wO 20207149605 A1 | NI 0000 KO0 0 O 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property '

Organization
=

International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2020/149605 Al

23 July 2020 (23.07.2020) WIPOIPCT

(51) International Patent Classification:
HO4N 9/797 (2006.01) HO4N 19/70 (2014.01)
HO4N 9/804 (2006.01) HO4N 19/423 (2014.01)
HO4N 19/186 (2014.01)

(21) International Application Number:
PCT/KR2020/000661

(22) International Filing Date:
14 January 2020 (14.01.2020)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

10-2019-0004770 14 January 2019 (14.01.2019) KR

(71) Applicant: SAMSUNG ELECTRONICS CO., LTD.
[KR/KR]; 129, Samsung-ro, Yeongtong-gu, Suwon-si,
Gyeonggi-do 16677 (KR).

(72) Inventors: LEE, Jaemoon; 129, Samsung-ro, Yeong-
tong-gu, Suwon-si, Gyeonggi-do 16677 (KR). LEE, Min-
hoon; 129, Samsung-ro, Yeongtong-gu, Suwon-si, Gyeong-
gi-do 16677 (KR).

(74) Agent: KIM, Tae-hun etal.; 9th Floor, Shinduk Bldg., 343,
Gangnam-daero, Seocho-gu, Seoul 06626 (KR).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

84

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 1IN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KW,KZ, LA,LC,LK,LR,LS,LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: ELECTRONIC APPARATUS AND CONTROL METHOD THEREOF

(57) Abstract: An electronic apparatus and a controlling method there-

[Fig. 4A] of are provided. The electronic apparatus includes: a storage configured
20-1 20-1 to store index information indicating each of a plurality of pixel combi-
z { z { nations obtainable based on neighboring pixels with respect to a pixel;

204 | |10 20-2 20-4
\ /

and a processor configured to: select at least one second pixel having a
similarity to a first pixel equal to or greater than a threshold value among
neighboring pixels based on a first chrominance signal of the first pix-
el and second chrominance signals of pixels neighboring the first pixel
among a plurality of pixels included in an input image, identify index
information corresponding to a pixel combination having a highest sim-
ilarity to the first pixel based on a first luminance signal of the first pixel,
a second luminance signal of at least one second pixel, and a plurality of
pixel combinations with respect to the first pixel, and control the elec-

tronic apparatus to store the image by replacing a pixel value of the first
pixel with the identified index information.
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Description

Title of Invention: ELECTRONIC APPARATUS AND CONTROL

[2]

[3]

[4]

[5]
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[8]

METHOD THEREOF
Technical Field

The disclosure relates to an electronic apparatus and a control method thereof and,
for example, to an electronic apparatus which encodes an image and a control method

thereof.

Background Art

Various types of electronic apparatuses have been developed and have proliferated
along the development of electronic technologies.

Particularly, as a resolution and image quality of an image provided through an
electronic apparatus gradually increase, capacity of a memory and a bandwidth
required for providing an image have also increased geometrically.

There has been intensive research regarding an image compression method for
providing a high-resolution and high-quality image by efficiently using limited
resources of capacity of a memory and a bandwidth.

In the related art, a lossless image compression apparatus has been used for
minimizing loss of image quality, but in the lossless image compression, a com-
pression rate was not constant and it was substantially slightly insufficient to ef-
ficiently use limited resources of a memory (e.g., hardware).

There is need of an image compression method of efficiently using limited hardware
resources, while maintaining a constant compression rate and minimizing loss of image
quality.

Disclosure of Invention

Technical Problem

Embodiments of the disclosure address the above-described needs, and the disclosure
provides an electronic apparatus which executes encoding by considering chrominance
signals and luminance signals of pixels and a control method thereof.
Solution to Problem

According to an example embodiment of the disclosure, an electronic apparatus
includes: a storage configured to store index information indicating each of a plurality
of pixel combinations obtainable based on neighboring pixels with respect to a pixel,
and a processor configured to select at least one second pixel having a similarity to a
first pixel equal to or greater than a threshold value from among the neighboring pixels
based on a first chrominance signal of the first pixel and second chrominance signals

of pixels neighboring the first pixel among a plurality of pixels included in an input
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image, identify index information corresponding to a pixel combination having a
highest similarity to the first pixel based on a first luminance signal of the first pixel, a
second luminance signal of at least one second pixel, and a plurality of pixel com-
binations with respect to the first pixel, and to control the electronic apparatus to store
the image by replacing a pixel value of the first pixel with the identified index in-
formation.

The processor may obtain a plurality of luminance signals according to the plurality
of pixel combinations based on the at least one second pixel, identify a luminance
signal having a lowest difference value from the first luminance signal of the first pixel
among the plurality of luminance signals, and encode the input image by replacing a
pixel value of the first pixel with the index information corresponding to the identified
luminance signal. The processor may obtain a second luminance signal of each of the
second pixels and an average luminance signal of the plurality of second pixels as the
plurality of luminance signals.

The processor may obtain information indicating a pixel combination for obtaining
the identified luminance signal based on the index information, and replace a pixel
value of the first pixel with the information.

The neighboring pixels may include a plurality of second pixels located on upper,
lower, right, and left sides or in diagonal directions with respect to the first pixel.

Based on the plurality of second pixels having a similarity equal to or greater than a
threshold value including four pixels, the processor may obtain an average luminance
signal of the four second pixels, an average luminance signal of three second pixels
among the four second pixels, an average luminance signal of two second pixels
among the four second pixels, and a luminance signal corresponding to each of the
four second pixels, as the plurality of luminance signals, and the index information
may include information indicating each of the plurality of pixel combinations,
wherein the plurality of pixel combinations are not more than 15.

The processor may obtain a third chrominance signal and a third luminance signal of
a third pixel spaced apart from the first pixel by one pixel, identify at least one fourth
pixel based on the third chrominance signal and fourth chrominance signals of pixels
neighboring to the third pixels, obtain a plurality of luminance signals according to the
plurality of pixel combinations based on the at least one fourth pixel, identify a
luminance signal having a minimum difference value from the third luminance signal
among the plurality of luminance signals, and replace a pixel value of the third pixel
with information indicating a pixel combination for obtaining the identified luminance
signal.

When a number of pixels neighboring to the third pixel is less than 3, the processor

may maintain the pixel value of the third pixel.
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The processor may obtain 32-bit aRGB information corresponding to each of the
neighboring pixels, and obtain 28-bit atRGB information by applying gradation
conversion to each of the aRGB information, the second chrominance signals and the
second luminance signals corresponding to the neighboring pixels may be aYCbCr in-
formation obtained based on the 28-bit aRGB information, and the index information
may be 4-bit information indicating a pixel combination having a highest similarity to
the first pixel.

According to an example embodiment of the disclosure, an electronic apparatus
includes: a storage configured to store an encoded image, and a processor configured
to: identify a pixel including index information among a plurality of pixels included in
the encoded image, identify at least one neighboring pixel among pixels neighboring
the pixel based on the index information, obtain a pixel value of the pixel based on
chrominance information and luminance information obtained from the at least one
identified neighboring pixel, and decode the encoded image by replacing the index in-
formation with the pixel value.

The index information may be information indicating any one combination among a
plurality of pixel combinations obtainable based on the neighboring pixels.

According to an example embodiment of the disclosure, a method of controlling an
electronic apparatus including index information indicating each of a plurality of pixel
combinations obtainable based on neighboring pixels with respect to a pixel, the
method including: selecting at least one second pixel having a similarity to a first pixel
equal to or greater than a threshold value among the neighboring pixels based on a first
chrominance signal of the first pixel and second chrominance signals of pixels
neighboring the first pixel among a plurality of pixels included in an image, identifying
index information corresponding to a pixel combination having a highest similarity to
the first pixel based on a first luminance signal of the first pixel, a second luminance
signal of the at least one second pixel, and a plurality of pixel combinations with
respect to the first pixel, and storing the image by replacing a pixel value of the first
pixel with the identified index information.

The identifying index information may include obtaining a plurality of luminance
signals according to the plurality of pixel combinations based on the at least one
second pixel, and identifying a bright signal having a lowest difference value from the
first luminance signal of the first pixel among the plurality of luminance signals, the
storing the image may include storing the image by replacing a pixel value of the first
pixel with the index information corresponding to the identified luminance signal.

The obtaining a plurality of luminance signals may include obtaining a second
luminance signal of each of the second pixels and an average luminance signal of the

plurality of second pixels as the plurality of luminance signals.



WO 2020/149605 PCT/KR2020/000661

[21]

[22]

[23]

[24]

[25]

[26]

[27]

The identifying index information may include obtaining information indicating a
pixel combination for obtaining the identified luminance signal based on the index in-

formation.
The neighboring pixels may include a plurality of second pixels located on upper,

lower, right, and left sides or in diagonal directions with respect to the first pixel.

The obtaining a plurality of luminance signals may include, based on the plurality of
second pixels having a similarity equal to or greater than a threshold value including
four pixels, obtaining an average luminance signal of the four second pixels, an
average luminance signal of three second pixels among the four second pixels, an
average luminance signal of two second pixels among the four second pixels, and a
luminance signal corresponding to each of the four second pixels, as the plurality of
luminance signals, and the index information may be information indicating each of
the plurality of pixel combinations wherein the plurality of pixel combinations are not
more than 15.

The method may further include obtaining a third chrominance signal and a third
luminance signal of a third pixel spaced apart from the first pixel by one pixel,
identifying at least one fourth pixel based on the third chrominance signal and fourth
chrominance signals of pixels neighboring the third pixels, obtaining a plurality of
luminance signals according to the plurality of pixel combinations based on the at least
one fourth pixel, identifying a luminance signal having a lowest difference value from
the third luminance signal among the plurality of luminance signals, and replacing a
pixel value of the third pixel with information indicating a pixel combination for
obtaining the identified luminance signal.

When a number of pixels neighboring to the third pixel is less than 3, maintaining the
pixel value of the third pixel may be included.

The method may further include obtaining 32-bit aRGB information corresponding
to each of the neighboring pixels, and obtaining 28-bit aRGB information by applying
gradation conversion to each of the atRGB information, and the second chrominance
signals and the second luminance signals corresponding to the neighboring pixels may
be aYCbCr information obtained based on the 28-bit tRGB information, and the index
information may be 4-bit information indicating a pixel combination having a highest
similarity to the first pixel.

Advantageous Effects of Invention

As described above, according to various example embodiments of the disclosure, an

image may be encoded at a high compression rate and loss of image quality of an

original image due to the compression may be minimized and/or reduced.

Brief Description of Drawings
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The above and other aspects, features and advantages of certain embodiments of the
present disclosure will be more apparent from the following detailed description, taken

in conjunction with the accompanying drawings, in which:
FIG. 1 is a block diagram illustrating an example configuration of an electronic

apparatus according to an embodiment;

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

FIG. 3 is a diagram illustrating an example of a plurality of pixels included in an
image according to an embodiment;

FIG. 4A is a diagram illustrating example index information according to an em-
bodiment;

FIG. 4B is a diagram illustrating example index information according to an em-
bodiment;

FIG. 4C is a diagram illustrating example index information according to an em-
bodiment;

FIG. 5 is a diagram illustrating example neighboring pixels according to another em-
bodiment;

FIG. 6 is a diagram illustrating an example of encoding according to another em-
bodiment;

FIG. 7 is a diagram illustrating an example pixel and neighboring pixels according to
an embodiment;

FIG. 8 is a flowchart illustrating an example method of controlling an electronic
apparatus according to an embodiment; and

FIG. 9 is a flowchart illustrating an example method of controlling an electronic

apparatus according to another embodiment.

Best Mode for Carrying out the Invention

Mode for the Invention

Hereinafter, the disclosure will be described in greater detail with reference to the ac-
companying drawings.

The terms used in describing the various example embodiments of the disclosure
have been selected as widely used general terms in consideration of functions in the
disclosure, but these may vary in accordance with the intention or precedent of the
person skilled in the art, the emergence of new technologies and the like. In addition,
in a certain case, term may be arbitrarily selected, in which case the meaning will be
described in the disclosure. Therefore, the terms used in the disclosure should be

defined based on the meanings of the terms and the contents throughout the disclosure,
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In this disclosure, the expressions “have,” “may have,” “include,” or “may include”
or the like represent presence of a corresponding feature (for example, components
such as numbers, functions, operations, or parts) and does not exclude the presence of
additional feature.

Expressions such as “at least one of A [and/or] B” should be understood to express
“A”, “B”, or any one of “A and B”.

The terms “first”, “second”, and the like used in this disclosure may be simply used
to describe various components, regardless of an order and/or importance, and may be
used to distinguish one component from another, and do not limit components.

If it is described that a certain element (e.g., first element) is “operatively or commu-
nicatively coupled with/to” or is “connected to” another element (e.g., second
element), it should be understood that the certain element may be connected to the
other element directly or through still another element (e.g., third element).

Singular expressions include plural expressions, unless the context clearly indicates
otherwise. It is to be understood that the terms such as “comprise” or “consist of” are
used herein to designate a presence of characteristic, numbers, operations, components,
parts, or a combination thereof, and not to preclude a presence or a possibility of
adding one or more of other characteristics, numbers, operations, components, parts or
a combination thereof.

A term such as “module” or a “unit” in the disclosure may perform at least one
function or operation, and may be implemented as hardware, software, or a com-
bination of hardware and software. Further, except for when each of a plurality of
“modules”, “units”, and the like needs to be realized in an individual hardware, the
components may be integrated in at least one module and be implemented in at least
one processor (not shown). A processor, as used herein, may include one or more
processors (e.g., one or more programmed microprocessors and associated circuitry),
and may be referred to herein as processing circuitry.

In the disclosure, a user may be referred to as a person who uses an electronic
apparatus or an apparatus (e.g., artificial intelligence electronic apparatus) which uses
an electronic apparatus.

Hereinafter, various example embodiments of the disclosure will be described in
greater detail with reference to the accompanying drawings.

FIG. 1 is a block diagram illustrating an example configuration of an electronic
apparatus according to an embodiment of the disclosure.

An electronic apparatus 100 may be implemented as an apparatus having a display
function such as, for example, and without limitation, a TV, a smart phone, a tablet PC,
a PMP, a PDA, a notebook PC, a smart watch, a head mounted display (HMD), a near
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eye display (NED), or the like. The electronic apparatus 100 may include a display in
various forms to provide a display function.

Various embodiments of the disclosure may be implemented as an electronic
apparatus not having a display function. For example, various embodiments of the
disclosure may be implemented as various types of electronic apparatuses providing an
image to an external apparatus such as, for example, and without limitation, a Blu-ray
player, a digital versatile disc (DVD) player, a streaming content output apparatus, a
set-top box, or the like. As another example, various embodiments of the disclosure
may be implemented as various types of home appliances such as, for example, and
without limitation, a speaker, a refrigerator, a washing machine, an air conditioner, an
air cleaner, internet of things device, or the like.

The electronic apparatus 100 according to an embodiment of the disclosure may
receive an image by executing communication with an external apparatus. The image
may include various types of images such as, for example, and without limitation, a
still image, a video, a 2D or 3D image, and the like. The image according to various
embodiments of the disclosure is not limited to an image received from the outside. As
another example, an image may be stored in a storage 110 included in the electronic
apparatus 100 or an image stored in the storage 110 may be opened. As another
example, the electronic apparatus 100 may receive an image from an external storage
apparatus through wired or wireless communication.

Referring to FIG. 1, the electronic apparatus 100 includes a storage 110 and a
processor (e.g., including processing circuitry) 120.

The storage 110 may store an operation system (O/S) software module for driving
the electronic apparatus 100 and various pieces of data such as various multimedia
contents. For example, the storage 110 may store index information indicating each of
a plurality of pixel combinations obtainable based on neighboring pixels with respect
to one pixel among a plurality of pixels configuring an image. The plurality of pixels
included in the image will be described below with reference to FIG. 3.

FIG. 3 is a diagram illustrating an example of a plurality of pixels included in an
image according to an embodiment of the disclosure.

Referring to FIG. 3, one pixel is illustrated as one block. A number of expressible
colors of each of pixels included in an image according to an embodiment of the
disclosure is proportional to bits of a pixel value. As an example, a pixel value of k bits
may express 2k colors. For example, a pixel value of 24 bits with R (red), G (green), B
(blue) each having 8 bits may be express 224 (16,777,216) colors. As another example,
a pixel value of 32 bits with a, R, G, and B each having 8 bits may express 232
(16,777,216 + a channel having 8 bits) colors. a channel may be a value expressing a

transparency, a projection degree, or the like.



WO 2020/149605 PCT/KR2020/000661

[59]

[60]

[61]

[62]

[63]

[64]

[65]

8

Hereinafter, for convenience of description, the description will be made by
assuming a case where each of a plurality of pixels included in an image include a
pixel value of 32 bits. However, it will be understood that this is merely an example
and there is no limitation thereto. As an example, a pixel may have a pixel value ex-
pressible 230 (1,073,741,824) colors with R, G, B each having 10 bits.

The storage 110 according to an embodiment of the disclosure may store index in-
formation indicating each of a plurality of pixel combinations obtainable based on
neighboring pixels with respect to a pixel. For example, the number of pixel com-
binations obtainable from four neighboring pixels located on upper, lower, right, and
left sides with respect to a certain pixel may, for example, be 15 in total (4C4 + 4C3 +
4C2 + 4C1 =15). Each index information may be information indicating any one pixel
combination among the 15 combinations in total. As an example, index information
‘index: 1’ may be information indicating a combination based on a pixel located on an
upper side with respect to a certain pixel among four pixels. As another example, index
information ‘index: 15° may be information indicating a combination based on four
pixels located on upper, lower, right, and left sides with respect to a certain pixel. This
is merely an embodiment and there is no limitation thereto. This will be described in
detail with reference to FIGS. 4A, 4B and 4C.

As another example, index information may be information indicating any one of 15
pixel combinations in total obtainable from four pixels located in diagonal directions
with respect to a certain pixel.

Returning to FIG. 1, the electronic apparatus 100 according to an embodiment of the
disclosure includes a processor 120.

The processor 120 may include various processing circuitry and may control general
operations of the electronic apparatus 100.

The processor 120 may be implemented, for example, and without limitation, as a
digital signal processor (DSP), a microprocessor (€.g., one or more programmed mi-
croprocessors and associated circuitry), a time controller (TCON), or the like, which
processes digital signals. However, there is no limitation thereto, and the processor 120
may include, for example, and without limitation, one or more of a central processing
unit (CPU), a micro controller unit (MCU), a micro processing unit (MPU), a
controller, an application processor (AP), a graphics-processing unit (GPU), a commu-
nication processor (CP), an ARM processor, or the like. In addition, the processor 120
may be implemented as a system on chip (SoC) or a large scale integration (LSI) with
embedded processing algorithm or implemented in a form of a field programmable
gate array (FPGA). The processor 120 may execute various functions by executing
computer executable instructions stored in the storage 110.

For example, the processor 120 according to an embodiment of the disclosure may
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obtain a chrominance signal and a luminance signal based on a pixel value of each of a
plurality of pixels included in an image.

Referring to FIG. 3, the processor 120 may obtain a first luminance signal and first
chrominance signals in a YCbCr (or YUV) format based on aRGB having a pixel
value of a first pixel 10. For example, Y may refer, for example, to the first luminance
signal as a luminance and brightness of a pixel, and Cb and Cr may refer, for example,
to the first chrominance signals as chrominance. The chrominance signals Cb and Cr
may refer, for example, to signals obtained by removing a luminance signal (Y) from
R, G, and B components according to pixel values. For example, Cr may be a signal R
-Y (Cr=(R-Y)) and Cb may be a signal B - Y (Cb =(B - Y)). The luminance signal
and the chrominance signals in the YCbCr format are merely an example and there is
no limitation thereto. The processor 120 according to an embodiment may obtain a
luminance signal and a chrominance signal using various color spaces expressible
luminance and colors.

The processor 120 according to an embodiment of the disclosure may obtain second
chrominance signals of pixels neighboring to the first pixel 10. For example, the
processor 120 may obtain a second chrominance signal corresponding to each of a
plurality of second pixels located on upper, lower, right, and left sides with respect to
the first pixel 10. As another example, the processor 120 may obtain a second
chrominance signal corresponding to each of a plurality of second pixels located in
diagonal directions with respect to the first pixel 10.

Returning to FIG. 1, the processor 120 according to an embodiment of the disclosure
may identify a similarity between the first chrominance signal and the second
chrominance signal, and select (or identify) at least one second pixel having a
similarity equal to or greater than a threshold value among pixels neighboring to the
first pixel 10. For example, the processor 120 may select at least one second pixel
having a similarity equal to or greater than a threshold value using a similarity
measuring method based on a distance between the first chrominance signal and the
second chrominance signal. As an example, the processor 120 may calculate the
Euclidean distance between the first chrominance signal and the second chrominance
signal in Cb and Cr color spaces, and determine that the first chrominance signal and
the second chrominance signal are similar to each other based on the calculated
distance being less than a threshold value. Various similarity measuring methods may
be used, and the disclosure is not limited to the foregoing method.

The processor 120 according to an embodiment of the disclosure may identify index
information corresponding to a pixel combination having a highest similarity to the
first pixel based on the first luminance signal of the first pixel 10, a second luminance

signal of at least one selected second pixel, and a plurality of pixel combinations with
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respect to the first pixel. This will be described in greater detail below with reference
to FIGS. 4A, 4B and 4C.

FIGS. 4A, 4B and 4C are diagrams illustrating example index information according
to an embodiment of the disclosure.

Referring to FIG. 4A, the processor 120 may identify a similarity between the first
chrominance signal corresponding to the first pixel 10 and the second chrominance
signal of each of pixels located on upper, lower, right, and left sides with respect to the
first pixel 10. The processor 120 may obtain at least one second pixel 20 having a
similarity equal to or more than a threshold value among the four pixels. As an
example, all of the pixels located on upper, lower, right, and left sides with respect to
the first pixel 10 may be assumed to have a similarity equal to or more than a threshold
value. In this case, the processor 120 may obtain a plurality of pixel combinations
using a second pixel 20-1 located on an upper side, a second pixel 20-2 located on a
right side, a second pixel 20-3 located at a lower side, and a second pixel 20-4 located
at a left side with respect to the first pixel 10. The processor 120 may identify a pixel
combination having a highest similarity to the first pixel 10 based on the first
luminance signal of the first pixel 10, the second luminance signal of at least one
second pixel 20, and the plurality of pixel combinations.

For example, the processor 120 according to an embodiment of the disclosure may
obtain the second luminance signal of each of the second pixels 20-1, 20-2, 20-3, and
20-4 and an average luminance signal of at least two pixels of the second pixels 20-1,
20-2, 20-3, and 20-4, as a plurality of luminance signals.

The processor 120 may identify a luminance signal having a lowest difference value
from the first luminance signal of the first pixel 10 among the plurality of luminance
signals.

FIG. 4A is a diagram illustrating example pixel combinations using one pixel among
a plurality of pixel combinations obtainable based on neighboring pixels. Referring to
FIG. 4A, index information of a pixel combination using the second pixel 20-1 located
on an upper side with respect to the first pixel 10 may be ‘index: 1’. Index information
of a pixel combination using the second pixel 20-2 located on a right side with respect
to the first pixel 10 may be ‘index: 2°. Index information of a pixel combination using
the second pixel 20-3 or 20-4 located on a lower side or a left side with respect to the
first pixel 10 may be ‘Index: 3” or ‘Index: 4°. The processor 120 may apply index in-
formation to each of four pixel combinations (4C1) using one pixel among the four
neighboring pixels. A pixel combination using two or more pixels among the
neighboring pixels will be described in greater detail below with reference to FIGS. 4B
and 4C.

FIG. 4B is a diagram illustrating example pixel combinations using two pixels
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among neighboring pixels with respect to the first pixel 10. Referring to FIG. 4B,
index information of a pixel combination using the second pixel 20-1 located on an
upper side and the second pixel 20-3 located on a lower side may be ‘index: 5°. As
another example, index information of a pixel combination using the second pixel 20-2
located on a right side and the second pixel 20-4 located on a left side with respect to
the first pixel 10 may be ‘index: 6’. Various other examples illustrated in FIG. 4B may
include index information of a pixel combination using the second pixel 20-1 located
on an upper side and the second pixel 20-4 located on a left side with respect to the
first pixel 10 may be ‘index 7°, index information of a pixel combination using the
second pixel 20-4 located on a left side and the second pixel 20-3 located on a lower
side with respect to the first pixel 10 may be ‘index 8’, index information of a pixel
combination using the second pixel 20-2 located on a right side and the second pixel
20-3 located on a lower side with respect to the first pixel 10 may be ‘index 9°, and
index information of a pixel combination using the second pixel 20-1 located on an
upper side and the second pixel 20-2 located on a right side with respect to the first
pixel 10 may be ‘index 10°.

The processor 120 may apply index information to each of six pixel combinations
(4C2) using two pixels among the four neighboring pixels.

FIG. 4C is a diagram illustrating example pixel combinations using three or more
pixels among neighboring pixels with respect to the first pixel 10. Referring to FIG.
4C, index information of a pixel combination using the second pixel 20-1 located on an
upper side, the second pixel 20-3 located on a lower side, and the second pixel 20-4
located on a left side may be ‘index: 11°. As another example, index information of a
pixel combination using the second pixel 20-1 located on an upper side, the second
pixel 20-2 located on a right side, and the second pixel 20-3 located on a lower side
with respect to the first pixel 10 may be ‘index: 12°. Various other examples illustrated
in FIG. 4C may include index information of a pixel combination using the second
pixel 20-2 located on a right side, the second pixel 20-3 located on a lower side, and
the second pixel 20-4 located on a left side with respect to the first pixel may be ‘index
13’, index information of a pixel combination using the second pixel 20-2 located on a
right side, the second pixel 20-1 located on an upper side, and the second pixel 20-4
located on a left side with respect to the first pixel may be ‘index 14, and index in-
formation of a pixel combination using the second pixel 20-1 located on an upper side,
the second pixel 20-2 located on a right side, the second pixel 20-3 located on a lower
side, and the second pixel 20-4 located on a left side with respect to the first pixel may
be ‘index 15’ (e.g., using all four neighboring second pixels).

The processor 120 may apply index information to each of four pixel combinations

(4C3) using three pixels among the four neighboring pixels. In addition, the processor
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120 may apply index information to each of one pixel combination (4C4) using four
pixels among the four neighboring pixels.

Returning to FIG. 1, the processor 120 according to an embodiment of the disclosure
may select at least one second pixel 20 having a similarity to the first pixel 10 equal to
or greater than a threshold value based on the first chrominance signal of the first pixel
10 and the second chrominance signals of the pixels neighboring to the first pixel 10
on upper, lower, right, and left sides.

For example, all of the four pixels neighboring to the first pixel 10 on upper, lower,
right, and left sides may be assumed to have a similarity to the first chrominance signal
of the first pixel 10 equal to or greater than a threshold value. In this case, the
processor 120 according to an embodiment of the disclosure may obtain luminance
signals according to 15 pixel combinations in total, as shown in FIGS. 4A, 4B and 4C,
based on the plurality of second pixels 20-1, 20-2, 20-3, and 20-4.

The processor 120 may identify a similarity between the first luminance signal of the
first pixel 10 and the plurality of luminance signals obtained based on the second
pixels.

As an example, as shown in FIG. 4A, the processor 120 may calculate a similarity
between the first luminance signal of the first pixel 10 and the second luminance signal
of the second pixel 20-1 located on an upper side, a similarity between the first
luminance signal and the second luminance signal of the second pixel 20-2 located on
a right side, a similarity between the first luminance signal and the second luminance
signal of the second pixel 20-3 located on a lower side, and a similarity between the
first luminance signal and the second luminance signal of the second pixel 20-4 located
on a left side.

The processor 120 may determine a similarity between an average luminance signal
of at least two pixels among the second pixels 20-1, 20-2, 20-3, and 20-4 and the first
luminance signal.

Referring to FIG. 4B, the processor 120 may obtain an average luminance signal
based on two pixels among the plurality of two pixels 20-1, 20-2, 20-3, and 20-4. As
an example, the processor 120 may obtain an average luminance signal of the second
pixel 20-1 located on an upper side and the second pixel 20-3 located on a lower side
with respect to the first pixel 10. As shown in FIG. 4B, the processor 120 may obtain
six average luminance signals in total of combinations (4C2) combinable from the four
second pixels 20-1, 20-2, 20-3, and 20-4. This is merely an example and the four
second pixels 20 located on upper, lower, right, and left sides of the first pixel 10 are
assumed to include chrominance signals similar to that of the first pixel 10. When only
some pixels among the plurality of pixels neighboring to the first pixel 10 include

chrominance signals similar to that of the first pixel 10, the processor 120 may obtain a
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plurality of average luminance signals of combinations combinable using only some
pixels. For example, when three pixels among the four pixels neighboring to the first
pixel 10 include chrominance signals similar to that of the first pixel 10, the processor
120 may obtain an average luminance signal of two second pixels among the three
second pixels 20. In this case, the processor 120 may obtain three average luminance
signals in total of combinations (3C2) combinable from the three second pixels 20. The
processor 120 may identify a similarity between the plurality of average luminance
signals obtained and the first luminance signal of the first pixel 10.

The processor 120 may determine a similarity between an average luminance signals
based on at least three or more pixels among the second pixels 20-1, 20-2, 20-3, and
20-4 and the first luminance signal.

Referring to FIG. 4C, the processor 120 may obtain an average luminance signal
based on three pixels among the plurality of second pixels 20. As an example, the
processor 120 may obtain an average luminance signal of the second pixel 20-1 located
on an upper side, the second pixel 20-2 located on a right side, and the second pixel
20-3 located on a lower side with respect to the first pixel 10. In addition, as shown in
FIG. 4C, the processor 120 may obtain an average luminance signal based on four
pixels.

The processor 120 may identify a luminance signal having a highest similarity to the
first luminance signal of the first pixel 10 among the 15 luminance signals in total
obtained according to the plurality of pixel combinations. That is, the processor 120
may identify a pixel combination having a highest similarity to the first pixel 10 among
the plurality of pixel combinations.

For example, as shown in FIG. 4C, when the average luminance signal of the four
second pixels 20 has a lowest difference value from (or is most similar to) the first
luminance signal of the first pixel 10, the processor 120 may identify index in-
formation indicating the combination based on the four pixels among the plurality of
pixel combinations. As an example, the processor 120 may identify index information
‘Index: 15’ indicating the combination based on the four pixels located on upper,
lower, right, and left sides. The processor 120 may replace a pixel value of the first
pixel 10 with the identified index information ‘index: 15°.

As another example, as shown in FIG. 4B, when the average luminance signal of the
second pixel 20-2 located on a right side and the second pixel 20-4 located on a left
side has a lowest difference value from (or is most similar to) the first luminance signal
of the first pixel 10, the processor 120 may obtain ‘index: 6’ indicating the pixel com-
bination based on the second pixel 20-2 located on a right side and the second pixel
20-4 located on a left side. The processor 120 may replace a pixel value of the first

pixel 10 with the index information ‘index: 6” and encode an input image.
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The processor 120 according to an embodiment of the disclosure may identify a
luminance signal most similar to the first luminance signal among the plurality of
luminance signals. The processor 120 may obtain information indicating the corre-
sponding pixel combination among pieces of index information stored in the storage
110 according to the pixel combination for obtaining the identified luminance signal.
For example, as shown in FIG. 4A, the index information indicating the second pixel
20-1 located on an upper side may be ‘index: 1°. When the luminance signal having a
lowest difference value from the first luminance signal is the second luminance signal
corresponding to the second pixel 20-1 located on an upper side, the processor 120
may obtain the index information ‘index: 1°. The processor 120 may replace the pixel
value of the first pixel 10 with the index information ‘index: 1’ and encode an input
image.

The specific numerical values included in the index information, the types of the
index information, and the like are merely an example and there is no limitation
thereto. For example, the index information may include various types of information
capable of specifying any one of neighboring pixels.

According to an embodiment of the disclosure, when all of the four second pixels 20
neighboring to the first pixel 10 include second chrominance signals having a
similarity to the first chrominance signal equal to or greater than a threshold value, the
processor 120 may obtain 15 luminance signals at most based on the second pixels 20.

The index information according to an embodiment of the disclosure may be im-
plemented as data having a size of 4 bits (24 = 16) for indicating 15 pixel combinations
at most.

The processor 120 according to an embodiment of the disclosure may replace the
pixel value of the first pixel 10 having 32 bits with index information having 4 bits and
encode an input image. As shown in FIG. 3, each of plurality of pixels in an input
image has a pixel value of 32 bits, and an image encoded by the processor 120 may
include a pixel value of 32 bits and index information having 4 bits. The encoded
image may have, for example, a compression rate of 56.25% with respect to the input
image.

Returning to FIG. 1, the pixels neighboring to the first pixel 10 according to an em-
bodiment of the disclosure are not limited to the second pixels located on upper, lower,
right, and left sides. As another example, the pixels neighboring to the first pixel 10
may refer, for example, to a plurality of second pixels 20 located in diagonal directions
with respect to the first pixel 10.

FIG. 5 is a diagram illustrating example neighboring pixels according to another em-
bodiment of the disclosure.

As shown in FIG. 5, the processor 120 according to an embodiment of the disclosure
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may obtain second chrominance signals corresponding to the plurality of second pixels
20 located in diagonal directions with respect to the first pixel 10. The processor 120
may identify a similarity between the first chrominance signal of the first pixel 10 and
the second chrominance signals. In addition, the processor 120 may replace the pixel
value of the first pixel 10 with index information indicating a pixel combination having
a luminance signal most similar to the first luminance signal of the first pixel 10
among the plurality of luminance signals obtained based on the plurality of second
pixels 20 located in the diagonal directions.

Returning to FIG. 1, the processor 120 according to an embodiment of the disclosure
may obtain a third chrominance signal and a third luminance signal of a third pixel
spaced apart from the first pixel 10 by one pixel. The processor 120 may identify at
least one fourth pixel based on the third chrominance signal and fourth chrominance
signals of pixels neighboring to the third pixel. The processor 120 may obtain a
plurality of luminance signals according to a plurality of pixel combinations based on
the at least one identified fourth pixel, and identify a luminance signal having a lowest
difference value from the third luminance signal among the plurality of luminance
signals. The processor 120 may replace a pixel value of the third pixel with index in-
formation indicating a pixel combination for obtaining the identified luminance signal.
The processor 120 according to an embodiment may obtain an encoded image in which
pixel values and pieces of index information are alternately disposed, as shown in FIG.
3, from the input image.

The processor 120 according to an embodiment of the disclosure may obtain cRGB
information having 32 bits corresponding to each of the pixels neighboring to the first
pixel 10 and obtain 28-bit tRGB information by applying gradation conversion to the
obtained 32-bit aRGB information. For example, the processor 120 may convert data
having a size of 8 bits into data having a size of 7 bits by rounding up or down pixel
values of 0 to 255 of the R channel. As another example, the data may be converted
into data having a size of 7 bits by converting the pixel values of 0 to 255 of the R
channel into an odd value or an even value. This will be described in greater detail
below with reference to FIG. 6.

FIG. 6 is a diagram illustrating example encoding according to another embodiment
of the disclosure.

Referring to FIG. 6, the processor 120 according to an embodiment may execute
gradation conversion of data having a size of 8§ bits of each of a, R, G, B channels into
data having a size of 7 bits and obtain 28-bit aRGB information.

The processor 120 may obtain a second luminance signal and a second chrominance
signal in a YCbCr (or YUV) format based on aRGB having a pixel value of 28 bits of

the second pixels 20. The processor 120 may identify a similarity between the first
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chrominance signal of the first pixel 10 and the second chrominance signals of the
second pixels 20.

The processor 120 according to an embodiment of disclosure may identify at least
one second pixel having a similarity equal to or greater than a threshold value among
second pixels 20 and obtain a plurality of luminance signals based on the identified
second pixel.

The processor 120 may identify a luminance signal having a lowest difference value
from the first luminance signal of the first pixel 10 among the plurality of luminance
signals. The processor 120 may obtain index information indicating a method for
obtaining the identified luminance signal or a location of the second pixel regarding
the identified luminance signal. As another example, the index information may be in-
formation indicating a pixel combination according to the identified luminance signal.

The processor 120 according to an embodiment may replace the pixel value of the
first pixel 10 with the obtained index information.

Referring to FIG. 6, the processor 120 may execute the gradation conversion in the
input image, and accordingly, the processor 120 may obtain an encoded image in
which the pixel values of 28 bits and the pieces of index information having 4 bits are
alternately disposed. The obtained encoded image may have, for example, a com-
pression rate of 50% with respect to the input image.

Returning to FIG. 1, when the number of pixels neighboring to the first pixel 10 is
less than 3, the processor 120 according to an embodiment of the disclosure may
maintain the pixel value of the first pixel 10. This will be described in greater detail
below with reference to FIG. 7.

FIG. 7 is a diagram illustrating an example pixel and neighboring pixels according to
an embodiment of the disclosure.

Referring to FIG. 7, the first pixel 10 located on an outermost portion among the
plurality of pixels included in the input image may have three neighboring pixels. For
example, pixels neighboring to the first pixel 10 may be the second pixel 20-1 located
on an upper side, the second pixel 20-2 located on a right side, and the second pixel
20-3 located on a lower side.

According to an embodiment, when the three second pixels 20-1, 20-2, and 20-3
neighboring to the first pixel 10 include second chrominance signals having a
similarity to the first chrominance signal of the first pixel 10 equal to or greater than a
threshold value, the processor 120 may obtain a plurality of luminance signals
according to a plurality of pixel combinations obtainable based on the three second
pixels 20-1, 20-2, and 20-3. For example, the processor 120 may obtain 7 luminance
signals in total which are a second luminance signal corresponding to each of the

second pixels 20-1, 20-2, and 20-3, average luminance signals based on the two second
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pixels, and an average luminance signal of the three second pixels 20-1, 20-2, and
20-3. The processor 120 may identify any one luminance signal most similar to the
luminance signal of the first pixel 10 among the 7 luminance signals. The processor
120 may obtain index information indicating a pixel combination corresponding to the
identified luminance signal.

The index information may be data having a size of 3 bits (23 = §), in order to
indicate any one of the number of pixel combinations, that is, 7 pixel combinations ob-
tainable based on the three second pixels 20-1, 20-2, and 20-3 neighboring to the first
pixel 10.

When the number of pixels neighboring to the first pixel 10 is 3, the processor 120
according to an embodiment may replace the pixel value of the first pixel 10 with
index information having a size of 3 bits.

As another example, when the number of pixels neighboring to the first pixel 10 is
less than 3, the processor 120 may maintain the pixel value of the first pixel 10. As
shown in FIG. 7, the first pixel 10 located at the corner (or edge) among the plurality
of pixels included in the input image may have two neighboring pixels. For example,
the pixels neighboring to the first pixel 10 may be the second pixel 20-1 located on an
upper side and the second pixel 20-2 located on a right side.

In this case, the number of chrominance signals obtainable from the two second
pixels 20-1 and 20-2 is two and the number of luminance signals is three and ac-
cordingly, the processor 120 may maintain the pixel value of the first pixel 10. This is
merely an example and there is no limitation thereto. For example, regardless of the
number of pixels neighboring to the first pixel 10, the processor 120 according to an
embodiment may obtain index information indicating a method for obtaining a
luminance signal having a minimum difference value from the first luminance signal of
the first pixel 10 or a location of the second pixel 20 relating to the luminance signal
having a minimum difference value, and replace the pixel value of the first pixel 10
with the identified index information.

Returning to FIG. 1, the processor 120 according to an embodiment of the disclosure
may store the encoded image in the storage 110.

The processor 120 according to another embodiment of the disclosure may decode
the encoded image stored in the storage 110.

The processor 120 according to an embodiment may identify a pixel including the
index information among the plurality of pixels included in the encoded image. The
processor 120 may identify at least one neighboring pixel among the pixels
neighboring to the pixel based on the identified index information. As an example, the
index information may indicate one pixel among the neighboring pixels. As another

example, the index information may indicate at least two or more pixels among the
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neighboring pixels.

The processor 120 according to an embodiment may obtain chrominance information
and luminance information from at least one neighboring pixel identified according to
the index pixel, and replace the index information included in the pixel with the pixel
value obtained based on the chrominance information and the luminance information.

As an example, the processor 120 may obtain index information included in the first
pixel 10 in the encoded image. The processor 120 may identify at least one second
pixel 20 corresponding to the index information among the neighboring pixels with
respect to the first pixel 10. The processor 120 may obtain chrominance information
and luminance information of the at least one identified second pixel 20. The processor
120 may replace the index information included in the first pixel 10 with the obtained
chrominance information and luminance information. As another example, when the
pixel combination corresponding to the index information includes at least two or more
second pixels 20 among the neighboring pixels, the processor 120 may obtain an
average chrominance signal and an average luminance signal of the second pixels 20.
The processor 120 may replace the index information included in the first pixel 10 with
the obtained average chrominance signal and average luminance signal and execute
decoding. The index information may be information indicating any one combination
among the plurality of pixel combinations obtainable based on the neighboring pixels.

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

Referring to FIG. 2, the electronic apparatus 100 includes a communication interface
(e.g., including communication circuitry) 130, the storage 110, the processor (e.g.,
including processing circuitry) 120, a user interface (e.g., including user interface
circuitry) 140, an input and output interface (e.g., including input/output circuitry) 150,
and a display 160. In the configuration shown in FIG. 2, the detailed description of the
configuration overlapping with the configuration shown in FIG. 1 may not be repeated.

The storage 110 may be implemented as an internal memory such as a ROM (for
example, electrically erasable programmable read-only memory (EEPROM) included
in the memory 120 or implemented as a memory separated from the processor 120. In
this case, the storage 110 may be implemented as a type of memory embedded in the
electronic apparatus 100 or implemented as a type of memory detachable from the
electronic apparatus 100 in accordance with data storage purpose. For example, in a
case of data for driving the electronic apparatus 100, the data may be stored in a
memory embedded in the electronic apparatus 100, and in a case of data for an
extension function of the electronic apparatus 100, the data may be stored in a memory
detachable from the electronic apparatus 100. The memory embedded in the electronic

apparatus 100 may be implemented as at least one of a volatile memory (e.g., a
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dynamic RAM (DRAM), a static RAM (SRAM)), or a synchronous dynamic RAM
(SDRAM)) and a non-volatile memory (e.g., a one time programmable ROM
(OTPROM), a programmable ROM (PROM), an erasable and programmable ROM
(EPROM), an electrically erasable and programmable ROM (EEPROM), a mask
ROM, a flash ROM, a flash memory (e.g., a NAND flash or a NOR flash), a hard
drive, and a solid state drive (SSD)), and the memory which is detachable from the
electronic apparatus 100 may be implemented in a form of a memory card (for
example, a compact flash (CF), an secure digital (SD), a micro secure digital
(micro-SD), a mini secure digital (mini-SD), an extreme digital (xD), or a multi-media
card (MMC)), an external memory which may be connected to a USB port (for
example, a USB memory), and the like.

For example, the storage 110 may store index information indicating each of the
plurality of pixel combinations obtainable based on the pixels neighboring to one pixel.
In addition, the storage 110 according to an embodiment of the disclosure may store
an encoded image, a decoded image, or an image received from an external apparatus

in accordance with the control of the processor 120.

The processor 120 may include various processing circuitry and generally controls
operations of the electronic apparatus 100 using various programs stored in the storage
110.

The processor 120 includes a RAM 121, a ROM 122, a main CPU 123, a first to n-th
interfaces 124-1 to 124-n, and a bus 125.

The RAM 121, the ROM 122, the main CPU 123, and the first to n-th interfaces
124-1 to 124-n may be connected to each other through the bus 125.

The ROM 122 may store instruction sets for booting a system and the like. When a
turn-on instruction is input and a power is supplied, the main CPU 123 copies the O/S
stored in the storage 110 to the RAM 121 according to the instruction stored in the
ROM 122 and operates the O/S to boot a system. When the booting is completed, the
main CPU 123 may copies various application programs stored in the storage 110 to
the RAM 121, executes the application programs copied to the RAM 121, and executes
various operations.

The main CPU 123 accesses the storage 110 and executes the booting using the O/S
stored in the storage 110. Various operations are executed using various programs,
contents data, and the like stored in the storage 110.

The first to n-th interfaces 124-1 to 124-n are connected to various components
described above. One of the interfaces may be a network interface connected to an
external apparatus through network.

The processor 120 may execute a graphic processing function (video processing

function). For example, the processor 120 may generate a screen including various
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objects such as icons, images, texts, and the like using a calculation unit (not shown)
and a rendering unit (not shown). The calculation unit (not shown) may calculate an
attribute value such as a coordinate value, a shape, a size, a color, or the like regarding
the display of each object in accordance with a layout of the screen based on a received
control instruction. The rendering unit (not shown) may generate a screen with various
layouts including objects based on the attribute value calculated by the calculation unit
(not shown). In addition, the processor 120 may execute various image processing such
as decoding, scaling, noise filtering, frame rate conversion, resolution conversion, and
the like with respect to video data.

The processor 120 may execute processing with respect to audio data. For example,
the processor 120 may execute various processes such as decoding, amplification,
noise filtering, and the like with respect to audio data.

The communication interface 130 has a configuration of executing communication
with various types of external apparatus according to various types of communication
system. The communication interface 130 may include various processing circuitry
included in various communication modules, and may include, for example, and
without limitation, a WiFi module 131, a Bluetooth module 132, an infrared commu-
nication module 133, and a wireless communication module 134. Each communication
module may be implemented in a form of at least one hardware chip including various
communication circuitry.

The processor 120 may execute communication with various external apparatuses
using the communication interface 130. The external apparatus may include a display
apparatus such as, for example, and without limitation, a TV, an image processing
apparatus such as a set-top box, a control apparatus such as an external server or a
remote control, an audio output apparatus such as a Bluetooth speaker, home ap-
pliances such as a lighting apparatus, a smart cleaner, a smart refrigerator, and the like,
and a server such as IoT home manager.

The WiFi module 131 and the Bluetooth module 132 respectively execute commu-
nication in a WiFi system and a Bluetooth system. In a case of using the WiFi module
131 or the Bluetooth module 132, various pieces of connection information such as an
SSID or session keys may be first transmitted and received to conduct the commu-
nication connection using these, and various pieces of information may be transmitted
and received.

The infrared communication module 133 may execute communication in accordance
with technologies of Infrared Data Association (IrDA) of wirelessly transmitting data
in a near field using infrared light between visible light and millimeter waves.

The wireless communication module 134 may include at least one communication

chip which executes communication in accordance to various wireless communication
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standards such as Zigbee, 3rd Generation (3G), 3rd Generation Partnership Project
(3GPP), Long Term Evolution (LTE), LTE Advanced (LTE-A), 4th Generation (4G),
Sth Generation (5G), and the like, in addition to the communication system described
above.

In addition, the communication interface 130 may include at least one of a local area
network (LAN) module, an Ethernet module, or wired communication modules which
execute communication using a pair cable, a coaxial cable, or a fiber-optic cable.

The communication interface 130 according to an example may use the same com-
munication module (for example, WiFi module), in order to communicate with an
external apparatus such as a remote control and an external server.

The communication interface 130 according to another example may use different
communication module (for example, WiFi module), in order to communicate with an
external apparatus such as a remote control and an external server. For example, the
communication interface 130 may use at least one of an Ethernet module or a WiFi
module in order to communicate with an external server, and use a BT module in order
to communicate with an external apparatus such as a remote control. However, this is
merely an embodiment, and the communication interface 130 may use at least one
communication module among various communication modules, in a case of commu-
nicating with a plurality of external apparatuses or external servers.

The user interface 140 may include various user interface circuitry and be im-
plemented as a device such as buttons, a touch pad, a mouse, and a keyboard, and im-
plemented as a touch screen capable of executing both the display function described
above and a manipulation input function. The button herein may be various types of
buttons such as mechanical buttons, a touch pad, a wheel, and the like formed in an
arbitrary region of a front portion, a side portion, or a rear portion of appearance of a
main body of the electronic apparatus 100. It will be understood that the user interface
circuitry described above is not limited to the above examples.

The input and output interface 150 may include various input/output circuitry and
may be any interface including, for example, and without limitation, a High Definition
Multimedia Interface (HDMI), a Mobile High-Definition Link (MHL), a Universal
Serial Bus (USB), a Display Port (DP), a Thunderbolt, a Video Graphics Array (VGA)
port, an RGB port, a D-subminiature (D-SUB), a Digital Visual Interface (DVI), or the
like.

The input and output interface 150 may input and output at least one of an audio
signal and a video signal.

According to an implementation example, the input and output interface 150 may
include a port for inputting and outputting only an audio signal and a port for inputting

and outputting a video signal as separate ports, or may be implemented as one port for
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inputting and outputting all of the audio signal and the video signal.

The electronic apparatus 100 may be implemented as an apparatus not including a
display and may transmit an image signal to a separate display apparatus.

The electronic apparatus 100 may receive a user sound signal from an external
apparatus including a microphone. In this case, the received user sound signal may be a
digital sound signal or may be an analog sound signal according to the implement
example. As an example, the electronic apparatus 100 may receive the user sound
signal by a wireless communication method using Bluetooth or WiFi. The external
apparatus may be implemented as a remote control apparatus or a smart phone.

In order to sound recognition of the sound signal received from an external
apparatus, the electronic apparatus 100 may transmit the corresponding sound signal to
an external server.

In this case, the communication modules for communication with an external
apparatus and an external server may be implemented as one module or separate
modules. For example, the communication with an external apparatus may be
performed using a Bluetooth module, and the communication with an external server
may be performed using an Ethernet modem or a WiFi modem.

The display 160 may provide various contents screens which may be provided
through the electronic apparatus 100. The contents screen may include screens of
various contents such as, for example, and without limitation, images, videos, texts,
music, application execution screens including various contents, graphic user interface
(GUI) screen, and the like.

The display 160 may be implemented in various forms such as, for example, and
without limitation, a liquid crystal display (LCD), an organic light-emitting diode
(OLED), a Liquid Crystal on Silicon (LCoS), a Digital Light Processing (DLP), a
Micro LED, a quantum dot (QD) display panel, and the like, but there is no limitation
thereto. In addition, the display may be implemented as a flexible display or a
transparent display in some cases.

In addition, the display 160 according to an embodiment of the disclosure may
include a bezel housing a display panel, in addition to a display panel for outputting an
image. For example, the bezel according to an embodiment of the disclosure may
include a touch sensor (not shown) for detecting a user interaction.

The display 160 included in the electronic apparatus 100 may display various screens
generated by a graphic processing unit. The electronic apparatus 100 may include the
display as a component, but may also transmit a signal corresponding to a screen to an
external apparatus connected through an interface (not shown) and display various
screens through a display of an external apparatus.

The electronic apparatus 100 may additionally include a tuner or a demodulation unit
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according to the implement example.

A tuner (not shown) may tune a channel selected by a user or all of channels stored
in advance and receive Rf broadcast signals among radio frequency (RF) broadcast
signals received through antenna.

A demodulation unit (not shown) may receive and demodulate a digital IF signal
(DIF) converted by the tuner and may execute channel decoding.

FIG. 8 is a flowchart illustrating an example method of controlling an electronic
apparatus according to an embodiment of the disclosure.

In a control method of an electronic apparatus including index information indicating
each of a plurality of combinations obtainable based on neighboring pixels with respect
to a pixel according to an embodiment of the disclosure, at least one second pixel
having a similarity to a first pixel equal to or greater than a threshold value is selected
among the neighboring pixels, based on a first chrominance signal of a first pixel and
second chrominance signals of pixels neighboring the first pixel among a plurality of
pixels included in an image (S810).

Image information corresponding to a pixel combination having a highest similarity
to the first pixel is identified based on a first luminance signal of the first pixel, a
second luminance signal of the at least one second pixel, and a plurality of pixel com-
binations with respect to the first pixel (S820).

A pixel value of the first pixel is replaced with the identified index information and
an image is stored (S830).

The step S820 of identifying index information may include a step of obtaining a
plurality of luminance signals according to a plurality of pixel combinations based on
the at least one second pixel, and a step of identifying a luminance signal having a
lowest difference value from the first luminance signal of the first pixel among the
plurality of luminance signals, and in the step of S830 of storing an image, the pixel
value of the first pixel may be replaced with index information corresponding to the
identified luminance signal and an image may be stored.

In the step of obtaining a plurality of luminance signals, a second luminance signal of
each of the second pixels and an average luminance signal of the plurality of second
pixels may be obtained as the plurality of luminance signals.

In addition, the step S820 of identifying index information may include a step of
obtaining information indicating a pixel combination for obtaining the identified
luminance signal based on the index information.

The neighboring pixels according to an embodiment may include a plurality of
second pixels located on upper, lower, right, and left sides or in diagonal directions
with respect to the first pixel.

In the step S820 of obtaining a plurality of luminance signals, based on the plurality
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of second pixels having a similarity equal to or greater than a threshold value including
four pixels, an average luminance signal of the four second pixels, an average
luminance signal of three second pixels among the four second pixels, an average
luminance signal of two second pixels among the four second pixels, and a luminance
signal corresponding to each of the four second pixels may be obtained as the plurality
of luminance signals. The index information according to an embodiment may be in-
formation indicating each of the plurality of pixel combinations which are 15 at most.

The control method according to an embodiment may include a step of obtaining a
third chrominance signal and a third luminance signal of a third pixel spaced apart
from the first pixel by one pixel, a step of identifying at least one fourth pixel based on
the third chrominance signal and fourth chrominance signals of pixels neighboring to
the third pixels, a step of obtaining a plurality of luminance signals according to the
plurality of pixel combinations based on the at least one fourth pixel, a step of
identifying a luminance signal having a lowest difference value from the third
luminance signal among the plurality of luminance signals, and a step of replacing a
pixel value of the third pixel with information indicating a pixel combination for
obtaining the identified luminance signal.

When a number of pixels neighboring the third pixel is less than 3, a step of
maintaining the pixel value of the third pixel may be included.

The control method according to an embodiment may include a step of obtaining
32-bit aRGB information corresponding to each of the neighboring pixels, and a step
of obtaining 28-bit aRGB information by applying gradation conversion to each of the
oRGB information. The second chrominance signals and the second luminance signals
corresponding to the neighboring pixels may be o’ YCbCr information obtained based
on the 28-bit aRGB information, and the index information may be 4-bit information
indicating a pixel combination having a highest similarity to the first pixel.

FIG. 9 is a flowchart illustrating an example method of controlling an electronic
apparatus according to another embodiment of the disclosure.

In the control method according to an embodiment of the disclosure, a pixel
including index information is identified among a plurality of pixels included in an
encoded image (S910).

At least one neighboring pixel may be identified among pixels neighboring a pixel
based on the index information (S920).

A pixel value of the pixel may be obtained based on chrominance information and
luminance information obtained from the at least one identified neighboring pixel
(5930).

The index information may be replaced with the pixel value and the encoded image
may be decoded (S940).
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The index information may be information indicating at least one combination
among a plurality of pixel combinations obtainable based on the neighboring pixels.

The methods according to various embodiments of the disclosure described above
may be implemented in a form of application installable in existing electronic devices.

The method according to various embodiments of the disclosure described above
may be implemented with software upgrade or hardware upgrade of existing electronic
devices.

In addition, various embodiments of the disclosure described above may be executed
through an embedded server included in an electronic apparatus or an external server
of at least one of an electronic device or a display device.

According to an embodiment of the disclosure, various embodiments described
hereinabove may be implemented as software including instructions stored in machine
(e.g., computer)-readable storage media. The machine may include an apparatus which
invokes commands stored in the storage medium and operates according to the invoked
instructions, and may include an electronic apparatus (e.g., electronic device A)
according to the disclosed embodiments. In a case where the instruction is executed by
a processor, the processor may execute a function corresponding to the command
directly or using other components under the control of the processor. The instruction
may include a code made by a compiler or a code executable by a compiler. The
machine-readable storage medium may be provided in a form of a non-transitory
storage medium. The “non-transitory” storage medium may be tangible and may not
include signals, and may not distinguish that data is semi-permanently or temporarily
stored in the storage medium.

In addition, according to an embodiment of the disclosure, the methods according to
various embodiments described above may be provided to be included in a computer
program product. The computer program product may be traded between a mer-
chandiser and a purchaser as a commercially available product. The computer program
product may be in a form of a compact disc read only memory (CD-ROM) or dis-
tributed online through an application store (e.g., Play StoreTM). In a case of the
online distribution, at least a part of the computer program product may be temporarily
stored or temporarily generated at least in a storage medium such as a memory of a
server of a manufacturer, a server of an application store, or an intermediate server.

In addition, each of components (e.g., module or program) according to various em-
bodiments described above may be configured with a single or a plurality of in-
dividuals, some subcomponents may be omitted among the subcomponents described
above, or other subcomponents may be further included in various embodiments.
Generally and additionally, some components (e.g., module or program) may be in-

tegrated as one individual and may execute the functions executed by each of the cor-
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responding component before the integration, in the same or similar manner. The op-
erations executed by a module, a program, or other components according to various
embodiments may be executed in a sequential, parallel, repetitive, or heuristic manner,
at least some operations may be executed in a different order or omitted, or other op-
erations may be added.

[180] While various example embodiments of the disclosure have been illustrated and
described, the disclosure is not limited to specific embodiments described above. It
will be understood by one of ordinary skill in the art that various changes in form and
detail may be made without departing from the spirit and scope of the disclosure

including the appended claims and their equivalents.
[181]
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Claims

A electronic apparatus comprising:

a storage storing index information indicating each of a plurality of
pixel combinations obtainable based on neighboring pixels with respect
to a pixel; and

a processor configured to:

based on a first chrominance signal of a first pixel and second
chrominance signals of pixels neighboring the first pixel among a
plurality of pixels included in an input image, select at least one second
pixel having a similarity to a first pixel equal to or greater than a
threshold value among neighboring pixels,

identify index information corresponding to a pixel combination having
a highest similarity to the first pixel based on a first luminance signal of
the first pixel, a second luminance signal of at least one second pixel,
and a plurality of pixel combinations with respect to the first pixel, and
control the electronic apparatus to store the image by replacing a pixel
value of the first pixel with the identified index information.

The apparatus according to claim 1, wherein the processor is
configured to: obtain a plurality of luminance signals according to the
plurality of pixel combinations based on the at least one second pixel,
identify a luminance signal having a lowest difference value from the
first luminance signal of the first pixel among the plurality of
luminance signals, and encode the input image by replacing a pixel
value of the first pixel with the index information corresponding to the
identified luminance signal.

The apparatus according to claim 2, wherein the processor is
configured to obtain a second luminance signal of each of the second
pixels and an average luminance signal of the plurality of second pixels
as the plurality of luminance signals.

The apparatus according to claim 2, wherein the processor is
configured to: obtain information indicating a pixel combination for
obtaining the identified luminance signal based on the index in-
formation, and replace a pixel value of the first pixel with the in-
formation.

The apparatus according to claim 1, wherein the neighboring pixels
include a plurality of second pixels located on upper, lower, right, and

left sides of the first pixel or a plurality of second pixels located in
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diagonal directions of the first pixel.

The apparatus according to claim 5, wherein, the processor is
configured to obtain an average luminance signal of four second pixels
based on the plurality of second pixels having a similarity equal to or
greater than a threshold value including four pixels, an average
luminance signal of three second pixels among the four second pixels,
an average luminance signal of two second pixels among the four
second pixels, and a luminance signal corresponding to each of the four
second pixels, as the plurality of luminance signals, and

wherein the index information includes information indicating each of
the plurality of pixel combinations, wherein the plurality of pixel com-
binations are not more than 15.

The apparatus according to claim 1, wherein the processor is
configured to: obtain a third chrominance signal and a third luminance
signal of a third pixel spaced apart from the first pixel by one pixel,
identify at least one fourth pixel based on the third chrominance signal
and fourth chrominance signals of pixels neighboring the third pixel,
obtain a plurality of luminance signals according to the plurality of
pixel combinations based on the at least one fourth pixel, identify a
luminance signal having a lowest difference value from the third
luminance signal among the plurality of luminance signals, and replace
a pixel value of the third pixel with information indicating a pixel com-
bination for obtaining the identified luminance signal.

The apparatus according to claim 7, wherein, based on a number of
pixels neighboring to the third pixel being less than 3, the processor is
configured to maintain the pixel value of the third pixel.

The apparatus according to claim 1, wherein the processor is
configured to: obtain 32-bit aRGB information corresponding to each
of the neighboring pixels, and obtain 28-bit tRGB information by
applying gradation conversion to each of the aRGB information,
wherein the second chrominance signals and the second luminance
signals corresponding to the neighboring pixels include aYCbCr in-
formation obtained based on the 28-bit aRGB information, and
wherein the index information includes 4-bit information indicating a
pixel combination having a highest similarity to the first pixel.

An electronic apparatus comprising:

a storage storing an encoded image; and

a processor configured to:
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identify a pixel including index information among a plurality of pixels
included in the encoded image,

identify at least one neighboring pixel among pixels neighboring the
pixel based on the index information,

obtain a pixel value of the pixel based on chrominance information and
luminance information obtained from the at least one identified
neighboring pixel, and

decode the encoded image by replacing the index information with the
pixel value.

The apparatus according to claim 10, wherein the index information
includes information indicating any one combination among a plurality
of pixel combinations obtainable based on the neighboring pixels.

A method of controlling an electronic apparatus including index in-
formation indicating each of a plurality of pixel combinations ob-
tainable based on neighboring pixels with respect to a pixel, the method
comprising:

based on a first chrominance signal of a first pixel and second
chrominance signals of pixels neighboring the first pixel among a
plurality of pixels included in an input image selecting at least one
second pixel having a similarity to a first pixel equal to or greater than
a threshold value among neighboring pixels;

identifying index information corresponding to a pixel combination
having a highest similarity to the first pixel based on a first luminance
signal of the first pixel, a second luminance signal of the at least one
second pixel, and a plurality of pixel combinations with respect to the
first pixel, and

storing the image by replacing a pixel value of the first pixel with the
identified index information.

The method according to claim 12, wherein the identifying index in-
formation comprises: obtaining a plurality of luminance signals
according to the plurality of pixel combinations based on the at least
one second pixel; and identifying a signal having a lowest difference
value from the first luminance signal of the first pixel among the
plurality of luminance signals,

wherein the storing the image comprises storing the image by replacing
a pixel value of the first pixel with the index information corresponding
to the identified luminance signal.

The method according to claim 13, wherein the obtaining a plurality of
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luminance signals comprises obtaining a second luminance signal of
each of the second pixels and an average luminance signal of the
plurality of second pixels as the plurality of luminance signals.

The method according to claim 13, wherein the identifying index in-
formation comprises obtaining information indicating a pixel com-
bination for obtaining the identified luminance signal based on the

index information.
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