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IMAGE DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of U.S.
Provisional Application No. 62/212,043 filed on Aug. 31,
2015 in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an image display
apparatus, and more particularly, to an image display appa-
ratus capable of converting and displaying an input high
dynamic range image so as to match luminance that is
displayable on a display.

[0004] 2. Description of the Related Art

[0005] An image display apparatus has a function of
providing an image that a user can view. The image display
apparatus may receive and display a broadcasting image.
[0006] Recently, a high dynamic range (HDR) image has
been proposed as a new input in the display apparatus field.
For the production, transmission, and display of content,
discussions related to standardization of image format, com-
pression and transmission signaling, interface, panel speci-
fications, and the like have been held.

[0007] HDR technology represents a departure from the
production of an image so that significantly wider brightness
range may be shown in a single image that is possible in the
related art.

[0008] The brightness range is referred to as a dynamic
range. A high-quality camera having a wide dynamic range
may be used, or two or more cameras may be set so as to
respectively cover different dynamic ranges so that a single
high dynamic range image is ultimately produced.

SUMMARY OF THE INVENTION

[0009] It is one object of the present invention to provide
an image display apparatus capable of converting and dis-
playing a high dynamic range image so as to match lumi-
nance that is displayable on a display.

[0010] It is another object of the present invention to
provide an image display apparatus capable of converting
and displaying a high dynamic range image so as to match
luminance that is displayable on a display and user setting.
[0011] In accordance with one aspect of the present inven-
tion, the above and other objects can be accomplished by the
provision of an image display apparatus including a display,
an image receiver to receive a high dynamic range image,
and a controller to set luminance information of an image to
be displayed based on brightness information of the high
dynamic range image and information about a luminance
that is displayable on the display and to perform control to
display an image having a luminance adjusted based on the
set image luminance information.

[0012] In accordance with another aspect of the present
invention, there is provided an image display apparatus
including a display, an image receiver to receive a high
dynamic range image, an interface unit to receive luminance
setting input with respect to an image to be displayed, and
a controller to set luminance information of an image to be
displayed based on brightness information of the high
dynamic range image, information about a luminance that is
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displayable on the display, and the luminance setting input,
and to perform control to display an image having a lumi-
nance adjusted based on the set image luminance informa-
tion, the controller performing control to reduce a saturation
section upon luminance setting as a set luminance level
depending on the luminance setting input is increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The embodiments will be described in detail with
reference to the following drawings in which like reference
numerals refer to like elements wherein:

[0014] FIG.1 is a view illustrating the external appearance
of an image display apparatus according to an embodiment
of the present invention;

[0015] FIG. 2 is an example of an internal block diagram
of the image display apparatus illustrated in FIG. 1;
[0016] FIG. 3 is an example of an internal block diagram
of a controller illustrated in FIG. 2;

[0017] FIG. 4A is a view illustrating a control method of
a remote control device illustrated in FIG. 2;

[0018] FIG. 4B is an internal block diagram of the remote
control device illustrated in FIG. 2;

[0019] FIGS. 5A to 5D are flowcharts illustrating an
example of a method of operating an image display appa-
ratus according to various embodiments of the present
invention; and

[0020] FIGS. 6A to 16B are views referenced to explain
the operating method of FIGS. 5A to 5D.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0021] Hereinafter, the present invention will be described
in more detail with reference to the drawings.

[0022] With respect to constituent elements used in the
following description, suffixes “module” and “unit” are
given or mingled with each other only in consideration of
ease in the preparation of the specification, and do not have
or serve as different meanings. Accordingly, the “module”
and “unit” may be used interchangeably.

[0023] FIG.1 is a view illustrating the external appearance
of an image display apparatus according to an embodiment
of the present invention.

[0024] Referring to FIG. 1, the image display apparatus
according to an embodiment of the present invention, des-
ignated by reference numeral 100, may include a display
180, an image receiver (see reference numeral 105 in FIG.
2) for receiving a high dynamic range (HDR) image, and a
controller (see reference numeral 170 in FIG. 2) for per-
forming control to set luminance information of an image to
be displayed based on brightness information of the HDR
image and information about luminance that is displayable
on the display 180 and to display an image, the luminance
of which is adjusted based on the set image luminance
information.

[0025] Thereby, the input HDR image may be converted
and displayed so as to match the luminance that is display-
able on the display 180.

[0026] Meanwhile, luminance up to 100 nit, which is a
standard dynamic range (SDR) level, has emerged in an
existing image as a broadcasting standard.

[0027] Recent discussions on the standardization of HDR
technology have indicated the display of luminance within a
wide range up to 1,000 nit or more.
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[0028] An HDR image has greatly changed image prop-
erties compared to an existing SDR image, and requires
changes in many parts of an entire system, such as image
format, related metadata, compression type, the interface
between equipment, high luminance/high contrast ratio pan-
els, and the like.

[0029] When the dynamic range of an HDR image is
greater than the dynamic range of a display panel, the image
display apparatus 100 according to the embodiment of the
present invention may perform mapping to match the
dynamic range of the image with the dynamic range of the
display 180. Accordingly, an image that matches the inten-
tion of the creator of the HDR image may be displayed.
[0030] The controller 170 may perform control to set color
information of an image to be displayed based on color
information of the HDR image and information about colors
that are displayable on the display 180 and to display an
image, the color of which is adjusted based on the set image
color information, thereby performing mapping, which cor-
responds to the information about colors that are displayable
on the display 180. In this way, the image that matches the
intention of the creator of the HDR image may be displayed.
[0031] The controller 170 may perform control to set
luminance information of an image to be displayed based on
luminance setting input regarding the image to be displayed
and to display an image, the luminance of which is adjusted
based on the set image luminance information. Thereby, an
image that matches the intention of the viewer may be
displayed.

[0032] The controller 170 may perform control to set color
information of an image to be displayed based on color
setting input regarding the image to be displayed and to
display an image, the color of which is adjusted based on the
set image color information. Thereby, an image that matches
the intention of the viewer may be displayed.

[0033] The controller 170 may perform control to set
contrast information of an image to be displayed based on
contrast setting input regarding the image to be displayed
and to display an image, the contrast of which is adjusted
based on the set image contrast information. Thereby, an
image that matches the intention of the viewer may be
displayed.

[0034] Meanwhile, the controller 170 may perform control
to set luminance information of an image to be displayed, on
a per-image-scene or per-image-frame basis, based on
brightness information of the HDR image on a per-image-
scene or per-image-frame basis and information about lumi-
nance that is displayable on the display 180 and to display
an image, the luminance of which is adjusted, on a per-
image-scene or per-image-frame basis, based on the set
image luminance information. Thereby, the image, the lumi-
nance of which is adjusted on a per-image-scene or per-
image-frame basis, and which matches the intention of the
creator of the HDR image, may be displayed.

[0035] The controller 170 may perform control to set
luminance information of an image to be displayed, on a
per-image-scene or per-image-frame basis, based on lumi-
nance setting input regarding the image to be displayed and
to display an image, the luminance of which is adjusted, on
a per-image-scene or per-image-frame basis, based on the
set image luminance information. Thereby, the image, the
luminance of which is adjusted on a per-image-scene or
per-image-frame basis, and which matches the intention of
the creator of the HDR image, may be displayed.
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[0036] The controller 170 may perform control to extract
maximum luminance information from brightness informa-
tion of the HDR image and to vary a saturation section upon
luminance setting based on the maximum luminance infor-
mation. Accordingly, when the luminance of the HDR image
is adjusted, adaptive luminance adjustment is possible.

[0037] The controller 170 may control the saturation sec-
tion upon luminance setting so as to be reduced as the
maximum luminance level is increased.

[0038] The controller 170 may control the saturation sec-
tion upon luminance setting so as to be reduced as the set
luminance level is increased.

[0039] Various methods of operating the image display
apparatus 100 described above will be described below in
more detail with reference to FIG. 5A and the following
drawings.

[0040] The image display apparatus 100 of FIG. 1 may be
a TV, a monitor, a tablet PC, a mobile terminal, a display
apparatus for a vehicle, or the like.

[0041] FIG. 2 is an example of an internal block diagram
of the image display apparatus illustrated in FIG. 1.

[0042] Referring to FIG. 2, the image display apparatus
100 according to an embodiment of the present invention
may include the image receiver 105, an external device
interface unit 130, a memory 140, a user input interface unit
150, a sensor unit (not illustrated), the controller 170, the
display 180, and an audio output unit 185.

[0043] The image receiver 105 may include a tuner 110, a
demodulator 120, a network interface unit 135, and the
external device interface unit 130.

[0044] Unlike FIG. 2, the image receiver 105 may include
only the tuner 110, the demodulator 120, and the external
device interface unit 130. That is, the image receiver 105
may not include the network interface unit 135.

[0045] The tuner 110 tunes a radio frequency (RF) broad-
casting signal, which corresponds to a channel selected by
the user, or all prestored channels among RF broadcasting
signals received through an antenna (not illustrated). Then,
the tuner 110 converts the tuned RF broadcasting signal into
an intermediate frequency (IF) signal or a baseband image or
sound signal.

[0046] For example, when the tuned RF broadcasting
signal is a digital broadcasting signal, the tuner 110 converts
the digital broadcasting signal into a digital IF (DIF) signal.
When the tuned RF broadcasting signal is an analogue
broadcasting signal, the tuner 110 converts the analogue
broadcasting signal into an analogue baseband image or
sound signal. That is, the tuner 110 may process a digital
broadcasting signal or analogue broadcasting signal. The
analogue baseband image or sound signal, output from the
tuner 110, may be directly input to the controller 170.

[0047] In the present invention, the tuner 110 may sequen-
tially tune RF broadcasting signals of all broadcasting
channels, which are stored via a channel memory function,
among the RF broadcasting signals received through the
antenna, and may convert the tuned RF broadcasting signals
into IF signals or baseband image or sound signals.

[0048] The tuner 110 may include a plurality of tuners,
which receive broadcasting signals from a plurality of
channels respectively. Alternatively, the tuner 110 may
include a single tuner, which receives broadcasting signals
from a plurality of channels.
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[0049] The demodulator 120 receives the DIF signal,
converted by the tuner 110, and performs demodulation of
the DIF signal.

[0050] The demodulator 120 may output a transport
stream (T'S) signal after performing demodulation and chan-
nel decoding. At this time, the TS signal may be a multi-
plexed signal including an image signal, a sound signal,
and/or a data signal.

[0051] The TS signal, output from the demodulator 120,
may be input to the controller 170. The controller 170 may
perform, for example, demultiplexing and image/sound sig-
nal processing, and may output an image to the display 180
and output sound to the audio output unit 185.

[0052] The external device interface unit 130 may transmit
or receive data to or from a connected external device (not
illustrated), for example, a set-top box. To this end, the
external device interface unit 130 may include an A/V
input/output unit (not illustrated).

[0053] The external device interface unit 130 may be
connected, by a wire or wirelessly, to an external device,
such as a digital versatile disc (DVD), Blu-ray disc, game
device, camera, camcorder, computer (notebook computer),
or set-top box, and may perform input/output operations
with the external device.

[0054] The A/V input/output unit may receive image and
sound signals from the external device. Meanwhile, a wire-
less communication unit (not illustrated) may perform short-
range wireless communication with other electronic appli-
ances.

[0055] Through the wireless communication unit (not
illustrated), the external device interface unit 130 may
exchange data with an adjacent mobile terminal. In particu-
lar, the external device interface unit 130 may receive, for
example, device information, information about an applica-
tion to be executed, and application images from the mobile
terminal in a mirroring mode.

[0056] The network interface unit 135 provides an inter-
face to connect the image display apparatus 100 to a
wired/wireless network including the Internet. For example,
the network interface unit 135 may receive content or data,
provided over the Internet or by a content provider or a
network manager, through the network.

[0057] The network interface unit 135 may include a
wireless communication unit (not illustrated).

[0058] The memory 140 may store programs for control
and signal processing in the controller 170, and may store
processed image, sound or data signals.

[0059] In addition, the memory 140 may perform a func-
tion for temporarily storing image, sound or data signals
input to the external device interface unit 130. In addition,
the memory 140 may store information about a predeter-
mined broadcasting channel via a channel memory function,
such as a channel map.

[0060] While FIG. 2 illustrates the embodiment in which
the memory 140 is provided separately from the controller
170, the present invention is not limited thereto. The
memory 140 may be included in the controller 170.
[0061] The user input interface unit 150 transfers a user
input signal to the controller 170, or transfers a signal from
the controller 170 to the user.

[0062] For example, the user input interface unit 150 may
transmit or receive a user input signal, such as power
On/Off, channel selection, screen setup, etc., from a remote
control device 200, may transmit a user input signal, input
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from local keys (not illustrated), such as a power key,
channel key, volume key, setup key, etc., to the controller
170, may transfer a user input signal, input from the sensor
unit (not illustrated), which senses the user’s gesture, to the
controller 170, or may transmit a signal from the controller
170 to the sensor unit (not illustrated).

[0063] The controller 170 may demultiplex a stream, input
through the tuner 110, the demodulator 120, the network
interface unit 135, or the external device interface unit 130,
or may generate and output a signal for image or sound
output by processing multiplexed signals.

[0064] An image signal processed in the controller 170
may be input to the display 180 so as to be displayed in the
form of an image corresponding to the image signal. In
addition, the image signal processed in the controller 170
may be input to an external output device through the
external device interface unit 130.

[0065] A sound signal processed in the controller 170 may
be input to the audio output unit 185 so as to be output in the
form of sound. In addition, the sound signal processed in the
controller 170 may be input to an external output device
through the external device interface unit 130.

[0066] Although not illustrated in FIG. 2, the controller
170 may include, for example, a demultiplexer and an image
processor. This will be described later with reference to FIG.
3.

[0067] In addition, the controller 170 may control the
overall operation of the image display apparatus 100. For
example, the controller 170 may control the tuner 110 so as
to tune an RF broadcasting corresponding to a channel
selected by the user or a prestored channel.

[0068] In addition, the controller 170 may control the
image display apparatus 100 based on a user command input
through the user input interface unit 150 or internal pro-
grams.

[0069] The controller 170 may control the display 180 so
as to display an image. At this time, the image displayed on
the display 180 may be a still image or moving image, and
may be a 2-dimensional (2D) or 3D image.

[0070] The controller 170 may allow a predetermined 2D
object to be displayed in the image displayed on the display
180. For example, the object may be at least one of an
accessed web page (e.g. a newspaper or magazine), an
electronic program guide (EPG), various menus, widgets,
icons, still images, moving images, and text.

[0071] The controller 170 may recognize the user’s posi-
tion based on an image captured by a capturing unit (not
illustrated). For example, the controller 170 may recognize
the distance (z-axis coordinate) between the user and the
image display apparatus 100. Moreover, the controller 170
may recognize the x-axis coordinate and the y-axis coordi-
nate in the display 180 that correspond to the user’s position.
[0072] The display 180 converts an image signal, data
signal, OSD signal, or control signal processed by the
controller 170, or an image signal, data signal, or control
signal received from the external device interface unit 130
s0 as to generate a drive signal.

[0073] The display 180 may be, for example, a PDP, LCD,
OLED, or flexible display, and may also function as a 3D
display. The 3D display 180 may be divided into a glass type
and a glass-free type.

[0074] The display 180 may be configured as a touch-
screen so as to be used as an input device as well as an output
device.



US 2017/0061591 Al

[0075] The audio output unit 185 receives a processed
sound signal from the controller 170 and outputs sound.
[0076] The capturing unit (not illustrated) captures an
image of the user. While the capturing unit (not illustrate)
may be implemented as a single camera, the present inven-
tion is not limited thereto and the capturing unit may be
implemented as a plurality of cameras. The capturing unit
(not illustrated) may be embedded in the image display
apparatus 100 at a position above the display 180, or may be
separately provided. Image information captured by the
capturing unit (not illustrated) may be input to the controller
170.

[0077] The controller 170 may sense the user’s gesture
based on the image captured by the capturing unit (not
illustrated), a sensed signal from the sensor unit (not illus-
trated), or a combination thereof.

[0078] A power supply unit 190 supplies a voltage to the
entire image display apparatus 100. In particular, the power
supply unit 190 may supply a voltage to, for example, the
controller 170, which may be implemented in a system-on-
chip (SOC) form, the display 180 for image display, and the
audio output unit 185 for sound output.

[0079] Specifically, the power supply unit 190 may
include a converter for converting an AC voltage into a DC
voltage, and a DC/DC transformer for converting the level
of DC voltage.

[0080] The remote control device 200 transmits user input
to the user input interface unit 150. To this end, the remote
control device 200 may perform communication by Blu-
etooth, RF communication, infrared (IR) communication,
Ultra Wideband (UWB), ZigBee, etc. In addition, the remote
control device 200 may receive an image, sound or data
signal output from the user input interface unit 150 so as to
display an image or to output sound.

[0081] The image display apparatus 100 described above
may be a fixed or movable digital broadcasting receiver that
may receive digital broadcasts.

[0082] The block diagram of the image display apparatus
100 illustrated in FIG. 2 illustrates one embodiment of the
present invention. Respective components of the block
diagram may be merged, added, or removed depending on
the specification of the image display apparatus 100 that is
actually implemented. That is, as needed, two or more
components may be merged into a single component, or a
single component may be divided into two or more com-
ponents. In addition, the function performed in each block is
merely intended to describe the embodiment of the present
invention, and a specific operation or a specific device
related to the function does not limit the scope of the present
invention.

[0083] FIG. 3 is an example of an internal block diagram
of the controller illustrated in FIG. 2.

[0084] Explaining with reference to FIG. 3, the controller
170 according to the embodiment of the present invention
may include a demultiplexer 310, an image processor 320,
aprocessor 330, an OSD generator 340, a mixer 345, a frame
rate converter 350, and a formatter 360. In addition, the
controller 170 may further include an audio processor (not
illustrated) and a data processor (not illustrated).

[0085] The demultiplexer 310 demultiplexes an input
stream. For example, when an MPEG-2 TS is input, the
demultiplexer 310 demultiplexes the input stream so as to
separate it into an image, sound and data signals. Here, the
stream signal input to the demultiplexer 310 may be a stream
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signal output from the tuner 110, the demodulator 120, or the
external device interface unit 130.

[0086] The image processor 320 may perform image pro-
cessing for a demultiplexed image signal. To this end, the
image processor 320 may be provided with an image
decoder 325 and a scaler 335.

[0087] The image decoder 325 decodes the demultiplexed
image signal, and the scaler 335 performs scaling of reso-
Iution for the decoded image signal so that an image may be
output from the display 180.

[0088] The image decoder 325 may include decoders
compliant with various standards. For example, the image
decoder 325 may include an MPEG-2 or H.264 decoder, a
3D image decoder for a color image and a depth image, or
a decoder for a multiple viewpoint image.

[0089] The processor 330 may control the overall opera-
tion of the image display apparatus 100 or in the controller
170. For example, the processor 330 may control the tuner
110 so as to tune an RF broadcasting corresponding to a
channel selected by the user or a prestored channel.

[0090] In addition, the processor 330 may control the
image display apparatus 100 by a user command input via
the user input interface unit 150, or internal programs.
[0091] In addition, the processor 330 may perform control
for data transmission to or from the network interface unit
135 or the external device interface unit 130.

[0092] In addition, the processor 330 may control opera-
tions of, for example, the demultiplexer 310, the image
processor 320, and the OSD generator 340 in the controller
170.

[0093] The OSD generator 340 generates an OSD signal
by itself or in response to user input. For example, the OSD
generator 340 may generate a signal to display various
pieces of information on the screen of the display 180 in the
form of graphics or text based on a user input signal. The
generated OSD signal may include various types of data,
such as a user interface screen of the image display appa-
ratus, a screen displaying various menus, widgets, and icons.
In addition, the generated OSD signal may include a 2D
object or 3D object.

[0094] Inaddition, the OSD generator 340 may generate a
pointer, which may be displayed on the display 180, based
on a pointing signal input from the remote control device
200. In particular, the pointer may be generated in a pointing
signal processor, and the OSD generator 340 may include
the pointing signal processor (not illustrated). Of course, the
pointing signal processor (not illustrated) may be provided
separately, rather than being provided in the OSD generator
340.

[0095] The mixer 345 may mix the OSD signal generated
in the OSD generator 340 and the demodulated image signal
processed in the image processor 320 with each other. The
mixed image signal is provided to the frame rate converter
350.

[0096] The frame rate converter (FRC) 350 may convert
the frame rate of an input image. The frame rate converter
350 may output the input image without separate frame rate
conversion.

[0097] The formatter 360 may arrange a left-eye image
frame and a right-eye image frame of a 3D image, the frame
rate of which has been converted. Then, the formatter 360
may output a synchronous signal Vsync for the opening of
a left-eye glass and a right-eye glass of a 3D viewing device
(not illustrated).
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[0098] The formatter 360 may change the format of an
input image signal into an image signal, and may output the
image signal so as to be displayed on the display 180.
[0099] In addition, the formatter 360 may change the
format of a 3D image signal. For example, the formatter 360
may change the format of a 3D image signal into one of
various formats including a side-by-side format, a top/down
format, a frame sequential format, an interlaced format, and
a checker box format.

[0100] The formatter 360 may convert a 2D image signal
into a 3D image signal. For example, based on a 3D image
generation algorithm, the formatter 360 may detect an edge
or a selectable object in the 2D image signal, and separates
an object depending on the detected edge or the selectable
object into a 3D image signal. At this time, the generated 3D
image signal, as described above, may be divided into a
left-eye image signal L. and a right-eye image signal R,
which will be subsequently arranged.

[0101] Although not illustrated in FIG. 3, a 3D processor
(not illustrated) for 3D effect signal processing may be
additionally provided after the formatter 360. The 3D pro-
cessor (not illustrated) may adjust, for example, the bright-
ness, tint, and color of an image signal to improve 3D
effects. For example, the 3D processor may perform signal
processing to cause an image to be clear at a short distance
and to be blurred at a remote distance. This function of the
3D processor may be integrated in the formatter 360, or may
be integrated in the image processor 320.

[0102] Meanwhile, the audio processor (not illustrated) in
the controller 170 may perform sound processing of a
demultiplexed sound signal. To this end, the audio processor
(not illustrated) may include various decoders.

[0103] In addition, the audio processor (not illustrated) in
the controller 170 may process, for example, base, treble, or
volume adjustment.

[0104] The data processor (not illustrated) in the controller
170 may perform data processing of a demultiplexed data
signal. For example, when the demultiplexed data signal is
an encoded data signal, the data processor may decode the
data signal. The encoded data signal may be electronic
program guide (EPG) information, which includes broad-
casting information regarding a time table of broadcasting
programs broadcast at each channel.

[0105] The block diagram of the controller 170 illustrated
in FIG. 3 is a block diagram for one embodiment of the
present invention. Respective components of the block
diagram may be merged, added, or removed depending on
the specifications of the controller 170 to be actually imple-
mented.

[0106] In particular, the frame rate converter 350 and the
formatter 360 may be separately provided, rather than being
provided in the controller 170, or may constitute a single
module.

[0107] FIG. 4A is a view illustrating a control method of
the remote control device illustrated in FIG. 2.

[0108] As illustrated in (a) of FIG. 4A, a pointer 205
corresponding to the remote control device 200 is displayed
on the display 180.

[0109] The user may move or rotate the remote control
device 200 upward or downward, leftward or rightward (see
(b) of FIG. 4A), and forward or rearward (see (c) of FIG.
4A). The pointer 205 displayed on the display 180 corre-
sponds to the movement of the remote control device 200.
The remote control device 200 may be referred to as a spatial
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remote controller or a 3D pointing device because the
pointer 205 corresponding thereto is moved and displayed so
as to match the movement of the remote control device 200
in a 3D space as illustrated in FIG. 4A.

[0110] As illustrated in (b) of FIG. 4A, when the user
moves the remote control device 200 leftward, the pointer
205, displayed on the display 180 of the image display
apparatus, is correspondingly moved leftward.

[0111] Information about the movement of the remote
control device 200, sensed by a sensor of the remote control
device 200, is transmitted to the image display apparatus.
The image display apparatus may calculate the coordinates
of the pointer 205 from the information about the movement
of the remote control device 200. The image display appa-
ratus may display the pointer 205 so as to match the
calculated coordinates.

[0112] As illustrated in (c) of FIG. 4A, the user may move
the remote control device 200 away from the display 180
while pushing a specific button on the remote control device
200. Thereby, a selected area in the display 180, which
corresponds to the pointer 205, may be zoomed in so as to
be displayed at an enlarged scale. On the contrary, when the
user moves the remote control device 200 to the display 180
while pushing a specific button on the remote control device
200, a selected area in the display 180, which corresponds to
the pointer 205, may be zoomed out so as to be displayed at
a reduced scale. That is, a selected area may be zoomed out
when the remote control device 200 is moved away from the
display 180, and may be zoomed in when the remote control
device 200 is moved closer to the display 180.

[0113] In the state in which a specific button on the remote
control device 200 is pushed, upward/downward and left-
ward/rightward movements may not be recognized. That is,
when the remote control device 200 is moved away from or
to the display 180, only forward/rearward movement may be
recognized without the recognition of upward/downward
and leftward/rightward movements. In the state in which no
specific button on the remote control device 200 is pushed,
the pointer 205 is moved depending on the upward/down-
ward and leftward/rightward movements of the remote con-
trol device 200.

[0114] The speed or direction of movement of the pointer
205 may match the speed or direction of movement of the
remote control device 200.

[0115] FIG. 4B is an internal block diagram of the remote
control device illustrated in FIG. 2.

[0116] Explaining with reference to FIG. 4B, the remote
control device 200 may include a wireless communication
unit 420, a user input unit 430, a sensor unit 440, an output
unit 450, a power supply unit 260, a memory 470, and a
controller 480.

[0117] The wireless communication unit 420 transmits
and receives signals to and from any one of the image
display apparatuses according to the embodiments of the
present invention described above. Among the image dis-
play apparatuses according to the embodiments of the pres-
ent invention, the single image display apparatus 100 will be
described below by way of example.

[0118] In the present embodiment, the remote control
device 200 may include an RF module 421, which may
transmit and receive signals to and from the image display
apparatus 100 based on an RF communication standard. In
addition, the remote control device 200 may include an IR
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module 423, which may transmit and receive signals to and
from the image display apparatus 100 based on an IR
communication standard.

[0119] In the present embodiment, the remote control
device 200 transmits a signal, which includes information
regarding, for example, the movement of the remote control
device 200, to the image display apparatus 100 via the RF
module 421.

[0120] In addition, the remote control device 200 may
receive a signal transmitted from the image display appara-
tus 100 via the RF module 421. The remote control device
200 may transmit a command for power on/off, channel
change, volume change, etc. to the image display apparatus
100 via the IR module 423.

[0121] The user input unit 430 may include a keypad,
buttons, a touch pad, a touchscreen, etc. The user may input
a command related to the image display apparatus 100 to the
remote control device 200 by operating the user input unit
430. When the user input unit 430 includes hard key buttons,
the user may input a command related to the image display
apparatus 100 to the remote control device 200 by pushing
the hard key buttons. When the user input unit 430 includes
a touchscreen, the user may input a command related to the
image display apparatus 100 to the remote control device
200 by touching soft keys on the touchscreen. In addition,
the user input unit 435 may include various other input
means that the user can operate, such as, for example, a
scroll key or a jog wheel, and the present embodiment does
not limit the scope of the present invention.

[0122] The sensor unit 440 may include a gyro sensor 441
or an acceleration sensor 443. The gyro sensor 441 may
sense information regarding the movement of the remote
control device 200.

[0123] In one example, the gyro sensor 441 may sense
information about the movement of the remote control
device 200 along the x-, y- and z-axes. The acceleration
sensor 443 may sense information about the speed of
movement of the remote control device 200. The sensor unit
440 may further include a distance measurement sensor, and
may sense the distance to the display 180.

[0124] The output unit 450 may output an image or sound
signal, which corresponds to the operation of the user input
unit 430 or a signal transmitted from the image display
apparatus 100. The user may recognize whether the user
input unit 435 is operated or not, or whether the image
display apparatus 100 is controlled or not via the output unit
450.

[0125] In one example, the output unit 450 may include an
LED module 451, which is illuminated when transmitting or
receiving a signal to or from the image display apparatus 100
via the wireless communication unit 425 or when the user
input unit 435 is operated, a vibration module 453 for
generating vibrations, a sound output module 455 for out-
putting sound, or a display module 457 for outputting an
image.

[0126] The power supply unit 460 supplies power to the
remote control device 200. The power supply unit 460 may
reduce power consumption by stopping the supply of power
when the remote control device 200 is not moved during a
predetermined time. The power supply unit 460 may resume
the supply of power when a predetermined key provided on
the remote control device 200 is operated.

[0127] The memory 470 may store various kinds of pro-
grams, application data, etc., which are required to control or
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operate the remote control device 200. When the remote
control device 200 wirelessly transmits or receives signals to
or from the image display apparatus 100 via the RF module
421, the remote control device 200 and the image display
apparatus 100 transmit or receive signals using a predeter-
mined frequency band. The controller 480 of the remote
control device 200 may store, in the memory 470, for
example, information about the frequency band in which the
remote control device 200 is capable of wirelessly transmit-
ting or receiving signals to or from the image display
apparatus 100 that is paired with the remote control device
200, and may refer to the stored information.

[0128] The controller 480 controls various matters related
to the control of the remote control device 200. The con-
troller 480 may transmit a signal, which corresponds to the
operation of a predetermined key in the user input unit 430,
or a signal, which corresponds to the movement of the
remote control device 200 sensed by the sensor unit 440, to
the image display apparatus 100 via the wireless commu-
nication unit 420.

[0129] The user input interface unit 150 of the image
display apparatus 100 may include a wireless communica-
tion unit 411, which may wirelessly transmit or receive
signals to or from the remote control device 200, and a
coordinate value calculator 415, which may calculate coor-
dinate values of the pointer corresponding to the movement
of the remote control device 200.

[0130] The user input interface unit 150 may wirelessly
transmit or receive signals to or from the remote control
device 200 via an RF module 412. In addition, the user input
interface unit 150 may receive signals transmitted from the
remote control device 200 based on an IR communication
standard via an IF module 413.

[0131] The coordinate value calculator 415 may calculate
coordinate values (x,y) of the pointer 205 to be displayed on
the display 180 from a signal, which corresponds to the
movement of the remote control device 200, received via the
wireless communication unit 411 via hand-shaking correc-
tion or error correction.

[0132] The transmission signal of the remote control
device 200, input to the image display apparatus 100 via the
user input interface unit 150, is transmitted to the controller
170 of the image display apparatus 100. The controller 170
may determine information about the movement and key
operation of the remote control device 200 from the signal
transmitted from the remote control device 200, and may
control the image display apparatus 100 based on the
determined information.

[0133] In another example, the remote control device 200
may calculate the coordinate values of the pointer corre-
sponding to the movement thereof, and may output the same
to the user input interface unit 150 of the image display
apparatus 100. In this case, the user input interface unit 150
of the image display apparatus 100 may transmit informa-
tion about the received coordinate values of the pointer to
the controller 170 without additional hand-shaking correc-
tion or error correction.

[0134] In a further example, the coordinate value calcu-
lator 415 may be provided in the controller 170, rather than
being provided in the user input interface unit 150, unlike
FIG. 4B.
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[0135] FIGS. 5A to 5D are flowcharts illustrating one
example of a method of operating the image display appa-
ratus according to various embodiments of the present
invention.

[0136] First, FIG. 5A is a flowchart illustrating one
example of a method of operating the image display appa-
ratus according to an embodiment of the present invention.

[0137] Referring to FIG. 5A, the image receiver 105 in the
image display apparatus 100 may receive a high dynamic
range (HDR) image (S510).

[0138] Here, the HDR image may mean an image having
a luminance of 1,000 nit or more. A standard dynamic range

(SDR) image may mean an image having a luminance up to
100 nit.

[0139] Inthe present invention, the HDR image may mean
an image that is larger than the displayable dynamic range
of the display panel 180. That is, when the maximum
luminance of an input image is greater than the maximum
luminance that is displayable on the display panel 180, the
input image may be referred to as an HDR image.

[0140] Subsequently, the controller 170 in the image dis-
play apparatus 100 may set luminance information of an
image to be displayed based on the brightness information of
the HDR image and display information (S520).

[0141] Subsequently, the controller 170 in the image dis-
play apparatus 100 may perform control to display an image,
the luminance of which is adjusted based on the set image
luminance information (S540).

[0142] Specifically, the controller 170 in the image display
apparatus 100 may set the luminance information of the
image to be displayed based on the brightness information
depending on the distribution of brightness in the HDR
image and information about luminance that is displayable
on the display 180 among the display information.

[0143] For example, the controller 170 in the image dis-
play apparatus 100 may extract maximum luminance infor-
mation based on the brightness information of the HDR
image, and may perform control to reduce a saturation
section upon luminance setting as the maximum luminance
is increased, for the expression of a wide range of lumi-
nance. Accordingly, an image that matches the intention of
the creator of the HDR image may be displayed.

[0144] In particular, the controller 170 in the image dis-
play apparatus 100 may extract maximum luminance infor-
mation based on the brightness information of the HDR
image, and may perform control to reduce a saturation
section upon luminance setting when the maximum lumi-
nance is greater than the displayable saturation luminance of
the display 180. Accordingly, an image that matches the
intention of the creator of the HDR image may be displayed.

[0145] Meanwhile, the controller 170 may set luminance
information of an image to be displayed on a per-image-
scene or per-image-frame basis based on the brightness
information of the HDR image on a per-image-scene or
per-image-frame basis and information about luminance that
is displayable on the display 180, and may perform control
to display an image, the luminance of which is adjusted on
a per-image-scene or per-image-frame basis based on the set
image luminance information. Accordingly, an image, the
luminance of which is adjusted on a per-image-scene or
per-image-frame basis, and which matches the intention of
the creator of the HDR image, may be displayed.
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[0146] Next, FIG. 5B is a flowchart illustrating one
example of a method of operating the image display appa-
ratus according to another embodiment of the present inven-
tion.

[0147] The operating method of the image display appa-
ratus of FIG. 5B is similar to the operating method of the
image display apparatus of FIG. 5A, but has a difference in
terms of the addition of Step 525 (S525). The following
description is focused on the difference.

[0148] The controller 170 in the image display apparatus
100 may perform control to perform Step 525 (S525) and
Step 540 (S540m) after Step 520 (S520).

[0149] The controller 170 in the image display apparatus
100 may set color information of an image to be displayed
based on color information of the HDR image and informa-
tion about colors that are displayable on the display 180
(8525).

[0150] Subsequently, the controller 170 in the image dis-
play apparatus 100 may perform control to display an image,
the color of which is adjusted based on the set image color
information, and the luminance of which is adjusted based
on the set image luminance information (S540m).

[0151] Here, each of the color information of the HDR
image and the information about colors that are displayable
on the display 180 may mean color gamut information.
[0152] Specifically, the controller 170 in the image display
apparatus 100 may set color information of an image to be
displayed based on color information of the HDR image
depending on color distribution and information about col-
ors that are displayable on the display 180 among display
information.

[0153] For example, the controller 170 in the image dis-
play apparatus 100 may extract maximum color information
based on the color information of the HDR image, and may
perform control to reduce a saturation section upon color
setting as the maximum color range is increased, for the
expression of a wide range of colors. Accordingly, an image
that matches the intention of the creator of the HDR image
may be displayed.

[0154] In particular, the controller 170 in the image dis-
play apparatus 100 may extract maximum color information
based on the color information of the HDR image, and may
perform control to reduce a saturation section upon color
setting when the maximum color range is greater than the
displayable saturation color range of the display 180.
Accordingly, an image that matches the intention of the
creator of the HDR image may be displayed.

[0155] Meanwhile, the controller 170 may set color infor-
mation of an image to be displayed on a per-image-scene or
per-image-frame basis based on color information of the
HDR image on a per-image-scene or per-image-frame basis
and the information about colors that are displayable on the
display 180, and may perform control to display an image,
the color of which is adjusted on a per-image-scene or
per-image-frame basis based on the set image color infor-
mation. Accordingly, an image, the color of which is
adjusted on a per-image-scene or per-image-frame basis, and
which matches the intention of the creator of the HDR
image, may be displayed.

[0156] Next, FIG. 5C is a flowchart illustrating one
example of a method of operating the image display appa-
ratus according to another embodiment of the present inven-
tion.
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[0157] The operating method of the image display appa-
ratus of FIG. 5C is similar to the operating method of the
image display apparatus of FIG. 5B. The following descrip-
tion is focused on the differences therebetween.

[0158] The image receiver 105 in the image display appa-
ratus 100 may receive an HDR image and metadata (S510q).
[0159] Specifically, the image receiver 105 in the image
display apparatus 100 may receive an input image stream,
and may separate an HDR image and metadata from the
input image stream.

[0160] Subsequently, the controller 170 in the image dis-
play apparatus 100 may set luminance information of an
image to be displayed based on brightness information of the
HDR image, image luminance information in the metadata,
and display information, and more particularly, information
about luminance that is displayable on the display 180
(S5200).

[0161] Subsequently, the controller 170 in the image dis-
play apparatus 100 may set color information of the image
to be displayed based on color information of the HDR
image and display information, and more particularly, infor-
mation about colors that are displayable on the display 180
(S525a).

[0162] Subsequently, the controller 170 in the image dis-
play apparatus 100 may perform control to display the
image, the color of which is adjusted based on the set image
color information, and the luminance of which is adjusted
based on the set image luminance information (S540q).
[0163] The image luminance information in the metadata
may include, for example, minimum image luminance infor-
mation and maximum image luminance information.
[0164] Meanwhile, the controller 170 may set luminance
information of an image to be displayed on a per-image-
scene or per-image-frame basis based on brightness infor-
mation of the HDR image on a per-image-scene or per-
image-frame basis, image luminance information in the
metadata, and information about luminance that is display-
able on the display 180, and may perform control to display
an image, the luminance of which is adjusted on a per-
image-scene or per-image-frame basis based on the set
image luminance information. Accordingly, an image, the
luminance of which is adjusted on a per-image-scene or
per-image-frame basis, and which matches the intention of
the creator of the HDR image, may be displayed.

[0165] Next, FIG. 5D is a flowchart illustrating one
example of a method of operating the image display appa-
ratus according to another embodiment of the present inven-
tion.

[0166] The operating method of the image display appa-
ratus of FIG. 5D is similar to the operating method of the
image display apparatus of FIG. 5C, but has a difference in
terms of the addition of setting input. The following descrip-
tion is focused on the difference.

[0167] The image receiver 105 in the image display appa-
ratus 100 may receive an HDR image and metadata (S5105).
[0168] Subsequently, the controller 170 in the image dis-
play apparatus 100 may receive user setting input via the
user input interface unit 150 (S5205).

[0169] When any one of a luminance setting object, a
color setting object and a contrast setting object in the setting
screen displayed on the display 180 is selected using the
remote control device 200, the controller 170 in the image
display apparatus 100 may receive selected setting input.
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[0170] Forexample, when luminance setting input is made
via the luminance setting object, Step 523 (S523) and Step
527 (S527) may be performed.

[0171] That is, the controller 170 in the image display
apparatus 100 may set luminance information of an image to
be displayed based on brightness information of the HDR
image, image luminance information in the metadata, and
display information, and more particularly, information
about luminance that is displayable on the display 180, and
luminance setting input (S523).

[0172] Subsequently, the controller 170 in the image dis-
play apparatus 100 may set color information of the image
to be displayed based on color information of the HDR
image and display information, and more particularly, infor-
mation about colors that are displayable on the display 180
(S525b).

[0173] Subsequently, the controller 170 in the image dis-
play apparatus 100 may perform control to display the
image, the color of which is adjusted based on the set image
color information, and the luminance of which is adjusted
based on the set image luminance information (S5405).

[0174] On the other hand, when no luminance setting
input is made via the luminance setting object, Step 520
(S52056) and Step 525 (S5255) may be performed.

[0175] That is, the controller 170 in the image display
apparatus 100 may set luminance information of an image to
be displayed based on brightness information of the HDR
image, image luminance information in the metadata, and
display information, and more particularly, information
about luminance that is displayable on the display 180
(S5205).

[0176] Subsequently, the controller 170 in the image dis-
play apparatus 100 may set color information of the image
to be displayed based on color information of the HDR
image and display information, and more particularly, infor-
mation about colors that are displayable on the display 180
(S525b).

[0177] Subsequently, the controller 170 in the image dis-
play apparatus 100 may perform control to display an image,
the color of which is adjusted based on the set image color
information, and the luminance of which is adjusted based
on the set image luminance information (S54056).

[0178] Although not illustrated in FIG. 5D, when color
setting input is made via the color setting object, the
controller 170 in the image display apparatus 100 may set
color information of an image to be displayed based on color
information of the HDR image, image color information in
the metadata, and display information, and more particu-
larly, information about colors that are displayable on the
display 180.

[0179] Subsequently, the controller 170 in the image dis-
play apparatus 100 may perform control to display an image,
the color of which is adjusted based on the set image color
information.

[0180] Although not illustrated in FIG. 5D, when contrast
setting input is made via the contrast setting object, the
controller 170 in the image display apparatus 100 may set
contrast information of an image to be displayed based on
contrast information of the HDR image, image contrast
information in the metadata, and display information, and
more particularly, information about contrast that is display-
able on the display 180.
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[0181] Subsequently, the controller 170 in the image dis-
play apparatus 100 may perform control to display an image,
the contrast of which is adjusted based on the set image
contrast information.

[0182] FIGS. 6A to 16B are views referenced to explain
the operating method of FIGS. 5A to 5D.

[0183] First, FIG. 6A illustrates one example of an internal
block diagram of the controller of FIG. 2.

[0184] Referring to FIG. 6A, the controller 170a of FIG.
6A may include an image analyzer 610, a metadata analyzer
620, a luminance mapping unit 630, a picture-quality pro-
cessor 635, and a color gamut mapping unit 640.

[0185] The image analyzer 610 may receive an HDR
image from the image receiver 105, and may extract bright-
ness information of the HDR image.

[0186] That is, the image analyzer 610 may analyze
brightness of the HDR image transmitted from the image
receiver 105, and may transmit the result of analysis of the
brightness of the HDR image to the metadata analyzer 620.
[0187] Specifically, the image analyzer 610 may generate
a brightness histogram of the HDR image, and may transmit
the distribution of brightness of the HDR image to the
metadata analyzer 620.

[0188] The metadata analyzer 620 may set a first lookup
table for setting the luminance of an image to be displayed
based on brightness information of the HDR image, HDR
image luminance information in the metadata, and informa-
tion about luminance that is displayable on the display 180.
[0189] The metadata analyzer 620 may extract maximum
luminance information from the brightness information of
the HDR image, and may perform control to vary a satura-
tion section upon luminance setting based on the maximum
luminance information.

[0190] The meta data analyzer 620 may set luminance
information of an image to be displayed on a per-image-
scene or per-image-frame basis based on brightness infor-
mation of the HDR image on a per-image-scene or per-
image-frame basis and information about luminance that is
displayable on the display 180.

[0191] The metadata analyzer 620 may set a second
lookup table for setting the color of an image to be displayed
based on HDR image color information in the metadata and
information about colors that are displayable on the display
180.

[0192] The metadata analyzer 620 may set the first lookup
table for setting the luminance of an image to be displayed
based on luminance setting input, brightness information of
the HDR image, HDR image luminance information in the
metadata, and information about luminance that is display-
able on the display 180.

[0193] In particular, the metadata analyzer 620 may
extract maximum luminance information and set luminance
information depending on luminance setting input from the
brightness information of the HDR image, and may perform
control to vary a saturation section upon luminance setting
based on the maximum luminance information and the set
luminance information.

[0194] The metadata analyzer 620 may perform control to
reduce the saturation section upon luminance setting as the
maximum luminance level is increased.

[0195] The metadata analyzer 620 may perform control to
reduce the saturation section upon luminance setting as the
set luminance level is increased.
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[0196] The metadata analyzer 620 may receive metadata
and display information.

[0197] The metadata may include, for example, minimum
image luminance information, maximum image luminance
information, image color information, and mastering display
information.

[0198] The display information may include, for example,
information about the upper limit and lower limit of bright-
ness that is displayable on the display 180, and color gamut
information.

[0199] The metadata analyzer 620 may extract informa-
tion, required for image luminance and color gamut map-
ping and contrast enhancement, from the received metadata.
[0200] The metadata analyzer 620 may set the relationship
between the input HDR image and the display 180 based on
the metadata and display information.

[0201] Then, the metadata analyzer 620 may set a lookup
table corresponding to a tone curve for the input HDR image
and the display 180 based on the set relationship. In par-
ticular, the metadata analyzer 620 may renew the lookup
table corresponding to the tone curve.

[0202] Then, the metadata analyzer 620 may renew and
output a luminance lookup table and a color lookup table.
[0203] The metadata analyzer 620 may renew and output
the luminance lookup table and the color lookup table on a
per-image-scene or per-image-frame basis.

[0204] The luminance mapping unit 630 may perform
mapping of luminance information of an image to be dis-
played based on the first lookup table set in the metadata
analyzer 620.

[0205] Specifically, the luminance mapping unit 630 may
adjust the luminance of an image to be displayed based on
the first lookup table set in the metadata analyzer 620.
[0206] For example, the luminance mapping unit 630 may
adjust the luminance of an image to be displayed based on
brightness information of the HDR image, HDR image
luminance information in the metadata, and information
about luminance that is displayable on the display 180.
[0207] In another example, the luminance mapping unit
630 may adjust the luminance of an image to be displayed
based on luminance information of the HDR image, HDR
image luminance information in the metadata, information
about luminance that is displayable on the display 180, and
setting input.

[0208] In a further example, the luminance mapping unit
630 may adjust the luminance of an image to be displayed
on a per-image-scene or per-image-frame basis of the HDR
image.

[0209] The luminance mapping unit 630 may vary a
saturation section upon luminance setting based on maxi-
mum luminance information of the HDR image.

[0210] The luminance mapping unit 630 may adjust the
saturation section upon luminance setting so as to be
reduced as the maximum luminance level is increased.
[0211] The luminance mapping unit 630 may adjust the
saturation section upon luminance setting so as to be
reduced as the set luminance level is increased.

[0212] The luminance mapping unit 630 may perform
luminance mapping in consideration of the metadata and the
brightness of the HDR image so that desired image bright-
ness is achieved.

[0213] The luminance mapping unit 630 may perform
mapping of the image by additionally considering adjusted
contrast.
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[0214] The luminance mapping unit 630 may perform 1D
lookup table (LUT) processing on each sub channel (e.g.
YCbCr/RGB) of the HDR image.

[0215] The picture-quality processor 635 may perform
picture-quality processing on the image, which has been
adjusted to the set luminance.

[0216] Specifically, the picture-quality processor 635 may
perform, for example, scaling, sharpness processing and
contrast processing on the image, which has been adjusted
to the set luminance.

[0217] The color mapping unit 640 may perform mapping
of the color information of the image to be displayed based
on the second lookup table set in the metadata analyzer 620.
[0218] In particular, the color mapping unit 640 may
perform color mapping on the image that has been subjected
to picture-quality processing.

[0219] Specifically, the color mapping unit 640 may adjust
the color of the image to be displayed based on the second
lookup table set in the metadata analyzer 620.

[0220] For example, the color mapping unit 640 may set
the color of an image to be displayed based on color
information of the HDR image, HDR image color informa-
tion in the metadata, and information about colors that are
displayable on the display 180.

[0221] In another example, the color mapping unit 640
may adjust the color of an image to be displayed based on
color information of the HDR image, HDR image color
information in the metadata, information about colors that
are displayable on the display 180, and setting input.
[0222] In a further example, the color mapping unit 640
may set the color of an image to be displayed on a per-
image-scene or per-image-frame basis of the HDR image.
[0223] The luminance mapping unit 630 may vary a
saturation section upon luminance setting based on maxi-
mum luminance information of the HDR image.

[0224] The color gamut mapping unit 640 may adjust the
saturation section upon color setting so as to be reduced as
the maximum color level is increased.

[0225] The color gamut mapping unit 640 may adjust the
saturation section upon color setting so as to be reduced as
the set color level is increased.

[0226] The color gamut mapping unit 640 may perform
color mapping in consideration of the metadata so that
desired image colors are achieved.

[0227] The color gamut mapping unit 640 may perform
3x3 matrix calculation or 3D LUT processing on the input
HDR image.

[0228] Here, a matrix coeflicient or LUT data may be data
generated in the metadata analyzer 620.

[0229] Next, FIG. 6B illustrates another example of the
internal block diagram of the controller of FIG. 2 according
to the present invention.

[0230] The controller 1705 of FIG. 6B is similar to the
controller 170a of FIG. 6A, but has a difference with respect
to the sequence of operation of the color mapping unit 640
and the picture-quality processor 635.

[0231] That is, the color gamut mapping unit 640 of FIG.
6B may perform color mapping on the image that has been
subjected to luminance mapping.

[0232] Then, the picture-quality processor 635 of FIG. 6B
may perform picture-quality processing on the image that
has been subjected to color mapping.

[0233] While FIGS. 6A and 6B illustrate a discrete type
HDR image signal processing method in which luminance
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mapping and color mapping are separately processed, in the
present invention, luminance mapping and color mapping
may be performed at the same time. This will be described
below with reference to FIG. 6C.

[0234] Next, FIG. 6C illustrates a further example of the
internal block diagram of the controller of FIG. 2 according
to the present invention.

[0235] The controller 170¢ of FIG. 6C is similar to the
controller 170a of FIG. 6A, but has a difference in that the
luminance mapping unit 630 and the color gamut mapping
unit 640 are replaced by a luminance and color gamut
mapping unit 63056. The following description is focused on
the difference.

[0236] The metadata analyzer 620 of FIG. 6C may set a
third lookup table for setting the luminance and color of an
image to be displayed based on brightness information of the
HDR image, HDR image luminance information in the
metadata, information about luminance that is displayable
on the display 180, HDR image color information in the
metadata, and information about colors that are displayable
on the display 180.

[0237] The luminance and color gamut mapping unit 6305
may perform mapping of luminance information and color
information of the image to be displayed based on the set
third lookup table.

[0238] Accordingly, the luminance and color gamut map-
ping unit 6305 may simultaneously adjust the luminance and
color of an image to be displayed based on the set luminance
information and the set color information.

[0239] The luminance and color gamut mapping unit 6305
may perform 3D LUT processing by simultaneously apply-
ing sub channel information of the image. At this time, LUT
data may be data that are automatically or manually gener-
ated in the metadata analyzer 620.

[0240] FIG. 7A illustrates an example of a general lumi-
nance mapping method in the metadata analyzer 620.
[0241] The metadata analyzer 620 may include an electro-
optic transfer function (EOTF) unit 710 for an image, a
luminance tone mapping unit 720, and an opto-electronic
transfer function (OETF) unit 730 for a display.

[0242] The EOTF unit 710 for an image may perform an
EOTF in order to offset OETF effects applied to an input
image.

[0243] That is, the EOTF unit 710 for an image may
change the luminance value of an input image from a gamma
domain to a linear domain.

[0244] The luminance tone mapping unit 720 may convert
the luminance of the input image into display luminance via
a mapping function.

[0245] At this time, the mapping function may be repre-
sented by an LUT. The LUT may be composed based on
image luminance information in metadata and information
about luminance that is displayable on the display 180
among display information.

[0246] Next, the OETF unit 730 for a display outputs an
image by applying an OETF, corresponding to the EOTF, of
a target display.

[0247] Because each unit of FIG. 7A may be applied in
various color spaces, such as RGB, YCbCr, LAB and LUV,
it is necessary to match color formats between blocks at the
input and output of each unit using a color space conversion
device.
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[0248] FIG. 7B is a view illustrating image luminance
information included in metadata and information about
luminance that is displayable on the display 180 among
display information.

[0249] In FIG. 7B, the graph G, illustrates the case where
the maximum luminance based on image luminance infor-
mation is 10,000 nit and the maximum luminance that is
displayable on the display is N,.

[0250] When the luminance of an input image ranges from
0 to N, the luminance may be proportionately converted. In
particular, the luminance N, of the input image may be
converted to a luminance level N;.

[0251] The input image may be displayed at the luminance
level N, regardless of the luminance of the input image, in
a saturation section after the maximum luminance N,,.
[0252] Inthe graph G,,, N, may correspond to 100 nit and
N, may correspond to 100 nit.

[0253] InFIG. 7B, the graph G, , illustrates the case where
the maximum luminance based on image luminance infor-
mation is 10,000 nit and the maximum luminance that is
displayable on the display is N,.

[0254] When the luminance of an input image ranges from
0 to N, the luminance may be proportionately converted. In
particular, the luminance N, of the input image may be
converted to a luminance level N,.

[0255] The input image may be displayed at the luminance
level N,, regardless of the luminance of the input image, in
a saturation section after the maximum luminance N,,.
[0256] In the graph G,,, N, may correspond to 400 nit and
N, may correspond to 400 nit.

[0257] FIGS. 7B, 7C and 7D illustrate a method of com-
bining three steps, performed by the three units 710, 720 and
730 of FIG. 7A, into one step.

[0258] The metadata analyzer 620 may set LUT data using
image luminance information included in metadata and
luminance information of a target display.

[0259] Then, the metadata analyzer 620 may compose
mapping LUT data using respective OETF code values
corresponding to respective luminance values of the input
image.

[0260] Forexample, when the maximum luminance that is
displayable on the display is N, the metadata analyzer 620
may compose mapping LUT data using the graph G, of
FIG. 7C and the graph T, of FIG. 7D.

[0261] Inanother example, when the maximum luminance
that is displayable on the display is N,, the metadata
analyzer 620 may compose mapping LUT data using the
graph G,, of FIG. 7C and the graph T, of FIG. 7D.

[0262] That is, the metadata analyzer 620 may compose
mapping LUT data by combining and signal-processing the
respective graphs of FIGS. 7B, 7C and 7D.

[0263] As illustrated in FIG. 7D, the length of a saturation
section is reduced as the maximum luminance that is dis-
playable on the display is increased. That is, the length of the
saturation section is reduced at the graph T, compared to at
the graph T,.

[0264] As illustrated in FIGS. 7A to 7D, through the
adjustment of the luminance value, such as the composition
of mapping LUT data, the luminance value may be con-
verted to only the maximum luminance after the saturation
section because the luminance that is displayable on the
target display is limited.

[0265] Therefore, the embodiment of the present invention
proposes a method of adaptively adjusting the luminance of
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a display image using image brightness information during
the operation of the metadata analyzer.

[0266] FIG. 8A is a histogram illustrating one example of
the brightness information of an input image analyzed by the
image analyzer 610.

[0267] Referring to FIG. 8A, “P,,” designates the maxi-
mum luminance of the input image, and “P_,” designates the
N % luminance of the input image.

[0268] FIG. 8B illustrates one example of adaptive LUT
data modification using image brightness information during
the operation of the metadata analyzer.

[0269] The metadata analyzer 620 may set an LUT for
setting the luminance of an image to be displayed based on
set highest N % luminance point information and maximum
luminance information of the input image.

[0270] Specifically, the metadata analyzer 620 may renew
the LUT for setting the luminance of an image to be
displayed based on information about luminance that is
displayable on the display, set highest N % luminance point
information, and maximum luminance information of the
input image.

[0271] In FIG. 8B, “Ta” designates the graph correspond-
ing to the first LUT for setting the luminance of an image to
be displayed when the luminance that is displayable on the
display is N, nit (e.g. 100 nit).

[0272] The metadata analyzer 620 may perform control to
adaptively vary the first LUT when the maximum luminance
of the input image is greater than a saturation point of
displayable luminance.

[0273] In particular, the metadata analyzer 620 may per-
form control to adaptively vary the first LUT using infor-
mation about the highest N % luminance point set by, for
example, user luminance setting input and the maximum
luminance information of the input image.

[0274] InFIG. 8B, “T,.” designates the graph correspond-
ing to the renewed first LUT for setting the luminance of an
image to be displayed based on set highest N % luminance
point information and maximum luminance information of
the input image in the case where the luminance that is
displayable on the display is N, nit (e.g. 100 nit).

[0275] In the graph “T,.”, “P,,” designates a point cor-
responding to the highest N % luminance point, “P,,”
designates a point corresponding to an existing saturation
point T, and “P,,” designates a new saturation point
corresponding to the maximum luminance information.
[0276] That is, through comparison of “T,,” and “T,”, the
metadata analyzer 620 may perform control to reduce the
saturation section upon luminance level conversion.

[0277] The metadata analyzer 620 may perform control to
reduce a saturation section upon luminance setting as the
maximum luminance level is increased.

[0278] The metadata analyzer 620 may perform control to
reduce a saturation period upon luminance setting as the set
luminance level is increased.

[0279] Accordingly, as the saturation section is reduced
upon luminance level conversion with respect to the input
HDR image, various levels of luminance may be displayed.
[0280] The metadata analyzer 620 enables the display of
various levels of luminance by providing a plurality of
conversion sections (including a first section between P_,
and P, and a second section between P, and P,,,) between
the point P_, corresponding to the highest N % luminance
point and the new saturation point P, corresponding to the
maximum luminance information.
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[0281] In addition to the luminance adjustment, contrast
adjustment may be performed. This will be described below
with reference to FIGS. 9A to 9C.

[0282] FIGS. 9A to 9C are views referenced to explain a
method of generating an image having increased perceived
depth and an increased contrast ratio based on the viewer’s
taste.

[0283] Like FIG. 8B, FIG. 9A illustrates an example of
adaptive LUT data modification using image brightness
information during the operation of the metadata analyzer.
In particular, FIG. 9A illustrates a luminance mapping
lookup table. A description related to FIG. 9A may be
replaced by the description of FIG. 8B, and thus will be
omitted below.

[0284] FIG. 9B illustrates a contrast mapping lookup
table.
[0285] “CT,” designates the graph corresponding to a

reference contrast lookup table, and “GT,” designates a
lookup table based on user contrast setting input.

[0286] The metadata analyzer 620 may set the lookup
table corresponding to the graph CT, based on user contrast
setting input.

[0287] FIG. 9C illustrates a lookup table in the case where
luminance mapping and contrast mapping are performed at
the same time.

[0288] “CT,” is the graph corresponding to a reference
contrast lookup table, and “CT,,” is the graph correspond-
ing to a luminance and contrast lookup table based on user
luminance setting input and user contrast setting input.
[0289] That is, the metadata analyzer 620 may set a
one-step LUT by connecting the luminance lookup table of
FIG. 9A and the contrast lookup table of FIG. 9B to each
other. The degree of contrast enhancement may also be
adjusted by user selection.

[0290] Accordingly, the luminance mapping unit 630 may
adjust the luminance of the input image using the lookup
table corresponding to the graph CT .

[0291] The metadata analyzer 620 may set a color lookup
table for color adjustment. In particular, the color lookup
table may be set similarly to the luminance lookup table.
[0292] The metadata analyzer 620 may perform 3x3
matrix calculation or 3D LUT processing for color adjust-
ment.

[0293] FIG. 10 illustrates the display of objects in relation
to user luminance setting input and user contrast setting
input.

[0294] The controller 170 in the image display apparatus
100 may perform control to display, for example, a lumi-
nance setting object 1020, an automatic setting object 1025,
and a contrast setting object 1030, as illustrated in FIG. 10,
when an image, and more particularly, an HDR image is
input.

[0295] The controller 170 in the image display apparatus
100 may determine the input of the HDR image using, for
example, metadata, and may perform control to display the
luminance setting object 1020, the automatic setting object
1025, and the contrast setting object 1030 as illustrated in
FIG. 10 when the HDR image is input.

[0296] When a luminance setting bar in the luminance
setting object 1020 is set so as to move to a specific position
using a directional key (leftward/rightward key) or the
pointer (see 205 in FIG. 4A) of the remote control device
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200, the controller 170 in the image display apparatus 100
may receive luminance setting input corresponding to the
specific position.

[0297] Then, the controller 170 in the image display
apparatus 100, as described above, may perform control to
display an image, the luminance of which is adjusted by
adjusting the luminance of the HDR image based on the
luminance setting input.

[0298] When the automatic setting object 1025 is selected
using an “enter” key or the pointer (205 in FIG. 4A) of the
remote control device 200, the controller 170 in the image
display apparatus 100 may receive, for example, automatic
luminance setting input.

[0299] Then, the controller 170 in the image display
apparatus 100, as described above, may perform control to
display an image, the luminance of which is adjusted by
adjusting the luminance of the HDR image based on the
automatic luminance setting input.

[0300] When a specific position in the contrast setting
object 1030 is focused using a directional key (leftward/
rightward key) or the pointer (see 205 in FIG. 4A) of the
remote control device 200, the controller 170 in the image
display apparatus 100 may receive contrast setting input
corresponding to the specific position

[0301] FIG. 10 illustrates that a “low” item 10305 among
a “high” item 10304, a “mid” item 1030c¢, the “low” item
103054, and an “off” item 1030a receives a focus.

[0302] The controller 170 in the image display apparatus
100, as described above, may perform control to display an
image, the contrast of which is adjusted by adjusting the
contrast of the HDR image based on contrast setting input.
[0303] Although not illustrated in FIG. 10, the controller
170 in the image display apparatus 100 may perform control
to display a color setting object.

[0304] Then, the controller 170 in the image display
apparatus 100, as described above, may perform control to
display an image, the color of which is adjusted by adjusting
the color of the HDR image based on color setting input.
[0305] FIG. 11A illustrates one example of an input HDR
image 1110, FIG. 11B illustrates an image 1120, the lumi-
nance of which is adjusted based on the lookup table
corresponding to the graph T, of FIG. 8B, and FIG. 11C
illustrates an image 1130, the luminance of which is adjusted
based on the lookup table corresponding to the graph T, of
FIG. 8B.

[0306] It can be appreciated via comparison of FIGS. 11A
to 11C that the image 1130 of FIG. 11C, the luminance of
which is adjusted, shows enriched gradation compared to
that of FIG. 11B, and is ultimately displayed considerably
similarly to the input HDR image 1110.

[0307] In particular, it can be appreciated that the image
1130 shows dark space gradation in a dark scene and is
displayed considerably similarly to the input HDR image
1110.

[0308] FIGS. 12A to 12C are views illustrating local
brightness analysis histograms with respect to a dark area in
each image of FIGS. 11A to 11C.

[0309] FIG. 12A illustrates a dark area 1112 in the input
HDR image 1110, an enlarged area 1114 thereof, and a local
brightness histogram 1116 with respect to the corresponding
area.

[0310] FIG. 12B illustrates a dark area 1122 in the image
1120, the luminance of which is adjusted using the lookup
table corresponding to the graph T, of FIG. 8B, an enlarged
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area 1124 thereof, and a local brightness histogram 1126
with respect to the corresponding area.

[0311] FIG. 12C illustrates a dark area 1132 in the image
1130, the luminance of which is adjusted using the lookup
table corresponding to the graph T, of FIG. 8B, an enlarged
area 1134 thereof, and a local brightness histogram 1136
with respect to the corresponding area.

[0312] It can be appreciated via the comparison of respec-
tive local brightness histograms that the local brightness
histogram 1116 of the input HDR image 1110 and the local
brightness histogram 1136 in the image 1130, the luminance
of which is adjusted, are similar to each other.

[0313] FIGS. 12D to 12F are views illustrating local
brightness analysis histogram with respect to a bright area in
each image of FIGS. 11A to 11C.

[0314] FIG. 12D illustrates a bright area 1113 in the input
HDR image 1110, an enlarged area 1115 thereof, and a local
brightness histogram 1117 with respect to the corresponding
area.

[0315] FIG. 12E illustrates a bright area 1123 in the image
1120, the luminance of which is adjusted using the lookup
table corresponding to the graph T, of FIG. 8B, an enlarged
area 1125 thereof, and a local brightness histogram 1127
with respect to the corresponding area.

[0316] FIG. 12F illustrates a bright area 1133 in the image
1130, the luminance of which is adjusted using the lookup
table corresponding to the graph T, of FIG. 8B, an enlarged
area 1135 thereof, and a local brightness histogram 1137
with respect to the corresponding area.

[0317] It can be appreciated via the comparison of respec-
tive local brightness histograms that the local brightness
histogram 1117 of the input HDR image 1110 and the local
brightness histogram 1137 in the image 1130, the luminance
of which is adjusted, are similar to each other.

[0318] FIG. 13A illustrates another example of an input
HDR image 1310, FIG. 13B illustrates an image 1320, the
luminance of which is adjusted using the lookup table
corresponding to the graph T, of FIG. 8B, and FIG. 13C
illustrates an image 1330, the luminance of which is adjusted
using the lookup table corresponding to the graph T, of
FIG. 8B.

[0319] FIGS. 14A to 14C are views illustrating local
brightness analysis histograms with respect to a bright area
in each image of FIGS. 13A to 13C.

[0320] FIG. 14A illustrates a bright area 1312 in the input
HDR image 1310, an enlarged area 1314 thereof, and a local
brightness histogram 1316 with respect to the corresponding
area.

[0321] FIG. 14B illustrates a bright area 1322 in the image
1320, the luminance of which is adjusted using the lookup
table corresponding to the graph T, of FIG. 8B, an enlarged
area 1324 thereof, and a local brightness histogram 1326
with respect to the corresponding area.

[0322] FIG. 14C illustrates a bright area 1332 in the image
1330, the luminance of which is adjusted using the lookup
table corresponding to the graph T, of FIG. 8B, an enlarged
area 1334 thereof, and a local brightness histogram 1336
with respect to the corresponding area.

[0323] It can be appreciated via the comparison of respec-
tive local brightness histograms that the local brightness
histogram 1316 of the input HDR image 1310 and the local
brightness histogram 1336 in the image 1330, the luminance
of which is adjusted, are similar to each other.
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[0324] FIGS. 15A to 15C illustrate variation in an LUT for
setting the luminance of an image to be displayed based on
set highest N % luminance point information and maximum
luminance information of an input image.

[0325] In particular, the metadata analyzer 620 may vary
an LUT for setting the luminance of an image to be
displayed based on set highest N % luminance point infor-
mation and maximum luminance information of an input
image.

[0326] The metadata analyzer 620 may set a lookup table
based on information about the maximum displayable lumi-
nance of the display, as illustrated in FIG. 15A, when a set
highest N % luminance point and the maximum luminance
of the input image are lower than a saturation point of the
displayable luminance.

[0327] In FIG. 15A, (b) illustrates a brightness histogram
LLa of the input image in the case where the set highest N
% luminance point P, , and the maximum luminance of the
input image P, are lower than the saturation point P, of
the displayable luminance.

[0328] Accordingly, the metadata analyzer 620 may set a
lookup table corresponding to the graph T,,. The lookup
table corresponding to the graph T,, may be set based on
information about the maximum displayable luminance of
the display.

[0329] That is, the metadata analyzer 620 may maintain
the existing graph T,, when the set highest N % luminance
point and the maximum luminance of the input image are
lower than the saturation point of the displayable luminance.
[0330] Next, the metadata analyzer 620 may set a lookup
table having a plurality of sections between a set highest N
% luminance point and the maximum luminance of the input
image, as illustrated in FIG. 15B, when the saturation point
of the displayable luminance is located between the set
highest N % luminance point and the maximum luminance
of the input image.

[0331] In FIG. 15B, (b) illustrates a brightness histogram
LLb of the input image in the case where the saturation point
P,,, of the displayable luminance is located between the set
highest N % luminance point P_,, and the maximum lumi-
nance of the input image P,,,,,.

[0332] When the highest N % luminance point is located
to the left of the saturation point of the displayable lumi-
nance, as illustrated in (a) of FIG. 15B, the metadata
analyzer 620 may apply a user setting gain to the y value of
the saturation point of the displayable luminance on the
basis of a straight line between the highest N % luminance
point and the maximum luminance of the input image.
[0333] Meanwhile, when the highest N % luminance point
is located to the right of a point immediately before the
saturation point of the displayable luminance, the metadata
analyzer 620 may apply a user setting gain to the y value of
the saturation point of the displayable luminance on the
basis of a straight line between the point immediately before
the saturation point of the displayable luminance and the
maximum luminance of the input image.

[0334] In this way, the metadata analyzer 620 may set a
lookup table corresponding to the graph T, .. The lookup
table corresponding to the graph T,,, may be set based on
information about the maximum displayable luminance of
the display, user setting luminance input, and the maximum
luminance of the input image.

[0335] That is, the metadata analyzer 620 may maintain
the existing graph T,, in a section before the set highest N
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% luminance point, and may set the renewed graph T, , in
a section after the set highest N % luminance point and
before the maximum luminance of the input image.

[0336] Next, the metadata analyzer 620 may set a lookup
table having a plurality of sections after the saturation point
of the displayable luminance, as illustrated in FIG. 15C,
when the set highest N % luminance point and the maximum
luminance of the input image are higher than the saturation
point of the displayable luminance.

[0337] In FIG. 15C, (b) illustrates a brightness histogram
LLc of the input image in the case where the set highest N
% luminance point P_, . and the maximum luminance of the
input image P_,, . are higher than the saturation point P, of
the displayable luminance.

[0338] When the highest N % luminance point P, and
the maximum luminance of the input image P,_,,,.. are located
to the right of the saturation point P

ome

e Of the displayable
luminance, the metadata analyzer 620 may apply a user
setting gain to the y value between the saturation point P
and the highest N % luminance point P_, . Here, the gain
may be a value between 0 and 1.

[0339] The metadata analyzer 620 may apply a secondary
user setting gain (0-1.0) to the y value between the highest
N % luminance point P, and the maximum luminance of
the input image P,
[0340] Accordingly, the metadata analyzer 620 may set a
lookup table corresponding to the graph T, ,. The lookup
table corresponding to the graph T, , may be set based on
information about the maximum displayable luminance of
the display, user setting luminance input, and the maximum
luminance of the input image.

[0341] That is, the metadata analyzer 620 may maintain
the existing graph T, in a section before the saturation point
P,,. of the displayable luminance, and may set the renewed
graph T, in a section after the saturation point P, of the
displayable luminance and before the maximum luminance
of the input image.

[0342] In this way, an image, the luminance of which is
adjusted over a wide range, compared to the input image,
may be displayed.

[0343] FIGS. 16A and 16B illustrate various examples of
the internal block diagram of the image display apparatus of
FIG. 1.

[0344] An image display apparatus 100a of FIG. 16 A may
include the tuner 110, the image decoder 325, the processor
320, an HDR processor 1610, the picture-quality processor
635, and the display 180.

[0345] The tuner 110, the image decoder 325, and the
processor 320 may be the same as each unit of FIGS. 2 and
3.

[0346] The processor 320 may transmit an HDR image
and metadata to the HDR processor 1610.

[0347] The HDR processor 1610 may include the image
analyzer 610, the metadata analyzer 620, the luminance
mapping unit 630, and the color mapping unit 640 of FIG.
6B.

[0348] Alternatively, the HDR processor 1610 may
include the metadata analyzer 620, the luminance mapping
unit 630 and the color mapping unit 640 of FIG. 6B. In this
case, the processor 320 may include the image analyzer 610
of FIG. 6B.

[0349] An image display apparatus 1005 of FIG. 16B may
include the tuner 110, the image decoder 325, the processor
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320, a first HDR processor 1610a, the picture-quality pro-
cessor 635, a second HDR processor 16105, and the display
180.

[0350] The tuner 110, the image decoder 325, and the
processor 320 may be the same as each unit of FIGS. 2 and
3.

[0351] The processor 320 may transmit an HDR image
and metadata to the first HDR processor 1610a.

[0352] The first HDR processor 1610a may include the
image analyzer 610, the metadata analyzer 620, and the
luminance mapping unit 630 of FIG. 6A.

[0353] The second HDR processor 16105 may include the
image analyzer 610 and the color mapping unit 640 of FIG.
6A.

[0354] Alternatively, the first HDR processor 1610a may
include the metadata analyzer 620 and the luminance map-
ping unit 630 of FIG. 6A. In this case, the processor 320 may
include the image analyzer 610 of FIG. 6A.

[0355] The method of operating the image display appa-
ratus according to the present invention may be imple-
mented as a code that can be written on a processor readable
recording medium provided in the image display apparatus
and thus can be read by a processor. The recording medium
includes all kinds of recording devices in which data is
stored in a processor readable manner. Examples of the
processor readable recording medium may include a ROM,
a RAM, a CD-ROM, a magnetic tape, a floppy disc, and an
optical data storage device. In addition, the processor read-
able medium is implemented in a carrier wave (e.g., data
transmission over the Internet). In addition, the processor
readable recording medium may be distributed in a com-
puter system connected thereto via a network so that a
processor readable code may be stored and executed in a
distribution manner.

[0356] As is apparent from the above description, an
image display apparatus according to an embodiment of the
present invention includes a display, an image receiver to
receive a high dynamic range (HDR) image, and a controller
to set luminance information of an image to be displayed
based on brightness information of the HDR image and
information about a luminance that is displayable on the
display and to perform control to display an image having a
luminance adjusted based on the set image luminance infor-
mation, thereby converting and displaying the HDR image
so as to match the luminance that is displayable on the
display.

[0357] When the dynamic range of the HDR image is
greater than the dynamic range of a display panel, mapping
for matching the dynamic range of the HDR image with the
dynamic range of the display panel may be performed.
Accordingly, an image that matches the intention of the
creator of the HDR image may be displayed.

[0358] The controller may set color information of an
image to be displayed based on color information of the
HDR image and information about a color that is displayable
on the display, and may perform control to display an image
having a color adjusted based on the set image color
information, thereby performing mapping corresponding to
the information about a color that is displayable on the
display.

[0359] Accordingly, an image that matches the intention
of the creator of the HDR image may be displayed.

[0360] The controller may set luminance information of an
image to be displayed based on luminance setting input with
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respect to the image to be displayed, and may perform
control to display an image having a luminance adjusted
based on the set image luminance information. Accordingly,
an image that matches the intention of the viewer may be
displayed.

[0361] The controller may set color information of an
image to be displayed based on color setting input with
respect to the image to be displayed, and may perform
control to display an image having a color adjusted based on
the set image color information. Accordingly, an image that
matches the intention of the viewer may be displayed.

[0362] The controller may set contrast information of an
image to be displayed based on contrast setting input with
respect to the image to be displayed, and may perform
control to display an image having a contrast adjusted based
on the set image contrast information. Accordingly, an
image that matches the intention of the viewer may be
displayed.

[0363] The controller may set luminance information of an
image to be displayed on a per-image-scene or per-image-
frame basis based on brightness information of the HDR
image on a per-image-scene or per-image-frame basis and
information about a luminance that is displayable on the
display, and may perform control to display an image having
a luminance adjusted on a per-image-scene or per-image-
frame basis based on the set image luminance information.
Accordingly, an image, the luminance of which is adjusted
on a per-image-scene or per-image-frame basis, and which
matches the intention of the creator of the HDR image, may
be displayed.

[0364] The controller may set luminance information of an
image to be displayed on a per-image-scene or per-image-
frame basis based on luminance setting input with respect to
the image to be displayed, and may perform control to
display an image having a luminance adjusted on a per-
image-scene or per-image-frame basis based on the set
image luminance information. Accordingly, an image, the
luminance of which is adjusted on a per-image-scene or
per-image-frame basis, and which matches the intention of
the creator of the HDR image, may be displayed.

[0365] The controller may extract maximum luminance
information from the brightness information of the HDR
image, and may perform control to vary a saturation section
upon luminance setting based on the maximum luminance
information. Accordingly, adaptive luminance adjustment of
the HDR image is possible.

[0366] The controller may perform control to reduce the
saturation section upon luminance setting as a maximum
luminance level based on the maximum luminance infor-
mation is increased.

[0367] The controller may perform control to reduce the
saturation section upon luminance setting as a set luminance
level based on the set luminance information is increased.

[0368] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modi-
fications are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
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component parts and/or arrangements, alternatives uses will
also be apparent to those skilled in the art.

What is claimed is:

1. An image display apparatus comprising:

a display;

an image receiver to receive a high dynamic range image;

and

a controller to set luminance information of an image to

be displayed based on brightness information of the
high dynamic range image and information about a
luminance that is displayable on the display and to
perform control to display an image having a lumi-
nance adjusted based on the set image luminance
information.

2. The image display apparatus according to claim 1,
wherein the controller sets color information of an image to
be displayed based on color information of the high dynamic
range image and information about a color that is display-
able on the display, and performs control to display an image
having a color adjusted based on the set image color
information.

3. The image display apparatus according to claim 1,
further comprising an interface unit to receive luminance
setting input with respect to an image to be displayed,

wherein the controller sets luminance information of an

image to be displayed based on brightness information
of the high dynamic range image, information about a
luminance that is displayable on the display, and the
luminance setting input, and performs control to dis-
play an image having a luminance adjusted based on
the set image luminance information.

4. The image display apparatus according to claim 3,
wherein the interface unit receives color setting input with
respect to the image to be displayed, and

wherein the controller sets color information of an image

to be displayed based on color information of the high
dynamic range image, information about a color that is
displayable on the display, and the color setting input,
and performs control to display an image having a color
adjusted based on the set image color information.

5. The image display apparatus according to claim 3,
wherein the interface unit receives contrast setting input
with respect to the image to be displayed, and

wherein the controller sets contrast information of an

image to be displayed based on brightness information
of the high dynamic range image, information about a
color that is displayable on the display, and the contrast
setting input, and performs control to display an image
having a contrast adjusted based on the set image
contrast information.

6. The image display apparatus according to claim 1,
wherein the controller sets luminance information of an
image to be displayed on a per-image-scene or per-image-
frame basis based on brightness information of the high
dynamic range image on a per-image-scene or per-image-
frame basis and information about a luminance that is
displayable on the display, and performs control to display
an image having a luminance adjusted on a per-image-scene
or per-image-frame basis based on the set image luminance
information.

7. The image display apparatus according to claim 1,
wherein the image receiver separates the high dynamic
range image and metadata from an input image stream
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8. The image display apparatus according to claim 7,
wherein the controller includes:

an image analyzer to receive the high dynamic range

image from the image receiver and to extract brightness
information of the high dynamic range image;

a metadata analyzer to set a first lookup table for setting

a luminance of an image to be displayed based on the
brightness information of the high dynamic range
image, luminance information of the high dynamic
range image in the metadata, and information about a
luminance that is displayable on the display; and

a luminance mapping unit to map luminance information

of the image to be displayed based on the set first
lookup table.

9. The image display apparatus according to claim 8,
wherein the metadata analyzer of the controller sets a second
lookup table for setting a color of an image to be displayed
based on color information of the high dynamic range image
in the metadata and information about a color that is
displayable on the display, and

wherein the controller further includes a color mapping

unit to map color information of the image to be
displayed based on the set second lookup table.

10. The image display apparatus according to claim 1,
wherein the controller includes:

an image analyzer to receive the high dynamic range

image from the image receiver and to extract brightness
information of the high dynamic range image;

a metadata analyzer to set a third lookup table for setting

a luminance and a color of an image to be displayed
based on the brightness information of the high
dynamic range image, luminance information of the
high dynamic range image in the metadata, information
about a luminance that is displayable on the display,
color information of the high dynamic range image in
the metadata, and information about a color that is
displayable on the display; and

a luminance and color gamut mapping unit to map lumi-

nance information and color information of the image
to be displayed based on the set third lookup table.

11. The image display apparatus according to claim 8,
wherein the metadata analyzer extracts maximum luminance
information from the brightness information of the high
dynamic range image, and performs control to vary a
saturation section upon luminance setting based on the
maximum luminance information.

12. The image display apparatus according to claim 7,
wherein the controller includes:

an image analyzer to receive the high dynamic range

image from the image receiver and to extract brightness
information of the high dynamic range image;

a metadata analyzer to set a first lookup table for setting

a luminance of an image to be displayed based on
luminance setting input, brightness information of the
high dynamic range image, luminance information of
the high dynamic range image in the metadata, and
information about a luminance that is displayable on
the display; and

a luminance mapping unit to map luminance information

of the image to be displayed based on the set first
lookup table.

13. The image display apparatus according to claim 12,
wherein the metadata analyzer extracts set luminance infor-
mation depending on the luminance setting input and maxi-
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mum luminance information from the brightness informa-
tion of the high dynamic range image, and performs control
to vary a saturation section upon luminance setting based on
the maximum luminance information and the set luminance
information.

14. The image display apparatus according to claim 13,
wherein the metadata analyzer performs control to reduce
the saturation section upon luminance setting as a maximum
luminance level based on the maximum luminance infor-
mation is increased.

15. The image display apparatus according to claim 13,
wherein the metadata analyzer performs control to reduce
the saturation section upon luminance setting as a set
luminance level based on the set luminance information is
increased.

16. An image display apparatus comprising:

a display;

an image receiver to receive a high dynamic range image;

an interface unit to receive luminance setting input with

respect to an image to be displayed; and

a controller to set luminance information of an image to

be displayed based on brightness information of the
high dynamic range image, information about a lumi-
nance that is displayable on the display, and the lumi-
nance setting input, and to perform control to display an
image having a luminance adjusted based on the set
image luminance information, the controller perform-
ing control to reduce a saturation section upon lumi-
nance setting as a set luminance level depending on the
luminance setting input is increased.

17. The image display apparatus according to claim 16,
wherein the controller sets color information of an image to
be displayed based on color information of the high dynamic
range image and information about a color that is display-
able on the display, and performs control to display an image
having a color adjusted based on the set image color
information.

18. The image display apparatus according to claim 16,
wherein the controller sets luminance information of an
image to be displayed on a per-image-scene or per-image-
frame basis based on brightness information of the high
dynamic range image on a per-image-scene or per-image-
frame basis, information about a luminance that is display-
able on the display, and the luminance setting input, and
performs control to display an image having a luminance
adjusted on a per-image-scene or per-image-frame basis
based on the set image luminance information.

19. The image display apparatus according to claim 17,
wherein the controller includes:

an image analyzer to receive the high dynamic range

image from the image receiver and to extract brightness
information of the high dynamic range image;

a metadata analyzer to set a first lookup table for setting

a luminance of an image to be displayed based on the
luminance setting input, the brightness information of
the high dynamic range image, luminance information
of the high dynamic range image in the metadata, and
information about a luminance that is displayable on
the display; and

a luminance mapping unit to map luminance information

of the image to be displayed based on the set first
lookup table.

20. The image display apparatus according to claim 19,
wherein the metadata analyzer of the controller sets a second
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lookup table for setting a color of an image to be displayed
based on color information of the high dynamic range image
in the metadata and information about a color that is
displayable on the display, and
wherein the controller further includes a color mapping
unit to map color information of the image to be
displayed based on the set second lookup table.
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