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(57) Disclosed is a display apparatus which selects
one output setting level among the plurality of output set-
ting levels based on the received user input, selects one
ambient characteristic level among the plurality of ambi-
ent characteristic levels based on the detected ambient
characteristic, selects an output setting value corre-

sponding to the selected output setting level and the se-
lected ambient characteristic level among the plurality of
output setting values, and controls the display to cause
the light source to output light based on the selected out-
put setting value.
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is based on and claims priority
under 35 U.S.C. §119 to Korean Patent Application No.
10-2019-0060770 filed on May 23, 2019 in the Korean
Intellectual Property Office, the disclosure of which is in-
corporated by reference herein in its entirety.

BACKGROUND
1. Field

[0002] The disclosure relates to a display apparatus,
which outputs light to display an image, and a control
method thereof, and more particularly to a display appa-
ratus, which displays an image with brightness based on
a user input and the ambient characteristic, and a control
method thereof.

2. Description of the Related Art

[0003] With continuous technical developmentof a dis-
play apparatus, a recent display apparatus has various
functions for setting up optimum viewing environments
as well as a simple function for displaying an image. For
example, when a user turns up the brightness of an im-
age, the display apparatus may adjust the brightness of
the image considering illuminance such as surrounding
illumination, sunlight, etc. (hereinafter, referred to as 'am-
bient characteristics’).

[0004] A detailed example of taking the surrounding
illumination into account to adjust the brightness of the
image is as follows. The display apparatus detects the
brightness of the surrounding illumination, and performs
an operation with regard to input brightness data of a
user and detected brightness data of the illumination,
thereby calculating a brightness adjustment value. Fur-
ther, the display apparatus may adjust and output the
brightness of an image based on the calculated bright-
ness adjustment value. Thus, the brightness is adjusted
by considering the ambient characteristic with respect to
a use input for adjusting the brightness of the image,
thereby providing an image optimized for current viewing
environments.

SUMMARY

[0005] An aspect of one or more exemplary embodi-
ments is to provide a display apparatus and a control
method thereof, in which a burden of resources is eased
when the brightness of an image is adjusted considering
an ambient characteristic, thereby not only preventing a
delay of a brightness adjusting time and degradation of
brightness adjusting performance, but also reducing
power consumption.

[0006] According to an exemplary embodiment, there
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is provided a display apparatus comprising: a display
comprising a light source to output light, and configured
to display an image based on the output light; a storage
configured to store a look-up table in which a plurality of
output setting levels for the light source, and a plurality
of output setting values for the light source provided to
output the light with brightness corresponding to a plu-
rality of ambient characteristic levels of the display ap-
paratus are tabulated; an input receiving circuit config-
ured toreceive a user input; a sensor configured to detect
an ambient characteristic of the display apparatus; and
a processor configured to: select one output setting level
among the plurality of output setting levels based on the
received user input, select one ambient characteristic
level among the plurality of ambient characteristic levels
based on the detected ambient characteristic, select an
output setting value corresponding to the selected output
setting level and the selected ambient characteristic level
among the plurality of output setting values, and control
the display to cause the light source to output light based
on the selected output setting value.

[0007] The ambient characteristic comprises at least
one of brightness or color temperature around the display
apparatus.

[0008] The display further comprises a driving circuit
configured todrive the light source based on a pulse width
modulation (PWM) control signal, and the output setting
value comprises a setting value of the PWM control sig-
nal.

[0009] The storage is configured to store a second
look-up table in which a plurality of second output setting
levels based on the output setting value of the look-up
table, and a plurality of second output setting values pro-
vided corresponding to a plurality of second ambient
characteristic levels of the display apparatus are tabulat-
ed, and the processor is configured to: select one second
output setting level among the plurality of second output
setting levels based on the selected output setting value,
select one second ambient characteristic level among
the plurality of second ambient characteristic levels, se-
lect a second output setting value corresponding to the
selected second output setting level and the selected
second ambient characteristic level among the plurality
of second output setting values, and control the display
to display the image based on the selected second output
setting value.

[0010] The storage is configured to store a second
look-up table in which a plurality of second output setting
levels based on the output setting value in the look-up
table, and a plurality of second output setting values pro-
vided to correspond to a plurality of image-quality adjust-
ment levels of the display apparatus are tabulated, and
the processor is configured to: select one second output
setting level among the plurality of second output setting
levels based on the selected output setting value, select
one image-quality adjustment level among the plurality
of image-quality adjustment level based on a user input,
select a second output setting value corresponding to
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the selected second output setting level and the selected
image-quality adjustment level among the plurality of
second output setting values, and control the display to
display an image based on the selected second output
setting value.

[0011] The second output setting value comprises one
of a brightness setting value for the light source or a
brightness setting value for an image signal.

[0012] The storage is configured to store the plurality
of look-up tables which are different in the output setting
value from each other with respect to the same output
setting level and the same ambient characteristic level,
the processor is configured to select one look-up table
among the plurality of look-up tables, and select the out-
put setting value in the selected look-up table.

[0013] The processor is configured to select one look-
up table among the plurality of look-up tables based on
the user input.

[0014] The processor controls the display to display
guide information showing properties of output setting
values in the plurality of look-up tables.

[0015] The plurality of output setting levels and the plu-
rality of ambient characteristic levels are provided to have
uniform gaps between the plurality of neighboring output
setting values.

[0016] Levels of at least some sections of the plurality
of output setting levels and the plurality of ambient char-
acteristic levels are provided to have non-uniform gaps
between the plurality of neighboring output setting val-
ues.

[0017] The processor changes at least one output set-
ting value among the plurality of output setting values in
the look-up table based on the user input, and stores the
changed output setting value in the storage.

[0018] The processor adjusts at least one of a mini-
mum value or a maximum value of the output setting level
based on the user input, and changes the plurality of
output setting values based on the minimum value or the
maximum value of the adjusted output setting level.
[0019] The processor controls the display to display
second guide information showing properties of output
setting values in the plurality of look-up tables which are
different in the minimum value or the maximum value of
the output setting level from each other.

[0020] According to another exemplary embodiment,
there is provided a method of controlling a display appa-
ratus comprising a display comprising a light source to
output light and configured to display an image based on
the output light, the method comprising: selecting one
output setting level based on a user input among a plu-
rality of output setting levels for the light source, with ref-
erence to a look-up table in which the plurality of output
setting levels for the light source, and a plurality of output
setting values for the light source provided to output the
light with brightness corresponding to a plurality of am-
bient characteristic levels of the display apparatus are
tabulated; selecting one ambient characteristic level
among the plurality of ambient characteristic of the dis-
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play apparatus levels based on the ambient characteris-
tic of the display apparatus; selecting an output setting
value corresponding to the selected output setting level
and the selected ambient characteristic level among the
plurality of output setting values for the light source; and
controlling the display to cause the light source to output
light based on the selected output setting value.

[0021] The ambient characteristic comprises at least
one of brightness or color temperature around the display
apparatus.

[0022] The output setting value comprises a setting
value for a pulse width modulation (PWM) control signal,
and the controlling comprises driving the light source
based on the PWM control signal.

[0023] Further comprising: selecting one second out-
put setting level among a plurality of second output set-
ting levels based on the selected output setting value,
with reference to a second look-up table in which the
plurality of second output setting levels based on the out-
put setting value of the look-up table, and a plurality of
second output setting values provided corresponding to
a plurality of second ambient characteristic levels of the
display apparatus are tabulated; selecting one second
ambient characteristic level among the plurality of second
ambient characteristic levels; selecting a second output
setting value corresponding to the selected second out-
put setting level and the selected second ambient char-
acteristic level among the plurality of second output set-
ting values; and controlling the display to display the im-
age based on the selected second output setting value.
[0024] Further comprising: selecting one second out-
put setting level among the plurality of second output
setting levels based on the selected output setting value,
with reference to a second look-up table in which a plu-
rality of second output setting levels based on the output
setting value in the look-up table, and a plurality of second
output setting values provided to correspond to a plurality
of image-quality adjustment levels of the display appa-
ratus are tabulated; selecting one image-quality adjust-
ment level among the plurality of image-quality adjust-
ment level based on a user input; selecting a second
output setting value corresponding to the selected sec-
ond output setting level and the selected image-quality
adjustment level among the plurality of second output
setting values; and controlling the display to display an
image based on the selected second output setting value.
[0025] According to another exemplary embodiment,
there is provided a recording medium stored with a com-
puter program comprising a code for performing a meth-
od of controlling a display apparatus comprising a display
comprising a light source to output light and configured
to display an image based on the output light, as a com-
puter readable code, the method comprising: selecting
one output setting level based on a user input among a
plurality of output setting levels for the light source, with
reference to a look-up table in which the plurality of output
setting levels for the light source, and a plurality of output
setting values for the light source provided to output the
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light with brightness corresponding to a plurality of am-
bient characteristic levels of the display apparatus are
tabulated; selecting one ambient characteristic level
among the plurality of ambient characteristic of the dis-
play apparatus levels based on the ambient characteris-
tic of the display apparatus; selecting an output setting
value corresponding to the selected output setting level
and the selected ambient characteristic level among the
plurality of output setting values for the light source; and
controlling the display to cause the light source to output
light based on the selected output setting value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The above and/or the aspects will become ap-
parent and more readily appreciated from the following
description of exemplary embodiments, takenin conjunc-
tion with the accompanying drawings, in which:

FIG. 1 illustrates a display apparatus according to
an embodiment of the disclosure;

FIG. 2 is a block diagram of the display apparatus in
FIG. 1;

FIG. 3 is a flowchart of controlling the display appa-
ratus in FIG. 1;

FIG. 4 illustrates a look-up table in which a plurality
of output setting values in FIG. 3 are tabulated;

FIG. 5 illustrates that the display apparatus in FIG.
3 outputs light based on an output setting value se-
lected in the look-up table;

FIG. 6 illustrates that a light source is driven based
on a pulse width modulation (PWM) control signal in
connection with operation S35 in FIG. 3;

FIG. 7 illustrates that a second output setting value
of a second look-up table is selected based on an
output setting value selected in the look-up table in
connection with operation S34 in FIG. 3;

FIG. 8illustrates that atleast one output setting value
is changed among a plurality of output setting values
in the look-up table;

FIG. 9 illustrates an example of selecting a plurality
of look-up tables different in an output setting value
from one another;

FIG. 10 illustrates an example of displaying guide
information that shows properties of output setting
values in the plurality of look-up tables;

FIG. 11 shows properties of output setting values
changed based on the minimum value or maximum
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value of the output setting level; and

FIG. 12 illustrates an example of displaying second
guide information that shows properties of output
setting values of the plurality of look-up tables differ-
ent in the minimum value or maximum value of the
output setting level from each other.

DETAILED DESCRIPTION

[0027] Below, embodiments of the disclosure will be
described in detail with reference to accompanying draw-
ings. In the description of the following embodiments,
elements illustrated in the accompanying drawings will
be referenced, and like numerals or symbols set forth in
the drawings refer to like elements having substantially
the same operations. In the disclosure, at least one
among a plurality of elements refers to not only all the
plurality of elements but also both each one of the plurality
of elements excluding the other elements and a combi-
nation thereof.

[0028] FIG. 1 illustrates a display apparatus 1 accord-
ing to an embodiment of the disclosure. As shown in FIG.
1, the display apparatus 1 according to this embodiment
may display an image. FIG. 1 shows that the display ap-
paratus 1 is a television (TV), but the display apparatus
1is not limited to the TV. Alternatively, the display appa-
ratus 1 may be embodied by a smartphone, a tablet com-
puter, a personal computer, a wearable device such as
a smart watch, a multimedia player, an electronic frame,
home appliances such as a refrigerator, or the like capa-
ble of displaying an image. However, for convenience of
description, descriptions will be made on the assumption
that the display apparatus 1 is the TV.

[0029] The display apparatus 1 may include a display
10 configured to display an image 15. For example, the
image 15 may be displayed with predetermined bright-
ness based on light emitted from a light source of the
display 10.

[0030] The display apparatus 1 may receive a user in-
put for changing the brightness of the image 15 displayed
on the display 10. For example, the user input may be
received through a remote controller 3, and the display
apparatus 1 may receive a remote-control signal corre-
sponding to the user input from the remote controller 3
through an input receiving circuit 30. In this case, the
input receiving circuit 30 may include a remote-control
signal module 31. However, a user input is not limited to
the user input received through the remote controller 3,
but may be received through an external device such as
a smartphone, a wearable device, etc. Hereinafter, for
convenience of description, the descriptions willbe made
on the assumption that a user input is received through
the remote controller 3.

[0031] The display apparatus 1 may detect ambient
characteristics. The ambient characteristics may include
the brightness, illuminance, ambient color temperature,
etc. of an illumination, sunlight, and the like around the
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display apparatus 1. The ambient characteristic may be
detected by a sensor 40 provided inside the display ap-
paratus 1, but there are no limits to the detection of the
ambient characteristic. Alternatively, the ambient char-
acteristic may be detected by an external sensor provid-
ed outside the display apparatus 1. In this case, the dis-
play apparatus 1 may further include an element config-
ured to receive the ambient characteristic detected by
the external sensor.

[0032] The display apparatus 1 may display an image
with brightness based on the detected ambient charac-
teristic. For example, it will be assumed that the display
apparatus 1 is provided in a room together with an illu-
mination 6, and displays the image 15 with predeter-
mined brightness. When the illumination 6 emits light with
an illuminance of 450 lux’, the display apparatus 1 may
display the image 15 with brightness corresponding to
the illuminance of '450 lux’ detected through the sensor
40. Further, when the illumination 6 emits light with an
illuminance of ’850 lux’, the display apparatus 1 may dis-
play the image 15 with brightness corresponding to the
illuminance of '850 lux’ detected through the sensor 40.
The brightness corresponding to the illuminance of ‘850
lux’ may be designed to be higher than the brightness
corresponding to the illuminance of 450 lux’, or the bright-
ness corresponding to the illuminance of 450 lux’ may
be designed to be higher than the brightness correspond-
ing to the illuminance of ‘850 lux’.

[0033] Whenauserinputis made tochange the bright-
ness of an image, the display apparatus 1 may display
the image with brightness by taking the user input and
the ambient characteristic into account. The brightness
of the displayed image may be adjusted by changing an
output setting level of a light source 11 or changing an
image signal’s own brightness level.

[0034] Forexample, it will be assumed that the display
apparatus 1 is provided in a room together with the illu-
mination 6 and displays the image 15 while the light
source 11 has an output setting level of '40’. When a user
input for changing the output setting level into '80’ is re-
ceived, and the sensor 40 detects an illumination 61 hav-
ing an illuminance of '850 lux’, the display apparatus 1
may emit light with an output setting level obtained by
taking both the output setting level of ‘80’ based on the
user input and the illuminance of ‘850 lux’ into account,
and display an image 16 with the changed brightness.
The brightness of the image 16, which is obtained by
considering both the output setting level of ‘80" and the
illuminance of ‘850 lux’, may be designed to be higher,
lower or equal to the brightness of the image based on
the output setting level of ’80’, and may be nonlinear or
discontinuous as compared with the brightness of the
image based on the output setting level of '80’.

[0035] In particular, the display apparatus 1 according
to this embodiment may display the image 16 with the
brightness, obtained by considering both the user input
and the ambient characteristic with reference to a look-
up table 21. The look-up table 21 may include a plurality
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of output setting values tabulated to emit light with bright-
ness obtained by taking both the user input and the am-
bient characteristic into account.

[0036] Forexample, it will be assumed that the display
apparatus 1 displays the image 15 while the light source
11 has the output setting level of '40’ under the condition
that the illumination 61 has the illuminance of ‘850 lux’.
In this case, when a user input is made to change the
output setting level into ’80’, the display apparatus 1 may
select an output setting value corresponding to the illu-
minance of ‘850 lux’ among a plurality of output setting
values matching the output setting level of ‘80’ with ref-
erence to the look-up table 21, and display the image 16
by controlling the light source 11 to emit light with the
brightness corresponding to the selected output setting
value of ‘83’. Alternatively, the display apparatus 1 may
be provided with a look-up table in which brightness set-
ting values of an image signal are tabulated, select a
brightness setting value corresponding to the illuminance
of ’850 lux’ among the plurality of brightness setting val-
ues matching the output setting level of 80’ with refer-
ence to the look-up table, and process the image signal
based on the selected brightness setting value, thereby
displaying the image 16. In this regard, details will be
described with reference to FIG. 4 and the like.

[0037] Like this, the display apparatus 1 displays the
image 16 with the brightness based on the user input and
the ambient characteristic with reference to the look-up
table 21, and thus a burden of resources in the display
apparatus 1 is eased when the image 16 is displayed
with the brightness optimized by performing operation
between the user input and the ambient characteristic.
[0038] In particular, even though the amount of data
related to the detection of the ambient characteristic is
rapidly increased due to diversity, complexity, variability,
irregularity, etc. of the ambient characteristic, the display
apparatus 1 according to this embodiment not only pre-
vents a time delay or performance degradation in adjust-
ment into the optimum brightness but also reduces power
consumption.

[0039] FIG. 2 is a block diagram of the display appa-
ratus in FIG. 1. As shown in FIG. 2, the display apparatus
1 according to this embodiment may include the display
10, a storage 20, the input receiving circuit 30, and the
sensor 40.

[0040] The display 10 may display an image based on
a processed image signal/data. For example, the display
10 may display a broadcast image based on a broadcast
signal of a tuned channel. For example, there are various
types of the display 10, such as liquid crystal, plasma,
an organic light-emitting diode, a carbon nano-tube, na-
no-crystal, etc., and the display 10 is not limited to these
types.

[0041] The display 10 may include the light source 11.
The light source 11 may emit light with predetermined
brightness according to supplied power. The light source
11 may be provided as a backlight unit, and the backlight
unit may include a light-emitting diode (LED).
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[0042] The storage 20 may be configured to store data
for processing the elements of the display apparatus 1
and programs for controlling the elements. For example,
the storage 20 may be configured to store the look-up
table 21 in which user inputs and ambient characteristics
are tabulated. The storage 20 may include a storage me-
dium of at least one type among a flash memory type, a
hard disk type, a multimedia card micro type, a card type
memory, and a read only memory (ROM). Further, the
storage 20 may be achieved by a web storage configured
to store data and programs on the Internet.

[0043] Theinputreceivingcircuit30 may receive a user
input. A circuit related to the input receiving circuit 30 is
a closed path that allows electricity to flow from one point
to another. It may include various electrical components,
such as transistors, resistors, and capacitors. According
to user input modes, the input receiving circuit 30 may
be achieved variously. For example, when a user input
is received through the remote controller 3, the input re-
ceiving circuit 30 may include the remote-control signal
module 31 capable of receiving a remote-control signal.
The input receiving circuit 30 is not limited to the remote-
control signal module 31, but may include elements for
receiving a signal from a smartphone, awearable device,
etc. As necessary, the input receiving circuit 30 may in-
clude a menu button, a touch panel, etc. provided in the
display apparatus 1.

[0044] Further, the input receiving circuit 30 may fur-
ther include a communicator. The communicator may
perform wired or wireless communication with an exter-
nal apparatus based on various communication methods
such as Wi-Fi, Bluetooth, ZigBee, Wi-Fi Direct (WFD),
ultra-wideband (UWB), infrared Data Association (IrDA),
Bluetooth low energy (BLE), near field communication
(NFC), etc.

[0045] The sensor 40 may detect the ambient charac-
teristic of the display apparatus 1. The ambient charac-
teristic may include the brightness, illuminance, ambient
color temperature, etc. of light, sunlight, etc. emitted from
an illumination around the display apparatus 1, the sun,
or the like external light source. Therefore, the sensor 40
may include an illuminance sensor for detecting ambient
brightness, a color-temperature sensor for detecting am-
bient color temperature, etc. or may be provided as a
single integrated sensor.

[0046] Further, the sensor 40 is provided at one side
of the display apparatus 1, but there are no limits to the
sensor 40 provided in the display apparatus 1. Alterna-
tively, the sensor 40 may be achieved by an external
sensor provided outside the display apparatus 1. In a
case of the external sensor, the display apparatus 1 may
further include an element configured to receive informa-
tion about the ambient characteristic detected by the ex-
ternal sensor.

[0047] The processor 50 may control general elements
of the display apparatus 1. For example, the processor
50 may select an output setting level based on a user
input with reference to the look-up table 21, and select
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an ambient characteristic level based on the ambient
characteristic of the display apparatus 1 detected by the
sensor40. Further, the processor 50 may select an output
setting level based on a user input and an output setting
value corresponding to an ambient characteristic level
based on the detected ambient characteristic with refer-
ence to the look-up table 21, and control the display 10
so that the light source can emit light based on the se-
lected output setting value.

[0048] The processor 50 may include a control pro-
gram (or instruction) for performing control with regard
to general elements, a nonvolatile memory in which the
control program is installed, a volatile memory in which
at least a part of the installed control program is loaded,
and at least one processor or central processing unit
(CPU) for executing a loaded control program. Further,
such a control program may be stored in an electronic
apparatus other than the display apparatus 1.

[0049] The control program may include a program(s)
actualized in the form of at least one among a basis in-
put/output system (BIOS), a device driver, an operating
system, a firmware, a platform, and an application. Ac-
cording to an exemplary embodiment, the application
may be previously installed or stored when the display
apparatus 1 is manufactured, or may be installed based
on application data received from the outside when it is
used in the future. The application data may for example
be downloaded from an application market and the like
external server. Such a server is an example of a com-
puter program product, but not limited to this example.
[0050] The display apparatus 1 may exclude at least
one element from the foregoing configuration or may add
another element to the foregoing configuration. For ex-
ample, the display apparatus 1 may further include an
image signal receiver, a signal processor, a power sup-
ply, etc.

[0051] Theimage signal receiver may receive a terres-
trial image signal, a cable image signal, an Internet pro-
tocol (IP) image signal, etc. from an external terrestrial
TV, a cable TV (CATV), an IP TV, and the like server.
However, there are no limits to the image signal received
in the image signal receiver. Alternatively, the image sig-
nal receiver may receive animage signal through a digital
versatile disc (DVD), a smartphone, a tablet computer,
or the like portable storage medium.

[0052] The signal processor performs video process-
ing with regard to a video signal received in the image
signal receiver under control of the processor 50, and
controls the display 10 to display animage. There are no
limits to the kinds of image processing, and the image
processing may for example include tuning for the re-
ceived image signal, decoding corresponding to the kind
of image signal, scaling, noise reduction, detail enhance-
ment, frame refresh rate conversion, etc. Further, the sig-
nal processor may perform audio processing with regard
to an audio signal, so that a sound can be output through
a sound output unit achieved by a loudspeaker or the
like. The signal processor may include a hardware proc-
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essor achieved by a chipset, a circuit, a buffer, etc.
mounted onto a printed circuit board, or may be designed
as a system on chip (SOC).

[0053] Meanwhile, the power supply may receive pow-
er from an external power source or an internal power
source under control of the processor 50 and supply re-
quired power to the elements of the display apparatus 1.
[0054] FIG. 3 is a flowchart showing a control method
of the display apparatus in FIG. 1. In this embodiment,
the control method may be carried out as the processor
50 of the display apparatus 1 executes the control pro-
gram described above. Hereafter, for convenience of de-
scription, the operations of the processor 50 carried out
by executing the control program may be simply regarded
as the operations of the processor 50.

[0055] Referringto FIG. 3, the processor 50 may select
one output setting level based on a user input among a
plurality of output setting levels for the light source 11,
with reference to the look-up table 21 in which the plurality
of output setting levels for the light source 11 and a plu-
rality of output setting values for the light source 11 pre-
pared to output light with brightness corresponding to the
plurality of ambient characteristic levels of the display
apparatus 1 are tabulated (S31).

[0056] Further, the processor 50 may select one am-
bient characteristic level among the plurality of ambient
characteristic levels of the display apparatus 1 based on
the ambient characteristic of the display apparatus 1
(S32).

[0057] Further, the processor 50 may select an output
setting value corresponding to the selected ambient char-
acteristic level and the selected output setting level,
among the plurality of output setting values for the light
source 11 (S33).

[0058] Further, the processor 50 may control the light
source 11 to emit light based on the selected output set-
ting value (S34).

[0059] Like this, by the control method according to
this embodiment, the processor 50 can display the image
16 with optimum brightness with reference to the look-
up table 21, and thus a burden of processing in the proc-
essor 50 is eased, thereby not only preventing a time
delay or performance degradation in adjustment into the
optimum brightness but also reducing power consump-
tion.

[0060] FIG. 4 illustrates a look-up table in which a plu-
rality of output setting values in FIG. 3 are tabulated. In
the look-up table 21, output setting levels (b), ambient
characteristic levels (e), and output setting values (p)
may be tabulated.

[0061] The output setting level (b) indicates a level for
setting an output within an acceptable output range of
the light source 11. For example, when the whole accept-
able output range of the light source 11is°10’ to '90’, the
acceptable output range may be divided into 9 steps, and
the output setting level (b) may also be divided into nine
steps of the first output setting level b1 to the ninth output
setting level b9. Further, the first to ninth output setting
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levels b1 to b9 may be provided corresponding to output
levels 10’ to '90’, respectively. However, there are no
limits to the output setting level (b). Alternatively, the out-
put setting level (b) may be divided into various steps by
considering the acceptable output range of the light
source 11 according to design methods.

[0062] The ambient characteristic level (e) may indi-
cate a predetermined step classified according to effec-
tive ranges of the ambient characteristic. For example,
when the effective illuminance of the illumination 61 rang-
es from’0 lux’ to *1000 lux’, the effective illuminance may
be divided into nine steps like '0-100 lux’, '200-300
lux'...... ’800-900 lux’, '900-1000 lux’, and the ambient
characteristic level () may also be divided into nine steps
of the first ambient characteristic level e1 to the ninth
ambient characteristic level €9. Further, the first to ninth
ambient characteristic levels e1 to €9 may be provided
corresponding to nine steps of illuminance ranges '0-100
lux’, "200-300 lux....... ’800-900 lux’, "900-1000 lux’, re-
spectively. However, there are no limits to the ambient
characteristic level (e). Alternatively, the ambient char-
acteristic level (e) may be divided into various steps by
considering the effective range of the ambient character-
istic according to design methods.

[0063] The output setting value (p) refers to a setting
value for controlling the light source 11 to emit light cor-
responding to combination of the output setting level (b)
and the ambient characteristic level (e). For example, in
the look-up table 21 shown in FIG. 4, the output setting
values (p) may be a plurality of values such as’1’,’2’......
‘88", and '90'. In this case, the light source 11 may be
controlled to emit light suited for the output setting level
(b) and the ambient characteristic level (e) according to
the control setting values of '1°,°2"...... '88’,’90’. However,
there are no limits to such values. Alternatively, there
may be provided the look-up table 21 in which various
output setting values (p) according to the output setting
level (b) and the ambient characteristic level (e).

[0064] FIG. 5 illustrates that the display apparatus in
FIG. 3 outputs light based on an output setting value se-
lected in the look-up table. As shown in FIG. 5, the proc-
essor 50 of the display apparatus 1 may display an out-
put-setting-level adjustment user interface (Ul) 51
through which a user input is made to adjust the output
setting level of the light source 11. For example, the out-
put-setting-level adjustment Ul 51 may include the output
setting levels of nine steps such as '10’ to '90’. When a
user input for the output setting level of ‘80’ is made
through the output-setting-level adjustment Ul 51 while
the image 15 is displayed having the output setting level
of ’40’, the processor 50 may control the display 10 so
that the light source 11 can output light having the output
setting level of '80°.

[0065] Hereinafter, it will be described in detail that the
processor 50 displays the image 16 changed inthe output
setting level of the light source 11 with reference to the
look-up table 21, on the assumption that the user input
for the output setting level of '80’ is received through the
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output-setting-level adjustment Ul 51 while the image 15
having the output setting level of '40’ is displayed.
[0066] AsshowninFIG.5,the processor50 may select
the output setting level (b) corresponding to the output
setting level of '80" among the plurality of output setting
levels (b) in the look-up table 21, in response to the user
input for the output setting level of ‘80’ received through
the output-setting-level adjustment Ul 51.

[0067] The processor 50 may detect the ambient char-
acteristic, and select the ambient characteristic level (e)
based on the detected ambient characteristic among the
plurality of ambient characteristic levels (e) in the look-
up table 21. For example, the processor 50 may detect
the illumination 61 having the illuminance of 850 lux’,
and select the eighth ambient characteristic level €8
matching the detected illuminance of ‘850 lux’ among the
plurality of ambient characteristic levels (e) in the look-
up table 21.

[0068] Further, the processor 50 may select an output
setting value (p) corresponding to the selected ambient
characteristic level (e) and the selected output setting
level (b) among the plurality of output setting values (p),
and control the light source 11 to emit light based on the
selected output setting value (p). For example, the proc-
essor 50 may select an output setting value of ‘83’ match-
ing the selected eighth output setting level b8 and the
selected eighth ambient characteristic level e8 among
the plurality of output setting values (p) in the look-up
table 21, and control the light source 11 to emitlightbased
on the selected output setting value of '83’.

[0069] Like this, the processor 50 in the display appa-
ratus 1 according to this embodiment displays the image
16 with the optimum brightness with reference to the look-
up table 21, and thus a burden of processing or the like
in the processor 50 is eased, thereby not only preventing
a time delay or performance degradation in adjusting the
image 16 to have the optimum brightness but also reduc-
ing power consumption.

[0070] FIG. 6 illustrates that a light source is driven
based on a pulse width modulation (PWM) control signal
in connection with the operation S35 in FIG. 3. As shown
in FIG. 6, the display 10 may include a driving circuit 60
configured to drive the light source 11 and the light source
11, and the driving circuit 60 may further include a PWM
signal generation circuit 63 and a field effect transistor
(FET) 62. A circuit related to the driving circuit 60 is a
closed path that allows electricity to flow from one point
to another. It may include various electrical components,
such as transistors, resistors, and capacitors.

[0071] As described with reference to FIG. 5, the proc-
essor 50 identifies the output setting value (p) matching
the selected output setting level (b) and the selected am-
bient characteristic level (e) among the plurality of output
setting values (p), and transmits the identified output set-
ting value (p) to the PWM signal generation circuit 63 to
the driving circuit 60.

[0072] The PWM signal generation circuit 63 may gen-
erate a PWM control signal having a duty corresponding
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to the output setting value (p) based on the received out-
put setting value (p), and output the PWM control signal
to the FET 62. The FET 62 may be switched on and off
based on the received PWM signal, and transmit a driving
signal for driving the light source 11 to the light source 11.
[0073] FIG. 7 illustrates that a second output setting
value of a second look-up table is selected based on an
output setting value selected in the look-up table in con-
nection with the operation S34 in FIG. 3. As shown in
FIG. 7, the look-up table 21 and a second look-up table
22 may be provided.

[0074] As described with reference to FIGS. 4 and 5,
the look-up table 21 may include the plurality of output
setting levels (b) for the light source 11, and the plurality
of output setting values (p) for the light source 11 pre-
pared to output light with brightness corresponding to the
plurality of ambient characteristic levels (e) of the display
apparatus 1.

[0075] The second look-up table 22 may include a plu-
rality of second output setting levels (c) based on the
output setting value (p) of the look-up table 21, and a
plurality of second output setting values (q) prepared for
outputting images corresponding to the plurality of char-
acteristic levels of the display apparatus 1. The plurality
of characteristic levels (w) may include a plurality of sec-
ond ambient characteristic levels or a plurality of user
image-quality adjustmentlevels. Further, the second out-
put setting value (q) in the second look-up table 22 may
indicate the brightness setting value for the light source
11, or may indicate the brightness setting value of the
image signal itself.

[0076] Below, it will be described in detail with refer-
ence to FIG. 7 that, when the plurality of characteristic
levels (w) includes the plurality of second ambient char-
acteristic levels, i.e. when the abscissa of the second
look-up table 22 indicates the plurality of second ambient
characteristic levels of the display apparatus 1 and the
second output setting value (q) is the brightness setting
value for the light source 11, a process of displaying the
image 16 with brightness changed based on the look-up
table 21 and the second look-up table 22 in response to
a user input for changing the output setting level.
[0077] The second ambient characteristic level may
correspond to the second ambient characteristic different
from the ambient characteristic corresponding to the first
ambient characteristic level (e). For example, when the
ambient characteristic corresponding to the first ambient
characteristic level (e) is the illuminance, the second am-
bient characteristic corresponding to the second ambient
characteristic level may include a color temperature.
When an effective color temperature range is '0-3000
kelvin’, the whole color temperature range may be divid-
ed into nine steps such as '0-3000 kelvin’, ’3000-4000
kelvin'...... 7000-8000 kelvin® and '8000-10000 kelvin’.
Thus, the plurality of second ambient characteristic levels
may also be divided into nine steps such as w1 to w9,
which respectively correspond to °‘0-3000 kelvin’,
’3000-4000  kelvin'...... 7000-8000 kelvin” and
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’8000-10000 kelvin’. However, the second ambient char-
acteristic is not limited to the color temperature, and, as
necessary, the second ambient characteristic may in-
clude white balance, contrast, etc. of the display appa-
ratus 1.

[0078] The user input for changing the output setting
level is not limited to the change of the output setting
level for the light source 11. Alternatively, a user input
may be made to change a brightness level of an image
signal. However, for convenience of description, it will be
described below that the user input is made to change
the output setting level.

[0079] When a userinputis made to change an output
setting level into ‘80’ while the image 15 displayed having
the output setting level of '40’, the processor 50 may se-
lect the output setting value (p) with reference to the look-
up table 21.

[0080] In particular, the processor 50 according to this
embodiment may select a certain second output setting
level (c) among the plurality of second output setting lev-
els (c) in the second look-up table 22 based on the se-
lected output setting value (p). For example, on the as-
sumption that each output setting level (b) among the
plurality of output setting values (p) in the look-up table
21 is provided corresponding to the plurality of second
output setting levels (c) in the second look-up table 22,
when the output setting value (p) of ‘83’ is selected in the
look-up table 21, the second output setting level of 'c8’
corresponding to the eighth output setting level b8 of the
output setting value (p) of ’83’ may be selected among
the plurality of second output setting levels (c).

[0081] Further, the processor 50 may select a certain
second ambient characteristic level among the plurality
of second ambient characteristic levels based on the de-
tected second ambient characteristic. For example,
when the color temperature of '8000-10000 kelvin’ is de-
tected, a second ambient characteristic level of ‘w9’ cor-
responding to '8000-10000 kelvin’ may be selected
among the plurality of second ambient characteristic lev-
els.

[0082] Further, the processor 50 may select a second
output setting value (q) corresponding to the selected
second output setting level (c) and the selected second
ambient characteristic level among the plurality of second
output setting values (q), and control the display 10 to
display the image 16 based on the selected second out-
put setting value (q). For example, when 'c8’ and 'w9’ are
selected, the processor 50 may select a second output
setting value (q) of '79’ matching 'c8’ and ‘w9’ among the
plurality of second output setting values (q) in the second
look-up table 22. When the second output setting value
(q) is the brightness setting value for the light source 11,
the processor 50 may control the light source 11 to emit
light based on '79'.

[0083] Below, it will be described in detail with refer-
ence to FIG. 7 that, when the plurality of characteristic
levels (w) includes the plurality of user image-quality ad-
justment levels, i.e. when the abscissa of the second
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look-up table 22 indicates the plurality of user image-
quality adjustment levels of the display apparatus 1 and
the second output setting value (q) is the brightness set-
ting value for the image signal, a process of displaying
the image 16 with brightness changed based on the look-
up table 21 and the second look-up table 22 in response
to a user input for changing the output setting level.
[0084] The user image-quality adjustment level may
indicate predetermined steps classified according to ef-
fect ranges of image-quality adjustment factors such as
the brightness, contrast, chroma, light and shade, hue,
etc. For example, when the effective brightness of the
display 10 has a range of '0-90’, '0-10’, the range is di-
vided into brightness sections of nine steps such as
10-20'...... '70-80’ and '80-90’, and the user image-qual-
ity adjustment level is divided into nine steps of first to
ninth user image-quality adjustment levels so as to re-
spectively correspond to the brightness sections of nine
steps such as '0-10’, ’10-20'...... ’70-80" and ’80-90°.
[0085] When auserinputis made to change the output
setting levelinto ‘80’ while the image 15 is displayed hav-
ing the output setting level of '40’, the processor 50 may
select the output setting value (p) of ‘83’ corresponding
to the eighth ambient characteristic level c8 and the
eighth output setting level b8 corresponding to the output
setting level of '80" among the plurality of output setting
values (p) in the look-up table 21, and may select 'c8
corresponding to the eighth output setting level b8 of the
output setting value (p) of ‘83’ among the plurality of sec-
ond output setting levels (c) in the second look-up table
22.

[0086] In particular, the processor 50 according to this
embodiment may select a certain image-quality adjust-
ment level among the plurality of user image-quality ad-
justment levels. For example, the processor 50 may dis-
play a brightness-level adjustment Ul of the display 10,
select the corresponding brightness section of '80-90’
based on a user input made through the brightness-level
adjustment Ul, and select a ninth user image-quality ad-
justment level of ‘w9’ matching the selected brightness
section of ’80-90’.

[0087] Further, the processor 50 may select the sec-
ond output setting value (q) corresponding to the selected
user image-quality adjustment level of 'w9’ and the se-
lected second output setting level (c) among the second
output setting values (q), and control the image 16 to be
displayed with brightness changed based on the selected
second output setting value (q). For example, the proc-
essor 50 may select the second output setting value (q)
of '79’ corresponding to ’'c8’ and the ninth user image-
quality adjustment level of ‘w9’ among the plurality of
second output setting values (q) in the second look-up
table 22. When the second output setting value (q) is the
brightness setting value for the image signal, the proc-
essor 50 may change the brightness level of the image
signal into ’79’, thereby adjusting the brightness of the
image 16.

[0088] Thus, the display apparatus 1 according to this
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embodiment controls the display 10 to display the image
16 with the optimum brightness with reference to the look-
up table 21 and the second look-up table 22 in response
to a user input, thereby providing optimum viewing envi-
ronments corresponding to various and complicated am-
bient characteristics.

[0089] Meanwhile, the processor 50 may control the
display 10 to display the image 16 with the brightness
changed with independent reference to the second look-
up table 22. When the second look-up table 22 is inde-
pendently referenced, the second output setting level (c)
in the second look-up table 22 may indicate a level for
setting the output within the acceptable output range of
the display 10.

[0090] FIG. 8illustrates that at least one output setting
value is changed among a plurality of output setting val-
uesinthelook-up table. As shownin FIG. 8, the processor
50 of the display apparatus 1 may display a Ul showing
the look-up table 21 in which the plurality of output setting
values (p) are tabulated, and change at least one output
setting value (p) among the plurality of output setting val-
ues (p) in response to a user input made through the Ul.
[0091] For example, the processor 50 may select an
output setting value of ‘85’ matching an eighth output
setting level b8 and a ninth ambient characteristic level
€9 among the plurality of output setting values (p) in the
look-up table 21 in response to a user input made to the
remote controller 3, and change the selected '85’ into
'89’. However, the user input is not limited to that made
to the remote controller 3. Alternatively, the output setting
value (p) may be changed in response to a user input
made to a smartphone 4 or the like external apparatus.
When the output setting value (p) is changed through the
smartphone 4, the smartphone 4 executes an application
for changing the output setting value (p) and the change
of the output setting value (p) is carried out through the
Ul based on the executed application.

[0092] Meanwhile, the plurality of output setting levels
(b) and the plurality of ambient characteristic levels (e)
may be provided to uniform a gap between the plurality
of neighboring output setting values (p), or may be mod-
ified based on a user input. For example, the first output
setting level b1, the second output setting level b2, the
first ambient characteristic level e1, and the second am-
bient characteristic level e2 may be provided so that a
gap g1 between an output setting value of ’1’ and an
output setting value of ’2’ can be equal to a gap g2 be-
tween the output setting value of '1’ and an output setting
value of ’5’. Further, a user input may change the gap g1
between the output setting value of ’1’ and the output
setting value of 2’ and the gap g2 between the output
setting value of 1’ and the output setting value of '5’ to
be equal to each other. However, there are no limits to
this embodiment. Alternatively, the levels of atleast some
sections among the plurality of output setting levels (b)
and the plurality of ambient characteristic levels (e) may
be provided to have non-uniform gaps between the plu-
rality of neighboring output setting values (p), or may be
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changed by a user input.

[0093] Meanwhile, when the output setting value (p) in
the look-up table 21 is changed by a user input, the proc-
essor 50 may control the storage 20 to store the look-up
table 21 in which the changed output setting value (p) is
tabulated.

[0094] Like this, the display apparatus 1 according to
this embodiment changes the look-up table 21 in re-
sponse to auser input, thereby providing more accurately
optimized viewing environments

[0095] FIG. 9illustrates an example of selecting a plu-
rality of look-up tables different in an output setting value
from one another. As shown in FIG. 9, the processor 50
of the display apparatus 1 displays a Ul showing a plu-
rality of look-up tables, and select one among the plurality
of look-up tables in response to a user input made
through the displayed Ul. The processor 50 may employ
the selected look-up table based on the user input made
through the UL.

[0096] Specifically, the processor 50 may display a Ul
showing the current look-up table 21 and the plurality of
candidate look-up tables 91. As necessary, the Ul may
distinguishably show the currentlook-up table 21 and the
plurality of candidate look-up tables 91.

[0097] The currentlook-up table 21 and the plurality of
candidate look-up tables 91 may be differentin the output
setting value (p) from one another with respect to one
output setting level (b) and one ambient characteristic
level (e). In other words, at least one corresponding out-
put setting values (p) among the output setting values
(p) may be different between the current look-up table
21 and the candidate look-up tables 91.

[0098] When the candidate look-up table 91 is selected
in response to a user input, the processor 50 may control
the brightness of the image 16 with reference to the se-
lected candidate look-up table 91. For example, when a
user input is made to change the output setting level, the
processor 50 may select the output setting value (p)
based on the ambient characteristic level (e) correspond-
ing to the ambient characteristic and the output setting
level (b) corresponding to the user input among the plu-
rality of output setting values (p) in the candidate look-
up table 91, and control the display 10 so that the light
source 11 can emit light at the output setting level based
on the selected output setting value (p).

[0099] Meanwhile, when the candidate look-up table
91 is selected, the processor 50 may store the selected
candidate look-up table 91 in the storage 20.

[0100] Like this, the display apparatus 1 according to
this embodiment selects one among the plurality of look-
up tables, which are different in the output setting value
(p) with respect to one output setting level (b) and one
ambient characteristic level (e), in response to a user
input, thereby not only enhancing convenience for a user
but also providing more accurately optimized viewing en-
vironments.

[0101] FIG. 10 illustrates an example of displaying
guide information that shows properties of output setting
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values in the plurality of look-up tables. As shown in FIG.
10, the processor 50 of the display apparatus 1 may dis-
play a Ul with guide information that shows the properties
of the output setting values in the plurality of look-up ta-
bles.

[0102] Specifically, the guide information may include
a graph 101 showing the properties of the output setting
value (p) in the current look-up table 21, and candidate
graphs 102 showing the properties of the output setting
values (p) in the plurality of candidate look-up tables. As
described with reference to FIG. 9, the current look-up
table 21 and the plurality of candidate look-up tables 91
may be different in the output setting value (p) from one
another with respect to one output setting level (b) and
one ambient characteristic level (e). Therefore, the graph
101 showing the properties of the output setting value in
the currentlook-up table 21 may be differentin brightness
properties from the candidate graph 102 with respect to
one output setting level (b) and one ambient character-
istic level (e)

[0103] When a certain candidate graph 102 is selected
among the plurality of candidate graphs 102 in response
to a user input made through a Ul, and another user input
is made to change the output setting level through the
output-setting-level adjustment Ul, the processor 50 may
control the display 10 so that the light source 11 can emit
light atthe output setting level based on the output setting
value (p) selected with reference to the look-up table of
the selected candidate graph 102.

[0104] Thus, the display apparatus 1 according to this
embodiment displays the Ul with the guide information
showing the properties of the output setting values in the
plurality of look-up tables, thereby not only enhancing
convenience for a user but also providing more accurate-
ly optimized viewing environments.

[0105] FIG. 11 shows properties of output setting val-
ues changed based on the minimum value or maximum
value of the output setting level. In the display apparatus
1 according to this embodiment, the processor 50 may
adjust atleast one of the minimum value or the maximum
value of the plurality of output setting levels (b) in re-
sponse to a user input. For example, the processor 50
may display a Ul with the look-up table 21 in which the
plurality of output setting levels (b), the plurality of ambi-
ent characteristic levels (e), and the plurality of output
setting values (p) are tabulated, and adjust at least one
of the minimum value or the maximum value of the plu-
rality of output setting levels (b) in response to a user
input made through the Ul. Alternatively, as shown in
FIG. 11, the processor 50 may display a Ul 113 for ad-
justing the minimum value or the maximum value of the
plurality of output setting levels (b), and change the min-
imum value or the maximum value of the plurality of out-
put setting levels (b) in response to a user input made
through the Ul 113.

[0106] The processor50 may display theimage 16 with
brightness based on the plurality of changed output set-
ting values (p). For example, as shown in FIG. 11, the
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processor 50 may control the light source 11 to show the
properties of the output setting value (p) like a first graph
111. The properties of the output setting value (p) as
shown in the first graph 111 may have a first brightness
range R1 of the light source 11.

[0107] When the minimum value orthe maximum value
of the output setting level (b) is changed to show the
properties of the output setting value (p) like a second
graph 112, the processor 50 may control the light source
11 to emit light within a second brightness range R2 as
shown in the second graph 112.

[0108] Meanwhile, the processor 50 may change and
display the step and range of the output-setting-level ad-
justment Ul in accordance with the brightness ranges.
For example, when the first brightness range R1 corre-
sponding to the first graph 111 is *10’ to *90’, the output-
setting-level adjustment Ul corresponding to the first
graph 111 may have the output setting levels of nine
steps from ’10’ to '90’. Therefore, a user may select a
desired output setting level within the range of the output
setting levels of nine steps through the output-setting-
level adjustment Ul. On the other hand, when the second
brightness range R2 corresponding to the second graph
112 is °20’ to '80’, the output-setting-level adjustment Ul
corresponding to the second graph 112 may have the
output setting levels of seven steps from 20’ to '80’.
Therefore, a user may select a desired output setting
level within the range of the output setting levels of seven
steps through the output-setting-level adjustment Ul.
[0109] FIG. 12illustrates an example of displaying sec-
ond guide information that shows properties of output
setting values of the plurality of look-up tables different
in the minimum value or maximum value of the output
setting level from each other. As shown in FIG. 12, the
processor 50 of the display apparatus 1 according to this
embodiment may display second guide information
showing a graph 121 and a plurality of candidate graphs
122. The graph 121 and the plurality of candidate graphs
122 may show the properties of the output setting value
in the plurality of look-up tables which are different in the
minimum value or the maximum value of the output set-
ting level from one another.

[0110] Specifically, the graph 121 may show that the
light source 11 emits light with the first brightness range
R1 based on the properties of the output setting value
(p) in the current look-up table 21, and the plurality of
candidate graph 122 may show that the light source 11
emits light with the second brightness range R2 and a
third brightness range R3 based on the properties of the
output setting values (p) in the plurality of candidate look-
up tables.

[0111] Further, when one among the plurality of can-
didate graph 122 is selected based on a user input made
through the second guide information, the processor 50
may control the light source 11 to emit light within the
second brightness range R2 and the third brightness
range R3 based on the output setting value (p) in the
look-up table of the selected candidate graph 122.
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[0112] Thus, the display apparatus 1 according to this
embodiment displays the second guide information
showing the properties of the output setting values in the
plurality of look-up tables which are different in the min-
imum value or the maximum value of the output setting
level from each other, thereby not only enhancing con-
venience for a user but also providing more accurately
optimized viewing environments.

[0113] According to the disclosure, there are provided
a display apparatus and a control method thereof, in
which a burden of resources is eased when the bright-
ness of an image is adjusted considering an ambient
characteristic, thereby not only preventing a delay of a
brightness adjusting time and degradation of brightness
adjusting performance, but also reducing power con-
sumption.

[0114] Although a few embodiments of the disclosure
have been described in detail, the disclosure is not limited
to these embodiments but variously embodied within the
appended claims.

Claims
1. A display apparatus comprising:

a display comprising a light source configured
to emit light, wherein the display is configured
to display an image based on the emitted light;
astorage configured to store afirstlook-up table,
wherein the first look-up table is configured to
store a plurality of first output setting values cor-
responding to a plurality of first output setting
levels and a plurality of first ambient character-
istic levels of the display apparatus, respective-
ly;

an input receiving circuit configured to receive
a first user input;

a sensor configured to detect a first ambient
characteristic of the display apparatus; and

a processor configured to:

select a first output setting level among the
plurality of first output setting levels stored
in the first look-up table, based on the re-
ceived first user input,

select a first ambient characteristic level
among the plurality of first ambient charac-
teristic levels stored in the firstlook-up table,
based on the detected first ambient charac-
teristic,

select a first output setting value corre-
sponding to the selected first output setting
level and the selected first ambient charac-
teristic level among the plurality of first out-
put setting values stored in the first look-up
table, and

control the display to control the light source
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to emit light based on the selected first out-
put setting value.

The display apparatus according to claim 1, wherein
the detected first ambient characteristic comprises
at least one of brightness or color temperature
around the display apparatus.

The display apparatus according to claim 1, wherein
the display further comprises a driving circuit config-
ured to drive the light source based on a pulse width
modulation (PWM) control signal, and

the first output setting value comprises a setting val-
ue of the PWM control signal.

The display apparatus according to claim 1, wherein
the sensor is further configured to detect a second
ambient characteristic of the display apparatus,

the storage is further configured to store a second
look-up table, wherein the second look-up table is
configured to store a plurality of second output set-
ting values corresponding to a plurality of second
output setting levels and a plurality of second ambi-
ent characteristic levels of the display apparatus, re-
spectively, and

the processor is further configured to:

select a second output setting level among the
plurality of second output setting levels stored
in the second look-up table, based on the se-
lected first output setting value,

select a second ambient characteristic level
among the plurality of second ambient charac-
teristic levels stored in the second look-up table,
based on the detected second ambient charac-
teristic,

select a second output setting value corre-
sponding to the selected second output setting
level and the selected second ambient charac-
teristic level among the plurality of second output
setting values stored in the second look-up ta-
ble, and

control the display to display the image based
on the selected second output setting value.

The display apparatus according to claim 1, wherein
the input receiving circuit is further configured to re-
ceive a second user input;

the storage is further configured to store a second
look-up table, wherein the second look-up table is
configured to store a plurality of second output set-
ting values corresponding to a plurality of second
output setting levels and a plurality of image-quality
adjustment levels of the display apparatus, respec-
tively, and

the processor is further configured to:

select a second output setting level among the



10.

1.

12.

23

plurality of second output setting levels stored
in the second look-up table, based on the se-
lected first output setting value,

select an image-quality adjustment level among
the plurality of image-quality adjustment levels
stored in the second look-up table, based on the
received second user input,

select a second output setting value corre-
sponding to the selected second output setting
level and the selected image-quality adjustment
level among the plurality of second output set-
ting values stored in the second look-up table,
and

control the display to display the image based
on the selected second output setting value.

The display apparatus according to claim 4, wherein
the second output setting value comprises one of a
brightness setting value for the light source or a
brightness setting value for an image signal.

The display apparatus according to claim 1, wherein
the storage is further configured to store a plurality
of look-up tables having different output setting val-
ues from each other with respect to a same output
setting level and a same ambient characteristic level,
the processor is further configured to select a look-
up table among the plurality of look-up tables, and
select the output setting value in the selected look-
up table.

The display apparatus according to claim 7, wherein
the processor is further configured to select the look-
up table among the plurality of look-up tables based
on the received first user input.

The display apparatus according to claim 7, wherein
the processor is further configured to control the dis-
play to display guide information showing properties
of the output setting values in the plurality of look-up
tables.

The display apparatus according to claim 7, wherein
the plurality of output setting levels and the plurality
of ambient characteristic levels are provided to have
uniform gaps between neighboring output setting
values.

The display apparatus according to claim 7, wherein
levels of at least some sections of the plurality of
output setting levels and the plurality of ambient
characteristic levels are provided to have non-uni-
form gaps between neighboring output setting val-
ues.

The display apparatus according to claim 7, wherein
the processor is further configured to change at least
one first output setting value among the plurality of
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first output setting values in the first look-up table
based on the received first user input, and store the
changed at least one first output setting value in the
storage.

The display apparatus according to claim 12, where-
inthe processor is further configured to adjust at least
one of a minimum value or a maximum value of the
first output setting level based on the received first
user input, and change the plurality of first output
setting values based on adjusted at least one of the
minimum value or the maximum value of the first
output setting level.

A method of controlling, by at least one processor,
adisplay apparatus comprising a display comprising
a light source configured to emit light, wherein the
display is configured to display an image based on
the emitted light, the method comprising:

selecting, from a first look-up table configured
to store a plurality of first output setting values
corresponding to a plurality of first output setting
levels and a plurality of first ambient character-
istic levels of the display apparatus, respective-
ly, a first output setting level among the plurality
of first output setting levels stored in the first
look-up table, based on a first user input;
selecting a first ambient characteristic level
among the plurality of firstambient characteristic
levels stored in the first look-up table, based on
a first ambient characteristic of the display ap-
paratus;

selecting a first output setting value correspond-
ing to the selected first output setting level and
the selected first ambient characteristic level
among the plurality of first output setting values
stored in the first look-up table; and

controlling the display to control the light source
to emit light based on the selected first output
setting value.

A non-transitory recording medium storing a compu-
ter program comprising a computer-readable code
for performing a method of controlling, by at least
one processor, a display apparatus comprising a dis-
play comprising a light source configured to emit
light, wherein the display is configured to display an
image based on the emitted light, the method com-
prising:

selecting, from a first look-up table configured
to store a plurality of first output setting values
corresponding to a plurality of first output setting
levels and a plurality of first ambient character-
istic levels of the display apparatus, respective-
ly, a first output setting level among the plurality
of first output setting levels stored in the first
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look-up table, based on a first user input;
selecting a first ambient characteristic level
among the plurality of firstambient characteristic
levels stored in the first look-up table, based on
a first ambient characteristic of the display ap-
paratus;

selecting a first output setting value correspond-
ing to the selected first output setting level and
the selected first ambient characteristic level
among the plurality of first output setting values
stored in the first look-up table; and

controlling the display to control the light source
to emit light based on the selected first output
setting value.

10

15

20

25

30

35

40

45

50

55

14

26



EP 3 742 427 A1

FIG. 1

—~——6

(o)

61

e 0000
e 0000
¢ o000

& o]

10—

15/"‘\‘/

21

30

15



EP 3 742 427 A1

FIG. 2

e e
-

10—~ DISPLAY INPUT RECEIVING |-~ 30
CIRCUIT
11—l LIGHT SOURCE
A
|
| REMOTE-CONTROL L{-| a1
| SIGNAL MODULE |
i |
PROCESSOR
SENSOR 40
DT STORAEE ILLUMINANCE | ||
- SENSOR
21 ] LOOK-UP :lr_: ————————————————
| TABLE |1 | COLOR |
B | TEMPERATURE  +{— 42
e | SENSOR |

16



EP 3 742 427 A1

FIG. 3

( START )

SELECT ONE OUTPUT SETTING LEVEL BASED ON USER INPUT
AMONG OUTPUT SETTING LEVELS FOR LIGHT SOURCE, WITH
REFERENCE TO LOOK-UP TABLE IN WHICH OUTPUT SETTING
§31 ——{ LEVELS FOR LIGHT SOURCE, AND OUTPUT SETTING VALUES FOR
LIGHT SOURCE PROVIDED TO OUTPUT LIGHT WITH BRIGHTNESS
CORRESPONDING TO AMBIENT CHARACTERISTIC LEVELS OF
DISPLAY APPARATUS ARE TABULATED

SELECT ONE AMBIENT CHARACTERISTIC LEVEL AMONG AMBIENT
S32 ——  CHARACTERISTIC OF DISPLAY APPARATUS LEVELS BASED ON
AMBIENT CHARACTERISTIC OF DISPLAY APPARATUS

SELECT OUTPUT SETTING VALUE CORRESPONDING TO SELECTED
OUTPUT SETTING LEVEL AND SELECTED AMBIENT CHARACTERISTIC
LEVEL AMONG THE PLURALITY OF OUTPUT SETTING VALUES FOR
THE LIGHT SOURCE

S33

CONTROL DISPLAY TO CAUSE LIGHT SOURCE TO QUTPUT LIGHT

534 BASED ON SELECTED OUTPUT SETTING VALUE

END

17



EP 3 742 427 A1

FIG. 4

281
AMBIENT CHARACTERISTIC
LEVELS (E)
e g2 | eese | £8 e9
OUTPUT SETTING
LEVELS (B)
b1 1| 2 [eee| 8 | 10
| |
b2 5 7 |eee| 18 | 20|
| |
. . . | % . . |
| ® |
& E @ L 4 L L E
b8 40 | 56 |ess| 83 | 85 |
| |
b9 | 45 | 63 |eee| 88 | 90 |

OUTPUT SETTING VALUE (P)

18




EP 3 742 427 A1

|
I o
"q.qm::ww:;.lﬂ..-:&::wﬂ 64
68 |(eg) |ees| 95 | OF 84
HHRHE m
0z | 8t |ees| 2 G | 2
; “ ~_ Gl
L 8 | el ¢ | . b Hd
() $13ATT
ONILLIAS LNdLNO
6o Q9 eo 0 29 |9
(3) $713A3T ——0}
DILSIHALOVHYHD INTIGINY 2
|
W I L
.« 4oy !
19
/ // ﬁ’ \\ \

19



EP 3 742 427 A1

FIG. 6

281
AMBIENT CHARACTERISTIC
LEVELS (E)
el g2 | eee | @8 e9
OUTPUT SETTING
LEVELS (B)
b1 1 | 2 |ese| 8 | 10
i i
b2 5 7 |ees| 18 | 20
E I
. . e | % . . |
| |
® [ ® 4 ® ® |
! - !
b8 | 40 | 56 |ees| (83} | 85 |
! 1- i
! i |
b9 (45 | 63 |eee| 88 | 90 |
( ;
l
OUTPUT SETTING VALUE (P) |
|
10 |
) |
!
i DISPLAY
f e
PWM A -
PWM SIGNAL | GonTROL SIGNAL ueHt |~
GENERATION FET |-
CIRCUIT SOURCE 1.
~ N \
\ ) \
] (\ </ <) b
63 60 62 11

20



EP 3 742 427 A1
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