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(57) ABSTRACT

An artificial intelligence (Al) device for guiding an arrange-
ment location of an air cleaning device includes a memory
to store an air cleaning device arrangement model to infer
the arrangement location of the air cleaning device based on
information on fine dust in a house and a processor config-
ured to acquire information on a map of the house and
information on fine dust distribution in the house, and to
determine the arrangement location of the air cleaning
device based on the information on the map and the infor-
mation on the fine dust distribution, by using the air cleaning
device arrangement model.
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FIG. 3

100e

|

Home
Appliance

200— Al Server l 10 Smartphone [——100d

Cloud Network
(56)

100a—{  Robot XR device  [——100c

Self-Driving
Vehicle

100b



Patent Application Publication  Dec. 5,2019 Sheet 3 of 10 US 2019/0369628 A1

100
12(30
110—— Communication Unitf+—= -~ Memory ——170
Driving Unit L 160
« | | Left Wheel Driving Unit {-——161
- Right Wheel Driving Unit |-r——162
120——  Input Unit
12—  Camera -
« | Processor Output Unit ——150
122— Microphone . .
Display Unit 151
123——~{ User Input Unit
Sound Qutput Module |1——152
Haptic Module 153
Optical Output Module |—154
130—— Learning Processor [+—= -~ Sensing Unit ——140
Cleaning Unit | 190
Suction Unit  -——191
Mopping Unit [-—192




Patent Application Publication  Dec. 5,2019 Sheet 4 of 10 US 2019/0369628 A1

FIG. 5




Patent Application Publication  Dec. 5,2019 Sheet S of 10 US 2019/0369628 A1

FIG. 7

ACQUIRE INFORMATION ON MAP OF HOUSE OR
INFORMATION ON FINE DUST IN HOUSE

~S701

y
DETERMINE ARRANGEMENT LOCATION OF AIR CLEANING
DEVICE BASED ON INFORMATION ON MAP AND
INFORMATION ON FINE DUST DISTRIBUTION BY USING
ARRANGEMENT MODEL OF AIR CLEANING DEVICE

~S703

y
OUTPUT RECOMMENDED MAP INCLUDING DETERMINED
ARRANGEMENT LOCATION OF E AIR CLEANING DEVICE

~ 5705




Patent Application Publication  Dec. 5,2019 Sheet 6 of 10 US 2019/0369628 A1

800
\
MAP INFORMATION REPRESENTING AR SEL\E,IAC‘EING
STRUCTURE OF HOUSE ™~~~ | ARRANGEMENT ARRANGEMENT LOCATION OF
INFORMATION ON FINE DUST__— | MODEL ™ AIR CLEANING DEVICE ON MAP
DISTRIBUTION IN HOUSE l

INFORMATION ON FINE DUST DISTRIBUTION,
WHICH IS RE-MEASURED, AFTER
PREDETERMINED PERIOD OF TIME
|
REWARD IS OFFERED AS FINE DUST CONCENTRATION HAS

LOWER VALUE, AND PENALTY IS IMPOSED AS RE-MEASURED
FINE DUST CONCENTRATION HAS HIGHER VALUE

FI1G. 9

931 930

933§

940

REWARD IS OFFERED AS FINE DUST CONCENTRATION HAS

LOWER VALUE, AND PENALTY IS IMPOSED AS RE-MEASURED
FINE DUST CONCENTRATION HAS HIGHER VALUE




Patent Application Publication  Dec. 5,2019 Sheet 7 of 10

FIG. 10

100 151

PLEASE INPUT NUMBER OF AR

2 ENTER

CLEANING DEVICES TO BE INSTALLED

[

1031

1033

PLEASE, JUST INSTALL AR CLEANING
UNITS AT RED-COLORED CIRCLES

US 2019/0369628 A1

— 1010

| —1000

w 1030

1050




Patent Application Publication  Dec. 5,2019 Sheet 8 of 10 US 2019/0369628 A1

FIG. 11

100 1/51

1100

00

O

O

OO

WORST

FINE DUST CONCENTRATION IS STILL HIGH,
PLEASE, INSTALL AIR CLEANING DEVICE AGAIN.

N<H




Patent Application Publication

1211

1213

Dec. 5,2019 Sheet 9 of 10

FIG. 12

100 1/51

US2

7

INSTALL AR CLEANING DEVICE
AGAIN AT RED-COLORED CIRCLE

]

019/0369628 A1

~—1200

—1210

<

1230




Patent Application Publication  Dec. 5,2019 Sheet 10 of 10  US 2019/0369628 A1

FIG. 13

ROBOT CLEANER(500) Al DEVICE(100)

TRANSMIT THE INFORMATION ON MAP OF THE HOUSE
AND INFORMATION ON FINE DUST IN HOUSE(S1301)

DETERMINES ARRANGEMENT LOCATION OF AR
CLEANING DEVICE, BASED ON INFORMATION ON
MAP AND INFORMATION ON FINE DUST USING
AIR CLEANING DEVICE ARRANGEMENT MODEL(51303)
|
DISPLAY RECOMMENDED MAP INCLUDING THE
DETERMINED ARRANGEMENT LOCATION(S1305)

FIG. 14

ROBOT CLEANER(500) Al DEVICE(100)
|
ACQUIRE INFORMATION ON MAP OF HOUSE AND
INFORMATION ON FINE DUST IN HOUSE(S1401)
|

DETERMINE ARRANGEMENT LOCATION OF AR
CLEANING DEVICE FROM INFORMATION ON MAP
AND INFORMATION ON FINE DUST DISTRIBUTION,

BY USING AIR CLEANING DEVICE ARRANGEMENT
MODEL(S1403)
|

GENERATE RECOMMEND MAP INCLUDING
DETERMINED ARRANGEMENT LOCATION(S1405)

TRANSMIT GENERATED RECOMMENDED MAP(S1407)

DISPLAY RECOMMENDED MAP(S1409)




US 2019/0369628 Al

ARTIFICIAL INTELLIGENCE DEVICE FOR

GUIDING ARRANGEMENT LOCATION OF

AIR CLEANING DEVICE AND OPERATING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Pursuant to 35 U.S.C. § 119(a), this application
claims the benefit of earlier filing date and right of priority
to Korean Patent Application No. 10-2019-0088608, filed on
Jul. 22, 2019, the contents of which are hereby incorporated
by reference herein in its entirety.

BACKGROUND

[0002] The present disclosure relates to an artificial intel-
ligence (Al) device to guide the arrangement location of an
air cleaning device.

SUMMARY

[0003] In general, if a person conducts activities indoors
for a long term in the state that a building fails to do
sufficient ventilation, carbon dioxide (CO,) and fine dust
may be increased. Accordingly, the interior is not maintained
to be pleasant, so the ventilation is required.

[0004] Recently, air cleaning devices have been mainly
used to make indoor air clean.

[0005] In particular, an air cleaning device may be
arranged in a living room or a main bed room in a house.

[0006] A typical air cleaning device is mainly randomly
arranged by a user regardless of the fine dust or ultrafine dust
distribution in a house.

[0007] In this case, the fine dust or the ultrafine dust
concentration, which is measured through the air cleaning
device, is a numeric value measured around the air cleaning
device. Accordingly, the measured numeric value does not
indicate the whole fine dust or ultrafine dust concentration in
the house.

[0008] Accordingly, even if the fine dust or the ultrafine
dust concentration is measured as a lower value by the air
cleaning device, there may actually exist a zone having a
higher fine dust or ultrafine dust concentration.

[0009] Accordingly, it is necessary to consider a method of
arranging the air cleaning device by accurately reflecting an
air condition in the house.

[0010] The present disclosure is to provide an Al device
capable of guiding the optimal arrangement location of an
air cleaning device by reflecting an air condition in a house.
[0011] The present disclosure is to provide an Al device
capable of guiding the optimal arrangement location of an
air cleaning device, by reflecting fine dust distribution,
which is varied in real time, in a house.

[0012] According to an embodiment of the present disclo-
sure, the arrangement location of the air cleaning device may
be determined based on the fine dust distribution represent-
ing the air condition in the house by using the arrangement
model of the air cleaning device.

[0013] According to the present disclosure, the switching
in the current arrangement location of the air cleaning device
may be guided based on the fine dust distribution which is
re-measured.

[0014] According to an embodiment of the present disclo-
sure, the user may receive a guide for the optimal arrange-
ment location of the air cleaning device. Accordingly, when
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the air cleaning device is arranged, the air condition in the
house may be significantly improved.

[0015] According to an embodiment of the present disclo-
sure, the optimal arrangement location of the air cleaning
device is guided in real time, thereby maintaining the
optimal air condition in the house.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The present disclosure will become more fully
understood from the detailed description given herein below
and the accompanying drawings, which are given by illus-
tration only, and thus are not limitative of the present
disclosure, and wherein:

[0017] FIG. 1 illustrates an Al device 100 according to an
embodiment of the present disclosure.

[0018] FIG. 2 illustrates an Al server 200 according to an
embodiment of the present disclosure.

[0019] FIG. 3 illustrates an Al system 1 according to an
embodiment of the present disclosure.

[0020] FIG. 4 is a block diagram illustrating an Al appa-
ratus according to an embodiment of the present disclosure.
[0021] FIGS. 5 and 6 are block diagrams illustrating Al
systems according to an embodiment of the present disclo-
sure.

[0022] FIG. 7 is a flowchart illustrating an operating
method of an Al device to guide the arrangement location of
an air cleaning device according to an embodiment of the
present disclosure.

[0023] FIGS. 8 and 9 are views illustrating the procedure
of training an air cleaning device arrangement model
according to an embodiment of the present disclosure.
[0024] FIG. 10 is a view illustrating a user screen to guide
the arrangement location of an air cleaning device according
to an embodiment of the present disclosure.

[0025] FIGS. 11 and 12 are views illustrating the proce-
dure of re-recommending the optimal arrangement location
of an air cleaning device as the air cleaning device arrange-
ment model is trained in reinforcement learning.

[0026] FIGS. 13 and 14 are views illustrating the operat-
ing method of an Al system, according to various embodi-
ments of the present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0027] Hereinafter, embodiments of the present disclosure
are described in more detail with reference to accompanying
drawings and regardless of the drawings symbols, same or
similar components are assigned with the same reference
numerals and thus overlapping descriptions for those are
omitted. The suffixes “module” and “unit” for components
used in the description below are assigned or mixed in
consideration of easiness in writing the specification and do
not have distinctive meanings or roles by themselves. In the
following description, detailed descriptions of well-known
functions or constructions will be omitted since they would
obscure the invention in unnecessary detail. Additionally,
the accompanying drawings are used to help easily under-
standing embodiments disclosed herein but the technical
idea of the present disclosure is not limited thereto. It should
be understood that all of variations, equivalents or substi-
tutes contained in the concept and technical scope of the
present disclosure are also included.
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[0028] It will be understood that the terms “first” and
“second” are used herein to describe various components but
these components should not be limited by these terms.
These terms are used only to distinguish one component
from other components.

[0029] Inthis disclosure below, when one part (or element,
device, etc.) is referred to as being ‘connected’ to another
part (or element, device, etc.), it should be understood that
the former can be ‘directly connected’ to the latter, or
“electrically connected’ to the latter via an intervening part
(or element, device, etc.). It will be further understood that
when one component is referred to as being ‘directly con-
nected’ or ‘directly linked’ to another component, it means
that no intervening component is present.

[0030] <Artificial Intelligence (Al)>

[0031] Artificial intelligence refers to the field of studying
artificial intelligence or methodology for making artificial
intelligence, and machine learning refers to the field of
defining various issues dealt with in the field of artificial
intelligence and studying methodology for solving the vari-
ous issues. Machine learning is defined as an algorithm that
enhances the performance of a certain task through a steady
experience with the certain task.

[0032] An artificial neural network (ANN) is a model used
in machine learning and may mean a whole model of
problem-solving ability which is composed of artificial
neurons (nodes) that form a network by synaptic connec-
tions. The artificial neural network can be defined by a
connection pattern between neurons in different layers, a
learning process for updating model parameters, and an
activation function for generating an output value.

[0033] The artificial neural network may include an input
layer, an output layer, and optionally one or more hidden
layers. Each layer includes one or more neurons, and the
artificial neural network may include a synapse that links
neurons to neurons. In the artificial neural network, each
neuron may output the function value of the activation
function for input signals, weights, and deflections input
through the synapse.

[0034] Model parameters refer to parameters determined
through learning and include a weight value of synaptic
connection and deflection of neurons. A hyperparameter
means a parameter to be set in the machine learning algo-
rithm before learning, and includes a learning rate, a rep-
etition number, a mini batch size, and an initialization
function.

[0035] The purpose of the learning of the artificial neural
network may be to determine the model parameters that
minimize a loss function. The loss function may be used as
an index to determine optimal model parameters in the
learning process of the artificial neural network.

[0036] Machine learning may be classified into supervised
learning, unsupervised learning, and reinforcement learning
according to a learning method.

[0037] The supervised learning may refer to a method of
learning an artificial neural network in a state in which a
label for learning data is given, and the label may mean the
correct answer (or result value) that the artificial neural
network must infer when the learning data is input to the
artificial neural network. The unsupervised learning may
refer to a method of learning an artificial neural network in
a state in which a label for learning data is not given. The
reinforcement learning may refer to a learning method in
which an agent defined in a certain environment learns to
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select a behavior or a behavior sequence that maximizes
cumulative compensation in each state.

[0038] Machine learning, which is implemented as a deep
neural network (DNN) including a plurality of hidden layers
among artificial neural networks, is also referred to as deep
learning, and the deep learning is part of machine learning.
In the following, machine learning is used to mean deep
learning.

[0039] <Robot>

[0040] A robot may refer to a machine that automatically
processes or operates a given task by its own ability. In
particular, a robot having a function of recognizing an
environment and performing a self-determination operation
may be referred to as an intelligent robot.

[0041] Robots may be classified into industrial robots,
medical robots, home robots, military robots, and the like
according to the use purpose or field.

[0042] The robot includes a driving unit may include an
actuator or a motor and may perform various physical
operations such as moving a robot joint. In addition, a
movable robot may include a wheel, a brake, a propeller, and
the like in a driving unit, and may travel on the ground
through the driving unit or fly in the air.

[0043] <Self-Driving>

[0044] Self-driving refers to a technique of driving for
oneself, and a self-driving vehicle refers to a vehicle that
travels without an operation of a user or with a minimum
operation of a user.

[0045] For example, the self-driving may include a tech-
nology for maintaining a lane while driving, a technology
for automatically adjusting a speed, such as adaptive cruise
control, a technique for automatically traveling along a
predetermined route, and a technology for automatically
setting and traveling a route when a destination is set.
[0046] The vehicle may include a vehicle having only an
internal combustion engine, a hybrid vehicle having an
internal combustion engine and an electric motor together,
and an electric vehicle having only an electric motor, and
may include not only an automobile but also a train, a
motorcycle, and the like.

[0047] At this time, the self-driving vehicle may be
regarded as a robot having a self-driving function.

[0048] <eXtended Reality (XR)>

[0049] Extended reality is collectively referred to as vir-
tual reality (VR), augmented reality (AR), and mixed reality
(MR). The VR technology provides a real-world object and
background only as a CG image, the AR technology pro-
vides a virtual CG image on a real object image, and the MR
technology is a computer graphic technology that mixes and
combines virtual objects into the real world.

[0050] The MR technology is similar to the AR technol-
ogy in that the real object and the virtual object are shown
together. However, in the AR technology, the virtual object
is used in the form that complements the real object, whereas
in the MR technology, the virtual object and the real object
are used in an equal manner.

[0051] The XR technology may be applied to a head-
mount display (HMD), a head-up display (HUD), a mobile
phone, a tablet PC, a laptop, a desktop, a TV, a digital
signage, and the like. A device to which the XR technology
is applied may be referred to as an XR device.

[0052] FIG. 1 illustrates an Al device 100 according to an
embodiment of the present disclosure.
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[0053] The AI device (or an Al apparatus) 100 may be
implemented by a stationary device or a mobile device, such
as a TV, a projector, a mobile phone, a smartphone, a desktop
computer, a notebook, a digital broadcasting terminal, a
personal digital assistant (PDA), a portable multimedia
player (PMP), a navigation device, a tablet PC, a wearable
device, a set-top box (STB), a DMB receiver, a radio, a
washing machine, a refrigerator, a desktop computer, a
digital signage, a robot, a vehicle, and the like.

[0054] Referring to FIG. 1, the Al device 100 may include
a communication unit 110, an input unit 120, a learning
processor 130, a sensing unit 140, an output unit 150, a
memory 170, and a processor 180.

[0055] The communication unit 110 may transmit and
receive data to and from external devices such as other Al
devices 100a to 100e and the AI server 200 by using
wire/wireless communication technology. For example, the
communication unit 110 may transmit and receive sensor
information, a user input, a learning model, and a control
signal to and from external devices.

[0056] The communication technology used by the com-
munication unit 110 includes GSM (Global System for
Mobile communication), CDMA (Code Division Multi
Access), LTE (Long Term Evolution), 5G, WLAN (Wireless
LAN), Wi-Fi (Wireless-Fidelity), Bluetooth™, RFID (Radio
Frequency Identification), Infrared Data Association (IrDA),
ZigBee, NFC (Near Field Communication), and the like.

[0057] The input unit 120 may acquire various kinds of
data.
[0058] At this time, the input unit 120 may include a

camera for inputting a video signal, a microphone for
receiving an audio signal, and a user input unit for receiving
information from a user. The camera or the microphone may
be treated as a sensor, and the signal acquired from the
camera or the microphone may be referred to as sensing data
or sensor information.

[0059] The input unit 120 may acquire a learning data for
model learning and an input data to be used when an output
is acquired by using learning model. The input unit 120 may
acquire raw input data. In this case, the processor 180 or the
learning processor 130 may extract an input feature by
preprocessing the input data.

[0060] The learning processor 130 may learn a model
composed of an artificial neural network by using learning
data. The learned artificial neural network may be referred to
as a learning model. The learning model may be used to an
infer result value for new input data rather than learning
data, and the inferred value may be used as a basis for
determination to perform a certain operation.

[0061] At this time, the learning processor 130 may per-
form Al processing together with the learning processor 240
of the Al server 200.

[0062] At this time, the learning processor 130 may
include a memory integrated or implemented in the Al
device 100. Alternatively, the learning processor 130 may be
implemented by using the memory 170, an external memory
directly connected to the Al device 100, or a memory held
in an external device.

[0063] The sensing unit 140 may acquire at least one of
internal information about the Al device 100, ambient envi-
ronment information about the Al device 100, and user
information by using various sensors.

[0064] Examples of the sensors included in the sensing
unit 140 may include a proximity sensor, an illuminance
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sensor, an acceleration sensor, a magnetic sensor, a gyro
sensor, an inertial sensor, an RGB sensor, an IR sensor, a
fingerprint recognition sensor, an ultrasonic sensor, an opti-
cal sensor, a microphone, a lidar, and a radar.

[0065] The output unit 150 may generate an output related
to a visual sense, an auditory sense, or a haptic sense.
[0066] At this time, the output unit 150 may include a
display unit for outputting time information, a speaker for
outputting auditory information, and a haptic module for
outputting haptic information.

[0067] The memory 170 may store data that supports
various functions of the Al device 100. For example, the
memory 170 may store input data acquired by the input unit
120, learning data, a learning model, a learning history, and
the like.

[0068] The processor 180 may determine at least one
executable operation of the Al device 100 based on infor-
mation determined or generated by using a data analysis
algorithm or a machine learning algorithm. The processor
180 may control the components of the Al device 100 to
execute the determined operation.

[0069] To this end, the processor 180 may request, search,
receive, or utilize data of the learning processor 130 or the
memory 170. The processor 180 may control the compo-
nents of the Al device 100 to execute the predicted operation
or the operation determined to be desirable among the at
least one executable operation.

[0070] When the connection of an external device is
required to perform the determined operation, the processor
180 may generate a control signal for controlling the exter-
nal device and may transmit the generated control signal to
the external device.

[0071] The processor 180 may acquire intention informa-
tion for the user input and may determine the user’s require-
ments based on the acquired intention information.

[0072] The processor 180 may acquire the intention infor-
mation corresponding to the user input by using at least one
of'a speech to text (STT) engine for converting speech input
into a text string or a natural language processing (NLP)
engine for acquiring intention information of a natural
language.

[0073] At least one of the STT engine or the NLP engine
may be configured as an artificial neural network, at least
part of which is learned according to the machine learning
algorithm. At least one of the STT engine or the NLP engine
may be learned by the learning processor 130, may be
learned by the learning processor 240 of the Al server 200,
or may be learned by their distributed processing.

[0074] The processor 180 may collect history information
including the operation contents of the Al apparatus 100 or
the user’s feedback on the operation and may store the
collected history information in the memory 170 or the
learning processor 130 or transmit the collected history
information to the external device such as the Al server 200.
The collected history information may be used to update the
learning model.

[0075] The processor 180 may control at least part of the
components of Al device 100 so as to drive an application
program stored in memory 170. Furthermore, the processor
180 may operate two or more of the components included in
the Al device 100 in combination so as to drive the appli-
cation program.

[0076] FIG. 2 illustrates an Al server 200 according to an
embodiment of the present disclosure.
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[0077] Referring to FIG. 2, the Al server 200 may refer to
a device that learns an artificial neural network by using a
machine learning algorithm or uses a learned artificial neural
network. The Al server 200 may include a plurality of
servers to perform distributed processing, or may be defined
as a 5G network. At this time, the Al server 200 may be
included as a partial configuration of the Al device 100, and
may perform at least part of the Al processing together.
[0078] The Al server 200 may include a communication
unit 210, a memory 230, a learning processor 240, a pro-
cessor 260, and the like.

[0079] The communication unit 210 can transmit and
receive data to and from an external device such as the Al
device 100.

[0080] The memory 230 may include a model storage unit
231. The model storage unit 231 may store a learning or
learned model (or an artificial neural network 231a) through
the learning processor 240.

[0081] The learning processor 240 may learn the artificial
neural network 231a by using the learning data. The learning
model may be used in a state of being mounted on the Al
server 200 of the artificial neural network, or may be used
in a state of being mounted on an external device such as the
Al device 100.

[0082] The learning model may be implemented in hard-
ware, software, or a combination of hardware and software.
If all or part of the learning models is implemented in
software, one or more instructions that constitute the learn-
ing model may be stored in memory 230.

[0083] The processor 260 may infer the result value for
new input data by using the learning model and may
generate a response or a control command based on the
inferred result value.

[0084] FIG. 3 illustrates an Al system 1 according to an
embodiment of the present disclosure.

[0085] Referring to FIG. 3, in the Al system 1, at least one
of an Al server 200, a robot 100q, a self-driving vehicle
1005, an XR device 100¢, a smartphone 1004, or a home
appliance 100e is connected to a cloud network 10. The
robot 100qa, the self-driving vehicle 1005, the XR device
100c, the smartphone 1004, or the home appliance 100e, to
which the Al technology is applied, may be referred to as Al
devices 100a to 100e.

[0086] The cloud network 10 may refer to a network that
forms part of a cloud computing infrastructure or exists in a
cloud computing infrastructure. The cloud network 10 may
be configured by using a 3G network, a 4G or LTE network,
or a 5G network.

[0087] That is, the devices 100a to 100e and 200 config-
uring the Al system 1 may be connected to each other
through the cloud network 10. In particular, each of the
devices 1004 to 100e and 200 may communicate with each
other through a base station, but may directly communicate
with each other without using a base station.

[0088] The AI server 200 may include a server that
performs Al processing and a server that performs opera-
tions on big data.

[0089] The Al server 200 may be connected to at least one
of the Al devices constituting the Al system 1, that is, the
robot 100qa, the self-driving vehicle 1005, the XR device
100¢, the smartphone 1004, or the home appliance 100e
through the cloud network 10, and may assist at least part of
Al processing of the connected Al devices 100a to 100e.
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[0090] At this time, the Al server 200 may learn the
artificial neural network according to the machine learning
algorithm instead of the Al devices 100a to 100¢, and may
directly store the learning model or transmit the learning
model to the Al devices 100a to 100e.

[0091] At this time, the Al server 200 may receive input
data from the Al devices 100a to 100e, may infer the result
value for the received input data by using the learning
model, may generate a response or a control command based
on the inferred result value, and may transmit the response
or the control command to the Al devices 100a to 100e.
[0092] Alternatively, the Al devices 100a to 100e may
infer the result value for the input data by directly using the
learning model, and may generate the response or the control
command based on the inference result.

[0093] Hereinafter, various embodiments of the Al
devices 100a to 100e to which the above-described tech-
nology is applied will be described. The Al devices 100qa to
100¢ illustrated in FIG. 3 may be regarded as a specific
embodiment of the Al device 100 illustrated in FIG. 1.
[0094] <ATI+Robot>

[0095] The robot 100a, to which the Al technology is
applied, may be implemented as a guide robot, a carrying
robot, a cleaning robot, a wearable robot, an entertainment
robot, a pet robot, an unmanned flying robot, or the like.
[0096] The robot 100a may include a robot control module
for controlling the operation, and the robot control module
may refer to a software module or a chip implementing the
software module by hardware.

[0097] The robot 100¢ may acquire state information
about the robot 100a by using sensor information acquired
from various kinds of sensors, may detect (recognize) sur-
rounding environment and objects, may generate map data,
may determine the route and the travel plan, may determine
the response to user interaction, or may determine the
operation.

[0098] The robot 100a may use the sensor information
acquired from at least one sensor among the lidar, the radar,
and the camera so as to determine the travel route and the
travel plan.

[0099] The robot 100a may perform the above-described
operations by using the learning model composed of at least
one artificial neural network. For example, the robot 100a
may recognize the surrounding environment and the objects
by using the learning model, and may determine the opera-
tion by using the recognized surrounding information or
object information. The learning model may be learned
directly from the robot 100a or may be learned from an
external device such as the Al server 200.

[0100] At this time, the robot 100a may perform the
operation by generating the result by directly using the
learning model, but the sensor information may be trans-
mitted to the external device such as the Al server 200 and
the generated result may be received to perform the opera-
tion.

[0101] The robot 100a¢ may use at least one of the map
data, the object information detected from the sensor infor-
mation, or the object information acquired from the external
apparatus to determine the travel route and the travel plan,
and may control the driving unit such that the robot 100a
travels along the determined travel route and travel plan.
[0102] The map data may include object identification
information about various objects arranged in the space in
which the robot 100a moves. For example, the map data may
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include object identification information about fixed objects
such as walls and doors and movable objects such as pollen
and desks. The object identification information may include
a name, a type, a distance, and a position.

[0103] Inaddition, the robot 100a may perform the opera-
tion or travel by controlling the driving unit based on the
control/interaction of the user. At this time, the robot 100a
may acquire the intention information of the interaction due
to the user’s operation or speech utterance, and may deter-
mine the response based on the acquired intention informa-
tion, and may perform the operation.

[0104] <AI+Self-Driving>

[0105] The self-driving vehicle 1005, to which the Al
technology is applied, may be implemented as a mobile
robot, a vehicle, an unmanned flying vehicle, or the like.
[0106] The self-driving vehicle 1005 may include a self-
driving control module for controlling a self-driving func-
tion, and the self-driving control module may refer to a
software module or a chip implementing the software mod-
ule by hardware. The self-driving control module may be
included in the self-driving vehicle 1005 as a component
thereof, but may be implemented with separate hardware
and connected to the outside of the self-driving vehicle
1004.

[0107] The self-driving vehicle 1005 may acquire state
information about the self-driving vehicle 10056 by using
sensor information acquired from various kinds of sensors,
may detect (recognize) surrounding environment and
objects, may generate map data, may determine the route
and the travel plan, or may determine the operation.
[0108] Like the robot 1004, the self-driving vehicle 1005
may use the sensor information acquired from at least one
sensor among the lidar, the radar, and the camera so as to
determine the travel route and the travel plan.

[0109] In particular, the self-driving vehicle 1006 may
recognize the environment or objects for an area covered by
a field of view or an area over a certain distance by receiving
the sensor information from external devices, or may receive
directly recognized information from the external devices.
[0110] The self-driving vehicle 1006 may perform the
above-described operations by using the learning model
composed of at least one artificial neural network. For
example, the self-driving vehicle 1006 may recognize the
surrounding environment and the objects by using the learn-
ing model, and may determine the traveling movement line
by using the recognized surrounding information or object
information. The learning model may be learned directly
from the self-driving vehicle 100a or may be learned from
an external device such as the Al server 200.

[0111] At this time, the self-driving vehicle 1006 may
perform the operation by generating the result by directly
using the learning model, but the sensor information may be
transmitted to the external device such as the Al server 200
and the generated result may be received to perform the
operation.

[0112] The self-driving vehicle 1005 may use at least one
of the map data, the object information detected from the
sensor information, or the object information acquired from
the external apparatus to determine the travel route and the
travel plan, and may control the driving unit such that the
self-driving vehicle 1005 travels along the determined travel
route and travel plan.

[0113] The map data may include object identification
information about various objects arranged in the space (for
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example, road) in which the self-driving vehicle 1005 trav-
els. For example, the map data may include object identi-
fication information about fixed objects such as street lamps,
rocks, and buildings and movable objects such as vehicles
and pedestrians. The object identification information may
include a name, a type, a distance, and a position.

[0114] In addition, the self-driving vehicle 1005 may
perform the operation or travel by controlling the driving
unit based on the control/interaction of the user. At this time,
the self-driving vehicle 1005 may acquire the intention
information of the interaction due to the user’s operation or
speech utterance, and may determine the response based on
the acquired intention information, and may perform the
operation.

[0115] <AI+XR>

[0116] The XR device 100¢, to which the Al technology is
applied, may be implemented by a head-mount display
(HMD), a head-up display (HUD) provided in the vehicle, a
television, a mobile phone, a smartphone, a computer, a
wearable device, a home appliance, a digital signage, a
vehicle, a fixed robot, a mobile robot, or the like.

[0117] The XR device 100c¢ may analyzes three-dimen-
sional point cloud data or image data acquired from various
sensors or the external devices, generate position data and
attribute data for the three-dimensional points, acquire infor-
mation about the surrounding space or the real object, and
render to output the XR object to be output. For example, the
XR device 100¢ may output an XR object including the
additional information about the recognized object in cor-
respondence to the recognized object.

[0118] The XR device 100c¢ may perform the above-
described operations by using the learning model composed
of at least one artificial neural network. For example, the XR
device 100¢ may recognize the real object from the three-
dimensional point cloud data or the image data by using the
learning model, and may provide information corresponding
to the recognized real object. The learning model may be
directly learned from the XR device 100¢, or may be learned
from the external device such as the Al server 200.

[0119] At this time, the XR device 100¢ may perform the
operation by generating the result by directly using the
learning model, but the sensor information may be trans-
mitted to the external device such as the Al server 200 and
the generated result may be received to perform the opera-
tion.

[0120] <AI+Robot+Self-Driving>

[0121] The robot 100q, to which the Al technology and the
self-driving technology are applied, may be implemented as
a guide robot, a carrying robot, a cleaning robot, a wearable
robot, an entertainment robot, a pet robot, an unmanned
flying robot, or the like.

[0122] The robot 100q, to which the Al technology and the
self-driving technology are applied, may refer to the robot
itself having the self-driving function or the robot 100a
interacting with the self-driving vehicle 1005.

[0123] The robot 100a having the self-driving function
may collectively refer to a device that moves for itself along
the given movement line without the user’s control or moves
for itself by determining the movement line by itself.
[0124] The robot 1004 and the self-driving vehicle 1005
having the self-driving function may use a common sensing
method so as to determine at least one of the travel route or
the travel plan. For example, the robot 100a and the self-
driving vehicle 1005 having the self-driving function may



US 2019/0369628 Al

determine at least one of the travel route or the travel plan
by using the information sensed through the lidar, the radar,
and the camera.

[0125] The robot 100q that interacts with the self-driving
vehicle 1005 exists separately from the self-driving vehicle
1006 and may perform operations interworking with the
self-driving function of the self-driving vehicle 1005 or
interworking with the user who rides on the self-driving
vehicle 1005.

[0126] At this time, the robot 100a interacting with the
self-driving vehicle 1005 may control or assist the self-
driving function of the self-driving vehicle 1005 by acquir-
ing sensor information on behalf of the self-driving vehicle
1006 and providing the sensor information to the self-
driving vehicle 1005, or by acquiring sensor information,
generating environment information or object information,
and providing the information to the self-driving vehicle
1004.

[0127] Alternatively, the robot 100« interacting with the
self-driving vehicle 1005 may monitor the user boarding the
self-driving vehicle 1005, or may control the function of the
self-driving vehicle 1005 through the interaction with the
user. For example, when it is determined that the driver is in
a drowsy state, the robot 100a may activate the self-driving
function of the self-driving vehicle 1005 or assist the control
of the driving unit of the self-driving vehicle 1005. The
function of the self-driving vehicle 1005 controlled by the
robot 100a may include not only the self-driving function
but also the function provided by the navigation system or
the audio system provided in the self-driving vehicle 1004.
[0128] Alternatively, the robot 100q that interacts with the
self-driving vehicle 1005 may provide information or assist
the function to the self-driving vehicle 1005 outside the
self-driving vehicle 1005. For example, the robot 100a may
provide traffic information including signal information and
the like, such as a smart signal, to the self-driving vehicle
1005, and automatically connect an electric charger to a
charging port by interacting with the self-driving vehicle
1005 like an automatic electric charger of an electric vehicle.
[0129] <AI+Robot+XR>

[0130] The robot 100q, to which the Al technology and the
XR technology are applied, may be implemented as a guide
robot, a carrying robot, a cleaning robot, a wearable robot,
an entertainment robot, a pet robot, an unmanned flying
robot, a drone, or the like.

[0131] The robot 100a, to which the XR technology is
applied, may refer to a robot that is subjected to control/
interaction in an XR image. In this case, the robot 100a may
be separated from the XR device 100c¢ and interwork with
each other.

[0132] When the robot 100a, which is subjected to con-
trol/interaction in the XR image, may acquire the sensor
information from the sensors including the camera, the robot
100a or the XR device 100c may generate the XR image
based on the sensor information, and the XR device 100c¢
may output the generated XR image. The robot 100a may
operate based on the control signal input through the XR
device 100c or the user’s interaction.

[0133] For example, the user can confirm the XR image
corresponding to the time point of the robot 100a interwork-
ing remotely through the external device such as the XR
device 100c¢, adjust the self-driving travel path of the robot
100a through interaction, control the operation or driving, or
confirm the information about the surrounding object.
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[0134] <AI+Self-Driving+XR>

[0135] The self-driving vehicle 1005, to which the Al
technology and the XR technology are applied, may be
implemented as a mobile robot, a vehicle, an unmanned
flying vehicle, or the like.

[0136] The self-driving vehicle 1005, to which the XR
technology is applied, may refer to a self-driving vehicle
having a means for providing an XR image or a self-driving
vehicle that is subjected to control/interaction in an XR
image. Particularly, the self-driving vehicle 10056 that is
subjected to control/interaction in the XR image may be
distinguished from the XR device 100c¢ and interwork with
each other.

[0137] The self-driving vehicle 1005 having the means for
providing the XR image may acquire the sensor information
from the sensors including the camera and output the
generated XR image based on the acquired sensor informa-
tion. For example, the self-driving vehicle 1005 may include
an HUD to output an XR image, thereby providing a
passenger with a real object or an XR object corresponding
to an object in the screen.

[0138] At this time, when the XR object is output to the
HUD, at least part of the XR object may be outputted so as
to overlap the actual object to which the passenger’s gaze is
directed. Meanwhile, when the XR object is output to the
display provided in the self-driving vehicle 1005, at least
part of the XR object may be output so as to overlap the
object in the screen. For example, the self-driving vehicle
1005 may output XR objects corresponding to objects such
as a lane, another vehicle, a traffic light, a traffic sign, a
two-wheeled vehicle, a pedestrian, a building, and the like.
[0139] When the self-driving vehicle 1005, which is sub-
jected to control/interaction in the XR image, may acquire
the sensor information from the sensors including the cam-
era, the self-driving vehicle 1005 or the XR device 100¢ may
generate the XR image based on the sensor information, and
the XR device 100c may output the generated XR image.
The self-driving vehicle 1005 may operate based on the
control signal input through the external device such as the
XR device 100c¢ or the user’s interaction.

[0140] FIG. 4 illustrates an Al device 100 according to an
embodiment of the present disclosure.

[0141] The redundant repeat of FIG. 1 will be omitted
below.
[0142] Referring to FIG. 4, the Al device 100 may further

include a driving unit 160 and a cleaning unit 190.

[0143] The input unit 120 may include a camera 121 for
image signal input, a microphone 122 for receiving audio
signal input, and a user input unit 123 for receiving infor-
mation from a user.

[0144] Voice data or image data collected by the input unit
120 are analyzed and processed as a user’s control com-
mand.

[0145] Then, the input unit 120 is used for inputting image
information (or signal), audio information (or signal), data,
or information inputted from a user and the mobile terminal
100 may include at least one camera 121 in order for
inputting image information.

[0146] The camera 121 processes image frames such as a
still image or a video acquired by an image sensor in a video
call mode or a capturing mode. The processed image frame
may be displayed on the display unit 151 or stored in the
memory 170.
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[0147] The microphone 122 processes external sound sig-
nals as electrical voice data. The processed voice data may
be utilized variously according to a function (or an appli-
cation program being executed) being performed in the
mobile terminal 100. Moreover, various noise canceling
algorithms for removing noise occurring during the recep-
tion of external sound signals may be implemented in the
microphone 122.

[0148] The user input unit 123 is to receive information
from a user and when information is inputted through the
user input unit 123, the processor 180 may control an
operation of the mobile terminal 100 to correspond to the
inputted information.

[0149] The user input unit 123 may include a mechanical
input means (or a mechanical key, for example, a button, a
dome switch, a jog wheel, and a jog switch at the front, back
or side of the mobile terminal 100) and a touch type input
means. As one example, a touch type input means may
include a virtual key, a soft key, or a visual key, which is
displayed on a touch screen through software processing or
may include a touch key disposed at a portion other than the
touch screen.

[0150]

[0151] The sensing unit 140 may include at least one of a
depth sensor (not illustrated) or an RGB sensor (not illus-
trated) to acquire image data for a surrounding of the Al
robot 100.

[0152] The depth sensor may sense that light irradiated
from the light emitting unit (not illustrated) is reflected and
return. The depth sensor may measure the difference
between times at which the returning light is transmitted, an
amount of the returning light, and a distance from an object.
[0153] The depth sensor may acquire information on a two
dimensional image or a three dimensional image of the
surrounding of the Al robot 100, based on the distance from
the object.

[0154] The RGB sensor may acquire information on a
color image for an object or a user around the Al robot 100.
The information on the color image may be an image
acquired by photographing an object. The RGB sensor may
be named an RGB camera.

The sensing unit 140 may be called a sensor unit.

[0155] In this case, the camera 121 may refer to the RGB
sensor.
[0156] The output unit 150 may include at least one of a

display unit 151, a sound output module 152, a haptic
module 153, or an optical output module 154.

[0157] The display unit 151 may display (output) infor-
mation processed in the mobile terminal 100. For example,
the display unit 151 may display execution screen informa-
tion of an application program running on the mobile
terminal 100 or user interface (UI) and graphic user interface
(GUI) information according to such execution screen infor-
mation.

[0158] The display unit 151 may be formed with a mutual
layer structure with a touch sensor or formed integrally, so
that a touch screen may be implemented. Such a touch
screen may serve as the user input unit 123 providing an
input interface between the mobile terminal 100 and a user,
and an output interface between the mobile terminal 100 and
a user at the same time.

[0159] The sound output module 152 may output audio
data received from the wireless communication unit 110 or
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stored in the memory 170 in a call signal reception or call
mode, a recording mode, a voice recognition mode, or a
broadcast reception mode.

[0160] The sound output module 152 may include a
receiver, a speaker, and a buzzer.

[0161] The haptic module 153 generates various haptic
effects that a user can feel. A representative example of a
haptic effect that the haptic module 153 generates is vibra-
tion.

[0162] The optical output module 154 outputs a signal for
notifying event occurrence by using light of a light source of
the mobile terminal 100. An example of an event occurring
in the mobile terminal 100 includes message reception, call
signal reception, missed calls, alarm, schedule notification,
e-mail reception, and information reception through an
application.

[0163] The driving unit 160 may move the Al robot 100 in
a specific direction or by a certain distance.

[0164] The driving unit 160 may include a left wheel
driving unit 161 to drive the left wheel of the Al robot 100
and a right wheel driving unit 162 to drive the right wheel.
[0165] The left wheel driving unit 161 may include a
motor for driving the left wheel, and the right wheel driving
unit 162 may include a motor for driving the right wheel.
[0166] Although the driving unit 160 includes the left
wheel driving unit 161 and the right wheel driving unit 162
by way of example as in FIG. 4, but the present disclosure
is not limited thereto. In other words, according to an
embodiment, the driving unit 160 may include only one
wheel.

[0167] The cleaning unit 190 may include at least one of
a suction unit 191 or a mopping unit 192 to clean the floor
around the Al device 100.

[0168] The suction unit 191 may be referred to as a
vacuum cleaning unit.

[0169] The suction unit 191 may suction air to suction
foreign matters such as dust and garbage around the Al
device 100.

[0170] In this case, the suction unit 191 may include a
brush or the like to collect foreign matters.

[0171] The mopping unit 192 may wipe the floor in the
state that a mop is at least partially in contact with the bottom
surface of the Al device 100.

[0172] In this case, the mopping unit 192 may include a
mop and a mop driving unit to move the mop

[0173] In this case, the mopping unit 192 may adjust the
distance from the ground surface through the mop driving
unit. In other words, the mop driving unit may operate such
that the mop makes contact with the ground surface when
the mopping is necessary.

[0174] FIG. 5 a perspective view of the Al device 100
according to an embodiment of the present disclosure.
[0175] Referring to FIG. 5, the Al robot 100 may include
a cleaner body 50 and a camera 121 or a sensing unit 140.
[0176] The camera 121 or the sensing unit 140 may
irradiate a light forward and receive the reflected light.
[0177] The camera 121 or the sensing unit 140 may
acquire the depth information using the difference between
times at which the received lights are returned.

[0178] The cleaner body 50 may include remaining com-
ponents except the camera 121 and the sensing unit 140
described with reference to FIG. 4.

[0179] FIG. 6 is a bottom view of the Al device 100
according to an embodiment of the present disclosure.
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[0180] Referring to 6, the Al device 100 may further
include a cleaner body 50, a left wheel 61a, a right wheel
615, and a suction unit 70 in addition to the components of
FIG. 4.

[0181] The left wheel 61a and the right wheel 615 may
allow the cleaner body 50 to travel.

[0182] The left wheel driving unit 161 may drive the left
wheel 61a and the right wheel driving unit 162 may drive the
right wheel 6154.

[0183] As the left wheel 61a and the right wheel 615 are
rotated by the driving unit 160, the Al robot 100 may suction
foreign matters such as dust and garbage through the suction
unit 70.

[0184] The suction unit 70 is provided in the cleaner body
50 to suction dust on the floor surface.

[0185] The suction unit 70 may further include a filter (not
illustrate) to collect foreign matters from the sucked air
stream and a foreign matter receiver (not illustrated) to
accumulate foreign matters collected through the filter.
[0186] In addition to the components of FIG. 4, the Al
robot 100 may further include a mopping unit (not illus-
trated).

[0187] The mopping unit (not illustrated) may include a
damp cloth (not illustrated) and a motor (not illustrated) to
rotate the damp cloth in contact with the floor and to move
the damp cloth along a set pattern.

[0188] The Al device 100 may wipe the floor with the
mopping unit (not illustrated).

[0189] FIG. 7 is a flowchart illustrating an operating
method of an Al device to guide the arrangement location of
the air cleaning device according to an embodiment of the
present disclosure.

[0190] Hereinafter, the Al device 100 may be a device
without the driving unit 160 and the cleaning unit 190 which
are components illustrated in FIG. 4. The Al device 100 may
be a mobile terminal such as a smartphone or a table PC of
a user.

[0191] The processor 180 of the Al device 100 may
acquire information on a map of a house or information on
fine dust distribution in the house (S701).

[0192] The information on the map of the house may
include information including a map showing a structure of
the house. The information on the map of the house may
include information such as the arrangement of furniture
provided in the house, the plan view of the house, the
position of an entrance in the house, the position of a room
in the house, and the position of a living room in the house.

[0193] The information on the fine dust distribution in the
house may be information representing fine dust distribution
or ultrafine dust distribution, which is shown on the map of
the house.

[0194] The information on the fine dust distribution in the
house may be acquired by using the information on the map
of the house.

[0195] The information on the map of the house and
information on fine dust distribution in the house may be
received from the robot cleaner 500.

[0196] The communication unit 110 of the Al device 100
may receive, from the robot cleaner 500, the information on
the map of the house and the information on fine dust
distribution in the house.
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[0197] The robot cleaner 500 may measure fine dust or
ultrafine dust while performing cleaning along a cleaning
path in the house. To this end, the robot cleaner 500 may
include a dust sensor.

[0198] The robot cleaner 500 may measure fine dust while
traveling along the cleaning path and may mark a relevant
zone on a map for cleaning, with the measured information
on the fine dust. Through this procedure, the robot cleaner
500 may acquire the information on the fine dust distribu-
tion.

[0199] The processor 180 of the Al device 100 may
determine the arrangement location of the air cleaning
device based on the information on the map and the infor-
mation on the fine dust distribution by using the arrangement
model of the air cleaning device (S703).

[0200] The air cleaning device arrangement model may be
a model based on a neural network trained through a deep
learning algorithm or a machine learning algorithm.
[0201] The air cleaning device arrangement model may be
trained by the learning processor 240 of the Al server 200.
The Al device 100 may acquire the air cleaning device
arrangement model from the Al server 200 through the
communication unit 110.

[0202] For another example, the air cleaning device
arrangement model may be trained by the learning processor
130 of the AI device 100.

[0203] The air cleaning device arrangement model may be
a model trained in reinforcement learning.

[0204] Hereinafter, the procedure of training the air clean-
ing device arrangement model in the reinforcement learning
will be described with reference to drawings after FIG. 7.
[0205] FIGS. 8 and 9 are views illustrating the procedure
of training the air cleaning device arrangement model
according to an embodiment of the present disclosure.
[0206] An artificial neural network to consistently deter-
mine or update parameters by performing training in the
reinforcement learning may be named a reinforcement learn-
ing model herein.

[0207] An air cleaning device arrangement model 800
may be one example of the reinforcement learning model.
[0208] The reinforcement learning may be mainly per-
formed through a Markov Decision Process (MDP).
[0209] Regarding the MDP, first there may be given an
environment having information necessary for an agent to
take a next action.

[0210] Second, how the agent takes the action based on the
environment is defined.

[0211] Third, the types of actions that the agent receives a
reward or a penalty are defined.

[0212] Fourth, training is repeatedly performed until a
future reward becomes a maximum value, thereby deducting
the optimal policy.

[0213] When the MDP is applied to the present disclosure,
the agent may be an arrangement model of the Al device 100
or the air cleaning device.

[0214] First, the information on the map, which represents
the structure of the house, and the information on the fine
dust distribution in the house are given to constitute an
environment having information necessary for the air clean-
ing device arrangement model 800 to take a next action.
[0215] Second, according to the present disclosure, how
the air cleaning device arrangement model 800 takes the
action based on the given environment, that is, where the air
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cleaning device arrangement model 800 arranges the air
cleaning device in the house may be determined.

[0216] Third, after the air cleaning device is arranged
depending on the arrangement of the air cleaning device,
which is determined by the air cleaning device arrangement
model 800, a reward is offered as the re-measured fine dust
concentration has a lower value, and a penalty is imposed as
the re-measured fine dust concentration has a higher value.
[0217] The air cleaning device arrangement model 800
may update the parameters of the artificial neural network
based on the reward and the penalty.

[0218] Fourth, the air cleaning device arrangement model
800 is repeatedly trained until the future reward becomes the
maximum point. Accordingly, the optimal policy may be
acquired, that is, the optimal arrangement location of the air
cleaning device is acquired to minimize the fine dust con-
centration in the house.

[0219] The parameters of the air cleaning device arrange-
ment model 800 including the artificial neural network may
be updated through feedback.

[0220] In addition, as the artificial neural network is
trained, the action of the air cleaning device arrangement
model 800 and the training result acquired using the feed-
back based on the action may be stored in the memory 170.
[0221] The training result may refer to the parameters of
the air cleaning device arrangement model 800 updated
through the fine dust concentration in the house or the
feedback such as the reaction of a user. In addition, the
training result may constitute a portion of the artificial neural
network constituting the air cleaning device arrangement
model 800.

[0222] The air cleaning device arrangement model 800
may be generated by training the artificial neural network in
the Al sever 200. In addition, when the training is com-
pleted, the air cleaning device arrangement model 800 may
be provided in the Al device 100.

[0223] Meanwhile, the air cleaning device arrangement
model 800 may be implemented in hardware, software, or
the combination of hardware and software. When a portion
or an entire portion of the air cleaning device arrangement
model 800 is implemented in software, at least one com-
mand constituting the air cleaning device arrangement
model 800 may be stored in the memory 170.

[0224] The environment or the state used in training the air
cleaning device arrangement model 800 may be named an
input parameter for training.

[0225] The input parameter for training may include the
information on the map representing the structure of the
house or the information on the fine dust distribution in the
house.

[0226] The information 910 on the map representing the
structure of the house may include information such as the
arrangement of the furniture in the house, the plan view of
the house, which is acquired the structure of the house from
the top, the position of an entrance in the house, or the
position of each room in the house. The position of the
furniture, the position of the entrance, or the position of each
room may be a coordinate.

[0227] The information 920 on the fine dust distribution in
the house may include a fine dust concentration measured in
each of zones as the map of the house may be divided into
the zones. The ultrafine dust concentration may be used
instead of the fine dust concentration.
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[0228] The information 920 on the fine dust distribution in
the house may include the information 910 on the map
representing the structure of the house.

[0229] The air cleaning device arrangement model 800
may output, as a result value, the arrangement location of the
air cleaning device on the map representing the structure of
the housing, using the input parameter for training.

[0230] The arrangement location of the air cleaning device
may be output as a coordinate.

[0231] The air cleaning device arrangement model 800
may output a recommended map 930 including at least one
arrangement location of the air cleaning device.

[0232] Referring to FIG. 9, arrangement locations 931 and
932 of the air cleaning device may be marked on the
recommended map 930, with indicators.

[0233] Meanwhile, the learning processor 130 or the pro-
cessor 180 of the Al device 100 acquires information 940 on
the fine dust distribution, which is re-measured, in the house,
after a predetermined period of time is elapsed, and may
offer a reward to or impose a penalty to the air cleaning
device arrangement model 800 based on the acquired infor-
mation on the fine dust distribution.

[0234] The learning processor 130 or the processor 180 of
the Al device 100 may offer a reward to the air cleaning
device arrangement model 800 when an average fine dust
concentration, which is re-measured, becomes smaller than
an average fine dust concentration which is previously
measured.

[0235] The re-measured average fine dust concentration
may be an average value of fine dust concentrations mea-
sured by the robot cleaner in the zones in the house.
[0236] The learning processor 130 or the processor 180 of
the Al device 100 may impose a penalty to the air cleaning
device arrangement model 800 when the re-measured aver-
age fine dust concentration becomes larger than the previ-
ously-measured average fine dust concentration.

[0237] The learning processor 130 or the processor 180 of
the Al device 100 may train the air cleaning device arrange-
ment model 800 by repeatedly offering the reward to or
imposing the penalty to the air cleaning device arrangement
model] 800.

[0238] Hereinafter, the description will be made again
with reference to FIG. 7.

[0239] The processor 180 of the Al device 100 may output
the recommended map including the determined arrange-
ment location of the air cleaning device (S705).

[0240] According to an embodiment, the processor 180
may display the recommended map including the arrange-
ment location of at least one air cleaning device on the
display unit 151.

[0241] For another example, the processor 180 may output
the at least one arrangement location of the at least one air
cleaning device through the sound output unit 152.

[0242] For example, when the arrangement location of the
air cleaning device is determined as the living room, the
processor 180 may output, through the sound output unit
152, a sound of “Please, arrange the air cleaning device in
the living room”.

[0243] As described above, according to an embodiment
of'the present disclosure, the Al device 100 may recommend
the optimal arrangement location of the air cleaning device
in the house by measuring the fine dust distribution in the
house. Accordingly, the user may arrange the air cleaning
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device in the optimal location, so the air condition in the
house may be significantly improved.

[0244] FIG. 10 is a view illustrating a user screen to guide
the arrangement location of the air cleaning device accord-
ing to an embodiment of the present disclosure.

[0245] The Al device 100 may display, through the display
unit 151, an arrangement guide screen 1000 for arranging
the air cleaning device.

[0246] The arrangement guide screen 1000 may include a
number input item 1010 for inputting the number of air
cleaning devices, a recommended map item 1030 represent-
ing the arrangement locations corresponding to the input
number of the air cleaning devices, and a guide text 1050.
[0247] The user may input the number of the air cleaning
devices through the number input item 1010.

[0248] The AI device 100 may display, on the recom-
mended map item 1030, a recommended map representing
the optimal arrangement location of at least one air cleaning
device depending on the input number of air cleaning
devices.

[0249] In other words, the Al device 100 may determine
the arrangement locations of two air cleaning devices, based
on the air cleaning device arrangement model 800 and the
input number of air cleaning devices.

[0250] For example, when the user inputs two air cleaning
devices, the Al device 100 may identify the arrangement
locations of the air cleaning devices on the recommended
map using indicators 1031 and 1033. FEach indicator may
have the shape of a colored circle, but the present disclosure
is not limited thereto.

[0251] A text may be further marked at the side of each
indicator, in which the text indicates the arrangement loca-
tion, such as a specific zone or the front of specific furniture,
of the air cleaning device.

[0252] The user may receive a guide for the arrangement
location of the air cleaning device, through the arrangement
guide screen 1000 even if the user does not recognize the
state of the fine dust distribution in house.

[0253] FIGS. 11 and 12 are views illustrating the proce-
dure of recommending the optimal arrangement location of
the air cleaning device again as the air cleaning device
arrangement model is trained in reinforcement learning
according to an embodiment of the present disclosure.
[0254] FIGS. 11 and 12 are views illustrating the situation
that the user arranges two air cleaning devices in relevant
locations after receiving the guide for the arrangement
locations of two air cleaning devices according to an
embodiment of FIG. 10.

[0255] First, referring to FIG. 11, the Al device 100 may
receive the average fine dust concentration in the house,
which is re-measured by the robot cleaner 500.

[0256] The Al device 100 may display, on the display unit
151, a fine dust state screen 1100 showing the state of fine
dust deteriorated when the average fine dust concentration is
smaller than the average fine dust concentration which is
previously measured.

[0257] Thereafter, the Al device 100 may display, on the
display unit 151, an arrangement correction guide screen
1200 to correct the arrangement location of the air cleaning
device, based on the information on the re-measured fine
dust distribution.

[0258] The arrangement correction guide screen 1200 may
include a re-recommended map 1210 including red circles
1211 and 1213 representing the changed arrangement loca-
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tions of the air cleaning device and a guide text 1230 to
guide the re-recommended map 1210 and the re-arrange-
ment of the air cleaning device.

[0259] The user may receive a guide for the change in the
arrangement location of the air cleaning device, depending
on the situation of fine dust distribution in house, which is
varied in real time.

[0260] Hereinafter, the description will be made with
reference to FIG. 13.

[0261] FIGS. 13 and 14 are views illustrating the operat-
ing method of an Al system, according to various embodi-
ments of the present disclosure.

[0262] FIGS. 13 and 14 are embodiments in which sub-
jects performing the steps in FIG. 7 are divided. The details
of each step may be substituted with the description made
with reference to FIG. 7.

[0263] First, the following description will be made with
reference to FIG. 13.

[0264] Referring to FIG. 13, the robot cleaner 500 trans-
mits the information on the map of the house and the
information on the fine dust distribution in the house to the
communication unit 110 of the Al device 100 (S1301).
[0265] In other words, the Al device 100 may receive the
information on the map and the information on the fine dust
distribution from the robot cleaner 500 to be used to deter-
mine the arrangement location of the air cleaning device.
[0266] The AI device 100 determines the arrangement
location of the air cleaning device, based on the information
on the map and the information on the fine dust distribution
using the air cleaning device arrangement model (S1303).
[0267] The air cleaning device arrangement model may be
received from the Al server 200 and provided in the Al
device 100. For another example, the air cleaning device
arrangement model is trained by the robot cleaner 500 and
then received from the robot cleaner 500.

[0268] The Al device 100 displays, on the display unit
151, the recommended map including the determined
arrangement location of the air cleaning device (S1305).
[0269] The following description will be made again with
reference to FIG. 14.

[0270] Referring to FIG. 14, the processor 180 of the robot
cleaner 500 acquires the information on the map of the house
and the information on the fine dust distribution in the house
(S1401).

[0271] The processor 180 of the robot cleaner 500 deter-
mines the arrangement location of the air cleaning device
from the information on the map and the information on the
fine dust distribution, by using the air cleaning device
arrangement model (S1403).

[0272] The processor 180 of the robot cleaner 500 gener-
ates a recommend map including the determined arrange-
ment location of the air cleaning device (S1405) and transits
the generated recommended map to the AI device 100
through the communication unit 110 (S1407).

[0273] The Al device 100 outputs the recommended map
received from the robot cleaner 500 on the display unit 151
(S1409).

[0274] As described above, according to an embodiment
of FIG. 14, the robot cleaner 500 may mainly perform each
step of FIG. 7.

[0275] The above-described invention is able to be imple-
mented with computer-readable codes on a medium having
a program. Computer-readable medium includes all types of
recording devices having data which is readable by a com-
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puter system. For example, the computer-readable medium
includes a hard disk drive (HDD), a solid state disk (SSD),
a silicon disk drive (SDD), a ROM, a RAM, a CD-ROM, a
magnetic tape, a floppy disk, or an optical data storage
device.

What is claimed is:

1. An artificial intelligence (AI) device for guiding an
arrangement location of an air cleaning device, the Al device
comprising:

a memory to store an air cleaning device arrangement
model to infer the arrangement location of the air
cleaning device based on information on fine dust in a
house; and

a processor configured to:

acquire information on a map of the house and informa-
tion on fine dust distribution in the house; and

determine the arrangement location of the air cleaning
device based on the information on the map and the
information on the fine dust distribution, by using the
air cleaning device arrangement model.

2. The Al device of claim 1, wherein the air cleaning
device arrangement model is a model trained in reinforce-
ment learning based on a deep learning algorithm or a
machine learning algorithm, and

wherein the reinforcement learning is performed through
a Markov Decision Process (MDP).

3. The Al device of claim 2, wherein the processor is

configured to:

acquire, as an output result of the air cleaning device
arrangement model, the arrangement location of the air
cleaning device, from the information on the map and
a fine dust distribution degree, and

training the air cleaning device arrangement model by
offering a reward to or imposing a penalty to the air
cleaning device arrangement model, based on a fine
dust concentration, which is re-measured, in the house.

4. The Al device of claim 1, wherein the processor is
configured to:

offer the reward to the air cleaning device arrangement
model when the re-measured fine dust concentration is
lower than a fine dust concentration which is previously
measured, and

impose the penalty to the air cleaning device arrangement
model when the re-measured fine dust concentration is
higher than the fine dust concentration which is previ-
ously measured.

5. The Al device of claim 4, wherein the processor is
configured to be repeatedly trained until a future reward for
the air cleaning device arrangement model becomes a maxi-
mum value.

6. The Al device of claim 1, further comprising:

a display unit to display an arrangement guide screen to
guide the arrangement location of the air cleaning
device,

wherein the arrangement guide screen includes:

an indicator for identifying, when a user input for the
number of air cleaning devices is received, arrange-
ment locations of air cleaning devices, which corre-
spond to the received user input, on the map.

7. The Al device of claim 1, wherein the information on

the map of the house is information including a map
showing a structure of the house, and
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wherein the information on the fine dust distribution
includes information indicating the fine dust distribu-
tion on the map.

8. The Al device of claim 1, further comprising:

a communication unit to make communicate with a robot

cleaner,

wherein the communication unit receives the information

on the map and the information on the fine dust
distribution from the robot cleaner.
9. An operating method of an Al device to guide an
arrangement location of an air cleaning device, the operating
method comprising:
acquiring information on a map of a house and informa-
tion on fine dust distribution in the house;

determining the arrangement location of the air cleaning
device based on the information on the map and the
information on the fine dust distribution, by using an air
cleaning device arrangement model to infer the
arrangement location of the air cleaning device based
on the information on the fine dust in the house; and

outputting the determined arrangement location of the air
cleaning device.

10. The operating method of claim 9, wherein the air
cleaning device arrangement model is a model to be trained
in reinforcement learning based on a deep learning algo-
rithm or a machine learning algorithm, and

wherein the reinforcement learning is performed through

a Markov Decision Process (MDP).

11. The operating method of claim 10, further comprising:

acquiring, as an output result of the air cleaning device

arrangement model, the arrangement location of the air
cleaning device, from the map information and a fine
dust distribution degree; and

training the air cleaning device arrangement model by

offering a reward to or imposing a penalty to the air
cleaning device arrangement model, based on a fine
dust concentration, which is re-measured, in the house.

12. The operating method of claim 11, further comprising:

offering the reward to the air cleaning device arrangement

model when the re-measured fine dust concentration is
lower than a fine dust concentration which is previously
measured, and

imposing a penalty to the air cleaning device arrangement

model when the re-measured fine dust concentration is
higher than the fine dust concentration which is previ-
ously measured.
13. The operating method of claim 12, wherein the air
cleaning device arrangement model is repeatedly trained
until a future reward for the air cleaning device arrangement
model] becomes a maximum value.
14. The operating method of claim 9, further comprising
displaying an arrangement guide screen to guide the
arrangement location of the air cleaning device,

wherein the arrangement guide screen includes an indi-
cator for identifying, when a user input for the number
of air cleaning devices is received, arrangement loca-
tions of air cleaning devices, which correspond to the
received user input, on the map.

15. The operating method of claim 9, wherein the infor-
mation on the map of the house is information including a
map showing a structure of the house, and

wherein the information on the fine dust distribution

includes information indicating the fine dust distribu-
tion on the map.
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16. The operating method of claim 9, wherein the acquir-
ing of the information on the map of the house and the
information on the fine dust distribution in the house
includes:

receiving the information on the map and the information

on the fine dust distribution from the robot cleaner.
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