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(57) Abstract: Disclosed is a display apparatus. The display ap-
paratus includes a mirror display, a sensor, a storage which stores
transmission and reflection characteristics information of the
mirror display, and a processor configured to identity a thresh-
old and to output an image corresponding to the image signal on
the mirror display based on the transmission characteristics in-
formation, reflection characteristics information, and an amount
of external light sensed through the sensor, to adjust a luminance
of a image signal based on whether a grayscale of the image sig-
nal is less than or equal to the threshold.
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Description
Title of Invention: DISPLAY APPARATUS AND CONTROL

METHOD THEREOF
Technical Field

The present disclosure relates generally to a display apparatus and a control method
thereof and, for example, to a display apparatus having a mirror display and a control
method thereof.

Background Art

Due to the development of electronic technology, various kinds of electronic devices
have been developed and are being widely used. Especially, in recent years, various
types of electronic devices including TVs have been used in general households. These
electronic devices gradually have various functions according to the needs of the users.

For example, various types of services can be provided through a mirror display that
provides both a mirror function and a display function. For example, the mirror display
can be a mirror by the reflection ratio when the image is not reproduced on the display,
and when the image is reproduced, the image is displayed to the viewer by the
transmission ratio.

However, when the external illuminance (e.g., ambient light) is high, there is a
problem in that the mirror effect becomes conspicuous, causing obstruction to viewing

of an image.
Disclosure of Invention

Technical Problem

An example aspect of the present disclosure is to provide a display apparatus which
performs image processing to minimize and/or reduce the reflection effect based on re-
flection characteristics and transmission characteristics of the mirror display and the

external light amount and displays the same, and a control method thereof.

Solution to Problem

The display apparatus according to an example embodiment includes , a mirror
display, a sensor, a storage which stores transmission and reflection characteristics in-
formation of the mirror display, and a processor configured to identify a threshold,
based on the transmission characteristics information, the reflection characteristics in-
formation, and an amount of external light sensed through the sensor, to adjust a
luminance of a image signal based on whether a grayscale of the image signal is less
than or equal to the threshold, and to output the image signal on the mirror display.

The transmission characteristics information of the mirror display may include

luminance information based on grayscale of an image which is determined based on
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transmission ratio of the mirror display, and wherein the reflection characteristics in-
formation of the mirror display may include at least one of reflection ratio information
of the mirror display and reflection luminance information of the mirror display with
respect to the amount of external light.

The processor, based on the transmission characteristics information of the mirror
display and reflection luminance of the mirror display with respect to the amount of
external light, may identify (determine) a grayscale value of a luminance value which
is same as the reflection luminance of the mirror display as the predetermined
threshold.

The processor, based on the predetermined threshold, may define (divide) portions of
an entire scope of grayscale as a plurality of grayscale sections, and raise the
luminance of the image signal by applying different luminance adjustment methods for
each grayscale section.

The processor may maintain an input luminance level with respect to a lowest
grayscale and a highest grayscale, and raise the luminance of the image signal by
applying different luminance adjustment methods for each grayscale sections with
respect to remaining grayscale sections.

The processor, based on the predetermined threshold, may divide portions of the
entire scope of grayscale into a low grayscale section or a high grayscale section, and if
grayscale of the image signal is within the low grayscale section, raise the luminance
of the image signal as much as a first luminance level based on reflection luminance of
the mirror display, and if grayscale of the image signal is within the high grayscale
section, raise the luminance of the image signal as much as a second luminance level.

The processor may divide portions of the entire scope of grayscale into a low
grayscale section, a middle grayscale section, and a high grayscale section, if the
grayscale of the image signal is within the low grayscale section, raise the luminance
of the image signal as much as a first luminance level based on reflection luminance of
the mirror display, if the grayscale of the image signal is within the middle grayscale
section, maintain luminance of the image signal, and if grayscale of the image signal is
within the high grayscale section, raise the luminance of the image signal as much as a
second luminance level.

The processor may divided, based on the predetermined threshold, portions of the
entire scope of grayscale into a plurality of grayscale sections, calculate (determine) a
plurality of luminance adjustment graphs to which characteristics of each of the
plurality of grayscale sections are reflected, adjust luminance of the image signal based
on at least one of the plurality of calculated luminance adjustment graphs, wherein the
plurality of luminance adjustment graphs may be graphs in which input luminance

level is maintained with respect to lowest grayscale and highest grayscale from among
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entire scope of grayscale, and luminance levels of remaining grayscale may be raised
differently based on characteristics of a corresponding scope of grayscale.

The processor may determine a luminance adjustment graph corresponding to main
grayscale information of frame of the image signal from among the plurality of
luminance adjustment graphs and adjust luminance level of the corresponding frame
based on the identified luminance adjustment graph.

The processor may determine color shift degree by pixel areas based on the
luminance level adjustment and adjust color coordinate of the pixel area to compensate
the color shift.

The mirror display may include a display panel and a half mirror which is disposed
on an upper part of the display panel and has a predetermined reflection ratio and a
predetermined transmission ratio.

According to an example embodiment, a method of controlling a display apparatus
including a mirror display includes sensing an amount of external light; and identify a
threshold, based on the transmission characteristics information of the mirror display,
the reflection characteristics information of the mirror display, and the sensed amount
of external light, adjust a luminance of a image signal based on whether a grayscale of
the image signal is less than or equal to the threshold and outputting an image corre-
sponding to the image signal on the mirror display.

The transmission characteristic information of the mirror display may include
luminance information based on grayscale of an image which is determined based on
transmission ratio of the mirror display, and the reflection characteristics information
of the mirror display may include at least one of reflection ratio of the mirror display
and luminance information of the mirror display with respect to an amount of external
light.

The outputting may include, based on the transmission characteristics information of
the mirror display and reflection luminance of the mirror display with respect to the
amount of external light, identifying a grayscale value which has a same luminance
value as the reflection luminance of the mirror display as the predetermined threshold.

The outputting may include, based on the predetermined threshold, dividing sections
of an entire scope of grayscale into a plurality of grayscale sections, and raising the
luminance of the image signal by applying different luminance adjustment methods for
each grayscale section.

The outputting may include maintaining an input luminance level with respect to a
lowest grayscale and a highest grayscale, and raising the luminance of the image signal
by applying different luminance adjustment methods for each grayscale sections with
respect to remaining grayscale sections.

The outputting may include, based on the predetermined threshold, dividing portions
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of the entire scope of grayscale into a low grayscale section and a high grayscale
section, and if grayscale of the image signal is within the low grayscale section, raising
the luminance of the image signal as much as a first luminance level based on re-
flection luminance of the mirror display, and if grayscale of the image signal is within
the high grayscale section, raising the luminance of the image signal as much as a

second luminance level.
The outputting may include, based on the predetermined threshold, dividing portions

of the entire scope of grayscale into a low grayscale section, a middle grayscale
section, and a high grayscale section, if the grayscale of the image signal is within the
low grayscale section, raising the luminance of the image signal as much as a first
luminance level based on reflection luminance of the mirror display, if the grayscale of
the image signal is within the middle grayscale section, maintaining luminance of the
image signal, and in if grayscale of the image signal is within the high grayscale
section, raising the luminance of the image signal as much as a second luminance
level.

The outputting may include, based on the predetermined threshold, dividgin sections
of the entire scope of grayscale into a plurality of grayscale sections and calculating
(determining) a plurality of luminance adjustment graphs to which characteristics of
each of the plurality of grayscale sections are reflected; and adjusting luminance of the
image signal based on at least one of the plurality of calculated luminance adjustment
graphs, wherein the plurality of luminance adjustment graphs are graphs in which input
luminance level is maintained with respect to lowest grayscale and highest grayscale
from among entire scope of grayscale, and luminance levels of remaining grayscale are
raised differently based on characteristics of a corresponding scope of grayscale.

According to an example embodiment, a non-transitory computer readable medium
which stores a computer command, when executed by a processor of an electronic
apparatus is provided, enabling the electronic apparatus to perform an operation
including identifying a threshold based on transmission characteristics information of
the mirror display, transmission characteristics information of the mirror display, and
an amount of external light, and outputting on the mirror display and adjusting a
luminance of a image signal based on whether a grayscale of the image signal is less
than or equal to the threshold.

Advantageous Effects of Invention

According to various example embodiments, the reflection effect of the mirror

display may be reduced through suitable image processing based on an illuminance en-

vironment and thus, user convenience would be improved.

Brief Description of Drawings
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The above and/or other aspects, features and attendant advantages of the present
disclosure will be more apparent and readily appreciated from the following detailed
description, taken in conjunction with the accompanying drawings, in which like

reference numerals refer to like elements, and wherein:
FIGS. 1A, 1B and 1C are diagrams illustrating example characteristics of a mirror

display according to an example embodiment;

FIG. 2 is a block diagram illustrating an example configuration of a display apparatus
according to an example embodiment;

FIGS. 3A and 3B are diagrams illustrating an example structure of a mirror display
according to an example embodiment;

FIG. 4 is a graph illustrating example luminance value by grayscales according to an
example embodiment;

FIGS. 5, 6A, and 6B are graphs illustrating an example method for determining a re-
flection threshold point according to an example embodiment;

FIG. 7 is a diagram illustrating an example method for dividing grayscale sections of
an image according to an example embodiment;

FIG. 8 is a graph illustrating an example method for adjusting luminance according
to an example embodiment;

FIGS. 9A and 9B are diagrams illustrating an example luminance adjustment graph
which changes based on intensity of external light according to an example em-
bodiment;

FIGS. 10A and 10B are graphs illustrating an example of changing of a luminance
adjustment graph illustrated in FIG.8;

FIGS. 11, 12A, 12B, 12C, 13A, and 13B are diagrams illustrating an example
method for dividing a grayscale section according to another example embodiment;

FIGS. 14, 15A, and 15B are diagrams illustrating an example method for adjusting
color according to an example embodiment;

FIGS. 16A and 16B are diagrams illustrating an example configuration of the display
apparatus according to an example embodiment; and

FIG.17 is a flowchart illustrating an example method of controlling a display

apparatus according to an example embodiment.

Best Mode for Carrying out the Invention

Mode for the Invention
Hereinafter, various example embodiments will be described in greater detail with
reference to the accompanying drawings.

FIGS. 1A, 1B and 1C are diagrams illustrating example characteristics of a mirror
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display according to an example embodiment.

The display apparatus according to an example embodiment of the present disclosure
may be implemented as various types of mirror display apparatus installed in various
places where a mirror is required to transmit information while providing a mirror
function. Here, ‘Mirror Display' is a compound term of 'Mirror' referring, for example,
to a mirror and 'Display’ referring, for example, to an operation to visually express in-
formation.

As illustrated in FIG. 1A, the mirror display 10 may be implemented as a half mirror
(or mirror film) 12 added on a general display panel 11.

The display panel 11 may be implemented as a display panel such as liquid crystal
display (LCD) panel, organic light emitting diodes (OLED), liquid crystal on silicon
(LCoS), digital light processing (DLP), or the like, but is not limited thereto.

The half mirror 12 may, for example, and without limitation, be formed of a glass
plate or a transparent plastic plate on which a metal thin film or a dielectric multilayer
film reflecting a part of incident light and penetrating another part is deposited.

FIG. 1A is a view for explaining a usage form of a general mirror display 10 in
which a viewer views an image reproduced in a display panel 11 of a mirror display 10
through a half mirror 12, and when the image is not reproduced at the same time, a
user may see the light from the external light source being reflected by the half mirror
12 and thus, a user may use the mirror display as a mirror.

However, as illustrated in FIG. 1B, when the intensity of the light reflected by the
half mirror 12 is high due to the high external light intensity, the visibility of the re-
produced image may be deteriorated due to the reflected light. In addition, as il-
lustrated in FIG. 1C, when a low-grayscale image is displayed in the display panel 11,
the mirror effect becomes conspicuous and the visibility of the reproduced image
becomes poor.

Accordingly, in the present disclosure, it is possible to minimize and/or reduce the re-
flection effect by adjusting the luminance level of the image based on the reflection
threshold that generates a reflection effect on the mirror display 10. Hereinafter,
various example embodiments of the present disclosure will be described with
reference to the drawings.

FIG. 2 is a block diagram illustrating an example configuration of a display apparatus
according to an example embodiment.

According to FIG. 2, the display apparatus 100 includes a mirror display 120, a
storage 130, a sensor 140, and a processor (e.g., including processing circuitry) 150.

Here, the display apparatus 100 may be implemented as a smart phone, a tablet, a
smart TV, an Internet TV, a Web TV, an Internet Protocol Television (IPTV), a

network, signage, a PC, a smart TV, a monitor or the like, but is not limited thereto,
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and can be implemented as various types of devices with display functions such as
large format display (LFD), digital signage, digital information display (DID), a video
wall, a projector display, or the like.

The mirror display 120 may be implemented as a display which provides a mirror
function and a display function.

The mirror display 120 may be implemented as a liquid crystal display panel (LCD),
an organic light emitting diode (OLED), a liquid crystal on silicon (LCoS), a digital
light processing (DLP), or the like, but is not limited thereto. Also, the display 120
may be implemented as a transparent display that is implemented with a transparent
material and displays information. The mirror display 120 may be implemented as a
touch screen having a mutual layer structure with a touch pad. In this case, the mirror
display 120 may be used as a user interface in addition to the output device.

Meanwhile, the mirror display 120 may be implemented by adding a half mirror (or a
mirror film) to a conventional display panel. The display 210 illustrated in FIG. 3A and
FIG. 3B are diagrams illustrating an example LCD among various display types. The
LCD which is also called a liquid crystal display operates in a mechanism that light is
generated from a backlight, the light passes through particles of the liquid display, and
a desired image is obtained.

The LCD 210 includes a coating film 211, an upper polarizer 212, a liquid crystal
display panel 213, a lower polarizer 214, and a backlight 215. The upper and lower po-
larizers 212 and 214 classify light when the light emitted from the backlight 215 is
transmitted through the liquid crystal and emits light. The liquid crystal display panel
213 located between the upper and lower polarizers 212 and 214 includes a light
emitting material.

According to an example embodiment, a mirror film 212-3, which provides the
function of a mirror, may be located on the upper polarizer 212 to classify the light.
The upper polarizer 212 may include protective films 212-2, 212-4, and 212-6, a light
classification film 212-5, and the mirror film 212-3 as illustrated. Here, the protective
films 212-2, 212-4, and 212-6 are films that serve to protect the polarizing plate, and
can be implemented as, for example, and without limitation, TAC
(Tri-Acetyl-Cellulose). The light classification film 212-5 is a film that functions to
sort light in a polarizing plate and can be implemented with PVA Polyvinyl Alcohol
(PVA). The reason why the mirror film 212-3 is placed in the polarizing plate for
filtering light is due to the basic property of the mirror. Since the mirror reflects light
basically, the polarizing plate is used to reflect a specific light and to transmit a
specific light, so that it can act as a display and a mirror at the same time. In the
meantime, when the mirror function is provided only in a part of the screen, only the

backlight 215 of some areas can be driven in the OFF state based on the local
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of the mirror display structure, and is not limited to the structure as long as it can
provide the functions of the mirror and the display. For example, in the case of a self-
luminous display panel which does not require a backlight, it can be realized as a po-
larizing plate having a mirror film and a liquid crystal display panel.

Referring back to FIG. 2, the storage 130 stores the transmission characteristics in-
formation and reflection characteristics information of the mirror display 120.

Here, the transmission characteristics information of the mirror display 120 may
include information on the luminance value according to grayscale of an image signal
which is determined based on transmission rate of the mirror display 120. For example,
the luminance characteristics information of the mirror display 120 may be a
luminance measurement value according to the grayscale of the image signal. That is,
since the mirror display 120 has a fixed transmission rate, the luminance value
according to the grayscale of the image signal can be obtained by inputting the image
signal by grayscale. That is, an luminance measurement value according to the
grayscale of the input image signal is calculated by inputting O IRE (Institute of Radio
Engineers) (black) to 100 IRE (white) image signal (for example, O to 255 grayscale
image in case of 8-bit image) and can be stored in the storage 130. The luminance
measurement value according to the grayscale of the image signal is also referred to as
a gamma table (or a gamma curve), and can be directly measured by an experiment,
but it can also be predicted and calculated based on the transmittance of the mirror
display 120.

The reflection characteristics information of the mirror display 120 may include at
least one of reflection ratio information of the mirror display 120 and reflection
luminance of the mirror display 120 with respect to external light. In one example, the
reflection characteristics information may be the reflection ratio of the mirror display
120 itself. In this case, the reflection luminance according to the external light amount
according to an embodiment of the present disclosure can be calculated (determined)
based on the external light amount and reflection ratio measured by the sensor 140
described later. As another example, the reflection characteristics information may be
the measured or pre-calculated type information of the reflection luminance of the
mirror display 120 according to the external light amount. Here, the reflection
luminance of the mirror display 120 may be a luminance value generated as external
light is reflected based on the reflection ratio of the mirror display 120.

However, the luminance characteristics information and reflection characteristics in-
formation of the mirror display 120 may be received from an external server (not

shown) or the like. For example, when the luminance characteristics information corre-
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sponding to the identification information (for example, the manufacturing number,
model) of the mirror display 120 is stored in the external server, the display apparatus
100 may receive the information from the external server.

FIG.4 is a graph illustrating information on transmission features according to an
example embodiment.

As illustrated in FIG. 4, luminance value can be measured by inputting 0 IRE (black)
to 100 IRE (white) image signals to the mirror display 120 having a fixed transmission
rate. The luminance measurement value for each grayscale level according thereto, that
is, the transmission characteristic information, may be stored in the storage 130. In
addition, as described above, the luminance measurement value for each grayscale
level may be a value predicted by the processor 150, rather than a measured value, or
may be received from the outside.

However, the storage 130 may store only the basic luminance graph, and the
processor 150 may calculate (determine) the luminance graph corresponding to the
transmission rate of the mirror display 120 in real time based on the LUT, the cal-
culation formula, etc.

The storage 130 may store various data, programs, or applications for driving/
controlling the display apparatus 100. In addition, the storage 130 may include a user
sensing module, a communication control module, a voice recognition module, a
motion recognition module, a light receiving module, a display control module, an
audio control module, an external input control module, a power control module,
sound database (DB) or motion database (DB).

The storage 130 may be implemented as an internal memory such as a ROM or a
RAM included in the processor 150 or may be implemented as a memory separate
from the processor 150. In this case, the storage 130 may be implemented as a memory
embedded in the display apparatus 100 or a memory removably attached to the display
apparatus 100 depending on a data storage purpose of the storage 130.

The sensor 140 may include various sensing circuitry that senses external light.

For example, the sensor 140 may sense at least one of various characteristics such as
illuminance of light, intensity, color, incidence direction, incidence area, distribution,
and the like. According to an embodiment, the sensor 140 may be an illuminance
sensor, a temperature sensor, a light intensity sensing layer, a camera.

In particular, the sensor 140 may be implemented as an illuminance sensor that
senses RGB light, but the present disclosure is not limited thereto. For example, a
sensor capable of sensing light, such as a white sensor, an IR sensor, an IR + RED
sensor, HRM sensor, and camera is applicable.

In this case, various kinds of photovoltaic cells can be used as the illuminance sensor,

but it is also possible to use a photovoltaic tube for measurement of very low il-
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luminance. For example, the CDS illuminance sensor may be provided in the display
apparatus 100 to sense illumination in both directions. In this case, the illuminance
sensor may be installed in at least one predetermined area on both sides of the display
apparatus 100, but it may be provided in each pixel unit on both sides. For example, it
is also possible to provide an illuminance sensor of an enlarged form so that the CMOS
sensor corresponds to the size of the display 120, and to measure the illuminance state
of each area or each pixel. For example, the CDS illuminance sensor senses the light
around the display apparatus 100, and the A/D converter converts the voltage acquired
through the CDS illuminance sensor to a digital value and transmits the digital value to
the processor 150.

Meanwhile, at least one sensor 140 may be provided, and if a plurality of sensors 140
are provided, other positions may be used as long as they can measure illuminance in
different directions. For example, the second sensor may be provided at a position
where it is possible to sense the illuminance in the other direction of the angle that is
different by 90 degrees or more from the first sensor.

For example, the sensor 140 may be disposed inside the glass provided in the mirror
display 120. In this case, through the algorithm which compensates transmission rate/
reflection rate of glass provided in the mirror display 120, it can be controlled so that
the sensing function can be normally operating even inside the glass.

In addition, various sensors such as a touch sensor, an acceleration sensor, a geo-
magnetic sensor, and user sensing which are required for operations of the display
apparatus 100 can be further provided.

The processor 150 may include various processing circuitry and controls the overall
operations of the display apparatus 100. The processor 150 may include various
processing circuitry, such as, for example, and without limitation, one or more of a
dedicated processor, a central processing unit (CPU), a controller, an application
processor (AP), a communication processor (CP), an ARM processor, or may be
defined by the term. In addition, the processor 150 may be implemented as a digital
signal processor (DSP), a SoC having an image processing algorithm embedded
therein, or a field programmable gate array (FPGA).

The processor 150 adjusts the luminance of the image signal according to whether
the luminance of the image signal is equal to or less than a predetermined threshold
value, based on the transmission characteristics information, the reflection charac-
teristics information, and the sensed amount of external light, of the mirror display
120, and outputs it to the mirror display 120. Here, the predetermined threshold may be
a reflection threshold at which the reflection effect of the mirror display 120
disappears.

For example, the processor 150 may determine the reflection threshold at which the
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reflection effect disappears based on the reflection luminance of the mirror display 120
with respect to external light and transmission characteristics information (for
example, the aforementioned luminance graph and luminance table) of the mirror
display 120. The processor 150 may then adjust the luminance of the image signal
based on the reflection threshold of the mirror display 120 and output it to the mirror
display 120. Here, the reflection threshold varies depending on the reflection ratio (or
reflection luminance) of the mirror display 120, the luminance of the input image
signal, and the intensity of external light.

The reflection luminance of the mirror display 120 with respect to the external light
changes according to the amount of external light. According to an example em-
bodiment, when the reflection luminance of the mirror display 120 by external light
amounts is stored in the storage 130, the processor 150 may obtain the reflection
luminance of the mirror display 120 corresponding to the present external light amount
which is sensed by the sensor 140 from the storage 130.

According to another example embodiment, when the reflection ratio of the mirror
display 120 is stored in the storage 130, the processor 150 may directly calculate the
reflection luminance of the mirror display 120 based on reflection ratio of the mirror
display 120 obtained from the storage 130 and intensity of the sensed amount of
external light. For example, the processor 150 can directly calculate the reflection
luminance of the mirror display 120 corresponding to the amount of current external
light by multiplying the sensed amount of external light by the reflection ratio of the
mirror display 120.

Alternatively, when the information is stored in the external server, the information
can be obtained from the external server. For example, when the mirror display 120 is
manufactured such that the same model has the same reflection ratio, reflection
luminance according to external light by models can be stored in an external server.

However, the luminance of the image currently displayed on the screen may affect
the reflection luminance of the actual mirror display 120. For example, when a high-
grayscale image is displayed, the luminance of the high-grayscale image can affect the
reflection luminance of the mirror display 120. In this case, the reflection luminance of
the mirror display 120 may be re-calculated in consideration of the luminance of the
currently displayed image. It is also possible that the reflection luminance considering
the effect is prestored.

Based on the reflection luminance information of the mirror display 120 and the
transmission characteristics information of the mirror display 120 with respect to the
amount of external light, the processor 150 may determine grayscale of an image
signal having the same luminance value as the reflection luminance of the mirror

display as reflection threshold that the reflection effect of the mirror display 120
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disappears.

FIGS. 5, 6A, and 6B are graphs illustrating an example method for determining a re-
flection threshold point according to an example embodiment.

In FIG. 5, a first graph 510 is a luminance graph showing transmission characteristics
of the mirror display 120, and a second graph 520 is a graph showing reflection
luminance of the mirror display 120 with respect to external light. Here, the first graph
510 does not change because the transmittance rate of the mirror display 120 is fixed
(after the manufacture), but the second graph 520 may be reflection luminance of the
mirror display 120 with respect to a predetermined amount of external light (external
light of predetermined intensity) and a shape of the second graph can be different
according to intensity of external light.

In this case, the grayscale value at the point where the first graph 510 and the second
graph 520 meet may be the reflection threshold. In other words, the left area with
respect to the reflection threshold is an area having a higher luminance due to the
external light reflection than the luminance of the transmitted image and there is much
reflection effect, and the right area has a luminance lower due to the external light re-
flection than the luminance of the transmitted image and there is little reflection effect.

The reflection threshold, in consideration that the transmission rate of the mirror
display 120 is fixed (after manufacture), changes according to the second graph 520
which changes by the intensity of external light.

When the transmission rate and the reflection rate of the mirror display 120 are
stored in the display apparatus 100 (for example, the storage 130), the processor 150
may calculate the first graph 510 based on the transmission rate of the mirror display
120 and the second graph 520 based on the reflection rate of the mirror display 120.

Alternatively, information corresponding to at least one of the first graph 510 and the
second graph may be prestored in the display apparatus 100. For example, data may be
stored in the form of a lookup table in at least one of the first graph 510 and the second
graph.

The reflection threshold according to external light of the mirror display 120 may be
calculated through an experiment during manufacturing the display 120 and stored in
the display apparatus 100.

FIG. 6A is a graph illustrating an example reflection threshold according to amount
of external light.

As illustrated in FIG. 6A, the reflection threshold may have the values such as a, b,
and c in the external light of different intensities, for example, 50 lux, 100 lux, and 150
lux. When the transmission ratio and the reflection ratio of the mirror display 120 are
stored, the reflection threshold can be calculated according to the amount of external

light that is currently sensed.



13

WO 2018/097506 PCT/KR2017/012395

[93]

[94]

[95]

[96]

[97]

[98]

[99]

In this case, as illustrated in FIG. 6B, when the luminance level of the input image
signal is adjusted upwards (610, 620, and 630) (hereinafter, referred to as an auxiliary
line) by a luminance level indicating a reflection effect according to the intensity of
external light, the reflection effect can be offset. For example, luminance level can be
adjusted upward such that, in a black signal, luminance level is raised as much as a
luminance level (a, b, ¢) corresponding to the reflection threshold, and in a white
signal, luminance level is raised to be the same as the luminance level of the input
image signal.

However, when the luminance level of the black signal is raised, there may be
distortion of signal such as a black color of the input image is seen as gray color, or the
like.

Thus, according to another example embodiment of the present disclosure, the
processor 150 may adjust a luminance level of the input image signal so that, in the
lowest grayscale level, the luminance level is maintained, and in the remaining
grayscale level, the luminance level is raised based on the reflection luminance of the
mirror display 120.

The processor 150, based on the reflection threshold, may divide sections of the
entire scope of grayscale into a plurality of grayscale sections and raise the luminance
of the input image signal by applying different luminance adjustment methods by
grayscale sections.

In this case, the processor 150 can raise the luminance of the input image signal
based on the grayscale characteristics of the image signal. Here, the term grayscale
means that the change in the color saturation, i.e., the bright portion and the dark
portion, is subdivided into several levels. In general, the more the luminance difference
is divided, the more the color change is expressed naturally. In this case, it is expressed
that grayscale is good.

In this case, the processor 150 maintains the input luminance level for at least one of
the lowest grayscale and the highest grayscale, and raise the luminance of the input
image signal by applying different luminance adjustment methods by grayscale
sections for remaining grayscale section. For example, for the luminance level of the
lowest grayscale (e.g., black) and the highest grayscale (e.g., white), the original
luminance level may be maintained, and for the remaining grayscale, luminance may
be corrected based on the characteristics of the divided grayscale sections.

For example, if the grayscale of the input image signal is within the low grayscale
section, the processor 150 may raise the luminance of the input image signal as much
as the reflectance luminance of the mirror display 120, or raise the reflection
luminance of the mirror display 120 as much as the luminance within the prede-

termined threshold range.
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In this case, the processor 150 may determine whether it belongs to a high grayscale
section or a low grayscale section in a predetermined pixel area unit (for example, each
pixel unit) of the input image, and adjust the luminance level of the pixel area.

For example, when the grayscale values of each pixel of the input image have
grayscale values less than the reflection threshold, the processor 150 may adjust the
luminance level of the pixels so as to match the characteristics of the low grayscale
section, and when the grayscale value of each pixel has a grayscale value equal to or
higher than the reflection threshold, the processor 150 may adjust the luminance level
so as to match the characteristics of the high grayscale section for the pixel.

As another example, when the grayscale values of the pixels of the input image have
grayscale values within a predetermined range including the reflection threshold, the
processor 150 adjusts the luminance levels of the pixels corresponding to the charac-
teristics of the middle grayscale range. When the grayscale values have grayscale value
which is greater than or equal to a predetermined range including the reflection
threshold, the processor adjusts the luminance level to match the characteristics of the
high grayscale section for the corresponding pixel. When the grayscale value has a
value which is less than the lower limit of the predetermined range including the re-
flection threshold, the processor may adjust the grayscale value to match the charac-
teristics of the lower grayscale section for the pixel.

FIG. 7 is a view to illustrating an example method for dividing grayscale sections of
an image according to an example embodiment.

Referring to FIG. 7, according to an embodiment of the present disclosure, the entire
grayscale range can be defined as two grayscale ranges based on the reflection
threshold. For example, the grayscale range below (less than or equal to) the reflection
threshold can be defined as the low grayscale section 710 and the grayscale range
equal to or above the reflection threshold can be defined as the high grayscale section
720 based on the reflection threshold.

In this case, the processor 150 may maintain the original luminance level for the
luminance level of the lowest grayscale (for example, black) as illustrated in the graph
of FIG. 8 and adjust luminance of input image so that luminance level of remaining
grayscale can be raised.

For example, with respect to the input image signal 810, the black image signal can
maintain original luminance level, and as for image signal of remaining grayscale,
luminance can be raised based on the shape of graph 830 which approaches an
auxiliary line 820 calculated based on the reflection threshold. Here, the luminance
level corresponding to initial value of the auxiliary line 820 can be luminance level
which is calculated based on reflection threshold according to intensity of external
light as illustrated in FIGS.6A and 6B.
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FIGS. 9A and 9B are diagrams illustrating example luminance adjustment graphs
which change based on intensity of external light according to an example em-
bodiment.

FIG. 9A illustrates a luminance adjustment graph which is applied to comparatively
high luminance.

At comparatively higher luminance, the reflection threshold is raised and thus, as il-
lustrated in FIG. 9A, the initial value of the auxiliary line 910, that is, the luminance
level corresponding to the reflection threshold is formed at a high position. Ac-
cordingly, the luminance adjustment graph 920 can be a graph in which the degree of
upward adjustment is relatively rapid.

FIG. 9B illustrates an illuminance adjustment graph which is applied to com-
paratively low luminance.

At a comparatively low illuminance, reflection threshold becomes lower and causes
weak reflection effect and thus, as illustrated in FIG. 9B, the luminance level which
corresponds to the initial value of the auxiliary line 930, that is, luminance level corre-
sponding to the reflection threshold is formed at a lower position. Accordingly, the
luminance adjustment graph 940 can be a graph in which the upward adjustment in-
formation is relatively gentle. Alternatively, the original luminance level may be
maintained without adjusting the luminance.

FIGS. 10A and 10B are graphs illustrating an example of changing of a luminance
adjustment graph illustrated in FIG.8.

According to the graph illustrated in FIG. 10A, for the input image signal 810, the
low grayscale section sharply increases the luminance to approach the auxiliary line
820, and at the certain point A, the luminance can be adjusted based on the luminance
adjustment graph 1010 which increases the luminance constantly to reach the highest
grayscale of the luminance. According to this, the contrast of the low-grayscale signal
is increased without distorting the black signal, and the visibility of the image can be
further increased.

FIG. 10B illustrates a luminance adjustment technique according to another example
embodiment. According to the graph shown in FIG. 10B, the contrast of low grayscale
is increased at the black point around the auxiliary line §20, and the luminance can be
adjusted based on the luminance adjustment graph 1020 in which the contrast of the
middle grayscale or the high grayscale is changed according to an illuminance en-
vironment or an image state.

However, if a predetermined type of luminance adjustment graph (for example,
FIGS. 8, 9A, 9B, 10A, and 10B) is reflected in all images (or image frames) as in the
aforementioned example embodiment, in the low grayscale image, the effect that re-

flection phenomenon is reduced can be obtained. However, in the high grayscale image
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where reflection phenomenon does not occur even when luminance adjustment is not
performed, rather side effect may occur.

Accordingly, in another embodiment of the present disclosure, luminance adjustment
can be performed differently based on the main grayscale information of the image
signal to minimize and/or reduce the side effect. For example, the processor 150 may
determine a grayscale section belonging to an image frame unit and adjust the
luminance by applying a different luminance adjustment graph.

For example, according to another embodiment of the present disclosure, the
processor 150 may divide sections of the entire grayscale range into a low grayscale
section, a middle grayscale section, and a high grayscale section with reference to a re-
flection threshold, and when the grayscale of the image signal is within the low
grayscale section, the luminance level of the image signal is raised as much as the first
luminance level based on the reflection luminance of the mirror display 120. When the
grayscale of the image signal is within the high grayscale section, the luminance level
of the image signal may be raised as much as the second luminance level, and when
the grayscale is within the middle grayscale section, luminance level of the image
signal can be maintained. Here, the first luminance level may be a value greater than
the second luminance level.

FIGS. 11, 12A, 12B, 12C, 13A, and 13B are diagrams illustrating an example
method for dividing a grayscale section according to another example embodiment.

Referring to FIG. 11, according to another embodiment of the present disclosure, the
entire grayscale range can be defined as three grayscale sections based on the re-
flection threshold. For example, a grayscale section within a predetermined range
including the reflection threshold may be divided into a middle grayscale section 1120,
a grayscale section longer than or equal to a middle grayscale section may be defined
as a high grayscale section 1130, and a grayscale section less than or equal to the
middle grayscale section may be defined as a low grayscale section 1110.

In this case, the processor 150 may adjust luminance of the image signal based on a
grayscale section to which main grayscale information belongs.

In FIGS. 12A, 12B and 12C, as illustrated in FIG.11, a method of defining sections
of the entire grayscale section as a low grayscale section, a middle grayscale section,
and a high grayscale section based on the reflection threshold and performing
luminance adjustment differently based on a grayscale section to which main grayscale
information of the image scale belongs is described.

For example, depending on whether the main grayscale information (for example,
average grayscale value) of the image signal is within the low grayscale section, the
middle grayscale section and the high grayscale section, based on the luminance ad-

justment graph illustrated in FIGS. 12A to 12C, the luminance adjustment can be
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performed to minimize and/or reduce the side effect.

For example, in the case where the main grayscale information of the image signal is
within a low grayscale section (hereinafter referred to as low grayscale image), as
shown in FIG. 12A, the black signal may adjust luminance based on the luminance ad-
justment graph 1230 which approaches the auxiliary line 1220 which is calculated
based on the reflection threshold of the original input signal 1210.

Also, in the case where the main grayscale information of the image signal is within
the middle grayscale range (hereinafter referred to as the middle grayscale image), as
illustrated in FIG. 12B, the luminance can be adjusted based on the luminance ad-
justment graph 1240 in which luminance level of the low luminance signal part is
changed to a low ratio.

In the case where the main grayscale information of the image signal is within the
high grayscale range (hereinafter referred to as high grayscale image), the side effect
can be minimized by using the original input signal 1210 as it is, as illustrated in FIG.
12C. This is because, in the case of a bright image, the reflection phenomenon hardly
occurs.

For example, as illustrated in FIG. 13A, the processor 150 may determine to which
of the plurality of grayscale sections the main grayscale information belongs for each
frame of the image signal, and identify each image frame as low grayscale frame 1310,
middle grayscale frame 1320, and high grayscale frame 1330. Here, the main grayscale
information of the image (or frame) may be average grayscale information of the
image (or frame) or grayscale information having the largest pixel area, or the like.

The processor 150 may perform luminance adjustment based on a different types of
graphs as illustrated in FIGS. 12A, 12B and 12C for each of the low grayscale frame
1310, the middle grayscale frame 1320 and the high grayscale frame 1330.

For example, for the low grayscale frame 1310, a luminance adjustment value corre-
sponding to the grayscale value of each pixel of the image frame may be determined
based on the luminance adjustment graph 1230 as illustrated in FIG. 12A, and the
luminance adjustment for the image frame can be performed based on the luminance
adjustment.

For example, when performing luminance adjustment by the luminance adjustment
graph illustrated in FIG. 12A with respect to the low grayscale frame 1310, the
processor 150 may calculate the luminance adjustment value for the pixel based on the
grayscale values of each pixel of the low grayscale frame 1310 as illustrated in FIG.
13B. For example, the processor 150 determines grayscale values of each of pixel, and
when the grayscale value of the first pixel 1311 is a, as illustrated in FIG. 13B, the
processor 150 may obtain luminance adjustment value Ya corresponding to the

grayscale value a as the luminance adjustment value of the first pixel 1311, and when
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the grayscale value of the second pixel 1312 is b, the luminance adjustment value Yb
corresponding to the grayscale value a can be obtained as the luminance adjustment
value of the second pixel 1311. The processor 150 may perform the corresponding
process for each pixel in the scanning direction on all the pixels of the low grayscale
frame 1310 as described above and obtain a luminance adjustment value for all the
pixel areas of the low grayscale frame 1310.

However, the above-described example embodiment is only one embodiment, and
the luminance adjustment value for all the pixel areas of the low grayscale frame 1310
may be obtained in a predetermined pixel area unit including a plurality of pixels. For
example, a pixel area including four pixels may be determined as the luminance ad-
justment processing unit, a luminance adjustment value corresponding to the average
luminance value for the four pixels may be obtained from the graph, and processing is
performed in units of four pixels, and the luminance adjustment value for all the pixel
areas of the low grayscale frame 1310 may be obtained.

The middle grayscale frame 1320 can be configured in the same manner as the low
grayscale frame 1310 based on the luminance adjustment graph 1240 as illustrated in
FIG. 12B. The luminance adjustment value corresponding to the grayscale value of
each pixel is determined and the luminance adjustment for the image frame is
performed based on the determined luminance adjustment value.

However, for the high grayscale frame 1330, the luminance level of the original input
signal can be maintained without performing luminance adjustment.

On the other hand, in the embodiment described above, it is described that the entire
grayscale section is identified as three sections including the high grayscale section,
the middle grayscale section and the low grayscale section based on the reflection
threshold, and each image frame is identified as high/middle/low grayscale frame cor-
responding to the sections and luminance adjustment is performed, but this is merely
example.

For example, it is possible to perform luminance adjustment by defining the entire
grayscale sections as two sections including the high grayscale section and the low
grayscale section and identify each image frame as high/low grayscale frames corre-
sponding to the grayscale sections to perform luminance adjustment based on the re-
flection threshold, or identify the entire grayscale sections as sub-grayscale sections
which are further divided than three grayscale sections and identify each image frame
to correspond to the grayscale sections to perform luminance adjustment.

According to another embodiment, the processor 150 may identify the input image as
a plurality of areas based on the grayscale distribution of the image signal, and perform
luminance adjustment by applying the luminance adjustment graphs different by areas

based on the characteristics of each of the plurality of areas. For example, the
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processor 150 may analyze a grayscale histogram of an input image to divide the input
image into a plurality of areas, and identify the entire grayscale section which is input
based on the grayscale distribution as a plurality of grayscale sections. Then, the
processor 140 may individually adjust the display luminance of the corresponding area
by applying a luminance adjustment graph corresponding to at least a partial area cor-
responding to at least a part of the plurality of grayscale areas (for example, a low
grayscale area).

For example, the processor 150 may divide the entire grayscale section of the input
image into a plurality of grayscale sections based on the grayscale values (or grayscale
sections) of which pixel distribution increases or decreases to a predetermined
threshold value or more in a grayscale histogram of the input image. Here, the
grayscale histogram is a graph showing the grayscale distribution of the pixels of the
image. For example, the x-axis represents the grayscale level of the input image, and
the grayscale level of the input image may be divided into 256 steps from 0O to 255 for
the 8-bit image, and the y-axis may be a form representing the number of pixels.
However, it goes without saying that the grayscale level of the input image can be
changed according to the image.

Alternatively, the processor 150 may identify the input image as a plurality of areas
according to a predetermined criteria, and may individually adjust luminance of the
corresponding area by applying the luminance adjustment graph corresponding to at
least a part of the plurality of areas based on the grayscale distribution of the pixels of
the plurality of identified areas.

For example, the processor 150 may identify the input image frame as a plurality of
pixel areas of a predetermined size, and based on the grayscale distribution of the
pixels of each pixel area, identify the input frame as a plurality of areas of which
display luminance can be individually adjusted. Specifically, the processor 130 may
group and divide a plurality of pixel areas into a plurality of areas based on an average
grayscale value of each pixel area. In this case, the processor 150 applies a different
luminance adjustment graph to each of the plurality of areas according to whether the
average grayscale value of the plurality of areas is within the low grayscale section,
middle grayscale section, or the high grayscale section and individually adjust
luminance of each area.

Alternatively, the processor 140 may divide the image into a plurality of areas
according to the content attribute of the input image. For example, the object area
included in each image can be divided into a plurality of areas based on metadata in-
formation about a plurality of objects included in the image. In this case, the processor
150 applies a different luminance adjustment graph to each of the plurality of areas

according to whether the average grayscale value of the plurality of object areas is
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within the low grayscale section, the middle grayscale section, or the high grayscale
section, and can adjust luminance of each area individually.

However, the method of identifying an input image into a plurality of areas is not
limited to the above-described methods, and the method is not limited as long as it is a
method capable of distinguishing areas based on grayscale of an image.

Further, the processor 150 can adjust the luminance of the object area to be different
from that of the other areas based on the grayscale characteristics of the object area that
satisfies predetermined conditions among a plurality of object areas of the input image.
Here, the object area satisfying the predetermined condition may be the user's in-
terested object area (e.g., the latest message area, the notification message display area,
and the like among a plurality of message areas), but is not limited thereto. For
example, in the case of an image including a background area and a human area, it is
also possible to set a person as an object area of interest.

However, the area to be divided may be an object unit as described above, but is not
limited thereto. For example, an area including one object and objects adjacent thereto
may be a processing area for luminance adjustment.

In addition, the processor 150 may divide one object into a plurality of sub-areas
based on the grayscale of a plurality of pixels of an object in each object, and apply a
separate luminance adjustment graph to each sub area. For example, when the object is
a mountain, a different luminance adjustment table can be applied to the middle area
and the upper area of the mountain when the grayscales of the middle area and the
upper area of the mountain are different.

FIGS. 14, 15A, and 15B are diagrams illustrating an example method for adjusting
color according to another example embodiment.

FIG. 14 is a diagram illustrating a Hue, Saturation, Lightness (HSL) color cone. In
FIG. 14, the HSI (Hue, Saturation, Intensity), HSV (Hue, Saturation, Value (HSV) and
HSB (Hue, Saturation, Luminance (HSB) models can explain the same principle. That
is, l and V, B, and L represent brightness information, which means an intensity, a
value, a brightness, and a lightness, respectively.

According to FIG. 14, the lightness 1410 increases as the coordinate increases
upward, the saturation 1420 increases as the coordinate moves away from the center,
and the Hue (color) value 1430 changes in a counterclockwise direction.

As can be seen from the color space model, the density (or the expression) of the
color is slightly reduced as the brightness of the image is increased. According to
another embodiment of the present disclosure, color dropout according to adjustment
of luminance can be complemented.

Referring to FIG. 15A, when the luminance is adjusted according to an embodiment

of the present disclosure, the original position ( * ) on the color space is changed to a



21

WO 2018/097506 PCT/KR2017/012395

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

position (*) where the color density is lowered, and such color dropout is prominent
especially in the middle grayscale section.

Thus, according to another embodiment of the present disclosure, a middle grayscale
color discoloration phenomenon due to the luminance adjustment can be compensated
for by multiplying the middle grayscale by a constant gain. For example, it is possible
to set a gain in consideration of a color value indicating a difference from a signal that
is changed from an original signal, and perform image quality processing for com-
pensating for color based thereon.

In this case, even if the luminance is adjusted as illustrated in FIG. 15B, the color
dropout phenomenon can be reduced.

FIGS. 16A and 16B are block diagrams illustrating an example configuration of the
display apparatus 100 according to an example embodiment.

According to FIG. 16A, the display apparatus 100 includes an image receiver (e.g.,
including image receiving circuitry) 110, a mirror display 120, a storage 130, a sensor
140, a processor (e.g., including processing circuitry) 150, a light receiver (e.g.,
including light receiving circuitry) 160, and a power supply 170. Detailed description
of the configuration overlapping with the configuration illustrated in FIG. 2 will not be
repeated here.

The image receiver(not drawn) may include various image receiving circuitry and
receives various image signals from an external source. Here, the image signal may
include at least one of a video, an image, a text, and sound, for example. The image
receiver 110 may be implemented as a wired interface including at least one of a High-
Definition Multimedia Interface (HDMI) port, a component input jack, a PC input port,
and a USB input jack, or may be implemented as a wireless interface including at least
one of wired Ethernet, a LAN communicator and a local communicator.

The processor 150 may include various processing circuitry, including, for example,
and without limitation, CPU 151, a ROM (or nonvolatile memory) storing a control
program for controlling the display apparatus 100, and RAM (or volatile memory) for
storing data which is input from outside the display apparatus 100 or used as a storage
area corresponding to various tasks performed in the display apparatus 100.

The processor 150 may execute an Operating System (OS) and various applications
stored in the storage 130 when a predetermined event occurs. The processor 150 may
include a single core, dual core, triple core, quad core and multiples thereof.

The CPU 151 may access the storage 130 and perform booting using the O/S stored
in the storage 130. Then, various operations are performed using various programs,
contents, data, and the like stored in the storage 130.

The storage 130 may store various data, programs, or applications for driving/

controlling the display apparatus 100. The storage 130 may store a control program for
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controlling the display apparatus 100 and the processor 150, applications, databases, or
related data originally provided from a manufacturer or downloaded from the outside.

For example, the storage 130 can store a software module as illustrated in FIG. 16B.

The sensing module 141 may include an algorithm module for processing a sensing
value obtained through the sensor 140, for example, an illuminance sensing value. The
processor 150 may use the module to determine the current external illuminance from
the sensed values obtained through the sensor 140.

Here, the image quality processing module 142 may include an algorithm module for
performing image quality processing on the basis of the external illuminance obtained
using the sensing module 141, the reflection ratio of the mirror display 120, the
grayscale of the image, and the like. The processor 150 may perform image processing
such as luminance adjustment according to an embodiment of the present disclosure or
additional color adjustment according to another embodiment using the module.

The storage 130 may be implemented as an internal memory such as a ROM or a
RAM included in the processor 150 or may be implemented as a separate memory
from the processor 150. In this case, the storage 130 may be implemented as a memory
embedded in the display apparatus 100 according to a data storage purpose, or as a
memory removably attachable to the display apparatus 100. For example, data for
driving the display apparatus 200 may be stored in a memory embedded in the display
apparatus 100, and data for an extension function of the display apparatus 100 may be
detached and attached to the display apparatus 100. The memory embedded in the
display apparatus 100 may be implemented as a non-volatile memory, a volatile
memory, a hard disk drive (HDD), or a solid state drive (SSD) (e.g., a micro SD card, a
USB memory, etc.), or an external memory (e.g., a USB memory) connectable to a
USB port, and the like.

The light receiver 160 may include various circuitry that receives an optical signal
(including control information) output from a remote controller (not shown) through an
optical window (not shown). The light receiver 160 can receive a light signal corre-
sponding to a user input (e.g., touch, press, touch gesture, voice, or motion) from a
remote controller (not shown). In this case, the control information extracted from the
received optical signal may be transmitted to the processor 150.

The power supply 170 may include various circuitry that supplies power which is
input from the external power source to the components 110 to 170 inside the display
apparatus 100 under the control of the processor 150.

FIG. 17 is a flowchart illustrating an example method of controlling a display
apparatus according to an example embodiment.

According to a controlling method of the display apparatus having the mirror display
as illustrated in FIG.17, external light is sensed (S1710).
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[166]

[167]

[168]

[169]

[170]

[171]

[172]

Based on the transmission characteristics information of the mirror display, the re-
flection characteristics information of the mirror display, and the sensed amount of
external light, the luminance of the image signal is adjusted according to whether the
grayscale of the image signal is equal to or less than a predetermined threshold at
which the reflection effect disappears (S1720).

Here, the transmission characteristics information of the mirror display includes
luminance information in accordance with the grayscale of the image determined based
on the transmission ratio of the mirror display, and the reflection characteristics in-
formation of the mirror display is information on the reflection ratio information of the
mirror display and illuminance information of the mirror display with respect to the
external light amount.

In S1720, based on the transmission characteristics information of the mirror display
and the reflection luminance of the mirror display with respect to the external light
quantity, the grayscale value having the same luminance value as the reflection
luminance of the mirror display can be determined as the predetermined threshold.

In S1720, the entire grayscale range is identified as a plurality of grayscale sections
based on a predetermined threshold, and the luminance of the image signal may be
raised by applying different luminance adjustment schemes for each grayscale section.

Further, in S1720, input luminance level can be used for the lowest grayscale and the
highest grayscale, and for the remaining grayscale sections, different luminance ad-
justment methods can be applied by grayscale sections and luminance of an image
signal can be raised.

In S1720, the entire grayscale range may be defined or divided in sections as a low
grayscale section and a high grayscale section based on a predetermined threshold. In
this case, when the grayscale of the image signal is within the low grayscale section,
the luminance of the image signal is adjusted upward by the first luminance level based
on the reflection luminance of the image display. If the grayscale of the image signal is
within the high grayscale section, the luminance of the image signal can be raised by
the second luminance level.

In S1720, the entire grayscale range may be defined or divided as a low grayscale
section, a middle grayscale section, and a high grayscale section with reference to a
predetermined threshold. When the grayscale of the image signal is within the low
grayscale section, luminance of the image signal may be raised as much as the first
luminance level of the image signal based on the reflection luminance of the mirror
display, when the grayscale of the image signal is within the middle grayscale section,
luminance of the image signal may be maintained, and when the grayscale of the
image signal is within the high grayscale section, luminance of the image can be raised

as much as the second luminance level.
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[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

The control method may further include a step of defining or dividing the entire
grayscale range as a plurality of grayscale sections and calculating a plurality of
luminance adjustment graphs reflecting the characteristics of each of the plurality of
grayscale sections based on a predetermined threshold, and adjusting the luminance of
the image signal based on at least one of the luminance adjustment graph. In this case,
the plurality of luminance adjustment graphs are graphs in which the input luminance
level is maintained for the lowest grayscale and the highest grayscale in the entire
grayscale range, and the other grayscales are adjusted in such a manner that the
luminance levels are upwardly adjusted based on the characteristics of the corre-
sponding grayscale range.

In step S1720, the luminance adjustment graph corresponding to the main grayscale
information of the frame of the image signal among the plurality of luminance ad-
justment graphs may be identified, and the luminance level of the frame may be
adjusted based on the identified luminance adjustment graph.

In step 1730, the luminance of the image to be displayed is adjusted based on the re-
flection threshold and the image displayed on the mirror display.

According to the various example embodiments of the present disclosure, it is
possible to reduce the reflection effect of the mirror display through appropriate image
processing according to the illumination environment.

Meanwhile, the methods according to various embodiments of the present disclosure
described above can be implemented in the form of an application that can be installed
in an existing display device.

Also, the methods according to the various embodiments of the present disclosure
described above can be implemented by software upgrading or hardware upgrading or
any combination thereof for existing display devices.

The above-described various embodiments of the present disclosure can also be
performed through an embedded server provided in a display device or an external
server.

Meanwhile, the various embodiments described above can be implemented in a non-
transitory computer readable recording medium that can be read by a computer or a
similar device using software, hardware, or a combination thereof. In some instances,
the embodiments described herein may be implemented by the processor itself.
According to the software implementation, embodiments such as the procedures and
functions described herein may be implemented with separate software modules. Each
of the software modules may perform one or more of the functions and operations
described herein.

Meanwhile, computer instructions for performing the processing operations of the

display apparatus 100 according to various example embodiments of the present
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[182]

[183]

disclosure described above may be stored in a non-transitory computer-readable
medium. The computer instructions stored in the non-transitory computer-readable
medium enables the particular apparatus to perform the processing operations in the
display apparatus 100 according to the various embodiments described above when
executed by the processor of the particular apparatus.

The non-transitory computer-recordable medium is an apparatus-readable medium
configured to semi-permanently store data. For example, the above-described various
applications or programs may be stored in the non-transitory apparatus-readable
medium such as a compact disc (CD), a digital versatile disc (DVD), a hard disc, a
Blu-ray disc, a universal serial bus (USB), a memory card, or a read only memory
(ROM), and provided therein.

The foregoing example embodiments, features and advantages are merely examples
and are not to be construed as limiting the disclosure. The example embodiments can
be readily applied to other types of device or apparatus. Also, the description of the
example embodiments is intended to be illustrative, and not to limit the scope of the
disclosure, and many alternatives, modifications, and variations will be apparent to
those skilled in the art.
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Claims
A display apparatus comprising:
a mirror display;
a sensor;
a storage configured to store transmission and reflection characteristics
information of the mirror display;
a processor configured to:
identify a threshold, based on the transmission characteristics in-
formation, the reflection characteristics information, and an amount of
external light sensed through the sensor,
adjust a luminance of a image signal based on whether a grayscale of
the image signal is less than or equal to the threshold, and
output an image corresponding to the image signal on the mirror
display.
The apparatus as claimed in claim 1, wherein the transmission charac-
teristics information of the mirror display comprises luminance in-
formation based on grayscale of an image which is determined based
on transmission ratio of the mirror display, and
wherein the reflection characteristics information of the mirror display
comprises at least one of: reflection ratio information of the mirror
display and reflection luminance information of the mirror display with
respect to the amount of external light.
The apparatus as claimed in claim 2, wherein the processor, based on
the transmission characteristics information of the mirror display and
reflection luminance of the mirror display with respect to the amount of
external light, is configured to identify a grayscale value of a luminance
value which is the same as the reflection luminance of the mirror
display as the predetermined threshold.
The apparatus as claimed in claim 1, wherein the processor, based on
the predetermined threshold, is configured to divide an entire scope of
grayscale into a plurality of grayscale sections, and to raise the
luminance of the image signal by applying different luminance ad-
justment methods for each grayscale section.
The apparatus as claimed in claim 4, wherein the processor is
configured to maintain an input luminance level with respect to a
lowest grayscale and a highest grayscale, and to raise the luminance of

the image signal by applying different luminance adjustment methods
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[Claim 7]

[Claim 8]
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for each grayscale sections with respect to remaining grayscale
sections.

The apparatus as claimed in claim 4, wherein the processor, based on
the predetermined threshold, is configured to divide the entire scope of
grayscale into a low grayscale section and a high grayscale section, and
if a grayscale of the image signal is within the low grayscale section, to
raise the luminance of the image signal as much as a first luminance
level based on reflection luminance of the mirror display, and if the
grayscale of the image signal is within the high grayscale section, to
raise the luminance of the image signal as much as a second luminance
level.

The apparatus as claimed in claim 4, wherein the processor is
configured to divide the entire scope of grayscale into a low grayscale
section, a middle grayscale section, and a high grayscale section,

if the grayscale of the image signal is within the low grayscale section,
to raise the luminance of the image signal as much as a first luminance
level based on reflection luminance of the mirror display,

if the grayscale of the image signal is within the middle grayscale
section, to maintain luminance of the image signal, and

if grayscale of the image signal is within the high grayscale section, to
raise the luminance of the image signal as much as a second luminance
level.

The apparatus as claimed in claim 1, wherein the processor is
configured to divide, based on the predetermined threshold, the entire
scope of grayscale into a plurality of grayscale sections,

to calculate a plurality of luminance adjustment graphs to which char-
acteristics of each of the plurality of grayscale sections are reflected,
to adjust luminance of the image signal based on at least one of the
plurality of calculated luminance adjustment graphs,

wherein the plurality of luminance adjustment graphs are graphs in
which input luminance level is maintained with respect to lowest
grayscale and highest grayscale from among the plurality of grayscale
sections, and luminance levels of remaining grayscale sections are
raised differently based on characteristics of a corresponding sections
of grayscale.

The apparatus as claimed in claim §, wherein the processor is
configured to identify a luminance adjustment graph corresponding to

main grayscale information of frame of the image signal from among
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[Claim 14]
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the plurality of luminance adjustment graphs and to adjust a luminance
level of the corresponding frame based on the identified luminance ad-
justment graph.

The apparatus as claimed in claim 1, wherein the processor is
configured to identify a color shift degree by pixel areas based on the
luminance level adjustment and to adjust a color coordinate of the pixel
area to compensate for the color shift.

The apparatus as claimed in claim 1, wherein the mirror display
comprises:

a display panel; and

a half mirror disposed on an upper part of the display panel and having
a predetermined reflection ratio and a predetermined transmission ratio.
A method of controlling a display apparatus including a mirror display,
the method comprising:

sensing an amount of external light; and

identify a threshold, based on the transmission characteristics in-
formation of the mirror display, reflection characteristics information of
the mirror display, and the sensed amount of external light,

adjust a luminance of a image signal based on whether a grayscale of
the image signal is less than or equal to the threshold, and

outputting an image corresponding to the image signal on the mirror
display.

The method of claim 12, wherein the transmission characteristic in-
formation of the mirror display comprises luminance information based
on a grayscale of an image which is determined based on transmission
ratio of the mirror display, and

wherein the reflection characteristics information of the mirror display
comprises at least one of: reflection ratio of the mirror display and
luminance information of the mirror display with respect to an amount
of external light.

The method of claim 13, wherein the outputting comprises, based on
the transmission characteristics information of the mirror display and
reflection luminance of the mirror display with respect to the amount of
external light, identifying a grayscale value which has a same
luminance value as the reflection luminance of the mirror display as the
predetermined threshold.

The method of claim 12, wherein the outputting comprises, based on

the predetermined threshold, dividing an entire scope of grayscale into
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a plurality of grayscale sections, and raising the luminance of the image
signal by applying different luminance adjustment methods for each

grayscale section.



1/10

WO 2018/097506
[Fig. 1a]
A 10
VY 12/\11
< > ) )
L Vi QA

T~

|

|

|

. EXTERNALLIGHT |=

' REFLECTION o=

| (REFLECTION RATIO) | 55 | &
=

| (=]

| =

|

- IMAGE

| (TRANSMISSION RATIO)

|

[Fig. 1b]

vhg
<[ 888 >
P

REFLECTION
(REFLECTION RATIO)

>
()
—_

F— &

N~ N

HOYHIN 41vH
TaNvd

4

IMAGE
(TRANSMISSION RATIO)

[Fig. 1c]
A
Vrnd
S
- \

-
"M
o

F~——

EXTERNALLIGHT | =
REFLECTON | = | =
(REFLECTIONRATI0) | S | &
=
(TRANSMISSION RATIO)

LOW GRAYSCALE IMAGE

|
I
|
i
|
|
: IMAGE
|
I
|
|
I
|
|

PCT/KR2017/012395



2/10

WO 2018/097506 PCT/KR2017/012395
[Fig. 2]
100
1@0
SENSOR
130 1 150 120
{ v {
L § MIRROR
STORAGE |«—» PROGESSOR |« e
[Fig. 3a]
210 22

I ’//////‘/\212'2
T e ol o e~212-3
I, /////////////‘/\21 2'4
e e e 21255
S T \/\21 2-6

PENETRATION OF SPECIFIC
POLARIZED LIGHT

PENETRATION

-

213

BLOCK

214

é
[Fig. 4]

200

150

MEASURED
LUMINANGE 100
VALUE (nit)

50

0 L T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1

0 6 1218 25 31 37 43 50 56 62 69 75 81 87 94 100
IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE



3/10

WO 2018/097506
[Fig. 5]
510
200 K\/
150
MEASURED
LUMINANCE 100
VALUE (nit)
50 -
520~
0 6 12 18 25 31 37 43 50 56 62 69 75 81 87 94 100
IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE
[Fig. 6a]
A
m=
& >
=5
>
A Y | =TT 77
223 3 2
oL@ B S 0
T & . .
e~ ,
LOW GRAYSCALE ~ | HIGH GRAYSCALE
a b c
Y SIGNAL LEVEL OF INPUT IMAGE
[Fig. 6b]
= ORI,
= 7 810
a \Y’\// - P
= ,\f&; T »°°\®\}
G \QQ\’P// el %\%V*
IR SR
R
GRAYSCALE HIGH GRAYSCALE
Y SIGNAL LEVEL OF INPUT IMAGE
[Fig. 7]
710 720
200 . [
\ HIGHER FOR REFLECTION | HIGHER FOR |MAGE1
| &
150 f \\ul
MEASURED
LUMINANCE 100 -
VALUE (nit)
50 |
0 U U U 1 1 T T T T T T T T T T T T II T T T T T T T T T T T T T T 1

0 6 1218 25 31 37 43 50 56 62 69 75 81 87 94 100
IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE

PCT/KR2017/012395



4/10

WO 2018/097506
[Fig. 8]

A
Ll
S
=T
= 820 7
— -
5 2 _
E 830
o 810
L
—1
= )
D |
o |-
—
<C
=
o
w
>

GRAYSCALE HIGH GRAYSCALE

—
T
— e
0
O
o

Y SIGNAL LEVEL OF OUTPUT IMAGE

~—
]
ey

a9
o
=2

Y SIGNAL LEVEL OF OUTPUT IMAGE

Y SIGNAL LEVEL OF INPUT IMAGE

]
A
o0 80
U
P 810
830
W GRAYSCALE HIGH GRAYSCALE

Y SIGNAL LEVEL OF INPUT IMAGE
|

-
'

80 |
90 | 810

0

GRAYSCALE HIGH GRAYSCALE
Y SIGNAL LEVEL OF INPUT IMAGE

PCT/KR2017/012395



5/10

WO 2018/097506 PCT/KR2017/012395
[Fig. 10a]
A
Ll
(&)
=
= 820
= Z
5 »
= e
3 1010 810
z
o |
= \
E |
2 |
= !
5 |
7e) |
> |
v GRAYSCALRA HIGH GRAYSCALE
Y SIGNAL LEVEL OF INPUT IMAGE
[Fig. 10b]
A
Ll
[ds]
<
=
=
= gop 1020
S 810
o
—
L
=
-
—
<C
=
©
w
>
GRAYSCALE HIGH GRAYSCALE
¥ SIGNAL LEVEL OF INPUT IMAGE
[Fig. 11]
1110 1120 1130
200 [ / [
\ HIGHER FOR REFLECTIOI\]\ [HIGHER FOR IMAGE]
) o
150 ‘
MEASURED
LUMINANGE 100 -
VALUE (nit
50 |
0 T 1 1 T 1 T T T T T T T T T T T T ‘\ T T T T T T T T T T T T T T 1

0 6 12 18 25 31 37 43 50 56 62 69 75 81 87 94 100
IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE IRE



6/10

WO 2018/097506

[Fig. 12a]

A

[ LOW GRAYSCALE |

Ll
[
<C
<
5 1220 2~
=
|5 -
= 1230 =
i
- 1210
o |
E -
—
<
=
&
wd
>
GRAYSCALE HIGH GRAYSCALE
¥ SIGNAL LEVEL OF INPUT IMAGE
[Fig. 12b]
w | | MIDDLE GRAYSCALE |
()
<T
= L
5 120 -
5 1230 2 1240
3
& 1210
S P
=
5 -
—
<C
=
1S
w
>
GRAYSCALE

HIGH GRAYSCALE

Y SIGNAL LEVEL OF INPUT IMAGE

[Fig. 12c]

Y SIGNAL LEVEL OF OUTPUT IMAGE

[ HIGH GRAYSCALE ]

1220
1230 2

T 1210

GRAYSCALE HIGH GRAYSCALE
Y SIGNAL LEVEL OF INPUT IMAGE

PCT/KR2017/012395



7/10

WO 2018/097506 PCT/KR2017/012395
[Fig. 13a]
1310
{
LOW GRAYSCALE FRAME
13520

13330 13320 1331 0

MIDDLE GRAYSCALE FRAME

13330

HIGH GRAYSCALE FRAME

[Fig. 13b]
1310
§
1311—
1812
" [ LOW GRAYSCALE |
[&]
g ’//
= 20 -
= L
S voloe o
= 1280 2
o Yaf-———- » |
o A7 71200
@ - | |
- | |
= |
= | |
& | |
@ | |
N | |
> | |
WGRAYSCALE | HIGH GRAYSCALE
a b >

Y SIGNAL LEVEL OF INPUT IMAGE



WO 2018/097506

[Fig. 14]

Hue
(1430)

[Fig. 15a]

8/10

Lightness

(1410)

0.8 /

o7

0.6

Ve
/

05}

04 \\

0.3 \

0.1

0.1

0.3

04

05

0.6

0.7

PCT/KR2017/012395



9/10

WO 2018/097506 PCT/KR2017/012395
[Fig. 15b]
o
0.8 7 —
o7l
0.6 .
0.5 \\ / f
041 I 1 el N
\ N4 D
03]\ v T
0.2 \
\ 4| _—
0.1 X 1L Sl
. 1({//// T
0 |
0 0.1 0.2 0.3 0.4 05 0.6 0.7
[Fig. 16a]
150 100
1:;1 (\ 3
<« SENSOR [~140
o mage |
RECEIVER TG 0
oo | WRROR . RECEIVER
DISPLAY
L POWER |70
SUPPLY
A
Y
STORAGE |~-130
[Fig. 16b]
140
!
1] IMAGE QUALTY 1|14
141-1  SENSING MODULE PROCESSING MODULE




10/10

WO 2018/0973506
[Fig. 17]
SENSE EXTERNAL LIGHT ~51710
DETERMINE REFLEGTIOtI THRESHOLD INWHICH  |_s1700

REFLECTION EFFECT DISAPPEARS BASED ON
LUMINANGE CHARACTERISTICS INFORMATION OF
THE MIRROR DISPLAY AND REFLECTION LUMINANCE
OF MIRROR DISPLAY WITH RESPECT TO EXTERNAL LIGHT

Y

ADJUST LUMINANGE OF IMAGE BASED ON REFLECTION |-_g1730
THRESHOLD AND DISPLAY ON THE MIRROR DISPLAY

END

PCT/KR2017/012395



INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2017/012395

A. CLASSIFICATION OF SUBJECT MATTER
HO4N 5/58(2006.01)i, HO4N 5/57(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO4N 5/58; HO4N 5/222; GO9G 3/36; GO2B 27/14; GO2B 27/01; GO2F 1/1343; GO2F 1/133; GO2F 1/1335; HO4N 5/57

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & keywords: mirror display, transmission characteristics information,

reflection characteristics information, external light, threshold, luminance

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2016-011713 Al (BOE TECHNOLOGY GROUP CO., LTD.) 28 January 2016 1,12
See page 6, line 27 — page 7, line 8; claims 5, 7; and figure 4.
Y 11
A 2-10,13-15
Y US 2016-0178964 A1 (SHARP KABUSHIKI KAISHA) 23 June 2016 11

See paragraph [0024].

A US 2016-0313555 A1 (INNOLUX CORPORATION) 27 October 2016 1-15
See paragraphs [0009]-[0019].

A US 2009-0040355 A1 (CHUNG-JEN HUANG) 12 February 2009 1-15
See paragraphs [0008]-[0017].

A US 2015-0185562 A1 (SAMSUNG DISPLAY CO., LTD.) 02 July 2015 1-15
See paragraphs [0012]-[0034].

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
13 February 2018 (13.02.2018) 14 February 2018 (14.02.2018)
Name and mailing address of the [SA/KR Authorized officer

International Application Division
Korean Intellectual Property Office KIM, Jin Ho
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-8699

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/KR2017/012395

Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2016-011713 Al 28/01/2016 CN 104166266 A 26/11/2014

US 2016-0372058 Al 22/12/2016
US 2016-0178964 Al 23/06/2016 CN 105474291 A 06/04/2016

WO 2015-019858 Al 12/02/2015
US 2016-03135b5 Al 27/10/2016 CN 106154622 A 23/11/2016
US 2009-0040355 Al 12/02/2009 TW M328816 U 21/03/2008
US 2015-0185562 Al 02/07/2015 KR 10-2015-0079260 A 08/07/2015

US 9423647 B2 23/08/2016

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - wo-search-report
	Page 42 - wo-search-report

