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Description

Title of Invention: IMAGE PROCESSING APPARATUS, IMAGE
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PROCESSING METHOD, AND COMPUTER-READABLE

RECORDING MEDIUM
Technical Field

One or more embodiments of the present invention relate to an image processing

apparatus, an image processing method, and a computer-readable recording medium.

Background Art

Recently, various types of display devices, such as an organic light-emitting display
device and a liquid crystal display device, have been provided. The organic light-
emitting display device is capable of displaying an image in a wide color gamut and
therefore, is receiving attention as a next-generation display device. Such a wide color
gamut display device may represent colors brilliantly and deeply. In particular, the
organic light-emitting display device may represent a deep sea color, a sky color, and a

green color in rich color.
Disclosure of Invention

Technical Problem

One or more embodiments of the present invention include an image processing
method and an image processing apparatus, which use a wide color gamut of a wide
color gamut-display device to generate an image file that improves the display quality
of an image.

One or more embodiments of the present invention include an image processing
method and an image processing apparatus, via which the quality of an image is
maintained above a predetermined level even when the image is displayed on various
display devices.

Solution to Problem

Additional aspects will be set forth in part in the description which follows and, in
part, will be apparent from the description, or may be learned by practice of the
presented embodiments.

According to one or more embodiments of the present invention, an image
processing method includes: converting a color reproduction target of an input image
according to a color gamut of a target display device; generating a file of the input
image of which the color reproduction target is converted; and storing the file of the
input image.

The image processing method may further include displaying the input image of
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which the color reproduction target is converted.

The converting of the color reproduction target of the input image may include
converting a saturation component of the input image.

The target display device may be an organic light-emitting display device.

The image processing method may further include converting a color space of the
input image to a color space in which a brightness component and a chroma
component are separable.

The image processing method may further include: detecting a skin color region
having color components in a skin color range from the input image; and excluding the
skin color region from objects to be processed for color reproduction target conversion.

The image processing method may further include: detecting a gray region having a
saturation value that is equal to or smaller than a reference saturation from the input
image; and excluding the gray region from objects to be processed for color re-
production target conversion.

The image processing method may further include: determining whether the input
image is captured under a low illuminance condition; and adjusting color conversion
intensity for a low illuminance-sensitive color region in which color distortion occurs
under the low illuminance condition during conversion of the color reproduction target
of the input image when the input image is captured under the low illuminance
condition.

The color gamut of the target display device may be wider than a color gamut of the
input image.

According to one or more embodiments of the present invention, an image
processing apparatus includes: a color reproduction target converter that converts a
color reproduction target of an input image according to a color gamut of a target
display device; a file generator that generates a file of the input image of which the
color reproduction target is converted; and a storage unit that stores the file of the input
image.

The image processing apparatus may further include a display unit that displays the
input image of which the color reproduction target is converted.

The color reproduction target converter may convert a saturation component of the
input image.

The target display device may be an organic light-emitting display device.

The image processing apparatus may further include a color space converter that
converts a color space of the input image to a color space in which a brightness
component and a chroma component are separable.

The image processing apparatus may further include a skin color processor that

detects a skin color region having color components in a skin color range from the
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input image and excludes the skin color region from objects to be processed for color

reproduction target conversion.
The image processing apparatus may further include a gray processor that detects a

gray region having a saturation value that is equal to or smaller than a reference
saturation from the input image and excludes the gray region from objects to be
processed for color reproduction target conversion.

The image processing apparatus may further include a low illuminance processor that
determines whether the input image is captured under a low illuminance condition and,
when the input image is captured under the low illuminance condition, adjusts color
conversion intensity for a low illuminance-sensitive color region in which color
distortion occurs under the low illuminance condition during conversion of the color
reproduction target of the input image.

The color gamut of the target display device may be wider than a color gamut of the
input image.

According to one or more embodiments of the present invention, a computer-
readable recording medium storing computer program codes that, when read and
executed by a processor, execute an image processing method, the image processing
method includes: converting a color reproduction target of an input image according to
a color gamut of a target display device; generating a file of the input image of which
the color reproduction target is converted; and storing the file of the input image.

The image processing method may further include displaying the input image of
which the color reproduction target is converted.

Advantageous Effects of Invention

According to the one or more of the above embodiments of the present invention, an
image file that improves the display quality of an image may be generated by using a
wide color gamut of a wide color gamut-display device.

In addition, according to the one or more of the above embodiments of the present
invention, the quality of an image may be improved over a predetermined level such
that the image is represented in rich colors even when the image is displayed on
various display devices.

Brief Description of Drawings

FIG. 1 is a block diagram of a configuration of an image processing apparatus
according to an embodiment of the present invention.

FIG. 2 is a diagram illustrating a configuration of an image processing apparatus
100b according to an embodiment of the present invention.

FIG. 3 is a diagram illustrating an SRGB color space, an adobe RGB color space, and

a color gamut of an organic light-emitting display device.
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FIG. 4 is a diagram illustrating reproduction of image content in various electronic

devices according to an embodiment of the present invention.
FIGS. 5 and 6 are diagrams illustrating a process of converting a color reproduction

target of an input image, according to an embodiment of the present invention.

FIG. 7 is a flowchart of an image processing method according to an embodiment of
the present invention.

FIG. 8 is a diagram illustrating a configuration of an image processing apparatus
according to another embodiment of the present invention.

FIG. 9 is a diagram illustrating a process of converting an input image represented by
an RGB color space to a YCbCr color space.

FIG. 10 is a diagram illustrating a process of converting color space to a form dis-
playable on a display unit.

FIG. 11 is a flowchart of an image processing method according to another em-
bodiment of the present invention.

FIG. 12 is a diagram illustrating a configuration of an image processing apparatus
according to another embodiment of the present invention.

FIG. 13 is a diagram illustrating a skin color range according to an embodiment of
the present invention.

FIG. 14 is a diagram illustrating a gray color range according to an embodiment of
the present invention.

FIG. 15 is a flowchart of an image processing method according to another em-
bodiment of the present invention.

FIG. 16 is a diagram illustrating a user interface which allows a user to select
whether to perform color reproduction target conversion, according to an embodiment
of the present invention.

Best Mode for Carrying out the Invention

It is provided that an image processing method comprising: converting a color re-
production target of an input image according to a color gamut of a target display
device, generating a file of the input image of which the color reproduction target is
converted, and storing the file of the input image.

It is provided that an image processing apparatus comprising: a color reproduction
target converter that converts a color reproduction target of an input image according
to a color gamut of a target display device, a file generator that generates a file of the
input image of which the color reproduction target is converted, and a storage unit that
stores the file of the input image.

It is provided that a computer-readable recording medium storing computer program

codes that, when read and executed by a processor, execute an image processing
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method comprising: converting a color reproduction target of an input image according
to a color gamut of a target display device, generating a file of the input image of
which the color reproduction target is converted; and storing the file of the input
image.

Mode for the Invention

Reference will now be made in detail to embodiments, examples of which are il-
lustrated in the accompanying drawings, wherein like reference numerals refer to like
elements throughout. In this regard, the present embodiments may have different forms
and should not be construed as being limited to the descriptions set forth herein. Ac-
cordingly, the embodiments are merely described below, by referring to the figures, to
explain aspects of the present description. As used herein, the term "and/or" includes
any and all combinations of one or more of the associated listed items. Expressions
such as “at least one of,” when preceding a list of elements, modify the entire list of
elements and do not modify the individual elements of the list.

Advantages and features of the present invention, and implementation methods
thereof will be clarified through following embodiments described with reference to
the accompanying drawings. The present invention may, however, be embodied in
different forms and should not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the present invention to those skilled
in the art. Further, the present invention is only defined by scopes of claims.

Terms used herein will be briefly described, and exemplary embodiments will be
described in detail below.

As the terms used herein, so far as possible, widely-used general terms are selected in
consideration of functions in the present invention; however, these terms may vary
according to the intentions of those skilled in the art, the precedents, or the appearance
of new technology. Also, in some cases, there may be terms that are optionally selected
by the applicant, and the meanings thereof will be described in detail in the corre-
sponding portions of the description of the embodiments of the present invention.
Therefore, the terms used herein are not simple terms and should be defined based on
the meanings thereof and the overall description of the embodiments of the present
invention.

When it is described that one includes some elements, it should be understood that it
may comprise (or include or has) only those elements, or it may comprise (or include
or have) other elements as well as those elements if there is no specific limitation. As
used herein, the term "unit" refers to a software component or a hardware component

such as FPGA or ASIC, and the "unit" performs certain tasks. However, the "unit"
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should not be construed as being limited to software or hardware. The "unit" may be
configured to reside on an addressable storage medium and be configured to execute
one or more processors. Therefore, the "unit" may include, by way of example,
components, such as software components, object-oriented software components, class
components and task components, processes, functions, attributes, procedures, sub-
routines, segments of program code, drivers, firmware, microcode, circuitry, data,
databases, data structures, tables, arrays, and variables. The functionality provided for
in the components and "units" may be combined into fewer components and units or be
further separated into additional components and "units".

Hereinafter, embodiments of the present invention will be described with reference to
the accompanying drawings in such a manner that it may easily be carried out by a
person with ordinary skill in the art to which the present invention pertains. For clarity
of description, certain components not pertinent to the present invention are omitted.

FIG. 1 is a block diagram of a configuration of an image processing apparatus 100a
according to an embodiment of the present invention.

The image processing apparatus 100a according to the embodiment of the present
invention may include a photographing unit 110, an analog signal processor 120, a
memory 130, a storage/read controller 140, a data storage unit 142, a program storage
unit 150, a display driver 162, a display unit 164, a central processing unit/digital
signal processor (CPU/DSP) 170, and a manipulation unit 180.

An overall operation of the image processing apparatus 100a is controlled by the
CPU/DSP 170. The CPU/DSP 170 provides control signals to a lens driver 112, an
aperture driver 115, and an imaging device controller 119 for operations of the lens
driver 112, the aperture driver 115, and the imaging device controller 119.

The photographing unit 110, which is an element for generating an image of an
electrical signal from incident light, includes a lens 111, the lens driver 112, an
aperture 113, the aperture driver 115, an imaging device 118, and the imaging device
controller 119.

The lens 111 may include a plurality of groups of lenses or a plurality of lenses. A
position of the lens 111 is adjusted by the lens driver 112. The lens driver 112 adjusts a
position of the lens 111 according to a control signal provided by the CPU/DSP 170.

An extent to which the aperture 113 is opened/closed is adjusted by the aperture
driver 115, and the aperture 113 adjusts the amount of light incident on the imaging
device 118.

An optical signal passing through the lens 111 and the aperture 113 reaches a light-
receiving surface of the imaging device 118 to form an image of a subject. The
imaging device 118 may be a charge-coupled device (CCD) image sensor or a com-

plementary metal-oxide semiconductor image sensor (CIS), which converts the optical
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signal into an electrical signal. A sensitivity of the imaging device 118 may be adjusted
by the imaging device controller 119. The imaging device controller 119 may control
the imaging device 118 according to a control signal automatically generated by an
image signal input in real time or a control signal manually input by a user's ma-
nipulation.

An exposure time of the imaging device 118 is adjusted by a shutter (not illustrated).
The shutter may be a mechanical shutter that adjusts the incidence of light by moving
the aperture 113, or an electronic shutter that adjusts exposure by applying an electrical
signal to the imaging device 118.

The analog signal processor 120 performs noise reduction, gain adjustment,
waveform shaping, analog-to-digital conversion, etc., on an analog signal provided
from the imaging device 118.

The signal processed by the analog signal processor 120 may be input to the CPU/
DSP 170 through the memory 130, or may be directly input to the CPU/DSP 170
without passing through the memory 130. The memory 130 functions as a main
memory of the image processing apparatus 100a and temporarily stores necessary in-
formation during an operation of the CPU/DSP 170. The program storage unit 150
stores programs including an operation system, an application system, and so on,
which drive the image processing apparatus 100a.

In addition, the image processing apparatus 100a includes the display unit 164 that
displays information about an image captured by the image processing apparatus 100a
or an operating state of the image processing apparatus 100a. The display unit 164 may
provide visual information and/or acoustic information to the user. In order to provide
the visual information, the display unit 164 may include, for example, a liquid crystal
diode (LCD) display panel or an organic light-emitting diode (OLED) display panel.
Alternatively, the display unit 164 may be a touchscreen that may receive a touch
input.

The display driver 162 applies a driving signal to the display unit 164.

The CPU/DSP 170 processes an image signal input thereto and controls each element
of the image processing apparatus 100a according to the image signal or an external
input signal. The CPU/DSP 170 may perform image signal processing such as noise
reduction, gamma correction, color filter array interpolation, color matrix, color
correction, or color enhancement on input image data to improve image quality. Also,
the CPU/DSP 170 may generate an image file by compressing image data generated by
performing the image signal processing for improving image quality, or may restore
image data from the image file. An image compression format may be reversible or ir-
reversible. In the case of a still image, examples of the image compression format may

include a joint photographic experts group (JPEG) format and a JPEG 2000 format.
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Also, in the case where a moving picture is recorded, a moving picture file may be
generated by compressing a plurality of frames according to the moving picture experts
group (MPEG) standard. The image file may be generated according to, for example,
the exchangeable image file format (Exif) standard.

The image data output from the CPU/DSP 170 is input to the storage/read controller
140 directly or through the memory 130, and the storage/read controller 140 stores the
image data in the data storage unit 142 automatically or according to a signal from the
user. Also, the storage/read controller 140 may read data about an image from an
image file stored in the data storage unit 142 and may input the data to the display
driver 162 through the memory 130 or another path to display the image on the display
unit 164. The data storage unit 142 may be detachably attached to the image
processing apparatus 100a or may be permanently attached to the image processing
apparatus 100a.

Also, the CPU/DSP 170 may perform color processing, blur processing, edge
emphasis, image analysis, image recognition, image effect processing, and so on.
Examples of the image recognition may include face recognition and scene
recognition. In addition, the CPU/DSP 170 may perform display image signal
processing for displaying the image on the display unit 164. For example, the CPU/
DSP 170 may perform brightness level adjustment, color correction, contrast ad-
justment, contour emphasis, screen splitting, character image generation, and image
synthesis. The CPU/DSP 170 may be connected to an external monitor, may perform
predetermined image signal processing to display an image on the external monitor,
and may transmit processed image data to display a relevant image on the external
monitor.

Also, the CPU/DSP 170 may generate a control signal for controlling auto-focusing,
zoom change, focus change, auto-exposure correction, and so on by executing a
program stored in the program storage unit 150 or by including a separate module and
may provide the control signal to the aperture driver 115, the lens driver 112, and the
imaging device controller 119 to control operations of elements included in the image
processing apparatus 100a such as a shutter and a strobe.

The manipulation unit 180 is an element through which the user may input a control
signal. The manipulation unit 180 may include various functional buttons such as a
shutter-release button for inputting a shutter-release signal by exposing the imaging
device 118 to light for a predetermined period of time to take a photograph, a power
button for inputting a control signal to control power on/off, a zoom button for
widening or narrowing a viewing angle according to an input, a mode selection button,
and a photographing setting value adjustment button. The manipulation unit 180 may

be embodied as any forms that allow the user to input a control signal such as buttons,
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a keyboard, a touch pad, a touchscreen, and a remote controller.

The image processing apparatus 100a according to the embodiment described with
reference to FIG. 1 is merely one embodiment of the present invention, and an image
processing apparatus is not limited thereto. As obvious, embodiments of the present
invention may be applicable to a camera, a camcorder, a personal digital assistant
(PDA), a portable phone, and a computer, which process an input image and generate
an image file. Although image processing apparatuses according to embodiments of
the present invention are implemented in the form of a photographing apparatus shown
in FIG. 1, embodiments of the present invention are not limited to the configuration il-
lustrated in FIG. 1.

FIG. 2 is a diagram illustrating a configuration of an image processing apparatus
100b according to an embodiment of the present invention. The image processing
apparatus 100b according to the embodiment of the present invention includes a color
reproduction target converter 210a, a file generator 220, and a storage unit 230.
According to an embodiment, the color reproduction target converter 210a and the file
generator 220 may be included in the CPU/DSP 170 of the embodiment of FIG. 1, and
the storage unit 230 may correspond to the data storage unit 142 of the embodiment of
FIG. 1.

FIG. 3 is a diagram illustrating an SRGB color space, an adobe RGB color space, and
a color gamut of an organic light-emitting display device.

The color gamut refers to a certain complete subset of colors represented upon color
production. When a color is represented in a given circumstance, such as within a
given color space or by a certain output device, a relevant color space or a color gamut
of the output device is determined. As illustrated in FIG. 3, the SRGB color space has a
color gamut that is narrower than that of the organic light-emitting display device, and
the adobe RGB color space has a color gamut that is wider than that of the SRGB color
space, but does not entirely cover the color gamut of the organic light-emitting display
device. On the other hand, a number of photographing devices may generate a captured
image in the sSRGB color space or the adobe RGB color space and generate a file of the
captured image. When the image generated in the SRGB color space or the adobe RGB
color space is displayed on the organic light-emitting display device, the wide color
gamut of the organic light-emitting display device is not entirely used.

FIG. 4 is a diagram illustrating reproduction of image content in various electronic
devices, according to an embodiment of the present invention.

Image content stored as an image file may be reproduced by various electronic
devices, such as a camera 410, a television 420, and a smartphone 430, as illustrated in
FIG. 4. When respective display devices of the electronic devices have different color

gamuts, the image content is reproduced without color consistency between the
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electronic devices. Although the chroma of an image to be reproduced is converted
according to a color gamut of a display device in each electronic device upon re-
production of an image file, color consistency between the electronic devices is hardly
ensured with respect to the image content.

According to embodiments of the present invention, when the image processing
apparatus 100a generates an image file, the image processing apparatus 100a converts
a color reproduction target of an input image such that a color gamut of the input
image is matched with a color gamut of a wide color gamut-display device and
generates the image file.

The color reproduction target converter 210a (see FIG. 2) converts a color re-
production target of the input image according to a color gamut of a target display
device.

FIGS. 5 and 6 are diagrams illustrating a process of converting a color reproduction
target of an input image, according to an embodiment of the present invention.

A color gamut 510 of an input image and a color gamut 520 of a target display
device may be defined within a maximum color gamut 530, as illustrated in FIGS. 5
and 6. The color reproduction target converter 210a may define the color gamut 510 of
the input image and the color gamut 520 of the target display device and convert a
saturation of the input image, for each color, according to the color gamut 520 of the
target display device. A degree of saturation conversion of each color may be de-
termined by previously measuring a degree of emphasis of each color in, for example,
the target display device.

According to an embodiment, when the color gamut 520 of the target display device
is wider than the color gamut 510 of the input image, as illustrated in FIGS. 5 and 6,
the color reproduction target converter 210a converts a saturation of each color of the
input image, so as to expand the color gamut 510 of the input image according to the
color gamut 520 of the target display device. According to the embodiment, the
chroma of the input image is converted according to the color reproduction target,
thereby allowing for reproduction of brilliant colors in the target display device.

For example, when the input image is represented by an sYCC color space and the
target display device is an organic light-emitting display device, the input image may
be converted according to the color gamut of the organic light-emitting display device,
which is wider than that of the sYCC color space. In this case, the input image may be
processed to increase a saturation of each pixel of the input image, so as to be rep-
resented within a color gamut that is wider than an existing color gamut. When the
input image is displayed on the organic light-emitting display device, the wide color
gamut of the organic light-emitting display device is selectively used, thus representing

the input image with more stereoscopic and brilliant colors. When the input image is
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processed and is displayed on the organic light-emitting display device according to
the embodiment, colors, such as a deep ocean blue, a sky royal blue, or a vivid green,
may be represented to be more stereoscopic and brilliant than an existing color space,
such as an sYCC color space or an adobe YCC color space. Therefore, according to the
embodiments of the present invention, when an organic light-emitting display device is
used, the wide color gamut of the organic light-emitting display device is entirely used,
thus representing rich colors.

When the input image is displayed on a liquid crystal display device, of which the
color gamut is narrower than that of the organic light-emitting display device, the
liquid crystal display device converts the chroma of the input image according to a
color gamut of the liquid crystal display device. For example, the liquid crystal display
device may decrease a saturation of the input image with respect to a portion that is out
of the color gamut of the liquid crystal display device such that the input image is rep-
resented within the color gamut of the liquid crystal display device. Although the input
image is reproduced in a display device having a color gamut that is narrower that of a
target display device, the input image is processed such that colors included in the
color gamut of the liquid crystal display device are brilliantly displayed, resulting in re-
production of the input image with brilliant colors.

According to an embodiment, a process of converting the color reproduction target of
an input image may be a process of converting a saturation value of each color. When
the color gamut 510 of the input image is narrower than the color gamut 520 of the
target display device, the color reproduction target converter 210a may increase a
saturation value of each color. When the color gamut 510 of the input image is wider
than the color gamut 520 of the target display device, the color reproduction target
converter 210a may decrease a saturation value of each color.

According to an embodiment, the target display device may be an organic light-
emitting display device employing an organic light-emitting diode (OLED).

The input image may be at least one of, for example, an imaging signal output from
the imaging device 118, a live view image, and a reproduction image reproduced by
decoding an image file.

The file generator 220 may generate a file of the input image, of which the color re-
production target is converted by the color reproduction target converter 210a. The file
generator 220 may convert the input image, of which the color reproduction target is
converted, to, for example, a joint photographic experts group (JPEG), portable
network graphics (PNG), graphics interchange format (GIF), or moving picture experts
group (MPEG) format. The file generator 220 may generate the image file according
to, for example, an exchangeable image file format (Exif) format.

According to an embodiment of the present invention, the file generator 220 may
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store at least one selected from the group consisting of or a combination of information
about a color space of the input image, information about the target display device, and
information about a color space of the target display device in the image file along
with the input image.

The storage unit 230 stores the image file. The storage unit 230 may be implemented
by a nonvolatile memory, for example, a secure digital (SD) card or a flash memory.
According to an embodiment, the storage unit 230 may be detachably installed in the
image processing device 100b.

FIG. 7 is a flowchart of an image processing method according to an embodiment of
the present invention.

When an input image is input, the image processing method according to the em-
bodiment converts a color reproduction target of the input image in consideration of a
color gamut of a target display device (S702). For example, a saturation value of each
color of the input image may be increase or decrease according to the color gamut of
the target display device.

The image processing method generates a file of the input image, of which the color
reproduction target is converted (S704).

The image processing method stores the file of the input image (S706).

FIG. 8 is a diagram illustrating a configuration of an image processing apparatus
100c according to another embodiment of the present invention. The image processing
apparatus 100c according to the embodiment includes a color space converter 8§10, a
display unit 820, a color reproduction target converter 210a, a file generator 220, and a
storage unit 230.

The color space converter 810, the color reproduction target converter 210a, and the
file generator 220 may be implemented in the CPU/DSP 170 of the embodiment of the
FIG. 1. The display unit 820 may correspond to the display unit 164 of the em-
bodiment of FIG. 1 and the storage unit 230 may correspond to the data storage unit
142 of the embodiment of FIG. 1.

The color space converter 810 converts a color space of the input image to a color
space in which a brightness component and a chroma component are separable from
the input image. For example, the input image is represented by a color space, such as
an sRGB color space or an adobe RGB color space, the color space converter 8§10
converts the color space of the input image to a color space, such as a hue saturation
value (HSV) color space or a YCbCr color space.

FIG. 9 is a diagram illustrating a process of converting an input image represented by
an RGB color space to a YCbCr color space.

According to an embodiment, the color space converter 810 may convert the color

space of the input image by performing convolution between pixel coordinate values of
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the input image in the RGB color space and a matrix M1 for color space conversion.

When the color gamut of the input image is represented by a color space in which a
brightness component and a chroma component are not separable, such as an SRGB
color space or an adobe RGB color space, it may be difficult to convert a color re-
production target by increasing or decreasing a value of the saturation component of
each color. According to the embodiment, a color space of the input image is converted
to a color space in which a brightness component and a chroma component are
separable, making it easy to convert only a value of the saturation component of each
color component in the input image.

The color reproduction target converter 210a converts a color reproduction target of
the input image according to a color gamut of a target display device. According to the
embodiment, the color reproduction target converter 210a may convert the color re-
production target of the input image, of which the color space is converted by the color
space converter 810. When the input image is converted to an HSV color space, the
color reproduction target converter 210a may convert a saturation value (value S).
When the input image is converted to a YCbCr color space, the color reproduction
target converter 210a may convert a Cb value or a Cr value.

According to an embodiment, the color reproduction target converter 210a may
convert the color reproduction target of the input image by performing convolution
between pixel values of the input image and a matrix M2 for color reproduction target
conversion, as illustrated in FIG. 9, in addition to the matrix M1 for color space
conversion.

The file generator 220 generates a file of the input image, of which the color re-
production target is converted by the color reproduction target converter 210a. The file
generator 220 may convert the input image, of which the color reproduction target is
converted, to, for example, a JPEG, PNG, GIF, or MPEG format. In addition, the file
generator 220 may generate an image file according to, for example, an ExiF format.

The storage unit 230 stores the image file.

The color space converter 810 may convert the color space of the input image, of
which the color reproduction target is converted by the color reproduction target
converter 210a, to a color space that is displayable on the display unit 8§20 and output
the input image to the display unit 820. For example, the color space converter 8§10
may convert a YCbCr color space of the input image which is output from the color re-
production target converter 210a to an adobe RGB color space and output the input
image to the display unit 820.

FIG. 10 is a diagram illustrating a process of converting a color space to a form dis-
playable on a display unit §20.

When the display unit 820 is capable of displaying an image of an RGB color space,
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as illustrated in FIG. 10, the color space converter 810 may inverse-convert a YCbCr
image, of which the color gamut is converted, to an RGB image. In this case, the color
space converter 810 performs convolution between a YCbCr value of each pixel and
an inverse-conversion matrix M3 to obtain an RGB coordinate value, of which the
color reproduction target is converted.

The display unit 820 displays the input image of which the color reproduction target
is converted. The display unit 820 may be, for example, an organic light-emitting
display device.

FIG. 11 is a flowchart of an image processing method according to another em-
bodiment of the present invention.

In the image processing method according to the embodiment, a color space of an
input image is converted to a color space in which a brightness component and a
chroma component are separable from the input image (S1102). The color space, in
which the brightness component and the chroma component are separable, may be, for
example, an HSV color space or a YCbCr color space.

The image processing method converts the chroma of the input image according to a
color gamut of a target display device (S1104). For example, the image processing
method may increase or decrease a saturation value of each color of the input image
according to the color gamut of the target display device.

The image processing method generates a file of the input image, of which the color
reproduction target is converted (S1110) and stores the file of the input image (S1112).
The image processing method converts the color space of the input image, of which

the color reproduction target is converted, to a color space that is displayable on a
display device (S1106) and displays the input image on the display device (S1108).

FIG. 12 is a diagram illustrating a configuration of an image processing apparatus
100d according to another embodiment of the present invention. The image processing
apparatus 100d according to the embodiment includes a color reproduction target
converter 210b, a file generator 220, and a storage unit 230.

The color reproduction target converter 210b converts a color reproduction target of
the input image according to a color gamut of a target display device. The color re-
production target converter 210b according to the embodiment may include a skin
color processor 1210, a gray processor 1220, and a low illuminance processor 1230.

The skin color processor 1210 detects a skin color region having color components in
a skin color range from the input image and excludes the skin color region from
objects to be processed for color reproduction target conversion. The skin color region
may be defined by pixels having colors in the skin color range.

FIG. 13 is a diagram illustrating a skin color range 1310 according to an embodiment

of the present invention.
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The skin color range 1310 may be defined by colors around an orange color as il-
lustrated in FIG. 13. The skin color range 1310 may be defined from a color range
around the orange color, except for a gray region with a low saturation. When a color
value of each pixel of the input image falls within the skin color range 1310, the skin
color processor 1210 may define the pixel as the skin color range.

According to an embodiment, the skin color processor 1210 may detect a face region
from the input image and detect a skin color region from the face region.

When the skin color region is defined, the skin color processor 210 excludes the skin
color region from objects to be processed for color reproduction target conversion.
That is, the color reproduction target conversion is not performed on pixels in the skin
color region and performed on pixels that are out of the skin color region.

It is necessary to naturally process the skin color region, compared to other regions.
When saturation conversion is performed to convert a color reproduction target, an
unnatural skin color may be represented. According to the embodiment, the color re-
production target conversion is not performed on the skin color region, thus
maintaining a natural skin color.

The gray processor 1220 detects a gray region having a saturation value that is equal
to or smaller than a reference saturation from the input image and excludes the gray
region from objects to be processed for color reproduction target conversion.

FIG. 14 is a diagram illustrating a gray color range 1410 according to an embodiment
of the present invention.

The gray color range 1410 may be defined as a region having a saturation value that
is equal to or smaller than a reference saturation. In a case where a pixel of an input
image has a gray color, when a saturation value of the pixel is increased, a change is
made such that a specific color is represented from a gray group, causing color
distortion in the input image. According to the embodiment, color reproduction target
conversion is not performed on pixels in the gray color range 1410 having a saturation
value that is equal to or smaller than the reference saturation, preventing color
distortion.

The low illuminance processor 1230 determines whether the input image is captured
under a low illuminance condition. When the input image is captured under the low il-
luminance condition, the low illuminance processor 1230 adjusts color conversion
intensity for a low illuminance-sensitive color region, in which color distortion occurs
under the low illuminance condition. According to an embodiment, the low il-
luminance-sensitive color region may be a blue region. According to an embodiment,
when a color gamut of a target display device is wider than a color gamut of the input
image, adjusting the color conversion intensity refers to decreasing an increasing

degree of saturation values of pixels having colors in the low illuminance-sensitive
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color region. According to another embodiment, when a color gamut of a target display
device is narrower than the color gamut of the input image, adjusting the color
conversion intensity refers to decreasing an emphasizing degree of the saturation
values of pixels having colors in the low illuminance-sensitive color region when a
process of increasing a saturation is performed on pixels in a region where the two
color gamuts overlap each other, that is, in a representable color gamut. When pho-
tographing is performed under a low illuminance condition, colors in a specific region
are likely to be represented as being emphasized, compared to a non-low illuminance
condition. For example, the colors in the specific region are colors in the blue region.
According to the embodiment, the color conversion intensity for the blue region is
adjusted with respect to the input image captured under the low illuminance condition,
thus correcting the color distortion of the input image captured under the low il-
luminance condition.

Information about whether the input image is captured under the low illuminance
condition may be known by using an illuminance sensor provided in the image
processing apparatus 100d. As another example, information about whether the input
image is captured under the low illuminance condition may be known by using a color
histogram of the input image. According to an embodiment, it may be determined
whether the input image is captured under the low illuminance condition by calculating
a light value (LV) using auto exposure (AE) information and determining an il-
luminance state.

The color reproduction target converter 210b may include all or at least one selected
from the group consisting of the skin color processor 1210, the gray processor 1220,
and the low illuminance processor 1230 depending on embodiments.

The file generator 220 may generate a file of the input image, of which the color re-
production target is converted by the color reproduction target converter 210a. The file
generator 220 may convert the input image, of which the low illuminance-sensitive
color region is converted, to, for example, a JPEG, PNG, GIF, or MPEG format. The
file generator 220 may generate the image file according to, for example, an Exif
format.

The storage unit 230 stores the image file.

FIG. 15 is a flowchart of an image processing method according to another em-
bodiment of the present invention.

The image processing method according to the embodiment detects a skin color
region having a skin color range from an input image (S1502). The image processing
method excludes the skin color region from objects to be processed for color re-
production target conversion (S1504).

The image processing method detects a gray region having a saturation value that is
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equal to or smaller than a reference saturation from the input image (S1506) and
excludes the gray region from objects to be processed for color reproduction target
conversion (S1508).

The image processing method determines whether the input image is captured under
a low illuminance condition (S1510). When the input image is captured under the low
illuminance condition, the image processing method adjusts color conversion intensity
for a low illuminance-sensitive color region (S1512).

Depending on embodiments, the image processing method may include all or at least
one selected from the group consisting of the processing (S1502 and S1504) of the skin
color region, the processing (S1506 and S1508) of the gray region, and the processing
(S1510 and S1512) under the low illuminance condition. The processing (S1502 and
S1504) of the skin color region, the processing (S1506 and S1508) of the gray region,
and the processing (S1510 and S1512) under the low illuminance condition may be
performed in parallel or in sequence.

Thereafter, the image processing method according to the embodiment converts a
color reproduction target of the input image according to a color gamut of a target
display device (S1514). For example, a saturation value of each color of the input
image may be increased or decreased according to the color gamut of the target display
device.

The image processing method generates a file of the input image, of which the color
reproduction target is converted (S1516).

The image processing method stores the file of the input image (S1518).

FIG. 16 is a diagram illustrating a user interface which allows a user to select
whether to perform color reproduction target conversion, according to an embodiment
of the present invention.

According to the embodiment, the user may select whether to perform color re-
production target conversion. The image processing apparatuses 100a, 100b, 100c, and
100d according to the embodiments of the present invention may perform or may not
perform color reproduction target conversion according to a user's selection.

The invention may be embodied as computer-readable codes on a computer-readable
recording medium. The computer-readable recording medium is any data storage
device that stores data which may be thereafter read by a computer system.

The computer-readable codes are configured to perform operations that implement
the image processing methods according to the embodiments of the present invention
when read from the computer-readable recording medium and executed by a processor.
The computer-readable codes may be implemented by using various programming
languages. Also, functional programs, codes, and code segments for accomplishing the

present invention can be construed by programmers of ordinary skill in the art to which



WO 2015/102203 PCT/KR2014/008312

[139]

[140]

18

the present invention pertains.

Examples of the computer-readable recording medium include ROMs, RAMs, CD-
ROMs, magnetic tapes, floppy disks, and optical data storage devices. The computer-
readable recording medium can also be distributed over network-coupled computer
systems so that the computer-readable code is stored and executed in a distributed
fashion.

It should be understood that the exemplary embodiments described therein should be
considered in a descriptive sense only and not for purposes of limitation. Descriptions
of features or aspects within each embodiment should typically be considered as
available for other similar features or aspects in other embodiments. While one or more
embodiments of the present invention have been described with reference to the
figures, it will be understood by those of ordinary skill in the art that various changes
in form and details may be made therein without departing from the spirit and scope of

the present invention as defined by the following claims.
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Claims

An image processing method comprising:

converting a color reproduction target of an input image according to a
color gamut of a target display device;

generating a file of the input image of which the color reproduction
target is converted; and

storing the file of the input image.

The image processing method of claim 1, further comprising displaying
the input image of which the color reproduction target is converted.
The image processing method of claim 1, wherein the converting of the
color reproduction target of the input image comprises converting a
saturation component of the input image.

The image processing method of claim 1, wherein the target display
device is an organic light-emitting display device.

The image processing method of claim 1, further comprising
converting a color space of the input image to a color space in which a
brightness component and a chroma component are separable.

The image processing method of claim 1, further comprising:
detecting a skin color region having color components in a skin color
range from the input image; and

excluding the skin color region from objects to be processed for color
reproduction target conversion.

The image processing method of claim 1, further comprising:
detecting a gray region having a saturation value that is equal to or
smaller than a reference saturation from the input image; and
excluding the gray region from objects to be processed for color re-
production target conversion.

The image processing method of claim 1, further comprising:
determining whether the input image is captured under a low 1il-
luminance condition; and

adjusting color conversion intensity for a low illuminance-sensitive
color region in which color distortion occurs under the low illuminance
condition during conversion of the color reproduction target of the
input image when the input image is captured under the low il-
luminance condition.

The image processing method of claim 1, wherein the color gamut of

the target display device is wider than a color gamut of the input image.
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An image processing apparatus comprising:

a color reproduction target converter that converts a color reproduction
target of an input image according to a color gamut of a target display
device;

a file generator that generates a file of the input image of which the
color reproduction target is converted; and

a storage unit that stores the file of the input image.

The image processing apparatus of claim 10, further comprising a
display unit that displays the input image of which the color re-
production target is converted.

The image processing apparatus of claim 10, wherein the color re-
production target converter converts a saturation component of the
input image.

The image processing apparatus of claim 10, wherein the target display
device is an organic light-emitting display device.

The image processing apparatus of claim 10, further comprising a color
space converter that converts a color space of the input image to a color
space in which a brightness component and a chroma component are
separable.

The image processing apparatus of claim 10, further comprising a skin
color processor that detects a skin color region having color
components in a skin color range from the input image and excludes
the skin color region from objects to be processed for color re-
production target conversion.

The image processing apparatus of claim 10, further comprising a gray
processor that detects a gray region having a saturation value that is
equal to or smaller than a reference saturation from the input image and
excludes the gray region from objects to be processed for color re-
production target conversion.

The image processing apparatus of claim 10, further comprising a low
illuminance processor that determines whether the input image is
captured under a low illuminance condition and, when the input image
is captured under the low illuminance condition, adjusts color
conversion intensity for a low illuminance-sensitive color region in
which color distortion occurs under the low illuminance condition
during conversion of the color reproduction target of the input image.
The image processing apparatus of claim 10, wherein the color gamut

of the target display device is wider than a color gamut of the input
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image.

A computer-readable recording medium storing computer program
codes that, when read and executed by a processor, execute an image
processing method comprising:

converting a color reproduction target of an input image according to a
color gamut of a target display device;

generating a file of the input image of which the color reproduction
target is converted; and

storing the file of the input image.

The computer-readable recording medium of claim 19, wherein the
image processing method further comprises displaying the input image

of which the color reproduction target is converted.
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