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Description

Title of Invention: ROBOT AND METHOD FOR CONTROLLING
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THEREOF
Technical Field

The disclosure relates to a robot and a method for controlling thereof, and more par-
ticularly, to a robot that adaptively selects an action plan according to a situation and
performs an operation corresponding to the selected action plan, and a method for con-

trolling thereof.
Background Art

Recently, spurred by the development of electronic technologies, research for using
various robots including robot cleaners 1in everyday life has been actively pursued. In
order for robots to be used in everyday life, robots should be able to adaptively

perform operations according to various situations.
Disclosure of Invention
Technical Problem

Related art robots perform operations according to predetermined orders, and by such
related art methods, robots are not able to adaptively perform operations according to
the situations of the surroundings. Thus, there 1s a problem that the efficiency of a job

might deteriorate.

Solution to Problem

Provided are a robot that 1s able to adaptively select an action plan according to a
situation and perform an operation corresponding to the selected action plan, and a
control method thereof.

Additional aspects will be set forth in part in the description which follows and, in
part, will be apparent from the description, or may be learned by practice of the
presented embodiments.

In accordance with an aspect of the disclosure, there 1s provided a robot including a
driver for moving the robot, a memory storing at least one instruction, and a processor
configured to, based on an event for performing an operation occurring, acquire target
information corresponding to the operation and context information related to the
robot, and based on at least one of the target information or the context information,
select one of a first action plan of performing an operation according to action 1n-
formation stored 1n advance in the memory, a second action plan of performing an
operation according to action information generated based on the context information,
or a third action plan of performing an operation according to action information

learned based on an operation pattern of the robot, acquire at least one action 1n-
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formation based on the selected action plan, and control the driver such that an
operation corresponding to the target information 1s performed based on the acquired at
least one action information may be provided.

The processor may be configured to: based on the target information corresponding
to target information stored in advance in the memory, select the first action plan, and
based on the target information not corresponding to the prestored target information,
select one of the second action plan or the third action plan.

The processor may be configured to: based on the target information not corre-
sponding to the prestored target information, 1dentify whether the third action plan cor-
responding to the context information is stored in the memory, based on the third
action plan corresponding to the context information being stored in the memory,
select the stored third action plan, and based on the third action plan corresponding to
the context information not being stored in the memory, select the second action plan.

The memory may store a look-up table to which target information, context 1n-
formation, and action information are matched, and the processor may be configured
to: compare the look-up table with the acquired target information and the acquired
context information and identity whether the third action plan corresponding to the
context information is stored in the memory.

The processor may be configured to: based on the third action plan being selected,
acquire action information based on the look-up table.

The processor may be configured to: based on the second action plan being selected,
input the target information and the context information into a trained artificial in-
telligence (Al) model and acquire action information corresponding to the second
action plan.

The processor may be configured to: acquire feedback information regarding action
information corresponding to the performed operation, and update the prestored action
information based on the acquired teedback information and feedback information
regarding action information corresponding to the prestored third action plan.

The context information may be related to the robot includes at least one of 1n-
formation on the current time, information on the current location of the robot, or 1n-
formation on obstacles around the robot.

In accordance with an aspect of the disclosure, there 1s provided a method for con-
trolling a robot including the steps of, based on an event for performing an operation
occurring, acquiring target information corresponding to the operation and context 1n-
formation related to the robot, and based on at least one of the target information or the
context information, selecting one of a first action plan of performing an operation
according to prestored action information, a second action plan of performing an

operation according to action information generated based on the context information,
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or a third action plan of performing an operation according to action information
learned based on an operation pattern of the robot, acquiring at least one action in-
formation based on the selected action plan, and performing an operation corre-
sponding to the target information based on the acquired at least one action in-

formation may be provided.
Advantageous Effects of Invention

According to embodiments, a robot may adaptively select an action plan according to
a situation and perform an operation corresponding to the selected action plan. Ac-
cordingly, user convenience and satisfaction can be improved.

While certain embodiments have been particularly shown and described with
reference to the drawings, embodiments are provided for the purposes of illustration
and 1t will be understood by one of ordinary skill in the art that various modifications
and equivalent other embodiments may be made from the disclosure. Accordingly, the
true technical scope of the disclosure 1s defined by the technical spirit of the appended

claims.

Brief Description of Drawings

The above and other aspects, features and advantages of certain embodiments of the
present disclosure will be more apparent from the following detailed description, taken
in conjunction with the accompanying drawings, in which:

FIG. 1 1s a diagram for 1llustrating a concept regarding a method for controlling a
robot according to an embodiment;

FIG. 2 1s a block diagram 1llustrating a processor of the robot according to an em-
bodiment;

FIG. 3 1s a diagram illustrating a situation of acquiring action information corre-
sponding to a first action plan according to an embodiment;

FIG. 4A 1s a diagram 1llustrating a situation of acquiring action information corre-
sponding to a second action plan according to an embodiment;

FIG. 4B 1s a diagram illustrating a situation of acquiring action information corre-
sponding to a second action plan according to an embodiment;

FIG. 4C is a look-up table according to an embodiment;

FIG. 5A 1s a flow chart 1llustrating a method for controlling a robot according to an
embodiment;

FIG. 5B 1s a flow chart illustrating a method for selecting an action plan according to
an embodiment; and

FIG. 6 1s a block diagram 1llustrating a configuration of a robot according to an em-

bodiment.

Best Mode for Carrying out the Invention
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Hereinafter, terms used 1n this specification will be described briefly, and then the
disclosure will be described 1n detail.

As used herein, general terms that are currently used widely were selected as far as
possible, in consideration of the functions described herein. However, the terms may
vary depending on the intention of those skilled in the art who work 1n the pertinent
field, previous court decisions, or emergence of new technologies. Also, in particular
cases, 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. Accordingly, the terms
used herein should be defined based on the meaning of the terms and the overall
content, but not just based on the names of the terms.

Various modifications may be made to embodiments, and there may be various types
of embodiments. Accordingly, certain embodiments are 1llustrated in drawings, and
described 1n detail below. However, it should be noted that various embodiments are
not for limiting the scope to a specitic embodiment, but they should be interpreted to
include all modifications, equivalents or alternatives of embodiments described herein.

As used herein, the terms such as "1st" or "first,” "2nd" or "second,” etc., may
modity corresponding components regardless of importance or order and are used to
distinguish one component from another without limiting the components.

Singular expressions include plural expressions, unless defined obviously differently
1n the context. As used herein, terms such as "include” and "consist of" should be
construed as designating that there are such characteristics, numbers, steps, operations,
celements, components or a combination thereof described 1n 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.

Hereinafter, certain embodiments will be described 1n detail with reference to the ac-
companying drawings. However, embodiments may be implemented 1n various
different forms, and are not limited to embodiments described herein. Also, in the
drawings, parts that are not related to explanation were omitted, and throughout the
specification, similar components are designated by similar reference numerals.

FIG. 1 1s a diagram for illustrating a concept regarding a method for controlling a
robot according to an embodiment.

The robot 100 may detect an event for performing an operation. As an example, the
robot 100 may detect an event for performing an operation of moving to a charging
station 1, e.g., a specific location. Specifically, the robot 100 may detect an event in
which the remaining amount of the battery provided in the robot 100 falls lower than
or equal to a threshold value, and/or an event for moving to the charging station 1 or

another specific location, and/or an event for stopping driving such as when the robot
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100 detects an event in which an object 11 1s located within a threshold distance from
the robot 100.

If an event for performing an operation 1s detected as described above, the robot 100
may acquire target information corresponding to the operation and context information
related to the robot 100. The target information means information regarding a specific
state of the robot 100 that the robot 100 needs to reach through a specific operation.
For example, the target information may be information on about the robot 100 located
at a charging station 1 (e.g., location information of a charging station. The context in-
formation related to the robot 100 may include information on the robot 100 and the
situation around the robot 100. For example, the context information may include at
least one of information on the remaining amount of the battery of the robot 100, in-
formation on the number or density of obstacles around the robot 100, information on
the current location of the robot 100, information on the distance from the current
location of the robot 100 to a destination, information on the current time, or 1n-
formation on the current date or the day of the week, efc.

The robot 100 may select an action plan based on the acquired target information and
context information. An action plan means a list of action information for the robot
100 to perform specific operations. An action plan may include action plans of various
types. For example, an action plan may include a first action plan of performing an
operation according to prestored action information, a second action plan of
performing an operation according to action information generated based on a context,
and a third action plan of performing an operation according to action information
learned based on an operation pattern of the robot 100.

The first action plan includes action information defined in advance by the manu-
facturer or a user, and 1t may be stored in advance in the robot 100. The first action
plan 1s action information related to safety, and it may include action information for
stopping driving in an emergency, etc. The first action plan may include action in-
formation stored in the robot 100 when the robot 100 1s initially installed and/or may
be received thereafter from an apparatus from the outside (or updated).

The second action plan may include action information generated by the robot 100
based on at least one of target information or context information. For example, the
robot 100 may input target information and context information into a neural network
model trained 1n advance, and generate action information. The robot 100 may store
the generated action information and feedback information corresponding thereto.

The third action plan means an action plan of performing an operation according to
action information learned based on an operation pattern of the robot. The third action
plan may include at least one action information among action information corre-

sponding to the second action plan. The third action plan may be acquired based on
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data accumulated as an operation corresponding to the second action plan i1s
performed. For example, the third action plan may be selected to include action 1n-
formation corresponding to the current target information and the current context 1n-
formation among action information included in the second action plan. The third
action plan may be acquired based on a look-up table to which target information,
context information, and action information are matched.

The first action plan may also be referred to as a static plan, the second action plan
may also be referred to as a dynamic plan, and the third action plan may also be
referred to as a pattern plan, respectively.

If the acquired target information corresponds to prestored target information, the
robot 100 may select the first action plan. For example, 1t target information of
stopping driving 1s acquired, the robot 100 may select the first action plan, and acquire
action information based on the first action plan (1.e., action information regarding
stopping of driving). The robot 100 may perform an operation corresponding to the
target information (1.e., stopping of driving) based on the acquired action information.
As described above, 1f the acquired target information corresponds to prestored target
information, the robot 100 does not generate new action information, but operates
based on predefined action information. Accordingly, the robot 100 may perform a
predefined operation swiftly.

If the acquired target information (target information of moving to the charging
station 1) does not correspond to prestored target information, the robot 100 may select
the second action plan or the third action plan. The robot 100 may i1dentity whether the
third action plan corresponding to the context information 1s stored in the robot 100. If
the third action plan corresponding to the context information 1s stored in the robot
100, the robot 100 may select the stored third action plan. If the third action plan corre-
sponding to the context information 1s not stored in the robot 100, the robot 100 may
select the second action plan. For example, if action information corresponding to the
current location and the current time of the robot 100 1s stored 1n the robot 100, the
robot 100 may select the third action plan and move to the charging station 1 based on
the stored action information corresponding to the third action plan. The robot 100
does not need to generate new action information, and thus the robot 100 may quickly
move to the charging station 1.

If action information corresponding to the current location and the current time of the
robot 100 are not stored in the robot 100, the robot 100 may select the second action
plan. The robot 100 may acquire action information corresponding to the second action
plan based on the acquired target information and context information. For example,
the robot 100 may input the acquired target information and context information into a

trained neural network model and acquire action information corresponding to the
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second action plan. That 1s, the robot 100 may generate action information for moving
to the charging station 1.

The robot 100 may update the stored third action plan. The robot 100 may store
feedback information regarding action information corresponding to the performed
operation. For example, feedback information includes an index for evaluating action
information corresponding to the performed operation, and it may mean a cost value
corresponding to action information. The robot 100 may acquire feedback information
regarding action information corresponding to an operation recently performed. The
robot 100 may update the prestored action information based on the acquired teedback
information and feedback information regarding prestored action information corre-
sponding to the third action plan. For example, if the acquired cost value 1s smaller
than the prestored cost value, the robot 100 may update the prestored action 1n-
formation to action information corresponding to an operation recently performed. Ac-
cordingly, the robot 100 may perform an operation corresponding to target information
more effectively.

FIG. 2 1s a block diagram 1llustrating a processor of the robot according to an em-
bodiment. The robot 100 may include a processor 160, and the processor 160 may
include a plurality of modules 1358 including a context information acquisition module
161, a target information acquisition module 162, an action plan selection module 163,
an action information acquisition module 164, an action information transmission
module 165, and an action information management module 166.

The context information acquisition module 161 may acquire context information
related to the robot 100. The context information acquisition module 161 may acquire
context information based on data acquired through a sensor provided on the robot
100. For example, the context information acquisition module 161 may acquire the
current location information of the robot 100 based on data acquired from a global po-
sitioning (GPS) sensor installed on the robot 100. The context information acquisition
module 161 may acquire information on the number or density of obstacles around the
robot 100 based on data acquired from an obstacle detection sensor and/or may acquire
information on the remaining amount of the battery of the robot 100 or information on
the current time.

The target information acquisition module 162 may acquire target information based
on context information related to the robot 100 acquired through the context 1n-
formation acquisition module 161. For example, if the remaining amount of the battery
of the robot 100 falls lower than or equal to a threshold value, the target information
acquisition module 162 may acquire target information for moving the robot 100 to a
charging station. The target information acquisition module 162 may input the

acquired context information into a trained neural network model and infer target in-
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formation corresponding to the acquired context information.

The action plan selection module 163 may select one of the first action plan, the
second action plan, or the third action plan based on at least one of context information
or target information. If the acquired target information corresponds to prestored target
information, the action plan selection module 163 may select the first action plan. It
the acquired target information does not correspond to prestored target information, the
action plan selection module 163 may select one of the second action plan or the third
action plan. Here, 1t the third action plan corresponding to the acquired context in-
formation 1s stored in the robot 100, the action plan selection module 163 may select
the stored third action plan. Meanwhile, 1f the third action plan corresponding to the
acquired context information is not stored in the robot 100, the action plan selection
module 163 may select the second action plan.

The action information acquisition module 164 may acquire action information based
on the selected action plan. Action information corresponding to the first action plan
and the third action plan may be stored in the robot 100. Accordingly, if the first action
plan 1s selected, the action information acquisition module 164 may identify action 1n-
formation corresponding to the first action plan stored in the robot 100. Likewise, if the
third action plan 1s selected, the action information acquisition module 164 may
identify action information corresponding to the third action plan stored in the robot
100. As described above, in the case that the first action plan or the third action plan i1s
selected, time for generating action information 1s not consumed, and thus an operation
corresponding to target information can be performed more swiftly. If the second
action plan 1s selected, the action information acquisition module 164 may input the
acquired target information and context information into a trained neural network
model and generate action information corresponding to the second action plan.

The action information transmission module 165 may transmit acquired action 1n-
formation to various modules provided on the robot 100. For example, the action 1n-
formation transmission module 165 may transmit action information to a voice
recognition module.

The action information management module 166 may manage the third action plan,
1.e., the pattern plan. The action information management module 166 may update
stored action information based on feedback information. For example, if a cost value
for action information newly acquired through the action information acquisition
module 164 1s lower than a cost value for prestored action information, the action in-
formation management module 166 may update the prestored action information to the
action information newly acquired.

The action information management module 166 may perform a validity check for

action information corresponding to the stored third action plan. Alternatively, the
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action information management module 166 may share stored action information with
another external robot.

[53] As described above, a plurality of modules 158 may be located in the processor 160,
but an embodiment is not limited thereto, and the plurality of modules 158 may be
located 1n the memory 130. In the case that the plurality of modules 158 are located in
the memory 130, the processor 160 may load the plurality of modules 158 from a non-
volatile memory into a volatile memory and execute each function of the plurality of
modules 158. Loading means an operation of calling data stored in a non-volatile
memory to a volatile memory and storing the data, in order that the processor 160 can
access the data.

[54] Each module of the processor 160 may be implemented as software, or implemented
as a form where software and hardware are combined.

[535] FIG. 3 1s a diagram 1illustrating a situation of acquiring action information corre-
sponding to a first action plan according to an embodiment. Referring to FIG. 3, while
the robot 100 1s driving, an event 1in which an object 31 1s detected within a threshold
distance from the robot 100 may occur. The robot 100 may acquire target information
corresponding to the event. For example, the robot 100 may acquire target information
which 1s 'stopping of driving.’ The robot 100 may identify whether the acquired target
information corresponds to prestored target information. If the acquired target in-
formation corresponds to prestored target information, the robot 100 selects the first
action plan, 1.e., the static plan. The robot 100 may acquire prestored action in-
formation corresponding to the prestored target information, and operate based on the
acquired action information. That 1s, the robot 100 may stop driving. In the above
example, a swift operation 1s necessary for preventing collision between the robot 100
and the object 31, and, thus, the robot 100 does not generate action information, but
operates by using prestored action information. Accordingly, a safety accident 1s
quickly prevented, and user safety can be improved.

[56] Meanwhile, if the acquired target information does not correspond to prestored target
information, the robot 100 may select the second action plan or the third action plan.

[57] FIG. 4A 1s a diagram 1llustrating a situation of acquiring action information corre-
sponding to a second action plan according to an embodiment. The robot 100 may
detect an event 1n which the remaining amount of the battery falls lower than or equal
to a threshold value. The robot 100 may acquire target information which 1s "moving
to the charging station.” The robot 100 may acquire context information. For example,
the robot 100 may acquire information on the current location, information on the
current date, and information on the current time. Information on the current location
may include map information regarding the current location of the robot 100.

[ 58] The robot 100 may acquire action information corresponding to the second action
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plan based on the acquired target information and context information. Specifically,
the robot 100 may generate a driving path from the current location to a destination
based on the acquired target information and context information. The robot 100 may
generate action information for moving to the destination through the generated
moving path. For example, in the case that the current time 1s 7 a.m., the robot 100
may generate a first route R1 which 1s the shortest route from the current location to
the destination. In the case that the current time 1s 1 p.m., the robot 100 may generate a
second route R2 that detours a first area A. That 1s, at the time when there 1s high pos-
sibility that objects may exist in the first area A, the robot 100 may generate a second
route R2 that detours the first area A. However, this 1s merely an example, and the
robot 100 may generate a driving path based on various context information.

The robot 100 may acquire context information from an external apparatus or an
external server, and generate a driving path based on the acquired context information.
FIG. 4B 1s a diagram illustrating a situation of acquiring action information corre-
sponding to a second action plan according to an embodiment. Referring to FIG. 4B, a
plurality of objects (or obstacles) may exist in the first area A located on the first route
R 1. The robot 100 may acquire information on the first area A from an external server
200. For example, the robot 100 may acquire an image that photographed the first area

A or information on the number of objects 1n the first area A. The robot 100 may
generate a third route R3 based on the acquired context information. The robot 100
may move to the charging station 1 through the third route R3.

The robot 100 may store a driving path generated as above, and action information
and feedback information (e.g., time spent for moving) corresponding to the driving
path. The robot 100 may analyze whether the stored information has a specific pattern
(or tendency). For example, the robot 100 may analyze whether the stored action 1n-
formation has a specific pattern based on similarity between teedback information for
the action information and the action information. If action information having a
specific pattern exists among the stored action information, the robot 100 may store the
action information having a specific pattern. For example, as in FIG. 4C, the action 1n-
formation may be stored in the form of a look-up table to which target information
(goal), context information (context), a driving path (path), and action information
(action) are matched.

The robot 100 may perform an operation corresponding to target information by
using the stored look-up table. That 1s, if target information and context information
are acquired, the robot 100 may identity whether action information corresponding to
the target information and the context information 1s stored in the robot 100. If action
information corresponding to the target information and the context information 1s
stored 1n the robot 100, the robot 100 may select the third action plan. That is, the robot
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100 may acquire prestored action information corresponding to the acquired target in-
formation and context information. As described above, by storing generated action in-
formation and then using the stored action information, the robot 100 may perform an
operation without generating new action information. Accordingly, an amount of
operation resources for acquiring action information can be reduced.

The robot 100 may update action information corresponding to the third action plan.
For example, if the cost value of the third route R3 1s smaller than the cost value of the
second route R2, the robot 100 may delete action information for the second route R2,
and store action information for the third route R3, thereby updating action in-
formation.

FIG. 5A 1s a flow chart 1llustrating a method for controlling a robot according to an
embodiment.

The robot 100 may identity whether an event for performing an operation occurred at
operation S305. An event for performing an operation may be detected by the robot
100. The robot 100 may receive an event signal from a user or an external server and
identify whether an event occurred. If an event for performing an operation occurs, the
robot 100 may acquire target information corresponding to the operation and context
information related to the robot at operation S510. The operation of the robot 100 may
include an operation of moving to a specific location and an operation of stopping
driving. In addition, the robot 100 may perform an operation of outputting a voice and
an 1mage, and such an operation may be performed while the robot 100 1s driving. The
robot 100 may detect an event for performing an operation based on information
acquired through a sensor, and/or may detect an event for performing an operation
based on an 1nstruction signal received through a communication interface.

Based on at least one of the target information or the context information, the robot
100 may select one of the first action plan of performing an operation according to
prestored action information, the second action plan of performing an operation
according to action information generated based on a context, or the third action plan
of performing an operation according to action information learned based on an
operation pattern of the robot at operation S520. Specifically, referring to FIG. 5B, the
robot 100 may 1dentify whether the acquired target information corresponds to
prestored target information at operation S521. If the acquired target information cor-
responds to the prestored target information, the robot 100 may select the first action
plan, 1.e., the static plan (operation $524). If the acquired target information does not
correspond to the prestored target information, the robot 100 may 1dentify whether the
third action plan corresponding to the acquired context information is stored in the
robot at operation S3522. It action information corresponding to the acquired context in-

formation 1s stored in the robot 100, the robot 100 may select the third action plan
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(operation $526). If action information corresponding to the acquired context 1n-
formation 1s not stored in the robot 100, the robot 100 may select the second action
plan (operation S528).

[67] The robot 100 may acquire at least one action information based on the selected
action plan at operation S530. If the first action plan 1s selected, the robot 100 may
acquire prestored action information corresponding to the first action plan. It the
second action plan 1s selected, the robot 100 may generate action information based on
the target information and the context information. If the third action plan is selected,
the robot 100 may acquire prestored action information corresponding to the third
action plan.

|68] The robot 100 may perform an operation corresponding to the target information
based on the acquired at least one action information at operation S540.

[69] FIG. 6 1s a block diagram 1llustrating a configuration of a robot according to an em-
bodiment. Referring to FI1G. 6, the robot 100 may include a sensor 110, a battery 120, a
memory 130, a driver 140, a communication interface 150, and a processor 160.

[70] The sensor 110 may detect an event for the robot 100 to perform an operation. For
example, the sensor 110 may detect obstacles around the robot 100, or acquire 1n-
formation on the remaining amount of the battery 120. The sensor 110 may acquire
context information. The sensor 110 may include one or more sensors including at
least one of an 1mage sensor, such as a camera, a distance detection sensor, a battery
remaining amount detection sensor, or a GPS sensor, but an embodiment 1s not limited
thereto.

[ 71] The battery 120 1s a component storing power required for operations of the robot
100. For example, the battery 120 may include a lithium-1on battery, and/or a
capacitor. The battery 120 may be a rechargeable or replaceable.

[ 72] The memory 130 may store an operating system (OS) for controlling the overall op-
erations of the components of the robot 100 and instructions or data related to the
components of the robot 100. The memory 130 may be implemented as a non-volatile
memory (ex: a hard disc, a solid state drive (SSD), a flash memory), a volatile
memory, etc. The memory 130 may store a neural network model trained to acquire
action information based on target information and context information. In particular, a
neural network model may be executed by a related art generic-purpose processor
(e.g., a central processing unit (CPU)) or a separate Al-dedicated processor (e.g., a
graphics processing unit (GPU), a network processing unit (NPU), etc.). The memory
130 may store target information, context information, and action information. For
example, the memory 130 may store a look-up table in which target information,
context information, and action information are associated with each other and are

matched with the acquired target information and context information, to locate the
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action information.

73] The driver 140 1s a component for moving the robot 100. The driver 140 may include
an actuator for driving of the robot 100, e.g., a motor, a motor controller, etc.). In
addition to the driver 140, an actuator for driving motions of other physical
components (e.£., an arm, etc.) of the robot 100 may be included. For example, the
robot 100 may control the actuator to move or operate while detouring a user detected
through the sensor 110, through the driver 140.

[74] The communication interface 150 may include at least one circuit and perform com-
munication with various types of external apparatuses according to various types of
communication methods. The communication interface 150 may include a Wi-Fi chip
and a Bluetooth chip. The robot 100 may communicate with an external apparatus or
an external server through the communication intertace 150,

73] The processor 160 may control the overall operations of the robot 100.

| 76] As described above with reference to FIG. 2, the processor 160 may include a
context information acquisition module 161, a target information acquisition module
162, an action plan selection module 163, an action information acquisition module
164, an action information transmission module 165, and an action information
management module 166.

| 77] If an event for performing an operation occurs, the processor 160 may acquire target
information corresponding to the operation and context information related to the
robot. The processor 160 may i1dentify whether an event occurred based on data
acquired through the sensor 110 and/or may identity whether an event occurred based
on an instruction signal received through the communication interface 150. The
processor 160 may acquire context information by using the sensor 110 and/or from an
external server through the communication interface 150. The processor 160 may infer
target information based on context information.

| 78] The processor 160 may select one of the first action plan, the second action plan, or
the third action plan. Specifically, if the acquired target information corresponds to
target information stored in advance in the memory 130, the processor 160 may select
the first action plan. If the acquired target information does not correspond to the
prestored target information, the processor 160 may select one of the second action
plan or the third action plan. The processor 160 may 1dentity whether the third action
plan corresponding to the acquired context information 1s stored in the memory 130.
Here, if the third action plan corresponding to the acquired context information 1s
stored 1n the memory 130, the processor 160 may select the stored third action plan. If
the third action plan corresponding to the acquired context information 1s not stored in
the memory 130, the processor 160 may select the second action plan.

| 79] Functions related to the Al according to an embodiment are operated through the
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processor 160 and the memory 130. The processor 160 may consist of one or a
plurality of processors. The one or plurality of processors may be generic-purpose
processors such as a CPU, an application processor (AP), a digital signal processor
(DSP), etc., graphics-dedicated processors such as a GPU and a vision processing unit
(VPU), or Al-dedicated processors such as an NPU. The one or plurality of processors
performs control to process mput data according to predefined operation rules or an Al
model stored in the memory 130. In the case that the one or plurality of processors
includes an Al-dedicated processor, the Al-dedicated processors may be designed 1n a
hardware structure specialized for processing of a specific Al model.

[30] Predefined operation rules or an Al model are made through learning. Here, being
made through learning means that a basic Al model 1s trained by using a plurality of
learning data by a learning algorithm, and predefined operation rules or an Al model
set to perform a desired characteristic (or purpose) are made. Such learning may be
performed 1n an apparatus 1tself in which Al according to an embodiment 1s performed,
or performed through a separate server and/or system. As examples of learning al-
gorithms, there are supervised learning, unsupervised learning, semi-supervised
learning, or reinforcement learning, but learning algorithms are not limited to the
above examples.

[81] An Al model may consist of a plurality of neural network layers. Each of the
plurality of neural network layers has a plurality of weight values, and performs a
neural network operation through an operation between the operation result of the
previous layer and the plurality of weight values. The plurality of weight values that
the plurality of neural network layers have may be optimized by a learning result of an
Al model. For example, the plurality of weight values may be updated such that a loss
value or a cost value acquired from an Al model during a learning process 1s reduced
or minimized.

[32] Visual understanding 1s a technology of recognizing an object in a similar manner to
human vision, and processing the object, and includes object recognition, object
tracking, image retrieval, human recognition, scene recognition, space recognition (3D
reconstruction/localization), image enhancement, etc.

| 83] An artificial neural network may include a deep neural network (DNN), and there
are, for example, a convolutional neural network (CNN), a deep neural network
(DNN), a recurrent neural network (RNN), a generative adversarial network (GAN), a
restricted Boltzmann machine (RBM), a deep belief network (DBN), a bidirectional
recurrent deep neural network (BRDNN), or deep Q-networks, etc., but the neural
network 1s not limited.

| 84] Embodiments described herein may be implemented 1n a recording medium that 1s

readable by a computer or an apparatus similar thereto, by using software, hardware or
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[85]

[36]

[87]

[83]

[89]

a combination thereof. In some cases, Embodiments described herein may be 1m-
plemented as a processor itself. According to implementation by software, em-
bodiments such as procedures and functions described herein be implemented as
separate software modules. Each of the software modules may perform one or more
functions and operations described herein.

Embodiments may be implemented as software containing one or more instructions
that are stored in machine-readable (e.g., computer-readable) storage medium (e.g.,
internal memory or external memory). A processor may call instructions from a
storage medium and 1s operable in accordance with the called instructions, including
an electronic apparatus. When the instruction i1s executed by a processor, the processor
may perform the function corresponding to the instruction, either directly or under the
control of the processor, using other components. The instructions may contain a code
made by a compiler or a code executable by an interpreter. The machine-readable
storage medium may be provided in the form of a non-transitory storage medium.

A non-transitory computer-readable medium refers to a medium that stores data
semi-permanently, and 1s readable by machines, but not a medium that stores data for a
short moment such as a register, a cache, and a memory. As specific examples of a
non-transitory computer-readable medium, there may be a compact disc (CD), a digital
video disc (DVD), a hard disc, a blue-ray disc, a universal serial bus (USB), a memory
card, a read only memory (ROM) and the like.

The non-transitory storage medium only means that the apparatus 1s a tangible
apparatus, and does not include a signal (e.g., an electronic wave), and the term does
not distinguish a case where data 1s stored in a storage medium semi-permanently and
a case where data 1s stored temporarily. For example, a non-transitory storage medium
may include a buffer where data is temporarily stored.

According to an embodiment, the method according to the various embodiments
described 1n the disclosure may be provided while being included in a computer
program product. A computer program product refers to a product, and it can be traded
between a seller and a buyer. A computer program product can be distributed 1n the
form of a storage medium that 1s readable by machines (e.g., a compact disc read only
memory (CD-ROM)), or may be distributed directly between two user apparatuses
(e.g., smartphones), and distributed on-line (e.g., download or upload) through an ap-
plication store (e.g., PLAYSTORE ™). In the case of on-line distribution, at least a
portion of a computer program product (e.g., a downloadable app) may be stored 1n a
storage medium that 1s readable by apparatuses such as the server of the manufacturer,
the server of the application store, and the memory of the relay server at least tem-
porarily, or may be generated temporarily.

According to embodiments, a robot may adaptively select an action plan according to
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[90]

a situation and perform an operation corresponding to the selected action plan. Ac-
cordingly, user convenience and satisfaction can be improved.

While certain embodiments have been particularly shown and described with
reference to the drawings, embodiments are provided for the purposes of illustration
and 1t will be understood by one of ordinary skill in the art that various modifications
and equivalent other embodiments may be made from the disclosure. Accordingly, the
true technical scope of the disclosure 1s defined by the technical spirit of the appended

claims.
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Claims

A robot comprising:

a driver configured to move the robot;

a memory configured to store at least one instruction; and

a processor, by executing the at least one instruction, configured to:
based on an occurrence of an event for performing an operation,
acquire target information corresponding to the operation and context
information related to the robot,

based on at least one from among the acquired target information and
the acquired context information, select an action plan,

acquire at least one action information based on the action plan, and
control the driver such that an operation corresponding to the acquired
target information 1s performed based on the at least one action in-
formation.,

wherein the processor 1s further configured to select the action plan as
one from among a first action plan of performing an operation
according to first action information stored in advance in the memory, a
second action plan of performing an operation according to second
action information generated based on the acquired target information
and the acquired context information, and a third action plan of
performing an operation according to third action information learned
based on an operation pattern of the robot over time,

the at least one action information 1s one from among the first action in-
formation, the second action information, and the third action 1n-
formation.

The robot of claim 1, wherein the processor is further configured to:
based on determining that the acquired target information corresponds
to target information stored in advance in the memory, select the first
action plan based on the stored target information, and

based on determining that the acquired target information does not
correspond to the stored target information, select one from among the
second action plan and the third action plan.

The robot of claim 2, wherein the processor 1s further configured to:
based on the determining that the acquired target information does not
correspond to the stored target information, identify whether the third
action plan corresponding to the acquired context information 1s stored

in the memory,
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[Claim 6]

[Claim 7]

|Claim 8]
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based on the third action plan corresponding to the acquired context in-
formation stored in the memory, select the stored third action plan, and
based on the third action plan corresponding to the acquired context in-
formation not stored in the memory, select the second action plan.

The robot of claim 3, wherein the memory 1s further configured to store
a look-up table in which pieces of the target information are stored 1n
associlation with context information and third action information, re-
spectively, and

the processor 1s further configured to:

match the acquired target information with one of the pieces of the
target information, based on the look-up table,

compare the acquired context information with the stored context 1n-
formation associated with the one of the pieces of the target 1n-
formation, and

identify whether the third action plan corresponding to the acquired
context information 1s stored in the look-up table, based on the
comparing.

The robot of claim 4, wherein the processor is further configured to:
based on the third action plan being 1dentified as stored, acquire the
third action information corresponding to the stored third action plan,
from the look-up table.

The robot of claim 3, wherein the processor 1s further configured to:
based on the second action plan being selected, input the acquired
target information and the acquired context information into a trained
artificial intelligence model, and

acquire the second action information corresponding to the second
action plan based on a result output by the trained artificial intelligence
model.

The robot of claim 5, wherein the processor 1s further configured to:
acquire first feedback information regarding the third action in-
formation corresponding to the operation performed according to the
third action plan,

acquire second teedback information regarding the third action in-
formation corresponding to the stored third action plan, and

update the stored third action information based on the first feedback
information and the second feedback information.

The robot of claim 1, wherein the acquired context information

includes at least one from among information on a current time, 1n-
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formation on a current location of the robot, and information on
obstacles around the robot.

A method for controlling a robot, the method comprising:

based on an occurrence of an event for performing an operation,
acquiring target information corresponding to the operation and context
information related to the robot;

based on at least one from among the acquired target information and
the acquired context information, selecting an action plan;

acquiring at least one action information based on the action plan; and
performing an operation corresponding to the acquired target in-
formation based on the at least one action information,

wherein the selecting comprises selecting the action plan as one from
among a first action plan of performing an operation according to first
action information stored in advance in the robot, a second action plan
of performing an operation according to second action information
generated based on the acquired target information and the acquired
context information, and a third action plan of performing an operation
according to third action information learned based on an operation
pattern of the robot over time, and

the at least one action information 1s one from among the first action in-

formation, the second action information, and the third action 1n-
formation.

The method of claim 9, wherein the selecting further comprises:

based on determining that the acquired target information corresponds
to target information stored in advance in the robot, selecting the first
action plan based on the stored target information; and

based on determining that the acquired target information does not
correspond to the stored target information, selecting one from among
the second action plan and the third action plan.

The method of claim 10, wherein the selecting the one from among the
second action plan and the third action plan further comprises:

based on the determining that the acquired target information does not
correspond to the stored target information, identifying whether the
third action plan corresponding to the acquired context information 1s
stored 1n the robot;

based on the third action plan corresponding to the acquired context in-
formation stored in the robot, selecting the stored third action plan; and

based on the third action plan corresponding to the acquired context in-
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formation not stored 1n the robot, selecting the second action plan.

[Claim 12]} The method of claim 11, wherein the robot stores a look-up table 1n
which pieces of the target information are stored in association with
context information and third action information, respectively, and
the identifying further comprises:
matching the acquired target information with one of the pieces of the
target information, based on the look-up table,
comparing the acquired context information with the stored context 1n-
formation associated with the one of the pieces of the target 1n-
formation, and
identifying whether the third action plan corresponding to the acquired
context information 1s stored in the look-up table, based on the
comparing.

[Claim 13} The method of claim 12, wherein the acquiring the at least one action
information comprises:
based on the third action plan being 1dentified as stored, acquiring the
third action information corresponding to the stored third action plan
from the look-up table.

|Claim 14] The method of claim 11, wherein the acquiring the at least one action
information comprises:
based on the second action plan being selected, inputting the acquired
target information and the acquired context information into a trained
artificial intelligence model; and
acquiring the second action information corresponding to the second
action plan based on a result output by the trained artificial intelligence
model.

|Claim 135] The method of claim 13, further comprising:
acquiring first feedback information regarding the third action in-
formation corresponding to the operation performed according to the
third action plan;
acquiring second feedback information regarding the third action in-
formation corresponding to the stored third action plan; and
updating the stored third action information based on the first feedback

information and the second feedback intformation.
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