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(57) ABSTRACT

The present invention relates to an artificial intelligence
washing machine and an operation method thereof. A
method of operating a washing machine may comprise
estimating, based on a previous setting of a previous wash-
ing operation, an estimated setting for a current washing
operation, wherein the estimated setting includes a water
supply time, a drainage time, and a spin-drying time, obtain-
ing a user input, obtaining an amount of laundry from a
weight sensor of the washing machine, determining, based
on the estimated setting, the user input, and the amount of
laundry, a washing time for the current washing operation
and displaying the determined washing time to the user.
Accordingly, the estimated washing time is provided with
the reflection of data of the washing machine which has been
accumulated by the increase of the number of uses, thereby
reducing a difference between an actual operating time and
the estimated washing time and minimizing the user incon-
venience.
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ARTIFICIAL INTELLIGENCE WASHING
MACHINE AND OPERATION METHOD
THEREOF

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority to Korean
Patent Application No. 10-2020-0002070, filed on January
7, 2020, the entire contents of which is incorporated herein
for all purposes by this reference.

BACKGROUND

[0002] Various embodiments of the present disclosure
relate to an artificial intelligence washing machine and an
operation method thereof.

[0003] A washing machine washes laundry by using emul-
sification of detergent, the water flow caused by the rotation
of the pulsator or washing tank, and the impact applied by
the pulsator, etc. The washing machine performs processes
of washing, rinsing, and spin-drying, so that contamination
in the laundry is removed by using the action of detergent
and water.

[0004] Meanwhile, with the development of the technol-
ogy, devices having artificial intelligence (Al) is being
widely introduced, and the washing machine uses the Al to
seek efficiency of washing.

[0005] In general, when using the washing machine, the
washing machine can determine processes to be performed
automatically or based on user’s commands and can provide
a consequent estimated time to the user. Here, the washing
machine can determine the estimated time based on a
standard water supply time, a drainage time, a washing time,
etc., which are set in advance when the washing machine is
released. However, in an actual use environment, a deviation
may occur due to various causes, so that washing may be
performed for a period of time significantly different from
the estimated time provided to the user, and such a difference
may cause the user to feel inconvenient.

SUMMARY

[0006] In order to minimize user inconvenience, it is
necessary to determine an estimated time in accordance with
an actual use environment that the washing machine cur-
rently experiences and to provide the estimated time to the
user.

[0007] Therefore, various embodiments of the present
disclosure provide an artificial intelligence washing machine
capable of classifying and recognizing abnormal conditions
by monitoring a long-term washing process time of the
washing machine through use of the artificial intelligence,
and provide an operation method of the same.

[0008] Various embodiments of the present disclosure
provide a method of the artificial intelligence washing
machine, which is capable of determining a drainage time
and a water supply time based on the actual use environment
that the washing machine experiences and of determining an
estimated washing time based on the pieces of determined
time.

[0009] The technical problem to be overcome in this
document is not limited to the above-mentioned technical
problems. Other technical problems not mentioned can be
clearly understood from the those described below by a
person having ordinary skill in the art.
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[0010] According to various embodiments of the present
disclosure, a washing machine comprises an input device
configured to receive user input, a weight sensor configured
to sense an amount of laundry received in the washing
machine, a driver configured to perform operations includ-
ing water supply, drainage, washing, and spin-drying in the
washing machine, an output device configured to provide
washing machine status information and washing time infor-
mation and at least one processor that is in communication
with the driver, the input device, the weight sensor and the
output device wherein the at least one processor is config-
ured to estimate, based on a previous setting of a previous
washing operation, an estimated setting for a current wash-
ing operation, wherein the estimated setting includes a water
supply time, a drainage time, and a spin-drying time, obtain
the user input through the input device, obtain the amount of
laundry from the weight sensor and determine, based on the
estimated setting, the user input, and the amount of laundry,
a washing time for the current washing operation.

[0011] According to various embodiments of the present
disclosure, a method of operating a washing machine may
comprise estimating, based on a previous setting of a pre-
vious washing operation, an estimated setting for a current
washing operation, wherein the estimated setting includes a
water supply time, a drainage time, and a spin-drying time,
obtaining a user input, obtaining an amount of laundry from
a weight sensor of the washing machine, determining, based
on the estimated setting, the user input, and the amount of
laundry, a washing time for the current washing operation
and displaying the determined washing time to the user.

[0012] According to various embodiments, an estimated
washing time is provided with the reflection of data of the
washing machine which has been accumulated by the
increase of the number of uses, thereby reducing a difference
between an actual operating time and the estimated washing
time and minimizing the user inconvenience.

[0013] According to various embodiments, the accuracy
of the classification of abnormality or breakdown can be
enhanced by classifying causes of the difference from a
standard setting operating condition.

[0014] According to various embodiments, whether to
visit a service center can be provided based on a collected
product usage data. In the case of visiting, the number of
revisiting is reduced by improving part preparation and
accuracy at the service center, so that the user inconvenience
can be reduced.

[0015] According to various embodiments, the reliability
of the product can be increased by providing both accurate
analysis of the cause of the breakdown or abnormality and
solutions thereto.

[0016] Advantageous effects that can be obtained from the
present disclosure is not limited to the above-mentioned
effects. Further, other unmentioned effects can be clearly
understood from the following descriptions by those skilled
in the art to which the present disclosure belongs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a view showing a system according to
various embodiments of the present disclosure;

[0018] FIG. 2 is a view showing the configuration of a
server according to various embodiments of the present
disclosure;
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[0019] FIG. 3 is a schematic block diagram of an artificial
intelligence washing machine according to various embodi-
ments of the present disclosure;

[0020] FIG. 4 is a view showing a control panel of the
washing machine, which forms an input unit and an output
unit according to the embodiment;

[0021] FIG. 5 is a view showing an example of a fully
connected artificial neural network structure;

[0022] FIG. 6 is a view showing an example of a structure
of a convolutional neural network (CNN), that is, a kind of
a deep neural network;

[0023] FIG. 7 is a view showing washing operations of the
washing machine according to the embodiments;

[0024] FIG. 8 is a view showing measurement results by
a water supply sensor and an RPM sensor during a washing
process of the washing machine according to the embodi-
ment;

[0025] FIG. 9 is a view showing data collected by mea-
suring a water supply time for each washing;

[0026] FIG. 10 is a block diagram showing functions
performed by a processor 180 and/or a learning processor
130 of a washing machine 100 in accordance with various
embodiments of the present disclosure;

[0027] FIG. 11 is a view showing an example of a learning
data for training an artificial neural network model for
determining an estimated water supply time in accordance
with various embodiments of the present disclosure;
[0028] FIG. 12 is a view showing an example of a learning
data for training the artificial neural network model for
determining an estimated drainage time in accordance with
various embodiments of the present disclosure;

[0029] FIG. 13 is a view showing an example of a learning
data for training the artificial neural network model for
determining an estimated spin-drying time in accordance
with various embodiments of the present disclosure;
[0030] FIG. 14 is a flowchart showing operations in which
the washing machine determines and displays an estimated
washing time in accordance with various embodiments of
the present disclosure; and

[0031] FIG. 15 is a flowchart showing operations in which
the washing machine updates the artificial neural network
model in accordance with various embodiments of the
present disclosure.

[0032] With regard to the description of the drawings, the
same or similar reference numerals may be used for the same
or similar components.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0033] Hereinafter, embodiments disclosed in this speci-
fication will be described in detail with reference to the
accompanying drawings. The same or similar elements will
be denoted by the same reference numerals irrespective of
drawing numbers, and repetitive descriptions thereof will be
omitted.

[0034] A suffix “module” or “part” for the component,
which is used in the following description, is given or mixed
in consideration of only convenience for ease of specifica-
tion, and does not have any distinguishing meaning or
function per se. Also, the “module” or “part” may mean
software components or hardware components such as a
field programmable gate array (FPGA), an application spe-
cific integrated circuit (ASIC). The “part” or “module”
performs certain functions. However, the “part” or “module”
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is not meant to be limited to software or hardware. The
“part” or “module” may be configured to be placed in an
addressable storage medium or to restore one or more
processors. Thus, for one example, the “part” or “module”
may include components such as software components,
object-oriented software components, class components,
and task components, and may include processes, functions,
attributes, procedures, subroutines, segments of a program
code, drivers, firmware, microcode, circuits, data, databases,
data structures, tables, arrays, and variables. Components
and functions provided in the “part” or “module” may be
combined with a smaller number of components and “parts”
or “modules” or may be further divided into additional
components and “parts” or “modules”.

[0035] Methods or algorithm steps described relative to
some embodiments of the present disclosure may be directly
implemented by hardware and software modules that are
executed by a processor or may be directly implemented by
a combination thereof. The software module may be resident
on a RAM, a flash memory, a ROM, an EPROM, an
EEPROM, a resistor, a hard disk, a removable disk, a
CD-ROM, or any other type of record medium known to
those skilled in the art. An exemplary record medium is
coupled to a processor and the processor can read informa-
tion from the record medium and can record the information
in a storage medium. In another way, the record medium
may be integrally formed with the processor. The processor
and the record medium may be resident within an applica-
tion specific integrated circuit (ASIC). The ASIC may be
resident within a user’s terminal.

[0036] In the following description of the embodiment
disclosed in the present specification, the detailed descrip-
tion of known technologies incorporated herein is omitted to
avoid making the subject matter of the embodiment dis-
closed in the present specification unclear. Also, the accom-
panied drawings are provided only for more easily describ-
ing the embodiment disclosed in the present specification.
The technical spirit disclosed in the present specification is
not limited by the accompanying drawings. All modifica-
tion, equivalents and substitutes included in the spirit and
scope of the present disclosure are understood to be included
in the accompanying drawings.

[0037] While terms including ordinal numbers such as the
first and the second, etc., can be used to describe various
components, the components are not limited by the terms
mentioned above. The terms are used only for distinguishing
between one component and other components.

[0038] In the case where a component is referred to as
being “connected” or “accessed” to another component, it
should be understood that not only the component is directly
connected or accessed to the other component, but also there
may exist another component between them. Meanwhile, in
the case where a component is referred to as being “directly
connected” or “directly accessed” to another component, it
should be understood that there is no component therebe-
tween.

[0039] A washing machine according to various embodi-
ments of the present disclosure may include a household
washing machine, an industrial washing machine, and a
commercial washing machine, etc. Hereinafter, various
embodiments of the present disclosure will be described
with reference to an example of the household washing
machine that is mainly used in home.
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[0040] FIG. 1 is a view showing a system 1 according to
various embodiments of the present disclosure.

[0041] Typically, an artificial intelligence washing
machine 100 has a built-in processor having artificial intel-
ligence functions, and may be used independently. Also,
referring to FIG. 1, the system 1 may be formed through a
network 5 and may be used in conjunction with a server 200
and a user terminal 300.

[0042] Here, the network 5 may use wireless communi-
cation technologies including a 2G network such as Global
System for Mobile Communication (GSM) and a Code
Division Multi Access (CDMA), a 3G network such as a
wideband CDMA (WCDMA), a 4G network such as a Long
Term Evolution (LTE) network, a 5G Network, Wireless
LAN (WLAN), Wireless-Fidelity (Wi-Fi), Dedicated Short
Range Communication (DSRC), Bluetooth™, Radio Fre-
quency lIdentification (RFID), Infrared Data Association
(IrDA), ZigBee, and Near Field Communication (NFC).
[0043] The devices 100 and 200 constituting the system 1
may be connected to each other through the network 5.
According to the embodiment, the devices 100 and 200 may
communicate with each other through a base station or an
access point (AP), and may also communicate directly with
each other without going through the base station or AP.
[0044] The server 200 may include an Al server perform-
ing artificial intelligence processing and a big data server
performing operations on big data. Also, one server 200 may
have both an artificial intelligence processing function and a
big data processing operation function.

[0045] The server 200 may include a web server or an
application server that enables the remote control of the
operation of the washing machine 100 by using a washing
machine driving application or a driving web browser
installed in the user terminal 300.

[0046] The server 200 may be connected to the artificial
intelligence washing machine 100 constituting the system 1
through the network 5 and may support at least a portion of
the artificial intelligence processing of the connected wash-
ing machine 100.

[0047] The server 200 instead of the artificial intelligence
washing machine 100 may generate an artificial neural
network model (hereinafter, referred to as a learning model)
obtained by training an artificial neural network in accor-
dance with a machine learning algorithm, and may directly
store the learning model or transmit to the artificial intelli-
gence washing machine 100.

[0048] The server 200 may receive input data from the
artificial intelligence washing machine 100, infer a result
value for the received input data by using the learning
model, generate a response or a control command based on
the inferred result value to transmit it to the artificial
intelligence washing machine 100. According to other
embodiments, the artificial intelligence washing machine
100 may infer the result value for the input data by directly
using the learning model and may generate a response or a
control command based on the inferred result value.
[0049] The user terminal 300 may include, for example, a
mobile phone, a smart phone, a tablet PC, an ultrabook, a
laptop computer, a personal computer, a wearable device
(e.g., a watch type artificial intelligence device (a smart-
watch)), a glass type artificial intelligence device (smart
glasses), a head mounted display (HMD), an artificial intel-
ligence speaker, etc. However, the user terminal 300 is not
limited to this.
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[0050] The user terminal 300 may install the washing
machine driving application or the driving web browser. By
using this, the user terminal 300 may provide a control
command to the washing machine 100 directly or through
the server 200 and thus may operate the washing machine
100. Also, the user terminal 300 may receive operation
statuses through the server 200 or directly from the washing
machine 100.

[0051] FIG. 2 is a view showing the configuration of the
server 200 according to various embodiments of the present
disclosure.

[0052] Referring to FIG. 2, the server 200 may have
artificial intelligence functions. The server 200 may mean a
device which trains the artificial neural network model by
using the machine learning algorithm or mean a device
which uses the learning model, that is, the trained artificial
neural network model. Here, the server 200 may be com-
posed of a plurality of servers to perform distributed pro-
cessing, or may be defined as a 5G network.

[0053] According to the embodiment, the server 200 may
be included as a component of the washing machine 100.
Also, the server 200, together with the washing machine
100, may perform at least a portion of the artificial intelli-
gence processing. According to the embodiment, when the
washing machine 100 has insufficient computing power, the
washing machine 100 may request the server 200 to perform
a part of or all the artificial intelligence processing.

[0054] According to various embodiments, the server 200
may include a communication unit 210, a memory 230, a
learning processor 240, and a processor 250.

[0055] The communication unit 210 may transmit and
receive data to and from external devices including the
washing machine 100 and the user terminal 300. According
to the embodiment, the communication unit 210 may trans-
mit and receive data to and from external devices through
the network 5. According to another embodiment, the com-
munication unit 210 may directly transmit and receive data
to and from the external devices.

[0056] The memory 230 may include a model storage 231.
The model storage 231 may store an artificial neural network
model 231a which is being trained or has been trained
through the learning processor 240. According to the
embodiment, the memory 230 may include washing process
information of the washing machine 100. Also, the memory
230 may store control commands for controlling the wash-
ing machine 100.

[0057] The memory 230 may include a magnetic storage
media or a flash storage media. However, the scope of the
present invention is not limited to this. The memory 230 may
include an internal memory and/or an external memory and
may include a volatile memory such as DRAM, SRAM, or
SDRAM, a non-volatile memory such as one time program-
mable ROM (OTPROM), PROM, EPROM, EEPROM,
mask ROM, flash ROM, NAND flash memory, or NOR flash
memory, a flash drive such as SSDs, compact flash (CF)
cards, SD cards, Micro-SD cards, Mini-SD cards, Xd cards,
or memory sticks, or a storage device such as an HDD.

[0058] The learning processor 240 may generate a learn-
ing model obtained by training the artificial neural network
model 231a through the use of learning data. The learning
processor 240 may generate the learning model obtained by
training the artificial neural network 2314 through the use of
learning data. The learning model may be used with being
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mounted on the server 200 or with being mounted on the
external device such as the washing machine 100.

[0059] The learning model may be implemented in hard-
ware, software, or by a combination of hardware and soft-
ware. When the learning model is partially or wholly imple-
mented in software, one or more instructions constituting the
learning model may be stored in the memory 230.

[0060] The processor 260 may infer a result value for a
new input data by using the learning model and may
generate responses or control commands based on the
inferred result value.

[0061] FIG. 3 is a schematic block diagram of the artificial
intelligence washing machine 100 according to various
embodiments of the present disclosure.

[0062] Referring to FIG. 3, the washing machine 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 160, a driving unit 170, and a processor 180.
[0063] According to various embodiments, the input unit
120 may receive a predetermined control command from a
user. Here, the control command is, for example, washing
start and end command, operation course of laundry (stan-
dard washing, speed wash, silent washing, color care, rins-
ing+spin-drying, etc.), the number of rinsing, washing type,
spin-drying strength, water temperature, etc.

[0064] The output unit 150 may display control informa-
tion according to the control command input by the user or
an operating state of the washing machine, for example, a
washing setting, a washing process being currently per-
formed, an estimated washing time, and a remaining wash-
ing time, etc. The output unit 150 may generate an output
related to a visual sense or an auditory sense, etc. According
to the embodiment, the output unit 150 may output data
required by the user by using a display and/or LED which is
provided on a control panel 123 and outputs visual infor-
mation or by using a speaker outputting auditory informa-
tion, etc.

[0065] FIG. 4 is a view showing the control panel of the
washing machine, which forms the input unit 120 and the
output unit 150 according to the embodiment.

[0066] Referring to FIG. 4, the washing machine 100 may
include the control panel 123 shown in FIG. 4 as the input
unit 120 and the output unit 150. The control panel 123 may
include various control input keys which allow the user to
set the washing process. The user may use the control input
keys on the control panel 123 of the washing machine 100,
thereby causing various washing course processes preset in
the washing machine 100 to be performed. Also, the user
may cause the washing process to be performed as the user
arbitrarily set the degree of how much each of washing,
rinsing, and spin-drying is performed. In response to the user
input, the washing machine 100 may determine an estimated
time and display the estimated time on a time indicator 125
of'the control panel 123. Alternatively, while performing the
washing process based on the user input setting, the washing
machine 100 may determine an estimated time until the
completion of the washing process and display the estimated
time on the time indicator 125 of the control panel 123.
[0067] According to various embodiments, the communi-
cation unit 110 may transmit and receive data to and from
external devices such as the user terminal 300 or the server
200 by using wired and wireless communication technolo-
gies. For example, the communication unit 110 may transmit
and receive sensor information, the user input, the learning
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model, a control signal, washing process execution infor-
mation, etc., with the external devices.

[0068] According to the embodiment, the communication
unit 110 may receive a remotely controlled washing process
execution command from the user terminal 300 or the server
200. For example, through the remote use of the user
terminal 300, the user may perform a task similar to what the
user sets the washing process through the control panel 123
shown in FIG. 4. The user terminal may transmit directly or
through the server 200 a washing process control command
of the user to the washing machine 100. The washing
machine 100 may receive the corresponding washing pro-
cess control command through the communication unit 110
and perform the washing process accordingly.

[0069] In addition, the washing machine 100 may transmit
the washing process status directly to the user terminal 300
through the communication unit 110 or to the user terminal
300 through the server 200. According to the embodiment,
the washing machine 100 may transmit the corresponding
output information to the user terminal 300 whenever con-
trolling the output of the control panel 123 shown in FIG. 4.
Here, the washing machine 100 may predict an estimated
washing process execution time or a remaining washing
process execution time according to the setting and transmit
it to the user terminal 300.

[0070] The communication unit 110 may use wireless
communication technologies including a Global System for
Mobile communication (GSM), Code Division Multi Access
(CDMA), Long Term Evolution (LTE), fifth generation
communication (5G), Wireless LAN (WLAN), Wireless
Fidelity (Wi-Fi), Dedicated Short Range Communication
(DSRC), Bluetooth™, Radio Frequency Identification
(RFID), Infrared Data Association (IrDA), ZigBee, and Near
Field Communication (NFC) or wired communication tech-
nologies including Local Area Network (LAN), Wide Area
Network (WAN), Metropolitan Area Network (MAN), and
Ethernet.

[0071] According to various embodiments, the learning
processor 130 may be configured to receive, classity, store,
and output information to be used for data mining, data
analysis, intelligent decision making, and machine learning
algorithms and technologies.

[0072] The learning processor 130 may include one or
more memory units configured to store data received,
detected, sensed, generated, predefined, or in another way
output by the washing machine 100 or data received,
detected, detected, generated, predefined, or in another way
output by another component, device, electronic device or a
device communicating with the electronic device.

[0073] The learning processor 130 may include a memory
integrated with or implemented in the washing machine 100.
In some embodiments, the learning processor 130 may be
implemented by using the memory 160.

[0074] Optionally or additionally, the learning processor
130 may be implemented by using a memory related to the
washing machine 100, for example, an external memory
coupled directly to the washing machine 100 or a memory
maintained in a server communicating with the washing
machine 100.

[0075] Inanother embodiment, the learning processor 130
may be implemented by using a memory maintained in a
cloud computing environment or by using another remote
memory location accessible by the washing machine 100
through a communication method such as a network.
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[0076] The learning processor 130 may be generally con-
figured such that data is stored in one or more databases in
order that the data is identified, indexed, categorized,
manipulated, stored, retrieved and output for the purpose
that data is used in supervised learning, unsupervised learn-
ing, reinforcement learning, data mining, predictive analyt-
ics or in other electronic devices.

[0077] Through use of any of a variety of different types
of data analysis algorithms and machine learning algo-
rithms, the information stored by the learning processor 130
may be used by one or more other controllers of the washing
machine 100 or the processor 180.

[0078] Examples of such algorithms include k-nearest
neighbor system, fuzzy logic (e.g., probability theory), neu-
ral network, Boltzmann machine, vector quantization, pulse
neural network, support vector machine, maximum margin
classifier, hill climbing, inductive logic system Bayesian
network, Petri Net (e.g., finite state machine, Mealy
machine, Moore finite state machine), classifier tree (e.g.,
perceptron tree, support vector tree, Markov tree, decision
tree forest, random forest), stake model and system, artificial
fusion, sensor fusion, image fusion, reinforcement learning,
augmented reality, pattern recognition, automated planning,
and the like.

[0079] The learning processor 130 may store an artificial
neural network (ANN) model used in the machine learning
algorithm in the memory 160, generate the learning model
obtained by training the artificial neural network model and
store the learning model in the memory 160. In addition, the
learning processor 140 may perform tasks such as classifi-
cation, detection, and recognition based on data input by
using the learning model.

[0080] Artificial intelligence refers to the field of studying
artificial intelligence or methodology for making artificial
intelligence, and the 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. The machine learning is defined as an algorithm
that enhances the performance of a certain task through
steady experience with the certain task.

[0081] The artificial neural network is a model used in
machine learning and may mean a whole model which has
a problem-solving ability and is composed of artificial
neurons (nodes) that form a network by synaptic connec-
tions. The artificial neural network may be defined by a
connection pattern between neurons of different layers, a
learning process for updating model parameters, and an
activation function for generating an output value.

[0082] FIG. 5 is a view showing an example of a fully
connected artificial neural network structure.

[0083] Referring to FIG. 5, the artificial neural network
may include an input layer 10, an output layer 20, and
optionally one or more hidden layers 31 and 32. Each layer
includes one or more neurons which correspond to the
neurons in the neural network, and the artificial neural
network may include a synapse that links a node in one layer
with a node in another layer. In the artificial neural network,
a node may receive input signals input through the synapse,
and generate an output value based on an activity function
of'a weight and a bias for each input signal. The output value
of each node may act as an input signal to the next layer
through the synapse. An artificial neural network in which
all the nodes of one layer and all the nodes of the next layer
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are connected through the synapses may be referred to as a
fully connected artificial neural network.

[0084] Parameters of the artificial neural network model
may mean parameters determined by learning, and may
include the weight of the synaptic connections and bias of
neurons, etc. In addition, a hyper parameter may mean a
parameter to be set before learning in the machine learning
algorithm, and may include a learning rate, the number of
times of the repetition, a mini batch size, an initialization
function, and the like.

[0085] Machine learning, which is implemented by a deep
neural network (DNN) including a plurality of hidden layers
among artificial neural networks, is called deep learning, and
the deep learning is part of the machine learning. Herein-
after, the machine learning may be used as meaning the deep
running.

[0086] FIG. 6 is a view showing an example of a structure
of a convolutional neural network (CNN), that is, a kind of
a deep neural network.

[0087] In the identification of structural spatial data such
as images, moving pictures, and character strings, a convo-
Iutional neural network structure as shown in FIG. 6 may be
more effective. The convolutional neural network can effec-
tively recognize features associated with adjacent images
while maintaining spatial information of the image.

[0088] Referring to FIG. 6, the convolutional neural net-
work may include a feature extraction layer 60 and a
classification layer 70. The feature extraction layer 60 may
synthesize those located spatially close in the image by
using convolution and then extract the features of the image.
[0089] The feature extraction layer 60 may be configured
by stacking a plurality of convolution layers 61 and 65 and
a plurality of pooling layers 63 and 67. By the convolution
layers 61 and 65, the activation function may be applied
after a filter is applied to input data. The convolution layers
61 and 65 may include a plurality of channels. By each of
the channels, different filters and/or different activation
functions may be applied. The result of the convolution
layers 61 and 65 may be a feature map. The feature map may
be data in the form of a two-dimensional matrix. The pooling
layers 63 and 67 may receive output data of the convolution
layers 61 and 65, that is, the feature map, as an input, and
may be used to reduce the size of the output data or to
emphasize specific data. The pooling layers 63 and 67 may
generate output data by applying a max pooling function
which selects the maximum value among some data of the
output data of the convolution layers 61 and 65, an average
pooling function which selects an average value, and a min
pooling function which selects the minimum value.

[0090] The feature map which is generated through a
series of the convolution layers and the pooling layers may
become gradually smaller in size. A final feature map
generated through the last convolution layer and the last
pooling layer may be converted to have a one-dimensional
form and be input to the classification layer 70. The classi-
fication layer 70 may have the fully connected artificial
neural network structure shown in FIG. 2. The number of
input nodes in the classification layer 70 may be equal to a
number obtained by multiplying the number of elements of
a matrix of the final feature map by the number of channels.
[0091] In addition to the above-described convolutional
neural network, a recurrent neural network (RNN), a long
short-term memory (LSTM) network, and gated recurrent
units (GRU) may be also used as the deep neural network
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structure. The recurrent neural network can classify or
predict by learning sequential data. The recurrent neural
network has a recurrent structure therein, so that the learning
of the past time is multiplied by a weight and is reflected in
the current learning. Thus, the current output result is
affected by the output result from the past time, and the
hidden layer performs a kind of memory function. The
recurrent neural network may be used to analyze a voice
waveform and to perform a machine translation, may be
used to identify front and back components of a text sen-
tence, and to generate a text, or may be used to recognize
voices.

[0092] The purpose of artificial neural network learning is
regarded as determining a model parameter that minimizes
a loss function. The loss function may be used as an index
for determining an optimal model parameter in the learning
process of the artificial neural network. In the case of a fully
connected artificial neural network, the weight of each
synapse may be determined by learning. In the case of the
convolutional neural network, a filter of the convolution
layer for extracting the feature map may be determined by
learning.

[0093] The machine learning may be classified into super-
vised learning, unsupervised learning, and reinforcement
learning based on a learning method.

[0094] The supervised learning refers to a method of
training the artificial neural network in a state in which a
label for learning data is given. The label may mean a correct
answer (or a 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 training the artificial neural network in a state in
which a label for learning data is given. The reinforcement
learning may refer to a learning method of training an agent
defined in a certain environment to select a behavior or a
behavior sequence that maximizes the cumulative reward in
each state.

[0095] The learning processor 130 may train models 161a
and 1615 composed of artificial neural networks by using
the learning data. According to the embodiment, the learning
processor 130 may train the models 161a and 1615 com-
posed of a plurality of artificial neural networks. In this case,
the learning data for each model may vary depending on the
purpose of each model. Here, the trained artificial neural
network may be referred to as a learning model. The learning
model may be implemented in hardware, software, or by a
combination of hardware and software. The learning model
may be used to infer a result value for a new input data
instead of the learning data and may be used as a basis for
determination to perform a certain operation. According to
the embodiment, the learning processor 130 may perform
the artificial intelligence processing together with the learn-
ing processor 240 of the server 200.

[0096] The learning processor 130 may be integrated with
the processor 180 of the washing machine 100. In addition,
the learning model which is executed in the learning pro-
cessor 130 may be implemented in hardware, software, or by
a combination of hardware and software. When the learning
model is partially or wholly implemented in software, one or
more instructions constituting the learning model may be
stored in the memory 160, an external memory coupled
directly to the washing machine 100 or a memory which is
maintained in an external device. The learning processor 130
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may realize an Al processing program by reading the
instruction from the memory and executing the instruction.

[0097] According to various embodiments, the sensing
unit 140 may obtain at least one of information on the inside
of the washing machine 100, information on ambient envi-
ronment of the washing machine 100, and user information
by using various sensors. According to the embodiment, the
sensing unit 140 is a water quantity sensor for measuring a
water quantity in the washing machine 100, a water supply
sensor for measuring a water supply quantity, an RPM
sensor for measuring the number of rotations of a washing
tank or a motor rotating the washing tank, and a sensor for
measuring an amount of laundry.

[0098] According to various embodiments, the memory
160 may store data supporting various functions of the
washing machine 100. For example, the memory 160 may
store washing process information preset in the washing
machine 100, learning data collected through the user input
received through the communication unit 110 and/or the
input unit 120, instructions for the learning processor 130,
instructions for the processor 180, a model (an artificial
neural network) which is being trained or has been trained
through the learning processor 130, and a learning history,
etc.

[0099] The memory 160 may include a magnetic storage
media or a flash storage media. However, the scope of the
present invention is not limited to this. The memory 160 may
include an internal memory and/or an external memory and
may include a volatile memory such as DRAM, SRAM, or
SDRAM, a non-volatile memory such as one time program-
mable ROM (OTPROM), PROM, EPROM, EEPROM,
mask ROM, flash ROM, NAND flash memory, or NOR flash
memory, a flash drive such as SSDs, compact flash (CF)
cards, SD cards, Micro-SD cards, Mini-SD cards, Xd cards,
or memory sticks, or a storage device such as an HDD.

[0100] According to various embodiments, the driving
unit 170 may perform the washing process for laundry by
rotating a drum or a washing tank of the washing machine
100. Based on the control command of the processor 180
according to the ongoing washing process, the driving unit
170 may perform all the mechanical operations required for
washing, for example, the opening and closing of a water
supply port, the opening and closing of a drain port, and the
rotation of the drum or the washing tank for washing and
spin-drying.

[0101] According to various embodiments, the processor
180 may determine at least one executable operation of the
washing machine 100 based on information that is deter-
mined or generated by using a data analysis algorithm or a
machine learning algorithm. In addition, the processor 180
may control the components of the washing machine 100
and perform the determined operation. A program used by
the processor 180 performing the operation may be stored in
the memory 160.

[0102] The processor 180 may request, search, receive or
utilize the data of the learning processor 130 or the memory
160 and may control the components of the washing
machine 100 such that operations which are predicted or are
determined to be desirable among the at least one executable
operation are performed.

[0103] When the processor 180 needs to be associated
with an external device in order to perform the determined
operation, the processor 180 may generate a control signal
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for controlling the corresponding external device and trans-
mit the generated control signal to the corresponding exter-
nal device.

[0104] The processor 180 may obtain information on the
intent of the user input and determine user’s requirements
based on the obtained intent information.

[0105] The processor 180 may collect history information
including operation contents of the washing machine 100 or
auser’s feedback on the operation, and the like, and store the
history information in the memory 160 or in the learning
processor 130, or transmit the history information to the
external device such as the server 200, etc. The collected
history information may be used to update the learning
model.

[0106] The processor 180 may control at least some of the
components of the washing machine 100 in order to execute
an application program stored in the memory 160. In addi-
tion, the processor 180 may operate two or more of the
components included in the washing machine 100 in com-
bination with each other in order to execute the application
program.

[0107] FIG. 7 is a view showing washing operations of the
washing machine 100 according to the embodiments.
[0108] Referring to FIG. 7, in operation 701, when the
washing machine 100 receives a washing start command
after the user sets the washing, the washing machine 100
may detect the amount of laundry input into the washing
tank in operation 703, and start the washing process.
According to the embodiment, since it is common to put
laundry before the user sets the washing, the washing
machine 100 may first detect the amount of laundry in
operation 703 and then may receive the washing start
command in operation 701.

[0109] In operation 705, the washing machine 100 may
perform predetermined amount of water supply based on the
detected amount of laundry, perform the washing of the
laundry in operation 707, and perform drainage in operation
709. Then, the washing machine 100 may additionally
perform the spin-drying in operation 710.

[0110] The washing machine 100 may perform the prede-
termined amount of water supply in operation 711, perform
the rinsing in operation 713, and may perform the drainage
in operation 715. According to the embodiment, the washing
machine 100 may additionally perform the spin-drying in
operation 717.

[0111] The washing machine 100 may, in operation 719,
repeatedly perform the operations for rinsing from operation
711 to operation 717 based on the user input. According to
the embodiment, when the rinsing is set to twice based on
the user input, the washing machine may proceed directly to
operation 721 from operation 717 without performing the
operation according to operation 719. According to another
embodiment, when the number of rinsing is set to three
times based on the user input, the washing machine may
perform the operation according to operation 719 once in
order to cause the rinsing of the washing machine to be
performed three times in total.

[0112] The washing machine 100 may perform the prede-
termined amount of water supply in operation 721 for the
last rinsing. According to the embodiment, the washing
machine 100 may perform input a fabric softener before
performing the operation of operation 721. The washing
machine 100 may perform the last rinsing in operation 723,
perform the drainage in operation 725, perform the spin-
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drying in operation 727, and end washing in operation 729.
The washing machine 100 may notify the user of the end of
the washing through the output unit 150 or the communi-
cation unit 110 when the washing is ended.

[0113] FIG. 8 is a view showing measurement results by
the water supply sensor and the RPM sensor during the
washing process of the washing machine 100 according to
the embodiment.

[0114] Referring to FIG. 8, a frequency 810 output by the
water supply sensor may provide information on the water
quantity in the washing tank. According to the embodiment,
the water supply sensor may output a lower frequency as
pressure increases based on the pressure according to the
water quantity. Accordingly, a low frequency may indicate a
large amount of water in the washing tank, and a high
frequency may indicate a small amount of water in the
washing tank. In addition, an output 820 of the RPM sensor
may indicate a rotational speed of the drum or the washing
tank.

[0115] The washing machine 100 may start water supply
according to operation 705 based on washing start reception
in operation 701 and the detection of the amount of laundry
in operation 703. When the water supply starts, the fre-
quency 810 output by the water supply sensor gradually
decreases as shown in FIG. 8, and when the frequency
reaches a frequency which indicates a predetermined water
quantity, the water supply stops and washing can be per-
formed according to operation 707. Since the water quantity
is maintained constant during the washing, the frequency
810 output by the water supply sensor can maintain a
constant range. When the washing is completed and the
draining is performed according to the operation 709, the
frequency 810 output by the water supply sensor is
increased, and when the spin-drying is performed in opera-
tion 710, the frequency 810 output by the water supply
sensor may be the highest value indicating that the water
quantity is almost zero. During the water supply of operation
705, the washing of operation 707, and the drainage of
operation 709, the output 820 of the RPM sensor shows a
very low number of rotations, while the output 820 of the
RPM sensor during the spin-drying of operation 710 is as
shown in FIG. 8, may be significantly high.

[0116] According to various embodiments, the spin-dry-
ing may include two spin-drying operations. A first spin-
drying operation (spin-drying 1) is for evenly spreading the
laundry in the washing tank or in the drum, and the drum or
the washing tank may be rotated while changing the rotation
direction. The laundry is spread evenly and is balanced by
the first spin-drying operation (spin-drying 1), which does
not cause collision with the outer tank. A second spin-drying
operation (spin-drying 2) is performed so that the drum or
the washing tank can be rotated very quickly.

[0117] Then, the washing machine 100 may repeatedly
perform the water supply, drainage, and spin-drying for the
rinsing operation. Accordingly, the frequency 810 output by
the water supply sensor may be changed.

[0118] Table 1 shows a typical time taken to perform each
operation of the washing process of the washing machine
100 in accordance with the embodiment.
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TABLE 1
Washing Rinsing Spin-Drying
Washing Water Spin- Spin- Water Spin- Spin- Displayed
Process Supply Washing Drainage Drying 1 Drying 2 Supply Rinsing Drainage Drying 1 Drying 2 Time
Detected 1LV 3 8 1 1 2 2 1 1 4 3 33
amount 2LV 4 8 1 1 2 2 1 1 6 3 36
of 3LV 4 8 1 1 2 2 1 1 6 3 36
laundry 41V 4 15 1 3 2 2 1 1 10 3 51
5LV 5 17 1 6 2 3 2 1 8 8 67
6LV 5 17 1 6 2 3 2 1 8 8 67
TV 5 17 1 6 2 3 2 1 8 8 67
[0119] As shown in Table 1, the processor of the washing the house where the washing machine has been installed is

machine 100 may determine an estimated time based on a
predetermined value based on the detected amount of laun-
dry and the user’s washing setting and may display the
estimated time to the user. For example, the processor 180
may display the estimated time on the control panel 123 of
the output unit 150.

[0120] However, in Table 1, a water supply time, drainage
time, and spin-drying 1 time can be varied according to the
ambient conditions of the washing machine operation. For
example, when water pressure of a house where the washing
machine is installed is low, the water supply time may be
longer. Alternatively, if a filter of the drain port of the
washing machine is clogged by foreign substances, etc., the
draining time may be longer. Alternatively, there is a pos-
sibility that the time required for the spin-drying 1 may be
longer if the washing machine is installed without proper
balance.

[0121] As such, in many parts of the washing process, the
operation time may be different from a predetermined value.
Therefore, when the estimated washing time is determined
based on a time set in advance in the washing machine at the
time when the washing machine is released, am actual
operation time and the estimated time of the washing
machine may be different, which may cause inconvenience
to the user.

[0122] FIG. 9 is a view showing data collected by mea-
suring the water supply time for each washing.

[0123] Referring to FIG. 9, the x-axis represents the x-th
washing process, and the y-axis represents a time taken for
the water supply in each washing process. In FIG. 9,
primary, secondary, and tertiary data may be collected at
different times. According to the embodiment, the primary
data may be collected first after initial installation.

[0124] Referring to FIG. 9, the primary data indicates that
the water supply time is on average about 4 minutes, which
may be similar to or the same as the water supply time set
in advance in the washing machine 100. The secondary data
indicates that the water supply time is on average about 9
minutes, which may be different from the water supply time
set in advance in the washing machine 100. If the water
supply time set in advance in the washing machine 100 is 4
minutes and an actual water supply time is 9 minutes, the
water supply time may be 15 minute longer than the time
that the washing machine has estimated, in one washing
process in which the water supply is set to be performed
three times. Therefore, it is necessary to change the esti-
mated time. According to the embodiment, if the secondary
data is obtained after the washing machine is installed for the
first time, it is determined that the current water pressure of

low, and the water supply time set in advance in the washing
machine 100 can be changed from 4 minutes to 9 minutes.
Then, the estimated time of the washing machine 100 may
match the actual operation time.

[0125] According to another embodiment, when, after the
washing machine is installed for the first time, the primary
data is obtained and the secondary data is obtained with the
lapse of a certain period of time, the washing machine 100
may determine a water supply unit as being in an abnormal
condition rather than determine the water pressure of the
house as having been decreased. For example, the washing
machine 100 may determine foreign substances as having
been caught in the water supply port, may determine a faucet
as having been partially turned off, or may determine the
water supply control of the washing machine as malfunc-
tioning. Based on this determination, the washing machine
100 may display a related notification to the user. For
example, the washing machine 100 may display a notifica-
tion requesting the user to check whether foreign substances
are caught in the water supply port or a faucet is partially
turned off. When the same phenomenon continues to occur
even after the washing machine 100 transmits the request
notification to the user, the washing machine 100 may
display a notification to the user that the washing machine
100 needs to be repaired.

[0126] The tertiary data shows that the water supply time
matches to some degree the water supply time set in advance
for a first certain period of time and that the water supply
time gradually increases at a certain moment. In this case,
foreign substances may be caught in the water supply port or
the filter may be clogged. Accordingly, the washing machine
100 may display a filter cleaning request notification to the
user. If such a situation continues even afterwards, the
washing machine 100 may display a notification that the
user needs to repair.

[0127] As described above, the washing machine 100 can
adjust the estimated time in accordance with the operating
environment of the washing machine as well as the abnor-
mal condition of the washing machine by using data col-
lected through a certain number of washing processes.

[0128] FIG. 10 is a block diagram showing functions
performed by the processor 180 and/or the learning proces-
sor 130 of the washing machine 100 in accordance with
various embodiments of the present disclosure. The block
diagram of FIG. 10 is an example of briefly showing
software components required for the washing machine 100
to derive the estimated time of the washing process. Accord-
ing to the embodiment, some components in the block
diagram of FIG. 10 may be omitted. According to another
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embodiment, other unshown components may be further
added. In addition, several components may be integrated
with each other, or one component may be divided into a
plurality of components. Each component shown in FIG. 10
may be implemented by a separate program, or some com-
ponents may be closely related to each other and imple-
mented by a single program.

[0129] Referring to FIG. 10, the processor 180 and/or the
learning processor 130 of the washing machine 100 include
an input module 1010, an estimated washing time determi-
nation module 1020, an output module 1030, a data collec-
tion module 1040, an estimated water supply time determi-
nation module 1050, an estimated drainage time
determination module 1060, and an estimated spin-drying 1
time determination module 1070.

[0130] According to various embodiments, the input mod-
ule 1010 may receive a user’s setting command or operation
command in association with the input unit 120 or the
communication unit 110 of the washing machine 100. In one
embodiment, the user may input settings for laundry wash-
ing to the washing machine 100 (e.g., individual setting such
as three times of rinsing, strong spin-drying, or integrated
setting such as daily course, sanitary course) by using the
control panel 123 or the user terminal 300. The processor
180 may obtain settings of the corresponding user through
the input module 1010. For example, when the user selects
and inputs the daily course, “standard washing,” “rinsing
twice,” “strong spin-drying,” “water temperature cold
water” may be set based on the input by the input module
1010 of the processor 180. A washing process setting
corresponding to each course may be stored in the memory
160.

[0131] In addition, through the input module 1010, the
processor 180 may also obtain the amount of laundry sensed
through the sensor of the sensing unit 140.

[0132] According to various embodiments, the estimated
washing time determination module 1020 of the processor
180 may determine, as shown in Table 1, the estimated
washing time based on the detected amount of laundry and
the washing process set by the user. For example, if the user
selects the daily course and the detected amount of laundry
has a level 4 (LV), in response to this, the estimated washing
time determination module 1020 of the processor 180 rec-
ognizes the washing is performed in the order of water
supply (4 minutes)—>washing (15 minutes)—drainage (1
minute)—>spin-drying 1 (3 minutes)—=spin-drying 2 (2 min-
utes)—=water supply (2 minutes)—rinsing (1 minute)
—drainage (1 minute)—spin-drying 1 (3 minutes)—>spin-
drying 2 (2 minutes)—>water supply (2 minutes)—rinsing (1
minute)—>drainage (1 minute)—spin-drying 1 (10 minutes)
—spin-drying 2 (3 minutes). The estimated washing time
determination module 1020 may determine the total esti-
mated time as 51 minutes accordingly. Here, the “standard
washing” execution time, the “rinsing” execution time, and
the “spin-drying 2” execution time may be stored as fixed
values in the memory 160 in advance. According to the
embodiment, if the user sets “strong washing” instead of the
“standard washing”, the washing time may be changed in
correspondence to this. However, the “strong washing”
execution time may be stored as a fixed value in the memory
160 in advance. Meanwhile, the water supply time, the
drainage time, the spin-drying 1 time may be changed
according to the use environment of the washing machine
100. The estimated washing time determination module
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1020 may use values obtained from the estimated water
supply time determination module 1050, the estimated
drainage time determination module 1060, and the estimated
spin-drying 1 time determination module 1070 for the water
supply time, the drainage time, and the spin-drying 1 time,
respectively.

[0133] The estimated washing time determination module
1020 of the processor 180 may change the estimated wash-
ing time based on the remaining operation of the washing
process as the washing progresses. According to the embodi-
ment, the estimated washing time determination module
1020 may include an internal timer and may modify the
remaining estimated washing time while reducing the esti-
mated washing time set initially, based on the timer. Accord-
ing to another embodiment, the estimated washing time
determination module 1020 may modify the estimated wash-
ing time by subtracting the corresponding execution time
every time each operation set for performing the washing
process is completed. Here, the execution time to be sub-
tracted may not be an actual execution time but may be a
value stored in the memory 160. Also, the execution time to
be subtracted may be a value obtained from the estimated
water supply time determination module 1050, the estimated
drainage time determination module 1060, and the estimated
spin-drying 1 time determination module 1070.

[0134] According to various embodiments, the output
module 1030 in conjunction with the output unit 150 and/or
the communication unit 110 may inform the user of the
estimated washing time determined by the estimated wash-
ing time determination module 1020 and the estimated
washing time which is modified as the washing progresses.
[0135] When the output module 1030 receives the user
input through the input module 1010, the output module
1030, through the output unit 150 and/or the communication
unit 110, may output information indicating that the input
has been received. For example, when it is recognized
through the input module 1010 that the user presses a power
button of the control panel 123, the output module 1030 may
display power-ON on the control panel 123 or may output a
voice message of “power is on” through a speaker of the
output unit 150. Alternatively, the output module 1030 may
transmit a notification indicating that power is applied to the
user terminal 300, the server 200, or an Al speaker through
the communication unit 110. In this case, the Al speaker may
output a voice message of “power is on”. When the input
module 1010 receives a course selection input of the user or
an individual selection input of the user through the input
unit 120 and/or the communication unit 110, the output
module 1030 may display an indication corresponding to the
selection visually through the control panel 123 of the output
unit 150 or acoustically through the speaker of the output
unit 150, or may transmit, to the user terminal 300 or the
server 200 through the communication unit 110, a notifica-
tion that the selection has been performed.

[0136] According to another embodiment, the output mod-
ule 1030 may transmit the state of the washing machine 100
to the user terminal through the communication unit 110 or
inform the user of the state of the washing machine 100
through the output unit 150. For example, when the output
module 1030 determines the washing machine 100 as being
in an abnormal condition or when it is necessary to change
the estimated water supply time, the estimated drainage
time, and the estimated spin-drying 1 time determined by the
estimated water supply time determination module 1050, the
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estimated drainage time determination module 1060, and the
estimated spin-drying 1 time determination module 1070,
the output module 1030 may transmit a message for pro-
viding the information to the user terminal 300 or the server
200, or may inform the user in the form of a voice message
either through the AI speaker connected through the com-
munication unit 110 or through the speaker of the unit 150
or may inform the user in the form of a visual message
through an LED.

[0137] According to various embodiments, the data col-
lection module 1040 may collect the drainage time, the
water supply time, and the spin-drying 1 time that may be
changed according to the environment during a time when
the washing machine 100 performs the washing process.
[0138] For example, the washing machine 100 may per-
form three times of water supply, three times of drainage,
and three times of spin-drying 1 while performing the
washing process according to the above-mentioned “daily
course”. The data collection module 1040 may collect the
time taken to perform each of the water supply, the drainage,
and the spin-drying 1 and store it in the memory 160.
According to the embodiment, the data collection module
1040 stores each of the three execution times collected for
the water supply, each of the three execution times collected
for the drainage, or each of the three execution times
collected for the spin-drying 1. The data collection module
will have almost the same water supply time for a plurality
of' water supplies included in one washing process, will have
almost the same drainage time for a plurality of drainages or
will have almost the same spin-drying 1 time for a plurality
of spin-dryings 1. Therefore, according to another exem-
plary embodiment, the data collection module 1040 may
perform a statistical process (e.g., mean, median) on the
three execution times collected for the water supply and
store them as one value, may perform a statistical process on
the three execution times collected for the drainage and store
them as one value, or may perform a statistical process on
the three execution times collected for the spin-drying 1 and
store them as one value. Here, the data collection module
1040 may store the detected amount of laundry together.
[0139] According to various embodiments, the estimated
water supply time determination module 1050 may deter-
mine the estimated water supply time of the washing
machine 100. The estimated water supply time determina-
tion module 1050 may determine the estimated water supply
time of the washing machine 100 according to the amount of
laundry by using water supply time data obtained from the
data collection module 1040.

[0140] According to the embodiment, the estimated water
supply time determination module 1050 may determine the
latest water supply time obtained for each laundry amount
level by the data collection module 1040 as the estimated
water supply time.

[0141] According to another embodiment, the estimated
water supply time determination module 1050 may deter-
mine a value obtained by averaging N pieces of previous
water supply time obtained for each laundry amount level by
the data collection module 1040 as the estimated water
supply time for each laundry amount level.

[0142] According to another embodiment, the estimated
water supply time determination module 1050 may deter-
mine the estimated water supply time for each laundry
amount level based on the trained artificial neural network
model. According to the embodiment, the trained artificial
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neural network model may receive the laundry amount level
as an input and may output the estimated water supply time.
Whenever the artificial neural network model is updated
through additional learning, the estimated water supply time
determination module 1050 may obtain the estimated water
supply time for each laundry amount level by using the
updated learning model and store it in the memory 160. In
addition, when there is a request from the estimated washing
time determination module 1020, the estimated water supply
time determination module 1050 may read the determined
estimated water supply time from the memory 160 and may
transmit to the estimated washing time determination mod-
ule 1020. According to another embodiment, the estimated
water supply time determination module 1050 may provide
the estimated washing time determination module 1020 with
the estimated water supply time of the trained artificial
neural network model that is output by inputting the laundry
amount level received from the estimated washing time
determination module 1020 to the trained artificial neural
network model. In this case, a processing power to drive the
trained artificial neural network model must be used every
time. Therefore, this may not be efficient in terms of power
consumption.

[0143] According to the embodiment, the artificial neural
network model trained to determine the estimated water
supply time may improve the learning model by using
learning data having a matrix form shown in FIG. 11. In the
example of FIG. 11, the first column 1110 may indicate the
sensed amount of laundry, and the second to eleventh
columns 1120 may indicate the actually measured water
supply time. According to the embodiment, the second to
eleventh columns each have a value of 0 or 1, and if the
value of a corresponding column is 1, this may indicate that
the water supply time is 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10
minutes or longer. Each row represents the number of
washing processes performed by the washing machine 100.
That is, the first row represents the actually measured
amount of laundry and water supply time in the first washing
process, and the second row represents the actually mea-
sured amount of laundry and water supply time in the second
washing process. Here, the expression of the first or the
second just expresses the first or the second in the learning
data.

[0144] According to various embodiments, the estimated
water supply time determination module 1050 may deter-
mine how many times washing process execution data are
collected to generate the learning data shown in FIG. 11 in
order to train the artificial neural network model. For
example, the estimated water supply time determination
module 1050 may generate the learning data based on N
(e.g., 100) number of newly collected water supply time
data. In other words, the learning data may be generated by
using N number of water supply time data collected after N
number of water supply time data previously used for the
purpose of updating the artificial neural network model.
According to another embodiment, the estimated water
supply time determination module 1050 may generate the
learning data by using m (e.g., 50) number of recently
collected water supply time data and L (e.g., 50) number of
water supply time data newly collected among the data
previously used for the purpose of updating the artificial
neural network model.

[0145] According to the embodiment, the estimated water
supply time determination module 1050 inputs sequentially
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the learning data as shown in FIG. 11 into the artificial neural
network model, so that learning is performed and the arti-
ficial neural network model is updated, and the trained
artificial neural network model can be more sophisticated.

[0146] According to various embodiments, the estimated
water supply time determination module 1050 can addition-
ally recognize an abnormal condition related to water supply
such as low water pressure or filter clogging, etc. According
to the embodiment, the estimated water supply time deter-
mination module 1050 may determine that the water pres-
sure which is applied to the water supply is in an abnormal
condition if the estimated water supply time determined by
the trained artificial neural network model or by another
method differs by more than a predetermined value or by
more than a predetermined ratio from a previously estimated
water supply time. For example, as shown in FIG. 9, when
a difference between the respective pieces of water supply
time in each water supply time data set is not large however
an average value between a primary data set and a secondary
data set or a value obtained by the trained artificial neural
network model differs by more than a predetermined value,
the water pressure may be recognized by the estimated water
supply time determination module 1050 as having reduced.
Alternatively, when the estimated water supply time is
changed from a value by the secondary data to a value by the
primary data, the water pressure may be recognized by the
estimated water supply time determination module 1050 as
having increased.

[0147] When the estimated water supply time determina-
tion module 1050 predicts the low water pressure, the
estimated water supply time determination module 1050
may cause the output module 1030 to provide a low water
pressure notification to the user. For example, by the request
of the estimated water supply time determination module
1050, the output module 1030 may transmit a message
informing the user that the water supply is in a low water
pressure state. In addition, the output module 1030 may also
transmit a message informing that the user should check
whether the faucet is turned off or foreign substances are
caught in the filter. In addition, when the estimated water
supply time increases greater than a predetermined period of
time (for example, 10 minutes), the water supply system is
recognized by the estimated water supply time determina-
tion module 1050 as being in an abnormal condition, and
then the estimated water supply time determination module
1050 may transmit, to the user through the output module
1030, a message suggesting making a repair request to a
service center. In this case, the use of the washing machine
100 may be stopped according to the embodiment.

[0148] Also, when the determined estimated water supply
time is changed differently from the previously estimated
water supply time, the estimated water supply time deter-
mination module 1050 may immediately apply the changed
estimated water supply time. Also, the estimated water
supply time determination module 1050 may notify the user
through output module 1030 that the estimated water supply
time is changed differently from before, and may apply the
changed estimated water supply time after being approved to
apply the changed estimated water supply time.

[0149] According to the embodiment, if the estimated
water supply time determination module 1050 recognizes
that the water supply time increases as time passes in the
water supply time data set collected in order to determine the
estimated water supply time again, the filter of the water
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supply port may be recognized by the estimated water
supply time determination module 1050 as being gradually
clogged. In this case, the estimated water supply time
determination module 1050 may transmit a message request-
ing cleaning of the water supply port to the user through the
output module 1030.

[0150] When the estimated water supply time determina-
tion module 1050 uses the trained artificial neural network
model, it is possible to output information on the abnormal
condition together with the estimated water supply time.
Alternatively, the estimated water supply time determination
module 1050 may include a separate trained artificial neural
network model for determining the abnormal condition. The
trained artificial neural network model for determining the
abnormal condition may receive input the sensed amount of
laundry and the actually measured water supply time as
inputs, and may set “low water pressure state”, “filter
clogged state”, and “service request”, etc., as outputs.
[0151] According to various embodiments, the estimated
drainage time determination module 1060 may determine
the estimated drainage time of the washing machine 100.
The estimated drainage time determination module 1060
may determine the estimated water supply time of the
washing machine 100 according to the amount of laundry by
using drainage time data obtained from the data collection
module 1040.

[0152] According to the embodiment, the estimated drain-
age time determination module 1060 may determine the
latest drainage time obtained for each laundry amount level
by the data collection module 1040 as the estimated drainage
time.

[0153] According to another embodiment, the estimated
drainage time determination module 1060 may determine a
value obtained by averaging N pieces of previous drainage
time obtained for each laundry amount level by the data
collection module 1040 as the estimated drainage time for
each laundry amount level.

[0154] According to another embodiment, the estimated
drainage time determination module 1060 may determine
the estimated drainage time for each laundry amount level
based on the trained artificial neural network model. Accord-
ing to the embodiment, the trained artificial neural network
model may receive the laundry amount level as an input and
may output the estimated drainage time. Whenever the
artificial neural network model is updated through additional
learning, the estimated drainage time determination module
1060 may obtain the estimated drainage time for each
laundry amount level by using the updated learning model
and store it in the memory 160. In addition, when there is a
request from the estimated washing time determination
module 1020, the estimated drainage time determination
module 1060 may read the determined estimated drainage
time from the memory 160 and may transmit to the esti-
mated washing time determination module 1020. According
to another embodiment, the estimated drainage time deter-
mination module 1060 may provide the estimated washing
time determination module 1020 with the estimated drainage
time of the trained artificial neural network model that is
output by inputting the laundry amount level received from
the estimated washing time determination module 1020 to
the trained artificial neural network model. In this case, a
processing power to drive the trained artificial neural net-
work model must be used every time. Therefore, this may
not be efficient in terms of power consumption.
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[0155] According to the embodiment, the artificial neural
network model trained to determine the estimated drainage
time may improve the learning model by using learning data
having a matrix form shown in FIG. 12. In the example of
FIG. 12, the first column 1210 may indicate the sensed
amount of laundry, and the second to fifth columns 1220
may indicate the actually measured drainage time. Accord-
ing to the embodiment, the second to fifth columns each
have a value of 0 or 1, and if the value of a corresponding
column is 1, this may indicate that the drainage time is 1, 2,
3, 4, and 5 minutes or longer. Each row represents the
number of washing processes performed by the washing
machine 100. That is, the first row represents the actually
measured amount of laundry and drainage time in the first
washing process, and the second row represents the actually
measured amount of laundry and drainage time in the second
washing process. Here, the expression of the first or the
second just expresses the first or the second in the learning
data.

[0156] According to various embodiments, the estimated
drainage time determination module 1060 may determine
how many times washing process execution data are col-
lected to generate the learning data shown in FIG. 12 in
order to train the artificial neural network model. For
example, the estimated drainage time determination module
1060 may generate the learning data based on x (e.g., 50)
number of newly collected drainage time data. In other
words, the learning data may be generated by using x
number of drainage time data collected after x number of
drainage time data previously used for the purpose of
updating the artificial neural network model. According to
another embodiment, the estimated drainage time determi-
nation module 1060 may generate the learning data by using
y (e.g., 20) number of recently collected drainage time data
and z (e.g., 30) number of drainage time data newly col-
lected among the data previously used for the purpose of
updating the artificial neural network model.

[0157] According to the embodiment, the estimated drain-
age time determination module 1060 inputs sequentially the
learning data as shown in FIG. 12 into the artificial neural
network model, so that learning is performed and the arti-
ficial neural network model is updated, and the trained
artificial neural network model can be more sophisticated.

[0158] According to various embodiments, the estimated
drainage time determination module 1060 can additionally
recognize an abnormal condition related to drainage such as
low water pressure or filter clogging, etc. According to the
embodiment, the estimated drainage time determination
module 1060 may determine that a drainage unit is in an
abnormal condition if the estimated drainage time deter-
mined by the trained artificial neural network model or by
another method differs by more than a predetermined value
or by more than a predetermined ratio from a previously
estimated drainage time. For example, the drain port or the
filter of the drain port may be determined by the estimated
drainage time determination unit 1060 as having been par-
tially clogged. Similarly to what is shown in FIG. 9, when
a difference between respective pieces of drainage time in
each drainage time data set is not large however an average
value between the primary data set and the secondary data
set or a value obtained by the trained artificial neural
network model differs by more than a predetermined value,
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the drain port may be determined by the estimated drainage
time determination unit 1060 as having been partially
clogged.

[0159] When the estimated drainage time determining
module 1060 predicts the partial clogging of the drain port,
the estimated drainage time determining module 1060 may
cause the output module 1030 to provide a notification of the
drain port clogging to the user. For example, by the request
of the estimated drainage time determination module 1060,
the output module 1030 may transmit a message informing
the user that the drain port or the filter of the drain port has
been partially clogged. In addition, the output module 1030
may also transmit a message informing that the user should
check whether the drain port is clogged while presenting a
method for checking the clogged drain port state. In addi-
tion, when the estimated drainage time increases greater than
a predetermined period of time (for example, five minutes),
the drainage system is recognized by the estimated drainage
time determination module 1060 as having an abnormal
condition, and then the estimated drainage time determina-
tion module 1060 may transmit, to the user through the
output module 1030, a message suggesting making a repair
request to a service center. In this case, the use of the
washing machine 100 may be stopped according to the
embodiment.

[0160] Also, when the determined estimated drainage time
is changed differently from the previously estimated drain-
age time, the estimated drainage time determination module
1060 may immediately apply the changed estimated drain-
age time. Also, the estimated drainage time determination
module 1060 may notify the user through output module
1030 that the estimated drainage time is changed differently
from before, and may apply the changed estimated drainage
time after being approved to apply the changed estimated
drainage time.

[0161] According to the embodiment, if the estimated
drainage time determination module 1060 recognizes that
the drainage time increases as time passes in the drainage
time data set collected in order to determine the estimated
drainage time again, the drain port or the filter of the drain
port may be recognized by the estimated drainage time
determination module 1060 as being gradually clogged. In
this case, the estimated drainage time determination module
1060 may transmit a message requesting cleaning of the
drain port to the user through the output module 1030.

[0162] When the estimated drainage time determination
module 1060 uses the trained artificial neural network
model, it is possible to output information on the abnormal
condition together with the estimated drainage time. Alter-
natively, the estimated drainage time determination module
1060 may include a separate trained artificial neural network
model for determining the abnormal condition. The trained
artificial neural network model for determining the abnormal
condition may receive input the sensed amount of laundry
and the actually measured drainage time as inputs, and may
set “clogged drain port state”, “filter clogged state”, and
“service request”, etc., as outputs.

[0163] According to various embodiments, the estimated
spin-drying 1 time determination module 1070 may deter-
mine a first estimated spin-drying time of the washing
machine 100. The estimated spin-drying 1 time determina-
tion module 1070 may determine the first estimated spin-
drying time of the washing machine 100 according to the
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amount of laundry by using a first spin-drying time data
obtained from the data collection module 1040.

[0164] According to the embodiment, the estimated spin-
drying 1 time determination module 1070 may determine the
latest first spin-drying time obtained for each laundry
amount level by the data collection module 1040 as the first
estimated spin-drying time.

[0165] According to another embodiment, the estimated
spin-drying 1 time determination module 1070 may deter-
mine a value obtained by averaging M pieces of previous
drainage time obtained for each laundry amount level by the
data collection module 1040 as the first estimated spin-
drying time for each laundry amount level.

[0166] According to another embodiment, the estimated
spin-drying 1 time determination module 1070 may deter-
mine the first estimated spin-drying time for each laundry
amount level based on the trained artificial neural network
model. According to the embodiment, the trained artificial
neural network model may receive the laundry amount level
as an input and may output the first estimated spin-drying
time. Whenever the artificial neural network model is
updated through additional learning, the estimated spin-
drying 1 time determination module 1070 may obtain the
first estimated spin-drying time for each laundry amount
level by using the updated learning model and store it in the
memory 160. In addition, when there is a request from the
estimated washing time determination module 1020, the
estimated spin-drying 1 time determination module 1070
may read the determined first estimated spin-drying time
from the memory 160 and may transmit to the estimated
washing time determination module 1020. According to
another embodiment, the estimated spin-drying 1 time deter-
mination module 1070 may provide the estimated washing
time determination module 1020 with the first estimated
spin-drying time of the trained artificial neural network
model that is output by inputting the laundry amount level
received from the estimated washing time determination
module 1020 to the trained artificial neural network model.
In this case, a processing power to drive the trained artificial
neural network model must be used every time. Therefore,
this may not be efficient in terms of power consumption.
[0167] According to the embodiment, the artificial neural
network model trained to determine the first estimated
spin-drying time may improve the learning model by using
learning data having a matrix form shown in FIG. 13. In the
example of FIG. 13, the first column 1310 may indicate the
sensed amount of laundry, and the second to twelfth columns
1320 may indicate the actually measured first spin-drying
time. According to the embodiment, the second to twelfth
columns each have a value of 0 or 1, and if the value of a
corresponding column is 1, this may indicate that the first
spin-drying time is 1, 2, 3,4, 5, 6,7, 8, 9, 10, 11, and 12
minutes or longer. Each row represents the number of
washing processes performed by the washing machine 100.
That is, the first row represents the actually measured
amount of laundry and first spin-drying time in the first
washing process, and the second row represents the actually
measured amount of laundry and first spin-drying time in the
second washing process. Here, the expression of the first or
the second just expresses the first or the second in the
learning data.

[0168] According to various embodiments, the estimated
spin-drying 1 time determination module 1070 may deter-
mine how many times washing process execution data are
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collected to generate the learning data shown in FIG. 13 in
order to train the artificial neural network model. For
example, the estimated drainage time determination module
1060 may generate the learning data based on M (e.g., 150)
number of newly collected water supply time data. In other
words, the learning data may be generated by using M
number of the first spin-drying time data collected after M
number of drainage time data previously used for the
purpose of updating the artificial neural network model.
According to another embodiment, the estimated spin-dry-
ing 1 time determination module 1070 may generate the
learning data by using ¢ (e.g., 75) number of recently
collected drainage time data and b (e.g., 75) number of first
spin-drying time data newly collected among the data pre-
viously used for the purpose of updating the artificial neural
network model.

[0169] According to the embodiment, the estimated spin-
drying 1 time determination module 1070 inputs sequen-
tially the learning data as shown in FIG. 13 into the artificial
neural network model, so that learning is performed and the
artificial neural network model is updated, and the trained
artificial neural network model can be more sophisticated.

[0170] According to various embodiments, the estimated
spin-drying 1 time determination module 1070 can addition-
ally recognize a balance abnormal condition. According to
the embodiment, the estimated spin-drying 1 time determi-
nation module 1070 may determine that the balance is in the
abnormal condition if the first estimated spin-drying time
determined by the trained artificial neural network model or
by another method differs by more than a predetermined
value or by more than a predetermined ratio from a previ-
ously first estimated spin-drying time. For example, if an
average value between the primary data set and the second-
ary data set or a value obtained by the trained artificial neural
network model differs by more than a predetermined value,
the estimated spin-drying 1 time determination module 1070
is able to recognize the abnormal condition of a spin-drying
unit of the washing machine 100. For example, the estimated
spin-drying 1 time determination module 1070 may recog-
nize the balance of the washing machine 100 as being in an
abnormal condition.

[0171] When the estimated spin-drying 1 time determina-
tion module 1070 predicts the balance abnormal condition,
the estimated spin-drying 1 time determination module 1070
may cause the output module 1030 to provide a notification
of the balance abnormal condition. For example, by the
request of the estimated spin-drying 1 time determination
module 1070, the output module 1030 may transmit a
message informing the user that the balance of the washing
machine 100 is in the abnormal condition. In addition, the
output module 1030 may also transmit a message informing
that the user should check whether the balance of the
washing machine is in the abnormal condition while pre-
senting a method for checking whether the balance is in the
abnormal condition. Additionally, when the first estimated
spin-drying time increases greater than a predetermined time
(for example, 12 minutes), the balance system is recognized
by the estimated spin-drying 1 time determination module
1070 as having an abnormal condition, and the estimated
spin-drying 1 time determination module 1070 may trans-
mit, to the user through the output module 1030, a message
suggesting making a repair request to a service center. In this
case, the use of the washing machine 100 may be stopped
according to the embodiment.
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[0172] Further, when the determined first estimated spin-
drying time is changed differently from the previous spin-
drying time, the estimated spin-drying 1 time determination
module 1070 may immediately apply the changed first
estimated spin-drying time. Also, the estimated spin-drying
1 time determination module 1070 may notify the user
through output module 1030 that the first estimated spin-
drying time is changed differently from before, and may
apply the changed first estimated spin-drying time after
being approved to apply the changed first estimated spin-
drying time.

[0173] When the estimated spin-drying 1 time determina-
tion module 1070 uses the trained artificial neural network
model, it is possible to output information on the abnormal
condition together with the estimated drainage time. Alter-
natively, the estimated spin-drying 1 time determination
module 1070 may include a separate trained artificial neural
network model for determining the abnormal condition. The
trained artificial neural network model for determining the
abnormal condition may receive input the sensed amount of
laundry and the actually measured drainage time as inputs,
and may set the “balance abnormal condition”, etc., as
outputs.

[0174] The estimated water supply time determination
module 1050 the estimated drainage time determination
module 1060, and the estimated spin-drying 1 time deter-
mination module 1070 of the above-described processor 180
or the learning processor 130 may be operated in the server
200 or in the user terminal 300 not on the washing machine
100. This may be effective when the processor 180 of the
washing machine 100 has considerably little computing
power. In this case, the data collection module 1040 of the
washing machine 100 may transmit the collected data to the
server 200 or the user terminal 300 through the communi-
cation unit 110. The server 200 or the user terminal 300 may
perform the above-described functions of estimated water
supply time determination module 1050, the estimated
drainage time determination module 1060, and the estimated
spin-drying 1 time determination module 1070 based on the
actually measured data obtained from the washing machine
100, may transmit the estimated water supply time, the
estimated drainage time, and/or the estimated spin-drying 1
time obtained by performing the functions to the washing
machine 100. The input module 1010 of the washing
machine 100 may store the estimated water supply time, the
estimated drainage time and/or the estimated spin-drying 1
time received from the server 200 or the user terminal 300
through the communication unit 110 in the memory 160, and
may cause them to be used in the estimated washing time
determination module 1020 later.

[0175] According to various embodiments, the washing
machine (e.g., the washing machine 100 of FIG. 3) may
comprise an input device (e.g., the input unit 120 of FIG. 3)
configured to receive user input, a weight sensor (e.g., the
sensing unit 140 of FIG. 3) configured to sense an amount
of laundry received in the washing machine, a driver (e.g.,
the driving unit 170 of FIG. 3) configured to operations
including water supply, drainage, washing, and spin-drying
in the washing machine, an output device (e.g., the output
unit 150 of FIG. 3) configured to provide washing machine
status information and washing time information and at least
one processor (e.g., the processor 180 or the learning pro-
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cessor 130 of FIG. 3) that is in communication with the
driver, the input device, the weight sensor, and the output
device.

[0176] According to various embodiments, the at least one
processor may estimate, based on a previous setting of a
previous washing operation, an estimated setting for a
current washing operation, wherein the estimated setting
includes a water supply time, a drainage time, and a spin-
drying time, obtain the user input through the input device,
obtain the amount of laundry from the weight sensor and
determine, based on the estimated setting, the user input, and
the amount of laundry, a washing time for the current
washing operation. Here, the estimated spin-drying time
may be an estimated time for the first spin-drying operation
(spin-drying 1) or an estimated time for the first spin-drying
operation (spin-drying 1) and the second spin-drying opera-
tion (spin-drying 2).

[0177] According to various embodiments, the at least one
processor may determine, based on a most recent water
supply time among a plurality of the water supply times of
previous washings that correspond to the amount of laundry,
the water supply time, determine, based on an average water
supply time for N water supply times of the previous
washings that correspond to the amount of laundry, the water
supply time, wherein N is a predetermined natural number,
or determine, by using a first artificial neural network model
trained from the water supply times of the previous wash-
ings that correspond to the amount of laundry, the water
supply time.

[0178] According to various embodiments, the at least one
processor may determine, based on a most recent drainage
time among a plurality of the drainage times of previous
washings that correspond to the amount of laundry, the
drainage time, determine, based on an average drainage time
for L drainage times of the previous washings that corre-
spond to the amount of laundry, the drainage time, where L.
is a predetermined natural number, or determine, by using a
second artificial neural network model trained from the
drainage times of the previous washings that correspond to
the amount of laundry, the drainage time.

[0179] According to various embodiments, the at least one
processor may determine, based on a most recent spin-
drying time among a plurality of the spin-drying times of
previous washings that correspond to the amount of laundry,
the spin-drying time, determine, based on an average spin-
drying time for M spin-drying times of the previous wash-
ings that correspond to the amount of laundry, the spin-
drying time, wherein M is a predetermined natural number,
or determine, by using a third artificial neural network model
trained from the spin-drying times of the previous washings
that correspond to the amount of laundry, the spin-drying
time.

[0180] According to various embodiments, the at least one
processor may train the first artificial neural network model
by generating a first learning data set from applying the
amount of laundry of the previous washing to the first
artificial neural network, and labeling the water supply time
of the previous washing in the generated first learning data
set, train the second artificial neural network model by
generating a second learning data set from applying the
amount of laundry of the previous washing to the second
artificial neural network, and labeling the drainage time of
the previous washing in the generated second learning data
set and train the third artificial neural network model by
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generating a third learning data set from applying the
amount of laundry of the previous washing to the third
artificial neural network, and labeling the spin-drying time
of the previous washing in the generated third learning data
set.

[0181] According to various embodiments, the washing
machine may further comprise a communication interface
(e.g., the communication unit 110 of FIG. 3) configured to
communicate with an external server and/or the user termi-
nal, and the at least one processor may obtain through the
communication interface, the user input from the user ter-
minal, and provide, through the communication interface,
the washing machine status information and the washing
time information to the user terminal.

[0182] According to various embodiments, the at least one
processor may determine, based on the determined water
supply time, that a water supply of the washing machine is
in an abnormal condition, determine, based on the deter-
mined drainage time, that drainage of the washing machine
is in the abnormal condition, and determine, based on the
determined spin-drying time, that spin-drying of the wash-
ing machine is in the abnormal condition.

[0183] According to various embodiments, the at least one
processor may determine, based on a difference between the
determined water supply time and the water supply time of
the previous washing being more than a predetermined value
or ratio, that the water supply of the washing machine is in
the abnormal condition, determine, based on a difference
between the determined drainage time and the drainage time
of the previous washing being more than the predetermined
value or ratio, that the drainage of the washing machine is
in the abnormal condition, and determine, based on a
difference between the determined spin-drying time and the
spin-drying time of the previous washing being more than
the predetermined value or ratio, that the spin-drying of the
washing machine is in the abnormal condition.

[0184] According to various embodiments, based on a
determination of at least one of the water supply, the
drainage, or the spin-drying of the washing machine being
in the abnormal condition, the at least one processor may
transmit, to the user terminal, at least one of the determined
times respectively corresponding to the water supply, the
drainage, and the spin-drying of the washing machine that
are determined to be in the abnormal condition, obtain, from
the user terminal, an approval given by the user of the
transmitted at least one of the determined times, and deter-
mine, based on the determined water supply time, the
determined drainage time, and the determined spin-drying
time, and based on the approval of the at least one of the
determined times, the washing time.

[0185] According to various embodiments, the at least one
processor may determine, based on the determined water
supply time being greater than a first predetermined value,
that the water supply of the washing machine is in the
abnormal condition, determine, based on the determined
drainage time being greater than a second predetermined
value, that the drainage of the washing machine is in the
abnormal condition, and determine, based on the determined
spin-drying time being greater than a third predetermined
value, that the spin-drying of the washing machine is in an
abnormal condition, and wherein, based on the at least one
processor determining at least one of the water supply, the
drainage, or the spin-drying of the washing machine being
in the abnormal condition, the at least one processor is
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further configure to transmit, to the user terminal, a message
that suggests making a repair request to a service center
through the communication interface or the output device.
[0186] FIG. 14 is a flowchart showing operations in which
the washing machine 100 determines and displays the esti-
mated washing time in accordance with various embodi-
ments of the present disclosure. The operations according to
the flowchart shown in FIG. 14 may be realized by the
washing machine (e.g., the washing machine 100 of FIG. 1
or 3) or at least one processor of the washing machine (e.g.,
the processor 180 and the learning processor 130 of FIG. 3).
[0187] Referring to FIG. 14, in operation 1410, the wash-
ing machine 100 may obtain the estimated water supply
time, the estimated drainage time, and/or the estimated
spin-drying 1 time based on the laundry amount informa-
tion.

[0188] Here, the estimated water supply time, the esti-
mated drainage time, and the estimated spin-drying 1 time
may have values that can be changed according to the
surrounding environment of the washing machine. For
example, when the water pressure of a house where the
water supply is performed is low, the estimated water supply
time may be long, and when the water pressure is high, the
estimated water supply time may be short. In addition, when
the drain port is partially clogged, the drainage time may be
longer than that when the drain port is not clogged. There-
fore, when the estimated water supply time, the estimated
drainage time, and the estimated spin-drying 1 time have
values set at the time of releasing the washing machine,
change factors according to the surrounding environment
where the washing machine is installed cannot be reflected.
Accordingly, the estimated washing time may differ from the
actual washing time. This may cause inconvenience to the
user.

[0189] In order to solve this, the present invention deter-
mines the estimated water supply time, the estimated drain-
age time and the estimated spin-drying 1 time based on
water supply time information, drainage time information
and the spin-drying 1 time information obtained during the
past washing. By reflecting this, the actual washing time and
the estimated washing time provided by the washing
machine 100 can be made to be almost similar to each other.
[0190] Accordingly, in operation 1410, the washing
machine 100 may obtain the estimated water supply time,
the estimated drainage time, and/or the estimated spin-
drying 1 time based on the information collected during the
past washing.

[0191] According to various embodiments, in operation
1430, the washing machine 100 may obtain laundry setting
information input by the user and the laundry amount
information sensed by the sensor. According to the embodi-
ment, when the user inputs course information defining a
series of washing process such as “daily course,” the wash-
ing machine 100 may obtain a series of washing information
corresponding to the corresponding course. The washing
information corresponding to the course may be stored in the
memory 160.

[0192] In operation 1450, the washing machine 100 may
determine an estimated total washing time. The washing
machine 100 may determine the order of washing (for
example, water supply (4 minutes)—washing (15 minutes)
—drainage (1 minute)—>spin-drying 1 (3 minutes)—>spin-
drying 2 (2 minutes)—>water supply (2 minutes)—rinsing (1
minute)—>drainage (1 minute)—=spin-drying 1 (3 minutes)
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—spin-drying 2 (2 minutes)—=water supply (2 minutes)
—rinsing (1 minute)—drainage (1 minute)—spin-drying 1
(10 minutes)—spin-drying 2 (3 minutes)) based on the
user’s washing setting and may determine an estimated time
required to perform each operation based on the laundry
amount information. Here, washing, rinsing, and spin-dry-
ing 2 have an unchanged execution time and may use values
stored in the memory 160 at the time of releasing the
washing machine as the execution time as they are. On the
other hand, the water supply, drainage, and spin-drying 1
have an execution time changeable according to changes in
the installation environment and surrounding environment
of the washing machine and may use the value obtained in
operation 1430.

[0193] Additionally, in operation 1450, the washing
machine 100 may determine the estimated remaining wash-
ing time by subtracting the estimated time corresponding to
the operation performed by the washing machine from the
estimated total washing time as the washing progresses.
[0194] According to various embodiments, in operation
1470, the washing machine 100 may display the estimated
washing time determined in operation 1450 on the control
panel 123 or the user terminal 300.

[0195] FIG. 15 is a flowchart showing operations in which
the washing machine 100 updates the artificial neural net-
work model in accordance with various embodiments of the
present disclosure. The operations according to the flow-
chart shown in FIG. 15 may be realized by the washing
machine (e.g., the washing machine 100 of FIG. 3) or at least
one processor of the washing machine (e.g., the processor
180 and the learning processor 130 of FIG. 3).

[0196] The operation flowchart of FIG. 15 may be applied
to the artificial neural network model for the estimated water
supply time, the artificial neural network model for the
estimated drainage time, or the artificial neural network
model for the estimated spin-drying 1 time respectively.
[0197] Referring to FIG. 15, in operation 1510, the wash-
ing machine 100 may obtain washing data. Each time the
washing is performed, the washing machine 100 may obtain
the detected amount of laundry, water supply time, drainage
time, and spin-drying 1 time and store them in the memory
160.

[0198] In operation 1530, the washing machine 100 may
generate the learning data for the artificial neural network
model. According to the embodiment, the washing machine
100 may separately generate learning data for the artificial
neural network model for the estimated water supply time,
learning data for the artificial neural network model for the
estimated drainage time, and learning data for the artificial
neural network model for the estimated spin-drying 1 time.
The sizes of the learning data for the respective artificial
neural network models may be different from each other, and
the type of the learning data may be what are shown in FIGS.
11 to 13.

[0199] In operation 1550, the washing machine 100 may
update the artificial neural network model based on the
learning data generated in operation 1530.

[0200] In operation 1570, the washing machine 100 may
obtain the estimated water supply time, the estimated drain-
age time, or the estimated spin-drying 1 time based on the
updated artificial neural network model.

[0201] The above-described operations of the flowchart
shown in FIG. 15 may be performed not by the washing
machine 100 but by the server (e.g., the server 200 of FIG.
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1). In this case, the server 200 may obtain, in operation 1510,
washing data including the detected amount of laundry,
water supply time, drainage time, and spin-drying 1 time
from the washing machine 100 through the communication
unit 210. In addition, when the learning of the artificial
neural network model is completed and updated, the esti-
mated water supply time, the estimated drainage time, or the
estimated spin-drying 1 time obtained in operation 1570
may be transterred to the washing machine 100 through the
communication unit 210.

[0202] According to various embodiments, a method of
operating a washing machine (for example, the washing
machine 100 of FIG. 3) may estimating, based on a previous
setting of a previous washing operation, an estimated setting
for a current washing operation, wherein the estimated
setting includes a water supply time, a drainage time, and a
spin-drying time, obtaining a user input, obtaining an
amount of laundry from a weight sensor of the washing
machine, determining, based on the estimated setting, the
user input, and the amount of laundry, a washing time for the
current washing operation; and displaying the determined
washing time to the user.

[0203] According to various embodiments, the determin-
ing of the water supply time comprises at least one of
determining, based on a most recent water supply time
among a plurality of the water supply times of previous
washings that correspond to the amount of laundry, the water
supply time, determining, based on an average water supply
time for N water supply times of the previous washings that
correspond to the amount of laundry, the water supply time,
wherein N is a predetermined natural number, or determin-
ing, by using a first artificial neural network model trained
from the water supply timed of the previous washings that
correspond to the amount of laundry, the water supply time.
[0204] According to various embodiments, the determin-
ing of the drainage time comprises at least one of determin-
ing, based on a most recent drainage time among the
plurality of the drainage times of previous washings that
correspond to the amount of laundry, the drainage time,
determining, based on an average drainage time for L
drainage times of the previous washings that correspond to
the amount of laundry, the drainage time, where L is a
predetermined natural number, or determining, by using a
second artificial neural network model trained from the
drainage times of the previous washings that correspond to
the amount of laundry, the drainage time.

[0205] According to various embodiments, the determin-
ing of the spin-drying time comprises at least one of deter-
mining, based on a most recent spin-drying time among the
plurality of the spin-drying times of previous washings that
correspond to the amount of laundry, the spin-drying time,
determining, based on an average spin-drying time for M
spin-drying times of the previous washings that correspond
to the amount of laundry, the spin-drying time, wherein M
is a predetermined natural number, or determining, by using
a third artificial neural network model trained from the
spin-drying times of the previous washings that correspond
to the amount of laundry, the spin-drying time.

[0206] According to various embodiments, the method of
operating the washing machine may further comprise train-
ing the first artificial neural network model by generating a
first learning data set from applying the amount of laundry
of the previous washing to the first artificial neural network,
and labeling the water supply time of the previous washing
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in the generated first learning data set, training the second
artificial neural network model by generating a second
learning data set from applying the amount of laundry of the
previous washing to the second artificial neural network and
labeling the drainage time of the previous washing in the
generated second learning data set, and training the third
artificial neural network model by generating a third learn-
ing data set from applying the amount of laundry of the
previous washing to the third artificial neural network, and
labeling the spin-drying time of the previous washing in the
generated third learning data set.

[0207] According to various embodiments, the method of
operating the washing machine may further comprise
obtaining, through a communication interface of the wash-
ing machine, the user input from a user terminal of the
washing machine and providing, through the communica-
tion interface of the washing machine, the washing machine
status information and the washing time information to the
user terminal.

[0208] According to various embodiments, the operation
method of the washing machine may further comprise
determining, based on the determined water supply time,
that a water supply of the washing machine is in an abnormal
condition, determining, based on the determined drainage
time, that a drainage of the washing machine is in the
abnormal condition; and determining, based on the deter-
mined spin-drying time, that a spin-drying of the washing
machine is in the abnormal condition.

[0209] According to various embodiments, the operation
method of the washing machine may further comprise
determining, based on the determined water supply time,
that a water supply of the washing machine is in an abnormal
condition, determining, based on the determined drainage
time, that a drainage of the washing machine is in the
abnormal condition; and determining, based on the deter-
mined spin-drying time, that a spin-drying of the washing
machine is in the abnormal condition.

[0210] According to various embodiments, the operation
method of the washing machine may further comprise
determining, based on a difference between the determined
water supply time and the water supply time of the previous
washing being more than a predetermined value or ratio, that
the water supply of the washing machine is in the abnormal
condition, determining, based on a difference between the
determined drainage time and the drainage time of the
previous washing being more than the predetermined value
or ratio, that the drainage of the washing machine is in the
abnormal condition and determining, based on a difference
between the determined spin-drying time and the spin-
drying time of the previous washing being more than the
predetermined value or ratio, that the spin-drying of the
washing machine is in the abnormal condition.

[0211] According to various embodiments, the operation
method of the washing machine may further comprise
transmitting, to the user terminal, at least one of the deter-
mined times respectively corresponding to the water supply,
the drainage, and the spin-drying of the washing machine
that are determined to be in the abnormal condition, obtain-
ing, from the user terminal, an approval given by the user of
the transmitted at least one of the determined times and
determining, based on the determined water supply time, the
determined drainage time, and the determined spin-drying
time, and based on the approval of the at least one of the
determined times, the washing time.
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[0212] According to various embodiments, the operation
method of the washing machine may further comprise
determining, based on the determined water supply time
being greater than a first predetermined value, that the water
supply of the washing machine is in the abnormal condition,
determining, based on the determined drainage time being
greater than a second predetermined value, that the drainage
of the washing machine is in the abnormal condition,
determining, based on the determined spin-drying time
being greater than a third predetermined value, that the
spin-drying of the washing machine is in an abnormal
condition and based on the determining of at least one of the
water supply, the drainage, or the spin-drying of the washing
machine being in the abnormal condition, transmitting, to
the user terminal, a message that suggests making a repair
request to a service center through the communication
interface or an output device of the washing machine.

[0213] The above-described embodiments according to
the present invention may be implemented in the form of a
computer program that can be executed on a computer
through various components, and such a computer program
can be recorded on a computer-readable medium. Here, the
medium may include hardware devices specially configured
to store and execute program instructions, for example, a
magnetic medium such as a hard disk, a floppy disk and a
magnetic tape, an optical recording medium such as a
CD-ROM and DVD, a magnetic-optical medium such as a
floptical disk, and a hardware device such as ROM, RAM,
a flash memory and the like.

[0214] Meanwhile, the computer program may be spe-
cially designed and configured for the purpose of the present
invention or may be well-known and available to those
skilled in the field of computer software. Not only a machine
language code which is formed by a compiler but also
high-level language code which can be executed by a
computer using an interpreter may be included as examples
of the computer program.

[0215] Unless the order of the steps constituting the
method according to the embodiment of the present inven-
tion are stated obviously or contrary thereto, the steps can be
performed in a suitable order. The embodiments of the
present invention are not necessarily limited to the order of
description of the above steps. The use of all examples or
exemplary terms (e.g., etc.) in the present invention is
merely for describing the present invention in detail, and the
scope of the present invention is not limited due to the
examples or exemplary terms unless the present invention is
limited by the claims. Also, it can be understood by those
skilled in the art that various modifications, combinations,
and changes can be made according to design conditions and
factors within the scope of the appended claims or equiva-
lent thereof.

[0216] Therefore, it should be noted that the spirit of the
present invention is not limited to the embodiments
described above and the appended claims and any variations
equivalent thereto are included in the scope and spirit of the
present invention.

What is claimed is:
1. A washing machine comprising:
an input device configured to receive user input;

a weight sensor configured to sense an amount of laundry
received in the washing machine;
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a driver configured to perform operations including water
supply, drainage, washing, and spin-drying in the wash-
ing machine;
an output device configured to provide washing machine
status information and washing time information; and
at least one processor that is in communication with the
driver, the input device, the weight sensor, and the
output device,
wherein the at least one processor is configured to:
estimate, based on a previous setting of a previous
washing operation, an estimated setting for a current
washing operation, wherein the estimated setting
includes a water supply time, a drainage time, and a
spin-drying time,

obtain the user input through the input device,

obtain the amount of laundry from the weight sensor,
and

determine, based on the estimated setting, the user
input, and the amount of laundry, a washing time for
the current washing operation.

2. The washing machine of claim 1, wherein the at least

one processor is further configured to:

determine, based on a most recent water supply time
among a plurality of the water supply times of previous
washings that correspond to the amount of laundry, the
water supply time,

determine, based on an average water supply time for N
water supply times of the previous washings that cor-
respond to the amount of laundry, the water supply
time, wherein N is a predetermined natural number, or

determine, by using a first artificial neural network model
trained from the water supply times of the previous
washings that correspond to the amount of laundry, the
water supply time.

3. The washing machine of claim 2, wherein the at least

one processor is further configured to:

determine, based on a most recent drainage time among a
plurality of the drainage times of previous washings
that correspond to the amount of laundry, the drainage
time,

determine, based on an average drainage time for L
drainage times of the previous washings that corre-
spond to the amount of laundry, the drainage time,
where L is a predetermined natural number, or

determine, by using a second artificial neural network
model trained from the drainage times of the previous
washings that correspond to the amount of laundry, the
drainage time.

4. The washing machine of claim 3, wherein the at least

one processor is further configured to:

determine, based on a most recent spin-drying time
among a plurality of the spin-drying times of previous
washings that correspond to the amount of laundry, the
spin-drying time,

determine, based on an average spin-drying time for M
spin-drying times of the previous washings that corre-
spond to the amount of laundry, the spin-drying time,
wherein M is a predetermined natural number, or

determine, by using a third artificial neural network model
trained from the spin-drying times of the previous
washings that correspond to the amount of laundry, the
spin-drying time.

5. The washing machine of claim 4, wherein the at least

one processor is further configured to:
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train the first artificial neural network model by:
generating a first learning data set from applying the
amount of laundry of the previous washing to the
first artificial neural network, and
labeling the water supply time of the previous washing
in the generated first learning data set,

train the second artificial neural network model by:

generating a second learning data set from applying the
amount of laundry of the previous washing to the
second artificial neural network, and

labeling the drainage time of the previous washing in
the generated second learning data set, and

train the third artificial neural network model by:

generating a third learning data set from applying the
amount of laundry of the previous washing to the
third artificial neural network, and

labeling the spin-drying time of the previous washing
in the generated third learning data set.

6. The washing machine of claim 4, further comprising a
communication interface configured to communicate with
an external server and/or a user terminal,

wherein the at least one processor is configured to:

obtain, through the communication interface, the user
input from the user terminal, and

provide, through the communication interface, the
washing machine status information and the washing
time information to the user terminal.

7. The washing machine of claim 6, wherein the at least
one processor is further configured to:

determine, based on the determined water supply time,

that a water supply of the washing machine is in an
abnormal condition,

determine, based on the determined drainage time, that

drainage of the washing machine is in the abnormal
condition, and

determine, based on the determined spin-drying time, that

spin-drying of the washing machine is in the abnormal
condition.

8. The washing machine of claim 7, wherein the at least
one processor is further configured to:

determine, based on a difference between the determined

water supply time and the water supply time of the
previous washing being more than a predetermined
value or ratio, that the water supply of the washing
machine is in the abnormal condition,

determine, based on a difference between the determined

drainage time and the drainage time of the previous
washing being more than the predetermined value or
ratio, that the drainage of the washing machine is in the
abnormal condition, and

determine, based on a difference between the determined

spin-drying time and the spin-drying time of the pre-
vious washing being more than the predetermined
value or ratio, that the spin-drying of the washing
machine is in the abnormal condition.

9. The washing machine of claim 8, wherein, based on a
determination of at least one of the water supply, the
drainage, or the spin-drying of the washing machine being
in the abnormal condition, the at least one processor is
further configured to:

transmit, to the user terminal, at least one of the deter-

mined times respectively corresponding to the water
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supply, the drainage, and the spin-drying of the wash-
ing machine that are determined to be in the abnormal
condition,

obtain, from the user terminal, an approval given by the

user of the transmitted at least one of the determined
times, and

determine, based on the determined water supply time, the

determined drainage time, and the determined spin-
drying time, and based on the approval of the at least
one of the determined times, the washing time.

10. The washing machine of claim 7, wherein the at least
one processor is further configured to:

determine, based on the determined water supply time

being greater than a first predetermined value, that the
water supply of the washing machine is in the abnormal
condition,

determine, based on the determined drainage time being

greater than a second predetermined value, that the
drainage of the washing machine is in the abnormal
condition, and

determine, based on the determined spin-drying time

being greater than a third predetermined value, that the
spin-drying of the washing machine is in an abnormal
condition, and

wherein, based on the at least one processor determining

at least one of the water supply, the drainage, or the
spin-drying of the washing machine being in the abnor-
mal condition, the at least one processor is further
configure to transmit, to the user terminal, a message
that suggests making a repair request to a service center
through the communication interface or the output
device.

11. A method of operating a washing machine, compris-
ing:

estimating, based on a previous setting of a previous

washing operation, an estimated setting for a current
washing operation, wherein the estimated setting
includes a water supply time, a drainage time, and a
spin-drying time;

obtaining a user input;

obtaining an amount of laundry from a weight sensor of

the washing machine;

determining, based on the estimated setting, the user

input, and the amount of laundry, a washing time for the
current washing operation; and

displaying the determined washing time to the user.

12. The operation method of claim 11, wherein the
determining of the water supply time comprises at least one
of:

determining, based on a most recent water supply time

among a plurality of the water supply times of previous
washings that correspond to the amount of laundry, the
water supply time,
determining, based on an average water supply time for N
water supply times of the previous washings that cor-
respond to the amount of laundry, the water supply
time, wherein N is a predetermined natural number, or

determining, by using a first artificial neural network
model trained from the water supply timed of the
previous washings that correspond to the amount of
laundry, the water supply time.

13. The operation method of claim 12, wherein the
determining of the drainage time comprises at least one of:
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determining, based on a most recent drainage time among
the plurality of the drainage times of previous washings
that correspond to the amount of laundry, the drainage
time,
determining, based on an average drainage time for L
drainage times of the previous washings that corre-
spond to the amount of laundry, the drainage time,
where L is a predetermined natural number, or

determining, by using a second artificial neural network
model trained from the drainage times of the previous
washings that correspond to the amount of laundry, the
drainage time.

14. The operation method of claim 13, wherein the
determining of the spin-drying time comprises at least one
of:

determining, based on a most recent spin-drying time

among the plurality of the spin-drying times of previ-
ous washings that correspond to the amount of laundry,
the spin-drying time,
determining, based on an average spin-drying time for M
spin-drying times of the previous washings that corre-
spond to the amount of laundry, the spin-drying time,
wherein M is a predetermined natural number, or

determining, by using a third artificial neural network
model trained from the spin-drying times of the previ-
ous washings that correspond to the amount of laundry,
the spin-drying time.

15. The operation method of claim 14, further comprising:

training the first artificial neural network model by:

generating a first learning data set from applying the
amount of laundry of the previous washing to the
first artificial neural network, and

labeling the water supply time of the previous washing
in the generated first learning data set;

training the second artificial neural network model by:

generating a second learning data set from applying the
amount of laundry of the previous washing to the
second artificial neural network, and

labeling the drainage time of the previous washing in
the generated second learning data set; and

training the third artificial neural network model by:

generating a third learning data set from applying the
amount of laundry of the previous washing to the
third artificial neural network, and

labeling the spin-drying time of the previous washing
in the generated third learning data set.

16. The operation method of claim 14, further comprising:

obtaining, through a communication interface of the

washing machine, the user input from a user terminal of
the washing machine; and

providing, through the communication interface of the

washing machine, the washing machine status infor-
mation and the washing time information to the user
terminal.

17. The operation method of claim 16, further comprising:

determining, based on the determined water supply time,

that a water supply of the washing machine is in an
abnormal condition;

determining, based on the determined drainage time, that

a drainage of the washing machine is in the abnormal
condition; and

determining, based on the determined spin-drying time,

that a spin-drying of the washing machine is in the
abnormal condition.
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18. The operation method of claim 17, further comprising:

determining, based on a difference between the deter-
mined water supply time and the water supply time of
the previous washing being more than a predetermined
value or ratio, that the water supply of the washing
machine is in the abnormal condition;

determining, based on a difference between the deter-
mined drainage time and the drainage time of the
previous washing being more than the predetermined
value or ratio, that the drainage of the washing machine
is in the abnormal condition; and

determining, based on a difference between the deter-
mined spin-drying time and the spin-drying time of the
previous washing being more than the predetermined
value or ratio, that the spin-drying of the washing
machine is in the abnormal condition.

19. The operation method of claim 18, further comprising:

transmitting, to the user terminal, at least one of the
determined times respectively corresponding to the
water supply, the drainage, and the spin-drying of the
washing machine that are determined to be in the
abnormal condition;

obtaining, from the user terminal, an approval given by
the user of the transmitted at least one of the determined
times; and
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determining, based on the determined water supply time,
the determined drainage time, and the determined spin-
drying time, and based on the approval of the at least
one of the determined times, the washing time.

20. The operation method of claim 17, further comprising:

determining, based on the determined water supply time
being greater than a first predetermined value, that the
water supply of the washing machine is in the abnormal
condition;

determining, based on the determined drainage time being
greater than a second predetermined value, that the
drainage of the washing machine is in the abnormal
condition;

determining, based on the determined spin-drying time
being greater than a third predetermined value, that the
spin-drying of the washing machine is in an abnormal
condition; and

based on the determining of at least one of the water
supply, the drainage, or the spin-drying of the washing
machine being in the abnormal condition, transmitting,
to the user terminal, a message that suggests making a
repair request to a service center through the commu-
nication interface or an output device of the washing
machine.



