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Description

[0001] This present application claims benefit of prior-
ity to Korean Patent Application No. 10-2019-0119785,
entitted "LAUNDRY TREATING APPARATUS AND
CONTROL METHOD THEREOF," filed on September
27, 2019, in the Korean Intellectual Property Office.

BACKGROUND
Technical Field

[0002] The present disclosure relates to a laundry
treating apparatus and a control method thereof, and
more specifically, to a laundry treating apparatus and a
control method thereof capable of preventing a washing
time from being set too long or too short, by performing
washing by calculating the washing time according to a
contamination level of laundry.

Background

[0003] In general, clothing requires several forms of
care, such as washing, drying, storing, and ironing. To
this end, laundry treating apparatuses capable of per-
forming washing, drying, storing, and ironing, respective-
ly, have been implemented. Alternatively, laundry treat-
ing apparatuses capable of performing washing, drying,
storing, and ironing together have also been implement-
ed.

[0004] In particular, laundry treating apparatuses for
performing washing are largely classified into two types
according to a washing method.

[0005] Specifically, the types of the laundry treating ap-
paratuses may be classified according to whether a ro-
tating cylindrical washing tub is vertically or horizontally
disposed. The laundry treating apparatus in which the
washing tub is horizontally disposed is called a drum-
type, and the laundry treating apparatus in which the
washing tub is vertically disposed is called a vortex-type
(pulsator-type) or an agitator-type.

[0006] In the case of the vortex-type, a pulsator pro-
vided in a disk shape on the bottom surface of the wash-
ing tub rotates to generate a change in water flow, and
washing is performed through the change in the water
flow.

[0007] In the case of the agitator-type, a rod-shaped
agitator is provided inside the washing tub, and a water
flow is generated by rotation of the agitator.

[0008] The time for washing, rinsing, and spin-drying
in both the vortex-type and the agitator-type is based on
the weight of laundry. The time for performing the wash-
ing, rinsing, and spin-drying process may be set to be
longer or shorter according to the user’'s manipulation,
but the user's manipulation is also based on the amount
of the laundry (i.e., laundry amount) detected in the laun-
dry treating apparatus.

[0009] When the operating time is set based on the
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weight of the laundry, in the case of washing, a difference
may occur between the washing time required for the
laundry and the actual washing time.

[0010] Specifically, even with a small amount of laun-
dry, the contamination may be so severe that a long
washing time is required. Or, even for a large amount of
laundry, when the contamination thereof is not severe,
sufficient washing may be performed even with a short
washing time.

[0011] However, existing methods for calculating the
washing time are faced with limitations in that they are
unable to distinguish these differences. Therefore, it is
often the case that washing is performed for an unnec-
essarily long time, or washing is performed shorter than
necessary such that the laundry is not sufficiently
washed.

[0012] As related art, Korean Patent Registration No.
10-1724165 (hereinafter referred to as 'Related Art 1°)
discloses a 'Turbidity sensor’. According to Related Art
1, a light whose radiation intensity changes is emitted
from a light source, and a photosensitive element for re-
ceiving the emitted light is further included. Related Art
1 discloses the technical feature of measuring the water
quality of the washing water in the washing machine and
performing a series of operations of the washing machine
according to the measured water quality. However, the
process in which the washing is performed and the wash-
ing water is contaminated shows various aspects de-
pending on the condition of the laundry. Therefore, the
reliability of determining whether the laundry is sufficient-
ly washed by simply inspecting the water quality of the
washing water is low.

[0013] Korean Patent Registration No. 10-1462178
(hereinafter referred to as 'Related Art 2’) discloses a
"Washing machine and method of controlling the same.’
Related Art 2 is directed to increasing washing efficiency
by adjusting a soaking cycle time and an amount of de-
tergent according to a contamination level of laundry de-
tected by a contamination detector. Specifically, Related
Art 2 measures the turbidity of water in which the laundry
is immersed, by a contamination level detector including
a light emitting element and a light receiving element.
However, in Related Art 2, because the data collected to
measure the turbidity of the washing water is limited and
there is a structural limitation in that it is difficult to detect
the exact turbidity of the washing water, it is often case
that the washing is performed longer than necessary or
shorter than necessary.

[0014] The above-described related technology is
technical information that the inventors hold for the der-
ivation of the present disclosure or that the inventors ac-
quired in the process of deriving the present disclosure.
Thus, the above-described related technology cannot be
regarded as known technology disclosed to the general
public prior to the filing of the present application.
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SUMMARY

[0015] It is an object of the present disclosure to ad-
dress the limitations associated with some related art de-
scribed above in which it is not possible to accurately
measure a contamination level of laundry.

[0016] A further object of the present disclosure is di-
rected to addressing the limitations associated with some
related art described above in which washing is per-
formed for a longer time than an appropriate washing
time or washing is performed for a shorter time than the
appropriate washing time, by determining the washing
time based on an amount of the laundry.

[0017] A further object of the present disclosure is di-
rected to addressing the limitations associated with some
related art described above in which it is not possible to
accurately predict a washing completion time.

[0018] A further object of the present disclosure is di-
rected to addressing the limitations associated with some
related art described above in which it is not possible to
determine the type of contamination contaminating the
laundry, and thus proper washing cannot be performed.
[0019] One or more of the objects are solved by the
features of the independent claims. Aspects of the
present disclosure are not limited to those mentioned
above, and other aspects not mentioned above may be
clearly understood from the following description.
[0020] A laundry treating apparatus according to one
aspect of the present disclosure includes a main body,
a door, a driver, a water supplier (or water supply unit),
adrain port (or drain unit), a sensor unit, and a controller.
The main body includes a washing tub therein. The door
is coupled to the main body and opens or closes an inlet
formed in the washing tub. The driver is installed in the
main body to operate the washing tub. The water supplier
is installed in the main body to supply washing water to
the washing tub. The drain port is installed in the main
body to discharge the washing water contained in the
washing tub. The sensor unit includes at least one of a
dust sensor for measuring a dust concentration inside
the washing tub, a gas sensor for measuring gas com-
ponents inside the washing tub, a turbidity sensor for
detecting a water quality of the washing water contained
in the washing tub, a conductivity sensor, and a spectro-
scopic sensor. The controller is configured to control at
least one of the driver, the water supplier, the drain port,
and the sensor unit, and to calculate an expected wash-
ing time based on data measured through the sensor unit
and/or the driver. The controller may be configured to
perform a method according to any one of the embodi-
ments or aspects of the present disclosure.

[0021] A laundry treating apparatus according to an-
other aspect comprises: a main body including a washing
tub therein; a door coupled to the main body and config-
ured to open or close an inlet formed in the washing tub;
a driver installed in the main body and configured to op-
erate the washing tub; a sensor unit comprising at least
one of a dust sensor configured to measure a dust con-
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centration inside the washing tub, a gas sensor config-
ured to measure gas components inside the washing tub,
a turbidity sensor configured to measure a water quality
of washing water contained in the washing tub, a con-
ductivity sensor, and/or a spectroscopic sensor; and a
controller configured to control the driver and the sensor
unit, and calculate an expected washing time based on
data measured through the sensor unit and/or the driver.
The laundry treating apparatus may further include a wa-
ter supplier (or water supply unit), and a drain port (or
drain unit). The water supplier may be configured to sup-
ply washing water to the washing tub. The drain port may
be configured to discharge the washing water contained
in the washing tub. The controller may be configured to
control the water supplier and/or the drain port. The con-
troller may be configured to perform a method according
to any one of the embodiments or aspects of the present
disclosure.

[0022] A laundry treating apparatus according to an-
other aspect comprises: a washing tub for accommodat-
ing laundry; a driver configured to operate the washing
tub; a water supply unit (or water supplier) configured to
supply washing water to the washing tub; a drain unit (or
drain port) configured to discharge the washing water
contained in the washing tub; a sensor unit configured
to sense a contamination level of air and/or of washing
water of the washing tub; and a controller configured to
control the driver, the water supply unit, the drain unit
and the sensor unit, to determine an expected washing
time based on data sensed through the sensor unit and
to perform washing according to the water supply amount
and the expected washing time. The controller may be
configured to perform a method according to any one of
the embodiments or aspects of the present disclosure.
The sensor unit may comprise at least one of a dust sen-
sor configured to measure a dust concentration in air of
the washing tub, a gas sensor configured to measure
gas components in air of the washing tub, a turbidity sen-
sor configured to measure a turbidity of washing water
in the washing tub, a conductivity sensor configured to
measure a conductivity of washing water in the washing
tub, and a spectroscopic sensor configured to measure
a type and/or a concentration of contaminants in the
washing water in the washing tub.

[0023] Operating the washing tub within this disclosure
may refer to moving the washing water and/or laundry in
the washing tub. For instance, operating the washing tub
within this disclosure may include rotating the washing
tub, a drum provided in the washing tub, a pulsator and/or
an agitator.

[0024] The laundry treating apparatus according to as-
pects of the present disclosure may comprise one or
more of the following features:

The controller may include a storage. The storage may
store first comparison data to which a predetermined ex-
pected washing time is assigned based on the sensed
contamination level of the air, in particular first compari-
son data to which a predetermined expected washing
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time is assigned according to the dust concentration and
gas components inside the washing tub. The controller
may be configured to calculate the expected washing
time based on the data stored in the storage.

[0025] The controller may include a storage. The stor-
age may store second comparison data to which a pre-
determined expected washing time is assigned based on
the sensed contamination level of the water, in particular
second comparison data to which a predetermined ex-
pected washing time is assigned according to the water
quality of the washing water contained the washing tub.
The controller may be configured to calculate the expect-
ed washing time based on the data stored in the storage.
[0026] The controller may be configured to determine
the expected washing time based on the first and/or sec-
ond comparison data stored in the storage.

[0027] A measurementcycle of the sensor unit may be
adjustable by a user. that s, the sensor unit may be con-
figured to adjust the operating interval of at least one of
the dust sensor, the gas sensor, the spectroscopic sen-
sor, the conductivity sensor, or the turbidity sensor based
on a user’s selection. That is, a measurement cycle of
the dust sensor, the gas sensor, the spectroscopic sen-
sor, the conductivity sensor, or the turbidity sensor may
be adjusted based on a user’s selection.

[0028] The dust sensor and/or the gas sensor may be
installed at an upper portion in the washing tub or in a
vent communicating an inside of the washing tub with an
outside thereof. At least one of the turbidity sensor, the
conductivity sensor, and the spectroscopic sensor may
be installed at a lower portion in the washing tub. The
dust sensor and/or the gas sensor may be installed in a
vent communicating with an outside of the washing tub.
At least one of the turbidity sensor, the conductivity sen-
sor and the spectroscopic sensor may be installed in the
washing tub, in particular at an internal lower portion of
the washing tub.

[0029] Further, a control method according to an as-
pect of the present disclosure includes steps of: (a) de-
tecting an amount of laundry contained in a washing tub;
(b) determining a water supply amount based on the
amount of laundry; (c) collecting first contamination data
by detecting a dust concentration and gas components
inside the washing tub; (d) calculating an expected wash-
ing time based on the amount of laundry and the first
contamination data; (e) performing washing according to
the water supply amount and the expected washing time;
(f) collecting second contamination data indicating a con-
tamination level of the washing water, based on at least
one of conductivity, turbidity, and spectroscopy informa-
tion of the washing water measured at predetermined
times during the washing process; and (g) continuing or
stopping the washing based on a comparison of the sec-
ond contamination data with a threshold contamination
level, wherein the threshold contamination level is a pre-
determined set value of contamination level. The laundry
treating apparatus may be a laundry treating apparatus
according to any one of the embodiments or aspects de-
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scribed in this disclosure.

A control method of a laundry treating apparatus having
awashing tub according to another aspect of the present
disclosure, comprising steps of: detecting an amount of
laundry contained in a washing tub; determining a water
supply amount based on the amount of laundry; collect-
ing first contamination data by sensing a contamination
level of air of the washing tub and/or second contamina-
tion data by sensing a contamination level of washing
water in the washing tub; calculating an expected wash-
ing time based on the first contamination data and/or the
second contamination data; and washing according to
the water supply amount and the expected washing time.
Second contamination data indicating a contamination
level of washing water may be collected based on atleast
one of conductivity, turbidity, and spectroscopy informa-
tion of the washing water measured at predetermined
times during the washing. The method may further com-
prise: continuing or stopping washing based on a com-
parison of the second contamination data with a thresh-
old contamination level, wherein the threshold contami-
nation level is a predetermined value.

[0030] The laundry treating apparatus may be a laun-
dry treating apparatus according to any one of the em-
bodiments or aspects described in this disclosure.
[0031] The control method according to aspects of the
present disclosure may comprise one or more of the fol-
lowing features:

Step (e) may include a water supplying step and/or a
driver driving step. In the water supplying step, the wash-
ing water may be supplied to the washing tub according
to the water supply amount. In the driver driving step, the
washing tub may be operated by driving the driver
through the controller.

[0032] The method may further include: draining the
washing water from the washing tub and performing the
step of washing again, in response to the comparison
when a contamination level of the second contamination
data exceeds the threshold contamination level; and
stopping washing and draining the washing water from
the washing tub, when a time of the step of washing ex-
ceeds the expected washing time. In particular, step (g)
may include at least one of: (g-1) draining the washing
water contained in the washing tub and performing the
water supplying step, in response to the contamination
level in the second contamination data exceeding the
threshold contamination level; and (g-2) performing
drainage and stopping washing, in response to the per-
formed time of the driver driving step exceeding the ex-
pected washing time.

[0033] Stopping washingand draining the washing wa-
ter may be performed in response to the comparison
when a contamination level of the second contamination
datais less than or equal to the threshold contamination
level. In particular, in step (g), the step (g-2) may be per-
formed in response to the contamination level in the sec-
ond contamination data being less than or equal to the
threshold contamination level in the step (g-1).
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[0034] The step of washing may comprise a water sup-
plying step in which washing water is supplied to the
washing tub according to the determined water supply
amount, and a driving step in which the washing tub is
operated.

[0035] At least one of the sensed contamination level
of air, the expected washing time and a remaining wash-
ing time for which the expected washing time has been
corrected based on the second contamination data may
be displayed to the user through a display. In particular,
in the step (c), a detected state of the dust concentration
and gas inside the washing tub may be displayed to the
user through a display.

[0036] In the step (d), the expected washing time may
be displayed to the user through the display.

[0037] In the step (g), a remaining washing time in
which the expected washing time has been corrected
based on the second contamination data may be dis-
played to the user through the display.

[0038] The step of determining the water supply
amount may be performed after the step of collecting first
contamination data and is based on the amount of laun-
dry as well as on the first contamination data.

[0039] The method may further comprise: continuing
or stopping washing based on the first contamination da-
ta sensed at predetermined times during the step of
washing.

[0040] Theamountoflaundry contained in the washing
tub may be detected by a weight sensor and/or by a driver
for operating the washing tub.

[0041] The water supply amount may be determined
also based on a washing course selected by a user.
[0042] The first contamination data may be indicating
a contamination level of air. The contamination level of
air of the washing tub may be sensed based on a dust
concentration and/or gas components in the air.

[0043] A control method according to another aspect
of the present disclosure includes steps of: (a) detecting
an amount of laundry contained in a washing tub; (c)
collecting first contamination data by detecting a dust
concentration and gas components inside the washing
tub; (c-1) determining a water supply amount based on
the amount of laundry and the first contamination data;
(d) calculating an expected washing time based on at
least one of the amount of laundry, the water supply
amount, or the first contamination data; (e) performing
washing according to the water supply amount and the
expected washing time; (f) collecting second contamina-
tion data indicating a contamination level of washing wa-
ter, based on at least one of conductivity, turbidity, and
spectroscopy information of the washing water meas-
ured at predetermined times during the washing process;
and (g) continuing or stopping the washing based on a
comparison of the second contamination data with a
threshold contamination level, wherein the threshold
contamination level is a predetermined set value of con-
tamination level. The laundry treating apparatus may be
a laundry treating apparatus according to any one of the
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embodiments or aspects described in this disclosure.
[0044] A controlmethod of alaundry treating apparatus
according to another aspect of the present disclosure
comprises steps of: (a) detecting an amount of laundry
contained in a washing tub; (b) determining a water sup-
ply amount based on the amount of laundry; (c) collecting
first contamination data by detecting a dust concentration
and gas components inside the washing tub; (d) calcu-
lating an expected washing time based on the amount
oflaundry and the first contamination data; (e) performing
washing according to the water supply amount and the
expected washing time; and (e-1) continuing or stopping
washing based on the first contamination data measured
at predetermined times during the washing process. The
laundry treating apparatus may be a laundry treating ap-
paratus according to any one of the embodiments or as-
pects described in this disclosure.

[0045] A controlmethod of alaundry treating apparatus
according to another aspect of the present disclosure
comprises steps of: (a) detecting an amount of laundry
contained in a washing tub; (b) determining a water sup-
ply amount based on the amount of laundry; (f) collecting
second contamination data indicating a contamination
level of washing water, based on conductivity, turbidity,
and spectroscopy information of the washing water,
wherein the collecting comprises (f-1) performing a pre-
liminary operation by supplying the washing water to the
washing tub based on the water supply amount deter-
mined in the step (b) and operating a driver; (f-2) calcu-
lating an expected washing time based on the second
contamination data; (e) performing washing according to
the water supply amount and the expected washing time;
and (g) continuing or stopping washing based on a com-
parison with a threshold contamination level, wherein the
threshold contamination level is a predetermined set val-
ue of contamination level, based on the conductivity, tur-
bidity, and spectroscopy information of the washing wa-
ter. The laundry treating apparatus may be a laundry
treating apparatus according to any one of the embodi-
ments or aspects described in this disclosure.

[0046] According to embodiments of the present dis-
closure, the accuracy of determining the contamination
level of the laundry can be improved by measuring the
dust concentration and gas components inside the wash-
ing tub.

[0047] According to embodiments of the present dis-
closure, washing can be performed for an appropriate
time by calculating the washing time based on the amount
of the laundry and the contamination level of the laundry.
[0048] According to embodiments of the present dis-
closure, by measuring the amount of the laundry, the dust
concentration and gas components inside the washing
tub, and the like, and then calculating a washing time and
displaying the washing time to the user, the user can
predict an exact washing end time.

[0049] According to embodiments of the present dis-
closure, by measuring the conductivity, turbidity, and
spectroscopy information of the washing water in real-
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time during washing in order to adjust the expected wash-
ing time, washing can be performed for a time optimized
for the laundry.

BRIEF DESCRIPTION OF THE DRAWINGS
[0050]

FIG. 1 is a perspective view illustrating a vortex-type
laundry treating apparatus.

FIG. 2 is a perspective view illustrating a drum-type
laundry treating apparatus.

FIG. 3 is a block diagram illustrating a laundry treat-
ing apparatus according to one embodiment of the
present disclosure.

FIG. 4 is a diagram illustrating a control panel of the
laundry treating apparatus according to one embod-
iment of the present disclosure.

FIGS. 5and 6 are flowcharts illustrating control meth-
ods of the laundry treating apparatus according to
embodiments of the present disclosure.

FIGS. 7 to 9 are diagrams illustrating a display of the
laundry treating apparatus according to one embod-
iment of the present disclosure.

FIG. 10 is a graph illustrating a state in which dirt is
desorbed from laundry as washing is performed in
the laundry treating apparatus according to one em-
bodiment of the present disclosure.

FIG. 11 is a block diagram illustrating the operation
of a controller in the laundry treating apparatus ac-
cording to one embodiment of the present disclo-
sure.

DETAILED DESCRIPTION

[0051] Hereinafter, embodiments of the presentdisclo-
sure for explanation will be described in more detail with
reference to the accompanying drawings. Like reference
numerals will be given to like parts throughout the de-
tailed description of the embodiments.

[0052] FIG. 1isaperspective view illustrating a vortex-
type laundry treating apparatus 10, and FIG. 2 is a per-
spective view illustrating a drum-type laundry treating ap-
paratus 10.

[0053] The laundry treating apparatus 10 according to
one embodiment of the present disclosure may be a vor-
tex-type laundry treating apparatus 10 in which awashing
tub is installed to be vertically disposed and rotates, as
illustrated in FIG. 1. Alternatively, the laundry treating
apparatus 10 may also be an agitator-type laundry treat-
ing apparatus 10 in which a washing tub is installed to
be vertically disposed and an agitator provided inside the
washing tub rotates.

[0054] Alternatively, the laundry treating apparatus 10
according to one embodiment of the present disclosure
may also be a drum-type laundry treating apparatus in
which the washing tub is horizontally disposed and an
inlet through which the laundry is loaded faces the side,
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as illustrated in FIG. 2.

[0055] Asillustratedin FIGS. 1 and 2, the laundry treat-
ing apparatus 10 according to one embodiment of the
present disclosure includes a main body 20, a door 30,
and a control panel 40. The main body 20 is provided
with an accommodation space therein. A washing tub is
installed in the accommodation space inside the main
body 20. The door 30 is coupled to the main body 20,
and is formed on one side or on the top surface of the
main body 20.

[0056] The door 30 opens or closes the inlet of the
washing tub accommodated inside the main body 20.
The inlet of the washing tub is an opening provided such
that the laundry can be loaded into and withdrawn from
the interior space of the washing tub.

[0057] In addition, the control panel 40 is installed on
the outer surface of the main body 20 or the door 30.
[0058] The control panel 40 includes a manipulation
interface 44 capable of receiving a predetermined signal
from a user. The manipulation interface 44 may be
formed of buttons that can be pressed by the user, and
may be implemented in various forms such as a touch-
type or a dial-type, or the like.

[0059] In addition, the control panel 40 includes a dis-
play 42. Information related to the laundry treating appa-
ratus 10 is displayed on the display 42.

[0060] FIG. 3 is a block diagram illustrating a laundry
treating apparatus 10 according to one embodiment of
the present disclosure.

[0061] Asillustrated in FIG. 3, the laundry treating ap-
paratus 10 according to one embodiment of the present
disclosure further includes a water supplier 50, a drain
port 60, a driver 70, a sensor unitsensor unit 100, and a
controller 200.

[0062] The water supplier 50 is connected to an exter-
nal water supply, and supplies washing water flowing
from the water supply to the inside of the washing tub.
The water supplier 50 performs or stops water supply
under the control of the controller 200.

[0063] The drain port 60 discharges the washing water
inside the washing tub to the outside. The drain port 60
is connected to the lower portion of the washing tub, and
moves the washing water to the outside of the main body
20. The drain port 60 may further include a drain pump
to facilitate drainage. The drain port 60 performs or stops
drainage under the control of the controller 200.

[0064] The driver 70 is installed inside the main body
20. The driver 70 may be disposed at the lower portion
of the washing tub or on one side of the washing tub, and
receives electric power to convert electrical energy into
kinetic energy. The converted kinetic energy may be a
rotational force which may rotate the washing tub in at
least one direction. The driver 70 generates a rotational
force and rotates or stops the washing tub under the con-
trol of the controller 200.

[0065] The sensorunit100includesadustsensor 110,
a gas sensor 120, a spectroscopic sensor 130, a con-
ductivity sensor 140, and a turbidity sensor 150. The gas
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sensor 120, the spectroscopic sensor 130, the conduc-
tivity sensor 140, and the turbidity sensor 150 may be
installed at the washing tub or a location adjacent to the
washing tub, respectively. Alternatively, these sensors
may be installed in a vent provided to allow the interior
space of the washing tub to communicate with the out-
side.

[0066] In the laundry treating apparatus 10 according
to one embodiment of the present disclosure, the sensor
unit 100 is installed in the washing tub, wherein the dust
sensor 110 and the gas sensor 120 may be installed on
an upper portion of the washing tub that the washing
water does not reach when washing is performed. The
spectroscopic sensor 130, the conductivity sensor 140,
and the turbidity sensor 150 may be installed at a position
lower than the minimum height at which the washing wa-
ter is contained in the washing tub when washing is per-
formed. Specifically, the spectroscopic sensor 130, the
conductivity sensor 140, and the turbidity sensor 150 may
be installed at a lower portion of the interior space of the
washing tub.

[0067] The dust sensor 110 detects the dust concen-
tration in the washing tub. Specifically, the dust sensor
110 may measure the dust concentration inside the
washing tub by irradiating light into the washing tub and
detecting light reflected from the dust. Here, the irradiated
light may be infrared LED light, and the infrared LED light
reflected from the dust may be detected through an in-
frared receiver. Here, data detected through the infrared
receiver is transmitted to the controller 200. The control-
ler 200 calculates the dust concentration inside the wash-
ing tub through the data received from the dust sensor
110.

[0068] The gas sensor 120 detects gas components
inside the washing tub. The gas sensor 120 may be pro-
vided to detect the concentration of a gas of a predeter-
mined component, and measure the concentration of the
gas remaining inside the washing tub and transmit the
same to the controller 200. The controller 200 may cal-
culate the concentration of a specific gas component re-
maining inside the washing tub through the data received
from the gas sensor 120.

[0069] The gas sensor 120 may detect whether oil is
included in a contaminantin the laundry, or whether there
is a specific contaminant impacting the washing speed,
or the like, by detecting at least one predetermined gas
component.

[0070] The spectroscopic sensor 130 may detect the
component and concentration of a composition (e.g., dirt
or contaminant) desorbed (separated) from the laundry
and remaining in the washing water.

[0071] The spectroscopic sensor 130 may include an
output device, a spectrometer, and a detector, wherein
the spectrum of a washing water sample collected by the
detector is measured through the spectrometer to detect
the type or concentration of the composition contained
in the washing water.

[0072] A plurality of detectors may be provided accord-
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ing to types of predetermined compositions, and each
detector may detect a predetermined composition and
the spectrometer may measure the concentration there-
of. However, this is merely exemplary, and the type and
concentration of contaminant remaining in the washing
water may be measured in various ways according to
embodiments of the present disclosure.

[0073] The conductivity sensor 140 measures the con-
ductivity of the washing water contained in the washing
tub. The conductivity sensor 140 detects the conductivity
due to a conductive material (e.g., dirt or contaminant)
included in the washing water to detect a contamination
level of the washing water, and may be implemented us-
ing the ’Conductivity sensor of washer’ disclosed in Ko-
rean Patent Registration No. 10-0457578.

[0074] The turbidity sensor 150 detects the turbidity of
the washing water. Specifically, light emitted from a light
emitting element passes through the washing water and
is received by a light receiving element, and the turbidity
of the washing water is measured by comparing the emit-
ted light amount with the received light amount. Accord-
ingly, the higher the measured turbidity of the washing
water, the higher the contamination level of the washing
water may be determined to be, and the lower the meas-
ured turbidity of the washing water, the lower the con-
tamination level of the washing water may be determined
to be.

[0075] The above-describeddustsensor110, gassen-
sor 120, spectroscopic sensor 130, conductivity sensor
140, and turbidity sensor 150 all detect the contamination
level of air or washing water contained in the washing tub.
[0076] The respective pieces of contamination data
detected by the sensor unit 100 are transmitted to the
controller 200.

[0077] Thecontroller 200 is a kind of central processing
unit, and downloads data or programs from a storage
210 included in the controller 200 to operate the laundry
treating apparatus. The controller 200 may include any
types of devices which are capable of processing data,
such as a processor.

[0078] Here, 'processor’ may, for example, refer to a
data processing device embedded in hardware, which
has physically structured circuitry in order to perform a
function represented by codes or instructions contained
in a program. Examples of the data processing device
embedded in hardware include, a microprocessor, a cen-
tral processing unit (CPU), a processor core, a multiproc-
essor, an application-specific integrated circuit (ASIC),
and a field programmable gate array (FPGA), but the
scope of the present disclosure is not limited thereto.
[0079] In one embodiment of the present disclosure,
the controller 200 controls the operation of the water sup-
plier 50, the drain port 60, and the driver 70, as described
above. In addition, the controller 200 may be involved in
opening and closing the door 30.

[0080] The storage 210 is included in the controller
200, and stores programs and data for operating the laun-
dry treating apparatus 10 according to one embodiment
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of the present disclosure. Programs and data stored in
the storage 210 may be executed or used for calculation
through the controller 200.

[0081] The storage 210 may store a reference data
table for calculating the dust concentration, gas compo-
nent and concentration, turbidity of washing water, and
contamination level based on data measured from each
of the dust sensor 110, gas sensor 120, spectroscopic
sensor 130, conductivity sensor 140, and turbidity sensor
150. The reference data table may serve as reference
data for calculating an expected washing time through
the respective pieces of data measured through the sen-
sor unit 100. The reference data table may also serve as
a threshold contamination level, which is a value at which
washing water is contaminated and thus further washing
may cause re-contamination of the laundry.

[0082] For example, the contamination level and the
contamination type may be calculated from the air quality
data inside the washing tub measured through the dust
sensor 110 and the gas sensor 120, and an expected
washing time may be calculated by comparing the data
with the reference data table stored in advance in the
storage 210.

[0083] The controller 200 may calculate the expected
washing time by comparing the data with first comparison
data, which is predetermined reference data according
to the dust concentration and gas component. The first
comparison data may be stored in the storage 210, and
the first comparison data may include values predeter-
mined by experiment or by calculation.

[0084] In addition, the calculation of the remaining
washing time through the controller 200 may use second
comparison data, which is reference data to which a pre-
determined expected washing time is assigned accord-
ing to the water quality of the washing water.

[0085] The second comparison data may be stored in
advance in the storage 210, and may include values pre-
determined by experiment or by calculation.

[0086] The air quality data inside the washing tub
measured through the dust sensor 110 and the gas sen-
sor 120 is referred to as first contamination data in the
present disclosure.

[0087] In addition, the degree of washing progress of
the laundry may be calculated from the contamination
level data of the washing water measured through the
spectroscopic sensor 130, the conductivity sensor 140,
and the turbidity sensor 150, and the remaining washing
time may be calculated by comparing the data with the
reference datatable stored in advance in the storage 210.
[0088] The contaminationleveldata ofthe washingwa-
ter measured through the spectroscopic sensor 130, the
conductivity sensor 140, and the turbidity sensor 150 is
referred to as second contamination data in the present
disclosure, and may be detected at predetermined time
intervals during washing.

[0089] FIG. 4 is a diagram illustrating a control panel
40 of the laundry treating apparatus 10 according to one
embodiment of the present disclosure.
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[0090] As illustrated in FIG. 4, a display 42 is provided
outside the main body 20, and may be disposed on the
control panel 40 together with a manipulation interface
44,

[0091] The display 42 displays washing information of
the laundry treating apparatus 10 to the user through
visual information and/or auditory information that can
be recognized by the user.

[0092] The display 42 may display the type of contam-
ination detected by the sensor unit 100, a washing
course, and an expected washing time.

[0093] A control method of the laundry treating appa-
ratus 10 according to one embodiment of the present
disclosure as described above will hereinafter be de-
scribed.

[0094] The control method according to one embodi-
ment of the present disclosure may be implemented as
a process in which a first expected washing time is cal-
culated after laundry is loaded in a washing tub, and
washing is performed according to the calculated expect-
ed washing time.

[0095] FIGS. 5 and 6 are flowcharts illustrating control
methods of the laundry treating apparatus 10 according
to embodiments of the present disclosure.

[0096] Asillustratedin FIGS. 5and 6, the control meth-
ods according to embodiments of the present disclosure
are as follows.

[0097] In a step (a) (S10), an amount of laundry con-
tained in a washing tub is detected. The amount of laun-
dry may be detected through a weight sensor connected
to the washing tub. Alternatively, the amount of laundry
may be detected by driving the driver 70 and measuring
torque applied to the driver 70.

[0098] In a step (b) (S20), the water supply amount is
determined based on the amount of laundry measured
in the step (a) (S10). The water supply amount may vary
depending on the washing course selected by the user,
but the water supply amount may be determined in ad-
vance according to the amount of laundry for each wash-
ing course selectable by the user.

[0099] In a step (c) (S30), first contamination data is
collected by detecting a dust concentration and gas com-
ponents inside the washing tub.

[0100] In a step (d) (S40), an expected washing time
is calculated based on the amount of laundry measured
in the step (a) (S 10) and the first contamination data
collected in the step (c) (S30).

[0101] In a step (e) (S50), washing is performed by
driving the driver 70 according to the water supply amount
and the expected washing time.

[0102] In addition, the step (e) (S50) may include a
water supplying step (S52) in which the washing water
is supplied to the washing tub according to the water
supply amount, and a driver driving step (S54) in which
the washing tub is operated by driving the driver 70
through the controller 200.

[0103] In addition, the step (e) (S50) may include a
step (e-1). In the step (e-1), washing is continued or
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stopped based on the first contamination data measured
at predetermined times (at a predetermined cycle) during
the washing process. That is, the first contamination data
is measured at predetermined time intervals through the
dust sensor 110 and the gas sensor 120 while washing
is in progress, and the controller 200 may determine
whether to further continue washing or whether to stop
washing by comparing the measured first contamination
data with data stored in advance in the storage 210.
[0104] In a step (f) (S60), second contamination data,
indicating the contamination level of the washing water
based on the conductivity, turbidity, and spectroscopy
information of the washing water measured at predeter-
mined times during the washing process, is collected.
[0105] The step (f) (S60) may include a step (f-1) and
a step (f-2). In a step (f-1), a preliminary operation is
performed by supplying the washing water correspond-
ing to the water supply amount determined through the
step (b) (S20) to the washing tub and operating the driver
70 for a predetermined time. The step (f-1) is a prelimi-
nary step in which the laundry isimmersed in the washing
water and the second contamination data may be col-
lected through the contamination level of the washing
water contaminated by the laundry. The step (f-1) may
correspond to step (S52) and be included in step (e)
(S50). The step (f-2) calculates a corrected expected
washing time based on the second contamination data.
That is, a remaining washing time may be calculated
based on the second contamination data collected
through the step (f) (S60), and the expected washing time
calculated through the step (d) (S40) may be corrected
by reflecting the calculated remaining wash time. Spe-
cifically, by adding the calculated remaining washing time
to the expected washing time minus the time for which
washing has already been performed, the expected
washing time from the time when the second contami-
nation data is collected to the end of washing is calculat-
ed.

[0106] In a step (g) (S70), washing is continued or
stopped based on a comparison of the second contam-
ination data with a threshold contamination level in a ref-
erence data table stored in advance in the storage 210.
Thatis, in response to the contamination level in the sec-
ond contamination data exceeding the threshold contam-
ination level, washing is stopped, and in response to the
contamination level in the second contamination data be-
ing less than the threshold contamination level, washing
is continued.

[0107] The step (g) (S70) may further include a step
(g-1) and a step (g-2).

[0108] Inthe step (g-1), in response to the contamina-
tion level in the second contamination data exceeding
the threshold contamination level, the washing water
contained in the washing tub is drained by performing a
drainage step (S80), and the water supplying step (S52)
is then performed. In the step (g-2), in response to the
performed time of the driver driving step (S54) exceeding
the expected washing time, drainage is performed and
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washing is stopped.

[0109] The step (g-2) may be performed in response
to the contamination level in the second contamination
data being less than or equal to the threshold contami-
nation level in the step (g-1).

[0110] FIGS.7to9arediagramsillustrating the display
42 of the laundry treating apparatus 10 according to one
embodiment of the present disclosure.

[0111] As illustrated in FIG. 7, in the control method
according to one embodiment of the present disclosure,
a state of the dust concentration and gas components
inside the washing tub detected in the step (c) (S30) may
be displayed to the user through the display 42.

[0112] Asillustrated in FIG. 8, when the water supply-
ing step (S52) and the driver driving step (S54) are per-
formed again through the step (g-1), the display 42 may
display information indicating second washing or third
washing, according to the number of times of perform-
ance of the water supplying step (S52) and the driver
driving step (S54) through the step (g-1).

[0113] Asillustrated in FIG. 9, in the step (d) (S40), the
display 42 may display the expected washing time to the
user. In addition, the display 42 may display the remain-
ing washing time in which the expected washing time has
been corrected based on the second contamination data
in the step (g) (S70).

[0114] Alternatively, a control method according to an-
other embodiment of the present disclosure may include,
as described above, steps of: (a) (S10) detecting the
amount of laundry contained in a washing tub; (c) (S30)
collecting first contamination data by detecting the dust
concentration and gas components inside the washing
tub; (c-1) determining the water supply amount based on
the amount of laundry and the first contamination data;
(d) (S40) calculating an expected washing time based
on atleast one of the amount of laundry, the water supply
amount, or the first contamination data; (e) (S50) per-
forming washing according to the water supply amount
and the expected washing time; (f) (S60) collecting sec-
ond contamination data indicating the contamination lev-
el of the washing water, based on conductivity, turbidity,
and spectroscopy information of the washing water
measured at predetermined times during the washing
process; and (g) (S70) continuing or stopping the wash-
ing based on a comparison of the second contamination
data with a threshold contamination level, which is a pre-
determined set value of contamination level.

[0115] FIG. 10 is a graph illustrating a state in which
dirt is desorbed from laundry as washing is performed in
the laundry treating apparatus 10 according to one em-
bodiment of the present disclosure.

[0116] Referring to FIG. 10, the horizontal axis repre-
sents the elapse of the washing time, and the vertical
axis represents the amount of contaminant (dirt) in the
laundry. Whenwashing is performed, the desorption phe-
nomenon of contaminants occurs at a gradual slope while
the washing water penetrates into the fibers of the laundry
(0 to ti).
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[0117] Whenthe laundry is sufficientlyimmersed in the
washing water, and the laundry receives a physical force
by driving of the driver 70 (t, to t,), the phenomenon of
the contaminants being desorbed from the laundry be-
comes active.

[0118] However, when the washing water becomes
saturated with the contaminants (t,~), the phenomenon
of the contaminants being desorbed from the laundry
stops, and re-contamination of the laundry, in which the
contaminants contained in the washing water are again
bound to the laundry, occurs.

[0119] Therefore, in order to prevent recontamination
of the laundry, the threshold contamination level in the
step (g) (S70) may be formed at a point adjacent to t,.
[0120] FIG. 11 is a block diagram illustrating the oper-
ation of the controller 200 in the laundry treating appa-
ratus 10 according to one embodiment of the present
disclosure.

[0121] Asillustrated in FIG. 11, in the laundry treating
apparatus 10 and the control method thereof according
to one embodiment of the present disclosure, the con-
troller 200 receives first contamination data and second
contamination data to calculate an expected washing
time and a remaining washing time. The controller 200
compares the second contamination data with the thresh-
old contamination level and compares the elapsed wash-
ing time with the expected washing time and the remain-
ing washing time, and according to the results thereof,
controls the water supplier 50, the driver 70, and drain-
age.

[0122] In the above, the embodiments of the present
disclosure have been described with reference to the
drawings, butthisisillustrative and the presentdisclosure
is not limited to the above-described embodiments and
drawings. It is apparent that those skilled in the art can
modify the embodiments of the present disclosure within
the technical scope of the present disclosure. In addition,
although an operation or effect according to the config-
uration is not explicitly described while describing one
embodiment of the present disclosure, it is natural that
the effects predictable by the configuration should be rec-
ognized.

[List of Reference Symbols in Drawings]

[0123]

10: laundry treating apparatus
20: main body

30: door

40: control panel

42: display

44: manipulation interface
50: water supplier

60: drain port

70: driver

100: sensor

110:  dust sensor
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10

120: gas sensor

130:  spectroscopic sensor
140:  conductivity sensor
150:  turbidity sensor

200:  controller

210:  storage

Claims

1. A laundry treating apparatus (10), comprising:

a washing tub for accommodating laundry;

a driver (70) configured to operate the washing
tub;

a water supply unit (50) configured to supply
washing water to the wasshing tub;

a drain unit (60) configured to discharge the
washing water contained in the washing tub;

a sensor unit (100) configured to sense a con-
tamination level of air and/or of washing water
of the washing tub; and

a controller (200) configured to control the driver
(70), the water supply unit (50), the drain unit
(60) and the sensor unit (100), to determine an
expected washing time based on data sensed
through the sensor unit (100) and to perform
washing according to the water supply amount
and the expected washing time.

2. The apparatus of claim 1, further comprising a stor-
age (210) storing first comparison data to which a
predetermined expected washing time is assigned
based on the sensed contamination level of the air,
and/or second comparison data to which a predeter-
mined expected washing time is assigned based on
the sensed contamination level of the water, and
wherein the controller (200) is configured to deter-
mine the expected washing time based on the first
and/or second comparison data stored in the storage
(210).

3. The apparatus of claim 1 or 2, wherein a measure-
ment cycle of the sensor unit (110) is adjustable by
a user.

4. Theapparatus according to any one of the preceding
claims, wherein the sensor unit (100) comprises at
least one of a dust sensor (110) configured to meas-
ure a dust concentration in air of the washing tub, a
gas sensor (120) configured to measure gas com-
ponents in air of the washing tub, a turbidity sensor
(150) configured to measure a turbidity of washing
water in the washing tub, a conductivity sensor (140)
configured to measure a conductivity of washing wa-
ter in the washing tub, and a spectroscopic sensor
(130) configured to measure a type and/or a concen-
tration of contaminants in the washing water in the
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washing tub

The apparatus of claim 4, wherein the dust sensor
(110) and/or the gas sensor (120) are installed at an
upper portion in the washing tub or in a vent com-
municating an inside of the washing tub with an out-
side thereof, and/or wherein at least one of the tur-
bidity sensor (150), the conductivity sensor (140),
and the spectroscopic sensor (130) is installed at a
lower portion in the washing tub.

A control method of a laundry treating apparatus (10)
having a washing tub, comprising steps of:

detecting (S10) an amount of laundry contained
in a washing tub;

determining (S20) a water supply amountbased
on the amount of laundry;

collecting (S30, S70) first contamination data by
sensing a contamination level of air of the wash-
ing tub and/or second contamination data by
sensing a contamination level of washing water
in the washing tub;

calculating (S40) an expected washing time
based on the first contamination data and/or the
second contamination data; and

washing (S50) according to the water supply
amount and the expected washing time.

The control method of claim 6, wherein second con-
tamination data indicating a contamination level of
washing water are collected (S70), based on atleast
one of conductivity, turbidity, and spectroscopy in-
formation of the washing water measured at prede-
termined times during the washing (S50); and further
comprising:

continuing or stopping washing based on a compar-
ison (S70) of the second contamination data with a
threshold contamination level, wherein the threshold
contamination level is a predetermined value.

The control method of claim 7, further comprising
steps of:

draining (S80) the washing water from the wash-
ing tub and performing the step of washing (S50)
again, in response to the comparison (S70)
when a contamination level of the second con-
tamination data exceeds the threshold contam-
ination level; and

stopping washing and draining (S80) the wash-
ing water from the washing tub, when a time of
the step of washing (S50) exceeds the expected
washing time.

9. The control method of claim 8, wherein stopping

washing and draining (S80) the washing water is per-
formed in response to the comparison (S70) when
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10.

1.

12.

13.

14.

15.

20

a contamination level of the second contamination
data is less than or equal to the threshold contami-
nation level.

The control method according to any one of claims
6 to 9, wherein the washing (S50) comprises:

a water supplying step (S52) in which washing
water is supplied to the washing tub according
to the determined water supply amount; and

a driving step (S54) in which the washing tub is
operated.

The control method according to any one of claims
6 to 10, wherein at least one of the sensed contam-
ination level of air, the expected washing time and a
remaining washing time for which the expected
washing time has been corrected based on the sec-
ond contamination data is displayed to the user
through a display (42).

The control method according to any one of claims
6 to 11, wherein the step of determining (S20) the
water supply amount is performed after the step of
collecting (S20, S60) first contamination data and is
based on the amount of laundry as well as on the
first contamination data.

The control method according to any one of claims
6 to 12, further comprising the step of:

continuing or stopping washing based on the first
contamination data sensed at predetermined times
during the step of washing (S50).

The control method according to any one of claims
6 to 13, wherein the amount of laundry contained in
the washing tub is detected by a weight sensor
and/or by a driver for operating the washing tub,
and/or wherein the water supply amount is deter-
mined also based on a washing course selected by
a user.

The control method according to any one of claims
6 to 14, wherein the first contamination data are in-
dicating a contamination level of air and/or wherein
the contamination level of air of the washing tub is
sensed based on a dust concentration and/or gas
components in the air.
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