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(57) ABSTRACT

A robot includes: a communication interface, a memory, and
a processor configured to: transmit identification informa-
tion and state information of the robot to an external server;
based on receiving, from the external server, first informa-
tion including identification information, type information
and state information of at least one other robot, store the
first information in the memory, based on identifying that an
error occurred in communication with the external server,
determine whether the robot is to operate as a master robot
by comparing the type information and the state information
of the at least one other device with type information and
first state information of the robot; based on the robot
operating as the master robot, plan a movement route of the
at least one other robot based on task information of the at
least one other robot, and transmit he planned movement
route to the at least one other robot.
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ROBOT AND CONTROLLING METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is a by-pass continuation applica-
tion of International Application No. PCT/KR2022/015321,
filed on Oct. 12, 2022, which is based on and claims priority
to Korean Patent Application No. 10-2021-0163512, filed on
Nov. 24,2021, in the Korean Intellectual Property Office, the
disclosures of which are incorporated by reference herein in
their entireties.

BACKGROUND ART

1. Field

[0002] The disclosure relates to a robot providing a service
to a user, and a controlling method thereof.

2. Description of Related Art

[0003] Recently, development of technologies for robots
that are utilized in indoor spaces and provide services to
users is actively going on. In case a plurality of robots are
arranged in an indoor space and provide services, the
plurality of robots may provide services corresponding to
specific tasks allotted from an external server managing the
robots.

[0004] However, in case an error occurs in communication
between a robot and an external server, there is a problem
that a conventional robot cannot be allotted a task from the
external server, and thus cannot provide a service smoothly.
Accordingly, there has been a continuous demand for a
method for a plurality of robots to provide services to a user
by collaborating without an intervention from an external
server.

SUMMARY

[0005] According to an aspect of the disclosure, a robot
includes: a communication interface; a memory storing at
least one instruction; and at least one processor configured
to execute the at least one instruction to: transmit first
identification information of the robot and first state infor-
mation of the robot to an external server via the communi-
cation interface, based on receiving, from the external server
via the communication interface, first information including
second identification information of at least one other robot,
second type information of the at least one other robot, and
second state information of the at least one other robot, store
the first information in the memory, based on identifying that
an error occurred in communication with the external server
via the communication interface, determine whether the
robot is to operate as a master robot by comparing the
second type information and the second state information
with first type information of the robot and the first state
information, respectively, based on determining that the
robot is to operate as the master robot, plan a movement
route of the at least one other robot based on task informa-
tion of the at least one other robot, and transmit, via the
communication interface, the planned movement route to
the at least one other robot.

[0006] The at least one processor may be further config-
ured to execute the at least one instruction to: based on the
second type information and the first type information,
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identify at least one candidate robot from among the at least
one other robot and the robot, and determine whether the
robot is to operate as the master robot based on state
information of the at least one candidate robot.

[0007] The at least one processor may be further config-
ured to execute the at least one instruction to identify a guide
type robot as the at least one candidate robot based on the
second type information and the first type information.
[0008] Each of the first state information and the second
state information may include: at least one of information
about a battery remaining amount, information related to
performance of a task, or error information, and the at least
one processor may be further configured to execute the at
least one instruction to: identify, from among the at least one
candidate robot, at least one robot having a battery remain-
ing amount greater than or equal to a threshold value based
on the information about the battery remaining amount of
the at least one candidate robot, and determine whether the
robot is to operate as the master robot based on at least one
of the information related to performance of the task of the
at least one identified robot or the error information of the at
least one identified robot.

[0009] The at least one processor may be further config-
ured to execute the at least one instruction to: based on
receiving, from the external server via the communication
interface, second information including the second identifi-
cation information, the second type information, the second
state information, and driving information about the planned
movement route of the at least one other robot, update
information of the at least one other robot stored in the
memory based on the received second information, and
based on identifying that an error occurred in the commu-
nication with the external server via the communication
interface, determine whether the robot is to operate as the
master robot based on a most recently updated information
stored in the memory based on a time point when the
communication error occurred.

[0010] The at least one processor may be further config-
ured to execute the at least one instruction to, based on
identifying that the communication error with the external
server is due to an error in the external server, determine
whether the robot is to operate as the master robot by
comparing the second type information and the second state
information with the first type information and the first state
information, respectively.

[0011] The at least one processor may be further config-
ured to execute the at least one instruction to: based on the
robot operating as the master robot, request from the at least
one other robot, second information including the second
state information, environment information, and driving
information about the planned movement route of the at
least one other robot, correct the planned movement route of
the at least one other robot based on the received second
information, and transmit, via the communication interface,
the corrected planned movement route to the at least one
other robot.

[0012] The environment information may include at least
one of location information of the at least one other robot,
road condition information around the at least one other
robot, obstacle type information, or distance information
from an obstacle.

[0013] The at least one processor may be further config-
ured to execute the at least one instruction to, based on
identifying that the robot is not the master robot, transmit,
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via the communication interface, the first state information
and environment information of the robot.

[0014] According to an aspect of the disclosure, a method
of controlling a robot, includes: transmitting first identifi-
cation information of the robot and first state information of
the robot to an external server; based on receiving, from the
external server, first information including second identifi-
cation information of at least one other robot, second type
information of the at least one other robot, and second state
information of the at least one other robot, storing the
received first information; based on identifying that an error
occurred in communication with the external server, deter-
mining whether the robot is to operate as a master robot by
comparing the second type information and the second state
information with first type information of the robot and the
first state information; based on determining that the robot is
to operate as the master robot, planning a movement route
of the at least one other robot based on task information of
the at least one other robot; and transmitting the planned
movement route to the at least one other robot.

[0015] The determining whether the robot is to operate as
the master robot may include: based on the second type
information and the first type information, identifying at
least one candidate robot from among the at least one other
robot and the robot; and determining whether the robot is to
operate as the master robot based on state information of the
at least one candidate robot.

[0016] The identifying the at least one candidate robot
may include identifying a guide type robot as the at least one
candidate robot based on the second type information and
the first type information.

[0017] Each of the first state information and the second
state information may include: at least one of information
about a battery remaining amount, information related to
performance of a task, or error information, and the deter-
mining whether the robot is to operate as the master robot
may include: identifying, from among the at least one
candidate robot, at least one robot having a battery remain-
ing amount greater than or equal to a threshold value based
on the information about the battery remaining amount of
the at least one candidate robot; and determining whether the
robot is to operate as the master robot based on at least one
of the information related to performance of the task of the
at least one identified robot or the error information of the at
least one identified robot.

[0018] The determining whether the robot is to operate as
the master robot may include: based on receiving, from the
external server, second information including the second
identification information, the second type information, the
second state information, and driving information about the
planned movement route of the at least one other robot,
updating the stored information based on the received sec-
ond information; and based on identifying that the error
occurred in the communication with the external server,
determining whether the robot is to operate as the master
robot based on most recent updated information based on a
time point when the communication error occurred.

[0019] The determining whether the robot is to operate as
the master robot may include, based on identifying that the
communication error with the external server is due to an
error in the external server, determining whether the robot is
to operate as the master robot by comparing the second type
information and the second state information with the first
type information and the first state information.
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[0020] The method may further include: based on the
robot operating as the master robot, requesting, from the at
least one other robot, second information including the
second state information, environment information, and
driving information about the planned movement route of
the at least one other robot; correcting the planned move-
ment route of the at least one other robot based on the
received second information of the at least one other robot;
and transmitting the corrected planned movement route of
the at least one other robot to the at least one other robot.
[0021] The environment information may include at least
one of location information of the at least one other robot,
road condition information around the at least one other
robot, obstacle type information, or distance information
from an obstacle.

[0022] The method may further include, based on identi-
fying that the robot is not the master robot, transmitting the
first state information and environment information of the
robot.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The above and other aspects, features, and advan-
tages of certain embodiments of the present disclosure are
more apparent from the following description taken in
conjunction with the accompanying drawings, in which:
[0024] FIG. 1 is a diagram for schematically illustrating a
process of providing a service by a robot according to one
or more embodiments;

[0025] FIG. 2 is a block diagram for illustrating a con-
figuration of a robot according to one or more embodiments;
[0026] FIG. 3 is a diagram for illustrating a method of
designating a master robot based on a difference in a service
provision range corresponding to a type of a robot according
to one or more embodiments;

[0027] FIG. 4 is a diagram for illustrating a method of
designating a master robot among candidate robots accord-
ing to one or more embodiments;

[0028] FIG. 5A and FIG. 5B are diagrams for illustrating
a method of designating a master robot based on state
information of a robot according to one or more embodi-
ments;

[0029] FIG. 6A and FIG. 6B are diagrams for illustrating
a method of designating a robot to pass preferentially based
on state information of a robot according to one or more
embodiments;

[0030] FIG. 7 is a diagram for illustrating a method of
designating a robot to pass preferentially based on obstacle
information according to one or more embodiments;
[0031] FIG. 8 is a flow chart for illustrating an operation
of a master robot of planning an evasive route in consider-
ation of possibility of collision between slave robots;
[0032] FIG. 9 is a block diagram for illustrating in detail
a configuration of a robot according to one or more embodi-
ments; and

[0033] FIG. 10 is a flow chart for illustrating a controlling
method according to one or more embodiments.

DETAILED DESCRIPTION

[0034] Hereinafter, example embodiments of the disclo-
sure will be described in detail with reference to the accom-
panying drawings.

[0035] As terms used in the embodiments of the disclo-
sure, general terms that are currently used widely were
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selected as far as possible, in consideration of the functions
described in the disclosure. However, the terms may vary
depending on the intention of those skilled in the art who
work in the pertinent field, previous court decisions, or
emergence of new technologies, etc. Also, there may be
terms that were designated by the applicant on his own, and
in such cases, the meaning of the terms will be described in
detail in the relevant descriptions in the disclosure. Accord-
ingly, the terms used in the disclosure should be defined
based on the meaning of the terms and the overall content of
the disclosure, but not just based on the names of the terms.
[0036] Also, in the disclosure, expressions such as “have,”
“may have,” “include,” and “may include” denote the exis-
tence of such characteristics (e.g., elements such as num-
bers, functions, operations, and components, etc.), and do
not exclude the existence of additional characteristics.
[0037] In addition, the expressions “at least one of A and
B” or “at least one of A or B” should be interpreted to mean
any one of “A” or “B” or “A and B.”

[0038] Further, the expressions “first,” “second,” and the
like used in the disclosure may be used to describe various
elements regardless of any order and/or degree of impor-
tance. Also, such expressions are used only to distinguish
one element from another element, and are not intended to
limit the elements.

[0039] The description in the disclosure that one element
(e.g., a first element) is “(operatively or communicatively)
coupled with/to” or “connected to” another element (e.g., a
second element) should be interpreted to include both the
case where the one element is directly coupled to the another
element, and the case where the one element is coupled to
the another element through still another element (e.g., a
third element).

[0040] Also, singular expressions include plural expres-
sions, unless defined obviously differently in the context. In
addition, in the disclosure, terms such as “include” or
“consist of” should be construed as designating that there are
such characteristics, numbers, steps, operations, clements,
components, or a combination thereof described in the
specification, but not as excluding in advance the existence
or possibility of adding one or more of other characteristics,
numbers, steps, operations, elements, components, or a
combination thereof.

[0041] Further, in the disclosure, “a module” or “a part”
performs at least one function or operation, and may be
implemented as hardware or software, or as a combination
of hardware and software. In addition, a plurality of “mod-
ules” or “parts” may be integrated into at least one module
and implemented as at least one processor, except “a mod-
ule” or “a part” that needs to be implemented as specific
hardware.

[0042] Also, in the disclosure, ‘a user’ may mean a person
who is provided with a service from a robot, but is not
limited thereto.

[0043] FIG. 1 is a diagram for schematically illustrating a
process of providing a service by a robot according to one
or more embodiments.

[0044] The robot 100 according to one or more embodi-
ments may be arranged in a space, and may provide various
services to a user who lives in the space or temporarily
visited the space. The robot 100 may provide a service
corresponding to at least one of cleaning, guide, serving,
patrol, or handling of an urgent situation, but is not limited
thereto.

29 <,
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[0045] Also, in the space, at least one other robot 200 other
than the robot 100 may be arranged, and the robot 100 and
the at least one other robot 200 may provide services to a
user through mutual collaboration. Here, service provision
through collaboration may mean that the robot 100 and the
at least one other robot 200 provide services that are
mutually related, as the robot 100 and the at least one other
robot 200 are controlled based on information on tasks that
are mutually related.

[0046] The at least one other robot 200 may be a robot
having the same specification as the robot 100, but it may be
a robot having a different specification from the robot 100.
[0047] According to one or more embodiments, the plu-
rality of robots 100, 200 may be controlled by an external
server 300. The plurality of robots 100, 200 may commu-
nicate with the external server 300. For example, the plu-
rality of robots 100, 200 and the external server 300 may
communicate by a transmission control protocol/Internet
protocol (TCP/IP) method.

[0048] The external server 300 may transmit task infor-
mation corresponding to each of the plurality of robots 100,
200 to each robot 100, 200. Here, the task information may
include information on the types of the tasks and the
movement routes, but is not limited thereto, and the task
information may include all information related to perfor-
mance of the tasks by the plurality of robots 100, 200.
[0049] The plurality of robots 100, 200 that received the
task information from the external server 300 may provide
services based on the received task information. For
example, the robot 100 may be controlled by the external
server 300 and provide a service corresponding to a guide or
a patrol task to the user, and the at least one other robot 200
may be controlled by the external server 300 and provide a
service corresponding to a serving or a cleaning task.
[0050] In case an error occurred in the external server 300,
an error 10 may occur between communication between the
plurality of robots 100, 200 and the external server 300.
According to one or more embodiments, at least one robot
from among the plurality of robots 100, 200 that commu-
nicate with the external server 300 by a TCP/IP method may
identify the error 10 that occurred in the communication
with the external server 300.

[0051] In this case, the robot 100 may operate as a master
robot for controlling the plurality of robots 100, 200, and
control at least one other robot 200. The at least one other
robot 200 may identify by itself that it is not a master robot,
and transmit state information and environment information
corresponding to the at least one other robot 200 to the
master robot 100.

[0052] The robot 100 operating as the master robot may
acquire task information for controlling the at least one other
robot 200 based on the state information and the environ-
ment information corresponding to the at least one other
robot 200, and transmit 20 the acquired task information to
the at least one other robot 200.

[0053] Accordingly, the at least one other robot 200 that
received 20 the task information from the robot 100 may
provide a service based on the task information, and service
provision through the plurality of robots 100, 200 may be
performed smoothly in spite of the error 10 that occurred in
the communication with the external server 300.

[0054] Hereinafter, one or more embodiments wherein a
master robot is designated in case an error occurred in
communication between the plurality of robots and the
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external server, and the master robot provides a service by
controlling the plurality of robots will be described in more
detail.

[0055] FIG. 2 is a block diagram for illustrating a con-
figuration of a robot according to one or more embodiments.
[0056] The communication interface 110 may input and
output various types of data. For example, the communica-
tion interface 110 may transmit and receive various types of
data with an external device (e.g., a source device), an
external storage medium (e.g., a USB memory), an external
server (e.g., a webhard) through communication methods
such as Wi-Fi based on AP (Wi-Fi, a wireless LAN net-
work), Bluetooth, Zigbee, a wired/wireless local area net-
work (LAN), a wide area network (WAN), an Ethernet,
IEEE 1394, a high-definition multimedia interface (HDMI),
a universal serial bus (USB), a mobile high-definition link
(MHL), Audio Engineering Society/European Broadcasting
Union (AES/EBU), optical, coaxial, for example.

[0057] In case a user controls the robot 100 remotely, the
communication interface 110 may include a receiver for
receiving a control signal transmitted from the remote
control device manipulated by the user.

[0058] The memory 120 may store data for one or more
embodiments. The memory 120 may be implemented in a
form of a memory embedded in the robot 100, or in a form
of a memory that can be attached to or detached from the
robot 100, according to the usage of stored data. For
example, in the case of data for operating the robot 100, the
data may be stored in a memory embedded in the robot 100,
and in the case of data for an extended function of the robot
100, the data may be stored in a memory that can be attached
to or detached from the robot 100. In the case of a memory
embedded in the robot 100, the memory may be imple-
mented as at least one of a volatile memory (e.g., a dynamic
RAM (DRAM), a static RAM (SRAM), or a synchronous
dynamic RAM (SDRAM), for example) or a non-volatile
memory (e.g., an one time programmable ROM (OT-
PROM), a programmable ROM (PROM), an erasable and
programmable ROM (EPROM), an electrically erasable and
programmable ROM (EEPROM), a mask ROM, a flash
ROM, a flash memory (e.g., NAND flash or NOR flash, for
example), a hard drive, or a solid state drive (SSD)). Also,
in the case of a memory that can be attached to or detached
from the robot 100, the memory may be implemented in
forms such as a memory card (e.g., compact flash (CF),
secure digital (SD), micro secure digital (Micro-SD), mini
secure digital (Mini-SD), extreme digital (xD), a multi-
media card (MMC), for example), an external memory that
can be connected to a USB port (e.g., a USB memory), for
example.

[0059] The processor 130 controls the overall operations
of the robot 100. The processor 130 may be connected with
each component of the robot 100, and control the overall
operations of the robot 100. For example, the processor 130
may be connected with the communication interface 110 and
the memory 120, and control the operations of the robot 100.
[0060] According to one or more embodiments, the pro-
cessor 130 may be referred to by various names such as a
digital signal processor (DSP), a microprocessor, a central
processing unit (CPU), a micro controller unit (MCU), a
micro processing unit (MPU), a neural processing unit
(NPU), a controller, an application processor (AP), for
example, but in this specification, it will be described as the
processor 130.
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[0061] The processor 130 may be implemented as a sys-
tem on chip (SoC), and large scale integration (LSI), or
implemented in the form of a field programmable gate array
(FPGA). Also, the processor 130 may include a volatile
memory such as an SRAM, for example.

[0062] The processor 130 according to one or more
embodiments may transmit identification information of the
robot 100 and state information of the robot 100 to the
external server via the communication interface 110. Here,
the state information of the robot 100 may include at least
one of information about the battery remaining amount of
the robot 100, information related to performance of a task
by the robot 100, or information about an error of the robot
100. For example, the processor 130 may transmit state
information instructing a state wherein the battery remaining
amount of the robot 100 is currently 100%, and the robot 100
completed performing a task allotted from the external
server, and an error did not occur in the robot 100 to the
external server via the communication interface 110.
[0063] Also, the processor 130 may receive identification
information of at least one other robot arranged in a space,
and type information, state information, and driving infor-
mation about a planned movement route of the at least one
other robot corresponding to the identification information
via the communication interface 110, and store the received
information in the memory 120.

[0064] Here, the type information may include informa-
tion on at least one type among a guide type, a serving type,
or a robot arm type, and the state information may include
at least one of information about a battery remaining
amount, information related to performance of a task, or
error information, but the disclosure is not limited thereto.
[0065] If the type information, the state information, and
the driving information about the planned movement route
regarding the at least one other robot have already been
received from the external server and stored in the memory
120, the processor 130 may update the pre-stored informa-
tion in the memory 120 based on newly received informa-
tion. According to one or more embodiments, an operation
of updating the pre-stored information in the memory 120
based on information received from the external server can
be performed when the robot 100 is implemented as a guide
type robot equipped with a hardware specification that can
operate as a master robot, but the disclosure is not neces-
sarily limited thereto.

[0066] In case an error occurred in the external server, the
processor 130 may identify that an error occurred in com-
munication with the external server via the communication
interface 110. The processor 130 may compare the type
information and the state information of the at least one
other robot received from the external server with the type
information and the state information of the robot 100, and
determine whether the robot 100 is to operate as the master
robot. For example, if it is identified that a communication
error with the external server is due to an error of the
external server but not an error of the robot 100, the
processor 130 may compare the received type information
and state information of the at least one other robot with the
type information and the state information of the robot 100,
and determine whether the robot 100 is to operate as the
master robot.

[0067] According to one or more embodiments, the pro-
cessor 130 may compare the information that was updated
on the nearest time point to the time point when the
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communication error with the external server occurred from
among the updated type information and state information of
the at least one other robot with the type information and the
state information of the robot 100, and determine whether
the robot 100 is to operate as the master robot.

[0068] For example, in case the robot 100 is a guide type
robot, the processor 130 may identify a robot of a guide type
among the at least one other robot, and decide the identified
robot of a guide type and the robot 100 as candidate robots
to operate as the master robot. Also, the processor 130 may
identify at least one robot having a battery amount greater
than or equal to a threshold value based on state information
corresponding to each of the candidate robots, and deter-
mine whether the robot 100 is to operate as the master robot
based on the remaining state information excluding the
battery remaining amount information among the state infor-
mation corresponding to the identified at least one robot.
[0069] In case the robot 100 operates as the master robot,
the processor 130 may plan a movement route of the at least
one other robot based on task information corresponding to
the at least one other robot. Here, the processor 130 may
receive the task information from the external server via the
communication interface 110, but may acquire the task
information based on at least one of the type information of
the plurality of robots including the robot 100 and map data
corresponding to the space wherein the plurality of robots
are located, information about a service request by the user,
or various context information related to service provision.
[0070] The processor 130 may plan an optimal movement
route wherein the robot 100 and the at least one other robot
can provide services without colliding with each other based
on the task information corresponding to the robot 100 and
the at least one other robot, and the map data corresponding
to the space wherein the robot 100 is located. Here, the map
data may include a plurality of environment information
including location information corresponding to each of the
plurality of robots and information about obstacles located
within a threshold distance from each robot.

[0071] Also, in case the robot 100 operates as the master
robot, the processor 130 may request the state information,
the environment information, and the driving information
about the planned movement route of the at least one other
robot to the at least one other robot. When the state infor-
mation, the environment information, and the driving infor-
mation about the planned movement route are received from
the at least one other robot, the processor 130 may correct
the planned movement route related to service provision of
the plurality of robots based on the received information,
and transmit the corrected movement route to the at least one
other robot via the communication interface 110.

[0072] Here, the environment information of the at least
one other robot may include at least one of location infor-
mation of the at least one other robot, road condition
information around the at least one other robot, information
about the type of an obstacle located within a threshold
distance from the at least one other robot, or information
about the distance between the obstacle and the at least one
other robot, but is not limited thereto.

[0073] According to one or more embodiments, in case the
robot 100 operates as the master robot, the processor 130
may correct the movement route of the at least one other
robot in case all or some of the movement route of the at
least one other robot is included in an area wherein it is
difficult for the at least one other robot to drive (e.g., an area
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wherein climbing is impossible) based on the road condition
information around the at least one other robot, and transmit
the corrected movement route to the at least one other robot
via the communication interface 110.

[0074] The at least one other robot that received the
corrected movement route from the robot 100 may provide
a service while driving based on the corrected movement
route.

[0075] Incase the robot 100 does not operate as the master
robot, the processor 130 may transmit the state information
and the environment information of the robot 100 via the
communication interface 110. For example, the processor
130 may identify a robot operating as the master robot
among the plurality of robots, and transmit the state infor-
mation and the environment information of the robot 100 to
the identified robot, or broadcast the state information and
the environment information of the robot 100 without iden-
tifying the robot operating as the master robot.

[0076] FIG. 3 is a diagram for illustrating a method of
designating a master robot based on a difference in a service
provision range corresponding to a type of a robot according
to one or more embodiments.

[0077] According to one or more embodiments, in case an
error occurred in the external server controlling the robot,
various standards may be applied in a process of designating
a master robot among a plurality of robots that are located
in an indoor space and provide services. For example, the
plurality of robots may identify a robot to operate as the
master robot based on type information corresponding to
each robot.

[0078] According to FIG. 3, a restaurant 301 providing
services through robots may include three areas correspond-
ing to a counter, a hall, and a kitchen from the left side. A
plurality of robots 310, 320, 330 arranged in the restaurant
301 may include a guide type robot 310, a serving type robot
320, and a robot arm type robot 330.

[0079] The guide type robot 310 may perform an interac-
tion with a user, and perform a task of providing information
related to services to the user. For example, the guide type
robot 310 may inform a customer who visited the restaurant
301 of the waiting time or guide the customer to a designated
seat in the hall, and perform a task of notifying servers in the
restaurant 301 of information about the order of the cus-
tomer.

[0080] The serving type robot 320 may perform a task of
carrying an object related to service provision through
driving. For example, the serving type robot 320 may
perform a task of serving food cooked in the kitchen to a
customer, or taking the dishes from the customer who
finished eating and carrying the dishes to the kitchen. For
this, the serving type robot 320 may include at least one
storage space.

[0081] The robot arm type robot 330 may not perform
driving related to service provision, but perform a task of
carrying an object related to service provision. For example,
the robot arm type robot 330 may perform a task of loading
food cooked in the kitchen in the storage space of the serving
type robot 320, or moving the dishes carried from the
customer who finished eating to the sink hole. For this, the
robot arm type robot 330 may include a robot arm including
at least one joint.

[0082] Here, each robot 310, 320, 330 may have a prede-
termined service provision range corresponding to the robot
type. The guide type robot 310 may provide services across



US 2024/0264611 Al

the counter, the hall, and the kitchen, and the serving type
robot 320 may provide services across the hall and the
kitchen, and the robot arm type robot 330 may provide
services in the kitchen. Accordingly, a service provision
range 311 of the guide type robot 310 may include wider
areas than a service provision range 321 of the serving type
robot 320 or a service provision range 331 of the robot arm
type robot 330.

[0083] Because of the characteristic of the master robot of
having to continuously perform communication with each
robot for controlling the plurality of robots 310, 320, 330, it
may be effective that the guide type robot 310 that has a wide
service provision range and can move to various locations in
the restaurant 301 operates as the master robot.

[0084] Accordingly, the guide type robot 310 may identify
that the guide type robot 310 itself operates as the master
robot based on the type information of the plurality of robots
310, 320, 330, and transmit 20 control signals for controlling
the serving type robot 320 and the robot arm type robot 330
not operating as the master robot to each robot 320, 330.
[0085] FIG. 4 is a diagram for illustrating a method of
designating a master robot among candidate robots accord-
ing to one or more embodiments.

[0086] According to FIG. 4, the plurality of robots 411,
412, 413, 420, 430 may provide services by collaborating.
Here, the plurality of robots 411, 412, 413, 420, 430 may
include a plurality of guide type robots 411, 412, 413, a
serving type robot 420, and a robot arm type robot 430.
[0087] Before an error occurs in communication between
the plurality of robots 411, 412, 413, 420, 430 and the
external server, the external server may perform a function
of gathering identification information, type information,
and state information corresponding to the plurality of
robots 411, 412, 413, 420, 430 from the plurality of robots
411, 412, 413, 420, 430, and transmitting the information to
each robot.

[0088] In case it is identified that an error occurred in
communication with the external server, each robot may
decide a robot to operate as the master robot based on the
information that was received the most recently before the
communication error occurred among the identification
information, the type information, and the state information
corresponding to the plurality of robots 411, 412, 413, 420,
430.

[0089] For example, before an error occurs in communi-
cation with the external server, each robot may periodically
receive the identification information, the type information,
and the state information corresponding to the plurality of
robots 411, 412, 413, 420, 430 from the external server, and
update the previous information. In case an error occurred in
communication with the external server, each robot may
identify the guide type robots 411, 412, 413 among the
plurality of robots 411, 412, 413, 420, 430 as candidate
robots to operate as the master robot, and decide a robot to
operate as the master robot based on the state information of
the candidate robots 411, 412, 413 that was updated the most
recently before the error occurred.

[0090] According to one or more embodiments, each robot
may decide a robot to operate as the master robot based on
the state information of the candidate robots 411, 412, 413
identified among the information that was updated the most
recently before the communication error with the external
server occurred. For example, each robot may identify at
least one robot 400 having a battery remaining amount of
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greater than or equal to a threshold value (60%) based on the
information about the battery remaining amounts of the
candidate robots 411, 412, 413 that was updated the most
recently before the error occurred in the communication
with the external server. In this process, each robot may
identify that the candidate robot 413 having a battery
remaining amount smaller than the threshold value (60%)
does not operate as the master robot.

[0091] Because of the characteristic of the master robot of
consuming a lot of power for controlling the plurality of
robots 411, 412, 413, 420, 430, it may be effective that a
robot having a high battery remaining amount to operate as
the master robot. Thus, each robot may decide that the robot
412 having the highest battery remaining amount among the
at least one robot 400, identified based on the information
about the battery remaining amount of the at least one robot
400 that was updated the most recently before the error
occurred in the communication with the external server,
operates as the master robot. In this case, the guide type
robot 412 operating as the master robot may plan the
movement routes of the remaining robots 411, 413, 420, 430
based on task information corresponding to the remaining
robots 411, 413, 420, 430, and transmit the planned move-
ment routes to the remaining robots 411, 413, 420, 430.

[0092] FIG. 5A and FIG. 5B are diagrams for illustrating
a method of designating a master robot based on state
information of a robot according to one or more embodi-
ments.

[0093] According to FIG. 5A, the plurality of robots 511,
512, 521, 531 may provide services by collaborating. Here,
the plurality of robots 511, 512, 521, 531 may include a
plurality of guide type robots 511, 512, a serving type robot
521, and a robot arm type robot 531.

[0094] In case it is identified that an error occurred in
communication with the external server, each robot may
decide a robot to operate as the master robot based on the
information that was received the most recently before the
communication error occurred among the identification
information, the type information, and the state information
corresponding to the plurality of robots 511, 512, 521, 531.

[0095] For example, before an error occurs in communi-
cation with the external server, each robot may periodically
receive the identification information, the type information,
and the state information corresponding to the plurality of
robots 511, 512, 521, 531 from the external server, and
update the previous information. In case an error occurred in
communication with the external server, each robot may
identify the guide type robots 511, 512 among the plurality
of robots 511, 512, 521, 531 as candidate robots to operate
as the master robot, and decide a robot to operate as the
master robot based on the state information of the candidate
robots 511, 512 that was updated the most recently before
the error occurred.

[0096] According to one or more embodiments, in case the
battery remaining amounts of the candidate robots 511, 512
are greater than or equal to the threshold value (60%), each
robot may decide the master robot based on the remaining
state information excluding the information about the bat-
tery remaining amounts of the candidate robots 511, 512
identified among the information that was updated the most
recently before the communication error with the external
server occurred. For example, each robot may decide the
master robot based on error information corresponding to
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the candidate robots 511, 512 that was updated the most
recently before an error occurred in the communication with
the external server.

[0097] In case an error occurred in the robot 512 having
the highest battery remaining amount from among the
candidate robots 511, 512, the robot 512 cannot perform a
task, and also, a problem may occur in the controlling of the
plurality of robots 511, 512, 521, 531 by the robot 512 as the
master robot. Accordingly, each robot may decide that the
robot 511 that has a relatively low battery remaining amount,
but is normally operating as an error did not occur from
among the candidate robots 511, 512, based on the error
information of the candidate robots 511, 512 that was
updated the most recently before the communication error
with the external server occurred, operates as the master
robot.

[0098] In this case, the guide type robot 511 operating as
the master robot may plan movement routes of the robots
521, 531 based on task information corresponding to the
robots 521, 531 excluding the robot 512 wherein an error
occurred among the remaining robots 512, 521, 531, and
transmit the planned movement routes to the robots 521,
531.

[0099] According to FIG. 5B, the plurality of robots 513,
514, 522, 532 may provide services by collaborating. Here,
the plurality of robots 513, 514, 522, 532 may include a
plurality of guide type robots 513, 514, a serving type robot
522, and a robot arm type robot 532.

[0100] In case it is identified that an error occurred in
communication with the external server, each robot may
decide a robot to operate as the master robot based on the
information that was received the most recently before the
communication error occurred among the identification
information, the type information, and the state information
corresponding to the plurality of robots 513, 514, 522, 532.
[0101] For example, before an error occurs in communi-
cation with the external server, each robot may periodically
receive the identification information, the type information,
and the state information corresponding to the plurality of
robots 513, 514, 522, 532 from the external server, and
update the previous information. In case an error occurred in
communication with the external server, each robot may
identify the guide type robots 513, 514 among the plurality
of robots 513, 514, 522, 532 as candidate robots to operate
as the master robot, and decide a robot to operate as the
master robot based on the state information of the candidate
robots 513, 514 that was updated the most recently before
the error occurred.

[0102] According to one or more embodiments, each robot
may decide the master robot based on the remaining state
information excluding the information about the battery
remaining amounts of the candidate robots 513, 514 iden-
tified among the information that was updated the most
recently before the communication error with the external
server occurred. For example, each robot may decide the
master robot based on information related to performance of
tasks corresponding to the candidate robots 513, 514 that
was updated the most recently before an error occurred in
the communication with the external server.

[0103] The robot 514 that could not complete performing
the allotted task from among the candidate robots 513, 514
may be a robot that is inappropriate for being designated as
the master robot controlling the plurality of robots 513, 514,
522, 532 due to burden of operations (or information pro-
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cessing) required for performing the task. Accordingly, each
robot may decide that the robot 513 of which battery
remaining amount is relatively low but which completed
performing the allotted task from among the candidate
robots 513, 514, based on information related to perfor-
mance of tasks of the candidate robots 513, 514 that was
updated the most recently before the communication error
with the external server occurred, operates as the master
robot.

[0104] In this case, the guide type robot 513 operating as
the master robot may plan the movement routes of the
remaining robots 514, 522, 532 based on task information
corresponding to the remaining robots 514, 522, 532, and
transmit the planned movement routes to the remaining
robots 514, 522, 532.

[0105] However, the operation of identifying the master
robot according to the disclosure is not limited to the
aforementioned content, and it is possible that the robot 514
having a relatively high battery remaining amount from
among the candidate robots 513, 514 operates as the master
robot, and the other candidate robot 513 performs the task
that was previously performed by the master robot 514
instead.

[0106] FIG. 6A and FIG. 6B are diagrams for illustrating
a method of designating a robot to pass preferentially based
on state information of a robot according to one or more
embodiments.

[0107] In case the plurality of robots resume service
provision through control by the master robot after an error
occurred in communication with the external server, control
for the plurality of robots may be stopped during a period.
In this case, as planning of movement routes for the plurality
of robots is not performed, the possibility of collision among
the robots may become high, and for resolving such a
problem, the master robot according to one or more embodi-
ments may request state information, environment informa-
tion, and driving information about a planned movement
route of at least one other robot to the at least one other
robot, and correct the previously planned movement route
based on the received state information, environment infor-
mation, and driving information about the planned move-
ment route to prevent collision among the robots.

[0108] An operation related to ‘correction of a movement
route’ that will be described below may also include an
operation of changing information related to timing of
passing through each node other than an operation of
changing nodes that the robot passes through while driving.

[0109] According to FIG. 6A, in case an error occurred in
communication with the external server, the guide type robot
601 may operate as the master robot, and control a plurality
of serving type robots 602, 603. In this case, the guide type
robot 601 that initiated an operation as the master robot may
receive state information, environment information, and
driving information about a planned movement route cor-
responding to each of the plurality of serving type robots
602, 603 from the plurality of serving type robots 602, 603.

[0110] Here, the environment information may include
location information of the plurality of serving type robots
602, 603 and distance information between the plurality of
serving type robots 602, 603, and the driving information
about the planned movement route may include information
about whether the plurality of serving type robots 602, 603
are driving along the planned movement routes and infor-
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mation on the change of the state of each robot according to
driving, for example, but is not limited thereto.

[0111] The master robot 601 may determine that the
possibility of collision is greater than or equal to a threshold
value in case the plurality of serving type robots 602, 603
drive according to the previously planned movement routes,
and correct the movement routes of the plurality of serving
type robots 602, 603.

[0112] For example, the master robot 601 may receive
(611) state information instructing that the battery remaining
amount of the first serving type robot 602 is 70%, and
receive (621) state information instructing that the battery
remaining amount of the second serving type robot 603 is
40%. Also, in case the second serving type robot 603 stops
and then reoperates based on the driving information of the
second serving type robot 603, the master robot 601 may
identify that the second serving type robot 603 will be
discharged before completing driving of the planned move-
ment route.

[0113] A robot having a low battery remaining amount
may need to return to a predetermined location (e.g., the
battery charging station) swiftly, and thus the master robot
601 may correct the previously planned movement routes to
new movement routes for making the second serving type
robot 603 having a relatively low battery remaining amount
pass preferentially, and stopping the first serving type robot
602 having a relatively high battery remaining amount, and
then re-operating the first serving type robot 602.

[0114] The master robot 601 may transmit (612) the
information about the corrected movement route corre-
sponding to the first serving type robot 602 to the first
serving type robot 602, and transmit (622) the information
about the corrected movement route corresponding to the
second serving type robot 603 to the second serving type
robot 603.

[0115] As a result, the first serving type robot 602 that
moved near a point wherein collision is expected may pass
(613) after stopping during a period, and the second serving
type robot 603 may pass through (623) the point without
stopping.

[0116] According to FIG. 6B, the master robot 601 may
receive (631) state information instructing that the first
serving type robot 602 is performing a task corresponding to
a job, and receive (641) state information instructing that the
second serving type robot 602 is performing a task corre-
sponding to an urgent job. As a robot performing a task
corresponding to an urgent job may need to perform the task
swiftly, the master robot 601 may correct the previously
planned movement routes to new movement routes for
making the second serving type robot 603 performing a task
corresponding to an urgent job pass preferentially, and
stopping the first serving type robot 602 performing a task
corresponding to a job and then re-operating the first serving
type robot 602.

[0117] The master robot 601 may transmit (632) the
movement route information corresponding to the first serv-
ing type robot 602 to the first serving type robot 602, and
transmit (642) the movement route information correspond-
ing to the second serving type robot 603 to the second
serving type robot 603.

[0118] As a result, the first serving type robot 602 that
moved near the point wherein collision is expected may stop
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during a period and then pass (633), and the second serving
type robot 603 may pass through (643) the point without
stopping.

[0119] FIG. 7 is a diagram for illustrating a method of
designating a robot to pass preferentially based on obstacle
information according to one or more embodiments.

[0120] According to FIG. 7, in case an error occurred in
communication with the external server, the guide type robot
701 may control a plurality of serving type robots 702, 703
while operating as the master robot. In this case, the guide
type robot 701 that initiated an operation as the master robot
may receive state information and environment information
corresponding to each of the plurality of serving type robots
702, 703 from the plurality of serving type robots 702, 703.

[0121] Here, the environment information may include at
least one of location information of the plurality of serving
type robots 702, 703, type information of an obstacle 70
located near the plurality of serving type robots 702, 703, or
distance information between each robot 702, 703 and the
obstacle 70.

[0122] In case the plurality of serving type robots 702, 703
drive according to the previously planned movement routes,
the master robot 701 may determine that the possibility of
collision is greater than or equal to a threshold value, and
correct the movement routes of the plurality of serving type
robots 702, 703.

[0123] For example, the master robot 701 may receive
(711) location information of the first serving type robot 702
and environment information instructing that a static
obstacle is not located on the movement route of the first
serving type robot 702, and receive (721) location informa-
tion of the second serving type robot 703 and environment
information instructing that a static obstacle is located on the
movement route of the second serving type robot 703.

[0124] The second serving type robot 703 that gets to
collide with the obstacle 70 in the case of driving according
to the previously planned movement route may need to
decelerate regardless of collision with the first serving type
robot 702, and thus the master robot 701 may correct the
previously planned movement routes to new movement
routes for making the first serving type robot 702 that does
not have a risk of colliding with the obstacle 70 pass
preferentially, and stopping the second serving type robot
703 that has a risk of colliding with the obstacle 70 and then
re-operating the second serving type robot 703.

[0125] The master robot 701 may transmit (712) the
information about the corrected movement route corre-
sponding to the first serving type robot 702 to the first
serving type robot 702, and transmit (722) the information
about the corrected movement route corresponding to the
second serving type robot 703 to the second serving type
robot 703.

[0126] As a result, the second serving type robot 703 that
moved near the point wherein collision is expected may stop
during a period and then pass (723), and the first serving type
robot 702 may pass through (713) the point without stop-
ping.

[0127] In case it is identified that an obstacle located in a
space is a dynamic obstacle but not a static obstacle, the
master robot 701 may correct the movement routes of the
first and second serving type robots 702, 703 by predicting
change of the location of the dynamic obstacle based on
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environment information acquired by the first and second
serving type robots 702, 703 in relation to the dynamic
obstacle.

[0128] FIG. 8 is a flow chart for illustrating an operation
of a master robot of planning an evasive route in consider-
ation of possibility of collision between slave robots.
[0129] According to FIG. 8, a plurality of robots that are
arranged in an indoor space and provide services to a user
identify that a communication error with the external server
occurred in operation S811. Then, in case it is identified that
the communication error originated from an error in the
external server, each robot may decide candidate robots to
operate as the master robot among at least one guide type
robot in operation S812.

[0130] Then, each robot decides a robot to operate as the
master robot based on state information of the at least one
candidate robot in operation S813. The robot operating as
the master robot may establish a communication channel
with slave robots other than the master robot in operation
S814. For example, the master robot may establish a peer to
peer (P2P) communication channel between the master
robot and the slave robots.

[0131] Then, the master robot plans movement routes of
each of the slave robots based on task information corre-
sponding to each of the at least one slave robot in operation
S815. Also, the master robot may control the operations of
the slave robots based on the planned movement routes in
operation S816.

[0132] Then, the master robot determines whether the
possibility of collision among the slave robots is greater than
or equal to a threshold value in operation S820. For example,
the master robot may determine whether the possibility of
collision among the slave robots is greater than or equal to
the threshold value based on the planned movement routes
of each of the slave robots. In case it is determined that the
possibility of collision among the slave robots is greater than
or equal to the threshold value, the master robot may receive
state information and environment information of each of
the slave robots from the slave robots, and replan movement
routes for evading collision among the slave robots based on
the received information in operation S831.

[0133] Then, the master robot corrects the previously
planned movement routes based on map data of the space
wherein the plurality of robots are located and the movement
routes replanned for evading collision in operation S832.
Lastly, the master robot transmits the information about the
corrected movement routes to the slave robots, and the slave
robots drive according to the corrected movement routes,
and accordingly, collision among the slave robots can be
prevented in operation S833.

[0134] FIG. 9 is a block diagram for illustrating in detail
a configuration of a robot according to one or more embodi-
ments.

[0135] According to FIG. 9, the robot 100 may include a
communication interface 110, a memory 120, a processor
130, a sensor 140, a driver 150, a user interface 160, and a
speaker 170. Among the components illustrated in FIG. 9,
regarding components overlapping with the components
illustrated in FIG. 2, detailed explanation will be omitted.
[0136] The sensor 140 may measure a physical amount or
detect an operation state of the robot 100, and convert the
measured or detected information into an electric signal. The
sensor 140 may include a camera (e.g., an active stereo
camera), and the camera may include a lens that focuses
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various visible light optical signals that are reflected by an
object and received onto an image sensor, and an image
sensor that can detect the various visible light optical
signals. Here, the image sensor may include a 3D pixel array
divided into a plurality of pixels.

[0137] The processor 130 may acquire type information of
an obstacle located within a threshold distance from the
robot 100 and distance information between the robot 100
and the obstacle through the sensor 140 including the
camera.

[0138] Also, the sensor 140 may include at least one of a
distance sensor, a gesture sensor, a gyro sensor, an air
barometric sensor, a magnetic sensor, an acceleration sensor,
a grip sensor, a proximity sensor, a color sensor (e.g., a red,
green, blue (RGB) sensor), a bio sensor, a temperature/
humidity sensor, an illumination sensor, or an ultra violet
(UV) sensor, and the sensor 140 according to one or more
embodiments may be implemented in a form of a sensor
module including at least one sensor.

[0139] The driver 150 is a device that can make the robot
100 drive. The driver 150 may adjust a driving direction and
a driving speed according to control by the processor 130,
and the driver 150 according to one or more embodiments
may include a power generation device (e.g., a gasoline
engine, a diesel engine, a liquefied petroleum gas (LPG)
engine, an electric motor, for example, according to the used
fuel (or the energy source)) that generates power for the
robot 100 to drive, a steering device (e.g., manual steering,
hydraulics steering, electronic control power steering (EPS),
for example) for adjusting a driving direction, a driving
device (e.g., wheels, a propeller, for example) making the
robot 100 drive according to power, for example. Here, the
driver 150 may be implemented while being modified
according to the driving type (e.g., a wheel type, a walking
type, a flying type, for example) of the robot 100.

[0140] Incase the robot 100 is implemented in a robot arm
type, the driver 150 may be formed as a structure for driving
the robot arm, and in this case, the driver 150 may also be
implemented as a structure including a plurality of driving
modules corresponding to at least one joint provided on the
robot arm.

[0141] The user interface 160 is a component that is
involved in performing of an interaction with a user by the
robot 100. For example, the user interface 160 may include
at least one of a touch sensor, a motion sensor, buttons, a jog
dial, or a switch, but is not limited thereto. The processor
130 according to one or more embodiments may acquire
service request information related to service provision from
a user through the user interface 160.

[0142] The user interface 160 may include a microphone.
The microphone is a component that collects input sounds
by receiving a user’s voices and ambient noise signals. The
microphone is a component that refers to a device that
receives an input of a sound wave and generates a current of
the same waveform as this. The processor 130 may convert
a sound signal included in an input sound into a digital signal
based on a current of a waveform generated by the micro-
phone. The processor 130 may acquire service request
information related to service provision from a user’s utter-
ance through the microphone.

[0143] The speaker 170 is a device that converts an
electric acoustic signal corresponding to audio output by the
robot 100, which was generated from the processor 130, into
a sound wave. The speaker 170 may include a permanent



US 2024/0264611 Al

magnet, a coil, and a vibration plate, and may output sounds
by vibrating the vibration plate by an electromagnetic inter-
action generated between the permanent magnet and the
coil. The processor 130 according to one or more embodi-
ments may control the speaker 170 to output audio related to
a service provided by the robot 100.

[0144] FIG. 10 is a flow chart for illustrating a controlling
method according to one or more embodiments.

[0145] In a controlling method according to one or more
embodiments, identification information of a robot and state
information of the robot are transmitted to an external server
in operation S1010.

[0146] Then, if identification information of at least one
other robot and robot type information and state information
corresponding to the identification information are received
from the external server, the received information is stored
in operation S1020.

[0147] Then, if it is identified that an error occurred in the
communication with the external server, the type informa-
tion and the state information of the at least one other robot
included in the received information are compared with the
type information and the state information of the robot to
determine whether the robot is to operate as a master robot
in operation S1030.

[0148] Then, if the robot operates as the master robot, a
movement route of the at least one other robot is planned on
the basis of task information corresponding to the at least
one other robot in operation S1040.

[0149] Lastly, the planned movement route may be trans-
mitted to the at least one other robot in operation S1050.
[0150] Here, the operation S1030 of determining whether
the robot is to operate as the master robot may include the
steps of, based on the type information of the at least one
other robot and the type information of the robot, deciding
at least one candidate robot from among the at least one
other robot and the robot, and determining whether the robot
is to operate as the master robot based on the state infor-
mation of the at least one candidate robot.

[0151] Here, in the operation of deciding the candidate
robot, a guide type robot may be decided as the at least one
candidate robot based on the type information of the at least
one other robot and the type information of the robot.
[0152] Also, the state information may include at least one
of information about a battery remaining amount, informa-
tion related to performance of a task, or error information,
and the operation S1030 of determining whether the robot is
to operate as the master robot may include the steps of
identifying at least one robot having a battery remaining
amount greater than or equal to a threshold value based on
the information about the battery remaining amount of the at
least one candidate robot, and determining whether the robot
is to operate as the master robot based on the remaining state
information excluding the information about the battery
remaining amount of the at least one candidate robot iden-
tified based on the battery remaining amount.

[0153] The operation S1030 of determining whether the
robot is to operate as the master robot may include the steps
of, based on receiving the identification information of the
at least one other robot and the robot type information, the
state information, and driving information about the planned
movement route corresponding to the identification infor-
mation from the external server, updating the stored infor-
mation on the basis of the received information, and based
on identifying that an error occurred in the communication
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with the external server, determining whether the robot is to
operate as the master robot on the basis of the most recently
updated information based on the time point when the
communication error occurred among the updated informa-
tion.

[0154] Also, in the operation S1030 of determining
whether the robot is to operate as the master robot, based on
identifying that the communication error with the external
server is due to an error in the external server, the type
information and the state information of the at least one
other robot included in the received information may be
compared with the type information and the state informa-
tion of the robot to determine whether the robot is to operate
as the master robot.

[0155] Also, the controlling method may further include
the steps of, based on the robot operating as the master robot,
requesting the state information, environment information,
and driving information about the planned movement route
of the at least one other robot to the at least one other robot,
and correcting the planned movement route based on the
state information, the environment information, and the
driving information about the planned movement route
received from the at least one other robot, and transmitting
the corrected movement route to the at least one other robot.
[0156] Here, the environment information may include at
least one of location information of the at least one other
robot, road condition information around the at least one
other robot, obstacle type information, or distance informa-
tion from an obstacle.

[0157] The controlling method may further include the
step of, based on identitying that the robot is not the master
robot, transmitting the state information and environment
information of the robot.

[0158] The methods according to one or more embodi-
ments may be implemented in forms of applications that can
be installed on conventional robots.

[0159] Also, the methods according to one or more
embodiments may be implemented just with software
upgrade, or hardware upgrade of conventional robots.
[0160] In addition, one or more embodiments can be
performed through an embedded server provided on a robot,
or performed through at least one external server.

[0161] According to one or more embodiments, even in
case an error occurred in communication between a robot
and an external server, a plurality of robots can provide
smooth services according to control by a master robot, and
thus a user’s convenience can be improved.

[0162] One or more embodiments may be implemented in
a recording medium that can be read by a computer or a
device similar to a computer, by using software, hardware,
or a combination thereof. In some cases, the embodiments
described in this specification may be implemented as the
processor 130 itself. According to implementation by soft-
ware, the embodiments such as procedures and functions
described in this specification may be implemented as
separate software modules. Each of the software modules
may perform one or more functions and operations
described in this specification.

[0163] Computer instructions for performing processing
operations of the robot 100 according to one or more
embodiments may be stored in a non-transitory computer-
readable medium. Computer instructions stored in such a
non-transitory computer-readable medium may make the
processing operations at the robot 100 according to one or
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more embodiments performed by a machine, when the
instructions are executed by the processor of the machine.
[0164] A non-transitory computer-readable medium refers
to a medium that stores data semi-permanently, and is
readable by machines, but not a medium that stores data for
a short moment such as a register, a cache, and a memory.
As examples of a non-transitory computer-readable
medium, there may be a CD, a DVD, a hard disc, a blue-ray
disc, a USB, a memory card, a ROM, and the like.
[0165] Also, while example embodiments of the disclo-
sure have been shown and described, the disclosure is not
limited to the aforementioned specific embodiments, and it
is apparent that various modifications may be made by those
having ordinary skill in the technical field to which the
disclosure belongs, without departing from the gist of the
disclosure as claimed by the appended claims. Further, it is
intended that such modifications are not to be interpreted
independently from the technical idea or prospect of the
disclosure.
What is claimed is:
1. A robot comprising:
a communication interface;
a memory storing at least one instruction; and
at least one processor configured to execute the at least
one instruction to:
transmit first identification information of the robot and
first state information of the robot to an external
server via the communication interface,
based on receiving, from the external server via the
communication interface, first information compris-
ing second identification information of at least one
other robot, second type information of the at least
one other robot, and second state information of the
at least one other robot, store the first information in
the memory,
based on identifying that an error occurred in commu-
nication with the external server via the communi-
cation interface, determine whether the robot is to
operate as a master robot by comparing the second
type information and the second state information
with first type information of the robot and the first
state information, respectively,
based on determining that the robot is to operate as the
master robot, plan a movement route of the at least
one other robot based on task information of the at
least one other robot, and
transmit, via the communication interface, the planned
movement route to the at least one other robot.
2. The robot of claim 1, wherein the at least one processor
is further configured to execute the at least one instruction
to:
based on the second type information and the first type
information, identify at least one candidate robot from
among the at least one other robot and the robot, and

determine whether the robot is to operate as the master
robot based on state information of the at least one
candidate robot.

3. The robot of claim 2, wherein the at least one processor
is further configured to execute the at least one instruction
to:

identify a guide type robot as the at least one candidate

robot based on the second type information and the first
type information.
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4. The robot of claim 2, wherein each of the first state
information and the second state information comprises:

at least one of information about a battery remaining
amount, information related to performance of a task,
or error information, and

wherein the at least one processor is further configured to
execute the at least one instruction to:

identify, from among the at least one candidate robot, at
least one robot having a battery remaining amount
greater than or equal to a threshold value based on the
information about the battery remaining amount of the
at least one candidate robot, and

determine whether the robot is to operate as the master
robot based on at least one of the information related to
performance of the task of the at least one identified
robot or the error information of the at least one
identified robot.

5. The robot of claim 1, wherein the at least one processor
is further configured to execute the at least one instruction
to:

based on receiving, from the external server via the
communication interface, second information compris-
ing the second identification information, the second
type information, the second state information, and
driving information about the planned movement route
of the at least one other robot, update information of the
at least one other robot stored in the memory based on
the received second information, and
based on identifying that an error occurred in the com-
munication with the external server via the communi-
cation interface, determine whether the robot is to
operate as the master robot based on a most recently
updated information stored in the memory based on a
time point when the communication error occurred.
6. The robot of claim 1, wherein the at least one processor
is further configured to execute the at least one instruction
to:
based on identifying that the communication error with
the external server is due to an error in the external
server, determine whether the robot is to operate as the
master robot by comparing the second type information
and the second state information with the first type
information and the first state information, respectively.
7. The robot of claim 1, wherein the at least one processor
is further configured to execute the at least one instruction
to:

based on the robot operating as the master robot, request
from the at least one other robot, second information
comprising the second state information, environment
information, and driving information about the planned
movement route of the at least one other robot,

correct the planned movement route of the at least one
other robot based on the received second information,
and

transmit, via the communication interface, the corrected
planned movement route to the at least one other robot.

8. The robot of claim 7, wherein the environment infor-

mation comprises:

at least one of location information of the at least one
other robot, road condition information around the at
least one other robot, obstacle type information, or
distance information from an obstacle.
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9. The robot of claim 1, wherein the at least one processor
is further configured to execute the at least one instruction
to:

based on identifying that the robot is not the master robot,
transmit, via the communication interface, the first state
information and environment information of the robot.

10. A method of controlling a robot, the method compris-
ing:
transmitting first identification information of the robot
and first state information of the robot to an external
server;

based on receiving, from the external server, first infor-
mation comprising second identification information of
at least one other robot, second type information of the
at least one other robot, and second state information of
the at least one other robot, storing the received first
information;

based on identifying that an error occurred in communi-
cation with the external server, determining whether the
robot is to operate as a master robot by comparing the
second type information and the second state informa-
tion with first type information of the robot and the first
state information;

based on determining that the robot is to operate as the
master robot, planning a movement route of the at least
one other robot based on task information of the at least
one other robot; and

transmitting the planned movement route to the at least
one other robot.

11. The method of claim 10, wherein the determining
whether the robot is to operate as the master robot com-
prises:

based on the second type information and the first type

information, identifying at least one candidate robot
from among the at least one other robot and the robot;
and

determining whether the robot is to operate as the master

robot based on state information of the at least one
candidate robot.

12. The method of claim 11, wherein the identifying the
at least one candidate robot comprises:

identifying a guide type robot as the at least one candidate
robot based on the second type information and the first
type information.
13. The method of claim 11, wherein each of the first state
information and the second state information comprises:

at least one of information about a battery remaining
amount, information related to performance of a task,
or error information, and

wherein the determining whether the robot is to operate as
the master robot comprises:

identifying, from among the at least one candidate robot,
at least one robot having a battery remaining amount
greater than or equal to a threshold value based on the
information about the battery remaining amount of the
at least one candidate robot; and

determining whether the robot is to operate as the master
robot based on at least one of the information related to
performance of the task of the at least one identified
robot or the error information of the at least one
identified robot.
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14. The method of claim 10, wherein the determining
whether the robot is to operate as the master robot com-
prises:
based on receiving, from the external server, second
information comprising the second identification infor-
mation, the second type information, the second state
information, and driving information about the planned
movement route of the at least one other robot, updat-
ing the stored information based on the received second
information; and
based on identifying that the error occurred in the com-
munication with the external server, determining
whether the robot is to operate as the master robot
based on most recent updated information based on a
time point when the communication error occurred.
15. The method of claim 10, wherein the determining
whether the robot is to operate as the master robot com-
prises:
based on identifying that the communication error with
the external server is due to an error in the external
server, determining whether the robot is to operate as
the master robot by comparing the second type infor-
mation and the second state information with the first
type information and the first state information.
16. The method of claim 10, further comprising:
based on the robot operating as the master robot, request-
ing, from the at least one other robot, second informa-
tion comprising the second state information, environ-
ment information, and driving information about the
planned movement route of the at least one other robot;

correcting the planned movement route of the at least one
other robot based on the received second information of
the at least one other robot; and

transmitting the corrected planned movement route of the

at least one other robot to the at least one other robot.

17. The method of claim 16, wherein the environment
information comprises at least one of location information of
the at least one other robot, road condition information
around the at least one other robot, obstacle type informa-
tion, or distance information from an obstacle.

18. The method of claim 10, further comprising:

based on identifying that the robot is not the master robot,

transmitting the first state information and environment
information of the robot.

19. A non-transitory computer-readable recording
medium storing therein computer-readable instructions, the
computer-readable instructions being used for executing a
method, the method comprising:

transmitting first identification information of the robot

and first state information of the robot to an external
server;

based on receiving, from the external server, first infor-

mation comprising second identification information of
at least one other robot, second type information of the
at least one other robot, and second state information of
the at least one other robot, storing the received first
information;

based on identifying that an error occurred in communi-

cation with the external server, determining whether the
robot is to operate as a master robot by comparing the
second type information and the second state informa-
tion with first type information of the robot and the first
state information;
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based on determining that the robot is to operate as the
master robot, planning a movement route of the at least
one other robot based on task information of the at least
one other robot; and

transmitting the planned movement route to the at least
one other robot.



