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(57) Abstract: An image processing apparatus is provided. The image processing apparatus according to an exemplary embodiment
includes a memory, and a processor configured to obtain a High Dynamic Range (HDR) image by using a plurality of images having
different brightness stored in the memory, and correct chromaticity for each pixel group including at least one pixel with respect to
the obtained HDR image, wherein the processor is configured to identify an image to be used for chromaticity correction among the
O plurality of images for each pixel group and correct the chromaticity for each pixel group by using the identified image.
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Description
Title of Invention: IMAGE PROCESSING APPARATUS,
METHOD FOR PROCESSING IMAGE AND COMPUTER-

READABLE RECORDING MEDIUM
Technical Field

Devices and methods consistent with what is disclosed herein relate to an image
processing apparatus, a method for image processing and a computer-readable
recording medium, and more particularly, to an image processing apparatus for
generating a HDR image of high quality, a method for image processing and a

computer-readable medium.

Background Art

With the development of image technology, a technique has been developed for
obtaining a High Dynamic Range (HDR) image with a wider contrast range beyond the
limitation of contrast that can be produced by a digital camera.

Recently, as the digital camera market has shifted from Digital Still Camera (DSC) to
a smartphone, and the dynamic range of a digital camera has been narrowed due to
physical limitations of a lens and an image sensor, and a stronger HDR image
technique has been in high demand.

In addition, when synthesizing images of different brightness for generating a HDR
image, incompatibility occurs at the boundary where the brightness rapidly changes.
Blending of boundary areas is done in order to solve the problem, but when the images
are synthesized by using the images with a large difference in brightness, there arises a
problem that color spreading occurs in the boundary area where the brightness

difference is large.
Disclosure of Invention

Technical Problem

Accordingly, there is a need for a technique for minimizing undesirable color
blurring in HDR image synthesis.
Solution to Problem

An aspect of the exemplary embodiments relates to providing an image processing
apparatus for correcting color blurring of an HDR image, an image processing method,
and a computer readable recording medium.

According to an exemplary embodiment, there is provided an image processing
apparatus including a memory, and a processor configured to obtain a High Dynamic

Range (HDR) image by using a plurality of images having different brightness stored
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in the memory, and correct chromaticity for each pixel group including at least one
pixel with respect to the obtained HDR image, wherein the processor is configured to
identify an image to be used for chromaticity correction among the plurality of images
for each pixel group and correct the chromaticity for each pixel group by using the
identified image.

The processor may be further configured to identify an image with a minimum
difference between brightness of each of areas of the plurality of images corresponding
to the pixel group and brightness of the pixel group as an image to be used for chro-
maticity correction of the pixel group.

The processor may be further configured to, based on a difference between
brightness of each of areas of the plurality of images corresponding to the pixel group
and brightness of the pixel group being equal to or greater than a predetermined value,
identify an image obtained by blending chromaticity of two top images having a small
brightness difference among the plurality of images as an image used for chromaticity
correction of the pixel group.

The processor may be further configured to correct chromaticity of at least one pixel
constituting the pixel group on a pixel basis.

The processor may be further configured to calculate a blending ratio by using a
difference between chromaticity of a pixel included in the pixel group and chromaticity
of a pixel of the identified image corresponding to the pixel, and correct the chro-
maticity of the pixel group by blending the chromaticity of the pixel and the chro-
maticity of the pixel of the identified image at the calculated blending ratio.

The processor may be further configured to, based on a difference between chro-
maticity of a pixel included in the pixel group and chromaticity of a pixel of the
identified image corresponding to the pixel being equal to or greater than a prede-
termined value, correct the chromaticity of the pixel group.

The processor may be further configured to obtain the difference between the chro-
maticity of the pixel included in the pixel group and the chromaticity of the pixel of the
identified image corresponding to the pixel as a predetermined pixel spacing, correct
chromaticity of a predetermined number of pixels which are adjacent to a pixel where
the obtained chromaticity difference is equal to or greater than a predetermined value
in the pixel group.

The processor may be further configured to reduce respective sizes of the pixel group
and an area of the identified image corresponding to the pixel group, obtain a
difference in chromaticity of pixels at positions corresponding to respective reduced
areas, and correct chromaticity of an area of the pixel group corresponding to a pixel
where the obtained chromaticity difference is equal to or greater than a predetermined

value.
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The processor may be further configured to, based on an original image being
received, obtain a plurality of images having different brightness by using the original
image, and store the plurality of obtained images in the memory.

The processor may be further configured to maintain brightness of the pixel group
and correct chromaticity of the pixel group.

According to an exemplary embodiment, there is provided a method for image
processing, the method including generating a High Dynamic Range (HDR) image by
using a plurality of images having different brightness, determining an image to be
used for chromaticity correction for each pixel group including at least one pixel with
respect to the obtained HDR image, among the plurality of images, and correcting
chromaticity of each pixel group by using the identified image.

The determining may include determining an image with a minimum difference
between brightness of each of areas of the plurality of images corresponding to the
pixel group and brightness of the pixel group as an image to be used for chromaticity
correction of the pixel group.

The determining may include, based on a difference between brightness of each of
areas of the plurality of images corresponding to the pixel group and brightness of the
pixel group being equal to or greater than a predetermined value, using an image
obtained by blending chromaticity of two top images having a small brightness
difference among the plurality of images as an image to be used for chromaticity
correction of the pixel group.

The correcting may include correcting chromaticity of at least one pixel constituting
the pixel group on a pixel basis.

The correcting may include calculating a blending ratio based on a difference
between chromaticity of a pixel included in the pixel group and chromaticity of a pixel
of the identified image corresponding to the pixel, and correcting the chromaticity of
the pixel group by blending the chromaticity of the pixel and the chromaticity of the
pixel of the identified image at the obtained blending ratio.

The correcting may include, based on a difference between chromaticity of a pixel
included in the pixel group and chromaticity of a pixel of the identified image corre-
sponding to the pixel being equal to or greater than a predetermined value, correcting
the chromaticity of the pixel group.

The correcting may include determining the difference between the chromaticity of
the pixel included in the pixel group and the chromaticity of the pixel of the identified
image corresponding to the pixel as a predetermined pixel spacing, and correcting
chromaticity of a predetermined number pixels of pixels which are adjacent to a pixel
where the obtained chromaticity difference is equal to or greater than a predetermined

value in the pixel group.
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The correcting may include reducing respective sizes of the pixel group and an area
of the identified image corresponding to the pixel group, determining a difference in
chromaticity of pixels at positions corresponding to respective reduced areas, and
correcting chromaticity of an area of the pixel group corresponding to a pixel where

the obtained chromaticity difference is equal to or greater than a predetermined value.
The correcting may include maintaining brightness of the pixel group and correcting

chromaticity of the pixel group.

According to an exemplary embodiment, there is provided a computer readable
recording medium having a program for executing an image processing method,
wherein the image processing method includes generating a High Dynamic Range
(HDR) image by using a plurality of images having different brightness, determining
an image to be used for chromaticity correcting for each pixel group including at least
one pixel with regard to the obtained HDR image among the plurality of images, and
correcting chromaticity of each pixel group by using the identified image.

Brief Description of Drawings

FIG. 1 is a view to explain an image processing system according to an embodiment
of the present disclosure;

FIG. 2 is a block diagram to explain schematic configuration of an image processing
apparatus according to an embodiment of the present disclosure;

FIG. 3 is a block diagram to explain detailed configuration of an image processing
apparatus according to an embodiment of the present disclosure;

FIG. 4 is a block diagram to explain an image processing process according to an
embodiment of the present disclosure;

FIG. 5 is a view to explain an operation for determining an area to perform a chro-
maticity correction according to an embodiment of the present disclosure;

FIG. 6 is a view to explain an operation of determining an area to perform a color
correction according to another embodiment of the present disclosure; and

FIG. 7 is a flowchart to explain an image processing method according to an em-
bodiment of the present disclosure.

Mode for the Invention

The terms used in this specification will be briefly described, and the present
disclosure will be described in detail.

All the terms used in this specification including technical and scientific terms have
the same meanings as would be generally understood by those skilled in the related art.
However, these terms may vary depending on the intentions of the person skilled in the
art, legal or technical interpretation, and the emergence of new technologies. In

addition, some terms are arbitrarily selected by the applicant. These terms may be
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construed in the meaning defined herein and, unless otherwise specified, may be
construed on the basis of the entire contents of this specification and common technical
knowledge in the art.

[36] The invention is not limited to an embodiment disclosed below and may be im-
plemented in various forms and the scope of the invention is not limited to the
following embodiments. In addition, all changes or modifications derived from the
meaning and scope of the claims and their equivalents should be construed as being
included within the scope of the present disclosure. In the following description, the
configuration which is publicly known but irrelevant to the gist of the present
disclosure could be omitted.

[37] The terms such as “first,” “second,” and so on may be used to describe a variety of
elements, but the elements should not be limited by these terms. The terms are used
simply to distinguish one element from other elements.

[38] The singular expression also includes the plural meaning as long as it does not dif-
ferently mean in the context. In this specification, terms such as ‘include’ and
‘have/has’ should be construed as designating that there are such features, numbers,
operations, elements, components or a combination thereof in the specification, not to
exclude the existence or possibility of adding one or more of other features, numbers,
operations, elements, components or a combination thereof.

[39] In an exemplary embodiment, 'a module’, 'a unit', or ‘a part’ perform at least one
function or operation, and may be realized as hardware, such as a processor or in-
tegrated circuit, software that is executed by a processor, or a combination thereof. In
addition, a plurality of 'modules’, a plurality of 'units', or a plurality of ‘parts’ may be
integrated into at least one module or chip and may be realized as at least one
processor except for 'modules’, 'units' or ‘parts’ that should be realized in a specific
hardware.

[40] Hereinafter, embodiments of the present disclosure will be described in detail with
reference to the accompanying drawings so that those skilled in the art can easily carry
out the present invention. However, the present disclosure may be embodied in many
different forms and is not limited to the embodiments described herein. In order to
clearly illustrate the present disclosure in the drawings, some of the elements that are
not essential to the complete understanding of the disclosure are omitted for clarity,
and like reference numerals refer to like elements throughout the specification.

[41] Hereinafter, the present disclosure will be describe in greater detailed with reference
to drawings.

[42] FIG. 1 is a view to explain an image processing system according to an embodiment
of the present disclosure.

[43] Referring to FIG. 1, an image processing system 1000 according to an embodiment
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of the present disclosure may include a first image processing apparatus 100-1 and a
second image processing apparatus 100-2.

To be specific, the dynamic ranges of the first image processing apparatus 100-1 and
the second image processing apparatus 100-2 may be different. The dynamic range
refers to a contrast ratio between the brightest part and the darkest part of a digital
image, and can be defined by Low Dynamic Range(LDR), Standard Dynamic
Range(SDR), High Dynamic Range(HDR) depending on the level of the contrast ratio.

FIG. 1 illustrates the case where the image generated by the first image processing
apparatus 100-1, which is a camera, is displayed on the second image processing
apparatus 100-2. However, the present disclosure is not limited thereto, but both of the
image processing apparatuses may be cameras, or display apparatuses, or may include
a server capable of image processing. Alternatively, the image processing apparatus
may include all types of devices capable of image processing, for example, a mobile
device such as a PC, a smartphone, a set-top box, etc.

When the dynamic range of the first image processing apparatus 100-1 is narrower
than that of the second image processing apparatus 100-2, an HDR image for
displaying a Low Dynamic Range (LDR) image and a Standard Dynamic Range
(SDR) image obtained by the first image processing apparatus 100-1 on the second
image processing apparatus 100-2 having a wider dynamic range.

When the dynamic range of the first image processing apparatus 100-2 is wider than
that of the second image processing apparatus 100-2, an HDR image may be obtained
so that the detailed contrast of the image obtained by the first image processing
apparatus 100-1 is displayed on the second image processing apparatus 100-2 having a
narrow dynamic range.

The first image processing apparatus 100-1 may generate an HDR image and
transmit the HDR image to the second image processing apparatus 100-2, or the
second image processing apparatus 100-2 may receive an image from the first image
processing apparatus 100-1 and generate an HDR image. Alternatively, although not
shown, an additional external device such as a server may generate an HDR image by
using the image received from the first image processing apparatus 100-1, and transmit
the generated HDR image to the second image processing apparatus 100-2.

FIG. 2 is a block diagram to explain schematic configuration of an image processing
apparatus according to an embodiment of the present disclosure.

Referring to FIG. 2, an image processing apparatus 100 according to an embodiment
of the present disclosure may include a memory 110 and a processor 120.

The memory 110 may store various programs and data necessary for the operation of
the image processing apparatus 100. To be specific, the memory 110 may store a

plurality of images having different brightness. The plurality of images may be con-
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secutively captured or generated by using a single image.

The plurality of images may be consecutively captured by the image processing
apparatus 100 or the external device. Alternatively, the plurality of images may be
generated by using a single original image captured by the image processing apparatus
100 or the external device. The plurality of images may be generated by the image
processing apparatus 100 that captures or receives an original image, or generated by
the external device and transmitted to the image processing apparatus 100.

The processor 120 may generate an HDR image by using an original image, which is
an LDR image or an SDR image. The processor 120 may generate an HDR image by
using a single original image, or by synthesizing a plurality of images having different
brightness, which are generated based on a single original image. Alternatively, the
processor 120 may generate an HDR image by synthesizing a plurality of images
having different brightness, which are consecutively captured. A method for generating
an HDR image by using a signal image or multiple images may pertain to the related
art, and therefore the detailed description thereof will be omitted.

The processor 120 may perform chromaticity correction on the generated HDR
image. The processor 120 may perform chromaticity correction for each pixel group
included in the generated HDR image. The pixel group may include at least one pixel.
The chromaticity refers to color property except color brightness, which means color,
saturation, color difference, etc. of a pixel. The processor 120 may divide the generated
HDR image into a pixel group size, and perform image determination for chromaticity
correction, and chromaticity correction for each divided area.

The processor 120 may control the shape of the pixel group and the number of pixels
according to the characteristic of the image. The processor 120 may enable fine
correction by making the size of the pixel group small by having a small number of
pixels in the pixel group in the case of a high-frequency area having a large number of
edges in the input image, and by making the size of the pixel group large by having a
large number of pixels in the pixel group in the case of a low-frequency area having a
small number of edges, thereby reducing the amount of calculation.

The processor 120 may select an image used for chromaticity correction for each
pixel group of the generated HDR image. The processor 120 may select an image to be
used for chromaticity correction for each pixel group, among a plurality of images
having different brightness used for generating an HDR image.

The processor 120 may compare the brightness of an area corresponding to a pixel
group, among a plurality of images, with the brightness of a pixel group, and select an
image with a minimum difference between the brightness of the area corresponding to
the pixel group and the brightness of the pixel group as an image used for chromaticity

correction among the plurality of images. The area corresponding to a pixel group
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refers to an area corresponding to the position of the pixel group of the generated HDR
image in each of the plurality of images. In addition, the minimum brightness
difference means that the absolute value of the difference is at its minimum. This is
because the brightness and the chromaticity are not independent in the color space, so
that an image with the minimum brightness difference is selected as an image to be
used for the chromaticity correction thereby minimizing the difference due to the color
blur correction.

When the plurality of pixels are included in the pixel group, the processor 120 may
compare averages of brightness of the plurality of pixels, or identify an image having
the largest amount of pixels having the smallest brightness difference among the
plurality of pixels in the pixel group, as an image to be used for chromaticity
correction. A method for selecting an image used for chromaticity correction based on
brightness may vary.

As described above, an image with the minimum brightness difference has been used
as an image to be used for chromaticity correction, but in the implementation, various
methods can be applied such as selecting an image with the largest chromaticity
difference at the corresponding position as an image to be used for chromaticity
correction.

When a difference between brightness of a pixel group of the generated HDR image
and brightness of each of areas of a plurality of images corresponding to the pixel
group is equal to or greater than a predetermined value, the processor 120 may identify
an image obtained by blending a plurality of images as an image to be used for chro-
maticity correction on the pixel group. The term ‘blending’ refers to changing to a
value between pixel values at the corresponding positions.

For example, if an HDR image is generated by using a high exposure image, a basic
image and a low exposure image, and the brightness of the generated HDR pixel group
is a value that is halfway between the brightness of respective areas in the high
exposure image and the basic image corresponding to the pixel group, the processor
120 may determine an image obtained by blending the chromaticity of the high
exposure image and the basic image, which are two top images with similar brightness,
as an image to be used for chromaticity correction. The processor 120 may determine a
blending ratio considering how similar the brightness of the pixel group and the
brightness of the high exposure image and the basic image are.

When a difference between the chromaticity of a pixel included in the pixel group
and the chromaticity of a pixel of the determined image corresponding to a pixel is
equal to or greater than a predetermined value, the chromaticity correction on the pixel
and the pixel group including the pixel may be performed. When the difference in

chromaticity between the pixels is less than a predetermined value, the chromaticity
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correction on the pixel may not be performed.

The processor 120 may correct the chromaticity on at least one pixel constituting a
pixel group on a pixel basis.

The processor 120 may determine the difference in chromaticity between all pixels
included in the pixel group, and correct the chromaticity of the pixel based on the de-
termined chromaticity difference. For example, the processor 120 may determine the
difference in colors of the pixels included in the pixel group and the pixels included in
the area corresponding to the determined image, and perform color and saturation
correction on the pixel included in the pixel group based on the color difference.

The processor 120 may reduce the pixel group and the area of the determined area
corresponding to the pixel group at a predetermined ratio, and determine the difference
in chromaticity of the pixels corresponding to the respective reduced areas. The
processor 120 may perform chromaticity correction only on the pixel included in the
area corresponding to a pixel where the difference in chromaticity determined in the
reduced area is equal to or greater than the predetermined value in the pixel group
before reduction. The detailed description thereof will be made with reference to FIG.
5.

The processor 120 may determine the difference between the chromaticity of the
pixel included in the pixel group and the chromaticity of the pixel of the determined
image corresponding to the pixel as a predetermined pixel spacing, and perform chro-
maticity correction only on the pixel where the determined chromaticity difference is
equal to or greater than a predetermined value and the pixel adjacent thereto. The
detailed description thereof will be made with reference to FIG. 6.

As described above, it is possible to reduce the resources used for the operation by
correcting the chromaticity difference only for some pixels without correcting the
chromaticity differences for all the pixels included in the pixel group.

The processor 120 may correct the chromaticity of the pixel included in the pixel
group by using a blending ratio calculated by using the difference between the chro-
maticity of the pixel included in the pixel group and the chromaticity of the pixel of the
determined image corresponding to the pixel.

The processor 120 may calculate a blending ratio by using the difference between the
chromaticity of the pixel included in the pixel group and the chromaticity of the pixel

of the determined image corresponding to the pixel as following equation (1).
K. Fs 1y Refy (D
T, Fs Ref

Where a is a blending ratio for color correction, (3 is a blending ratio for saturation
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correction, i and j are positons of pixels, H™ is a color value of a pixel of a pixel group,
HRefis a color value of a pixel of a determined image, and K and T are arbitrary setting
values stored in the memory 110. a and 3 range between 0 and 1.

The processor 120 may correct the chromaticity (color and saturation) of the pixel as

following equation (2) by using a blending ratio calculated based on equation (1).

()
He =aHE + (1-a) - H

SE%jesuIt =Bsﬁef+(1_B)Sr’JS
Resul Fs
Vi ' = Vi

Where S is a saturation value of a pixel of a pixel group, S®*is a saturation value of
a pixel of a determined image, V™ is a brightness value of a pixel of a pixel group, and
VRefis a brightness value of a pixel of a determined image.

Referring to equation 2, as the difference between the chromaticity of the pixel
included in the pixel group and the chromaticity of the pixel of the determined image
corresponding to the pixel increases, a ratio between the color and the saturation of the
determined image may increase.

The processor 120 may correct the chromaticity of the pixel group while maintaining
the brightness of the pixel included in the pixel group as above equation (2).

In the above description, pixel values have been described based on the HSV color
space. In the implementation, the present disclosure can be applied to values based on
the Lab color space and the YCbCr color space. If the brightness values are not
separated as in the RGB color space, the present disclosure can be applied by
converting into color spaces such as HSV, Lab, and YCbCr color spaces which the
brightness values are separated.

According to various embodiments of the present disclosure, when an HDR image is
generated by widely increasing a dynamic range, it is possible to obtain a rich color
image while suppressing the color blurring.

FIG. 3 is a block diagram to explain detailed configuration of an image processing
apparatus according to an embodiment of the present disclosure.

Referring to FIG. 3, an image processing apparatus 100 may include a memory 110,
a processor 120, a communication interface 130, a display 140, a button 150, a video
processor 160 and a capturing unit 170. The memory 110 and the processor 120 are the
same as the configurations shown in FIG. 2. Thus, the redundant description will be
omitted.

The processor 120 may include a RAM 121, a ROM 122, a CPU 123, a Graphic
Processing Unit (GPU) 124, and a bus 125. The RAM 121, the ROM 122, the CPU
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123, the Graphic Processing Unit (GPU) 124, and the like may be connected to one
another via the bus 125.

The CPU 123 may access the memory 110 and perform booting by using an
operating system (O/S) stored in the memory 110. The CPU 123 may perform various
operations by using various programs, contents, data, etc. stored in the memory 110.

A command set, etc. for system botting may be stored in the ROM 122. When a turn-
on command is input and power is supplied, the CPU 123 may copy the O/S stored in
the memory 110 to the RAM 121 according to the command stored in the ROM 122,
execute the O/S and perform system booting. When the system booting is completed,
the CPU 123 may copy the various programs stored in the memory 110 to the RAM
121, execute the program copied to the RAM 121 and perform various operations.

When the booting of the image processing apparatus 100 is completed, the GPU 124
may display a Ul on the display 140. To be specific, the GPU 124 may generate a
screen including various objects such as icons, images, texts, etc. by using a cal-
culation unit (not shown) and a rendering unit (not shown). The calculation unit may
calculate attribute values such as coordinate values, shapes, sizes, colors, etc. of the
objects according to the layout of the screen. The rendering unit may generate screens
of various layouts including objects based on the attribute values calculated by the cal-
culation unit. The screen (or a user interface window) generated by the rendering unit
may be provided to the display 140 and displayed in a main display area and a sub-
display area.

The communication interface 130 may be configured to perform communication with
various types of external devices according to various types of communication
methods. The communication interface 130 may receive an LDR image or an SDR
image from an external device, and transmit the HDR image generated or corrected by
the processor 120 to an external device such as an additional display apparatus. The
communication interface 130 may receive a plurality of images having different
brightness from the external device.

The communication interface 130 may receive an image in a wired manner using, for
example, an antenna, a cable, or a port, or in a wireless manner via, for example, Wi-
Fi, Bluetooth, etc. In the implementation, the image processing apparatus 100 may
receive an image selected by a user among a plurality of images stored in the memory
110 provided in the image processing apparatus 100 and process the image.

When the image processor apparatus 100 performs communication in a wireless
manner, the communication interface 130 may include a Wi-Fi chip, a Bluetooth chip,
a wireless communication chip, and an NFC chip. To be specific, the Wi-Fi chip and
the Bluetooth chip may perform communication using the WiFi method and the

Bluetooth method, respectively. When the Wi-Fi chip or the Bluetooth chip is used,
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various connectivity information such as an SSID and a session key may be
transceived, communication connection may be established based on the connectivity
information, and various information may be transceived. The communication chip
may refer to a chip that performs communication according to various communication
standards such as IEEE, ZigBee, 3rd Generation (3G), 3rd Generation Partnership
Project (3GPP), Long Term Evolution (LTE), etc. The NFC chip may refer to a chip
operating in a Near Field Communication (NFC) method that uses 13.56MHz
frequency band among various RF-ID frequency bands such as 135 kHz, 13.56 MHz,
433 MHz, 860 to 960 MHz, 2.45 GHz, etc.

The display 140 may display an HDR image generated or corrected by the processor
120. The display 140 may be embodied with various types of display such as a liquid
crystal display (LCD), an organic light emitting diode (OLED) or a plasma display
panel (PDP) or the like. The display 140 may include a driving circuit embodied in the
form of a-si TFT, low temperature poly silicon (LTPS) TFT, organic TFT (OTFT),
etc., a backlight unit, etc. The display 140 may be embodied as a flexible display.

It has been described that a display function and a gesture detection function are
performed in the same configuration, but could be performed in different config-
urations. In addition, according to various embodiments, the display 140 may not be
provided in the image processing apparatus 100.

The button 150 may be various types of buttons such as a machine button, a touch
pad, a wheel, etc. formed in an arbitrary area such as a front surface part, a side surface
part, and a rear surface part, etc. of the main body of the image processing apparatus
100.

The video processor 160 may be configured to process contents received through the
communication interface 130, or video data included in the contents stored in the
memory 110. The video processor 160 may perform various image processing such as
decoding, scaling, noise filtering, frame rate conversion, resolution conversion, etc. of
video data.

The capturing unit 170 may be configured to capture a stop image or a video under
the control of a user. The capturing unit 170 may capture at least one image for
generating an HDR image.

The capturing unit 170 may include a lens, an image sensor, etc. In addition, the
capturing unit 170 may include a plurality of cameras such as a front surface camera, a
rear surface camera, etc. According to various embodiments of the present disclosure,
the capturing unit 170 may not be provided in the image processing apparatus 100.

Although not shown in FIG. 3, according to an embodiment, various external input
ports for connecting with various external terminals such as a USB port through which

a USB connector can be connected in the image processing apparatus 100, a headset, a
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mouse, LAN, etc., a DMB chip for receiving and processing a Digital Multimedia
Broadcasting (DMB) signal, and various sensors may be further included.

FIG. 4 is a block diagram to explain an image processing process according to an
embodiment of the present disclosure.

Referring to FIG. 4, an image processing apparatus may generate an HDR image 420
by using a plurality of images 410 having different brightness. The plurality of images
410 may include a high exposure image, a basic image and a low exposure image. FIG.
4 illustrates that the HDR image 420 is generated by using the plurality of images 410,
but in the implementation, an HDR image may be generated by using a single image,
and any type of HDR image generation method could be applied.

The image processing apparatus may select one of the plurality of images 410 as a
reference image 430. The reference image 430 refers to an image to be used for
correcting the chromaticity of the generated HDR image 420.

To be specific, the image processing apparatus may select an image with the smallest
brightness difference between the brightness of a pixel group, which is the part of the
HDR image 420, and the brightness of an area corresponding to the pixel group as the
reference image 430. When the difference between the brightness of the pixel group,
which is the part of the HDR image 420, and the brightness of each area corresponding
to the pixel group is equal to or greater than a predetermined value, the processor 120
may determine two top images with the least brightness difference as the reference
image 430.

The image processing apparatus may calculate a blending ratio 440 based on the
difference between the chromaticity of the area of the reference image 430 corre-
sponding to the pixel group and the chromaticity of the pixel group of the HDR image
420.

The image processing apparatus may generate a result image 480 obtained by
correcting the chromaticity based on H (color) blending 450 and S (saturation)
blending 460 by using the calculated blending ratio 440. The image processing
apparatus may generate the result image 480 obtained by correcting the chromaticity
by blending the color and the saturation of the HDR image 420 and the reference
image 430 according to the calculated blending ratio 440. The calculation operation of
the blending ratio 440 and the chromaticity correction operation have been described in
detail with respect to FIG. 2, and the redundant description will be omitted.

The image processing apparatus may maintain 470 the brightness (V) in the process
of generating the image result image 480 through the chromaticity correction. In other
words, the image processing apparatus may maintain the brightness of the generated
HDR image 420.

In the above description, the pixel values are described based on the HSV color
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space. In the implementation, the present disclosure can be applied to values based on
the Lab color space and the YCbCr color space. Specifically, when the Lab color space
is used, the image processing apparatus may perform correction by blending the values
a and b while maintaining the L value. When the YCbCr color space is used, the image
processing apparatus may perform correction by blending Cb and Cr values while
maintaining the Y value.

If the brightness values are not separated as in the RGB color space, the technique of
the present disclosure can be applied by converting into the HSV, Lab, and YCbCr
color spaces where the brightness values are separable.

FIG. 5 is a view to explain an operation for determining an area to perform a chro-
maticity correction according to an embodiment of the present disclosure. FIG. 5 il-
lustrates an example in which the amount of calculation is reduced by determining a
pixel for performing chromaticity correction by reducing the size of a pixel group.

Referring to FIG. 5A, a pixel group 510 of the generated HDR image may be in the
form of 9 x 9. However, the present disclosure is not limited to an example em-
bodiment, and the pixel group may be in the form of a polygon, not a square.

The image processing apparatus may generate a pixel group 520 reduced toa 3 x 3
form by reducing the pixel group 510 of the HDR image at a ratio of 1/3 as shown in
FIG. 5B. Although not shown, the image processing apparatus may reduce an area cor-
responding to the pixel group 510 at a ratio of 1/3 in the reference image determined as
an image to be used for the chromaticity correction on the pixel group 510. However,
in the implementation, the form, size, reduction ratio, etc. of the pixel group are limited
to FIG. 5, but vary depending on the case.

The image processing apparatus may determine the chromaticity difference between
the reduced pixel group 520 and the pixel corresponding to the reduced area of the
reference image. For example, as shown in FIG. 5B, when the chromaticity difference
of a pixel 521 at a position (2, 3) of the reduced pixel group 520 is equal to or greater
than a predetermined value, the image processing apparatus, as shown in FIG. 5C, may
perform chromaticity correction on the pixel included in an area 522 corresponding to
the pixel 521 at the position (2, 3) of the reduced pixel group 520 in the pixel group
510.

By not determining whether the chromaticity correction is performed on all pixels
include in the pixel group, the resources used for correcting an HDR image may be
reduced.

FIG. 6 is a view to explain an operation of determining an area to perform a color
correction according to another embodiment of the present disclosure. FIG. 6 il-
lustrates an example in which the amount of calculation used for chromaticity

correction is reduced by determining the chromaticity difference of the pixel included
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in the pixel group by a predetermined pixel spacing.

Referring to FIG. 6, an image processing apparatus may generate a pixel group 610
of the generated HDR image to a 21 x 16 form. However, the present disclosure is not
limited to an example embodiment, and the pixel group may be in the form of a
polygon, not a square.

The image processing apparatus may calculate the chromaticity difference between a
reference image and a pixel 611 at a predetermined spacing n, among a plurality of
pixels included in the pixel group 610 of the HDR image. Referring to FIG. 6, the pre-
determined spacing may include 5 (five) pixels in a row direction, and 5 (five) pixels in
a column direction, but is not limited thereto in the implementation.

When there is a pixel 612 where the difference in chromaticity from the reference
image is equal to or greater than a predetermined value, among the pixels 611 with a
predetermined spacing, the image processing apparatus may perform chromaticity
correction on the pixel 612 where the chromaticity difference is equal to or greater than
a predetermined value, and a predetermined number of adjacent pixels 613. The image
processing apparatus may calculate the chromaticity difference by pixel with respect to
a predetermined number k of adjacent pixel 613 and correct the chromaticity based on
the calculated chromaticity difference. Referring to FIG. 5, the predetermined number
of adjacent pixels may be 48 in a 7 x 7 area, which is including the pixel 612 of which
chromaticity difference is equal to or greater than a predetermined value at its center,
but in the implementation, the size and shape of the adjacent area are not limited
thereto.

The resources used for correcting an HDR image may be reduced by not determining
whether the chromaticity correction is not performed on all pixels included in the pixel
group.

FIG. 7 is a flowchart to explain an image processing method according to an em-
bodiment of the present disclosure.

Referring to FIG. 7, an image processing apparatus may generate an HDR image at
step S710. The image processing apparatus may generate an HDR image by using a
single image or multiple images. Any type of the HDR image generating method in the
related art could be applied

The image processing apparatus may determine an image to be used for the chro-
maticity correction by pixel group at step S720. The image used for chromaticity
correction may be referred to as a reference image.

The image processing image may determine a reference image for each pixel group
of the generated HDR image among a plurality of images having different brightness.
The plurality of images may be multiple images used for generating an HDR image, or

may be generated by controlling the brightness of a single image used for generating
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the HDR image.

The image processing apparatus may determine an image with the smallest bright
difference from the pixel group among the plurality of images as a reference image,
and when the difference in brightness is equal to or greater than a predetermined value,
an image obtained by blending the two top images having a small brightness difference
as a reference image.

The image processing apparatus may correct the chromaticity on the pixel group at
step S730. The image processing apparatus may correct the chromaticity on the pixel
group by using a reference image determined for each pixel group of the HDR image.
The image processing apparatus may calculate a blending ratio by using the difference
between the chromaticity of the area of the reference image corresponding to the pixel
group of the HDR image and the chromaticity of the pixel group of the HDR image. In
addition, the image processing apparatus may correct the chromaticity of the pixel
group by using the calculated blending ratio.

The image processing apparatus may calculate the chromaticity difference for chro-
maticity correction with respect to all pixels included in the pixel group, or as shown in
FIGS. 5 and 6, the image processing apparatus may perform an operation for cal-
culating the difference in chromaticity for the chromaticity correction with respect to a
partial area.

According to various embodiments of the present disclosure, it is possible to obtain a
rich color image while suppressing color burring when generating an HDR image by
widely increasing a dynamic range.

The various embodiments described above may also be embodied in a recording
medium readable by a computer or a similar device using software, hardware, or a
combination thereof. In accordance with a hardware implementation, the embodiments
described in the present disclosure may be embodied using at least one of application
specific integrated circuits (ASICs), digital signal processors (DSPs), digital signal
processing devices (DSPDs), programmable logic devices (PLDs), field programmable
gate arrays (FPGAs), processors, controllers, micro-controllers, microprocessors, and
an electrical unit for performing other functions. In some cases, embodiments
described herein may be implemented by the processor 120 itself. In the imple-
mentation by hardware, embodiments such as the procedures and functions described
herein may be implemented in separate software modules. Each of the software
modules may perform one or more of the functions and operations described herein.

Meanwhile, an image processing method according to various embodiments of the
present disclosure could be stored in a non-transitory readable medium. Such non-
transitory readable medium could be used in various devices.

The non-transitory computer readable medium refers to a medium that stores data
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semi-permanently rather than storing data for a very short time, such as a register, a
cache, and a memory, and is readable by an apparatus. Specifically, the above-
described various applications or programs may be stored in a non-transitory computer
readable medium such as a compact disc (CD), a digital versatile disk (DVD), a hard
disk, a Blu-ray disk, a universal serial bus (USB) memory stick, a memory card, and a
read only memory (ROM), and may be provided.

Although exemplary embodiments have been shown and described, it will be ap-
preciated by those skilled in the art that changes may be made to these exemplary em-
bodiments without departing from the principles and spirit of the present disclosure.
Accordingly, the scope of the present invention is not construed as being limited to the
described exemplary embodiments, but is defined by the appended claims as well as

equivalents thereto.
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Claims
An image processing apparatus, comprising:
a memory; and
a processor configured to obtain a High Dynamic Range (HDR) image
by using a plurality of images having different brightness stored in the
memory, and correct chromaticity for each pixel group including at
least one pixel with respect to the obtained HDR image,
wherein the processor is configured to identify an image to be used for
chromaticity correction among the plurality of images for each pixel
group and correct the chromaticity for each pixel group by using the
identified image.
The image processing apparatus as claimed in claim 1, wherein the
processor is further configured to identify an image with a minimum
difference between brightness of each of areas of the plurality of
images corresponding to the pixel group and brightness of the pixel
group as an image to be used for chromaticity correction of the pixel
group.
The image processing apparatus as claimed in claim 1, wherein the
processor is further configured to, based on a difference between
brightness of each of areas of the plurality of images corresponding to
the pixel group and brightness of the pixel group being equal to or
greater than a predetermined value, identify an image obtained by
blending chromaticity of two top images having a small brightness
difference among the plurality of images as an image used for chro-
maticity correction of the pixel group.
The image processing apparatus as claimed in claim 1, wherein the
processor is further configured to correct chromaticity of at least one
pixel constituting the pixel group on a pixel basis.
The image processing apparatus as claimed in claim 1, wherein the
processor is further configured to obtain a blending ratio by using a
difference between chromaticity of a pixel included in the pixel group
and chromaticity of a pixel of the identified image corresponding to the
pixel, and correct the chromaticity of the pixel group by blending the
chromaticity of the pixel and the chromaticity of the pixel of the
identified image at the obtained blending ratio.
The image processing apparatus as claimed in claim 1, wherein the

processor is further configured to, based on a difference between chro-
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maticity of a pixel included in the pixel group and chromaticity of a
pixel of the identified image corresponding to the pixel being equal to
or greater than a predetermined value, correct the chromaticity of the
pixel group.

The image processing apparatus as claimed in claim 6, wherein the
processor is further configured to obtain the difference between the
chromaticity of the pixel included in the pixel group and the chro-
maticity of the pixel of the identified image corresponding to the pixel
as a predetermined pixel spacing, and correct chromaticity of a prede-
termined number of pixels which are adjacent to a pixel where the
obtained chromaticity difference is equal to or greater than a prede-
termined value in the pixel group.

The image processing apparatus as claimed in claim 6, wherein the
processor is further configured to reduce respective sizes of the pixel
group and an area of the identified image corresponding to the pixel
group, obtain a difference in chromaticity of pixels at positions corre-
sponding to respective reduced areas, and correct chromaticity of an
area of the pixel group corresponding to a pixel where the obtained
chromaticity difference is equal to or greater than a predetermined
value.

The image processing apparatus as claimed in claim 1, wherein the
processor is further configured to, based on an original image being
received, obtain a plurality of images having different brightness by
using the original image, and store the plurality of obtained images in
the memory.

The image processing apparatus as claimed in claim 1, wherein the
processor is further configured to maintain brightness of the pixel
group and correct chromaticity of the pixel group.

A method for image processing, the method comprising:

obtaining a High Dynamic Range (HDR) image by using a plurality of
images having different brightness;

identifying an image to be used for chromaticity correction for each
pixel group including at least one pixel with respect to the obtained
HDR image, among the plurality of images; and

correcting chromaticity of each pixel group by using the obtained
image.

The method as claimed in claim 11, wherein the identifying comprises

identifying an image with a minimum difference between brightness of
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each of areas of the plurality of images corresponding to the pixel
group and brightness of the pixel group as an image to be used for
chromaticity correction of the pixel group.

The method as claimed in claim 11, wherein the identifying comprise,
based on a difference between brightness of each of areas of the
plurality of images corresponding to the pixel group and brightness of
the pixel group being equal to or greater than a predetermined value,
using an image obtained by blending chromaticity of two top images
having a small brightness difference among the plurality of images as
an image to be used for chromaticity correction of the pixel group.

The method as claimed in claim 11, wherein the correcting comprises
correcting chromaticity of at least one pixel constituting the pixel group
on a pixel basis.

The method as claimed in claim 11, wherein the correcting comprises
obtaining a blending ratio based on a difference between chromaticity
of a pixel included in the pixel group and chromaticity of a pixel of the
identified image corresponding to the pixel, and correcting the chro-
maticity of the pixel group by blending the chromaticity of the pixel
and the chromaticity of the pixel of the identified image at the obtained

blending ratio.
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