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block having the same size of the transform unit accard-

ing to the scan pattem.

{0103} The orediction mode decoder 230 reconstructs

the intra prediction mode of the current prediction mode

on the basis of the intra prediction information and the

size information on the current prediction unit received

fromthe entropy decoder 210. The received intra predic-

tion information is restored through an inverse process
of the process shown in FIG. 4.

{0408] The reference pixel generator 240 generates
unavailable reference pixels of the current prediction unit,

and adaptively filters the reference pixels according to
the intra prediction mode of the current prediction unit

received from the prediction mode decoder 236. A meth-

od of generating the reference pixels and a method of

fillering the reference pixels are the same as those of the

reference pixel generator 142 in the intra predictor 146
of FIG. 2.

{6105] Specifically, itis determined whether reference

pixels of the current prediction unit are available. The

reference pixels of the current prediction unit used for

intra prediction consist of a corner reference pixel posi-

tioned at (x =-1, y =-1), 2L upper reference pixels posi-

tioned at (x =0,--, and 2L-1, y =-1), and 2M leftreference

pixels positioned at (x = 0, y=6,--, and 2M-1). Here, L

is a width of the current orediction unit, and M is a height
of the current prediction unit.

{6106] When the reference pixels for generating a pre-
diction block are unavailable or insufficient, reference pix-

els are generated.

{@107] When ail the reference pixels are unavailable,

reference pixels are generated with a predetermined val-
ue.

{61G8] When sameofthe reference pixels are unavail
able, itis determined whether the unavailable reference

pixels exist in only one direction from available pixels or

betweentheavailable pixels.

[6109] When the unavailable reference pixels exist in

only one direction from the available pixels, reference

pixels are generated by copying the value of an available
pixel closest to the unavailable pixel. For example, when

the currant prediction unit is positioned at an upper

boundary of a picture or a slice, the corner referencepixel
and the upper referencepixels are unavailable. Thus, in

this case, the corner reference pixel and the upperref-

erence pixels can be generated by copying a reference

pixel positioned at (x =-1, y = 0). Alternatively, reference

pixels may be generated using an available reference

pixel of the closest position and one or more available

reference pixels. Forexample, when the corner reference

pixel having a position (x = -1, y = -1) and referencepixels

at positions (x = 0, ---, and L-1, y =-4) are available and

reference pixels at positions (x =L,--, 2L-1, v = -1) are
unavailable, reference pixels at the unavailable positions

can be generated using change in a difference between

a reference pixel at a position (x = L-1, y = -1) and a
comer reference pixel value or another refererice pixel
value.
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6116] Whenthe unavailable reference pixels exist be-

tween the available pixels, reference pixels are generat-

ed using two available pixels 9 and gq adiacent to the

unavailable reference pixels. For example, when the cor-

ner reference pixel and the L upper reference pixels po-

sitioned at (x = 0, --, and L-1, y = -4) are unavailable,

reference pixels existing between the reference pixel p

at a position (x = -1, y = G) and the reference pixel q ata

position (x =1L, y =-1} can be generated using the refer-
ence pixels p and q.

fO144] The generated reference pixel values may be

obtained by rounding off an average of the reference pixel
p and the reference pixel q. Also, the reference pixel val-

ues may be generated using changein difference be-
tween pixels values of the reference pixel po and the ref-

erence pixel a. in this case, the refererice pixel values

may be generated by linear interpolation according to

positions corresponding to the generated pixel values or

using a weighted average of the two reference pixels.

fa442] Meanwhile, when a plurality of prediction units
are on an upperside of the current prediction uni, there

is a high possibility that a difference between boundary

pixels present on both sides of a boundary between two

of the upper prediction units will be higherthan a differ-

ence between adjacent pixels in each upper prediction

unit. This results from an error caused by a quantization

parameter, itis highly probable that the error will occur

in directional intra prediction modes in which the predic-

tion block is generated using two adjacent reference pix-
els.

{0143} in particular, modes (mode numbers 3, 6 and

3) having a direction of 45° with reference to a horizontal
or vertical direction of FiG. 3 are rnost seriously affected.

In the vertical and horizontal intra prediction modes

{mode numbers 0 and 1), one pixel is used to generate
the prediction block, and thus the vertical and horizontal

intra prediction modes areslightly affected.

fO144] For this reason,afilter (smoothing filter) is ap-
plied to the reference pixels in the directional intra pre-

diction modes 3, 6 and 9, and is not applied to the refer-

ence pixels in the vertical and horizontal intra oredictian
modes. In the DC mode out of non-directional modes,

the filter is not applied either. For these modes, whether

4 not to apply the filler may be determined regardless
of a size of the current prediction unit.

{0448} in directional intra prediction modes existing be-
tween the intra prediction mode 3, § or 9 and the hori-

zontal or vertical intra prediction made, thefilter (smooth-

ing filter} can be adaptively applied to reference pixels.

it is preferable to increase a probability of applying the

filter (smoothingfiller) as the direction of the directional

intra prediction mode is relatively closer to the direction

of the intra prediction mode having the direction of 45°.

Specifically, whena first directional intra prediction mode

is closer in directivity to the intra prediction mode having

the direction of 45° than a second directional intra pre-

diction mode,if a filteris applied to the second directional

intra prediction made, the filter is also applied to thefirst
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directional intra prediction mode. On the other hand, if

the filter is apolied to the first directional intra prediction

mode, the filter may or may not be applied to the second
directional intra prediction made.

{6176} There is a high possibility that a change in dif-

ference between pixels in a prediction unit of a large size

will be less than a change in difference between pixels

in a prediction unit of a small size. Thus, the number of

directional modes in which the filler is applied may be

increase orthe strongerfiller may be applied asihe size
of the prediction unit increases. On the other hand, when

a prediction unit becomes smaller than a specific size

the filter may not be applied.

{8147] For one example, in the intra prediction mode

3, 8 or 9 having the direction of 45°,a first filler may be

applied to a prediction unit having a size equal fo or small-

er than a first size, and a secondfilter that is stronger

than the first filter may be applied to a prediction unit

having a size larger than the first size. The first size may

vary according to directional prediction modes.

{6148] For another example, in the intra prediction

mode 5 existing between the vertical intra prediction

modeand the intra prediction mode6 having the direction

of 45°, nofitter may beapplied to a prediction unit having

a size equal to or smaller than a second size, the first

filter may be apolied to a prediction unit having a size

jarger than the second size and equal to or smaller than

a third size, and the second filter may be applied to a

prediction unit having a size larger than the third size.

The second size and the third size may vary according
to diractional orediction modas.

{6478} The first fiter may be a 3-tapfilter [71, 2, T]ora

5-tap filter [1, 2, 4, 2, 1]. The second fier has a greater

smoothing effect than the first filter.

{6120] The prediction block generator 250 generates

a prediction block according to the intra prediction mode

of the current orediction unit received from the prediction

mode decoder 230. A method of generating the predic-

tion block is the same as that of the prediction block gen-
erator 142 in the intra predictor 140 of FIG. 2.

{6124} Thatis, in the directional intra preciction made,

the corresponding reference pixels vary according to the

intra prediction modes. For example, in the vertical mode,

L upper reference pixels positioned at (x =0,--, and L-1,

=-14) ara used, and in the horizontal mode,L left refer-

ence pixels positioned at (& =-1, y= 0, --, and L-1) are
used,

{81221 In non-directional intra orediction modes, the

corner pixel, L upper reference pixels positioned at (x =

0,--,andL-1,y=-1) and | leftreference pixels positioned

atQ=-1,y =0,--, and L-1) are used. The non-directionat
intra prediction modes are the DC mode and the planar
mode.

{6123} In the planar mode, a reference pixel of a pre-

diction block is generated using the cornerreference pix-
al, a left reference pixel and an upper reference pixel.

When a reference pixel to be generated is positioned at

(a, 6}, the reference pixel of the prediction block X{a, b)
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is generated using the corner reference pixel C(x =-1, y

=~ 1}, an upper referencepixel T(x = a, y =-1) and a left

reference pixel L(x =-1, y = b). Specifically, X(a, b) may

be L(x =-1,y =b)+Ti = a, y = -4)-O(x = -4, y = -4}.

{0124} in the intra prediction mode existing to the right

side of the vertical mode (mode number 0) of FIG. 3,

there is a possibility that differences betweenpixels of a

lower left region of the generated prediction block and

pixels of the original prediction unit will increase if the

prediction block is generated using only upper reference

pixels. However, when a prediction block is generated

using upper reference pixels and left reference pixels for

several modes among the modes, the difference can be

reduced. This effect is greatest in the intra prediction

mode 6. Also in intra prediction modes existing underthe

horizontal mode (mode nurnber 1) of FIG. 3, same meth-

od may be applied, and the effect is greatest in the intra
prediction mode 9.

{0125] Thus, in the prediction mode 6 or 9, a prediction

pixel may be generated using corresponding (for exam-

ple, positioned at 45° of the prediction pixel} one upper
interpolation reference pixel and oneleftinterpolation ret-

erence oixel. The prediction pixel may be generated by

linear interpolation of the one upperinterpolation refer-

ence pixel and the oneleft interpolation reference pixel

or using a rounded off average. Likewise, ina eeemined number of intra prediction modes adjacent to

mode 6 or 9, a prediction block may be generated using
the left reference pixels and the upper reference pixels.

in this case, to reduce complexity, the aforernentioned

method may not be applied in intra prediction modes hav-

ing mode numbers greater than a predetermined mode

number (for example, 9 or 17). Also, the method may be

applied to only a current prediction unit having a size

egual to or larger than a predetermined size. The prede-
termined size is 8X8 or 16x16

[0126] The prediction block post-processor 260 adap-

tivelyfilters the prediction block generated by the predic-

tion block generator 250 according to the intra prediction
rnode of the current orediction unit received frorn the pre-

diction mode dacoder 230. The prediction block

post-processor may be integrated into the prediction

block generator 250. A prediction block filtering method
is the same as that of the prediction block post-processor

144 of the intra predictor 140 of FIG. 2.

{0127] Thatis, to reduce differencesin pixel values be-

tween a reference pixel and pixels in the prediction block

adjacent to the referencepixel, the prediction blockfilter

260 adaptively filters some or ail pixels in the prediction

block adjacent to the reference pixel according to the

intra prediction mode. The pixels adjacent to the refer-
ence pixel exist in ihe prediction block.

{0128] inthe planar mode,pixels in the prediction block

adjacent to a reference pixel are generated using the

reference pixel, and thus no filler is applied.

f6129] inthe DC mode, an average of reference pixels

is used to generate prediction pixel, and thus a filteris

applied. Different type of filler can be used according to
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the size of the prediction unit (the size of the prediction

block}. In a prediction unit of a large size, a fitter that is
the same as used in a prediction unit of a small size or

a strong filter having a great smoothing effect can be
used.

{8130] Meanwhile, in intra prediction modes existing

ic the right side of the vertical rrode (mode number 0} of

FIG. 3, if the prediction block is generated using only

upper reference pixels, there exists a possibility that a

difference between a pixel in the generated prediction

block and the corresponding pixel of the original predic-
tion unit will increase as the position of the pixel in the

generated prediction block is going downto the undereft

region. in particular, the difference remarkably increases
in the intra prediction mode 6.

{0134} Likewise,in intra prediction modes existing un-

der the horizontal mode (mode number 1) of FIG. 3, ifa

prediction block is generated using only left reference

pixels, there exists a possibility that a difference beiween

a pixel in the generated prediction block and the corre-

sponding pixel of the original prediction unit will increase

as the position of the pixel in the generated prediction

block is going to the upper-right region. The difference

remarkably increasesin the intra prediction mode 9.

{6132] In the vertical mode (mode number0), a differ-
ence between a pixel in the prediction block and the cor-

responding pixel of the original prediction unit increases

as the positionof the pixel is going down. In the horizontal

mode (mode number 1), a difference between a pixelin

the prediction block and the corresponding pixel of the

original prediction unit increases as the position of the

pixel is going right.

{8133} Therefore, to reduce the difference, sorne pre-

diction pixels in the prediction block can be adaptively

fiftered according to the directional intra prediction mode.
in this case, the some prediction pixels in the prediction

block arefiltered using referencepixelsin the prediction

unit not used for generating the prediction block.

{6134] Aregion to befiltered may be set differently ac-

cording to a directional intra orediction mode. As a direc-

tion of intra prediction mode gets closer to made 6 ar

mode 9, the ragion to be fitered may become larger or
remain the same.

{0135} For one example, when a size of a predict

unit is 2NX2N in the intra prediction mode6,a filter may

be applied to only a predetermined number (1~3) ofintra

prediction modes adjacent to the intra prediction mode

6 among intra prediction modes existing to the right side

of the vertical mode (mode number Q). In this case, to

reduce complexity, no fitter may be applied to theintra

prediction mode having a mode number greater than a

predetermined mode number(for axampie, 9 or 17). Also,

some pixels in the prediction block may be adaptively

filtered according te a size of the prediction unit. As the

size of the prediction unit increases, the numberof pixels

to be filtered mayincrease or remain the same.
{G136] For another examole, in the intra prediction

mode 6, the prediction block may not be filtered if the
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size of the prediction unit is 44. If the size of the pre-

diction unitis @x8 or 16X16, only four lowerleft boundary

pixels of the prediction block among eight pixels posi-

tioned at (x = 0, y = 0, --, and 7) may befiltered. if the

size of the prediction unit is 32X32 or larger, all eight of

the boundary pixels may be filtered.

{137} Strength offiter to be applied to the pixels in

the prediction block may also vary according fo the size

of the orediction unit. As the size of the prediction unit

increases, the filter strength may increase or rernain the
same.

f0138] Theimage reconstructor 270 receives a predic-

tion block from the prediction block generator 259 or the

prediction block filter 260 in units of prediction units ac-

cording to the intra prediction made. The image recon-

structor 270 receives a residual block reconstructed by

the residual signal decoder 220in units of transformunits.

The image reconstructor 270 generates a reconstructed

image by adding the received prediction block and resid-

ual block. The image may be reconstructed in units of

coding units.

[6139] While the invention has been shown and de-

scribed with reference to certain exemplary embodi-

ments thereof, it will be understood by those skilled in

the art that various changes in form and details may be

made therein without departing from the spirit and scope

of the invention as defined by the appendedclaims.

Claims

4. Anintra prediction decoding apparatus, comprising:

an entropy decoder configured ta restore quan-
tized residual coefficients, intra prediction infor-

mation and size information on a prediction unit
fram a received bit stream:

a prediction mode decoderconfigured to restore
an intra prediction mode of the current prediction

unit on the basis of the intra prediction informa-

tion and the size information on the current ore-

diction unit received from the entropy decoder;

a residual signal decoder configured to restore

aresidual signal accardingtathe intra prediction

mode received from the prediction mode decod-
er,

a reference pixel generator configured fo gen-
erate unavailable referencepixels of the current

prediction unit, and to adaptively filter the refer-
ence pixels on the basis of the intra prediction

modeof the current prediction unit receivedfrom

the prediction mode decoder;

a prediction block generator configured to gen-

erate a prediction block using reference pixels

corresponding to the intra prediction mode re-

ceived from the prediction mode decoder;

a prediction block filter configured to adaptively

filter ihe prediction block generated fromthe pre-
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diction block generator according to the intra

prediction mode received from the prediction
mode decoder and

an image reconstructor configured to receive the

prediction block from the prediction block gen-
erator of a prediction block fitter in units of pre-

diction unils according to the intra prediction

mode received from the prediction mode decod-

er, and generate a reconstructed image using a
restored residual block received fromtheresic-

ual signal decoder.

The intra prediction decoding apparatus of claim 14,

wherein the reference pixel generator adaptivelyfit

ters the reference pixels according to a size of a pre-

diction unitin intra prediction modes having direction

between intra prediction rode 3, 6 or 9 having a
direction of 45° and the horizontal mode or the ver-

fical mode.

The intra prediction decoding apparatus of claim 14,

wherein the reference pixel generator applies no fi-
ter to reference pixels of a prediction unit smaller

than a predetermined size.

The intra prediction decoding apparatus of claim 14,

wherein, when, amonga first directional mode and
a second directional mode present between a hori-

zontal mode or a vertical mode and an intra predic-

tion mode 3, 6 or 9 having direction of 45° with re-

spect to the horizontal mode or the vertical mode,

the first directional mode has closerdirectivity to the

intra prediction mode having the direction of 45° than
the second directional mode, if the reference pixel

generator applies a filter to referance pixels of the

second directional mode, the reference pixel gener-

alor also applies the fitter to reference pixels of the
first directional mode.

The intra prediction decoding apparatus of claim 14,
wherein, when the intra orediction modeis a olanar

mode, the prediction block generator generates pre-

dicted pixels of the prediction block using a corner
referencepixel, a left reference pixel and an upper

reference pixel.

The intra prediction decoding apparatus of claim 14,
wherein, when theinire prediction modeis a vertical

mode, the reference pixel generator does notfilter
the reference pixels, and

the prediction blockfiller uses reference pixels that

have not been used for generating the prediction
block to filter some pixels in the prediction block.

The intra prediction decoding apparatus of claim 14,
wherein, when the intra prediction mode is an intra

prediction mode having direction of 45° with respect

to a vertical mode (mode number6) or among a4 pre-
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determined numberof intra prediction modes having

directivity close fo the intra prediction made, the pre-

diction block generaior generates the prediction

block using upperreference pixels and left reference
pixels.
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(54) PREDICTION BLOCK GENERATING DEVICE

(57) A prediction block generating device of the
present invention determines additional information for

generating a@ prediction block included in an additional

information container received, and an intra prediction

mode of a current prediction unit using available intra

prediction mode candidate information of the current pre-

diction unit, generates referencepixels that are not in a

unavailable position for generating an intra prediction

block by using available reference pixels, adaptively fil-

FIG. 1
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ters the reference pixels close to the current prediction

init based on the determined intra prediction mode of the

current prediction unit or size information of the current

prediction unit, and generates a prediction block of the

current prediction unit using the reference pixels corre-

sponding to the determined intra prediction mode of the
current prediction unit. Therefore, ihe present invention

can improve image compression ratio by generating the

prediction block close to an original image.
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Description

{Technical Field]

{G01} The present invention relates io a prediction

biock generating device, and more particularty, to an ap-

paratus of generating a prediction block capable of min-

imize the arnount of coding bits of a residual block.

{Background Art

{6002] In image compression methods such as Motion

Picture Experts Group (MPEG)-1, MPEG-2, MPEG-4

and H.264/MPEG-4 Advanced Video Coding (AVC}, one

picture is divided into macroblocks (MBs) to encode an

image. Then, the respective MBs are encoded usinginter

prediction or intra prediction.

{GG03] In intra prediction, a current block of a current

picture is encoded notusing areferencepicture, butusing

values of pixels spatially adjacent to the current block.
An intra prediction mode with litte distortion is selected

by comparing a prediction block generated using the ad-

jacent pixel values with an original MB. Then, using the

selectedintra prediction mode andthe adjacent pixel val-

ues, prediction values of the current block are calculated.

Differences between the prediction values and pixels val-

ues of the original current block are calculated and then

encoded through transform coding, quantization and en-

tropy coding. The intra prediction mode is also encoded.

{0604} Intra prediction modes are generally classified

into 4x4 intra prediction mode, 8X8 intra prediction

mode and 1616 intra prediction mode for luminance

components and intra prediction mode for chrominance

components.

{6905} In 16X16 intra prediction mode according to a
prior art, there are four modesof a vertical mode, a hor-

izontal mode, a direct current (DC) mode and a plane
mode.

{6006] In 4x4intra prediction according tc the priorart,
there are nine modes of a vertical mode, a horizontal

mode, a DC mode, a diagonal down-left mode,a diagonal

down-right mode, a vertical right mode, a vertical left

mode, a horzontal-up mode and a horizontal-down
mode.

{e607] Each prediction mode has indexed according

fo the frequency of use of the respective modes. The

vertical mode of which mode numberis 0 shows the high-

est possibility of being used most frequently for perform-

ing intra prediction on a target block, and the horizon-

tal-up mode ofwhich made numberis 8 showsthe highest

possibility of being used mostinfrequently.

{e608] According to H.264 standards, a current block

is encoded using a total of 13 modes, that is, 4 modes
of the 4x4 intra prediction and 9 modes of the 16x16

intra prediction. A bit stream of the current block is gen-

erated according to an optimal mode among these
modes.

{[OG08] However, when some or all values of pixels ad-
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jacent to current block do not exist or are not already

encoded, itis irnpossible to apply someor all of the intra
prediction modes to the current Block. Also, when intra

prediction is performed by selecting prediction mode

among applicable intra mode, a residue signal between

@ prediction block and the current block becomeslarge.

Therefore, the coding efficiency is degraded.

[Disclosure]

[Technical Problem]

{@010] The present inventionis directed to an appara-

tus of generating a prediction block similar to an original
block.

[Technical Solution}

{0044] One aspect of the present invention provides

an apparatus inchuding: an intra prediction mode decod-

ing unit configured to restore anintra prediction mode of

a current prediction unit using additional information in-
cluded in a received additional information container and

available intra prediction mode candidate information of

the current prediction unit; a reference pixel generating

unit configured to generate reference pixels using avail

able reference pixels; a reference pixel filtering unit con-

figured to adaptively filter the reference pixels based on
the restored intra prediction mode of the current predic-

tion unit and a@ size of the current prediction unit; and a

prediction block generating unit configured to generate

a prediction block of the current prediction unit using the

reference pixels corresponding to the restored intra pre-
diction mode.

(Advantageous Effects]

{00412] An apparatus according to the presentinvention

generates reference pixels and adaptively fitters the ref-

erence pixels in order to generate 4 prediction block min-

mizing the difference betweenthe prediction block and

an original block. Also, by adaptively filtering the predic-

tion block according to intra prediction mode, residual

signals become smalier and thus an image compression

can be improved.

[Description of Drawings]

(6073)

FIG. Tis a block diagramilusirating a moving picture

coding apparatus according to the present invention.

FiG. 2 is a flow chart illustrating an operation of a

scanning unit according to the present invention.

FIG. 3is a block diagram Hlustrating a moving picture

decoding apparatus according to the present inven-
tion.

PG. 4 is a block diagramillustrating an intra predic-
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tion unit according to the present invention.

FIG. Sis a conceptual diagrarn showing positions of

reference pixels usedfor intra prediction according
to the cresent invention.

FIG. 6 a flow chartillustrating a process of generating

reference pixels accarding to the present invention.

FIG. 7 is a block diagrarn Hustrating an intra predic-

tion unit of a moving picture decoding apparatus ac-

cording to the present invention.

{Mode for Invention]

{6014} Hereinafter, various embodiments of the

present invention will be described in detail with refer-

ence to the accompanying drawings. However, the

present invention is not limited to the exemplary embod-

iments disclosed below, but can be implemented in var-

ious types. Therefore, many other modifications and var-
iations of the present invention are possible, and itis to

be understood that within ihe scopeof the disclosed con-

cept, the present invention may be practiced ctherwise

than as has been specifically described.

{0645} For image coding, each picture consists of a

plurality of slices, and each slice consists of a plurality of

coding units. Since an image of a high-definition (HD)

grade or higher has many smooth regions, an image com-

pression can be improved by encoding the image with

coding units of larger than an MB of whichsize is 16x16.

{8616] Asizeofthe coding unitaccording ic the present

invention may be 16x16, 32x32 or 64x64. A size of the

coding unit may also be 8x8 or less. A coding unit of the

largest size is referred to as a super macroblock (SMB).

Asize of SMB is indicated by a smallest size of the coding
unit and depth information. The depth information indi-
cates a difference value between the size of SMB and

the smallest size of the coding unit.

{0647] Therefore, coding units to be used for coding

pictures may be SMB or sub-block of SMB. The coding
units are set to defaults value or are indicated in a se-

quence header.

{6078] A SMB consists of one or more coding units.

The SMB has a form of a recursive coding tree so as to

include the coding units and a division structure of the

coding units. When the SMB is not divided into four

sub-coding units, the coding tree may consist of informa-

tion indicating that the SMB is not divided and one coding

unit. When the SMBis divided into four sub-coding units,

the coding tree may consist of informationindicating that

the SMBis divided and four sub-coding trees. Likewise,

each sub-coding tree has the samestructure as the SMB.

However, a coding unit of ihe smallest coding unit {SCU)

size is not divided into sub-coding units.

{6078] Meanwhile, each coding unit in the coding tree

is subjected to intra prediction or inter prediction in units

of the coding unit itself or a sub-block. A unitin which the
intra prediction or the inter prediction is performed is re-

ferred fo as 4 prediction unit. A size of the prediction unit

may be 2N<2N or NXN forintra prediction. A size of the
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prediction unit may be 2NX2N, 2NXN, Nx2N or NXN

for inter prediction. Here, 2N denotes horizontal and ver-

tical lengths of a coding unit.

(0020) A coding unit inchides a prediction mode of the

prediction unit and size information (partmode) on the

prediction unit. To improve coding efficiency, the predic-

tion mode and the sizeinformation may be combinedand

joint-coded. In this case, each coding unitincludes a joint-

coded prediction type (pred_type)}.

f0024] A coding unit includes one or more additional
information container. Each additional information con-

tainer contains additional information required for gener-

ating a prediction block of each prediction unit. In intra

prediction, the additional information includes encoded

intra prediction information. in inter prediction, the addi-
tional information includes encoded motion information.

The mation information includes a motion vector and a

reference picture index.

f0022] A coding unit also includes a residual signal

containerfor residual signals of the coding unit. There-

sidual signal container contains one transform tree, one

luminance residual signal container and two chromi-

nance residual signal containers. The transform tree in-

dicates whetherthe residual signals of the transform units

in the residual signal container exist or not. The residual

signal container consists of a recursive tree structure.

The residual signat container for the coding unit is exam-

pled. ifthe coding unit is not divided into four sub-coding

unit, the residual signal container contains quantization

information (residual quantization pararneter) and an en-

coded residual signal. lf the coding unit is divided into

four sub-coding unit, the residual signal container con-

tains quantization information and four residual signal

sub-coniainers. Each residual signal sub-container has

same structure of the residual signal containerof the cod-

ing unit, but does not contain the quantization informa-
tion.

f0023] Meanwhile, only a case that the coding unit is

equally divided into prediction units is described. How-

ever, when the above-described equal division is used

for an image that has a boundary in a specific direction

or al a specific position according to a characteristic, dif-

ferent prediction units are used forsirnilar oieces of data

at the boundary, and a residual signal cannot beeffec-

tively reduced.

{0024] in this case, for compressing a residual signal,

it may be more effective to divide SMBor MBin a specific

direction according fo a shape of the boundary of the

image and perforrn intra or inter prediction.
[6025] The simplest adaptive modeis to divide a cad-

ing unitinto two blocks usinga straight ine so asto exiraci

statistical dependency of a prediction region on focalto-

pography. A boundary of an image is matched to straight

ine and divided. in this case, dividable directions may

be limited to a predetermined number. For examole, a

method of dividing a block may be limited to four direc-

tions of horizontal, vertical, upward diagonal and down-

ward diagonal directions. Also, the division may be lim-
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ited to the horizontal and vertical directions only. The
numberof dividable directions can be three, five, seven

and so on. The numberof dividable directions may vary

according to a size of the coding block. For example, for

a coding unit of a large size, the number of dividable

directions may be relatively increased.

{8026} In inter prediction, when one coding unit is di

vided into two prediction units for more adaptive predic-

tion, motion estimation and raotion compensation should

be performed on each of prediction units. Motion infor-

mation for each prediction unit is derived, and a residual

signal between a prediction block derived from the motion
inforrnation for each prediction unit is encoded.

{6927} After obtaining residual signals for the respec-

tive two prediction blocks divided from one coding unit,

the two residual signals may be added to generate one

residual signal for one cording unit. The residual signal

for one cording unit is transformed and encoded. in this

case, it is a high possibility that there will be difference

between overall distributions of the residual signals of
ihe respective two prediction blocks with the center of

the boundary, and thus a residual signal of one coding

unit can be generated by multiplying a value of any one

region by a predetermined value. Also, boundary region

of the two residual signals may be caused to overlap,

and smoothing may be performed on the overlapping

boundary region to generaie one residual signal.

{6928] In another method, a block may be generated

by performing padding according to respective division

regions of the block, and encoded. In other words, when

a current division region is encoded among the two divi-

sion regions, one block may be configured by padding

anotherdivision region constituting the block with a value

of the current division region, and then subjected to

two-dimensional (2D) transform coding.

[8629] FIG. 1 is a block diagram illustrating a moving

picture coding apparatus according to the present inven-
tion.

{6030] Referring to FIG. 1, a moving picture coding ap-

paratus 100 according to the present invention includes
a picture division unit 110, transform unit 120, a quan-

tization unit 130, a scanning unit 131, an entrapy coding

unit 140, an intra prediction unit 150, an inter prediction

unit 160, an inverse quantization unit 135, en inverse

transform unit 125, a post-processing unit 170, a picture

storing unit 186, a subtracter 190 and an adder 195.

{8034] The picture division unit 116 analyzes an input

vitieo signal to divide each fargest coding unit (LOU) of

a picture into coding units each of which has a preceter-

mined size, determine prediction mode of each coding
unit, and determines size of prediction unit per each cod-

ing unit. The picture division unit 110 sends the prediction
unit fo be encoded to the intra prediction unit 150 or the

inter prediction unit 160 according to the prediction made.

Also, the picture division unit 170 sends the prediction
units to be encoded to the subtracter 190.

{[GQ32] The transforra unit 120 transforms a residual

block. The residual block consists of a residual signal
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between an original block inputted and a prediction block

generated by the intra prediction unit 150 or the inter

prediction unit 160. The residual block may consist of a

coding unit. The residual block consisting of a coding unit
is divided info optimal transform units and transformed.

A transform matrix type may be adaptively determined

according to a prediction made (intra or inter). Also, a

residual signal ofintra prediction has directivity according
to an intra prediction mode, and thus a transforrn matrix

may be adaolively determined according to the intra pre-

diction mode. The transform unit may be transformed by

two (horizontal and vertical) one-dimensional (1D) trans-
form matrices. In inter prediction, one oredetermined

transform matrix type is determined. In intra prediction,

there is a high oossibility that the residual block will have

vertical directivity when the intra prediction mode is hor-

izontal, Thus, a discrete cosine transform (DCT) based

integer matrix is applied to the vertical direction, and a

discrete sine transform (DST} or Karhunen Loéve trans-

form (ALT) based integer matrix is applied to the hori-
zontal direction. Whenthe intra crediction mode is vert

cal, a DST or KLT based integer matrix is applied to the

vertical direction, and a DCT based integer matrix is ap-
pled io ihe horizontal direction. Also, in intra prediction,

the transform matrix may be adaptively determined ac-

cording fo a size of the transform units.
(G033] The quantization unit 130 determines a quanti-

zation step size for quantizing coefficients of the trans-
formed residual block. The quantization step size is de-

termined per coding unit of a predetermined size or more.

The predetermined size may be 8x8 or 16X16. Using
the determined quantization step size and a quantization

matrix determined by a prediction mode, the coefficients
of the transform block are quantized. The quantization

unit 130 uses quantization step sizes of coding units ad-

jacent to a current coding unit as a quantization step size

predictor of the current coding unit. The quantization unit

130 sequentially retrieves coding units In the following

scan order; a left coding unit of the current coding unit,

an above coding unit of the current coding unit, and an

aboveleft coding unit of the current coding unit. Then,

the quantization unit 130 generates the quantization step

size predictor of the current coding unit using one or two
valid quantization step sizes. For examole, the first valid

quantization step size encountered in the scan order may

be determined as the quantization step size predictor.

An average of two valid quantization step size retrieved

in the scan order may be determined as the quantization

step size predictor, and one valid quantization step size

is determined as the quantization step size predictor

whenonly the one quantization step size is valid. When

the quantization step size predictor is determined, a dif-

ference between the quantization step size and the quan-

tization step size predictor ts transmitted to the entropy

coding unit 140.

f6034] When a slice is divided into coding units, there

may be none of a feft coding unit, an above coding unit

and an abovefeft coding unit of the current coding unit.
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But, there may be a previous coding unit of the current

coding unit in the coding order in the maximum coding

unit. Thus, coding units adjacent to the current coding

unit and the previous coding unit of the currant coding

unit in the coding order in the maximum coding unit may

be candidates. In this case, the above scan order may

be changedtothe following scan order; 1} the feft coding

unit of the current coding unit, 2) the above coding unit

of the current coding unit, 3) the aboveleft coding unit of

the current coding unit and 4) the previous coding unit of

the current coding unt. The scan order may be changed,

or the above left coding unit may be omitted in the scan
order.

{60351 The quantized transform block Is provided to

the inverse quantization unit 135 and the scanning unit
131.

{0836] The scanning unit 131 scansihe coefficientsof

the quantized transform block, thereby converting the co-
efficients into 1D quantized coefficients. Since distribu-

tion of the coefficients of the transform block after quan-

tization may be dependent on anintra prediction mode,

a coefficient scanning pattern is deterrnined according

to the intra prediction mode. The coefficient scanning pat-

tern may also be determined according to thesizeofthe
transform unit.

{8037] The inverse quantization unit 135 inversely
quantizes the quantized coefficients. The inverse trans-

form unit 125 restores a residual block of the spatial do-

main from the inversely quantized transform coefficienis.

The adder generates a reconstructed block by adding

the residual block reconsiructed by the Inverse transform
unit 125 and the prediction block from the intra prediction

unit 150 or the inter prediction unit 160.

{6038] The post-processing unit 170 performs a

de-blocking filtering process for removing blocking arti-

fact generated in a reconstructed picture, an adaptive

offset application process for complementing a differ-

ence between the reconstructed picture and the original

image per pixel, and an adaptive loop filer process for

complementing a difference between the reconstructed

picture and the original image in a coding unit.

{6939} The de-blocking filtering process may be ap-

plied to a boundary between prediction units having a

predetermined size or more and a boundary between

transform units. The pradetermined size may be 8x8.

The de-blocking filtering process includes a step of de-

termining a boundaryto be filtered, a step of determining

boundaryfiltering strength to be applied to the boundary,

a step of determining whether or not fo apply a de-block-

ing filter, and a step of selecting a filter to be applied ta

the boundary whenitis determined to apply the de-biock-

ing filter.

{6040] Whetheror not to apply the de-biocking filteris

determined according to i} whether or not the boundary

filtering strength is greater than 0 and I} whether or not

a value indicating the difference between boundarypixels
of P block and Q block is srnailer than a first reference

value determined accordingio a quantization parameter.
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{6041] Twoormorefilters may exist. When an absolute

value of a difference between two pixels adjacentto the

block boundary is equal to or larger than a second refer-
ence valie, a weak filter is selected. The second refer-

ence value is determined by the quantization parameter

and the boundary filtering strength.
e042] The adaptive offset anplication process is in-

tended to reduce a difference (distortion) between a pixel

subjected to the de-blocking filler and the original pixel.

ii may be determined whetheror nat to perform the adap-

tive offset application process according to pictures or

slices. A picture or slice may be divided into a plurality

of offset regions, and an offset mode may be determined

per the offset region. There may be four edge offset
modes and two band offset modes. In the case of an

edge offset type, an edge type to which each pixel be-

tongs is determined, and an offset correspondingto the

edge type is applied. The edge type is determined on the

basis of distribution of two values of pixels adjacent to a

current pixel.

{6043] The adaptive loop filler process may be per-

formed on the basis of a value obtained by comparing

an original image and a reconstructed image to which

the de-blocking filtering process or the adaptive offset

application process is applied. An adaptive loopfilter

(ALF) is detected through one Laplacian activity value
on the basis of a 4x4 block. The determined ALF can be

applied to all pixels included in a 4x4 block or an 8x8

block. Whether or notto apply an ALF may be determined

according to coding units. A size and coefficients of a

loop filler may vary according to each coding unit. A slice

header mayinclude information indicating whetheror not

to apply the ALF to each coding unit, filter coefficient in-
formation and fitter shapeinformation, and so on. in the

case of chrominance components, whether or not to ap-

ply the ALF may be determined in picture units. Unlike

fuminance, the loopfilter may havea rectangular shape.

f0044] The picture storing unit 180 receives post-proc-

essed image data from the post-processing unit 160, and

stores the image in picture units. A picture may be an

image in a frame or a field. The picture storing unit 180

has a buffer (not shown} capable of storing a plurality of

pictures.

10045] Theinter prediction unit 160 performs motion

estimation using one or more reference pictures stored

in the picture storing unit 160, and determines reference

picture indexes indicating the reference pictures and mo-

tion vectors. Accordingto the referencepicture index and

the motion vector, the inter prediction unit 160 extracts

@ prediction block corresponding to a prediction unit to

be encoded from a reference picture selected among a

plurality of reference pictures stored in the picture storing
unit 180 and outputs the extracted prediction block.

{@048] The intra prediction unit 150 performsintra pre-

diction using reconstructed pixel values within a current

picture. The intra prediction unit 150 receives the current

prediction unit to be predictively encoded, selects ane of
a predetermined number ofintra prediction modes, and
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performs intra prediction. The predetermined numberof

intra prediction modes may depend an the size of the

current prediction unit. The intra prediction unit adaptively

fillers the reference pixels to generate the intra prediction
block. When some of reference pixels are not availabie,

it is possible to generate the reference pixels at the un-

available positions using one or more available reference

pixels.

[0047] The entropy coding unit 140 entropy-codesthe

quantized coefficients quantized by the quantization unit
130, intra prediction information received from the intra

prediction unit 150, motion information received from the

inter prediction unit 180, and so on.

{6948} FIG. 2 is a flow chart illustrating an operation of

the scanning unit 131 according to the oresentinvention.
{[GG49] His determined whether the current quantized

coefficients block is divided into a plurality of subsets

(5110). The determination is based on a size of the cur-
rent transform unit. if the size of the current transform

unit is larger than a first reference size, the encoded

quantized coefficients are divided into a plurality of sub-

sets. The first reference size may be 4x4 or 88. The

first reference size may be transmitted to a decoderby
a picture header or a slice header.

{[GG50] When the quantized coefficients block is not di-

vided into a plurality of subsets, a scan pattern to be
applied to the quantized coefficients block is determined

($120). The step $120 may be performed prior to the

step 5110 or regardless of the step S140.
{[0G51] The quantized coefficients of the quantized co-

efficients block are scanned accordingto the determined

scan pattern (S130). The scan pattern is adaptively de-

termined according to the prediction made and the intra

prediction mode. in inter prediction mode, only one pre-

determined scan pattern Gor example, zigzag scan) can
be applied. in intra prediction mode, a scan pattern de-

termined according to the intra prediction mode may be

applied. Also, one of a predetermined number of scan

patterns may be selected ico scan the coefficients, and

scan pattern information may be transmitted to the de-
coder. In intra prediction mode, a scan pattern deter-

mined according to the intra prediction mode may be ap-

olied. For example, a horizontal scan is applied to a ver-

tical intra orediction mode and a predetermined number

of intra prediction modes adjacent to the vertical intra
prediction mode.A vertical scan is applied to a horizontal

intra prediction rnode and a predetermined numberof

intra prediction modes adjacent to the horizontal inire

prediction mode. The predetermined numbervaries ac-

cording to a number of allowed intra prediction modes of

a prediction unit (or a number of directional intra predic-

tion modes) or a size of a prediction block. For example,
if the numberof allowabie intra prediction modes on the

current prediction unit is 16, the predetermined number

may be two in each of both directions based on the hor-
izontal or vertical intra prediction mode. if the nurnber of

allowable directional intra prediction modesis 33, the pre-

determined number maybefourin eachof both directions
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based on the horizontal or vertical intra prediction mode.

Meanwhile, Zigzag scan is applied to non-directional

modes. A non-directional mode may be a direct curren

{BC} mode or a planar mode.
(0052] if itis determined that the quantized coefficients

block is divided into a plurality of subsets, the quantized

coefficients block is divided into a plurality of subsets

($140). The plurality of subsets consist of one main sub-

set and one or more remaining subsets. The main subset

is located af an upper feft side and covers a DC coeffi-

cient, and the one or more remaining subsets cover re-

gion other than the main subset.

{G053] A scan pattern to be applied to the subsets is

determined (S150). The determined scan pattern is ap-

plied to all the subsets. The scan pattern is adaptively

determined according to the prediction mode and the in-

tra prediction mode. The step S150 may be performed

prior to the step 5116 or regardless of the step S110.
(0054] When the size of the quantized coefficients

block (that is, the sizeof the transformunit) is larger than

a second reference size, the zigzag scan pattern may be
applied to the quantized coefficients block. The second

reference size is, for exarnple, 8x8. Therefore, the step

$150 is performed whenthefirst referencesize is srnatler
than the second reference size.

fOG58] in inter prediction mode, only one predeter-

mined scan pattern Gor example, zigzag scan} can be
applied to each subset. In intra prediction mode, the scan

pattern is adaptively determined as the same as the step
$1429,

f0056] The quantized coefficients in the subsets may
be scanned in a reverse direction. In other words, ac-

cording to the scan pattern, the quantized coefficients

other than 0 may be scanned and entropy-caded in the

reverse direction beginning with the last quantized coef-
ficient other than 0 in the subsets.

[0057] Next, the quantized coefficients of each subset

are scanned according to the scan pattern (S160). The
quantized coefficienis in each subset are scanned in the

reverse direction. Thatis, the quantized transform coef-
ficients are scanned from a last non-zero coefficient fo

other non-zero coefficients according to the scan pattern,

and entropy-caded.

[0058] The zigzag scan may be applied to scan the

subsets. The subsets may be scanned beginning with

the main subset to the remaining subsets in a forward
direction, or can be scanned in the reverse direction. A

scan pattern for scanning the subsets may be set the

same as a scan pattern for scanning the quantized co-
efficients in the subsets.

[0059] The moving picture coding apparatus 100 ac-

cording to the presantinventiontransmits information ca-

pabie of indicating a position of the last non-zero quan-
tized coefficient of the transform unit to a decoder. The

moving picture coding apparatus 100 also transmits in-

formation capable of indicating a position of the last non-
zero quantized coefficient in each subset to the decoder.

f0060] FIG. 3 is a block diagrarn Mustrating a moving
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picture decoding apparatus according fo the present in-
vention.

{66671] The moving picture decoding apparatus ac-

cording to the present invention includes an entropy de-

coding unit 216, an inverse scanning unit 220, an inverse
quantization unit 230, an inverse transform unit 240, an

intra prediction unit 250, an inter prediction unit 260, 4

post-processing unit 276, a picture storing unit 280, an

adder 290 and a intra/inter changing switch 295.

[0862] The entropy decoding unit 210 extracts intra
prediction information, inter prediction information and

quantized coefficients inforrnation from a received bit

stream. The entropy decoding unit 210 transmits the inter

prediction informationto the inter prediction unit 280, intra

prediction information to the intra prediction unit 250 and

the inverse transform unit 240 and the inverse quantized

coefficients information to the inverse scanning unit 220.

[8663] The inverse scanning unit 220 converts the
quantized coefficients information into a two dimensional

quantized transform block. One of a plurality of inverse
scan patterns is selecied for the conversion. The inverse

scan pattern is selected based on at least one of the

prediction mode and the intra prediction mode. An oper-

ation of the inverse scanning unit 220 is the sameas the

inverse operation of the scanning unit 134 of FIG. 4. For
example, if a size of a current transform unit to be de-

coded is larger than thefirst reference size, each subset

are inversely scanned according to the selected inverse

scan pattern and an inverse quantized block having a

size of the transform unit is generated using the plurality

of subsets inversely scanned.
{[GG64] The inverse quantization unit 230 determines a

quantization step size predictor of the current cading unit.
The operation to determine the quantization step size

predictor is same as the procedure of the quantization

unit 130 of FIG. 1. The inverse quantization unit adds the

determined quantization step size predictor and a re-

ceived residual quantization step size to generate a

quantization step size of the current coding unit. The in-
verse quantization unit 230 restores inverse quantized

coefficients using a quantization matrix determined by
the quantization step size. The quantization matrix varies

according to the size of the current block to be restored.

The quantization matrix maybe selected for a block hav-

ing the same size on the basis of at least one of a pre-
diction mode and an intra prediction mode of the current
block.

{6065} Theinversetransform unit 240 inverselytrans-

forms the inverse quantized block to restore a residual

block. The inverse transform matrix to be applied to the

inverse quantized block is adaptively determined accord-

ing to the prediction mode (intra or inter} and the intra
prediction mode. The determination procedure of the in-

verse transform matrix is the same as the procedure in
the transform unit 120 of FIG. 1.

{G066] The adder 290 adds the restored residual block

restored by the inverse transform unit 240 and a predic-

tion block generated by theintra prediction unit 250 or
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the inter prediction unit 260 to generate a reconstructed

image block.

[0067] Theintra orediction unit 250 restores the intra

prediction mode of the current block based on the intra

prediction information received from the entropy decod-

ing unit 210, and generates a prediction block according
to the restored intra prediction mode.

[6068] The inter prediction unit 260 restores reference

picture indexes and motion vectors based on the inter

prediction information received from the entropy decod-

ing unit 210, and generated a prediction block using the
reference picture indexes and the motion vectors. When

rnotion compensation with fractional precision is applied,

the prediction block is generated using an interpolation
filter.

fOO69] The post-processing unit 270 operates the

same as the post-processing unit 160 of FIG. 7

f0070] The picture storing unit 280 stores

post-processed reconstructed image by

post-processing unit 270.

{6074] FIG. 4 is a block diagram illustrating the intra

prediction unit 150 of a moving picture coding unit 100

according to the present invention.

[0072] Referring to FIG. 4, the intra prediction unit 156

includes a reference pixel generating unit 151, a refer-

ence pixel filtering unit 152, a prediction mode determin-

ing unit 153, a prediction block generating unit 154, a

prediction block fittering unit 155 and a prediction mode

coding unit 156.

[0073] The reference pixel generating unit 151 deter-

mines that it is necessary to generate reference pixels

for intra prediction, and generates reference pixels if itis

necessary fo generate the reference pixels.

fG074] FIG. 5 is a conceptual diagrarn showing posi-
tions of reference pixels used for intra prediction accord-

ing to the present invention. As shown in FIG. 5,the ref-

erence pixels consist of above reference pixels, left ref-

erence pixels and a corner reference pixel of the current

prediction unit. The above reference pixels of the current

prediction unit are pixels (regions C and D) present over
double the width of the current orediction unit, and the

left reference pixels of the current prediction unit are pix-

els (regions A and B) present over double the height of
the current orediction unit.

f0075] The reference pixel generating unit 151 deter-
mines whether the reference pixels are available or not.

if one or more reference pixels are not available, the ref-

erence pixel generation unit 151 generatesreferencepix-

els atthe unavailable positions using available reference
pixel,

[0076] First, a case in whichall reference pixels in any

one of upper and left regions of a current prediction unit
to be encoded are unavailable will be described.

{Q077] For example, when the current prediction unit

is located at the upper boundary of a picture or a slice,

the above reference pixels (regions © and D) and the
corner reference pixel of the current prediction unit do

nat exist. When the current prediction unit is located ai

IPR2021-00827

Unified EX1002 Page 940

the

the



IPR2021-00827 
Unified EX1002 Page 941

13 EP 2 600 614 A2 14

the left boundary of a picture or aslice, the left reference

pixels (regions A and B) and the cornerreference pixel

do not exist. In those cases, reference pixels are gener-

ated by copying the value of an available pixel closest to
the unavailable pixel. Thatis, when the current prediction

unit is located at the upper boundary of a picture or a

slice, the above reference pixels can be generated by

copying the uppermostleft reference pixel(that is, a ref-

erence pixel located in the uppermost position of region

A). When the current prediction unit is located at theteft

boundaryof a picture or a slice, the left reference pixels

can be generated by copying the lefirnost above refer-

ence pixel (thatis, a reference pixel located in the leftmost

position of ragion C). The above-mentioned method is

applied by default, but the method may vary per se-

quence, picture or slice if necessary.
{[OG78] Next, a case in which some of reference pixels

in an above or left reference pixels of a current prediction
unit to be encoded are unavailable will be described.

There are two cases in which 1) available referencepixels

are present in only one direction with respect to the un-

available reference pixels, and 2} available reference pix-
els are present in both directions with respect to the un-

available reference cixels,

Case 1} will be described.

{6079] For example, when the current blockis located

at the right boundary of a picture or a slice or a LCU, the

reference pixels covering area BD are not available. Also,

when the current block is located at the below bouncary

of a picture or a slice or a LCU, the reference pixels cov-

ering area B are not available.in this case, the reference

pixels are generated by copying the values of available
pixels closest to the unavailable pixel. Also, the reference

pixels are generated using two or more available pixels
closest to the unavailableoixel.

Case 2) will be described.

{6080} For examole, when the current block is located

at the upper boundaryof a slice and the aboveleft block

of the current block is available, the reference pixels cov-

ering area C are not available, but the reference pixels

covering areas A and D are available. When available

reference pixels are thus present in both directions, one

available reference pixel present at the closest position

in each direction is selected, and reference pixels at the

unavailable positions are generated using the selected

reference pixels (.e., the uppermost reference pixel in

region A andtheleftmast reference pixel in region DB).

[e681] A value obtained by rounding off an average of

the two reference pixels (pixels present at the closest

positions in the respective directions) may be generated

as a reference pixel value. However, when an unavaila-

bie reference pixel region is large, there is a high possi-

bility that a step difference will occur between an available

pixel and a generated pixel, and thusit is useful to gen-
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eraie reference pixels using linear interpolation. Specif-

ically, in consideration of a position with respect to two
available reference oixels, an unevailable reference pixel

at the current posilion can be generated,

{0082] Next, a case in which all reference pixeis in

above and feft sides of a current prediction unit to be

encodedare unavailable willbe described. For example,

when a current prediction unit is adjacent to a left upper

boundary of a picture or a slice, there are no available
reference pixels.

[0083] in this case, some orall reference pixels can be

generated using two or more pixels presentin the current

prediction unit. The numberof pixels that are presentin

the current prediction unit and used for generating the

reference pixels may be two or three.

foO84] FIG. 6 is a flow chart Hustrating a process of

generating reference pixels according ico the present in-
vention.

f00858] Referring to FIG. 6, the process of generating

reference pixels using two pixels is as follows. A left

above pixel O and one of a right above pixel CO, a left

below pixel A and a right below pixel V of the current

prediction unit may be used.

[0086] Whentheleft abovepixel © and the right above

pixel (i of the current prediction unit are used, the left

above pixel and the right above pixel are copied to the

corresponding pasitions on @ upper side and the right

above pixel and the copied reference pixels are used to

generate reference pixels covering area C. The reference

pixels are generated using an average or linear interpo-

lation. The reference pixels covering D are generated by

copying the right above pixel 7 or by using a plurality of

the generated above pixels. When the left abave pixel O
and the feft below pixel A of the current prediction unit

are used, the same method is applied. When the left

above pixel O and the right below pixel V are used, the

right below pixel V is capied fo the corresponding refer-
ence pixel position in horizontal direction and vertical di-

rection and then the residual reference pixels are gener-
ated as the same as described above.

{G087] The process of generating referencepixels us-

ing three pixels is as follows. A left above pixel O, a right

above pixel Cland a left below pixel Aof the current pre-

diction unit may be used. The pixels are copied io the

corresponding reference pixel position and then the re-

sidual reference pixels are generated using the copied

pixels. The residual reference pixels are generated as
the same as described above.

[6088] Meanwhile, when a method as described above

is used, the values of the pixels used to generate the
reference pixels are transmitted to the decoder. To min-
imize the amount of bits to be transmitted, the value of

the left above pixel C and the difference between the

value of the feft above pixel O and the values of other

pixels. The value of the left above pixel may be a quan-

tized value or be entropy-coded.

fO089] Whena slice type is intra (), itis more effective

to generatethe reference pixels using two or morepixels.
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{6980} Another method of generating reference pixels

whenall reference oixels in upper and left sides of a cur-

rent prediction unit to be encoded are unavailable will be

described. This method is effective whena slice type is

not intra (6).
{8091} First, itis determined whetherpixels are present

at the same positions as reference pixels of a current

prediction unit in a reference picture encoded previously
to a current block. When pixels are present, the pixels in

the reference picture are copied to generate reference
pixels of the current prediction unit.

{G692] When pixels are not present, if is determined

whetherpixels are present at the closest pasitions (1 pixel

apart) to reference pixels of the current prediction unit.
Whenpixels are present, the pixels are copied and used

as the reference pixels of the current prediction unit.

{0893} The reference pixel filtering unit 152 adaptively
fillers reference pixels of the current prediction unit.

Low-pass fitter is applied to smooth a variance of pixel

values betweenthe referencepixels. The low-pass filler

may be a 3-tap fitter [1, 2, 1] or a 5-tap filter [1, 2, 4, 2, 4].

{8054} The filter may be adaptively applied according
to a size of the current block. If the size of the current

block is equal to or smaller than a predetermined size,

the filter may not be applied. The predetermined size may
be 4x4.

{6085} Thefiller may also be adaptively applied ac-

cording to a size of the current block and intra prediction
mode.

{[G096] if intra prediction mode is the horizontal mode

or the vertical mode, pixels of a prediction block are gen-

erated using one reference pixel. Therefore,a filter is not
applied in the horizontal made and the vertical mode. {fn

the DC made, a prediction pixel is generated using av-

erage of the reference pixels. Therefore, a filter is not
applied in the DC mode because the prediction pixel is

not affected by thedifference betweenthe referencepix-
els.

{6097] In the intra prediction mode 3, 6 or 9 having a
direction of 45° with reference to the horizontalorvertical

direction, a filer is applied reqardiess of the size of the

prediction uni or applied when the current block is larger

than a sraailest prediction unit.A firstfiller may be applied

fo a prediction unit having a size smailer that a predeier-

mined size, and a secondfilter stronger than the firstfilter

may be applied to a prediction unit having a size equal

to or larger than the predetermined size. The oredeter-

mined size may be 16x16.

{G088] In the intra prediction modes other than the ver-
tical mode, the horizontal mode, the DC mode and the

intra prediction mode3, 6 and 9,a filler may be adaptively

applied according to the size of the current prediction unit
and the intra prediction mode. However, in the planar

mode, filtering of reference pixels may be performed.

{6989} Also, the filler may not be applied to some or all

reference pixels generated through linear combination.

{o100] The prediction block generating unit 153 gen-

erates a prediction block correspondingto theintra pre-
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giclion mode. The prediction block is generated using

the reference oixels or linear cornbination of the refer-

ence pixels based on theintra prediction mode. Theref-

erence pixels to be used to generate the prediction block

may be filtered by the reference pixel filtering unit 152.

feqO4] The prediction block fitering unit 154 adaatively

filters the generated prediction block according to the in-

tra prediction mode to minimize the residual signal be-

tween the prediction block and the current block to be

encaded. The differance batween a reference cixel and

a prediction pixel adjacent to the reference pixel varies

according to the intra prediction mode. Therefore, filtering

of the prediction pixel adjacentto the reference pixel en-
ables the difference to be decreased.

[6102] in the DC mode, the prediction block consists

of averages of reference pixels, and a step difference

may occur between pixels in a prediction block adjaceni

to the reference pixels. Therefore, the orediction pixels

of upperline and left line which are adjacent to the ref-

erence pixels arefiltered using the referencepixels. The

upper left prediction pixel adjacant two reference pixels

(the upper reference pixel and the left reference pixel)is

filtered by 3-tap filter. The other prediction pixels (pixels
of upperfine and pixels offeft line in the prediction block)

and adjacent to one reference pixel are filtered by 2-tap
filter.

fG103] in the vertical mode (mode 6}, the diagonal

down-left mode (mode 6), and the intra prediction modes

(modes 22, 12, 23, 5, 24, 13, 25) between the mode 0

and mode 6, a prediction block is generated using only

above reference pixels of the prediction unit. Therefore,

the difference between a reference pixel and a prediction

pixel adjacent to the reference pixel and of the upperline

in the prediction block may be larger as the position of

the prediction pixel goes down.

f6104] Also, in the horizontal mode (mode 1}, the di-

agonal up-right mode (mode 9), and the intra prediction

modes (modes 30, 16, 31, 8, 32, 17, 33} between the

mode | and mode9, a prediction block is generated using
only left reference pixels. Therefore, the difference be-

tween a reference pixel and 4 prediction pixel adjacent
to the reference pixel and of the upperline in the predic-

tion block maybe larger as the position of the prediction

pixel goes right.

f0108] Accordingly, some prediction pixels of the pre-

diction block may be filtered for compensate the differ-
ence in directional intra prediction mode other than DC
mode.

[6106] in the mode 6, all or some prediction pixels ad-

jacent ta the left reference pixel and of left line in the

prediction block arefiltered. The pixets of the lefiline may
be, for example, N/2 pixels in a lower portion of the left

line. Here, N is the height of the current prediction unit.
{Q107] Inthe mode 9, all or someprediction pixels ad-

jacent to the above reference pixel and of upper Hine in
the prediction block are filtered. The pixels of the upper

line may be, for example, M/2 pixels in a right portion of
the upper fine. Here, Mis the width of the current predic-
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tion unit.

{G168] In a predetermined number of directional intra

prediction modes which are closer to the mode 6 and

exist between mode 0 and mode 6, the same filtering
method as in the mode 6 can be used. In this case, the

farther from mode number 6 a mode is, the smaller or

equal the numberof pixels to be filtered may be.

[8169] The same filtering method can be used in the
directional intra prediction modes between mode 1 and
mode 9.

[8170] Meanwhile, the filter is adaptively applied ac-

cording to the size of the current prediction unit. For ex-
ample, a filtered is not applied to a predetermined size

of less according to the intra prediction mode.

{8147} The prediction block filtering unit 154 may be

integrated into the prediction block generating unit 183.

Also, @ prediction block may be generated to bring about

effects of the prediction block fitering. In this case, the

prediction block is generated by using the cornbination

of the generating operation andthefiltering operation.

{6142} The intra prediction mode determining unit 155
determines the intra prediction modeof a current predic-

tion unit using reference pixels. The intra prediction mode

determining unit 155 selects oneintra prediction mode

in which the amount of coding bits of a residual blockis
minimized as the intra prediction mode of the current pre-

diction unit. To generate a residual block, a precictian

block is generated according fo each intra prediction

mode. The prediction block may be generated by using

the reference pixels filtered by the reference pixel filtering

unit or may be a block filtered by the prediction block

filtering unit 154.

{84431 The prediction block transmitting unit 187 trans-

mits the prediction block generated based on the intra

prediction mode by the prediction mode determining unit
155 to the subtracter.

{[0444] The prediction mode coding unit 156 encodes
the intra prediction mode of the current prediction unit

determined by the intra prediction mode deterrnining unit

155. The intra prediction mode coding unit 156 may be

integrated into the intra prediction unit 450 or into the

entropy coding unit 140.

{0145} The prediction mode coding unit 156 encodes
the intra prediction mode of the current orediction unit

using an above intra prediction mode of the current pre-
diction unit and a left intra prediction mode of the current

prediction unit.

{6416} First, the above intra prediction mode and the

ieft intra prediction mode of the current prediction unit

are derived. When there exist a plurality of above predic-

tion units of the current prediction unit, the plurality of
above prediction unis are scanned in a predetermined

direction (for example, from rightto left} to determine the
intra prediction mode of a first available prediction unit

as an aboveinira prediction mode. Also, when there exist

a plurality of left prediction units of the current prediction

unit, the plurality of left prediction units are scanned in a

predetermined direction (for example, from bottom to top)
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to determine the intra prediction made of a first available

prediction unit as a left intra prediction mode. Alterna-

tively, amonga plurality of available prediction units, the
intra prediction mode of an available prediction unit hav-

ing the lowest intra prediction mode number maybe set

aS an above intra orediction mode.

f@117] When the aboveintra prediction mode or the

left intra prediction mode is not available, the DC mode

imode 2) may be set ta as the above intra prediction
mode or the feft intra prediction mode. The aboveintra

prediction mode orthe left intra prediction modeis treated

as unavailable when there does not exista corresponding

prediction unit.

f6118] Next, the above intra prediction made or the left

intra prediction mode is converted into one of the prede-

termined number of intra prediction modes when the

above intra prediction mode numberor theleft intra pre-

diction mode number is equal to or greater than the

numberof intra prediction modes permissible for the cur-

rent prediction unit. The oredetermined number may vary

according to a size of the current prediction unit. For ex-
ample, when the size of the current prediction unitis 44,

the intra prediction made is converted into one of nine

modes (mode 6 fo mode 8), and when the size of the

current prediction unitis 64 x64, the intra prediction mode

is mapped into one of three modes (made 6 to mode 2}.

The intra prediction mode may be converted into one of
the intra prediction modes permissible for the currant pre-
Giction unit.

[6119] Next, if the intra prediction mode of the current

prediction unit is the same as any one of the above and

left intra prediction modes, a flag indicating that the intra
prediction mode of the current prediction unit is the same

as any one of the aboveand feft intra prediction modes

and a flag indicating one of the above andleft intra pre-
diction modesare transmitted to the decoder.in this case,

ifthe aboveandleft intra prediction modes are same, the

flag indicating one of the above and left intra prediction

modes can be omitted. Also, if only one of the above and
left intra prediction modes is available and the available

infra preciction mode is same with the intra orediction

mode of the current prediction block, the flag indicating

one of the above and left intra prediction modes can be
omitted.

{0120} But, if the intra prediction mode of the current

prediction unit is not the same as any one of the above
and left intra prediction modes, the intra prediction mode

number of the current prediction unit is compared with

the aboveintra prediction mode numberand the left intra

prediction rnode nurnber. The number of cases in which

the left or upper intra prediction mode numbers is nat

greater than the intra prediction mode numberof the cur-
rent prediction unit is calculated, and a vahie obtained

by subtracting the number of cases from the intra predic-

tion mode numberof the current prediction unit is deter-

mined as a final intra prediction mode numberof the cur-

rent prediction unit to be transmitted. Here, when theleft

and upper intra prediction mode numbers are identical,
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the left and upper intra prediction modes are regarded
as one.

{0424] According to whetheror not the upper and teft
intra prediction modes are identical, a table for entro-

py-coding the determined final intra prediction mode is
determined.

{6122} FIG. 7 is a block diagram Hlustrating the intra

prediction unit 250 of a moving picture decoding appa-

ratus 206 according to the present invention.

{0423} The intra prediction unit 256 according to the

present invention includes a prediction mode decoding

unit 251, a reference pixel generating unit 252, a refer-

ence pixel filtering unit 253, a prediction block generating

unit 254, a prediction block fiklering unit 255 and a pre-

diction block transmitting unit 256.

{0124} The prediction mode decoding unit 251 restores
theintra prediction mode of a current prediction unit as
follows.

{6125] First, the prediction mode decoding unit 251 re-
ceives additional information included in the additional

information container for generating a prediction block.

The additional information includes a prediction flag and

residual orediction information. The prediction flag indi-
cates whether the intra prediction mode of the current

prediction unit is the same as one of intra prediction

modes of adjacent prediction units. The residual predic-

tion information includes information determined by the

predictionflag. Hf the prediction flag is 1, the residual pre-

diction information may include an index of the intra pre-
diction rnode candidate. The index of the intra prediction

mode designates the intra prediction mode candidate. if

the prediction flag is 0, the residual information may in-
clude residual intra prediction rode number.

(8126) Intra prediction mode candidates of the current

prediction unit are derived. The intra prediction mode

candidates are derived using intra prediction modes of

adjacent prediction units. For convenience, a case in

which the intra prediction mode candidate of the current

prediction unit are limited to upper and left intra prediction

modes will be described. When there are a plurality of

above prediction units ora plurality of left prediction units,
ihe intra prediction mode of the above or left prediction

unit is deterrnined as the same as described in the op-

eration of the intra prediction encoding unit 156 of the

coding apparatus 160. Also, when the mode numberof
an available intra prediction mode candidate is equal to

or greater than the numberof intra prediction rmodes per-
missible for the current crediction uni, the available intra

prediction mode candidate is converted into one of the

permissible modes for the current prediction unit as de-

scribed in the intra prediction encading unit 156.

[8127] Next, when the received prediction flag indi-
cates that the current prediction unit has the same intra

prediction mode as an adjacent prediction unit, and there

is the prediction mode candidate index, a prediction

mode indicated by the prediction rnode candidate index

is determined as the intra prediction mode of the current

prediction unit.
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{6128} if the received prediction flag indicates that the

current prediction unit has the sameintra prediction made

as an adjacent prediction unit, but there is no prediction

mode candidate index and one available intra prediction

mode of the adjacent prediction unit, the available intra
prediction modeis restored to the intra prediction mode

of the current prediction unit.

f6129] if the received prediction flag indicates that the
current prediction unit does nat have the same intra pre-

diction mode as an adjacent prediction unit, a received

residual intra prediction mode value is compared with

intra prediction mode numbers of the available intra pre-

diction mode candidates to restore the intra orediction

mode of the current prediction unit.

f6130] The reference pixel generating unit 252 gener-

ates reference pixels using the same method as de-

scribed in the reference pixel generating unit 151 of the

coding apparatus 100. However, the reference pixel gen-

erator 252 is different from the reference pixel generator

51 of the coding apparatus 160 inthat it adaptively gen-

erales reference pixels according to the intra prediction

mode restored by the orediction mode decoder 251. That

is, the reference pixel generating unit 252 may generate

reference pixels onty when the reference pixels usedfor

generating a prediction block and determined bythe intra

prediction mode are not available.

fa134] The referencepixel filtering unit 253 adaptively
filters the reference pixels based on the intra prediction

mode restored by the prediction decoding unit 251 and

a size of the prediction block. The fittering condition and

a filter are same as those of the reference pixel filtering

unit 152 of the coding apparatus 100.

f8432] The prediction block generating unit 254 gen-

erates a prediction block using the reference pixels ac-

cording to the intra prediction mode restored by the pre-

diction mode decoding unit 251.

[0433] The prediction block filtering unit 255 adaptively

filters the prediction block according to the intra prediction

mode restored by the prediction mode decoding unit 251.

The filtering operationis the sarne as that of the prediction

block filtering unit 154 of the coding apparatus 100.

{6134] The prediction block transmitting unit 256 trans-

mits the prediction block received from the prediction

block generator 254 or the prediction block filtering unit
255 to the adder 280.

Claims

4. Aprediction block generating device of a moving pic-

ture decoding apparatus, comprising:

a prediction mode decoding unit configured to
determine an intra prediction mode of a current

prediction unit using additional information in-
cluded in a received additional information con-

tainer and intended to generate a prediction
block, and available intra orediction mode can-
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didate information of the current prediction unit;

a reference pixel generating unit configured to

generate reference pixels at unavailable posi-

tions using available reference pixels so as to

generate a intra prediction block;

a reference pixel filtering unit configured to

adaptively fitter reference pixels adjacent to the

current prediction unit on the basis of the deter-

rnined intra prediction made of the current pre-

diction unit or sizeinformation onthe current pre-
diction unit; and

a prediction block generating unit configured to

generate a prediction block of the current pre-

diction unit using reference pixels correspand-

ing to the determined intra prediction mode of
the current prediction unit.

The prediction block generating device of claim 14,

further comprising:

a prediction block ftering unit configured to fitter

same pixels in the prediction block generated

by the prediction block generating unit an the

basis of the determinedintra prediction madeof

the current prediction unit,

wherein positions of the some pixels are deter-

mined accordingto the intra prediction made.

The prediction block generating device of claim 14,

wherein, when available pixels are present in only

one direction, the reference pixel generating unit

generates the reference pixels at the unavailable po-

sitions using the closest available pixel.

The prediction block generating device of claim 14,

wherein the reference pixel fitering unit adaptively

performsfiltering according to the size of the current
orediction unit.

The prediction block generating device of claim 1,

wherein the reference pixel filtering unit filters the

reference pixels using a fiter of which vahieis [1, 2,

4}.

The prediction block generating device of claim 14,

wherein the reference pixel filtering unit does not per-

form filtering on a prediction unit having a predeter-
mined size or less.

The prediction block generating device of claim 1,
wherein, when anintra prediction modein which one

referance pixel is used to generate each pixel in the
prediction block is applied, the reference pixel fitter-

ing unit does not filler the reference pixels.

The prediction block generating device of claim 1,

wherein the reference pixel filtering unit does not fi-
ter the reference pixels in a planar made.
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18.

22

The prediction block generating device of claim 2,

wherein the prediction block fitering unit generates

the prediction block using the reference pixels on

any one of a left side and an upper side, and fiers

some pixels in the prediction block generated ac-

cording to an intva prediction mode having a direction
of 45° with reference to a horizontal direction or a

vertical direction.

The orediction block generating device of claim 4,

wherein the prediction blockfiltering unit filters ref-

erence pixels in an intra orediction mode having a
direction of 45° with reference to a horizontal direc-

tion or a vertical direction.
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conduct a directed prediction of an image
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currently predicted in order io suppress
prediction artifacds.
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Document DocumentDescription File Size(Bytes)/ Multi Pages
Number P Message Digest|Part/.zip| (if appl.)

613364

Information Disclosure Statement(IDS)
Form (SB08) PA0929-2C_IDS_sb08a.pdf 7Ade 1ef900f2c8e96ba3a3a0964cf5032850
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Information:
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pe
3°g32o3Fd
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Information:
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Information:

Information:
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Information:

Information:

Foreign Reference

Foreign Reference

Foreign Reference

Foreign Reference

Foreign Reference

Non Patent Literature

Non Patent Literature

EP1845732A2.pdf

WO2011021839A2.pdf

EP2600613A2.pdf

EP2600614A2.pdf
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Information:

2581492

Description_of_video_coding_
NonPatent Literature technology_proposal_by_ETRI. 37

pdf 4Ab4a02e44ac285acb72b17a380d586298b4cOdab

223205

. CE13_Mode_Dependent_Hybri
10 Non Patent Literature _ <P . Vy 5

d_Intra_Smoothing.pdf 1977bd55b7f4f84f03325 1 aa8a804aeffl 6abr
7de

Information:

699561

An_Interpolation_Method_by_|
11 Non PatentLiterature Predicting_the_Direction_of_Pi 5

xel_ Texture Changing.pdf 0a7e2c8b9315f1 2c3ecl 37df3f2905a1bb85~ ~ a762

Information:

This AcknowledgementReceipt evidences receipt on the noted date by the USPTO ofthe indicated documents,
characterized by the applicant, and including page counts, where applicable.It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903indicating acceptanceof the application as a
national stage submission under35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new internationalapplication is being filed and the international application includes the necessary components for
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shownon this AcknowledgementReceiptwill establish the internationalfiling date of
the application.
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U.S. Ser. No. 14/825,825 DOCKET: PA0929-2C

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

Assignee: ELECTRONICS AND TELECOMMUNICATIONS RESEARCHINSTITUTE

Inventor(s): Jin Ho LEEetal. Group Art Unit: 2482

U.S. Serial No.: 14/825,825 Examiner: to be assigned

Title: METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING

ADAPTIVE FILTER

 
TRANSMITTAL OF A PETITION UNDER 37 CFR 1.78(e)

Office of Petitions

The Commissionerfor Patents

P.O. Box 1450

Alexandria VA 22313-1450

Dear Sir or Madam:

The present U.S. Patent Application No. 14/825,825 filed on August 13, 2015

requires claims for the benefit of a prior-filed international application

PCT/KR2011/002514 filed on April 11, 2011. Therefore, the applicant hereby petitions

to claim the benefit of a prior-filed international application by submitting the following:

1. Reference required by 35 U.S.C. 120 and 37 CFR 1.78(d)(2) included in the

corrected Application Data Sheet;

2. The fee under 37 CFR 1.17(m) ($850.00 for small entity); and

3. A statement thal the entire delay between the date the benefil claim was due

under 37 CFR 1.78(d)(3) and the date the benefit claim was filed was unintentional.

The USPTOis encouraged to contact the undersigned by telephone to discuss

any issues remaining.

Respectfully submitted,

Dated: April 6, 2016

Electronic signature: /W. William Park/
W. William Park, Reg. No. 55,523
William Park & Associates Ltd.

930 N. York Road, Suite 201
Hinsdale IL 60521

Page 1 of 2
IPR2021-00827

Unified EX1002 Page 970



IPR2021-00827 
Unified EX1002 Page 971

U.S. Ser. No. 14/825,825 DOCKET: PA0929-2C

630-908-7652

Page 2 of 2
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U.S. Ser. No. 14/825,825 DOCKET: PA0929-2C

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

Assignee: ELECTRONICS AND TELECOMMUNICATIONS RESEARCHINSTITUTE

Inventor(s): Jin Ho LEEetal. Group Art Unit: 2482

U.S. Serial No.: 14/825,825 Examiner: to be assigned

Title: METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING

ADAPTIVE FILTER

 
STATEMENT UNDER37C.F.R. 1.78(e)(3)

Office of Petitions

The Commissionerfor Patents

P.O. Box 1450

Alexandria VA 22313-1450

Sir or Madam:

With respect to the above-identified non-provisional application filed on August

13, 2015, the applicant respectfully submits that the entire delay between the date the

benefit claim of the international application PCT/KR2011/002514 was due under 37

CFR 1.78(d)(3) and the date the benefit claim of said international application wasfiled

wasunintentional.

The applicant asserts the parent application of the above-identified application

(13/640,014) provides sufficient information that the entire delay was indeed

unintentional.

The USPTOis encouraged to contact the undersigned by telephone to discuss

any issues remaining.

Respectfully submitted,

Dated: April 6, 2016

Electronic signature: /W. William Park/
W. William Park, Reg. No. 55,523
William Park & Associates Ltd.

930 N. York Road, Suite 201
Hinsdale IL 60521

630-908-7652

Page 1 of 1
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Electronic Patent Application Fee Transmittal

METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING

Title of Invention: ADAPTIVE FILTER

Attorney Docket Number: PA0929-2C

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Sub-Total in

Description Fee Code Quantity USD(S)

Basic Filing:ee

mee

IPR2021-00827
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Extension-of-Time:

Miscellaneous:

Total in USD ($) 
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Electronic AcknowledgementReceipt

Application Number: 14825825

International Application Number:

Confirmation Number: 1431

METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING

Title of Invention: ADAPTIVE FILTER

a

eC

Paymentinformation:

 
Authorized User DAVID, JONATHAN

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpaymentasfollows:

Charge any Additional Fees required under 37 CFR 1.16 (National application filing, search, and examination fees) 
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Charge any Additional Fees required under 37 CFR 1.19 (Documentsupplyfees)

Charge any Additional Fees required under 37 CFR 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:

Document DocumentDescription File Size(Bytes)/ Multi Pages
Number P Message Digest|Part/.zip| (if appl.)

Application Data Sheet to update/
correct info £70a491559a7a3845c32279b551e8d 1033

b64b0

1 .

CorrectedADS.pdf

Information:

Petition for review by the Office of PA0929-2C_Petition_Transmitt
Petitions al.pdf 4f58ac1f69388666e4d296bb91 1eed52956)

aed64

Information:

Transmittal Letter PA0929-2C_Statement_.pdf
6222864a2ff8b31 ea3c554505528d1971b3

4a88c

Information:

Fee Worksheet (SB06) fee-info.pdf
64ee9f73826b1 50ae781 5dca4dd976154e9}

§2c86

1 .

This AcknowledgementReceipt evidences receipt on the noted date by the USPTO ofthe indicated documents,
characterized by the applicant, and including page counts, where applicable.It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903indicating acceptanceof the application as a
national stage submission under35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new internationalapplication is being filed and the international application includes the necessary components for
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shownon this AcknowledgementReceiptwill establish the internationalfiling date of
the application.
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DocumentDescription: Application Data Sheet to update/correct info
Doc Code: ADS.CORR

CORRECTED ADS FORM

Application Number
14825825

Title of Invention

METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING ADAPTIVE FILTER 
Inventor Information

**If no data is shown, no data has been corrected**

Data of Record Updated Data

Residence Information

Order Number

Name  
Residency

City

Country of
Residence
 

Mailing Addressof Inventor

Address 1

City,State/Province,
Postal Code

Country

Corrected ADS 1.0 IPR2021-00827
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DocumentDescription: Application Data Sheet to update/correct info
Doc Code: ADS.CORR

Application Information

Data of Record Updated Data

METHOD AND APPARATUS FOR PERFORMING INTRA-

Title of Invention

PREDICTION USING ADAPTIVEFILTER 
Attorney Docket
Number PAQ929-2C

Entity Type
Small

Domestic Benefit/National Stage Information

**If no data is shown, no data has been corrected**

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121,365(c), or 386(c) or indicate National Stage
entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required by 35 U.S.
C. 119(e) or 120, and 37 CFR 1.78(a).

Data of Record Updated Data

pending

Application Number 14825825

Continuity T

Prior Application
Number 13640014

Filing Date 3012-10-08
(YYYY-MM-DD) a

a
Issue Date 0001-01-01
(YYYY-MM-DD) ~~

Corrected ADS 1.0 IPR2021-00827
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DocumentDescription: Application Data Sheet to update/correct info
Doc Code: ADS.CORR

i
eee
ae
Prior Application

: po
po
Se

pending

13640014

NST

Issue Date

(YYYY-MM-DD)

Foreign Priority Information

Filing Date 2011-04-11
(YYYY-MM-DD) _—_

**If no data is shown, no data has been corrected**

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. Whenpriority is claimed to a foreign application
thatis eligible for retrieval under the priority document exchange program (PDX) the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Data of Record Updated Data

10-2011-0032766Application Number

Countr
y KR

2011-04-08

pee
Data of Record Updated Data

Application Number 10-201 1-0026079

Country et
Filing Date

Corrected ADS 1.0 IPR2021-00827
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DocumentDescription: Application Data Sheet to update/correct info
Doc Code: ADS.CORR

Data of Record Updated Data

10-2010-0032778

Applicant Information

2010-04-09

ISa0

**If no data is shown, no data has been corrected**

Providing assignment information in this section does not substitute for compliance with any requirementofpart 3 of Title 37 of CFR to
have an assignmentrecordedbythe Office.

Data of Record Updated Data

Applicant Type

If applicant is the legal
representative, indicate the
authority to file the patent
application, the inventor is

Nameofthe Deceased or

Legally Incapacitated
Inventor

Applicant is an
Organization

Name

Organization Name

Address 1

Address 2

City,State/Province,Postal
Code

Country

Phone Number

Fax Number

Corrected ADS 1.0 IPR2021-00827
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DocumentDescription: Application Data Sheet to update/correct info
Doc Code: ADS.CORR

Email Address

Assignee Information including Non-Applicant Assignee Information

**If no data is shown, no data has been corrected**

Providing this information in the application data sheet does not substitute for compliance with any requirementof part 3 of Title 37 of
the CFR to have an assignmentrecordedin the Office

Data of Record Updated Data

Order

Applicant is an
Organization
Name

Organization Name

Mailing Address

Address 1

Address 2

City,State/Province,Postal
Code

Country

Phone Number

Fax Number

Email Address

Signature

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33 —~ b).

This Application Data Sheet must be signed by a patentpractitionerif one or more of the applicantsis a juristic entity (e.g., corporation
or association). If the applicant is two or more joint inventors, this form must be signed by a patentpractitioner, alljoint inventors who are
the applicant, or one or morejoint inventor-applicants who have been given powerof attorney(e.g., see USPTO Form PTO/AIA/81) on
behalf ofalljoint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Corrected ADS 1.0 IPR2021-00827
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DocumentDescription: Application Data Sheet to update/correct info
Doc Code: ADS.CORR

Signature Registration Number
/WOOCHOONPARK/ 55523

First Name Last Name

WOOCHOON PARK 

Corrected ADS 1.0 IPR2021-00827
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
) OX. 

Alexandria, Virginia 22313-1450www.uspto.gov

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

 
   

14/825,825 08/13/2015 Jin Ho LEE PA0929-2C

CONFIRMATION NO.1431

96767 PUBLICATION NOTICE

William Park & Associates LTD.

930 N. York Road, Suite 201 OCCA
Hinsdale, IL 60521

Title: METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING ADAPTIVE FILTER

Publication No.US-2016-0044337-A1

Publication Date:02/11/2016

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databasesvia the
Internet at www.uspto.gov. The direct link to access the publication is currently http:/Awww.uspto.gov/pattt/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon paymentof the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the
dates of receipt of correspondencefiled in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.-uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

 

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSQ. Box 1450 

Alexandria, Virginia 22313-1450www.uspto.gov

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

 
   

14/825,825 08/13/2015 Jin Ho LEE PA0929-2C

CONFIRMATIONNO. 1431

96767 IMPROPER CFR REQUEST

William Park & Associates LTD.

930 N. York Road, Suite 201 MOC
Hinsdale, IL 60521 0090007998907

Date Mailed: 01/20/2016

RESPONSE TO REQUEST FOR CORRECTEDFILING RECEIPT

Continuity, Priority Claims, Petitions, and Non-Publication Requests

In response to your requestfor a corrected Filing Receipt, the Office is unable to comply with your request
because:

¢ The priority or continuity claim has not been entered becauseit was notfiled during the required time period.
Applicant may wish to consider filing a petition to accept an unintentionally delayed claim for priority. See 37
CFR 1.55 or 1.78.

Questions about the contents of this notice and the

requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit,at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/mmasfaw/

 

page 1 of 1
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U.S. Ser. No. 14/825,825 PATENT
DOCKET: PA0929-2C

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

Inventor(s): Jin Ho LEEetal. Group Art Unit: 2482

Title: METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING

ADAPTIVE FILTER

 
CORRECTED APPLICATION DATA SHEET

CLAIMING PRIORITY THROUGH REFERENCE

The Commissionerfor Patents

P.O. Box 1450

Alexandria VA 22313-1450

Dear Sir/Madam:

The present application is a continuation of US13/640,014 (filed on October8,

2012),which is a 371 of The PCT application PCT/KR2011/002514 filed on April 11,

2011 which claims foreign priority to Korean applications KR10-2010-0032778, KR10-

2011-0026079, and KR10-201 1-0032766, filed April 09, 2010, March 23, 2011, and

April 08, 2011 respectively.

The intermediate PCT application information was inadvertently omitted in the

Application Data Sheetfiled on August 13, 2015 for the present application. The

missing PCT information resulted in a broken chain of benefit. As such, the three foreign

priority applications were omitted from the Filing Receipt, though they were submitted in

the ADSfiled August 13, 2015.

Upon resubmission of the ADS during the pendencyofthe prior filed

applications, and within 4 months from the filing of the present application, the applicant

asserts that the three foreign priority applications are hereby claimed through continuity.

The following documents are submitted herewith:

1) A Web Based E-processing ADS showing correct benefit information and the

additions underlined.

Page 1 of 2
IPR2021-00827

Unified EX1002 Page 985



IPR2021-00827 
Unified EX1002 Page 986

U.S. Ser. No. 14/825,825 PATENT
DOCKET: PA0929-2C

2) Asupplemental Application Data Sheet to replace the previouslyfiled

Application Data Sheet.

Additionally, the applicant requests that a Corrected Filing Receipt be issued

reflecting the changesindicated here and proven through reference.

The USPTOis encouraged to contact the undersigned by telephone to discuss

any issues remaining.

Respectfully submitted,

Dated: January 13, 2016
Electronic signature: /W. William Park/
W. William Park, Reg. No. 55,523
William Park & Associates Ltd.

930 N. York Road, Suite 201
Hinsdale IL 60521

630-908-7652

Page 2 of 2
IPR2021-00827
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DocumentDescription: Application Data Sheet to update/correct info
Doc Code: ADS.CORR

CORRECTED ADS FORM

Application Number
14825825

Title of Invention

METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING ADAPTIVE FILTER 
Inventor Information

**If no data is shown, no data has been corrected**

Data of Record Updated Data

Residence Information

Order Number

Name  
Residency

City

Country of
Residence
 

Mailing Addressof Inventor

Address 1

City,State/Province,
Postal Code

Country

Corrected ADS 1.0 IPR2021-00827
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DocumentDescription: Application Data Sheet to update/correct info
Doc Code: ADS.CORR

Application Information

Data of Record Updated Data

METHOD AND APPARATUS FOR PERFORMING INTRA-

Title of Invention

PREDICTION USING ADAPTIVEFILTER 
Attorney Docket
Number PAQ929-2C

Entity Type
Small

Domestic Benefit/National Stage Information

**If no data is shown, no data has been corrected**

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121,365(c), or 386(c) or indicate National Stage
entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required by 35 U.S.
C. 119(e) or 120, and 37 CFR 1.78(a).

Data of Record Updated Data

pending

Application Number 14825825

Continuity T

Prior Application
Number 13640014

Filing Date 3012-10-08
(YYYY-MM-DD) a

a
Issue Date 0001-01-01
(YYYY-MM-DD) ~~

Corrected ADS 1.0 IPR2021-00827
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DocumentDescription: Application Data Sheet to update/correct info
Doc Code: ADS.CORR

i
eee
ae
Prior Application

: po
po
Se

pending

13640014

NST

Issue Date

(YYYY-MM-DD)

Foreign Priority Information

Filing Date 2011-04-11
(YYYY-MM-DD) _—_

**If no data is shown, no data has been corrected**

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. Whenpriority is claimed to a foreign application
thatis eligible for retrieval under the priority document exchange program (PDX) the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Data of Record Updated Data

10-2010-0032778Application Number

Countr
y KR

2010-04-09

pee
Data of Record Updated Data

Application Number 10-201 1-0026079

Country et
Filing Date

Corrected ADS 1.0 IPR2021-00827
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DocumentDescription: Application Data Sheet to update/correct info
Doc Code: ADS.CORR

Data of Record Updated Data

10-2011-0032766

Applicant Information

2011-04-08

ISa0

**If no data is shown, no data has been corrected**

Providing assignment information in this section does not substitute for compliance with any requirementofpart 3 of Title 37 of CFR to
have an assignmentrecordedbythe Office.

Data of Record Updated Data

Applicant Type

If applicant is the legal
representative, indicate the
authority to file the patent
application, the inventor is

Nameofthe Deceased or

Legally Incapacitated
Inventor

Applicant is an
Organization

Name

Organization Name

Address 1

Address 2

City,State/Province,Postal
Code

Country

Phone Number

Fax Number

Corrected ADS 1.0 IPR2021-00827

Unified EX1002 Page 990



IPR2021-00827 
Unified EX1002 Page 991

DocumentDescription: Application Data Sheet to update/correct info
Doc Code: ADS.CORR

Email Address

Assignee Information including Non-Applicant Assignee Information

**If no data is shown, no data has been corrected**

Providing this information in the application data sheet does not substitute for compliance with any requirementof part 3 of Title 37 of
the CFR to have an assignmentrecordedin the Office

Data of Record Updated Data

Order

Applicant is an
Organization
Name

Organization Name

Mailing Address

Address 1

Address 2

City,State/Province,Postal
Code

Country

Phone Number

Fax Number

Email Address

Signature

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33 —~ b).

This Application Data Sheet must be signed by a patentpractitionerif one or more of the applicantsis a juristic entity (e.g., corporation
or association). If the applicant is two or more joint inventors, this form must be signed by a patentpractitioner, alljoint inventors who are
the applicant, or one or morejoint inventor-applicants who have been given powerof attorney(e.g., see USPTO Form PTO/AIA/81) on
behalf ofalljoint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.
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DocumentDescription: Application Data Sheet to update/correct info
Doc Code: ADS.CORR

Signature Registration Number
/WOOCHOONPARK/ 55523

First Name Last Name

WOOCHOON PARK 
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Electronic AcknowledgementReceipt

Application Number: 14825825

International Application Number:

Confirmation Number: 1431

METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING

Title of Invention: ADAPTIVE FILTER

a

ee
a

Paymentinformation:

File Listing:

Document DocumentDescription File Size(Bytes)/ Multi Pages
Number P Message Digest|Part/.zip| (if appl.)

PA0929-2C_Transmittal_Letter.

pdf

 
Requestfor Corrected Filing Receipt 48be7e8dfcdec83fe0066bc656a1a2d087ad

Information:
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Application Data Sheet to update/
. CorrectedADS.pdfcorrect info ffe882578332be386c6b50ab7f66cf471935

Information:

This AcknowledgementReceipt evidences receipt on the noted date by the USPTO ofthe indicated documents,
characterized by the applicant, and including page counts, where applicable.It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903indicating acceptanceof the application as a
national stage submission under35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new internationalapplication is being filed and the international application includes the necessary components for
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shownon this AcknowledgementReceiptwill establish the internationalfiling date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSQ. Box 1450

Alexandria, Virginia 22313-1450www.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO ITOT CLAIMSJIND CLAIMS

3 114/825,825 08/13/2015 2482 730 PA0929-2C

 
 
   

CONFIRMATION NO.1431

96767 UPDATED FILING RECEIPT

930NYorkRoadSuite201 OO00...00LW
Hinsdale, IL 60521

Date Mailed: 11/02/2015

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application mustinclude the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted onthis Filing Receipt, please
submit a written requestfor a Filing Receipt Correction. Please provide a copyofthis Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processesthe reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Jin Ho LEE, Daejeon-si, KOREA, REPUBLIC OF;
Hui Yong KIM, Daejeon-si, KOREA, REPUBLIC OF;
Se Yoon JEONG, Daejeon-si, KOREA, REPUBLIC OF;
Suk Hee CHO, Daejeon-si, KOREA, REPUBLIC OF;
Ha Hyun LEE, Seoul, KOREA, REPUBLIC OF;
Jong Ho KIM, Daejeon-si, KOREA, REPUBLIC OF;
Sung Chang LIM, Daejeon-si, KOREA, REPUBLIC OF;
Jin Soo CHOI, Daejeon-si, KOREA, REPUBLIC OF;
Jin Woong KIM, Daejeon-si, KOREA, REPUBLIC OF;
Chie Teuk AHN, Daejeon-si, KOREA, REPUBLIC OF;

Applicant(s)
Electronics and Telecommunications Research Institute, Daejeon, KOREA, REPUBLIC OF;

Powerof Attorney: The patent practitioners associated with Customer Number 96767

Domestic Priority data as claimed by applicant
This application is a CON of 13/640,014 10/08/2012

Foreign Applications for which priority is claimed (You may beeligible to benefit from the Patent Prosecution
Highway program at the USPTO.Please see http:/Avww.uspto.gov for more information.) - None.
Foreign application information must be provided in an Application Data Sheetin order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.
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If Required, Foreign Filing License Granted: 08/27/2015

The country code and numberof your priority application, to be usedfor filing abroad under the Paris Convention,
is US 14/825,825

Projected Publication Date: 02/11/2016

Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **

Title

METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING ADAPTIVE FILTER

Preliminary Class

375

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider thefiling of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-membercountry. The PCT process simplifies the filing
of patent applications on the sameinvention in membercountries, but does notresult in a grantof "an international
patent" and doesnoteliminate the needof applicantsto file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordancewith its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions madein the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. Thefiling of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance asto the status of applicant's license for foreignfiling.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents”(specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlinesforfiling foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, orit
can be viewed on the USPTO website at http://“www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http:/Avww.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includes self-help "toolkits" giving innovators guidance on how to protectintellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcementissues, applicants may
call the U.S. Governmenthotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED"followed by a date appears on this form. Such licenses are issuedin all applications where
the conditions for issuance of a license have been met, regardless of whetheror not a license may be required as
set forth in 37 CFR 5.15. The scope andlimitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicatedis the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This licenseis to be retained by the licensee and maybe usedat any time onorafter the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grantof a license doesnot in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Governmentcontract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselvesof current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOESNOTappearonthis form. Applicant maystill petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from thefiling date of the application. If 6 months has lapsed
from thefiling date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee mayforeignfile the application pursuant to 37 CFR 5.15(b).

 

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
businessinvestment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote andfacilitate business investment. SelectUSAprovides information assistance to the international investor
community; serves as an ombudsmanfor existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic developmentorganizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/Awww.SelectUSA.govorcall
+1-202-482-6800.

page 3 of 3

IPR2021-00827

Unified EX1002 Page 997



IPR2021-00827 
Unified EX1002 Page 998

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 14/825,825

APPLICATION AS FILED - PART| OTHER THAN

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY

BASIC FEE
(37 CFR 1.16(a), (b), or (c))
SEARCH FEE
SEARCHPm) N/A N/A N/A 300 NA||
SCNasen(37 CFR 1.16(0)

rere CLASeeeeCeNOCEENOENT CLAIMS

If the specification and drawings exceed 100
APPLICATION SIZE_|sheets of paper, the application size fee dueis
FEE $310 ($155 for small entity) for each additional
(37 CFR 1.16(s)) 50 sheetsorfraction thereof. See 35 U.S.C.

41(a)(1)(G) and 37 CFR 1.16(s).

MULTIPLE DEPENDENT CLAIM PRESENT(37 CFR 1.16(j))

OTHER THAN

(Column 1) (Column 2) (Column 3) SMALL ENTITY SMALL ENTITY

* If the difference in column 1 is less than zero, enter "0" in column 2.

APPLICATION AS AMENDED- PARTII

CLAIMS HIGHEST
REMAINING NUMBER ADDITIONAL ADDITIONAL

AFTER PREVIOUSLY FEE($)
AMENDMENT PAID FOR

Total
(37 CFR 1.16(i))

Independent(37 CFR 1.16(h))

Application Size Fee (37 CFR 1.16(s))
AMENDMENTA

FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL
AFTER PREVIOUSLY FEE($)

AMENDMENT PAID FOR
Total

(37 CFR 1.16(i))
Independent

(37 CFR 1.16(h))

Application Size Fee (37 CFR 1.16(s))
AMENDMENTB

FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

* |f the entry in column 1 is less than the entry in column 2, write "0" in column 3.
* If the "Highest Number Previously Paid For” IN THIS SPACEis less than 20, enter "20".

** If the "Highest Number Previously Paid For” IN THIS SPACEis less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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U.S. Ser. No. 14/825,825 PATENT
DOCKET: PA0929-2C

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s): Jin Ho LEEetal. Group Art Unit: 2482
 

U.S. Serial No.: 14/825,825 Examiner: n/a
 

Filing Date: August 13, 2015   
Title: METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING

ADAPTIVE FILTER
 

REPLY TO NOTICE OF INCOMPLETE REPLY

Mail Stop Missing Parts
The Commissioner for Patents

P.O. Box 1450

Alexandria VA 22313-1450

Dear Sir/Madam:

The applicant received the Notice of Incomplete Reply mailed October 23, 2015,

maintaining the due dates of the Notice to File Corrected Application Papers("the

Notice") mailed August 28, 2015, setting a 2-month shortened statutory period for a

reply ending on October 28, 2015. The Notice to File Corrected Application Papers

required an amendmentto the specification or replacement drawings in compliance with

37 CFR 1.84 for FIGS. 8-9. Enclosed is a copy of the Notice of Incomplete Reply.

In response, the applicant submits herewith replacement drawings in compliance

with 37 CFR 1.84. Included is a marked up version along with a clean version to remove

drawings labeled “FIG. 8” and “FIG. 9” and replace it with "FIG. 8." (FIG. 8 has been

canceled and FIG. 9 has been renumberedto FIG. 8).

The applicant hereby asserts that the substitute specification filed herewith

contains no new matter.

The USPTOis encouraged to contact the undersigned by telephoneto discuss

any issues remaining.
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U.S. Ser. No. 14/825,825 PATENT
DOCKET: PA0929-2C

Respectfully submitted,
Dated: October 26, 2015
Electronic signature: /W. William Park/
W. William Park, Reg. No. 55,523
William Park & Associates Ltd.

930 N. York Road, Suite 201
Hinsdale IL 60521

630-908-7652
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSQ. Box 1450 

Alexandria, Virginia 22313-1450www.uspto.gov

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

 
   

14/825,825 08/13/2015 Jin Ho LEE PA0929-2C

CONFIRMATION NO.1431

96767 FORMALITIES LETTER

William Park & Associates LTD.

930 N. York Road, Suite 201 MOC00000007822993
Hinsdale, IL 60521

Date Mailed: 10/23/2015

NOTICE OF INCOMPLETE REPLY (NONPROVISIONAL)

Filing Date Granted

The U.S. Patent and Trademark Office has received your reply on 10/15/2015 to the Notice to File Missing Parts
(Notice) mailed 08/28/2015 and it has been entered into the nonprovisional application. The reply, however,
does notinclude the following items required in the Notice. A complete reply mustbe timely filed to prevent
ABANDONMENTof the above-identified application. Replies should be mailed to: Mail Stop Missing Parts,
Commissionerfor Patents, P.O. Box 1450, Alexandria VA 22313-1450.

Applicant is given TWO MONTHSfrom the date of the Notice to File Missing Parts (Notice) mailed 08/28/2015
within whichto file all required items and pay any fees required below to avoid abandonment. Extensionsof time
may be obtainedbyfiling a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

Items Required to Avoid Abandonment:

The required items noted below SHOULDbefiled along with any items required above. Thefiling date of this
nonprovisional application will be the date of receipt of the items required above.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.

The required item(s) identified below mustbe timely submitted to avoid abandonment:

* A substitute specification in compliance with 37 CFR 1.52, 1.121(b)(3), and 1.125, is required. The substitute
specification must be submitted with markings and be accompanied by a cleanversion (without markings) as
set forth in 37 CFR 1.125(c) and a statementthat the substitute specification contains no new matter (see 37
CFR 1.125(b)). The specification, claims, and/or abstract page(s) submitted is not acceptable and cannot be
scanned or properly stored because:

« The application contains drawings, but the specification does not contain a brief description of the several
views of the drawings as required by 37 CFR 1.74 and 37 CFR 1.77(b)(9).

Applicant is cautioned that correction of the above items may causethe specification and drawings page countto
exceed 100 pages.If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.
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Replies mustbe received in the USPTOwithin the set time period or mustinclude a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissionerfor Patents

P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web mayalternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the documentdescription "Applicant response to Pre-Exam Formalities Notice”.
https ://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Webplease call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Webto submit your reply, you must include a copyofthis notice.

Questions aboutthe contents of this notice and the

requirementsit sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at

(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/dnguyen/
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Marked Up Drawings

U.S. Serial No. 14/825,825
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FIG. 3
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FIG. 6
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FIG. 8
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FIG. 9
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Replacement Drawings

U.S. Serial No. 14/825,825
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FIG. 3
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FIG. 6
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Replacement Sheet

U.S. Serial No. 14/825,825

FIG. 8
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Electronic AcknowledgementReceipt

23895287

Application Number: 14825825

International Application Number:

Confirmation Number:

METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING

Title of Invention: ADAPTIVEFILTER

First Named Inventor/Applicant Name: Jin Ho LEE

Customer Number: 96767

WoochoonWilliam Park/Mariana Maxey

Filer Authorized By: WoochoonWilliam Park

Attorney Docket Number: PA0929-2C

Receipt Date: 26-OCT-2015

Filing Date: 13-AUG-2015

Time Stamp: 19:04:11

Application Type: Utility under 35 USC 111)

 
Paymentinformation:

Submitted with Payment

File Listing:

Document DocumentDescription File Size(Bytes)/ Multi Pages
Number P Message Digest|Part/.zip| (if appl.)

Applicant Response to Pre-Exam PA0929-2C_Transmittal_with_c
Formalities Notice opy_of_NIR.pdf 5762380968def9F1 Sdfa2cd3e1512f96b951

43la
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245029
Drawings-only black and white line PA0929-2C_Substitute_drawin

drawings gs.pdf b3819e137143b9b42ad2c26b62baea8522|
662314

This AcknowledgementReceipt evidences receipt on the noted date by the USPTOofthe indicated documents,
characterized by the applicant, and including page counts, where applicable.It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish thefiling date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903indicating acceptanceof the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new internationalapplication is being filed and the international application includes the necessary components for
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shownon this AcknowledgementReceiptwill establish the internationalfiling date of
the application.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 14/825,825

APPLICATION AS FILED - PART| OTHER THAN

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY

BASIC FEE
(37 CFR 1.16(a), (b), or (c))
SEARCH FEE
SEARCHPm) N/A N/A N/A 300 NA||
SCNasen(37 CFR 1.16(0)

rere CLASeeeeCeNOCEENOENT CLAIMS

If the specification and drawings exceed 100
APPLICATION SIZE_|sheets of paper, the application size fee dueis
FEE $310 ($155 for small entity) for each additional
(37 CFR 1.16(s)) 50 sheetsorfraction thereof. See 35 U.S.C.

41(a)(1)(G) and 37 CFR 1.16(s).

MULTIPLE DEPENDENT CLAIM PRESENT(37 CFR 1.16(j))

OTHER THAN

(Column 1) (Column 2) (Column 3) SMALL ENTITY SMALL ENTITY

* If the difference in column 1 is less than zero, enter "0" in column 2.

APPLICATION AS AMENDED- PARTII

CLAIMS HIGHEST
REMAINING NUMBER ADDITIONAL ADDITIONAL

AFTER PREVIOUSLY FEE($)
AMENDMENT PAID FOR

Total
(37 CFR 1.16(i))

Independent(37 CFR 1.16(h))

Application Size Fee (37 CFR 1.16(s))
AMENDMENTA

FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL
AFTER PREVIOUSLY FEE($)

AMENDMENT PAID FOR
Total

(37 CFR 1.16(i))
Independent

(37 CFR 1.16(h))

Application Size Fee (37 CFR 1.16(s))
AMENDMENTB

FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

* |f the entry in column 1 is less than the entry in column 2, write "0" in column 3.
* If the "Highest Number Previously Paid For” IN THIS SPACEis less than 20, enter "20".

** If the "Highest Number Previously Paid For” IN THIS SPACEis less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSQ. Box 1450 

Alexandria, Virginia 22313-1450www.uspto.gov

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

 
   

14/825,825 08/13/2015 Jin Ho LEE PA0929-2C

CONFIRMATION NO.1431

96767 FORMALITIES LETTER

William Park & Associates LTD.

930 N. York Road, Suite 201 MOC00000007822993
Hinsdale, IL 60521

Date Mailed: 10/23/2015

NOTICE OF INCOMPLETE REPLY (NONPROVISIONAL)

Filing Date Granted

The U.S. Patent and Trademark Office has received your reply on 10/15/2015 to the Notice to File Missing Parts
(Notice) mailed 08/28/2015 and it has been entered into the nonprovisional application. The reply, however,
does notinclude the following items required in the Notice. A complete reply mustbe timely filed to prevent
ABANDONMENTof the above-identified application. Replies should be mailed to: Mail Stop Missing Parts,
Commissionerfor Patents, P.O. Box 1450, Alexandria VA 22313-1450.

Applicant is given TWO MONTHSfrom the date of the Notice to File Missing Parts (Notice) mailed 08/28/2015
within whichto file all required items and pay any fees required below to avoid abandonment. Extensionsof time
may be obtainedbyfiling a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

Items Required to Avoid Abandonment:

The required items noted below SHOULDbefiled along with any items required above. Thefiling date of this
nonprovisional application will be the date of receipt of the items required above.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.

The required item(s) identified below mustbe timely submitted to avoid abandonment:

* A substitute specification in compliance with 37 CFR 1.52, 1.121(b)(3), and 1.125, is required. The substitute
specification must be submitted with markings and be accompanied by a cleanversion (without markings) as
set forth in 37 CFR 1.125(c) and a statementthat the substitute specification contains no new matter (see 37
CFR 1.125(b)). The specification, claims, and/or abstract page(s) submitted is not acceptable and cannot be
scanned or properly stored because:

« The application contains drawings, but the specification does not contain a brief description of the several
views of the drawings as required by 37 CFR 1.74 and 37 CFR 1.77(b)(9).

Applicant is cautioned that correction of the above items may causethe specification and drawings page countto
exceed 100 pages.If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.
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Replies mustbe received in the USPTOwithin the set time period or mustinclude a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissionerfor Patents

P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web mayalternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the documentdescription "Applicant response to Pre-Exam Formalities Notice”.
https ://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Webplease call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Webto submit your reply, you must include a copyofthis notice.

Questions aboutthe contents of this notice and the

requirementsit sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at

(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/dnguyen/
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U.S. Ser. No. 14/825,825 PATENT
DOCKET: PA0929-2C

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s): Jin Ho LEEetal. Group Art Unit: 2482 

U.S. Serial No.: 14/825,825 Examiner: n/a 
Filing Date: August 13, 2015 

Title: METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING

ADAPTIVE FILTER

 
REPLY TO NOTICE TO FILE CORRECTED APPLICATION PAPERS

Mail Stop Missing Parts
The Commissioner for Patents

P.O. Box 1450

Alexandria VA 22313-1450

Sir:

In the Notice to File Corrected Application Papers ("the Notice") mailed August

28, 2015, setting a 2-month shortened statutory period for a reply ending on October 28,

2015, amendmentto the specification or replacement drawings in compliance with 37

CFR 1.84 for FIGS. 8-9 were required.

In response,the applicant submits a replacement drawing for FIG. 8 in

compliance with 37 CFR 1.84. The replacement drawing of FIG. 8 replaces the

originally filed drawings labeled “FIG. 8” and “FIG. 9” (where FIG. 8 has been canceled

and FIG. 9 has been renumberedto FIG.8).

The USPTOis encouraged to contact the undersigned by telephoneto discuss

any issues remaining.

Respectfully submitted,

Dated: October 15, 2015

Electronic signature: /W. William Park/
W. William Park, Reg. No. 55,523
William Park & Associates Ltd.

930 N. York Road, Suite 201
Hinsdale IL 60521

630-908-7652

Page 1 of 2
IPR2021-00827

Unified EX1002 Page 1027



IPR2021-00827 
Unified EX1002 Page 1028

U.S. Ser. No. 14/825,825 PATENT
DOCKET: PA0929-2C

ReplacementSheet

U.S. Serial No. 14/825,825

FIG. 8

800 900

Processor Processor 
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Electronic AcknowledgementReceipt

23791380

Application Number: 14825825

International Application Number:

Confirmation Number:

METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING

Title of Invention: ADAPTIVEFILTER

First Named Inventor/Applicant Name: Jin Ho LEE

Customer Number: 96767

WoochoonWilliam Park/Daniel Yu

Filer Authorized By: WoochoonWilliam Park

Attorney Docket Number: PA0929-2C

Receipt Date: 15-OCT-2015

Filing Date: 13-AUG-2015

Time Stamp: 12:10:36

Application Type: Utility under 35 USC 111)

 
Paymentinformation:

Submitted with Payment

File Listing:

Document DocumentDescription File Size(Bytes)/ Multi Pages
Number P Message Digest|Part/.zip| (if appl.)

PA0929-2C_Reply_to_NFCAP.
pdf

Miscellaneous Incoming Letter
9e189f8dd77 leeb2ffe476950c5 74b2df7bf|

Information:
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TotalFiles Size (in bytes) 81756

This AcknowledgementReceipt evidences receipt on the noted date by the USPTOofthe indicated documents,
characterized by the applicant, and including page counts, where applicable.It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish thefiling date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903indicating acceptanceof the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new internationalapplication is being filed and the international application includes the necessary components for
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shownon this AcknowledgementReceiptwill establish the internationalfiling date of
the application.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 14/825,825

APPLICATION AS FILED - PART| OTHER THAN

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY

BASIC FEE
(37 CFR 1.16(a), (b), or (c))
SEARCH FEE
SEARCHPm) N/A N/A N/A 300 NA||
SCNasen(37 CFR 1.16(0)

rere CLASeeeeCeNOCEENOENT CLAIMS

If the specification and drawings exceed 100
APPLICATION SIZE_|sheets of paper, the application size fee dueis
FEE $310 ($155 for small entity) for each additional
(37 CFR 1.16(s)) 50 sheetsorfraction thereof. See 35 U.S.C.

41(a)(1)(G) and 37 CFR 1.16(s).

MULTIPLE DEPENDENT CLAIM PRESENT(37 CFR 1.16(j))

OTHER THAN

(Column 1) (Column 2) (Column 3) SMALL ENTITY SMALL ENTITY

* If the difference in column 1 is less than zero, enter "0" in column 2.

APPLICATION AS AMENDED- PARTII

CLAIMS HIGHEST
REMAINING NUMBER ADDITIONAL ADDITIONAL

AFTER PREVIOUSLY FEE($)
AMENDMENT PAID FOR

Total
(37 CFR 1.16(i))

Independent(37 CFR 1.16(h))

Application Size Fee (37 CFR 1.16(s))
AMENDMENTA

FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL
AFTER PREVIOUSLY FEE($)

AMENDMENT PAID FOR
Total

(37 CFR 1.16(i))
Independent

(37 CFR 1.16(h))

Application Size Fee (37 CFR 1.16(s))
AMENDMENTB

FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

* |f the entry in column 1 is less than the entry in column 2, write "0" in column 3.
* If the "Highest Number Previously Paid For” IN THIS SPACEis less than 20, enter "20".

** If the "Highest Number Previously Paid For” IN THIS SPACEis less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSQ. Box 1450

Alexandria, Virginia 22313-1450www.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO ITOT CLAIMSJIND CLAIMS

3 114/825,825 08/13/2015 2482 730 PA0929-2C

 
 
   

CONFIRMATION NO.1431

96767 FILING RECEIPT

930NYorkRoadSuite201 OO01.00400
Hinsdale, IL 60521

Date Mailed: 08/28/2015

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application mustinclude the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted onthis Filing Receipt, please
submit a written requestfor a Filing Receipt Correction. Please provide a copyofthis Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processesthe reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Jin Ho LEE, Daejeon-si, KOREA, REPUBLIC OF;
Hui Yong KIM, Daejeon-si, KOREA, REPUBLIC OF;
Se Yoon JEONG, Daejeon-si, KOREA, REPUBLIC OF;
Suk Hee CHO, Daejeon-si, KOREA, REPUBLIC OF;
Ha Hyun LEE, Seoul, KOREA, REPUBLIC OF;
Jong Ho KIM, Daejeon-si, KOREA, REPUBLIC OF;
Sung Chang LIM, Daejeon-si, KOREA, REPUBLIC OF;
Jin Soo CHOI, Daejeon-si, KOREA, REPUBLIC OF;
Jin Woong KIM, Daejeon-si, KOREA, REPUBLIC OF;
Chie Teuk AHN, Daejeon-si, KOREA, REPUBLIC OF;

Applicant(s)
Electronics and Telecommunications Research Institute, Daejeon, KOREA, REPUBLIC OF;

Powerof Attorney: The patent practitioners associated with Customer Number 96767

Domestic Priority data as claimed by applicant
This application is a CON of 13/640,014 10/08/2012

Foreign Applications for which priority is claimed (You may beeligible to benefit from the Patent Prosecution
Highway program at the USPTO.Please see http:/Avww.uspto.gov for more information.) - None.
Foreign application information must be provided in an Application Data Sheetin order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

page 1 of 3
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If Required, Foreign Filing License Granted: 08/27/2015

The country code and numberof your priority application, to be usedfor filing abroad under the Paris Convention,
is US 14/825,825

Projected Publication Date: To Be Determined - pending completion of Corrected Papers

Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **

Title

METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING ADAPTIVE FILTER

Preliminary Class

375

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider thefiling of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-membercountry. The PCT process simplifies the filing
of patent applications on the sameinvention in membercountries, but does notresult in a grantof "an international
patent" and doesnoteliminate the needof applicantsto file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordancewith its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions madein the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. Thefiling of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance asto the status of applicant's license for foreignfiling.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents”(specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlinesforfiling foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, orit
can be viewed on the USPTO website at http://“www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http:/Avww.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includes self-help "toolkits" giving innovators guidance on how to protectintellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcementissues, applicants may
call the U.S. Governmenthotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3

IPR2021-00827

Unified EX1002 Page 1033



IPR2021-00827 
Unified EX1002 Page 1034

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED"followed by a date appears on this form. Such licenses are issuedin all applications where
the conditions for issuance of a license have been met, regardless of whetheror not a license may be required as
set forth in 37 CFR 5.15. The scope andlimitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicatedis the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This licenseis to be retained by the licensee and maybe usedat any time onorafter the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grantof a license doesnot in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Governmentcontract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselvesof current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOESNOTappearonthis form. Applicant maystill petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from thefiling date of the application. If 6 months has lapsed
from thefiling date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee mayforeignfile the application pursuant to 37 CFR 5.15(b).

 

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
businessinvestment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote andfacilitate business investment. SelectUSAprovides information assistance to the international investor
community; serves as an ombudsmanfor existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic developmentorganizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/Awww.SelectUSA.govorcall
+1-202-482-6800.
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSQ. Box 1450 

Alexandria, Virginia 22313-1450www.uspto.gov

14/825,825 08/13/2015 Jin Ho LEE PA0929-2C

CONFIRMATION NO.1431

96767 FORMALITIES LETTER

William Park & Associates LTD.

930 N. York Road, Suite 201 INOUE
Hinsdale, IL 60521 2090

 
   

Date Mailed: 08/28/2015

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Filing Date Granted

An application number andfiling date have been accordedto this application. The application is informal since
it does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS
from the date of this Notice within which to correct the informalities indicated below. Extensions of time may be
obtainedbyfiling a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

The required item(s) identified below must be timely submitted to avoid abandonment:

* A substitute specification in compliance with 37 CFR 1.52, 1.121(b)(3), and 1.125, is required. The substitute
specification must be submitted with markings and be accompanied by a cleanversion (without markings) as
set forth in 37 CFR 1.125(c) and a statementthat the substitute specification contains no new matter (see 37
CFR 1.125(b)). The specification, claims, and/or abstract page(s) submitted is not acceptable and cannot be
scanned or properly stored because:

« The application contains drawings, but the specification does not contain a brief description of the several
views of the drawings as required by 37 CFR 1.74 and 37 CFR 1.77(b)(9).

Applicant is cautioned that correction of the above items may causethe specification and drawings page countto
exceed 100 pages.If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.
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Replies mustbe received in the USPTOwithin the set time period or mustinclude a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissionerfor Patents

P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web mayalternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the documentdescription "Applicant response to Pre-Exam Formalities Notice”.
https ://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Webplease call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Webto submit your reply, you must include a copyofthis notice.

Questions aboutthe contents of this notice and the

requirementsit sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at

(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/spkannathip/
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
! OX.

Alexandria, Virginia 22313-1450www.uspto.gov

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

 
 
   

14/825,825 08/13/2015 Jin Ho LEE PA0929-2C

CONFIRMATION NO.1431

96767 IMPROPER CFR REQUEST

William Park & Associates LTD.

930 N. York Road, Suite 201 INOUE000000077125892
Hinsdale, IL 60521

Date Mailed: 08/28/2015

RESPONSE TO REQUEST FOR CORRECTEDFILING RECEIPT

Continuity, Priority Claims, Petitions, and Non-Publication Requests

In response to your requestfor a corrected Filing Receipt, the Office is unable to comply with your request
because:

ImproperPriority Claim(s) to Prior-Filed Foreign Application(s)

The instant application was notfiled within twelve (12) months from thefiling date of the prior-filed foreign
application, and there is no benefit claim to an intermediate nonprovisional or international application
designating the United States filed within 12 monthsof thefiling date of the foreign application. Applicant
should review eachpriority claim submitted and, if appropriate, provide the proper reference to any
intermediate application filed within 12 monthsof thefiling date of the foreign application in compliance with
37 CFR 1.78, or delete the priority claim. For applications filed on or after September 16, 2012, applicant must
submit a corrected application data sheet (ADS) to include a specific reference.

Alternatively, if the instant application (or intermediate application) wasfiled within 14 months of the prior
foreign application, applicant mayfile a petition (in the instant application) to restore the right of priority if the
delayin filing the application within the 12 month time period was unintentional. See 37 CFR 1.55 for the
requirements of a petition to restore the right of priority.

For applicationsfiled on or after September 16, 2012, applicant must submit a corrected application data
sheet (ADS)to include a foreign priority claim.

Timeliness: The required reference for the benefit claim to an intermediate nonprovisional or international
application designating the United States must befiled during the pendency of the instant application and
within the later of: (1) four months from the actualfiling date of the instant application, or the national stage
commencementdateif the instant application is a national stage application under 35 U.S.C. 371; or (2)
sixteen monthsfrom thefiling date of the prior-filed application. Failure to timely file the required reference
is considered a waiverof any benefit claim, unless a grantable petition to accept an unintentionally delayed
claim under 37 CFR 1.78, the petition fee set forth in 37 CFR 1.17(m), and the required reference arefiled.

Questions aboutthe contents of this notice and the

requirementsit sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at

(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.
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Doc code: IDS PTO/SB/08a (01-10)
eye . . . Approvedfor use through 07/31/2012. OMB 0651-0031

Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

 

Application Number 14825825

Filing Date 2015-08-13

 

 

INFORMATION DISCLOSURE First Named Inventor|Jin Ho LEE

STATEMENT BY APPLICANT |...
( Not for submission under 37 CFR 1.99)

 

  Examiner Name  
Attorney Docket Number | PA0929-2C 

 

 

  
 

 

 

U.S.PATENTS Remove

. . . . Pages,Columns,Lines where
Examiner Cite Patent Number Kind Issue Date Name of Patentee or Applicant Relevant Passages or Relevant
Initial No Code’ of cited Document ;

Figures Appear

1

If you wish to add additional U.S. Patentcitation information pleaseclick the Add button. Add

U.S.PATENT APPLICATION PUBLICATIONS Remove

Examiner] .. Publication Kind|Publication Nameof Patentee or Applicant Pages,Columns,Lines where
ae ie Cite No . Relevant Passages or RelevantInitial Number Code'} Date of cited Document ;

Figures Appear
   
 

If you wish to add additional U.S. Published Application citation information please click the Add button. Add 

 

    
 

 

 

FOREIGN PATENT DOCUMENTS Remove

Nameof Patentee or Pages,Columns,Lines
Examiner] Cite|Foreign Document Country Kind|Publication Applicant of cited where Relevant Ts
Initial* No|Number? Code2 j Code4| Date PP Passages or Relevant

Document .
Figures Appear

IBEX PT HOLDINGS

1 2012134085 WO A2 2012-10-04 CO., LTD. [|

If you wish to add additional Foreign Patent Documentcitation information please click the Add button Add

NON-PATENT LITERATURE DOCUMENTS Remove

. : Include name of the author (in CAPITAL LETTERS},title of the article (when appropriate),title of the itemExaminer] Cite . . :

Initials" |No (book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue number(s), TS

 
publisher, city and/or country where published.
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Application Number 14825825 

Filing Date 2015-08-13 

INFORMATION DISCLOSURE First Named Inventor|Jin Ho LEE

STATEMENT BY APPLICANT |...
( Not for submission under 37 CFR 1.99)

 

 

Examiner Name  
  
Attorney Docket Number | PA0929-2C 

Hui Yong KIM et al., Description of video coding technology proposal by ETRI, JCT-VC, April 19, 2010, pgs. 1-9, ETRI,
Daejeon, South Korea. 

If you wish to add additional non-patentliterature documentcitation information please click the Add button Add

EXAMINER SIGNATURE

*EXAMINER:Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). * For Japanese patent documents,the indication of the year of the reign of the Emperor must precede the serial numberof the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ° Applicant is to place a check mark here if]
English language translation is attached.
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Application Number 14825825 

Filing Date 2015-08-13 

INFORMATION DISCLOSURE First Named Inventor|Jin Ho LEE 

STATEMENT BY APPLICANT |...
( Not for submission under 37 CFR 1.99)
  Examiner Name  
Attorney Docket Number | PA0929-2C 

 
CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to makethe appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[_] from a foreign patent office in a counterpart foreign application not more than three months prior to thefiling of the

information disclosure statement. See 37 CFR 1.97(e}(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a

foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[-] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

[_] See attached certification statement.

[_] Fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

None

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Name/Print Registration Number 55523

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public whichis to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

 

 
The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1} the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonmentof the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552} and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Departmentof Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counselin the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
requestinvolving an individual, to whom the record pertains, whentheindividual has requested assistance from the
Memberwith respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSAaspart of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any otherrelevant(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record wasfiled in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency,if the USPTO becomes awareof a violation or potential violation of law or regulation.
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Encoding mode determination unit
Intra prediction unit

130 ... Motion compensation unit
131 ... Motion estimation unit
140 ... Conversion encoding/quantization unit

150 ...
160...
170...
180...

Entropy encoding unit
Reverse quantization/conversion decoding unit
Deblockingfiltering unit
Picture storing unit
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(57) Abstract: Disclosed is a method for
encoding a video for encoding a video sig-
nal at a low data rate while maintaining a
high image quality. In order to minimize the
numberof bits required for a residual block,
ineffective reference pixels adjacent to a
cutrent block are generated using at least
one of restored effective reference pixels ad-
jacent to the current block. In addition, an
intra prediction modeof the current block is
determined using the effective reference
pixels adjacent to the current block of the
current block, and filtered reference pixels
after the generated reference pixels are
filtered. Therefore, generating a reference
block most similar to the current block min-

imizes the volume of data required on the
residual block of the current block.
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(000 8]

haieee, RRA OANeERMTAZROORKRRAHRZTY EOP HME

—KRMCBUAMRES EAR, HEP Oy 7OAY EO PME - KERB AZRAF VT

&, BEF Oy ZOMAT RCE BRAAADE ET Nid, MAA REC BRAM Ae AT

RFA AY HE CHW BRM RE ERT AATF YAEL HEP UyZ7OMREREANKEAY ED
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 UYPFENEBSRAARE AW CHET OY IOFWT Oy FRERTAZRAF VF EREA

.CRIA TRE CHRWBRMAROMBDSPORYOSNEAMICH OIE {Lie O Al Aa AE

GBR ROOMBA AAA CHO BRMAOMAMPeL UU CHEETA.

foo0o09]

  
 

 
  

    
  

 

  
 
 

 

    
                     UD‘

  

      
 

  
            

  

  
      

  
 

 

 

 

   
 

 
          

     
Kfe. La RN Rae MRS Se Dlo, ARAL. Ai ac HAD A HEC eV BR BY ae i

EDSPORBDONKAMCREUWVMEAOMAARRBRAMADeEE LRU HI, RH

AW Om UW ie O Fl AA AT Ae %e BI AO AAPA A GC RSI AAO HA
                    

  

    
 

    
LCME TA.

foo010)]

KRfe. baceeMIRT Se Ole. PHI. HEP OYZOVAARRKES SE

Sle, BRARAEIT A NVRZAUVYAFTSZAY EG PMIE-—PFORMeAUCCH4D. KES

ag xT Do

[SH OM RY]

foo11)

AHI KHNM, PARE CHW BMH ALAA CEM ADOSOERL, BRAS

BHT OY 7OUVA ARO YV ED PME FRULED So CMBN IC 7 AVAUYAL

eel PM APOy7eREMFS’!THEICRO, PAMACMULEPFHAFOUyZ7eERKCE

SBEWIAWMRDHSZ. Re. PUMP OVYZTeERAMBEMUELCHPMTZTeEIMEO,L FH

BRIER OER SIEROR BRS eR DIEL CMAD EMMA RADAR CRS. RAIER

CHALOM REMAIEF ATE MRCEAZLWIWMRDES,
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0012)

M1] Bl 1 tk. A FEHA © SE Wi FB RE Ic HAPS bRBenRLETAUYyINCHS,

0013)

M2) NM 2k, BIE ORMBRICHRSZT YAO PHROMMERLETF UY IY ANCH

0014)

MS] NM Sik, BSH ORMBRICHRATIF-—EC-—FPMWERMTAZKRHOONMCHS

fo0o015]

[M4] M4ik, BHR ORMBBICHRADM RES LRBeERLEFUYINCHS.~

fo0016]

[M5] M5lk, BPHAORMBRBICKRAZT Yb GOT UV FRET AZKEYMOUR RM CH

Do

(38H ESET A DOH RB)

foo017)]      
 DLR. BRISA OR A SETHE RE Ee INEM eS UC Alc HA TB ANE

RiBRCMASTCED CEL RAGRMBBeATSZTEDCEAZ LTA, RHA SH

ECORMBRICOMUCMEUD KD ETF SZEOCUES. KREAORMRORW MM ices

NEBPTCOBE, BPSWMRWOUREWMESOELOLMMRCNEUNEESKY., #MHe

mL EDS, MULE BRA Se BULK MKBAKWUCHA LE.

roo 18]
Lik. AEH OD SZ ji fe BE

019)

LlRT KG. DARA SERB. PSEC PRERMIL 10, TY RDP

120, ee WwB1 30, SHEER 1381. BMA SEs BTR 1 40, ty

ERS EMR 15 0, HRT L: BRESEM 1 41, FP Ovy eV AIRWAY

60. EYFv—fRERB 17 OL MAA 1 8 OL ROMAR1 OOH AS.

(0020)

AMSB{(EE-— FREMB 11 OK, AH ENAZLFAEBSEDHLUCKE TS Y te UA1PR2051"60827
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ROR DEF Oy 7ICDREL,. PESNEMED TAOR SEF Oy FIM TAM BES

—KReRET SZ, MMPS EC KUL TYRE OPH SER OAV KX-PHG SLES

tS 6

foo021]

EZFv—lk, BROAD TACHR EN, ADT A, BAMORAR SER AL CL

ti: LCU) CHMRAN4Z. Ai L CU. BRM

CCE, He dslk, DETReRT WR CF la

EDCESA, CSHB, LCUDMBEY FUA (

LoeuAddr) @AWCRMITAZCEDCES, DADAAENEWVEAORFIEMAL

CCU) te, PHB CP red i tion unit: PU) ELTAKENH, BH

alt, PUOMBEPUTYF YAIARAO CMMI SZTEMCES.

(0022)

PRI CPU) lk. BRNO N-—FeYaVIDPUSEHRATEMCES, KK. PUM

Bw (CPU) th. @exmMOBME MG CTransform unit: TU) CHREnN

{4 B o

(0023)

MBOEE-— PIREM 11 OK, RE ENERSIESC-—RICKAMEVAZOT AY Tw

i CBA. PUMLER UT UML) CRAT—X & hd 1 8 0K S.]

(0024)

mPa: Bb 1 4 Ou, mA 1 SOM KORHENERA TST Uy Fees

RDS ARAB mica mr ea, MAI. REF Oy7CMECARROHRKIDVTYAR

(DCT) RKUMHRUD AYA ODS T) BROBRMeART TS. Kk, BRA SIE -

BTtMB1 4 Ou, BRAMERT LIT ZREMDORT LAT VY SUVA RERELL RES

VhRBTIEAT Yy SUA REA CRMAMERTIET SZ. RECNKEBTIEAT Y TY

TAROMBEE-— FM KDTCHETIEV KU Y FADMREENES.

(002 5]

BPE SNK 2RTOBMRRRIS. PORDENKAFYAYVIPHEOIDB, 1370ICE

QI RTMOBT(LERAMIC BRENNA. MHBBS NEI RTEOSTELARABMOV—

YYAE, DYROERA SEB 1 5 OMENS.

[0026]

Wek: BRS E141 a, BRR SE RTE 1 4 Ok KORTILSENEKE

FUERMeE MBF LTS. Ke. MBF hCKOBSHSAMAaT LAME MAM Ss,

Mick OL MIRA MICBRMEANERAET Oy 7 EMM MORB TFT Oy 7c eR A

EDBCESZ.S

(0027)

FPAvEVAIANAUV YS B1 6 Ol, Ha: BRB S(EMILA1D>oOWasT

(LR OMAR ENKMAF-XERBUCTUYEYT (blocking) MRERE
STAZRADIANVEAV YAP RAS.

(002 8]

EVFv—-REB1 7 Ol, FAVA UVYVAFENKBRF-— REF TF OyveVITI AW

RUVPRI6O0ODPSRSALTEFZF¥— Cpicture) BMLICMREBTUECKE
FS, EAF¥—-lk, FU-LEMOMRCHSZD. FA-VEMMORRCHO 34.

EVF vA 17 Ol, BRO EDF ¥-BRECESZRY TP (MARES) A

Bo WVTIP IRE ENKEBOEDF v—ld~. YhEGPFHROMEHREOKRwMICHE

Sn4,. TYEGTPM ER UMER COR HDICHEHEST NARMRE VF vy -—KBREVF +

—eEMPN4A,

(0029)

SHE EM 1 Slik, MME DF REBT OMREENEDE SC LER1LODOBR

EDF ~ —DHE SE MT, SHEET oD CMENT hI, BREVF vv -#eRIAYS

YAIR, ROT UY Z7E-KRGCOE-—YayvF—-—X (Motion Dat 34 0827IPR2021-00827
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T4Bo

[0030]

THRE emSeo, DRM RBEL HAW. 1/2RKRU1Y/ 4A EC

END bhWVERET SZ. END bE IVADRM HRM SALE OD TC, < (AR Bb 1 3

Olk, DRA AUBOHAReERHTSZKEYOOWMNI? VEEBREVF ev -—icMA STS

Ch KO, BRMAMBOMAGDYSYPRHMANBOMABEARH TS.

[0031]

& HHA BB 1 3 0 lk, SHEE M1831 DSB AH ENR E-VavrF- Bi ED eT. HL

Fv —E 7H 1 SSI RAEENKEEMOBRMEVF ¥—-—O5SB, SHEE ICHAWD SNE

BREF eve —PS, RSbULEDEPF AZT UvVACwHHTAPHA oy Te HeeUCH

HATZ.

[0032]

XW1 3 Ol, DARE ODME HRC KR BOW D4 VA OD 4 eA E

BERETA, 7AM aR. HAI. BOW D1 RZOD A VARA DP RRA GR

ROWISWAM 7 7 VRZOVA ReERSMRMEE CHS. TANMAZOVA Ald, PA,

       
    

 
  

    
          

     
      

 
 

 

        
    

  
 
 

   
                      

 
  

 
   

 
 

   
 

  
     

     
     

    
 

 
 

 
 

 
  

         
  

   

    
     

   
     

      
  

  
  
  
      

   
 

 
 
  

   
 
 

 
 

  
  

     
WIA HT 4ROD 4 VATOMCHSRATRMEE CHS.

[0033]

BAM IC. We AAR 1 3 Ok, HON VRE UC, aRe OSE oD BE AY US
 

   
 

  
   

 
 

NW74VEFDIAB, WFNDIDERETATEDCES, RWC, REENKBDMN A

M747 VAOKXSBRRORI1AVARHMOPERETA, TAVARMO Ml, BAAS

COMWMNEGOMHBOMBCELICBRARAIMREENES. KK, & Hi (EBB 1 3:0

lk, DAVAO RE CHS RAMOS ION HI 7 7 VR eA STE ECES,

[0034]

eR 1 3 Ol, HAI VZORRE EM EO MMM TMICRETAZTEMCES,

Bl AI. DRM RM. AS ERAN CP SE Dov bh). ADTAMLL, EDF H—

Wh, EKUYO-TVYAMALICRETAZTEDCES. EK. 1MOMRF—KICHUELT

, LH ORR eRELTE KEW, LVEDD. MPEOUMHE TA Cl. AUD 4 VaR

wT AOC, eH RH 1 3 Olk, Favaae HEI ICMR ST SK EU HAS

o COKXKEVUEPHHBCIUC. FAnveheROD4VARRERERMR TS, PAI,

SAR 1 3S Ol, LEFF ey -— Th IAW AHR RELL ADT AM TIC 7 4 WV

AGRE RETATEDCES.

[0035]

eM1 3 Ol, EVFvy-—REM 1 TIT ODSBREYVF ¥y-—HRREL. REEHN

RWS D7 eV Re RCT VAM eT ACL KO, PRB BOPFWEAR

HREM TSA,

[0036]

€ULCT. ERENKSRARBL, SPERM 1 SLC KORESENKHENT VEL

BOW CYPMHANMHROMSEH ETI TLIC KROL PHMAoOy 7FeeERTS,

[0037]

mA 1 8 Ol, ASE LKEDAETSZAHI UV VIREVF ¥~-MPHA SLT AEE

, SH PHBL STP SANT Ay Fem TSZBREVF vy “NOVO 7S

LCAAN IAS AYIEORDRMARe To CRBS Cresidue signal
) @HAT AS,

(003 8]

YRoOPyPW 1 2 Ol, PHAR DNAEFTF vy -ABROBMRMSNKEA ABE AW

CHV RAPHE e TI. TURD PHB. PHA SET SHED Oy 7 eV

CHETUYIOUVA RC KDCVYORESNKEMMOTYbFIOPHMIE-FOSB, 1

DeHRULUCTY REGO PM eT 5. TVR OPH 1 20K, RAP oY FicRBUEL

Mica ELSANKAMAREA CHEAP OYyZ7OFYbOPHMIS Ke REL, MARES

EA Fi + Hl Pa» AE AK °NMeEeE-FMCAMBDT SPH Foy 7eER TS IPR2021-00827
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Daath tc FS 16 & 1 Te HA IS
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(0042)
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 &

eS Bley

ErYbkuoOER SEB 1 5 O ld,
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fo0045]
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    Emme AZTER CES (8130) . MAW. EMV Oy VOMADAA WH CHUEFA

clk, AM ARO-MERUSReEAWCEMMALERTAZTED CEL COMIC

fe CHAZ, THRDbB, MARAE CE VMBROBMRAADS PoOROSNKEAMICREIEV

MBO AA KCB ReRE UCB REUTER T STE DCES. PORHSE

Vie A lic A A RE BRR RAPE LEWES, RAMORUM EO A AA

FE BMH Re BE UCB RE DCERT ZTE MCES.

[0050]

AL, MET AYIYZOLHERUMANMAAGET4AZHAK 6. Me H AD eT 427

YIOMREEC-— Flo ko CHAM CHEUBMMALUCRE SNES. PHIAUW. RE

FuoyZ7OMCMRLEBRAADE TAT OYvyIRAVAX-ASEENCERENE

Fuoy7CH45GR el. MPA Ae ATR CRVHReUCHIM TATE DCES.

COGI. HEP Oy FIRB LE FOV IRBAYEOA SESH CBR ENET

Y 7c jfese SM Re AW CHAT RER BH BREE RT AZTENDCES. COMA,

Mod CHR SG(EEC—- Fi Ko CHA ARERR BRR e HIST SED RR ES ae IC {RIK

Lei hild te 6 teu,

fo051]

Ric, MABRMHREAO CHET UYIOAY EO PHS KeRETS CS 140

). HEA Oy VicwPAWHR TY bh OP He FORME. FaOov7OvAREKDCE

DZTEMCHSA, MAW. HEAT uyvy7Ov7 ABB x8B. 16X16, 832x326

HABA. SA4MOT YEO PWS RPAH CEL HEV Oy 7OUARMAX A

CH4ZAAIC HU. 1 TTMOT Yh OPH KK AEE CES. W383 4 EKR 1 7 MO

AYRGOPRM SFL DES LEILDMEOPARMHEE—F Cnon-directi

onal mode) &@MMORmMHEE-F (directional modes)

CCM MENEZ. 1LOMEOFJARMME- FUL DCE-FROUYSXEFIF— Cpl
anar) €-KFC6H034,. DCE-FROFIHF-EC-—FARPIAAMHE- hICREN

Gl. HEF OY VOU AICMREB SS. BOOTY ED PME RK DRETS

CeHEBéCES. TOLEWMU, 2HOSGTAME—-F CDCE-FROFIF+—-4-F)

&33OAMMHE- KER SHETEMPCES,

f0052]

FIF-—CE-Kl. HEF OYZORPFHM Chottom—right) Kfetrab
& Ce&R1LOOBRMM CFR MCA AMEOPM A. WLR. BIOSReeT 4) EBHR

MAL eA CHEETA AUYyZ7OFM Voy 7eERTS,

[0053]

MS#e&BeiUCFAFF-—EC-FPe MATS. M8. REVFOYIRAN8x8s7uYIES

HAZRRAOTF IF -E-EPMeHRATAZEDONCHS,

[0054]

WHeET7TaQy7O8R FH Chottom-—-right) CBT AZAIOBRIAD CHE
FuovIORMI CMR ST SHEP OY IZIORSPAOWMRICMRT 4H AIC LEAT

, COMME TAMARAC MDT APM AeERT A, Alc. WMA 1 OBMMmDe

HET AyvyZ7OLMICMBR ST SH REODSB, HEP OYZOREAH OMAR BRTS

MAM BeAWC. COMCAST ZHAI WHT 4PMMREERT SZ. HRP MASA

REM TARA. MBRMAZCEATAZATE MCHA, UPL, HAROMBDMH CHW

Bel. PORDONKIERMB MA CHa PH REE RT AZTCEDCES.

f0055]

Rice, ERENKE PMR OF ROE, MACEDENDHOMARAROHABED EON

Om we) ROMET7T Oy 7ZICMRLEMR (OF RHSE, AEBEDOMOMRROAECE

OMOMB) CAV CROOP WHA ER ST 4. Ai PM Rik, LM ROAM CB RB

Le 2OBRROPTHRORMICERS NKR 2CMHOMRERMBRMALCTCERT4EZATERM

CHS, Bk, MCMMAWM. HDMB CHAZ HEUK<S. HKRODREASBCEIERME KH

D» z - Zz Ps _ em =, YH aay AE Fe 2 = AdiSC6H05034,. COHOKEDI. FTA7F-E—F Clad, FM ee RT eeSoe0Ro7
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BIR ROMDPMWMAROMBC Ka CHADOES.

(0056)

A. MET Oy YOR MS He Ak A AT RE CH OAS. LE A BR ODS BY OY HC

WARADBECES., COLE, WCB LIOBRABERUMREAMIEGRAABODSB, 1

DRAW CH TPLH BMH REERTAZTEMCES, THOSE, EWE RAAOBAA

MAGE. EMBIRAAODS, REMC MALUKBRAAZESUCELHWEARA

AReERTAZTEANCE. MRAIOBMB eM MELMMACIREMRLEMEI HS

BIB AREA CBEDEODMOPFMMAEERTAZTEDCESR,

(0057)

AIC, HEF Ovy7OLMB IM Als AAT AE CHAD. LBB IR AD Fl ABT AE C

BwWBGAtolk, MAeLABRMAODS, REN CHMBLUKERAMACREUCHHMER

HREERTSZTEMCE,L MUMAMEGRAACHAIOBMBCeAWOTCEDEOHNO

PUI REERTSZTEMCES.

[0058]

—-A, MIRAI OBMMERUCHNeERT WRI, Evy FARU-ACMUEMEN TES

alc BiRSN4ED, BSAD ACA 1LOBMAeB< TEbECES.

(0059)

MaeALOBSRMBEKACNeEKROBReEBS Bic KATZHEeAAT ZHAI,

Hfe7 Oy 7icMRULE. APSE NCE ENEMADIDB, PRC LEIOUELEA

WKB ILOBREOPS HG CMA 1LOBRMAEOR AM e RIK T STE DEY bhMe mK

5UL84. CORD, HmAILOBMAOP Ml, (€1) REP Oy 7icRRLEE

FR AOR, C2) A, BY, COE, 3) BECOwBPOIDSB, WFHNAI

DECHO05S, BEAILOOBECE, AECOBAMEALBOBARLEIRMLT,. #

DED NSWAMEBTWFNDID (BHEEUC) CRETFAZTLE RECESS,

(0060)

Ma BlLOBSRMReA SA CRB SAD ES RAK, ABSA CRS ADA CBR Ae Se

CTE RPRCZERUNERBSEW,. TORO, BSH CH. BIOBRBBEERTZEH

CBM AAL BY CEAWAZATEDPCEEXSZ, MMHOFHICBDOZEVIDMEPR CE, ¢

1) BEALD BAPE CMELEMEKUCEALOBAMSe BICBLEM,. THOSE

CB+C—-A). €2) BECEDFIGBDI SE, WFNDIOeZAIOSMALCUTH

WF SZTEMCES. TCOWAL BL. CONV, BOMREBRHAROCOBMBRSH

READS TEbECES. TOKAI, FHRCBSHRCOAMRICH 1 OSREe EMC

XFSZOC. BPIOBRBEKLCHNERIBREBRS BIC KKTSZHEME<. Re Y

bMeE MSE ¢CEMBCES!.

foo061)]

Ric, MET OvyI7OA YE SOPHIE KARE SCNHN, PMWFoOYy7TeEERTA!

$150). de PMAoy 7a, HEP OY FORAY ES PHME-— KRCKOW CE RA

KRCERENEHMAReE SS) ERUCHSORMBMBAZAW CERT S, DCE—Kld,

WEA My 7ICMRLUEBRHROVGRAEAD CHEF UY I7OPSHWIA Uy 7eEERT
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4. WeBRBAw. MADR CAERAAROERENEBRHBAZE TERETE MCE

Bo

(0062)  
  
  

 Ric, BEF AOvy7ZOF YEG PME-KARESNHN, Mit vb aTPMe— ke

MoT S (S160). tt Yh DPM eE- FOR SEL TYR DPM 1 20

ToONETEMCE, MOTYEFTIPHWE-KA SERA (MR) EkKUDYROeE

Paka’ 5 0 CHDONATEHRCES.

(0063)

AL MET Oy ZicMRULERBRIA Ay FORDER BHA. MABRY 7

OM Ric Mies SBIR RAI RADECES. COMA, PHA UY VEKRRORET

» Bm AIR Ka BA AARP Ae <u S, = pS Bio»By lk, MBAKKA eS BAT SARA E SRS. LEM DT IPR9091.00827
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FuoytVAPY-FATP AE Chlocking artifact) PRHHOTUY
Pics BBERIETFEWDMMDMECS, TCOLIARMB, HEF Oy FOUR ARK

SWI EMERMA RES RICRS. Mle, BRAAVYVIOVAARHE TOY 7OVA

AKOREWRAKK. TCORDEAMBDEUCEWA REE HBS.

[0064]

LEeDBo tt, ELHOMB Re RMRTZEMOOLOOREM, MCBRHAe HS Wie 7

4MEAVUVYVYAFULTCMUVBRAAReER TATE CHS. THI, YRaOyH eC Re

RES AAMC TITCEE CES. TYEGFPME-KFROPFMAF Oy 7OVA AEDT

FoORMCBRMAASMONIC 77 VAVUYAFUCHLUVBRAAZERL, HOBRHAXA

ROC ERS NEM UWOBRMMAZAO CHET UY Z7OA YEO PMS ReResy

HT“EBRCESA, CML, HEFT AUvYI7IOA Yb GOPHER eERELKE BI ELMORE

BT ATE ECES, POvRVAIY-FATrPVbOMMAl,. 7FaovI7IOvtr7ABKS

CHAIR ERECHKZOC, REV AROTAUYZIOBWA CK. FaovrI7IOvARHRKE

CESK EBMH RET AVAVY ATF SPME-KFOMeMCHESZH. KES TSZTE

DBC#X4A.>

[0065]

MAAR E RB RH ROD VAEVYIRDREGS Ck. He UKBSRAANOR

BORBMC ko CA2MMELOI AN Re SW WMAT AZT EECES. HAM 7 7 Ved

. IR BGEI FT 4A VACHS TEMBPELW. MAW, 2HO74VAeAWOSHAL Fl

DI4MVRAIU3Z38-tap7r+aVvVR, B2ND74 VRIES - tapyrtvxreH0d4S. B
2D74NV Rl, BLOVA VR CH MAT STA VKCHOGS. MAI VZAOT

ANVARBM IE. WEN ECE RDBRELY. BKM. BHEOMDOR De, 1 MOT 47 WV

ROKRHATAZCLEECESS

[0066]

Ere. Male 74AVAD, HEF OY 7 (FYE GPMDToONSZT AY) OY

Rle ko CHOW HMASNATEDHMELY. THOSE, TVenWwxrxewAs aga,

ET OYZOVARRBILOVAREODPEWOG ML, PRE DRY 77 V2 ei

ED. JAMA eWMALEWTCERHBOIGSL, BILOVAR~B2OvVv7LOMET

YAM ELTE. FAanrewMATe2TYbEDPME-KFOMeMMSHPATEDEE

Wo Mat Yh O PMO ToONn4ZH ET uy 7k, BRMAUYIOVAREHII 4,

[0067]

DCt-FOGSRK UK, BRAROVAECPMA Oy TMRERENSEDC, Faw

BWATARDEDEW, TKRDb, T4+VAeBAT ZEAL FER RAB OADS SE

4. Eke, WMADPBRBAMICMRTE Ccorrelation) DH4ZHEBEC—F Cl,

Blew Rl 7 4 Vee MAT SRB DAE, RR DIKE ic HATO HS SZIK AE EC

&. BRABAC I VeeMATARBBMEW. TCOKSKM. FANVZVUYIFOWBAAS

az. HAP OvyI7OA YEO PIE KERR RSAZOC. HEF OV IODAY ES

PRHIE- KF ROR VEG PH DA DONAZAT UvI7OVA REKRIVYCBHSRAAS BSW

FAavwRvVVAFPFSZTEBRCES,. TYRAFPHMRATONAZATAUVYIOVAARR YP ORD

Brkt AR (PAIL 4K 4) KONSWRA KU, BRAREDAVEAVYAFLEW

o Kel, BREE OMDOD EDI. FPORHOSENKEYGAREDOKEWDGR Kt, BRAS

BIAMAVUVYALEW TER HOODS, MAMA YIOVAARADBYPOROSNKVAR

MAAC ET 4B Ail. WHRMAMOFY bFOPWE- FO OKPERMHAE REA

SEM ROAMEZATSZE-F) EKBPARMOT YEO PMIE-KREOMOTY kLOY

HIE- FOSS. WFNAYPILOOT-ECBRABDAIANVAZVUY ZF SHH, WA

Fen ARMARMOTY ka PHC KHOA MME KR CU. BRM RE De Vas

T4Bo

[0068]

hdOME Ae rEIRT SZROOSFUMOBK AU. MBS RMASAOCEKRENKY

Hl 7a» Bb mel SS23H is AY tc Yue WH Fa » A OK zaWAaAyYyZ7O-BRAAS MWe 7A VAVY FULCRUM FHM ”\P89091-00827
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 CHS, RET OUYIOAYVEOPHWE-— Pe KD CPM I OY VOPFHWRHADD 5S, B

FAR CRT SPU Re DE CELORKLEOS RAR AW CHIEF SCEDCES

o CHS. PMV oOYyZE RCH MA SNA TEERCHS.

f0069)]

slate. DCt—KF Cld, PHMRODS, BRMRECRTA LPM MAa, Ai Py

ReRISBIRM RAW CI AVMAUVY ATS. LEB. PHMMROWMBIC KOT

AERA 2MOBRARe AY CPHMRe 7 4VAZVYATS,. DCE FE BUS

HWHAOD*VAUVUY Al, STOVAROPHM A Oy 7icMATAZTEMCES!,S

f0070)]

Be RF Clk, PHP OY 7ZOPHMHRODS, FEMS RAARALCRIT 4S HP WM Rid,

Mac P MAO y 7TeERMTAZODICAWYSNSE LWHMAULNAOBRABARAWYCHRESNG

So Mle. KBE FCM, ERE NK PMARODS, ELMS RWRER TS YU

Blk, me PMWVA Oy IRERTZOKMAYVSENHZEMAAULAOBSRAAP ACHE

SNES ©

fro0071)

BH. REP oy bee VRE SOP1 20m KOERNER PHF OY EOR

e7aUy 7 lk, SRA SE BrIERMI40OROTYFOREAS(EM 1S ORTUTHS

{LENA’

(0072)

AAR TOY 7k, HICBRA SENS, MRNKLAVE-EmM OR Hic. Aad

ReT Oy 7IicMAT ZEBRA SILOR DOBRA Oy F7OUVA REPRE L. RES

Neer ADOT Ay 7H CEMA SETS. KKlk, BHOV AUP ORESNTW

SBCEbEHIIS,. TOBA, TYbEGPMWeTIHMAEF Ov I7OVAAMRABI UY

DYARCHIIAS] YhOPWE- PMCKo CHVREZBRG SLARD jh

SnES. MAIL DC modelk tT VEGFGPMENEKRBEIT Ay 7ieme TE. KY

ROMBAMICMMBARDCT (Discrete cosine transform

) &®. FAIF-E-F Cplanar mode) CHULTKAKEROHAA Wic BRE
M@DST (Discrete sine transform) #@HAT4ZTEELCES

o COM. ETT RED PeWD,. ACF aUyV7ewHEUCMAT ATE RCE! UD

LL mEPTREOKEW BMA AY 7M TIS, YROPRM eC RiCMRB SK,

BAR DCTOASMATAZTLEECES!, KEROHHAMDCTAXREDSTANKRDA

PHIE-— RM ko CMM icHMAENATEERCES,

(0073)

Ric, BHR SLENKRAT OVI PSeT(ELT 4. RMB TOV ZIOVAARC EDTA

Wi RRARBTIEV RK UY FZAMPMAECNS. KK. ACY TAORBAVT OY 7OWGS

BR. AWICRRAZRTIEV EK UY FTADMASCHNES. TRH, BRA SELENERE

FAUYIORBODRICHROW CT. DESC LBE2MYLEDOBTIEV RK UY FADS BSB,

SWMRNGRBETIEVN EK UY ZARWMATAZTEMDCES,. TOGA, Meter iky hk

Vy AARCRTMReE BS al mIETS. FER. TVYbRSTOP MEH PRED TANK RSE

ASBTIEVbK UY ZARBBRASLSNERET Oy 7 icBAT ATL CES,

f(0074)]

Rilo, We 2RTORTIESNKERREPOROSNKEMAMDALY VRKA-YO I

6B. LORRRULUCIRKROB TERRY -—TFTVYAKRBECL EB, DY FOERSIETS

o MAAK VY NK Vik, TUR GOPHER ko CREENSATEMCEL TU

SPIWE-KFEBMAaOYyIZEOVPA Re KE DTCREENSZATLECES,

(0075)
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SJ 4 tk, ASEH O SR HHS RIC RS ABS LRBeRLEFOvyINCHS,     
 

{(o076]

M4lcmT KDC. RHA (Ris Ss (Eb Hild, YREuUORé@ws (ew 210,

S(t > ewe 20. MAB 2 TOL. FFM VET AI NN Yeae68O, e®
~ IPR2021-60827
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Fv—-RFMB260. TY bRoOPMIRB!? 3 0,

YR—-WMAT Y F280 fi AS.

[oo077]

DRYbKOEBSEM 210K, DHRASLRBD SBR SENZR SEE Yy KARUO

LheEBRUT. TYRGPHM SE-B AY FY ZA, SUR. BTILAMY-—7TVYARE

COMES AS MVE OER BEM 2 1 Ol, BA XNKH XM eH XP UU 2 4 0

cme eo, DYER EM2 1 Ol. He VY ROPE RAY Sv DK eR

4Ybho PRR 23 0, PBT: PAM e2 20rmemMT 4S. HK, Hider ybaoee

Swh2 10k. MMR ILRRMY -—TVYARW RST+ WA2 2 OHA.

[0078]

Wepk -eM e 2 Ou, HeeTLRS PYAR eK CBAOIE LAC CR ER
tee HA, WAM OR DIC, BAO KAS ey AV AKR-YOIA SB, LDeERBRTS

o REF Oy Z7OPFRME-F CF ROS, TYE GOPHWROFVY R-—PWMOIB, WEN

D1D) FLA YVEGTPHSC-REBRMI UY Z7LOVA RicHOwWCRMMO ALY IY

PRA-YOIO6B, LOR RRS. MeV hk O PMS FL TVR oPER it

ERYbKOEB SIEM D 52S 4,

(0079)

Werk wee 2 2 Ol, Hae ROW OW RT ERMC RA MORF I(EN bY

YFAODB, BRENKBTEV EU YARRA CH TILAME BTS. Mea Tt

EN bhUY DAU. ASR DSR SCHNKMRMERMAUCRECNATLE EC ES. HET

LkEX9eT4ZMEV Oy? (BMY 7) OVA Re KDCAVKRRAZBSTEVED

YIARWAS HI. WM-v7T ADOT ay 7liewMEUCH,. MeHeEF AY IZOPHMeE-ERM

OAYVEGTPRME-— FOXES, DRC LL DICHROWCHETILV hE UY FARRIS

CHEMCESS. FUT, MUBMEANKATLRMeEWARE CREST OY 7 eet Ss
°

 eH WNAR2 40, ROTYERG+ A     
  
 

    

     
 

     
     

  
 

    
 

 
 

   
  
         

     
 
 

      
  
 

  
  
 

      
  

  
  

   
 

  

  
 

  
 

   
 

 
  

 
  

          
 
  
 

          
 
     

          
 

 
  
   

  
 

(0080)

MAA! 7 Ol, MRE + WA2 2 OC KOBRENKRBE TFT UV IZIeEAV EG

SUB 230k KUM EMAP MB 2 4 0c KOERENSZ PHM ovyZ7 bees ac

elckO, MRP OY 7TeBRTS.

foo081)]

FTFUyvyRVADIANAZVYAB2?5 Olk, MAB? TOM KOER ANKE Rie

FITPUYEVATD VENER ETS. CHIC KO, BHC KAMRBKICHKO

CFT UVYEYV APP -—FATP Ube RMETFTCEMCES}!S

[0082]

EF v—-REM260lL FFOvyEVAIANAVUYAPR2A50MCKEOF PF OUyYSs

VITANMEAMEDMRT SNE AU-AVEGMREMRT ATL -LAEVCHS,

(0083)

tYbha7PHMMRB2 BOK, DY bFOEBS(ER21LODSReCNKRAY EOP He

RAV FY FPAMHBOWCHET AY ZF7OA YEO PH ECR eB SA. EU. Ea

Enka~avbeoayPHe-— Reka CPM Voy FeER TS,

(008 4]

& H(A HB 2 4 0 thy END BV MRICE OW CE DF ve KTR2 4 ORE

ENKREDZFv¥—-POMET7 Oy 7IWMTEZPINAUOVYIRERTSA, DARE OWMS= fi

(RDWASN4ZEA UK, BRENKMA TD VAM UC PHM OY FeEERTS],

(008 5]

AVEDA VR-WYMA YF 28 0. PSEC RCRDY CIV ES PH2

5O0OkEMEMEPTMM260 LDS S., WFRHPYIDCERENK PMA Oy 7eMae

270cHHETS.

[0086]

\ af 21 s He 1 TE ~ y N 7 > Hel Ae. +i a ZtAR. HEGEL A RUC. Mt Ty eT YE OEMOno?
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¢4, M5olk, BHA ORMBRCRAZTYV EDT UY Te ELIT AZROOIRRM CHA

fo08s7]

EP. SeEeNKheEYybARU-ADPOHAET Uy I7OAYV ED PME Ke TS

($310).

{008 8]

CORO, I

BLlOeBIL CH

fo08s9]

    
  
  

 

  
 
 

CrY ROMER SEM 21 Ol, BRAMOTY KD PHME- EF F-TNVOS

EFTOYIDBILOTY RAT PME- KITV Fy FREBUTS~

 

   

  

na AMO T Yh OPRME- RTT, Hee RS aD RaAT oF TV CH  
 
   

 
an GaN i fi

 
ET ry 7 Wc Be REL Te BEL  

  
 

REN \FNDLDOF—-TVB   
YIDAYbEAPRMEC-KREMET

CH nik,

 

 Bl Ooty Pee

PRICE RAV FV FAR ETL,  
 

  
 ei CHTET Oy YOR LOFT

So €HitcHoOpMeoC. HeET7a

        
  

 
  
  —FRPHMAMMHEPME-F Cdi

on mode) CH4GE4ic ld,

AM FOYyZ7ORTYEAPRME-FOAME DAR ERERMA CH nis, HILOTYhD

MWE-BRF-TVeBAL CHET UY ZOBIO?TYbaAPHME- RAYS VY VAC

 
 
     

 

  
 

 
  

  

fa
 

 

 
  
 

DTFAYADAYbEAPRME-KROMHIC KDB  
Jal   

    
 
  

 
 

1En8S. HEU. HET OYZORM TO

Hy IOEM TAY ORY

SFT EMAL CHET IY YOBLOTYES

baPHe- FED AC  
   
 

 
 

  
ARCO CRN, B207YRDPHME- RFA TW

YhD
 

PUIE- RAV FV A7ARAREBMITSZTEBCE
  

YIDOEM AT Ay Z7ERMFAOY7OFY bhD PRE rectional intra predict i
mac EM FOy7OT YEO PME FOR & dt  

  
  MWct  
  

   
   

j7oUL. PRE RB e Nah, B2OTY RST PH EK FT - TV SBA U Ceo 2

DBIOTYbKOPMWE- FAV FY ARS BRTAZTEECES,

foo09 0)

DRYbKOEBSEM2 1 Ola,

VYFVIRMAY

DR Ie Ble

 

Db. 0)

  

EERR TH    

  
  

        

  

   

BILXNKRHRET OY IOR LOFTY REO PHM RT

hop2 8 ORR 4S. MMB LOY ROPE RAY Fy

Letybhoayule 2 3 0 lk,

      

Mat YT VY FTADRE)MeAT Sma CF
  

  
 

      
elk, HET OY YORAMME-PEMET OY VOT YE SPHERE

LORE S. UML. MRT YVF YY AMOUNOGEAT SBS, RET OY

DRAWER MDRPAY Py FREMMBIOP YA IPWE-RA VF VIRAL

ROM R, MBB LOY hS PME RAY FY YAMMRRET BY

       
   

  
   Has   mvt

0091   
   

 

Al) te Kz sar 4

BES Oy 7 lc PAT RT VY

 
   

}

F Cnon-—-directional

tional modes) &C

BROS MIEFAF-— Cplan
E-—FOIDB, WFND 1 DD Its lH

NES. CORMKE,

PMEC-Kevy ble PENSAM

  
 
   

fo092]

Rie, TYE PMIAB 2 3 0 ld,

EDF ~ —tR FB 26 ODS  

       
  
  

       
mA AEC - RMR YF yIZAKONS CBN, MeL OY EOP He

YVFIVAAMWILEBELKEB2ZDOAY ED PRME- RAV FY TZ7AWUMMBTFSZAVEG

E7FUYI7*OATYbSOPHMIS-RPEULCREL, tne hb, Hee 1 OF

LaPMIE-KRAYV Fy A7AMCHBT4ZATYEGOPRMIE- KREME TOY ZORA V ED

WeE-FEULTRETS.

  
  
  
  

 

 hSPWEO RE, DECERIDU LORNA HEA    

mode) &MMMOAMMHE-F Cdirec

MAENKHS,. 1LOMUEOIAMME- Flé, DCt—

  
 
   

ar) €-FC@60354., ZK. DCE-REPF ITO  
Wic aialatA A fe uzt yh > PME Rey hea

 

 
  
 

 
 

ETF xe—-—NvyRERUADA ANY Ric iid eAW RR YkS

MER SeRET SMROARENGS.
       

 

 
 YVhRKAIPHWAF Oy ZVeEKRT SR OIC, BRAKE

we IAAL Fil

 
 
 

   
  

 
 

  
JA] HEC RWB TET OD BD Ze HI          

 
 $4 (08320) . Rak, MEP OY ZORSENKRATY ET PHME-— FEMA L

CHYbhAPHMAFay 7 eA

 

 

SCLb CES.

ER SAO le
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(0093)

Ric, TYbETPMW2 3 OM, SBRHREERTFAZHBRMHEABGA IU. PHERS

ic AA RE RBM Re AO CHAR RE CEO MBOBRMMASZERTS (8S 325)

o AIA ARE CRWBRMARICWTZERBNROBRAADOERAE. M2tckoa7V EG

FHI 1 2O0rCBUAZARHIEMRCH4. RHEL, HEF Uy 7ORBS ENR AY EOP

WeE-FMREDCAV ED PMV OY FTeRERTAZODCAVYSNSZBRHADOAR BRN

He TF ATL E CEA.

 
 

  
 

 
 

                       
  

 
  

        
    

  
 
 

 
 

 
 
         

            
   

   
 

  
 
 

 
   
  

   
 

 
   
  

  
   

  

   
fo094]

Rle, TURD VRE 2 SOK PM y 7 ERS @ DIC. BITE ACD 4 JY 2
eMATADBDeHWwRrS ©8330). TRDS, YhkoOPMW 2 3 Olk, HET

ayvy7OAFVRGOPHMHAPoOvy IT eERT AR HIC., SRMBAIWHEUCI 4 VAUY FE  
 

 
      

    
  

  
 

 

IT S4OPRDYeAMACBSANKRAYV ROPE -FROME PMA Oy Z7OVA RIcHO

WeTRET SZ. PuUyvPVAy-FAIAPA7AEOMAl. FaovI7IOtr7AMRKES BS

(KEKRESCHMSEZOD CF, FAOVAIOVA ARBRE BZIKEBRMMABAE IA VAZVVAGTS

PH C-RKOMeMMSPAZTEMCES. LML FOUYIRMRETAREOKES SE

SBS lclk, MGM EARTCEMCEAZOC, CHEOMYOR DICBRAARET

AMAUYAFLEWTEBRHDIAZASY

(0095)

MAB ARlICV 7 VATA DS ABCHALHM ENE GSK, Fave e wc i

MamBMRmARIAVAVYAFTS (8335) 6

(009 6]

Hal PRB AMORBORBB CKD CDRS £2 ED I 4 NE eSIc

IT SZTHERCES, MAIN ZOD A NARMS WM CHATERDRBPELY,

fo097)]

Eye. Malle COMM LOD NARHA P Oy ZOA RED CMSWe BAe

SETEbBCES,. TRDOK', I¢AnvRemATawar, VAABNEVD TF AUy7lEHET

ate DSMDe VRE, PA RRPKREW FU y F7lewW LCRA RMRBD RWI 4 Vase

mA SC KECK}!

(009 8]

DCt-FOGQGRKMU. BRAAOVEMCPMIAOvyTMERENZADE. FVrwze

MAT ARHBR DSR, TRDSB, Texan xremasv a2, FREIRR ROARS E

4, £k, RADHA AMWICHHH Ccoorrelation) O#4#BBE—F Cld,
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Column B. Application number and filing date of the EPO/JPO anpiication
Column C. Two letter country cade and application number of the non-EPO/JPO priority document

Participating Office Application to be retrieved Non-participating priority application to be
{6.9., EPO, IPO, KIPQ) or application cantaining the retrieved

or DAS Depasiting Office non-participating priority application
(2.g., 1B) Filing Date Country Code

KIPO 10-2010-0032778 2010-04-09
10-2011-0026079 201 1-03-23
10-201 1-0032766

This Request to Retrieve Electronic Priority Application(s) (Request) should be fled within the later of four months from the date of filing
of the above-identified U.S. application clairning foreign priority, or sixteen months from the filing date of the foreign application to which
priority is claimed.

This Request should be subrnitted concurrently with the claim for priority, or thereafter. The USPTO will not attempt to retrieve the
identified priority application(s) until applicant indicates the identified priority aaplicatian{s) on the oath or declaration or an application
data sheet In compliance with 37 CFR 1.63(c).

Apolicants are advised to consult Private PAIR (accessed through www.uspto.gav) to assure that the retrieval has been successful. The
applicant remains ultimately responsible for the submission of the certified copy of the foreign application(s) within the period set forth in
37 CFR 1.55{a)} (before the U.S. application issues as a patent} if the USPTO does nattimely retrieve the identified priority application(s).

i hereby declare that I have the authority to grant access to the above-identified forsign application(s}.

/WOOCHOONW. PARK/ 2015-08-13
Signature

WOOCHOON W. PARK
Printed or Typed Name Telephone Number

Patent Attorney 99923
Tithe Registration Number, if applicable

 
 
 

This collection of information is required by 37 CFR 1.55id). The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process an ap Sonfidentiality is governed by 35 U. 22 and 37 CFR 1.411 and 4.14. This collection is estimated to take 8 imi S ta
complete, including gathering, preparing, and submiiling the completed application form to the USPTO. Time will vary depending upon the individual case.
Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, shauld be sent to the Chief Information
Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-4486,
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Privacy Act Statement

The Privacy Act of 1974 (P_L. 93-579) requires that you be given certain information im connection with
your submission ofthe attached formrelated to a patent application or patent. Accordingly, persuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this
mformation is 35 ULS.C. 2¢b)(2); (2) furnishing of the information solicited is voluntary; and (G) the
principal purpose for which the informationis used by the U.S. Patent and Trademark Office ts to process
and/or examine your submission related to a patent application or patent. Lf you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or exarnine
your submission, which may result in termination of proceedings or abandonment of the apphcation or
expiration of the patent.

The information provided by you imthis form will be subject to the folowing routine uses:

pee

sh

>

The information on this form will be treated confidentially to the extent allowed underthe
Freedomof Information Act (S ULS.C. 552) and the Privacy Act (5 ULS.C. 552Za}. Records frorn
this system of records maybe disclosed to the Departmentof Justice to determine whether the
Freedom of Information Act requires disclosure of these records.
A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, imchiding disclosures to
opposing counsel in the course of settlement negotiations.
A record tnthis system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an mdividual, to whomthe record pertains, when the individual
has requested assistance from the Member with respect to the subject matter of the record,
A record tn this system of records may be disclosed, as a routine use, te a contractor of the
Agency having need for the information in order to perform a contract. Recipients of mformation
shall be required to comply with the requirements of the Privacy Act of 1974, as amended,
pursuant to 5 ULS.C. S52aGn},
A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.
A record imthis sysiem of records may be disclosed, as a reutme use, to another federal agency
for purposes of National Security review (35 U.S.C. 181) and for reviewpursuant to the Atomic
Energy Act (42 U.S.C. 218(c)).
Arecord from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as part
of that agency's responsibility to recarnmend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Suchdisclosure shall be made in
accordance with the GSA regulations governing tmspection of records for this purpose, and any
other relevant (.e., GSA or Commerce) directive. Such disclosure shall not be used to make
deternunations about mdividuais.

A record from this system of records may be disclosed, as a routine use, to the public after cither
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
ULS.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routme use, to the public if the record was fed im an application which became abandonedor in
which the proceedings were terminated and which application is referenced byeither a published
application, an application open to public inspections or an issued patent.
A record fromthis system of records may be disclosed, as a routine use, to a Federal, State, or
local law enforcernent agency, ifthe USPTO becomes aware of a violation or potential violation
oflawor regulation.
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Doc Code: PA..
co. PTO/AIA/82A (07-12)

Document Description: Power of Attorney Approvedfor use through 11/30/2014. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Underthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unlessit displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE

REGISTERED PRACTITIONERS

NOTE:This form is to be submitted with the Powerof Attorney by Applicant form (PTO/AIA/82B or equivalent) to identify the
application to which the Powerof Attorney is directed, in accordance with 37 CFR 1.5. If the Powerof Attorney by Applicant form
is not accompanied by this transmittal form or an equivalent, the Powerof Attorney will not be recognized in the application.

Application Number

Filing Date

First Named Inventor Jin Ho LEE

Title METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING ADAPTIVE FILTER

Art Unit

Examiner Name

Attorney Docket Number |PAQ929-2C
SIGNATUREof Applicant or Patent Practitioner

/WoochoonW.Park/|pate2015-08-13
‘vane |Woochoon W. Park vctochone630-908-7652
pegavannner55523

NOTE: This form mustbe signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications.

[| *Total of forms are submitted.

 
This collection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public whichis to file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes
to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amountof time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMSTO THIS ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

Ifyou need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Doc Code: PA..
an PTO/AIA/82B(07-12)

Document Description: Power of Attorney Approvedfor use through 11/30/2014. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Underthe Paperwork Reduction Act of 1995, no personsare required to respond to a collection of information unlessit displays a valid OMB control number.

POWER OF ATTORNEY BY APPLICANT

(im | hereby appoint Practitioner(s) associated with the following Customer Numberas my/our attorney(s) or agent(s), and to
transact all business in the United States Patent and Trademark Office connected therewith for the application referenced
in the attached transmittal letter (form PTO/AIA/82Aor equivalent):

OR

[| | hereby appoint Practitioner(s) named below as my/our attorney(s) or agent(s), and to transactall business in the
United States Patent and Trademark Office connected therewith for the application referenced in the attached
transmittal letter (form PTO/AIA/82Aor equivalent):)

Registration RegistrationName

Please recognize or change the correspondence addressfor the application identified in the attached
transmittal letter to:

(| The address associated with the above-mentioned Customer Number.
OR

[| The address associated with Customer Number:
OR

Firm or
Individual Name

Address

fy«SE
Pcomty——SC—i*izSC“‘“‘CSSOCOC“NNNNNNNNNNNNNSW“-»-—ssSOO

Telephone PemaPSOSOSOCS
| am the Applicant:

[| Inventor or Joint Inventor
[|Legal Representative of a Deceased or Legally Incapacitated Inventor
[Ml Assignee or Person to Whom the Inventor is Under an Obligation to Assign

Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was
granted in the application or is concurrently being filed with this document)

NOTE:Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications. Submit multiple forms for more than onesignature, see below *.

[| *Total of forms are submitted.

 
This collection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public whichisto file (and by the
USPTOto process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amountof time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMSTO THIS
ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

lf you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonmentof the application or expiration of the patent.

The information provided by youin this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom ofInformation Act.
A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.
A record in this system of records may be disclosed, as a routine use, to a Memberof
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Memberwith respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractorof the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.
A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuantto
the Atomic Energy Act (42 U.S.C. 218(c)).
A record from this system of records maybe disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency's responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant(/.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations aboutindividuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record wasfiled in an application which
became abandonedor in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.
A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcementagency,if the USPTO becomes awareof a violation or potential
violation of law or regulation.
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Doc Code: PA.
oo PTOVAIAS2B(07-12)

Document Description: Powerof Attomey Approved for use through 14/30/2014, OME 0651-0035
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond ta a@collection of information unless Ht displays a vaild OMB control number.
POWER OF ATTORNEYBYAPPLICANT

  AAAS

 
 
  ARRAS
 COCORARR ARANSAS

i nereby revoke all previous powers of attorneygiven in ine application identified in the attached transmittal letter. 

ee: thereby appoint Practitioner(s} associated with the following Customer Number as my/our attorney(s} or agent(s), andto |
transact all business in the United States Patent and Trademark Office rewithfortheBpphication referenced ft
in the attached transmittal letterarm: PTO/ALA/82A or equivalent}: —

 

 
Ppreccencttcerncrs Or

| i hereby appoint Practitioner(s) named below as my/our attorney(s) or agent(s), and ta transact all business in the
— United States Patent and Trademark Office connected therewith for the application referenced in the attached

transmittal letter (form PTO/AIA/824 or equivalent):

    
   lease recognise or change ihe conespondenceaddress far ihe appicalion identiied in ihe atlacned
tranamilial fetter to:

(eelThe address associated with the above-mentioned CustomerNumber.  
 

yeneeeeeeeeeeceee, neemene nnnni
OR

i The address associated with Customer Number: | 
 
 
 
 
iliege Representative of a Deceased or Legally Incapacitated Inventor
[BiAssignee or Person to Vvhom the Inventor is Under an Obligation to Assign
[_|Person Who Otherwise Shows Sufficient Proprietary Interest (e.9., a petition under 37 CFR 1.46(b}2) was

fanied in the applicationof is cormmurmatiy being fled withthis document}

 
iTile and

NOTE: Signature - This form must be signed by the applicantiin accordance with 37 OF R 1.33. See 37 CFR 1.4 for signature requirements and
cenifications, Submit multiple forms for more than one signature, see below * ot

f| “Total of __. farms are submitted. eeeeee Seen

This collection of information is required by 37 CFR 141, 1.32 and 1.53. The information is required to obtain or retain a benefit by the public whichis ta file (and by the
USPTSio process} ar application. Confidentiatity is governed by 35 USC. 122 and 37 CFR 1.41 and 1.44. This collaction is estimated te take 3 minutes te complete,
including gathering, preparing, and submitting the completed application farm to the |USPTO. Time will vary depending upon theindividual case. Any sornments on
ihe amount of firne you require to complete this form and/ar suggestions for reducing this burden, should be sent to the Chief information Officer, U.S, Patent and
Trademark Office, LLS. Department of Commerce, ©.0, Box 1450, Alexandria, VA 22313-1450 DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS, SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, WA 22343-1450.

if you need assistance in completing the form, call 1-800-PTO-91959 and select aption 2
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579} requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your subrnission relaied io a patent application or patent. if you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

t.

7

The information on this form will be treated confidentially to the extent allowed under the
Freedom of information Act (5 ULS_C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice ta determine whether
disclosure of these records is required by the Freedom of information Act.
A record from this systern of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, rnagistrate, or administrative tribunal, including disclosures to
opposing counselin the course of settlement negotiations.
A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting @ request Involving an individual, to whom the record pertains, when the
individual has requested assistance from ihe Mernber with respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant io 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.
A record in this sysiem of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 184) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 248{c}).
A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency's responsibility to recommend improvernents in records management
practices and programs, under authority of 44 U.S.C. 2804 and 2906. Such disclosure shail
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (1e., GSA or Commerce) directive. Such disclosure shail not
be used to make determinations about individuals.

A record frorn this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as 3 routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings. were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.
A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or focal law enforcement agency, if the USPTO becames awareof 2 violation or potential
violation of law or regulation.
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Electronic Patent Application Fee Transmittal

omen

METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING

Title of Invention: ADAPTIVE FILTER

a

Filing Fees for Utility under 35 USC 111(a)

Sub-Total in

USD(S$)

Miscellaneous-Filing:

Patent-Appeals-and-Interference:

Description Fee Code Quantity 
Unified EX1002 Page 1102
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so . Sub-Total in

Post-Allowance-and-Post-Issuance:

Miscellaneous

Total in USD (S$) 730 
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Electronic AcknowledgementReceipt

a

eine

METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING

Title of Invention: ADAPTIVEFILTER

ee

pe

Paymentinformation:

 
Submitted with Payment yes

Payment was successfully received in RAM

TheDirector of the USPTO is hereby authorized to charge indicated fees and credit any overpaymentas follows: 
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File Listing:

Document gs File Size(Bytes)/ Multi Pages

118136

Specification PA0929-2C_Specification.pdf
a5070a3f6f7<85544b9b377fbbab1 144e63e

a558.

Information:

Drawings-only black and white line
drawings PA0929-2C_Drawings.pdf dOdf73f1657061236c82¢c28b6157272009a

d3d29

Information:

. . 2176368
PA0929-2C_Declaration_AssignOath or Declarationfiled

ment.pdf a4b43ad76e8c1 f063c6e73bcf5 76438e8db
7914a

1396842
PA0929-2C_US_ADS_aia14_ET

Application Data Sheet Ri.pdf a3ee68c882/0acl f32d8f0f376b145d70585
293e

Information:

110771
Request for USPTO to retrieve priority

docs PA0929-2C_RFP_sb38.pdf
2¢89276b97b60f3 df58685 3007394 1a759e|

987ca

Information:

197998
PA0929-2C_POA_Form_aia008

Powerof Attorney 2 ETRI.pdf 294879d Oebf07017234c6980aea4d58016)
c6fad

Information:

248567
PA0929-2C_WPA-

Powerof Attorney GeneralPOA_ETRI.pdf a61737498e892dd9f2321 ee7ccc1b71e2 1b}
76ed9

Information:
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Fee Worksheet (SB06) fee-info.pdf
Oce5f61 Odafdd04ff881572a0f537a5332d28

ce3

This AcknowledgementReceipt evidences receipt on the noted date by the USPTOofthe indicated documents,
characterized by the applicant, and including page counts, where applicable.It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish thefiling date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903indicating acceptanceof the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new internationalapplication is being filed and the international application includes the necessary components for
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shownon this AcknowledgementReceiptwill establish the internationalfiling date of
the application.
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PAQ929-2C

{DESCRIPTION]

{Invention Title]

METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING ADAPTIVE

FILTER

{Technical Field]

The present invention relates to video coding, and more particularly,

to a method and apparatus for performing intra-prediction by applying an

adaptive filter to the surrounding pixel values of a block to be predicted or

the predicted pixel values of a current block.

[Background Art]

With the recent advent of digital TV, etc., technology in the

broadcasting TV and home entertainment fields are abruptly being developed.

Technology of the fields is being commercialized by the standardization of

video compression technology. For video compression, an ITU-T (International

Telecommunications Union-Telecommunication) H. 263 standard is being widely

used. MPEG-4 which is the next standard of MPEG (Motion Picture Experts

Group) is being used for Internet-based video applications.

After the H. 263 standard was completed, ITU-T VCEG (Video Coding

Experts Group) has devoted itself to achieve a short-term target for adding

additional characteristics to the H. 263 standard and a long-term target for

IPR2021-00827
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PAQ929-2C

developing a new standard for visual communication of a low bit rate. In the

year of 2001, JVI (Joint Video Team) consisting of the experts of MPEG and

VCEG was constructed, and the JVT has performed a standardization task of

ITU-T H. 264/MPEG-4 part 10 which is a new standard for the coding of video.

The H. 264 standard may also be called AVC (Advanced Video Coding). The

technological target of the H. 264/AVC is for the significant improvement of

coding efficiency, coding technology robust to loss and error, network-

friendly coding technology, low latency capability, accurate match decoding,

and so on.

Most of surrounding pixels within video have similar values. The same

principle applies to 4X4 blocks or 1616 blocks which are a minimum block

size of the H. 264/AVC standard. Prediction for the video may be performed

using the likeness between inter-block values as described above, and a

difference between the video and an original video can be encoded. This is

called intra-prediction. The efficiency of video coding can be increased by

intra-prediction.

Furthermore, in performs intra-prediction, a filter may be applied

before the intra-prediction is performed. In typical cases, when intra-

prediction is performed in the H. 264/AVC standard, a filter is applied to

reference pixel values, and the values to which the filter has been applied
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are used for the intra-prediction. However, the performance of video coding

may be increased when the intra-prediction is performed without applying the

filter rather than when the intra-prediction is performed after the filter is

applied, according to circumstances.

Accordingly, there may be proposed a method of determining whether to

apply a filter when performing intra-prediction.

{Summary of Invention]

{Technical Problem]

An object of the present invention is to provide a method and apparatus

for performing intra-prediction by applying an adaptive filter to surrounding

pixel values of a block to be predicted or the predicted pixel values of a

current block in video encoding. More particularly, after an adaptive filter

(i.e., a pre-filter) is applied to reference pixel values of a current block

for performing intra-prediction, prediction is performed. Furthermore, a

residual signal is calculated after applying an adaptive filter (i.e., a

post-filter) to the pixel values of a predicted current block.

{Technical Solution]

In an aspect, there is provided a method of performing intra-prediction.

The method of performing intra-prediction includes determining whether to

apply a first filter to a reference pixel value based on information about
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surrounding blocks of a current block, if, as a result of the determination,

the first filter is determined to be applied, applying the first filter to

the reference pixel values, performing intra-prediction for the current block

based on the reference pixel value, determining whether to apply a second

filter to a prediction value for each prediction mode of the current block,

predicted by performing the intra-prediction based on the information about

the surrounding blocks, and if, as a result of the determination, the second

filter is determined to be applied, applying the second filter to the

prediction values for each prediction mode.

Whether to apply the first filter may be determined based on the

prediction mode of the current block determined based on the information

about the surrounding blocks.

Whether to apply the first filter may be determined based on the size

of the current block.

Whether to apply the first filter may be previously designated based on

the prediction mode of the current block and the size of the current block.

Whether to apply the first filter may be determined based on whether

the surrounding blocks have been subjected to intra-frame coding or inter-

frame coding.

The first filter may be at least any one of a 3-tap filter and a 2-tap
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filter.

Whether to apply the second filter may be determined based on the

prediction mode of the current block determined based on the information

about the surrounding blocks.

Whether to apply the second filter may be determined based on the size

of the current block.

Whether to apply the second filter may be determined based on whether

the surrounding blocks have been subjected to intra-frame encoding or inter-

frame encoding.

The second filter may be applied to prediction values of pixels

adjacent to the boundary of the reference pixel value.

The second filter may be at least any one of a 3-tap filter and a 2-tap

filter.

In another aspect, there is a provided encoder. The encoder includes a

processor and memory connected to the processor and configured to store

pieces of information for driving the processor. The processor is configured

to determine whether to apply a first filter to a reference pixel value based

on information about surrounding blocks of a current block, if, as a result

of the determination, the first filter is determined to be applied, apply the

first filter to the reference pixel value, perform intra-prediction for the
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current block based on the reference pixel value, determine whether to apply

a second filter to a prediction value for each prediction mode of the current

block, predicted by performing the intra-prediction based on the information

about the surrounding blocks, and if, as a result of the determination, the

second filter is determined to be applied, apply the second filter to the

prediction value for each prediction mode.

In yet another aspect, there is a provided decoder. The decoder

includes a processor and memory connected to the processor and configured to

store pieces of information for driving the processor. The processor is

configured to determine whether to apply a first filter to a reference pixel

value based on information about surrounding blocks of a current block, if,

as a result of the determination, the first filter is determined to be

applied, apply the first filter to the reference pixel value, perform intra-

prediction for the current block based on the reference pixel value,

determine whether to apply a second filter to a prediction value for each

prediction mode of the current block, predicted by performing the intra-

prediction based on the information about the surrounding blocks, and if, as

a result of the determination, the second filter is determined to be applied,

apply the second filter to the prediction value for each prediction mode.

[Advantageous Effects]
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The performance of coding is improved by effectively predicting a

luminance or chrominance signal block to be encoded.

[Description of Drawings]

FIG. 1 is a block diagram of an encoder according to the H. 264/AVC

(Advanced Video Coding) standard.

FIG. 2 is a block diagram of a decoder according to the H. 264/AVC

standard.

FIG. 3 is a diagram showing an example of labeled prediction samples in

a 4X4 luma prediction mode.

FIG. 4 1s a diagram showing 9 kinds of prediction modes within the 4x4

luma prediction mode.

FIG. 5 is a diagram showing an example of a method of applying a filter

before intra-prediction is performed.

FIG. 6 is a diagram showing an embodiment of a proposed method of

performing intra-prediction using an adaptive filter.

FIG. 7 is a diagram showing an example in which a filter is applied to

a prediction value according to the proposed method of performing intra-

prediction using the adaptive filter.

FIG. 8 is a block diagram of an encoder and a decoder in which the

embodiments of the present invention are implemented.
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{Mode for Invention]

Hereinafter, embodiments of the present invention are described in

detail with reference to the accompanying drawings in order for those skilled

in the art to be able to readily implement the present invention. However,

the present invention may be implemented in various different ways and are

not limited to the following embodiments. In order to clarify a description

of the present invention, parts not related to the description are omitted,

and similar reference numbers are used throughout the drawings to refer to

similar parts. Furthermore, a description of parts which can be readily

understood by those skilled in the art is omitted.

Furthermore, when it is said that any part "includes (or comprises)"

any element, it means that the corresponding part may further include other

elements unless otherwise described without excluding the elements.

FIG. 1 is a block diagram of an encoder according to the H. 264/AVC

(Advanced Video Coding) standard.

Referring to FIG. 1, the encoder includes two kinds of data flow paths.

One of them is a forward path, and the other thereof is a reconstruction path.

First, the forward path is described. Encoding is performed for an

input frame F, for each macroblock. The macroblock has the size of 1616

pixels in an original video. Intra-prediction or inter-prediction is
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performed for each input frame. In the intra-prediction, prediction is

performed using a likeness between inter-block values within the frame, and a

difference between the original video and a relevant video is encoded. In

the inter-prediction, prediction is performed using a likeness between inter-

block values between frames, and a difference between the original video and

a relevant video is encoded. At the time of the intra-prediction or the

inter-prediction, P (i.e., a prediction macroblock) is formed on the basis of

the reconstructed frame. At the time of the intra-prediction, the prediction

macroblock P may be formed from samples within a previously encoded current

frame, a decoded current frame, or a reconstructed current frame uF,’ . When

the prediction macroblock P is formed from the reconstructed current frame,

unfiltered samples may be used. At the time of the inter-prediction, the

prediction macroblock P may be formed from one or more reference frames

through motion compensation or motion prediction. In FIG. 1, it is assumed

that the reference frame is a previously encoded frame F,-1’ . However, the

present invention is not limited thereto, and each prediction macroblock may

be formed from a previous 1 frame or previous 2 frames already encoded or

reconstructed, or a subsequent frame or subsequent 2 frames.

P is subtracted from the current macroblock in order to generate a

residual or different macroblock D,. The macroblock D, is transformed (T)
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using a block transform and quantized (Q), thus generating X. X is a set of

encoded coefficients. The encoded coefficients are reordered and then

subjected to entropy coding. The entropy-coded coefficients form a

compressed bit stream, along with information necessary to decode the

macroblock. The compressed bit stream is sent to a Network Abstraction Layer

(NAL) for transmission or storage.

The reconstruction path is described below. The quantized macroblock

coefficients X are decoded in order to generate a reconstructed frame which

is used to encode other macroblocks. X are inverse quantized (Q7‘) and then

inverse transformed (T‘), thus generating a macroblock D,’ . The difference

macroblock D,’ generated in the reconstruction path is not the same as the

difference macroblock D, generated in the forward path. Loss is generated

because of the quantization, and thus the macroblock D,’ may have a distorted

form of Dy. The prediction macroblock P is added to the macroblock D,’ , and

a reconstruction macroblock uF,’ is generated. The reconstruction macroblock

uF, may also have a distorted form of the original macroblock Fn. In order

to reduce blocking distortion for the reconstruction macroblock uF,’ , a

filter may be applied. A reconstructed frame may be formed from a plurality

of reconstruction macroblocks to which the filter has been applied.

FIG. 2 is a block diagram of a decoder according to the H. 264/AVC
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standard.

Referring to FIG. 2, the decoder receives a compressed bit stream from

an NAL. The received data is subjected to entropy decoding in order to

generate a set of quantized coefficients X and then reordered. Inverse

quantization and inverse transform are performed for the quantized

coefficients X, thereby generating D,’ . The decoder generates the same

prediction macroblock P as a prediction macroblock, generated at an encoder,

using header information decoded from the bit stream. uF,’ is generated by

adding D,’ to P, and uFn’ may experience a filter, thereby generating a

decoded macroblock F,’

Intra-prediction is described below.

When the intra-prediction is performed for a block (or a macroblock), a

prediction block (or a macroblock) P may be formed on the basis of encoded

blocks (or macroblocks) or reconstructed blocks (or macroblocks). P is

subtracted from an original video, and a difference from which P has been

subtracted is encoded and then transmitted. The intra-prediction may be

performed according to a luma prediction mode or a chroma prediction mode.

In the luma prediction mode, the intra-prediction may be performed in the

unit of a 4x4 sub-block size or a 16X16 macroblock size. A total of 9

additional prediction modes exist in the 4x4 luma prediction mode, and a

11
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total of 4 additional prediction modes exist in the 1616 luma prediction

mode. The unit in which the intra-prediction is performed is not limited to

the sub-block or the macroblock, but may be performed using various sizes as

the unit. The unit of a pixel in which the intra-prediction is performed may

be called a Coding Unit (CU) or a Prediction Unit (PU). The size of the CU

or the PU may be the same as the size of a sub-block or a macroblock as

described above.

FIG. 3 is a diagram showing an example of labeled prediction samples in

the 44 luma prediction mode. Referring to FIG. 3, a prediction block P is

A to H or I to L and is calculated on the basis of labeled samples.

FIG. 4 1s a diagram showing 9 kinds of prediction modes within the 4x4

luma prediction mode.

An encoder may select any one of the 9 prediction modes for each block

in order to minimize a difference between a prediction block P and a block to

be encoded. The 9 prediction modes are as follows.

1) mode 0 (vertical): A to D which are upper samples of the prediction

block are vertically extrapolated.

2) mode 1 (horizontal): I to L which are left samples of the prediction

block are horizontally extrapolated.

3) mode 2 (DC); all the samples A to D and I to L within the prediction

12
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block P are predicted by average.

4) mode 3 (diagonal down-left): samples within the prediction block P

are interpolated at an angle of 45° between a left down and a right up.

5) mode 4 (diagonal down-right): samples within the prediction block P

are extrapolated right downward at an angle of 45°

6) mode 5 (vertical-right): samples within the prediction block P are

extrapolated or interpolated to the right at an angle of about 26.6° ina

vertical axis.

7) mode 6 (horizontal-down): samples within the prediction block P are

extrapolated downward at an angle of about 26.6° in a horizontal axis.

8) mode 7 (vertical-left): samples within the prediction block P are

extrapolated to the left at an angle of about 26.6° in the vertical axis.

9) mode 8 C(horizontal-up): samples within the prediction block P are

interpolated upward at an angle of about 26.6° in the horizontal axis.

In FIG. 4, the arrow indicates a direction in which prediction is

performed within each mode. Meanwhile, in relation to the mode 3 to the mode

8, the samples within the prediction block P are formed from a weighted

average of the prediction samples A to H or I to L. For example, in the mode

4, a sample d placed on the right upper side of the prediction block P may be

predicted as round (B/4tC/2tD/4). The encoder calculates the Sum of Absolute

13
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Errors (SAE) for a prediction block generated by each of the prediction modes

and performs intra-prediction based on the prediction mode having the

smallest SAE.

FIG. 5 is a diagram showing an example of a method of applying a filter

before intra-prediction is performed.

In general, a filter is applied to samples used in the H. 264/AVC

standard, and intra-prediction is then performed. The samples may also be

called reference pixel values. In the example of FIG. 5, it is assumed that

a filter is a low-pass filter and is applied to only an 8X8 block.

Equation 1 is an example of Equation showing a 3-tap filter applied to

a reference pixel value.

<Equation 1>

h[Z] = (A + 2XZ + Q)/4

h[A] = (Z + 2A + B)/4

h[P] = (0 + 3XP)/4

h[Q] = (Z + 2XQ + R)/4

h[X] = (W + 3xxX)/4

hLZ] indicates a value calculated by applying the filter to Z.

14
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Referring to Equation 1, filtering for the reference pixel value is performed

by applying filter coefficients (1,2,1), and intra-prediction according to

the 9 prediction modes is performed on the basis of reference pixel values

h[A]~h[Z] that has been filtered. Like in the encoding process, the filter

may be applied even in a decoding process.

In performing filtering before intra-prediction is performed, the

performance of encoding may be improved when the filtering is not performed.

Accordingly, a method of performing intra-prediction by adaptively applying

the filter may be proposed.

FIG. 6 is a diagram showing an embodiment of the proposed method of

performing intra-prediction using an adaptive filter.

Referring to FIG. 6, at step $201, an encoder determines whether to

apply the adaptive filter to a reference pixel value. When determining

whether to apply the adaptive filter, the encoder may determine whether to

apply the adaptive filter on the basis of information about a surrounding

block or according to a Rate-Distortion Optimization (RDO) method.

When determining whether to apply the adaptive filter to the reference

pixel value based on the information about a surrounding block, a prediction

mode of a current block may be determined based on prediction mode

information (i.e., a Most Probable Mode (MPM) about the surrounding block,
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and whether to apply the adaptive filter to the reference pixel value may be

determined according to the determined prediction mode of the current block.

For example, assuming that a current block is ‘C’ , an upper block is ‘A’ ,

and a left block is ‘B’ , when a prediction mode of the current block is the

same as a prediction mode of the upper block ‘A’ , the prediction mode of

the upper block ‘A’ may be determined as the prediction mode of the current

block. When the prediction mode of the current block is the same as a

prediction mode of the left block ‘B’ , the prediction mode of the left

block ‘B’ may be determined as the prediction mode of the current block.

Alternatively, when the prediction mode of the current block is a prediction

mode other than the prediction mode of the upper block ‘A’ or the

prediction mode of the left block ‘B’ , a relevant prediction mode is

encoded and transmitted. Whether to apply the adaptive filter to the

reference pixel value may be determined according to the prediction mode of

the current block determined as described above. Even when the current block,

the upper block, and the left block have different sizes, the prediction mode

of a current block may be determined based on the prediction mode of a

surrounding block.

Alternatively, in determining whether to apply the adaptive filter to

the reference pixel value based on the information about a surrounding block,
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whether to apply the adaptive filter may be determined on the basis of a

shift in the surrounding reference pixel value. For example, assuming that a

reference pixel value to which the filter will be applied is pln], a

difference between pl[n-1] and p[ntl] (i.e., surrounding reference pixel

values) may be calculated, and whether to apply the filter may be determined

by comparing the difference with a specific threshold.

Alternatively, whether to apply the filter to the reference pixel value

may be determined based on the size of a current block other than a

prediction mode of the current block. Here, whether to apply the filter is

previously designated based on the prediction mode of the current block and

the size of the current block, and whether to apply the filter is adaptively

determined according to the relevant prediction mode or the relevant size.

Table 1 indicates whether to apply the filter according to the

prediction mode of a current block and the size of the current block.

[Table 1]

 
PREDICTION MODE OF CURRENT|SIZE OF CURRENT BLOCK
 

 
 

 

 

BLOCK 1x4 8x8 16X16 32X32

0 0 0 0 0

pa
2 0 0 0 0

3 1 1 1 1

4 0 1 1 1   
 

Referring to Table 1, ‘0’ indicates that the filter is not applied,

and ‘1’ indicates that the filter is applied. For example, when the size
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of the current block is 4X4, if the prediction mode of the current block is

1, the filter may not be applied. If the prediction mode of the current

block is 3, the filter may be applied.

Furthermore, whether to apply the filter to the reference pixel value

may be determined according to whether surrounding blocks have been subjected

to intra-frame encoding or inter-frame encoding. For example, when

constrained intra-prediction is performed, a value subjected to the inter-

frame encoding is filled with the value of a surrounding block subjected to

intra-frame encoding when the surrounding block is subjected to the inter-

frame encoding. Here, filter may not be applied.

If, as a result of the determination, the filter is determined to be

applied to the reference pixel value, the encoder applies the filter to the

reference pixel value at step $202. The applied filter may be a common

filter. For example, the 3-tap filter of Equation 1 may be used, or a 2-tap

filter may be used. When the 2-tap filter is used, various filter

coefficients, such as (1/8, 7/8), (2/8, 6/8), and (3/8, 5/8), may be used.

The reference pixel value to which the filter has been applied may be used

when the filter is applied to other reference pixel values. Furthermore,

when the filter is applied to the reference pixel value, the filter may be

applied to all reference pixel values or only some of the reference pixel
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values.

At step S203, the encoder performs intra-prediction on the basis of the

reference pixel value to which the filter has been applied or to which the

filter has not been applied.

At step S204, the encoder determines whether to apply the filter to a

prediction value for each prediction mode, predicted by performing the intra-

prediction, in order to encode a current block. Here, each prediction mode

may be each of the 9 prediction modes in the 4X4 luma prediction mode. When

determining whether to apply the filter to a prediction value for each

prediction mode, whether to apply the filter may be determined based on

information about a surrounding block or according to the RDO method.

When determining whether to apply the filter to the prediction value

based on the information about a surrounding block, a prediction mode of the

current block may be determined based on prediction mode information (MPM)

about the surrounding block, and whether to apply the filter to the

prediction value may be determined based on the determined prediction mode of

the current block. For example, assuming that a current block is ‘C’ , an

upper block is ‘A’ , and a left block is ‘B’ , when a prediction mode of

the current block is the same as a prediction mode of the upper block ‘A’ ,

the prediction mode of the upper block ‘A’ may be determined as the

19

IPR2021-00827

Unified EX1002 Page 1125



IPR2021-00827 
Unified EX1002 Page 1126

PAQ929-2C

prediction mode of the current block. When the prediction mode of the

current block is same as a prediction mode of the left block ‘B’ , the

prediction mode of the left block ‘B’ may be determined as the prediction

mode of the current block. Alternatively, when the prediction mode of the

current block is a prediction mode other than the prediction mode of the

upper block ‘A’ or the prediction mode of the left block ‘B’ , a relevant

prediction mode is encoded and transmitted. Here, when the prediction mode

of the current block is a specific prediction mode (DC or planar), a

difference between a reference pixel value and a prediction value may be

relatively greater than that of other prediction modes. For example, a

difference between a reference pixel value and a prediction value in the

planar prediction mode may be relatively greater than that of other

prediction modes. The prediction value in the planar prediction mode may be

calculated by averaging a first prediction value, obtained by horizontally

performing linear interpolation for each row, and a second prediction value

obtained by vertically performing linear interpolation for each column. When

the linear interpolation is horizontally performed, a right value is the same

as a value placed at a right upward position (i.e., D in FIG. 3), from among

the reference pixel values. When the linear interpolation is vertically

performed, a downward value is the same as a value placed at a left downward
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position (i.e., L in FIG. 3), from among the reference pixel values. Since

the prediction value is not directly obtained from the reference pixel value,

a difference between the reference pixel value and the prediction value may

be relatively great. In this case, intra-prediction efficiency may be

increased by applying the filter to the prediction value. Whether to apply

the filter to the prediction value may be determined according to the

prediction mode of the current block determined as described above. Even

when a current block, an upper block, and a left block have different sizes,

a prediction mode of the current block may be determined according to the

prediction mode of a surrounding block.

Alternatively, whether to apply the filter to the prediction value may

be determined according to the size of a current block besides the prediction

mode of a current block. Here, whether to apply the filter according to the

prediction mode of the current block and the size of the current block is

previously designated, and whether to apply the filter is adaptively

determined according to the relevant prediction mode or the relevant size.

Alternatively, whether to apply the filter to the prediction value may be

determined according to whether surrounding blocks have been subjected to

intra-frame encoding or inter-frame encoding.

If, as a result of the determination, the filter is determined to have
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been applied to the prediction value, the encoder applies the filter to the

prediction value at step $205. Accordingly, the prediction of the current

block is completed, and the encoder calculates a residual signal and performs

entropy coding.

FIG. 7 is a diagram showing an example in which the filter is applied

to the prediction value according to the proposed method of performing intra-

prediction using the adaptive filter.

Referring to FIG. 7, in the case where the prediction mode of a current

block is a non-directional mode, a difference between a reference pixel value

and a prediction value may become relatively greater than that of other

prediction modes. Accordingly, the filter may be applied to only the

prediction values of pixels adjacent to the boundary with surrounding

restored reference pixel values. For example, filtering may be performed for

prediction values corresponding to al~a8, and bl, cl, dl, el, fl, gl, and hl

corresponding to the pixels of one line which is placed at the boundary in

FIG. 7. Alternatively, filtering may be performed for prediction values

corresponding to al~a8, bl~b8, and cl~c2, dl~d2, el~e2, f1~f2, gl~g2, and

hl~h2 corresponding to the pixels of two lines which are placed at the

boundary in FIG. 7. Here, the applied filter may be a common filter. For

example, the 3-tap filter of Equation 1 may be used or a 2-tap filter may be
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used. When the 2-tap filter is used, various filter coefficients, such as

(1/8, 7/8), (2/8, 6/8), and (3/8, 5/8), may be used. Alternatively, any one

of the 2-tap filter and the 3-tap filter may be selected and sued according

to the positions of pixels.

In the case where the prediction mode of a current block is a

prediction mode using the reference pixel values corresponding to A~P as in

the mode 0, the mode 3, or the mode 7 in this way, the filter may be applied

to prediction values which correspond to al~a8 having a relatively great

difference between the reference pixel value and the prediction value.

Furthermore, in the case where the prediction mode of a current block is a

prediction mode using the reference pixel values corresponding to Q~X as in

the mode 1 or the mode 8, the filter may be applied to prediction values

which correspond to al, bl, cl, dl, el, fl, gl, and hl having a relatively

great difference between the reference pixel value and the prediction value

Equation 2 is an example of Equation, indicating the filter applied to

prediction values when the 2-tap filter or the 3-tap filter is selected and

used according to the positions of pixels.

<Equation 2>

f[al]=(2XA + 4Xal + 2XxQ)/8

f[b1]=(2XB + 6Xb1)/8
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f[cl] = (2<XC + 6Xc1)/8

f[a2] = (2<R + 6Xa2)/8

f[a3] = (2S + 6Xa3)/8

In Equation 2, flal] is a value in which the filter is applied to the

prediction value al, and A and Q indicate the reference pixel values. From

Equation 2, it can be seen that the 3-tap filter is applied to the prediction

value of a pixel where the prediction value al is placed, and the 2-tap

filter is applied to the prediction values of remaining pixels.

Equation 3 is another example of Equation, indicating the filter

applied to prediction values when the filter is applied to the prediction

values according to the proposed method of performing intra-prediction using

the adaptive filter.

<Equation 3>

1. Vertical low-pass filter

vial] = (A + 2Xal + a2)/4

via2] = (vlal] + 2<a2 + a3)/4

vla8] = (vla7] + 3xa8)/4
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vib1] = (B + 2Xbl + b2)/4

2. Horizontal low-pass filter

h[al] = (Q + 2Xvl[al] + vib1])/4

h[b1] = (h[al] + 2<v[b1] + v[icl])/4

h[h1] = (h[g1] + 3XvI[h1])/4

hla2] = (R + 2Xvl[a2] + v[b2])/4

In Equation 3, the filter may be used when the adaptive filter is

applied according to the method using information about surrounding blocks or

the RDO method for each of the prediction modes. Referring to Equation 3, a

low-pass filter having filter coefficients (1, 2, 1) is sequentially applied

to two vertical and horizontal directions. First, the filter is applied to

the vertical direction, and the filter is applied to the horizontal direction

based on a prediction value to which the filter has been applied. The

prediction value to which the filter has been applied may be used when the

filter is applied to other prediction values.

Meanwhile, when the RDO method is used, the method of performing intra-

prediction described with reference to FIG. 6 may be repeatedly performed.
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FIG. 8 is a block diagram of an encoder and a decoder in which the

embodiments of the present invention are implemented.

The encoder 800 includes a processor 810 and memory 820. The processor

810 implements the proposed functions, processes, and/or methods. The

processor 810 is configured to determine whether to apply a first filter to

reference pixel values based on information about surrounding blocks of a

current block, apply the first filter to the reference pixel values if, as a

result of the determination, the first filter is determined to be applied,

perform intra-prediction for the current block on the basis of the reference

pixel values, determine whether to apply a second filter to a prediction

value for each prediction mode of the current block which has been predicted

by performing the intra-prediction based on the information about surrounding

blocks, and apply the second filter to the prediction value for each

prediction mode of the current block if, as a result of the determination,

the second filter is determined to be applied. The memory 820 is connected

to the processor 810 and is configured to store various pieces of information

for driving the processor 810.

The decoder 900 includes a processor 910 and memory 920. The processor

910 implements the proposed functions, processes, and/or methods. The

processor 910 is configured to determine whether to apply a first filter to
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reference pixel values based on information about surrounding blocks of a

current block, apply the first filter to the reference pixel values if, as a

result of the determination, the first filter is determined to be applied,

perform intra-prediction for the current block on the basis of the reference

pixel values, determine whether to apply a second filter to a prediction

value for each prediction mode of the current block which has been predicted

by performing the intra-prediction based on the information about surrounding

blocks, and apply the second filter to the prediction value for each

prediction mode of the current block if, as a result of the determination,

the second filter is determined to be applied. The memory 920 is connected

to the processor 910 and is configured to store various pieces of information

for driving the processor 910.

The processor 810, 910 may include Application-Specific Integrated

Circuits (ASICs), other chipsets, logic circuits, and/or data processors.

The memory 820, 920 may include Read-Only Memory (ROM), Random Access Memory

(RAM), flash memory, a memory card, a storage medium, and/or other storage

devices. When the above embodiments are implemented in software, the above

schemes may be implemented using a module (or a process or function) for

performing the above functions. The module may be stored in the memory 820,

920 and may be executed by the processor 810, 910. The memory 820, 920 may
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be internal or external to the processor 810, 910 and may be coupled to the

processor 810, 910 using a variety of well-known means.

In the above-described exemplary systems, although the methods have

been described on the basis of the flowcharts using a series of steps or

blocks, the present invention is not limited to the sequence of the steps,

and some of the steps may be performed at different sequences from the

remaining steps or may be performed simultaneously with the remaining steps.

Furthermore, those skilled in the art will understand that the steps shown in

the flowcharts are not exclusive and other steps may be included or one or

more steps of the flowcharts may be deleted without affecting the scope of

the present invention.

The above-described embodiments include various aspects’ of

illustrations. Although all kinds of possible combinations for representing

the various aspects may not be described, a person having ordinary skill in

the art will understand that other possible combinations are possible.

Accordingly, the present invention may be said to include all other

replacements, modifications, and changes belonging to the accompanying claims.
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(CLAIMS]

{Claim 1]

A video decoding apparatus comprising:

a processor to determine whether to apply a first filter to a reference

pixel value of a current block based on at least one of an intra prediction

mode of the current block and a size of the current block,

apply the first filter to the reference pixel value if, as a result of

the determination, the first filter is determined to be applied, and

perform intra-prediction for the current block based on the reference

pixel value,

wherein when the first filter is determined to be applied, the

processor calculates a difference the reference pixel values, compares the

calculated difference with a specific threshold and applies the first filter

to the reference pixel value based on comparison of the specific threshold

and the calculated difference.

{Claim 2]

The video decoding apparatus of claim 1, when the intra-prediction for

the current block is performed, the processor determines whether to apply a

second filter to a prediction value of the current block based on at least

one of the intra prediction mode of the current block and the size of the
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current block, and applies the second filter to the prediction value of the

current block if, as a result of the determination, the second filter is

determined to be applied.

{Claim 3]

The video decoding apparatus of claim 2, wherein the first filter is at

least any one of a 3-tap filter and a 2-tap filter and the second filter is

at least any one of a 3-tap filter and a 2-tap filter.
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[ABSTRACT]

Provided is a method and apparatus for performing intra-prediction using an

adaptive filter. The method for performing intra-prediction comprises the

steps of: determining whether or not to apply a first filter for a reference

pixel value on the basis of information of a neighboring block of a current

block; applying the first filter for the reference pixel value when it is

determined to apply the first filter; performing intra-prediction on the

current block on the basis of the reference pixel value; determining whether

or not to apply a second filter for a prediction value according to each

prediction mode of the current block, which is predicted by the intra-

prediction performance on the basis of the information of the neighboring

block; and applying the second filter for the prediction value according to

each prediction mode of the current block when it is determined to apply the

second filter.

31

IPR2021-00827

Unified EX1002 Page 1137



IPR2021-00827 
Unified EX1002 Page 1138

WW
N

 

BHuipodAdowuy

(uoneziuenbaSJBAUT)+O(uonezquend)O

(WOJSUL}@SJBAU)rl(WWOJsueL|)LTOF

yolpipasd-e1,U]uoesuadwio?UOIO|\|

JoyuolpipaidFJJUI9a]aSuolpipaidUOOY|  
(auwedypayonysuodey)“d

 

 
(aWed}99UaJ3}ay)|(auwedyyuainy)|

 
IPR2021-00827

Unified EX1002 Page 1138



IPR2021-00827 
Unified EX1002 Page 1139

TVN

 

BHuipodAdowuj

 
Huuapsoay
(

uonezijuenbaSJBAUT)+O

(WUOJSUeL}aSJOAUT)rlCOlds

uonjesuadwio)UOIO/|

Joy

 
awed}paynyjsuodey)“d

 

(aWwed}99UaJ3}ay)my

IPR2021-00827

Unified EX1002 Page 1139



IPR2021-00827 
Unified EX1002 Page 1140

FIG. 3

 
IPR2021-00827

Unified EX1002 Page 1140



IPR2021-00827 
Unified EX1002 Page 1141

(jeyuozuoy)T
yOld 

(JED!U8A)O
IPR2021-00827

Unified EX1002 Page 1141



IPR2021-00827 
Unified EX1002 Page 1142

ERRptttttttiMPtttteetfaPttttetefopttttyfepttttyytsptttteyfePttttytyfpdfo|njm}ifxfelifafols}aja}>fafviz GOl

IPR2021-00827

Unified EX1002 Page 1142



IPR2021-00827 
Unified EX1002 Page 1143

FIG. 6

 

 

 

Determine

whether to apply a filter
(reference pixel value)?

 
Apply filter

(reference pixel value)

Perform intra-prediction

 
 

 

 
Determine

whether to apply a filter
(block prediction value)?

 
Apply filter

(block prediction value)

IPR2021-00827

Unified EX1002 Page 1143



IPR2021-00827 
Unified EX1002 Page 1144

mal-[-[Jae|xifsfl[|=fos[oe|ueauf[|=[oaoe]0Segalecco[==feafeelseisai|e[eo][eazewuff[v6]fsa[se] £Old

IPR2021-00827

Unified EX1002 Page 1144



IPR2021-00827 
Unified EX1002 Page 1145

FIG. 8

 

IPR2021-00827

Unified EX1002 Page 1145



IPR2021-00827 
Unified EX1002 Page 1146

FIG. 9

800 900

Processor Processor 

IPR2021-00827

Unified EX1002 Page 1146



IPR2021-00827 
Unified EX1002 Page 1147

 
 DECLARATION G7 CFR 4.83) FOR UFIL TYORDESIGN APPLICATION |

 

USINGAN APPLICATION DATASHEET(37 GFR1.76) ANDASSIGNMENT

‘Aitle of METHODANG APPARATUS FOR PERFORMINGINTRA-PREDICTION USING
invention ADAPTIVE FILTER

As the below named inventory | herebydeclare that:
The declaration isdirectedto:

4Theattached application, or
[_] United States apolication of PCT intemationalapplication number
PCTKRISEARBREfled on

The aboveidentified application was made or authorized to be madeby me.
| believe that] am: the original oran original joint inventor oF aclaimed invention inthe

application.

| hereby acknowledge that any willful false statement made in this, declaration is

tsunder 18 U.S.C. 3007by fine or imorisonment.of not more than five (5) yearsor

 

Declaration

  

New, THEREFORE.in considerstion af the sum of onedollar ($1), the receipt whereof
is acknowledge, and otter good and valuable cansideration, |, by these presents da sell,
assign and transfer unto saidassignee(s)

ELECTRONICS ANDTELECOMMUNICATIONS RESEARCHINSTITUTE

and the heirs. successors, assigns andlegal representatives of the assignee(s) the full |
ahd exclusive right to the said invention in the United States and in its terrdorial
possessions and in any and all foreign. countries any and all improvements therecf, the |
entire rights, ule and interest in and to any and all Patents which may be granted
therefore in the United States. | hereby authorize ard request the Director ofthe LS. |
Patent and Trademark Office Io issue said United States Patent to said assignea(s), of the |
entire right, tite, and interest in and to the same, fer his sole use and for the useof his |
legal representatives, fo the full end ofthetenn for which said Patent may be granted, as
july and entirely as the same would have been held by me hadthisassignment and sale
notbeen made.

Assignment|1 agree promptly upon request of the assiqnee(s). itsheirs, successors, assigns and
legal representativesof the assignee(s) fo communicate any facts known to it respecting|
the patent and theinvention set forth therein, and to execute and dehver withoutfurther.|
compensation any power of attorney, Assignment. application, whether original,
continuation, divisional or reissue, or other papersthat may be necessary.

i herebycovenant that no assignment, saleagreement orencumbrancehasbeen orwill
be made or entered into whith wouldconfict withthis assignment and sale.

1 further covenantthat assiqnee(s) wil, upon its request, be provided promptly with all
pertinentfactsand docurnents relatingte saidinvention and said Letters Patentandlegal
equivalents as may beknown and accessibleto me and witestify as tothe same inany
litigation related: thereto and will promptly execute andceliver te assignee(s) ar its legal
representatives any and allpapers, instrumentsor affidavits required to apply for, obtain,
maintain, issue and enforce: said application. said invention and saidLetters Patent and
said equivalents thereof which may be necessary or desirable te carry out the purpases,
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DECLARATION(37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION
USING AN APPLICATION DATA SHEET(37 CFR 1.76) AND ASSIGNMENT 
 

Title of
Invention

 

METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING
ADAPTIVE FILTER
 
|

Declaration

As the below named inventor(s), | hereby declare that:
The declaration is directed to:

The attached application, or

[-] United States application or PCT international application number
PCT/KR#HHH/HHHHHE filed on .

The above-identified application was made or authorized to be made by me.
| believe that | am the original or an original joint inventor of a claimed invention in the

application.

i hereby acknowledge that any willful false statement made in this declaration is
punishable under 18 U.S.C. 1001 by fine or imprisonment of not more than five (5) years
or both.
  Assignment

 

NOW, THEREFORE, in consideration of the sum of one dollar ($1), the receipt whereof
is acknowledge, and other good and valuable consideration, |, by these presents do sell, |
assign and transfer unto said assignee(s}

ELECTRONICS AND TELECOMMUNICATIONS RESEARCHINSTITUTE

and the heirs, successors, assigns and legal representatives of the assignee(s) the full
and exclusive right to the said invention in the United States and in its territorial
possessions and in any and all foreign countries any and all improvements thereof, the
entire rights, title and interest in and to any and all Patents which may be granted
therefore in the United States. | hereby authorize and request the Director of the U.S.
Patent and Trademark Office to issue said United States Patent to said assignee(s), of the
entire right, title, and interest in and to the same, for his sole use and for the use of his
legal representatives, to the full end of the term for which said Patent may be granted, as
fully and entirely as the same would have been held by me had this assignment and sale
not been made.

| agree promptly upon request of the assignee(s), its heirs, successors, assigns and
legal representatives of the assignee(s) to communicate any facts knownto it respecting
the patent and the invention set forth therein, and to execute and deliver without further
compensation any power of attorney, Assignment, application, whether original,
continuation, divisional or reissue, or other papers that may be necessary.

| hereby covenant that no assignment, sale agreement or encumbrance has beenorwill
be made or entered into which would conflict with this assignment and sale.

| further covenant that assignee(s) will, upon its request, be provided promptly with all
pertinent facts and documentsrelating to said invention and said Letters Patent and legal
equivalents as may be known and accessible to me and will testify as to the same in any
litigation related thereto and will promptly execute and deliver to assignee(s) orits legal
representatives any and all papers, instruments or affidavits required to apply for, obtain,
maintain, issue and enforce said application, said invention and said Letters Patent and
said equivalents thereof which may be necessary or desirable to carry out the purposes
thereof.
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Residence Information (Select One) (> US Residency (@) NonUS Residency () Active US Military Service 

Mailing Addressof Inventor:

  
 

Address 1 2-504 KAIST Apt., Doryong-dong, Yuseong-gu

Address 2

City Daejeon-si State/Province

Postal Code | Country |! KR 
All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Add

CorrespondenceInformation:

Enter either Customer Number or complete the CorrespondenceInformation section below.
Forfurther information see 37 CFR 1.33({a).

[_] An Addressis being provided for the correspondenceInformation ofthis application.

  Customer Number

Email Address

 

  
 

  
uspto.actions@wpapat.com Add Ema
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PTO/AIA/14 (08-12)
Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

leat

Application Data Sheet 37 CFR 1.76

Title of Invention METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING ADAPTIVE FILTER

Application Information:

 
Title of the Invention METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING ADAPTIVE FILTER 

 Attorney Docket Number| PA0929-2C | Small Entity Status Claimed
Application Type Nonprovisional

Subject Matter Utility

Suggested Class(if any)PfSb Class(if any)
Suggested Technology Center(if any)

Total Number of Drawing Sheets (if any) os|Suggested Figure for Publication (if any)
Publication Information:

[_] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby requestthat the attached application not be published under
[] 35U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the

subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen monthsafterfiling.

  
Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a powerof attorneyin the application (see 37 CFR 1.32).
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Numberwill be used for the Representative Information during processing. Please Select One: (#) Customer Number C)} US PatentPractitioner () Limited Recognition (37 CFR 11.9)

Customer Number 96767

Domestic Benefit/National Stage Information:
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate
National Stage entry from a PCT application. Providing this information in the application data sheet constitutes the
specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

 

 

 

Prior Application Status|Pending

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD}

Continuation of 13540014 2012-10-08    
Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button. Ace

  
Foreign Priority Information:
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PTO/AIA/14 (08-12)
Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number|PAGS29-2C

Application Number

METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING ADAPTIVE FILTER

 
 
 

 

 Application Data Sheet 37 CFR 1.76

 
  Title of Invention

This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 U.S.C. 119(b)
and 37 CFR 1.58(a).

 

    Application Number Country | Filing Date (YYYY-MM-DD) Priority Claimed

10-2010-0032778 KR 2010-04-09 () Yes O No

Application Number Country | Filing Date (YYYY-MM-DD) Priority Claimed

10-201 1-0026079 KR 2011-03-23 (@) Yes ©) No

Application Number Country | Filing Date (YYYY-MM-DD) Priority Claimed

10-201 1-0032766 KR 2011-04-08 te) Yes © No

hdenoreian Priority Data may be generated within this form by selecting the

 
Authorization to Permit Access:

Authorization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),
the Japan Patent Office (JP©), the Korean Intellectual Property Office {(KIPO), the World Intellectual Property Office (WIPO),
and any otherintellectual property offices in which a foreign application claiming priority to the instant patent application
is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checkedif the applicant
does not wish the EPO, JPO, KIPO, WIPO,or otherintellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have accessto the instant patent application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect
to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application
claims priority under 35 U.S.C. 119{a)-{d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has beenfiled in the instant patent application; and 3) any U.S. application-as-filed from which benefit is

soughtin the instant patent application.

In accordance with 37 CFR 1.14{c}, access may be provided to information concerning the date offiling this Authorization.

  
Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirementof part 3 of Title 37 of CFR
to have an assignment recordedbythe Office. 
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Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Attorney Docket Number|PAGS29-2C

Application Number

METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING ADAPTIVE FILTER

 
 
 

 

 Application Data Sheet 37 CFR 1.76

 
  Title of Invention

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and addressof the legal representative who is the applicant under 37 CFR
1.43; or the name and addressof the assignee, person to whom theinventor is under an obligation to assign the invention, or person
who otherwise showssufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46.If the applicantis an
applicant under 37 CFR 1.46 {assignee, person to whomtheinventoris obligated to assign, or person who otherwise showssufficient
proprietary interest) together with one or morejoint inventors, then the joint inventor or inventors whoare also the applicant should be
identified in this section.

Remove

Ce) Assignee C) Legal Representative under 35 U.S.C. 117

QO Person to whom the inventoris obligated to assign. © Person who shows sufficient proprietary interest

lf applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Nameof the Deceased or Legally Incapacitated Inventorfo
If the Assignee is an Organization check here.

Organization Name Electronics and Telecommunications ResearchInstitute

Mailing Address Information:

Address 1 218, Gajeong-ro, Yuseong-gu

Address 2

Email Address
 

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Signature:

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications

 

 

Signature=|/Woochoon W. Park/ Date (YYYY-MM-DD}| 2015-08-13

 
Additional Signature may be generated within this form by selecting the Add button. Add
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Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

- . Attorney Docket Number|PAGS29-2C
Application Data Sheet 37 CFR 1.76 — Title of Invention METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING ADAPTIVE FILTER

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTOto process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amountof time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information sclicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonmentof the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

Privacy Act Statement

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552)
and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom cofInformation Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 U.S.C. 181} and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA aspart of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.S.C. 29804 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant(i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations aboutindividuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record wasfiled in an application which became abandonedorin which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency,if the
USPTO becomes awareof a violation or potential violation of law or regulation.
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PATENT ASSIGNMENT COVER SHEET

Electronic Version v1.1 EPAS ID: PAT3482712

Stylesheet Version v1.2

SUBMISSION TYPE: NEW ASSIGNMENT

NATURE OF CONVEYANCE: ASSIGNMENT

CONVEYING PARTY DATA

RECEIVING PARTY DATA

(Name: ELECTRONICS AND TELECOMMUNICATIONS RESEARCH INSTITUTE
Street Address: 218, GAJEONG-RO, YUSEONG-GU

State/Country: KOREA, REPUBLIC OF

PROPERTY NUMBERSTotal: 1

Property Type

Application Number: 14825825

CORRESPONDENCEDATA

Fax Number: (630)908-7653

Correspondencewill be sent to the e-mail addressfirst; if that is unsuccessful, it will be sent
using a fax number,ifprovided; if that is unsuccessful, it will be sent via US Mail.
Phone: 6309087652

Email: uspto.actions@wpapat.com

Correspondent Name: WILLIAM PARK & ASSOCIATESLTD.
AddressLine 1: 930 N. YORK ROAD, SUITE 201

AddressLine 4: HINSDALE, ILLINOIS 60521

ATTORNEY DOCKET NUMBER: PA0929-2C

NAME OF SUBMITTER: WOOCHOONW. PARK
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SIGNATURE: /Woochoon W. Park/

DATE SIGNED: 08/13/2015

PoThis document serves as an Oath/Declaration (37 CFR 1.63).
Total Attachments: 6

source=PA0929-2C_Declaration_Assignment#page1 .tif
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BAL RIM G&L EEN Group

po DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION
 

L name annemnmmmemem
   r rantnneninanmnim

Tile of METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING
| Invention ADAPTIVE FILTER
sponte ae|

As the below named inventor(s), [ hereby declare that:

|

 

 

The declaration is directed to:

| The attached application, or
__] United States application or PCT international application number
PCTIKRIHHVTHRIES filedon.

The above-identified application was made or authorized to be made by me.
| believe that | am the original or an original joint inventor of a claimed invention in the

application.

i hereby acknowledge that any willful false statement made in this declaration is
i punishable under 18 U.S.C. 1001 by fine or imprisonment of not more than five (5) years
i or both.

 

 Declaration   
 

| |
| NOW, THEREFORE, in consideration of the sum of one dollar ($1), the receipt whereof |

is acknowledge, and other good and valuable consideration, |, by these presents do sell, |
i | assign and transfer unto said assignee(s)

ELECTRONICS AND TELECOMMUNICATIONS RESEARCHINSTITUTE

and the heirs, successors, assigns and legal represeniatives of the assiqnea(s) the full |
and exclusive right fo the sald invention in the United States and in its territorial |

| possessions and in any and all foreign countries any and all improvements thereof, the |
entire rights, tile and interest in and to any and all Patents which may be granted |
therefore in the United States. | hereby authorize and request the Director of the U.S.
Patent and Trademark Office to issue said United States Patent to said assignee(s), of the

i entire right, title, and interest in and to the same, for his sole use and for the use of his
| legal representatives, to the full end of the terrn for which said Patent may be granted, as

fully and entirely as the sarne would have been held by me had this assignrnent and sale
not been made.

Assignment | agree promptly upon request of the assignee(s), its heirs, successors, assigns and
legal representatives of the assignee(s) to communicate any facts known fo if respecting
the patent and the invention set forth therein, and to execute and deliver without further
compensation any power of aliorney, Assignment, application, whether original,
continuation, divisional cr reissue, or other papers that may be necessary.

| hereby covenant that no assignment, sale agreement or encumbrance has been or will
be made or entered info which would conflict with this assignment and sale.

i further covenant that assignee(s) will, upon its request, be provided promptly with all
pertinent facts and documents relating to said invention and said Letters Patent and leqal
equivalents as may be known and accessible to me and will testify as fo the same in any
litigation related thereto and will promptly execute and deliver to assignee(s) or its legal |
representatives any and all papers, instruments or affidavits required to apply for, obtain,
maintain, issue and enforce said application, said invention and said Letters Patent and |
said equivalents thereof which may be necessary or desirable to carry out the purposes|
thereof.

|
i

|
ii
|i

i

|
|

   
 

Page 1
PR20100226Usb, 3 4] HO] ef sg oF

IPR2021-00827

Unified EX1002 Page 1167



IPR2021-00827 
Unified EX1002 Page 1168

 

USING AN APPLICATION DATA SHEET (37 CFR 1.76) AND ASSHGNMENT
DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION
 
 ~:i{\i}}}ban

 

Inventor Name (First Middle LAST): | din Ho LEE 

  
 

Inventor,

Any |

 

oatNar. inventor Signature: |
Bate— —

Leaai N | Inventor Name (First Middle LAST): | Hui Yong KIMegal Name | 4 penceenn nee

Ofdeint | inventor Signature:

 
 

 
 

 

 
 

Date: |

r Tv roerennmenenaeattinneencoy
inventor Name (First Middle LAST): | Se Yoon JEONG i

| Legal Name i peceeeemnennsnensnsel

| Of Joint inventor Signature: | Cs: 71 eta ainventor, ff " , “| Je feo C0 i
Any Ol~ ooF — “|

a Pate:| PIAS 23.FOIS
rotorcmnnnptncnnennnnannnnnnnnrmanaannann 7f

i Legal Name
i Of Joint
i Inventor,

| Any
 

inventor Name (First Middle LAST): Suk Hee CHO
cenennenatntnennentennnnnnnnannnasnnatnanannitanntnntnnnannsntnnnenen

inventor Signature: |

Date: i 
prorrannnnnntnenncnnnnnnnn¢i

i Legal Name
: OF Joint
| inventor, if

 
 inventor Signature: | 

| Anyi[

i

| LegalName
| Of Joint
i inventor, |

  Date:
 

enYROCAA

inventor Name (First Middle LAST): Jong Ho KIM

inventar Signature:|
  
 

 

  

mnmeenemnsntenmmcmnterenminnn
| An | |

¥ Date: ||ansnrenenenannnnedreneerneetuntetrentcnnrremnennninntiasienannnnesbensipenaannnneennennannentnste

i i «a hace , IE
i inventor Name (First Middle LAST}:|Sung Chang LIM {
i LegaiName 1 attttnsinnnnitinneinne mavennanene i
| OF Joint inventor Signature:inventor|ventorSignaties|
i An
| ¥ Date:cencesimnninnned
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  din Soo CHO!

 Legal Name |

 

 
 

 

  
  
 
 
 

  

Of Joint .
tor SignaturInventor, ¥ InventorSignWe

| Any |

eaeeCEi inventor Narne (First Middle LAST):|Jin Woong KIM
LegalName |
OF Joint ' es |
inventor, if —__[nventor Signature:
An — as

¥ Date:

| Inventor Name (First Middle LAST): :
LegaiNamepo a |

| Of Joint Inventor Signature: |
| Inventor, Hf | ‘ fonalure:eeeenenenneenneen sesoosee ol
i Any
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