to detect an angular

10

15

20

25

30

35

40

45

50

55

60

65

8

velocity of the traveling member 220 rotated by the third
driving member 343 or an angular velocity of the traveling
member 220 when the traveling member 220 is rotated. In
addition, the third driving sensor 52¢ may be configured to
detect an angular acceleration of the traveling member 220
rotated by the third driving member 343 or an angular
acceleration of the traveling member 220 when the traveling
member 220 is rotated. The third drive sensor 52¢ may be
located on the traveling unit 20 or the adjusting unit 30
adjacent to the third driving member 343.

The tilt sensor 53 may detect a tilting angle of the
traveling unit 20. The tilt sensor 53 may be located on the
traveling unit 20 or on the adjusting unit 30 adjacent to the
traveling shaft 331.

The working robot 1 may be configured to receive a
command for controlling the operation from a manipulation
unit 60. As an example, the working robot 1 may be
configured to allow a user to ride the working robot 1, and
the manipulation unit 60 may be configured to be located in
the body 10. In addition, the manipulation unit 60 may be
spaced apart from the body 10, and may be configured to
transceive data in association with the controller 40 in a
wireless or wired communication manner.

FIG. 7 is a flowchart illustrating a process for controlling
the working robot.

Referring to FIG. 7, the controller 40 may control the
working robot 1 based on information provided by the
sensors 51, 52 and 53.

A command related to an operating state of the working
robot 1 may be input through the manipulation unit 60
(S100). The command input through the manipulation unit
60 may include a posture command which is a command
related to a posture of the working robot 1. For example, the
posture command may include a command for making the
body 10 of the working robot 1 in a horizontal state, and a
command for allowing the body 10 of the working robot 1
to be tilted by a predetermined angle in a preset direction
from the horizontal state. In addition, the posture command
may include a command for moving the body 10 of the
working robot 1 at a predetermined speed in a state in which
the body 10 of the working robot 1 is arranged in a
predetermined formation. Further, the posture command
may include a command for allowing the body 10 to be
spaced upward from the ground by a predetermined dis-
tance.

The command input through the manipulation unit 60
may include a work command that is a command for the
contents of a work to be performed by the working robot 1.
For example, the work command may include a command
that allows the working robot 1 to perform photographing
through a camera in a specific direction or a specific area
while traveling or in a stop state, a command that allows a
robot arm to perform a predetermined work while traveling
or in a stop state, or a command to perform an excavation
work in a stop state. In addition, the posture command may
be included in the work command. For example, the con-
troller 40 may store posture information of the working
robot 1 corresponding to the predetermined work. In addi-
tion, when the work command is input, posture information
corresponding to the work command may be executed as the
posture command.

The controller 40 may determine the state of the working
robot 1 through information provided by the sensors 51, 52,
and 53 (S200). The controller 40 may determine whether the
working robot 1 is moving or may determine the moving
speed, the moving direction, and the acceleration when the
working robot 1 is moving, based on the information pro-
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vided by the main sensor 51. In addition, the controller 40
may determine whether the body 10 is tilted with respect to
the horizontal plane, or may determine the tilting direction
and the tilting angle when the body 10 is tilted with respect
to the horizontal plane, based on the information provided
by the main sensor 51. Further, the controller 40 may
determine the height of the body 10 with respect to the
ground based on the information provided by the sensors 51,
52, and 53. For example, the controller 40 may determine
the height of the body 10 with respect to the ground by
detecting the relative height of the traveling unit 20 with
respect to the body 10 based on the information provided by
the first driving sensor 52a. In addition, the controller 40
may further consider a vertical distance between the ground
and the traveling shaft 331, which is spaced apart from the
ground, based on the information provided by the tilt sensor
53.

The controller 40 may detect an angle defined between the
adjusting unit 30 and the body 10 in the up-down direction
(the Z-axis direction in FIG. 1) based on the information
provided by the first driving sensor 52q. In addition, the
controller 40 may detect the angular velocity, or the angular
velocity and the angular acceleration of the adjusting unit 30
rotated in the up-down directions with respect to the body
10, based on the information provided by the first driving
sensor 52a.

The controller 40 may detect an angle defined between the
adjusting unit 30 and the body 10 in the left-right directions
(Y-axis direction in FIG. 1), based on the information
provided by the second driving sensor 524. In addition, the
controller 40 may detect the angular velocity, or the angular
velocity and the angular acceleration of the adjusting unit 30
rotated in the left-right directions with respect to the body
10, based on the information provided by the second driving
sensor 52b.

The controller 40 may detect a relative position of the
traveling unit 20 with respect to the body 10 based on
information provided by the first driving sensor 52a or the
second driving sensor 52b. In addition, the controller 40 may
detect the speed in change of the relative position of the
traveling unit 20 with respect to the body 10 and the
acceleration of the traveling unit 20 based on the informa-
tion provided by the first driving sensor 52a or the second
driving sensor 52b.

The controller 40 may detect a velocity of the traveling
unit 20 traveling on the ground based on the information
provided by the third driving sensor 52¢. In addition, the
controller 40 may detect the acceleration of the traveling
unit 20 based on the information provided by the third
driving sensor 52c.

The controller 40 may detect the tilting degree of the
traveling unit 20 with respect to the horizontal plane based
on information provided by the tilt sensor 53. In addition, the
controller 40 may detect the velocity and acceleration of the
traveling unit 20 in the horizontal plane direction based on
the information provided by the third driving sensor 52¢ and
the tilt sensor 53.

The controller 40 may detect a tilting angle of the trav-
eling unit 20 with respect to the body 10 in the up-down
directions based on the information provided by the tilt
sensor 53 and the main sensor 51.

The controller 40 may detect a tilting angle of the trav-
eling unit 20 with respect to the adjusting unit 30 in the
up-down directions based on the information provided by
the tilt sensor 53 and the first driving sensor 52a.

The controller 40 may independently adjust the relative
position of each traveling unit 20 with respect to the body 10
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through the driving members 341, 342, and 343, so that the
posture of the working robot 1 may correspond to the
posture command (S300). The controller 40 may control the
first driving member 341 or the second driving member 342
to adjust the relative position of the traveling unit 20 with
respect to the body 10, thereby controlling the posture of the
body 10. As an example, the controller 40 may control the
first driving member 341 or the first driving member 341 to
move the traveling units 20 positioned on sides, in which the
body 10 is tilted downward compared to the posture com-
mand, in the opposite direction such that the traveling units
20 face each other in front-rear or left-right directions. For
example, when the body 10 is tilted in the rear direction
compared to the posture command, the controller 40 may
operate the first driving member 341 of the adjusting unit 30
connected to the traveling unit 20 such that the traveling
units 20 located in the rear direction may move in the front
direction. In addition, when the body 10 is tilted in the left
direction compared to the posture command, the controller
40 may operate the second driving member 342 of the
adjusting unit 30 connected to the traveling unit 20 such that
the traveling units 20 positioned in the left direction may
move in the right direction. Further, the controller 40 may
operate the first driving member 341 such that the adjusting
units 30 positioned before and after the left direction may be
gathered in a direction where the adjusting units 30 face each
other. In addition, the controller 40 may operate the first
driving member 341 such that the adjusting units 30 posi-
tioned before and after the right direction may move in a
direction where the adjusting units 30 are far away from
each other.

In addition, when the body 10 is tilted to one side in the
front-rear directions and the width direction, the controller
40 may control the first driving member 341 and the second
driving member 342 such that the traveling units 20 located
on sides where the body 10 is tilted may travel in the
opposite direction. In this case, the controller 40 may
primarily operate one of the first driving member 341 and
the second driving member 342 and then operate the other
one, or may operate the first driving member 341 and the
second driving member 342 together.

In addition, the controller 40 may control the first driving
member 341 or the second driving member 342 such that the
traveling units 20 positioned on sides where the body 10 is
tilted upward compared to the posture corresponding to the
posture command may move in a direction in which the
traveling units 20 are far from the opposite direction where
the traveling units 20 face each other.

For example, when the body 10 is tilted in the rear
direction compared to the posture corresponding to the
posture command, the controller 40 may operate the first
driving member 341 of the adjusting unit 30 connected to the
traveling unit 20 such that the traveling unit 20 located in the
front direction may move in the front direction. In addition,
when the body 10 is tilted in the left direction compared to
the posture corresponding to the posture command, the
controller 40 may operate the second driving member 342 of
the adjusting unit 30 connected to the traveling unit 20 such
that the traveling unit 20 located in the right direction may
move in the right direction. Further, when the body 10 is
tilted to one side in the front-rear directions and the width
direction, the controller 40 may control the first driving
member 341 and the second driving member 342 such that
the traveling units 20 located on sides tilted upward com-
pared to the posture command may move in a direction
where the traveling units 20 are far from the opposite
direction. In this case, the controller 40 may primarily
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operate one of the first driving member 341 and the second
driving member 342 and then operate the other, or may
operate the first driving member 341 and the second driving
member 342 together.

In addition, the controller 40 may move the traveling unit
20 located on a side where the body 10 is tilted downward
compared to the posture command and the traveling unit 20
located on a side where the body 10 is tilted upward
compared to the posture command through the above-
described method. In this case, the controller 40 may pri-
marily move one of the traveling unit 20 located on the side
where the body 10 is tilted downward compared to the
posture command and the traveling unit 20 located on the
side where the body 10 is tilted upward compared to the
posture command, and then move the other or may move the
two traveling units together. Further, the controller 40 may
select the traveling unit 20 whose relative position with
respect to the body 10 is adjustable such that the body 10
may be spaced upward from the ground by a predetermined
distance or more.

When the relative position of the traveling unit 20 with
respect to the body 10 is adjusted by driving the adjusting
unit 30, the controller 40 may reflect the change in the
relative speed among the plurality of traveling units 20 for
the operation of the third driving member 343.

When the adjusting unit 30 is driven to adjust the position
of the traveling unit 20, the controller 40 may control the
third driving member 343 to allow the traveling member 220
to move in the direction for the position adjustment.

When the traveling unit 20 moves to adjust the relative
position of the traveling unit 20 with respect to the body 10,
the relative speed of the traveling unit 20 whose position is
adjusted with respect to the body 10 or another traveling unit
20 whose position is not adjusted may be changed. For
example, when the position of one adjusting unit 30 is
adjusted while the working robot 1 is stopped, only one
adjusting unit 30 may move while the remaining three
adjusting units 30 are stopped. In addition, when the position
of one adjusting unit 30 is adjusted while the working robot
1 moves at a preset speed, the speed difference may occur
between the remaining three adjusting units 30 and one
adjusting unit 30 in which the speed and the position are
adjusted. In this case, the controller 40 may operate the
traveling member 220 such that the traveling unit 20 in
which the position is adjusted may move while adjusting the
speed difference between the traveling unit 20 in which the
position is adjusted and the remaining traveling units 20. In
this case, the controller 40 may obtain the speed difference
based on information provided by the first driving sensor
52a, the second driving sensor 524, or the third driving
sensor 52c.

If the operating state of the traveling member 220 of the
traveling unit 20 whose position is adjusted is the same as
the operating state of the traveling member 220 of the
remaining traveling units 20 whose positions are not
adjusted, a force interfering with the position shift of the
traveling unit 20 may be generated between the traveling
unit 20 whose position is adjusted and the ground 20. This
force may prevent the position adjustment of the traveling
unit 20, thereby increasing the time required to adjust the
position of the traveling unit 20. In this regard, the traveling
unit 20 according to the present invention is configured to
move in the direction for the position adjustment by the
traveling member 220 while the position is adjusted by the
adjusting unit 30. Accordingly, a force that interferes with
the movement of the traveling unit 20 may not be generated
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between the traveling unit 20 and the ground, so that the
position of the traveling unit 20 may be adjusted within a
short period of time.

The controller 40 may reflect the tilting degree of the
traveling unit 20 when adjusting the speed of the traveling
unit 20. The ground on which the working robot 1 is located
may be parallel to the horizontal plane or inclined with
respect to the horizontal plane. When the traveling unit 20
moves on the ground parallel to the horizontal plane, the
speed of the traveling unit 20 may become the speed in the
direction parallel to the horizontal plane. Meanwhile, when
the traveling unit 20 moves on the ground inclined with
respect to the horizontal plane, the speed in the direction
parallel to the horizontal plane may become lower than the
speed of the traveling unit 20. Therefore, even if each
traveling unit 20 has the same speed, when the inclination of
the ground on which each traveling unit 20 is located is
different, the speed of the traveling units 20 in the direction
of the horizontal plane may differ from each other. In
addition, when the working robot 1 moves at least one of the
traveling units 20 with respect to the body 10 or the
remaining traveling units 20 to adjust the posture, the speed
of the traveling unit 20 in the direction of the horizontal
plane may be lower than the speed of the traveling unit 20
in the direction of the inclined plane. Therefore, when the
traveling unit 20 moves along the inclined plane in a tilted
state so that a predetermined ratio is generated between the
speed of the traveling unit 20 in the direction of the inclined
plane and the speed of the traveling unit 20 in the direction
of the horizontal plane, the controller 40 may control the
operation of the traveling member 220 in order to compen-
sate for the speed reduction of the traveling unit 20 in the
direction of the horizontal plane.

The controller 40 may determine whether the posture of
the working robot 1 is stabilized corresponding to the
posture command (S400). The controller 40 may repeat the
posture control of the working robot 1 at least once in a
closed loop structure. For example, the controller 40 may
adopt a closed loop inverse kinematics algorithm such as a
closed loop inverse kinematics control (CLIK) and may
recognize the state of the working robot based on informa-
tion provided from the sensors 51, 52, and 53 to repeatedly
control the posture of the working robot 1 corresponding to
the posture command.

When the posture of the working robot 1 is stabilized
corresponding to the posture command, the controller 40
may control the working robot 1 to perform predetermined
operations (S500).

FIGS. 8 and 9 are views showing an example in which the
posture is adjusted in a tilted state of the working robot.

FIG. 8 illustrates an example in which the body 10 is tilted
rearward about the axis extending in the second direction (Y
in FIG. 1) such that the body 10 is directed in the left-right
directions. Referring to FIG. 8, the rear driving units 20c and
204 may be controlled to move forward so that the distance
to the body 10 may become closer. For this purpose, the
controller 40 may control the rear adjusting units 30¢ and
30d to rotate downward so that the rear traveling units 20c
and 20d may move toward the body 10 based on the first
direction X. In addition, the controller 40 may control the
speed of the traveling member 220 located in the rear
traveling units 20c¢ and 204 in response to the change in the
relative speed of the rear traveling units 20¢ and 204 relative
to the body 10.

In addition, the front driving units 20a and 205 may be
controlled to move forward so that the distance to the body
10 may become far away. For this purpose, the controller 40
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may control the front adjusting units 30a and 305 to rotate
upward, so that the front traveling units 20a and 205 may
move away from the body 10 based on the first direction X.
In addition, the controller 40 may control the speed of the
traveling member 220 located in the front traveling units 20a
and 205 in response to the change in the relative speed of the
front traveling units 20a and 205 relative to the body 10.

In this case, the posture control of the working robot 1
may be implemented by adjusting the position of the rear
driving units 20c¢ and 20d with respect to the body 10, the
position of the front driving units 20a and 205 with respect
to the body 10 or the positions of the rear driving units 20c
and 204 and the front driving units 20a and 205 with respect
to the body 10.

When the posture control is implemented by adjusting the
position of the rear traveling units 20¢ and 204, the speed of
the rear traveling units 20c¢ and 204 may be controlled higher
than the speed of the front traveling units 20a and 205.

When the posture control is implemented by adjusting the
position of the front traveling units 20a and 204, the speed
of the front traveling units 20a and 2056 may be controlled
higher than the speed of the rear traveling units 20c and 20d.

When the posture control is implemented by adjusting the
positions of the rear traveling units 20c and 204 and the front
traveling units 20e¢ and 205, the relative relationship
between the speed of the front traveling units 20a and 205
and the speed of the rear traveling units 20c¢ and 204 may
vary depending on the rotational speed of the adjusting unit
30 with respect to the body. For example, if the rotational
speed of the front adjusting units 30a and 305 are higher
than the rotational speed of the rear adjusting units 30¢ and
304, the speed of the front traveling units 20a and 205 may
be controlled higher than the speed of the rear traveling units
20c and 20d. In addition, if the rotational speed of the rear
adjusting unit 30c and 304 is higher than the rotational speed
of the front adjusting unit 30a and 305, the speed of the rear
traveling unit 20¢ and 204 may be controlled higher than the
speed of the front traveling unit 20a and 205.

FIG. 9 shows an example in which the working robot 1 is
tilted to the left.

FIG. 9 illustrates an example in which the body 10 is tilted
to the left about the axis extending in the first direction (X
in FIG. 1) such that the body 10 may face the front-rear
directions.

Referring to FIG. 9, the left front traveling unit 20a and
the left rear traveling unit 20¢ may be controlled to move in
a direction where the left front traveling unit 20« and the left
rear traveling unit 20c¢ face each other such that the distance
to the body 10 may become closer. For this purpose, the
controller 40 may control the left front adjusting unit 30a
and the left rear adjusting unit 30c¢ to rotate downward, so
that the left front traveling unit 20a and the left rear traveling
unit 20¢ may move toward the body 10 about first direction
X. In addition, the controller 40 may control the speed of the
traveling member 220 positioned at the left front traveling
unit 20q and the left rear traveling unit 20¢ corresponding to
the change in the relative speed of the left front traveling unit
20a and the left rear traveling unit 20¢ with respect to the
body 10.

Further, the right front traveling unit 205 and the right rear
traveling unit 204 may be controlled to move in a direction
where they are away from each other such that the distance
to the body 10 may become far away. For this purpose, the
controller 40 may control the right front adjusting unit 3056
and the right rear adjusting unit 304 to rotate upward, so that
the right front traveling unit 206 and the right rear traveling
unit 204 may become far away from the body 10 about the
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first direction X. In addition, the controller 40 may control
the speed of the traveling member 20 positioned at the right
front traveling unit 206 and the right rear traveling unit 204
corresponding to the change in the relative speed between
the right front traveling unit 206 and the right rear traveling
unit 204 with respect to the body 10.

In this case, the posture control of the working robot 1
may be implemented by adjusting the positions of the left
front traveling unit 20a and the left rear traveling unit 20c¢
with respect to the body 10, the positions of the right front
traveling unit 206 and the right rear traveling unit 204 with
respect to the body 10, or the position of the traveling units
20, which are located on both sides about the second
direction Y, with respect to the body 10.

If the working robot 1 is tilted in the left direction while
traveling forward at a predetermined speed, the controller 40
may control the left front traveling unit 20a and the right rear
traveling unit 204 such that the left front traveling unit 20a
and the right rear traveling unit 20d may have the forward
speed the same as the predetermined forward speed of the
working robot 1 and may control the left rear traveling unit
20c¢ and the right front traveling unit 205 such that the left
rear traveling unit 20¢ and the right front traveling unit 205
may have the forward speed higher than the predetermined
speed of the working robot 1.

The working robot 1 according to one embodiment of the
present invention may include the sensors 51, 52, and 53 and
the controller 40 for performing the posture control based on
the information provided by the sensors 51, 52, and 53. In
addition, the controller 40 may perform the posture adjust-
ment of the working robot 1 by adjusting the position of each
traveling unit 20 through the closed loop inverse kinematics
algorithm. Accordingly, the working robot 1 may maintain a
highly stable posture regardless of the ground state of the
space in which the working robot 1 is located, so that the
working robot 1 can effectively perform predetermined
works even in a field such as a rough terrain. For example,
the working robot 1 according to one embodiment of the
present invention may be a special purpose device, which
can be used for working in disasters sites such as earth-
quakes, tsunamis, and terrors, for working in atypical rough
terrains such as construction sites for mining and civil
engineering, and for working in unmanned exploration, and
may perform the traveling and predetermined works with a
stable posture without causing the problem such as the
overturning of the working robot 1.

In addition, in the working robot 1 according to one
embodiment of the present invention, a plurality of traveling
units 20 are connected to the body 10, and the relative
position of each traveling unit 20 can be independently
adjusted with respect to the body 10, so that the posture of
the working robot 1 can be stabilized and high responsive-
ness and intuition can be achieved in the posture stabiliza-
tion process.

The foregoing detailed description illustrates the present
invention. In addition, the foregoing description shows and
describes exemplary embodiments of the present invention,
and the present invention can be used in various other
combinations, modifications, and environments. That is,
changes or modifications can be made within the scope of
the concept of the invention disclosed in this specification,
the scope equivalent to the disclosures described above,
and/or the skill or knowledge in the art. The described
embodiments illustrate the best modes for implementing the
technical concept of the present invention, and various
modifications required in the specific fields and applications
of the present invention are also possible. Thus, the detailed
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description of the invention is not intended to limit the
invention to the disclosed embodiments. Also, the appended
claims should be construed to include other embodiments.

The invention claimed is:

1. A working robot comprising:

a body;

a plurality of traveling units connected to the body, the
traveling units having supporting members and travel-
ing members rotatably connected to the supporting
members, and provided so as to be travelable with
respect to a ground;

a plurality of adjusting units connecting the body and the
traveling units, the adjusting units being provided to
adjust relative positions of the traveling units to the
body;

a sensor configured to detect information about a state of
the working robot; and

a controller configured to drive the adjusting units such
that a relative position of each of the traveling units
with respect to the body is adjusted based on informa-
tion provided by the sensor,

wherein the plurality of adjusting units are adjusted so as
to maintain a horizontal state of the body,

wherein the controller is configured to allow the traveling
members to rotate by reflecting a change in relative
speed occurring between the plurality of traveling units
when the relative position of the traveling units with
respect to the body is adjusted, and

wherein the controller is configured to control an opera-
tion of the traveling members to compensate for a
speed reduction of the traveling units in a direction of
a horizontal plane when the relative position of the
traveling units with respect to the body is adjusted in a
state in which the traveling units are tilted with respect
to the horizontal plane.

2. The working robot of claim 1, wherein the adjusting
units independently adjust positions of the plurality of
traveling units with respect to the body in up-down, front-
rear, and left-right directions, respectively.

3. The working robot of claim 1, wherein the controller
independently controls relative positions of the plurality of
traveling units with respect to the body so that a posture of
the working robot corresponds to a posture command.

4. The working robot of claim 1,

wherein, when rotation occurs about an axis extending in
left-right directions of the body, the controller is con-
figured to recover a horizontal state of the body by
controlling the adjusting units, which is located on a
downwardly tilted side of the body, and

the controller is configured to cause a difference in a
traveling speed between the traveling units located on
the downwardly tilted side of the body and the traveling
units located on the upwardly tilted side of the body.

5. The working robot of claim 1,

wherein, when rotation occurs about an axis extending in
front-rear directions of the body, the controller is con-
figured to recover a horizontal state of the body by:

controlling the adjusting units such that a relative distance
between the adjusting units located on a downwardly
tilted side of the body becomes closer, and

controlling the traveling units such that a relative distance
between the traveling units located on a downwardly
tilted side of the body becomes closer.
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6. The working robot of claim 1, further comprising:

a driving member configured to drive each of the traveling
units and each of the adjusting units,

wherein the sensor includes:

a main sensor configured to detect a movement state of the
body; and

a driving sensor configured to detect an operating state of
the driving member.

7. The working robot of claim 6, wherein the sensor

19" further includes a tilt sensor configured to detect a tilting
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angle of each of the traveling units.

8. The working robot of claim 1, wherein the controller,

after recognizing a state of the working robot based on the
information provided by the sensor, controls a posture of the
working robot by independently controlling relative posi-
tions of the plurality of traveling units with respect to the
body.

9. The working robot of claim 8, wherein the controller is

configured to perform posture control through a closed loop
inverse kinematics control (CLIK).

10. The working robot of claim 1, wherein each of the

adjusting units includes:

an upper connection member connected to the body to
rotate about up-down directions;

an adjusting member configured in a form of an arm
having a predetermined length, and having one end
rotatably connected to the upper connection member;
and

a lower connection member rotatably connected to an
opposite end of the adjusting member and having a
traveling shaft to which one of the traveling units is
connected.

11. The working robot of claim 10, wherein each of the

adjusting units further includes a first driving member
having a variable length, and

wherein one end of the first driving member is connected
to the adjusting member, and an opposite end of the first
driving member is connected to the body.

12. The working robot of claim 10, wherein the adjusting

member includes:

a first adjusting member having a predetermined length;
and

a second adjusting member having a predetermined
length,

wherein one end of the first adjusting member is rotatably
connected to the upper connection member, and an
opposite end of the first adjusting member is rotatably
connected to the lower connection member, and

wherein one end of the second adjusting member is
rotatably connected to the upper connection member,
an opposite end of the second adjusting member is
rotatably connected to the lower connection member,
and the second adjusting member is spaced apart from
the first adjusting member by a predetermined distance.

13. The working robot of claim 12, wherein each of the

adjusting units further includes a second driving member
having a structure with a variable length, and

wherein one end of the second driving member is con-
nected to the first adjusting member, and an opposite
end of the second driving member is connected to the
second adjusting member.
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