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(57) ABSTRACT

A main server for controlling laser irradiation of a move-
ment path of a robot, the main server including a commu-
nication unit configured to communicate with a camera
module and a laser irradiation module; and a controller
configured to: receive, via the communication unit, an image
of'a robot captured by the camera module, identify a location
of the robot in the image captured by the camera module,
generate a movement path of the robot based on sensing
information, and transmit, via the communication unit,
movement path information to the laser irradiation module
for outputting the movement path to a vicinity of the robot
with a laser for the robot to follow, in which the sensing
information includes first information about an obstacle
sensed by the camera module or second information about
the obstacle sensed by the laser irradiation module.
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FIG. 10
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SERVER AND METHOD FOR
CONTROLLING LASER IRRADIATION OF
MOVEMENT PATH OF ROBOT, AND ROBOT
THAT MOVES BASED THEREON

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority benefit under 35
U.S.C. § 119 to Korean Application No. 10-2018-0150838,
filed on Nov. 29, 2018, the entirety of which is herein
incorporated by reference.

BACKGROUND

1. Field of the Invention

[0002] The present disclosure relates to a server and a
method for controlling laser irradiation of a movement path
of a robot, and a robot that moves based thereon.

2. Description of Related Art

[0003] A robot may move in various ways. The robot may
store a map for the entire space and create movement paths
on the map. Alternatively, the robot may sense an ambient
obstacle without any map and generate a path so as to avoid
the sensed obstacle.

[0004] This approach requires the robot to form a prede-
termined path, which means that the robot requires comput-
ing power for path generation. In addition, there is a limi-
tation in terms of a travel speed of the robot in that the robot
should be combined with various sensors to sense various
obstacles, and a route is recalculated at a time point of travel.

[0005] Conventional technology has a configuration in
which a target point of a robot is marked by means of a laser
pointer, and the robot moves toward the target point. The
configuration will be described in more detail with reference
to FIG. 1.

[0006] FIG. 1 illustrates a configuration of irradiating a
target point of a robot with a laser pointer according to the
related art. As illustrated in FIG. 1, a laser pointer 16
irradiates (or scans) a laser beam to notify a direction of a
robot 12. The laser beam mounted on a ceiling indicates a
point where the robot should go next, and the robot uses its
built-in camera to find the beam and recognizes a direction
thereof through image analysis, which suggests a technical
configuration to allow the robot to travel by marking the
target point with a laser.

[0007] In the configuration as illustrated in FIG. 1, the
robot may move along the irradiated laser beam. However,
since a region in which the laser beam is irradiated is
provided as a point, it is necessary to generate a path
required to move to the target point, and an obstacle also
needs to be sensed by the robot.

[0008] That is, there is a limitation in that an amount of
calculations which the robot needs to perform is still high
and additional computing resources for obstacle avoidance
are required. The aforementioned matters also limit the
driving speed of the robot also has a limitation.

[0009] Thus, the present disclosure suggests a method for
irradiating a high-speed route with respect to travel of a
robot, and allowing the robot to recognize and travel the
high-speed route.
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SUMMARY

[0010] In order to solve the above-described problems, the
present disclosure is directed to providing a robot capable of
receiving a path via a main server without sensing an
external obstacle or calculating the path in the process of
moving, and moving at a high speed by allowing the path to
be marked with a laser.

[0011] The present disclosure is further directed to pro-
viding a method and an apparatus for providing a robot with
a final result about a path by allowing a main server to
generate information about a movement space of the robot
and the path.

[0012] The present disclosure is not limited to the above-
described aspects, and other aspects and advantages of the
present disclosure can be appreciated by those skilled in the
art based on the following description and will be under-
stood more clearly from embodiments of the present disclo-
sure. In addition, it will be appreciated that the aspects and
advantages of the present disclosure will be easily realized
by those skilled in the art based on the appended claims and
a combination thereof.

[0013] Also this work was supported by the ICT R&D
program of MSIT/IITP[2017-0-00306, Development of
Multimodal Sensor-based Intelligent Systems for Outdoor
Surveillance Robots.

[0014] According to an embodiment of the present disclo-
sure, there is provided a main server configured to control
laser irradiation of a movement path of a robot. The main
server may include a location identifying unit configured to
identify a location of a robot in an image photographed by
a camera module. The main server may include a controller
configured to generate a movement path of the robot and
control transmission of the movement path to a laser irra-
diation module capable of outputting the movement path to
a vicinity of the robot with a laser. The location identifying
unit can be included in the controller.

[0015] According to another embodiment of the present
disclosure, there is a provided a robot that moves based on
laser irradiation of a movement path. The robot may include
a laser sensor configured to sense a laser output onto a
ground. The robot may include a driving unit configured to
allow the robot to move, and a controller configured to
control the driving unit of the robot according to a laser
sensed by the laser sensor to allow the robot to move.
[0016] According to still another embodiment of the pres-
ent disclosure, there is provided a method for controlling
laser irradiation of a movement path of a robot. The method
may include receiving, by a communication unit, an image
photographed by a camera module from the camera module
or a guiding device including the camera module, identify-
ing, by a location identifying unit, a location of the robot in
the image photographed by the camera module, generating,
by a controller, a movement path of the robot, selecting, by
the controller, a laser irradiation module capable of output-
ting the movement path to a vicinity of the robot with a laser,
and, transmitting, by the communication unit, the movement
path to the selected laser irradiation module or to a guiding
device including the laser irradiation module.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 illustrates configuration of irradiating a
target point of a robot with a laser pointer according to the
related art.
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[0018] FIG. 2 illustrates a relationship between a main
server, and a camera module and a laser irradiation module
controlled by the main server according to an embodiment
of the present disclosure.

[0019] FIGS. 3 and 4 illustrate a configuration of a guiding
device according to embodiments of the present disclosure.
[0020] FIG. 5 illustrates a configuration of a mobile robot
according to an embodiment of the present disclosure.
[0021] FIG. 6 illustrates an interaction between respective
components according to an embodiment of the present
disclosure.

[0022] FIG. 7 illustrates information of a space stored in
map storage according to an embodiment of the present
disclosure.

[0023] FIG. 8 illustrates a process of outputting a path
with a laser by a laser irradiation module of G1 according to
an embodiment of the present disclosure.

[0024] FIG. 9 illustrates a process of outputting a path
with a laser by a laser irradiation module of G2 according to
an embodiment of the present disclosure.

[0025] FIG. 10 illustrates a process of outputting a path
with a laser by a laser irradiation module of G3 according to
an embodiment of the present disclosure.

[0026] FIG. 11 illustrates a result of correcting a path
according to an embodiment of the present disclosure.
[0027] FIG. 12 illustrates a moving process of a robot
according to an embodiment of the present disclosure.
[0028] FIG. 13 illustrates an example of a laser output
reflecting characteristics of a movement path according to an
embodiment of the present disclosure.

[0029] FIG. 14 illustrates an example of laser irradiation
when two marks are disposed on a robot according to an
embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0030] Hereinafter, embodiments of the present disclosure
will be described in detail so that those skilled in the art can
easily carry out the embodiments. The present disclosure
may be embodied in various different forms and is not
limited to the embodiments set forth herein.

[0031] Hereinafter in order to clearly describe the present
disclosure, parts that are not directly related to the descrip-
tion are omitted. Further, like reference numerals are used
for like or similar components throughout the specification.
In addition, some embodiments of the present disclosure
will be described in detail with reference to the drawings. In
adding reference numerals to components of each drawing,
it should be understood that the same reference numeral is
used for the same component even if the component is
shown in different drawings. In describing embodiments of
the present disclosure, when it is determined that the detailed
description of a related known function or configuration
renders the scope of the present disclosure unnecessarily
ambiguous, the detailed description thereof will be omitted.
[0032] It will be understood that, although the terms first,
second, A, B, (a), (b), etc. may be used herein to describe
various components of the present disclosure, these terms
are only used to distinguish one component from another
component and an order, or sequence of corresponding
components are not limited by these terms. It will be
understood that when one component is referred to as being
“connected to,” “coupled to,” or “linked to” another com-
ponent, one component may be “connected to,” “coupled
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t0,” or “linked t0” another component via a further compo-
nent although one component may be directly connected to
or directly linked to another component.

[0033] Further, in implementing embodiments of the pres-
ent disclosure, features may be described as being performed
by separate components for convenience of description.
However, these features may be implemented by a single
device or module or a feature may be implemented by
several devices or modules.

[0034] Hereinafter, a robot collectively refers to an appa-
ratus that performs a specific function. Functions performed
by the robot include various functions that can be provided
by a mobile apparatus, for example, functions of cleaning,
crime prevention, guidance, security functions, and the like.
In addition, the robot disclosed herein includes a robot that
transports an article, for example, a logistics cart robot or a
delivery robot, or a robot that assists a user. That is, the robot
according to embodiments of the present disclosure collec-
tively refers to an apparatus that moves, travels or drives
while providing a specific function to meet a user’s needs.
[0035] FIG. 2 illustrates an example relationship between
a main server, and a camera module and a laser irradiation
module controlled by the main server.

[0036] In one embodiment, a main server 100 may be a
computer that performs a sort of server function. The main
server 100 may estimate a location of a robot. For example,
the main server 100 may estimate the location of the robot
(mobile robot) by analyzing an image acquired by a camera
module. In addition, the main server 100 may generate a
path through path planning. For example, the main server
100 may perform calculations required for complicated path
planning to a destination by using the acquired robot loca-
tion. The main server 100 may output a path obtained as a
result of performing calculations to a vicinity of the robot by
controlling a laser irradiation module. The main server 100
may recalculate the path based on travel of the robot, a
change of a surrounding situation, and the like.

[0037] The main server 100 may include a controller 150,
a communication unit 180, a location identifying unit 110,
and optionally a map storage 120. Camera modules 210a
and 2105 and laser irradiation modules 2504 and 2505 may
be integrally included in guiding each devices 200a and
2005. Alternatively, a camera module 210z and a laser
irradiation module 250z may be disposed independently.
[0038] The communication unit 180 may communicate
with the camera modules 210a, 2105, and 210z and the laser
irradiation modules 250a, 2505, and 250z. Alternatively, the
communication unit 180 may communicate with the guiding
devices 200a and 2005 including the two modules. The
communication unit 180 may receive an image photo-
graphed by the camera modules 210a, 2105, and 210z. The
image may include an image of the robot and a mark
disposed on the robot to identify a location or direction of
the robot.

[0039] The communication unit 180 may receive an image
including a mark disposed on the robot from the camera
modules 210a and 2105. In addition, the communication
unit 180 may transmit detailed information about a laser
signal to be output by the laser irradiation module 250aq,
2505, and 250z.

[0040] The location identifying unit 110 may identify the
location of the robot in the image photographed by the
camera modules 210a, 2105, and 210z. The location iden-
tifying unit 110 may identify absolute location information
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of the robot based on physical information of the camera
modules 210a, 2105, and 210z and relative location infor-
mation of the robot in the image. The location identifying
unit 100 can be incorporated to the controller 150. In this
situation, the controller 150 may identify the location of the
robot.

[0041] The controller 150 may generate a movement path
of the robot. The controller 150 may control transmission of
the movement path to the laser irradiation modules (any one
or more of 250a, 2505, . . ., 250z) capable of outputting the
movement path to the vicinity of the robot with a laser.
[0042] The main server 100 may optionally include a map
storage 120 configured to store a location of each robot, a
location of the camera module, a location of the laser
irradiation module, a location of the obstacle, and the like.
The location of the obstacle stored in the map storage 120 is
a region where the robot cannot move or travel. Therefore,
the main server 100 may refer to the location of the obstacle
stored in the map storage 120 to identify a region where the
robot should avoid in generating a movement path of the
robot.

[0043] In addition, even when the robot is out of range of
a specific camera module or laser irradiation module while
the robot moves, other adjacent camera modules and laser
irradiation modules may allow the robot to continuously
check or confirm the route depending on the location of each
camera module and laser irradiation module.

[0044] In the present disclosure, a system configured to
irradiate a path to a robot may consist of three components.
In some implementation, the system may consist of the main
server 100 configured to identify a location of a specific
robot and calculate a path so that the robot moves, a camera
module 210 configured to photograph a location of the robot
or surrounding objects of the robot, and a laser irradiation
module 250 that is a path output device configured to scan
the route to the vicinity of the robot. These components may
be configured independently of each other, and may transmit
and receive information via a communication function.
[0045] In FIG. 2, instead of the laser irradiation module, a
light irradiation module configured to irradiate light having
characteristics such as different wavelengths or different
frequencies may be disposed. In this situation, the light
irradiation module may be disposed in the guiding device,
and a laser sensor of the robot, which will be described later,
may also be replaced by a light sensor.

[0046] FIGS. 3 and 4 illustrate a configuration of a guiding
device.
[0047] A guiding device 200 may include one camera

module 210 and one laser irradiation module 250, as illus-
trated in FIG. 3. The communication unit 280 may be
disposed in the guiding device 200. The camera module 210
may be attached to a ceiling or a wall surface, and may figure
out a current location of a robot by recognizing a location
mark mounted on the robot. The laser irradiation module
250 may project a line laser onto a floor surface with respect
to a route to be traveled by the robot.

[0048] Alternatively, as illustrated in FIG. 4, the commu-
nication unit 218 may be disposed in the camera module 210
or the communication unit 218 may be disposed in the laser
module 250. When the communication unit is disposed in
only one among the two modules, the other module may use
the communication unit 218.

[0049] For example, when the communication unit 218 is
disposed only in the camera module 210, the laser irradiation
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module 250 may communicate with the main server 100 via
the camera module 210. Similarly, when the communication
unit 258 is disposed only in the laser irradiation module 250,
the camera module 210 may communicate with the main
server 100 via the laser irradiation module 250.

[0050] Unlike FIG. 3 and FIG. 4, one guiding device 200
may include m camera modules 210 and n laser irradiation
modules 250 (where m and n may be one or more natural
numbers).

[0051] In FIGS. 3 and 4, the camera module 210 may
include an image acquisition unit 212 configured to photo-
graph an image and a view angle adjusting unit 214 for
accuracy of image acquisition. When the camera module
210 transmits an image to the main server 100, the camera
module 210 may transmit information about which direction
and at what magnification the image is photographed
together with the image.

[0052] In FIGS. 3 and 4, the laser irradiation module 250
may include a laser output unit 252 configured to output a
laser and an output pattern storage unit 254. The laser output
unit 252 may output a laser in a specific manner according
to instructions of the main server 100. In outputting a laser,
the output pattern storage unit 254 may store a pattern such
as a shape, color, frequency, or the like of a laser to be
output. This implementation may allow the robot to move
according to a laser output of a pattern assigned to itself by
outputting a laser in a different pattern for each robot even
when routes are arranged adjacent to each other.

[0053] In addition, in FIGS. 3 and 4, the laser irradiation
module 250 may further include an obstacle sensor 256. The
obstacle sensor 256 may sense a signal reflected after a laser
is output, thereby being capable of identifying whether there
is an obstacle on the ground where the laser is projected
according to characteristics of the reflected signal.

[0054] Of course, when the image acquisition unit 212 of
the camera module 210 continuously acquires one or more
images, and a photographed object is different from a
previously photographed one and the photographed object is
not a robot, the photographed object may be identified as an
obstacle. The main server 100 may identify whether the
obstacle is newly disposed in real time by using the camera
module 210 or the laser irradiation module 250, and may
update the map storage 120.

[0055] The communication unit 380 illustrated in FIG. 3
or FIG. 4 may communicate in a suitable manner among a
wired communication and a wireless communication in
performing communication with the main server 100.
[0056] FIG. 5 illustrates a configuration of a mobile robot.
The mobile robot 300 may include a laser sensor 310
configured to sense a laser output onto the ground and a
driving unit 320 configured to allow the robot to move. The
controller 350 may allow the robot to move by controlling
the driving unit 320 of the robot according to a laser sensed
by the laser sensor 310. The laser sensor 310 may consist of
sensor arrays for sensing a laser. The laser sensor 310 may
be disposed toward the ground to sense a laser marked on the
ground.

[0057] A functional unit 370, which is a component con-
figured to allow the mobile robot to perform a specific
function, may provide a cleaning function in the situation of
a cleaning robot, and may provide security and guard
functions in the situation of a security guard robot.

[0058] In addition, the mobile robot 300 may selectively
further include the communication unit 380, which may
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receive information from any one or more among the main
server 100, the camera module 210, and the laser irradiation
module 250. Of course, the communication unit 380 may
receive information from the guiding device 200 including
the camera module 210 or the laser irradiation module 250.
[0059] When the communication unit 380 communicates
with the main server 100, the communication unit 380 may
be configured not to receive information about a path since
the path is marked on the ground via the laser irradiation
module 250. However, the communication unit 380 may
receive instruction information from the main server 100 to
allow the mobile robot 300 to perform a specific function, or
may wirelessly communicate with the main server 100 for a
function of upgrading the mobile robot 300 and the like.
[0060] In addition, the mobile robot 300 may also include
a mark 390 to identify the robot in the image photographed
by the camera module 210 or to identify a direction of the
robot. The mark 390 may be a fixed image, a QR code, a
barcode, or the like. Alternatively, the mark 390 may include
a sort of electronic display device. The mark 390 including
a small-sized liquid crystal display (LCD) device or a
small-sized organic light emitting diode (OLED) device may
output a specific image or a specific color by control of the
controller 350.

[0061] When the camera module 210 photographs the
mark 390 and transmits the photographed image to the main
server 100, the main server 100 may identify identification
information of the robot photographed in the image. In
addition, when the laser sensor 310 of the robot is disposed
at a specific position of the robot 300, the mark 390 may be
disposed to identity the front or the back of the robot 300 in
the image for more precise control.

[0062] In addition, one or more marks 390 may be dis-
posed. According to an embodiment of the present disclo-
sure, a mark disposed adjacent to the laser sensor 310 and a
mark disposed far from the laser sensor 310 may be con-
figured differently so that a travel direction (a front surface
or a back surface) of the robot is easily identified in the
image.

[0063] FIG. 6 illustrates an interaction between respective
components according to an embodiment of the present
disclosure. The main server 100 may control the camera
module 210 in step S31, and the camera module 210 may
adjust an angle and magnification of a camera according to
the control in step S32. For example, the main server 100
may control the image acquisition unit 212 to face the robot
to allow the image acquisition unit 212 to acquire an image
of the robot and an image of a mark of the robot, or may
adjust a direction to find the robot.

[0064] As described above, one guiding device may
include a camera module and a laser irradiation module, and
the communication unit 180 of the main server 100 may
receive an image photographed by the camera module from
the camera module and the guiding device including the
camera module.

[0065] That is, a mark of the mobile robot 300 may be
photographed by the camera by adjusting a direction or
magnification of the camera module 210 in steps S33 and
S34. The camera module 210 may acquire an image by
photographing a mark of the mobile robot 300 in the step
S34, and may transmit the image to the main server 100 in
step S35. In the step S33, a dotted arrow toward the camera
module 210 means that the camera module 210 identifies the
mark through a photographing method, rather than a data

Jun. 4, 2020

transmission/reception method. That is, the camera module
210 may acquire information of the mark of the mobile robot
300 without data transmission and reception.

[0066] Next, the main server 100 may detect the mark in
the transmitted image in step S41. When the mark is not
clearly detected or it is required to acquire a more accurate
image, the step S31 may start again.

[0067] The main server 100 may estimate a location of the
robot by using the mark in the image in step S42. The main
server 100 may generate a path by using information about
a destination to which the corresponding mobile robot
should arrive and location information of the robot in step
S43. Here, a map stored in the main server 100 may be used
for the path.

[0068] When there is no obstacle between the destination
and the robot’s current location, a path may be generated in
a straight line. Otherwise, when generating a path where the
mobile robot 300 should travel, the main server 100 may
subdivide the path.

[0069] The main server 100 may select a laser irradiation
module, control the selected laser irradiation module, and
transmit the path to the laser irradiation module so that the
path is output to a front portion of the robot with a laser in
step S44. By means of the main server 100, the laser
irradiation module 250 may switch a direction of the laser
output unit to a direction in which a laser should be
irradiated in step S52, and may output a laser in step S53.
[0070] Inaddition, the laser sensor 310 of the mobile robot
300 may sense the output laser in step S54, and may perform
a high-speed driving according to a result of sensing the
output laser in step S55. A dotted line from the laser output
of the step S53 toward the mobile robot 300 indicates that
the mobile robot 300 acquires information of a route through
the laser output, rather than that the laser irradiation module
250 transmits data to the mobile robot 300.

[0071] The following is a summary of a process of FIG. 6.
The camera module 210 may photograph an image and
transmit the image to the main server 100 in steps S31 to
S35. Thereafter, the main server 100 may analyze the
transmitted image, detect a robot location mark, and recog-
nize a current location of the robot based thereon in steps
S41 and S42.

[0072] In addition, the main server 100 may perform a
path planning by using the current location and a target point
of the robot to generate a path in step S43. Thereafter, the
main server 100 may project the route onto a floor surface
by using the laser irradiation module 250 in steps S51 to
S53, and the mobile robot 300 may detect the protected laser
by using the laser sensor 310 consisting of the sensor arrays
in step S54.

[0073] The mobile robot 300 may move at a high speed to
the target point along the path of the projected laser in step
S55. The steps S31 to S55 may be repeatedly performed.
Here, a location error occurring during the movement or a
change of the target point may be newly updated through an
iterative routine to be reflected in planning and generating a
path. Through this process, the mobile robot 300 may arrive
at the target point.

[0074] In FIG. 6, the laser irradiation module 250 may
output a laser in the shape of a line. In addition, the laser
irradiation module 250 may output a laser in the shape of a
dot to control a speed of the mobile robot 300, and the speed
of the mobile robot 300 may be controlled by increasing or
decreasing a distance between dots. Alternatively, the laser
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irradiation module 250 may output a laser in the shape of a
line to control the speed of the mobile robot 300, and a width
or color of the line may be configured differently.

[0075] According to the above-described embodiments, a
path may be irradiated based on a laser for a high-speed
driving of the robot, and the robot may recognize the
irradiated path and travel at a high speed. Here, since an
amount of calculations which may occur when planning a
route for the high-speed travel of the robot is handled by the
main server 100, the robot may solve a problem related to
the amount of calculations in generating a route.

[0076] That is, actual calculations required for route gen-
eration may be handled by a main server computer, and thus
path planning and path generation resulting from the path
planning may be output to the floor via a laser. Therefore,
each robot may move at a high speed with only laser sensing
and motor control without the need of autonomously calcu-
lating with respect to a route.

[0077] According to the embodiments of FIGS. 2 and 6, a
fixed camera module and a laser may be used to irradiate a
route to be traveled by the robot with the laser onto a
peripheral ground of the robot. The robot may recognize the
irradiated route and travel at a high speed.

[0078] The above-described embodiments may be applied
to a guard robot, a cleaning robot, a security robot, a guide
robot, or the like depending on a function of the robot. The
guard robot or security robot needs to travel at a high speed
in situation of emergency. However, when traveling only
with a calculation capability built in the robot, an amount of
calculations required for obstacle search, route generation,
and the like may tremendously increase, and accordingly a
travel speed of the robot may be slowed down.

[0079] However, according to the embodiment of FIG. 6,
in order to overcome this technical limitation, the camera
module fixed to an upper portion in the space where the
robot moves may be interlocked with the main server, and
the laser irradiation module may irradiate a route for high-
speed travel calculated by the main server so that the route
is marked in the shape of a line or a dot on the floor.
[0080] As a result, the robot may use the laser sensor
specialized for detecting a laser such as a line or a dot, and
follow the line or the dot without any calculation, thereby
being capable of travelling at a high speed.

[0081] The main server may control a fixed pan-tilt type
camera module such as a guiding device and a laser irra-
diation module for outputting a laser in a line or a dot. The
laser irradiation module may continuously irradiate a virtual
line onto the ground according to a location and speed of the
robot.

[0082] The robot may be provided with a sensor array
module (laser sensor) capable of detecting a line or a dot
irradiated with a laser, and the controller 350 of the robot
may read information sensed by each sensor array and
directly transmit the information to the driving unit 320
without any calculation. As a result, the robot may move at
a high speed by reducing an amount of calculations required
for the robot’s move on path based on a control manner of
being directly connected to a laser route on the ground, the
laser sensor, and the driving unit.

[0083] FIG. 7 illustrates information of a space stored in
map storage according to an embodiment of the present
disclosure. For convenience of description, it is assumed that
a camera module and a laser irradiation module are disposed
in one guiding device, and a range in which the camera
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module is capable of photographing and a range in which the
laser irradiation module is capable of outputting a laser are
the same.

[0084] However, as described above, the camera module
and the laser irradiation module may be configured in a ratio
of m:n, and respective camera modules and laser irradiation
modules may have different photographing ranges and irra-
diation ranges.

[0085] The guiding device may be installed on the ceiling
at points marked with G1, G2, and G3. That is, G1, G2, and
G3 mean locations where camera modules and laser irra-
diation modules are disposed. 61 is a photographing range of
a camera module and a laser output range of a laser
irradiation module of G1. 62 is a photographing range of a
camera module and a laser output range of a laser irradiation
module of G2. 63 is a photographing range of a camera
module and a laser output range of a laser irradiation module
of G3.

[0086] R is a location of the robot, and a location at which
the robot intends to arrive is “X”. The main server 100 may
generate a path to be traveled by R through the process of
FIG. 6 by using an image photographed at G1.

[0087] Inoneembodiment, the communication unit 180 of
the main server 100 may receive an image including a mark
disposed on the robot from the camera module of G1. Here,
the communication unit 180 may identify that a location of
the robot is (2, 15) based on an image photographing
direction, an image photographing magnification, a mark
size, and the like of the camera module.

[0088] Inaddition, when the mark indicates a front surface
or a back surface of the robot, when the mark is disposed
around the laser sensor 310, or when two or more marks are
disposed on the robot, the main server 100 may identify not
only a location of robot but also a direction of the robot in
the photographed image.

[0089] In addition, the location identifying unit 110 may
identify a direction in which the robot is pointing based on
a location where a mark is disposed in the robot or a relative
location between two or more marks of the robot.

[0090] Subsequently, the controller 150 of the main server
100 may generate a movement path based on information
about a destination “X”” which the robot will reach, absolute
location information (2, 15) of the robot, locations G1, G2,
and G3 of the laser irradiation modules and irradiation
ranges 61, 62, and 63 in which the laser irradiation modules
are capable of irradiating a laser.

[0091] The generated path is indicated by an arrow in FIG.
7. A map of FIG. 7 represents an actual space as it is, and
thus, hereinafter, a laser being output is marked through the
map.

[0092] FIG. 8 illustrates a process of outputting a path
with a laser by a laser irradiation module of G1 according to
an embodiment of the present disclosure. The laser irradia-
tion module of G1 may output a path where the robot is
capable of travelling as indicated by L1. An output of [.1
may be made according to the control of the main server 100
from (2, 14) to (2, 11). The laser sensor of the robot R may
identify a laser output onto the floor, and the robot R may
travel from (2, 14) to (2, 11).

[0093] When the robot R is close to a boundary line
between 61 and 62 as a result of the movement, the main
server 100 may control also G2 to output a route with a laser.
For example, when the robot R reaches a point (2, 12), the
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main server 100 may control the laser irradiation module of
G2, which will be described with reference to FIG. 9.
[0094] FIG. 9 illustrates a process of outputting a path
with a laser by a laser irradiation module of G2 according to
an embodiment of the present disclosure. The laser irradia-
tion module of G2 may output a path where the robot is
capable of moving as indicated by L.2. An output of .2 may
be made according to the control of the main server 100
from (2, 10) to (13, 3). The laser sensor of the robot R may
identify a laser output onto the floor, and the robot R may
move from (2, 10) to (13, 3).

[0095] In addition, when the robot moves to a region of
G2, the main server 100 may stop the laser output of the
laser irradiation module of G1 so that [.1 is no longer
marked on the ground.

[0096] When the robot R is close to a boundary line
between 62 and 63 as a result of the movement, the main
server 100 may control also G3 to output a path with a laser.
For example, when the robot R reaches a point (12, 4), the
main server 100 may control the laser irradiation module of
G3, which will be described with reference to FIG. 10.
[0097] FIG. 10 illustrates a process of outputting a route
with a laser by a laser irradiation module of G3 according to
an embodiment of the present disclosure.

[0098] A result 1.2 of laser irradiation previously per-
formed by G2 may be marked only in a travel direction of
the robot as the robot moves, and the main server 100 may
control G2 so that a previous region which the robot passed
is not irradiated with a laser. FIG. 10 illustrates a partial
output result of [.2. In addition, it can be seen that L3 is
output to the destination X by G3. The robot may reach the
destination X as a result of traveling to a region of 63 and
continuously sensing [.3.

[0099] When a route is output with a laser onto the ground
by three laser irradiation modules as illustrated in FIGS. 8 to
10, the robot may sense the path and move at a high speed.
[0100] In addition, the three camera modules may photo-
graph the travel direction of the robot in real time during the
travel of the robot, thereby being capable of identifying the
current location of the robot.

[0101] In addition, the obstacle sensor 256 of the laser
irradiation module 200 may identify a signal being returned
while outputting a route onto the ground, and when it is
determined that an object is closer than the original ground,
the obstacle sensor 256 may determine that an obstacle is
disposed. The obstacle sensor 256 may notify the main
server 100 that the obstacle is disposed. In this situation, the
main server 100 may recalculate the path.

[0102] That is, a route may be generated primarily in
FIGS. 8 to 10. When an obstacle is identified on the path
while the generated route is output with a laser onto the
ground, the generated path may be immediately corrected by
the main server 100 and newly output onto the ground.
[0103] FIG. 11 illustrates a result of correcting a path
according to an embodiment of the present disclosure. In the
embodiment of FIG. 9, an obstacle may be sensed by the
camera module or the laser irradiation module while the
robot is travelling.

[0104] Inone embodiment, the camera module of G2 may
sense an obstacle which is disposed within a range in which
the camera module of G2 is capable of photographing, and
the camera G2 may transmit sensed information about the
obstacle to the main server 100. The controller 150 of the
main server 100 may generate a movement path of the robot
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by using the sensed information. In one embodiment, the
sensed information indicates that an image including a
different object in comparison with a previously photo-
graphed image is photographed. Alternatively, when the
camera module is capable of calculating depth information,
the controller 150 may identify that an obstacle is disposed
by using the depth information.

[0105] That is, the controller 150 may compare a first
image previously photographed by the camera module with
a second image photographed by the camera module at the
present time point, and may analyze a region where a
difference occurs therebetween to calculate sensed informa-
tion indicating that an obstacle is disposed. Here, the con-
troller 150 may calculate a difference between two images
generated by an RGB camera module or a difference
between depth information of two images generated by a
depth camera module. In addition, when a photographing
direction or a photographing magnification of the camera
module is adjustable, the controller 150 may compare
images photographed in the same direction and at the same
magnification without conversion. In some implementa-
tions, the controller 150 may compare two images through
constant conversion when the images are photographed in
different directions or at different magnifications.

[0106] In another embodiment, the laser irradiation mod-
ule of G2 may sense obstacle which is disposed within an
irradiation range in which the laser irradiation module of G2
is capable of irradiating a laser, and the laser irradiation
module of G2 may transmit sensed information about the
obstacle to the main server 100. The controller 150 of the
main server 100 may generate a movement path of the robot
by using the sensed information. In one embodiment, the
sensed information indicates that an object is newly dis-
posed by reflecting a laser at a position higher than the
ground in the process of irradiating a laser. That is, the
controller 150 may store information about heights of
respective objects in a laser irradiation region. In one
embodiment, the controller 150 may store first height infor-
mation of objects acquired by the laser irradiation module in
the laser irradiation region at a first time point and second
height information of objects acquired by the laser irradia-
tion module in the laser irradiation region at a second time
point. The controller 150 may compare the first height
information and the second height information to identify
that an object is newly placed or removed. In addition, the
controller 150 may determine that a new obstacle is disposed
according to changes in heights of objects.

[0107] Therefore, the controller 150 may identify a loca-
tion of an obstacle that is initially disposed by using infor-
mation acquired by the camera module and the laser irra-
diation module to generate a movement path. In addition, the
controller 150 may identify a location of a changed obstacle
or a location of a newly added obstacle, and may generate
a movement path.

[0108] The guiding device G2 may transmit location infor-
mation of a sensed obstacle to the main server 100. The main
server 100 may reconfigure a path. As a result, as illustrated
in FIG. 11, G2 may output a laser along paths of L2_1 and
L2 2.

[0109] InFIG. 11, the main server 100 may generate a new
path in consideration of a speed and a possible rotational
angular velocity of the robot while the robot is travelling so
that the robot avoids obstacles.
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[0110] In addition, in FIGS. 7 to 11, the main server 100
may control the view angle adjusting unit 214 of the camera
so that the camera photographs the laser irradiation region to
track a moving process of the robot. In this situation, the
view angle adjusting unit 214 of the camera may be con-
trolled by the main server 100 to photograph the laser
irradiation region while tracking the robot in response to the
movement of the robot.

[0111] FIG. 12 illustrates a moving process of a robot
according to an embodiment of the present disclosure. The
two guiding devices 200a and 2005 may be disposed on the
ceiling of FIG. 12. Each of the guiding devices 200a and
2005 may include the camera modules 210a and 2105, the
laser irradiation modules 250a and 2505, and communica-
tion units 280a and 2805.

[0112] For example, in FIGS. 7 to 11, the first guiding
device 200a corresponding to G1 may recognize and pho-
tograph the mark 390 of the robot 300 by vision sensing in
step S34, and may transmit a photographed image via the
communication unit 280a to the main server 100. Through
the steps S35 to S52 of FIG. 6, the laser irradiation module
250 may irradiate a laser as indicated by L1 in steps S53a
and S53b. Here, it is possible to improve sensing accuracy
by allowing the laser to be irradiated to a vicinity of the laser
sensor 310 of the robot 300

[0113] As a result, the robot 300 may travel a distance
corresponding to [.1 along the sensed laser at a high speed.
When the robot 300 approaches a region irradiated by the
second guiding device 2005, the second guiding device 2005
may output a route as indicated by L2 in steps S53¢ and
S534d. Of course, the main server 100 first may generate a
path and transmit information of the path to the two guiding
devices 200a and 20054, and the two laser irradiation mod-
ules 2504 and 2505 may simultaneously output [.1 and 1.2,
thereby being capable of allowing the robot 300 to move at
a high speed.

[0114] In FIG. 12, since a plurality of camera modules
210a and 2106 are disposed, the changed location of the
robot may be continuously photographed by the camera
modules 210a and 2106 while the robot is moving. The
communication unit 180 of the main server 100 may receive
an image including the changed location of the robot from
the camera modules 210a and 21054.

[0115] The controller 150 of the main server 100 may
select a second laser irradiation module to output a laser in
response to the movement path of the robot. The main server
100 may control transmission of the movement path to the
selected second laser irradiation module. Therefore, when a
plurality of laser irradiation modules is disposed in a large
space, the main server 100 may generate a movement path
for each region and transmit the generated movement paths
to the laser irradiation modules.

[0116] FIG. 13 illustrates an example of a laser output
reflecting characteristics of a movement path according to an
embodiment of the present disclosure.

[0117] The laser irradiation module may output a laser in
the shape of a line or a dot according to instructions of the
controller 150 of the main server 100. Further, in order to
control the speed, a width of the line may be reduced or a
size of the dot may be modified.

[0118] In addition, a color or frequency of the output laser
may be adjusted differently in outputting a route with a laser
so that each of the robots travels the route.
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[0119] In FIG. 13, a method for outputting a path with a
laser may be divided into a line output method and a dot
output method. When a driving direction is an arrow direc-
tion based on the robot R, an output shape of the laser
marked in front of the robot may be different according to
the speed.

[0120] That is, in the situation of a high-speed movement
path based on the line output method, the laser irradiation
module may output a route with a laser without difference in
a width of a line. Conversely, in the situation of a speed-
reducing path based on the line output method, the laser
irradiation module may output a laser so that the width of the
line is reduced. As a result, the robot may slow down when
the width of the line decreases while the robot travels along
the path output with the laser.

[0121] Similarly, in the situation of a high-speed move-
ment path based on the dot output method, the laser irra-
diation module may output a path with a laser in a dot shape
having a predetermined size. Conversely, in the situation of
a speed-reducing path based on the dot output method, the
laser irradiation module may output a laser so that a spacing
of dots increases or lengths of the dots decrease. As a result,
the robot may slow down when the spacing of the dots
increases or the lengths of the dots decrease while the root
travels along the route output with the laser.

[0122] FIG. 13 is an example, and the width of the line
may be adjusted to be inversely proportional to the moving
speed, and sizes or spacing of the dots may also be output
as opposed to the example of FIG. 13.

[0123] In addition, the main server 100 may store physical
characteristics (color, frequency) of a laser to be output for
each robot in advance, and may allow the laser irradiation
module to output the laser with different colors, different
frequencies, or different wavelengths for each robot. The
physical characteristics of the laser (shape, color, wave-
length, frequency, and the like) may be set in various ways.

[0124] Such information may be also transmitted to
robots. Thus, even though a robot senses a laser on the
ground, when a color or frequency of the sensed laser is not
a color or frequency assigned to itself, the robot may not
travel along a route output onto the ground.

[0125] This implementation may prevent a robot from
traveling along a path of another robot when a large number
of robots are disposed in a space. In addition, even when an
unauthorized laser signal other than the laser irradiation
module is marked on the ground, this configuration may
allow the robots not to recognize the unauthorized laser
signal as a route.

[0126] That is, the controller 150 of the main server 100
may control physical characteristics of an output laser of the
laser irradiation module in response to the robot.

[0127] In addition, the controller 350 of the robot 300 may
determine whether a laser output according to physical
characteristics of a laser sensed by the laser sensor 310 is
corresponding to the robot 300, and the controller 350 may
control the driving unit 320 if the physical characteristics of
a laser are matched or suitable to robot 300.

[0128] In FIG. 13, physical characteristics of a laser for
marking a movement path on the ground may include any
one or more among a shape, wavelength, frequency, color,
and the like of the output laser. That is, it is possible to
control the travel speed of the robot by configuring these
physical characteristics in various ways.
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[0129] FIG. 14 illustrates an example of laser irradiation
when two marks are disposed on a robot according to an
embodiment of the present disclosure.

[0130] FIG. 14 illustrates a state in which a first mark 390a
indicating a location of the laser sensor 310 and a second
mark 3905 indicating a location of a back surface or rear of
the robot are disposed on an upper surface of the robot.
[0131] Based on the images photographed by the camera
module, the main server may identify that a path where the
robot will move is at the back (arrow direction). However,
instead of commanding the robot to move backward, the
main server may control the robot to move backward (arrow
direction) along the path by scanning the path toward the
laser sensor 310 as indicated by L4. As illustrated in FIG. 14,
forward and backward directions of the robot may be
identified by using two types of marks, thereby being
capable of more flexibly irradiating a movement path for
controlling the travel of the robot onto the ground of the
robot.

[0132] In the embodiments of the present disclosure, a
path where the robot needs to follow may be irradiated with
a laser (for example, a line laser or a dot laser) on the floor
surface. This is how the main server interlocked with the
camera performs all calculations to provide the robot with a
path that is a final result. In addition, the camera may
recognize the robot and provide information right in front of
the robot via a pan-tilt motion, thereby being capable of
using immediately recognizable sensor arrays instead of a
vision that requires a lot of calculations.

[0133] Therefore, since the robot does not need to perform
complicated calculations related to move and the provided
path reflects the characteristics of the robot, the robot may
perform stable driving even at a high speed without devia-
tion from the path. Further, since the provided information
is continuous information such as lines or dots, the robot
may stably maintain an operation thereof. In addition, since
the robot does not need to rapidly change a direction unless
there is a large deviation from the route, it is suitable for
high-speed travel.

[0134] In addition, in the related art described with refer-
ence to FIG. 1, a target point is provided with a point laser,
and thus the related art is a technology to provide only a final
destination far away from a robot as a point. Therefore, the
rest of tasks, such as obstacle recognition and route calcu-
lation, should be done by the robot itself, and the robot
should be equipped with computing power for this purpose.
[0135] That is, the robot may not make a long-term plan
for movement, and perform a reactive operation to recalcu-
late on each occasion according to a location of a point.
Therefore, there is a technical limitation in that the operation
is disconnected when a calculation speed is not fast enough.
[0136] However, in the embodiments of the present dis-
closure, a path itself where the robot needs to follow may be
irradiated with a line laser, a dot laser, or the like onto the
ground of the travel direction of the robot. All calculations
required for this configuration may be performed by a
system interlocked with the camera to provide the robot with
a path that is a final result, thereby being capable of allowing
the robot to move in a quickly manner.

[0137] Therefore, according to the embodiments of the
present disclosure, the robot may move based on route
information provided from the outside even when the robot
cannot accurately be aware of an absolute location in a
space. When only a point is marked as illustrated in FIG. 1
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of the related art, the point may be information for travelling
to a specific location in a space, but such point marking may
not provide route information for travelling to a correspond-
ing location. However, according to the embodiments of the
present disclosure, a route or path for the robot may be
marked so that obstacles are avoided and the robot may
identify the marked route or path and travel at a high speed.

[0138] In particular, the camera module and the laser
irradiation module disposed on the wall or the ceiling may
identify obstacles disposed in the travel direction of the
robot, and thus a movement path may be corrected again
even after the movement path is generated.

[0139] The embodiments of the present disclosure have
been described based on laser irradiation, but the present
disclosure is not limited thereto. That is, modules configured
to irradiate light having various wavelengths which can be
sensed by the robot all correspond to the laser irradiation
module of the present disclosure.

[0140] According to embodiments of the present disclo-
sure, the movement path may be irradiated with a laser onto
the ground in response to the location of the robot, and
accordingly the robot may sense and travel the irradiated
movement path.

[0141] According to embodiments of the present disclo-
sure, the main server may identify the location of the robot
via the camera module, calculate a route required for the
robot to travel, and transmit the calculated route to the laser
irradiation module.

[0142] Further, according to embodiments of the present
disclosure, the main server may identify obstacles disposed
around the robot by using the camera module and the laser
irradiation module, and may recalculate the route based
thereon.

[0143] Effects of embodiments of the present disclosure
are not limited to the above-described effects, and those
skilled in the art can easily derive various effects of embodi-
ments of the present disclosure from configurations of
embodiments of the present disclosure. Other implementa-
tions are within the scope of the following claims.

[0144] Although all of the elements constituting the
embodiments of the present disclosure are described as
being integrated into a single one or being operated as a
single one, the present disclosure is not necessarily limited
to such embodiments. That is, all the elements may be
selectively integrated into one or more and be operated as
one or more within the scope of the present disclosure.
Further, each of the elements may be implemented as
independent hardware. Alternatively, some or all of the
elements may be selectively combined to be implemented as
a computer program having a program module performing
some or all functions combined in one or more pieces of
hardware. Codes and code segments constituting the com-
puter program may be easily inferred by those skilled in the
art to which the present disclosure belongs. The computer
program is stored in computer readable media such that the
computer program is read and executed by a computer to
implement embodiments of the present disclosure.
Examples of the storage media of the computer program
may include magnetic recording media, optical recording
media, and a semiconductor storage device. Further, the
computer program implementing the embodiments of the
present disclosure may include a program module transmit-
ted in real-time via an external device.
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[0145] While the foregoing has been given by way of
embodiments of the present disclosure, all such and other
modifications and variations thereto as would be apparent to
those skilled in the art are deemed to fall within the broad
scope and ambit of this disclosure as is set forth herein.

What is claimed is:
1. A main server for controlling laser irradiation of a
movement path of a robot, the main server comprising:

a communication unit configured to communicate with a
camera module and a laser irradiation module; and

a controller configured to:
receive, via the communication unit, an image of a

robot captured by the camera module,

identify a location of the robot in the image captured by
the camera module,

generate a movement path of the robot based on
sensing information, and

transmit, via the communication unit, movement path
information to the laser irradiation module for out-
putting the movement path to a vicinity of the robot
with a laser for the robot to follow,

wherein the sensing information includes first information

about an obstacle sensed by the camera module or
second information about the obstacle sensed by the
laser irradiation module.

2. The main server according to claim 1, wherein the
communication unit is further configured to receive an
image including a mark on the robot from the camera
module, and

wherein the controller is further configured to identify

absolute location information of the robot based on
physical information of the camera module and relative
location information of the robot in the image.

3. The main server according to claim 2, wherein the
image includes two or more marks on the robot for indicat-
ing a direction of the robot, and

wherein the controller is further configured to identify a

direction in which the robot is pointing based on the
two or more marks.

4. The main server according to claim 1, wherein the
controller is further configured to:

generate the movement path based on at least one of

information about a destination to be reached by the
robot, absolute location information of the robot, a
location of the laser irradiation module, or an irradia-
tion range in which the laser irradiation module is
capable of irradiating a laser.

5. The main server according to claim 1, wherein the first
information includes information about a region where a
difference occurs between a first image captured by the
camera module and a second image captured by the camera
module after the first image.

6. The main server according to claim 1, wherein the
second information includes information about a change in
height of at least one object disposed within an irradiation
range in which the laser irradiation module is capable of
irradiating a laser.

7. The main server according to claim 1, wherein the
controller is further configured to adjust physical character-
istics of a projection output by a laser of the laser irradiation
module for controlling the robot.
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8. The main server according to claim 1, wherein the
communication unit is further configured to receive an
image including a changed location of the robot from the
camera module, and

wherein the controller is further configured to:

select a second laser irradiation module based on the

changed location of the robot, and

transmit the movement path information to the second

laser irradiation module for outputting the movement
path to the vicinity of the robot with a laser of the
second laser irradiation module for the robot to follow.

9. A robot controllable based on laser irradiation of a
movement path, the robot comprising:

a laser sensor configured to sense a linear movement path

projected onto a ground by a laser;

a driving unit configured to drive the robot; and

a controller configured to:

receive sensing information from the laser sensor, and

control the driving unit of the robot to follow the linear

movement path projected onto the ground by the laser
based on the sensing information received from the
laser sensor.

10. The robot according to claim 9, further comprising:

a communication unit configured to receive information

from at least one of a main server, a camera module, or
a laser irradiation module.

11. The robot according to claim 9, wherein the controller
is further configured to:

control the driving unit to perform different operations

according to physical characteristics of the linear
movement path projected onto the ground by the laser
and sensed by the laser sensor.
12. The robot according to claim 11, wherein the physical
characteristics include at least one of a shape or a pattern of
a projection output by the laser, a dashed line output by the
laser, a wavelength of light output by the laser, or a color of
a laser.
13. A method for controlling laser irradiation of a move-
ment path of a robot, the method comprising:
receiving, via a communication unit of a main server, an
image of a robot captured by a camera module;

identifying, by a controller of the main server, a location
of the robot in the image captured by the camera
module;

generating, by the controller of the main server, a move-

ment path of the robot based on sensing information;
and
transmitting, via the communication unit of the main
server, movement path information to a laser irradiation
module for outputting the movement path to a vicinity
of the robot with a laser for the robot to follow,

wherein the sensing information includes first information
about an obstacle sensed by the camera module or
second information about the obstacle sensed by the
laser irradiation module.

14. The method according to claim 13, further compris-
ing:

receiving, by the communication unit of the main server,

an image including a mark on the robot from the
camera module; and

identifying, by the controller of the main server, absolute

location information of the robot based on physical
information of the camera module and relative location
information of the robot in the image.
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15. The method according to claim 14, wherein the image
includes two or more marks on the robot for indicating a
direction of the robot, and

wherein the method further comprises identifying, by the

controller of the main server, a direction in which the
robot is pointing based on the two or more marks.

16. The method according to claim 13, further compris-
ing:

generating, by the controller of the main server, the

movement path based on at least one of a destination to
be reached by the robot, absolute location information
of the robot, a location of the laser irradiation module,
or an irradiation range in which the laser irradiation
module is capable of irradiate a laser.

17. The method according to claim 13, wherein the first
information includes information about a region where a
difference occurs between a first image captured by the
camera module and a second image captured by the camera
module after the first image.

18. The method according to claim 13, wherein the second
information includes information about a change in height of
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at least one object disposed within an irradiation range in
which the laser irradiation module is capable of irradiating
a laser.
19. The method according to claim 13, further compris-
ing:
adjusting, by the controller of the main server, physical
characteristics of a projection output by a laser of the
laser irradiation module for controlling the robot.
20. The method according to claim 13, further compris-
ing:
receiving, by the communication unit of the main server,
an image including a changed location of the robot
from the camera module; and
selecting, by the controller of the main server, a second
laser irradiation module based on the changed location
of the robot, and transmitting the movement path
information to the second laser irradiation module for
outputting the movement path to the vicinity of the
robot with a laser of the second laser irradiation module
for the robot to follow.
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