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biock having the same size of the transform unit accord-
ing to the scan pattem.

{8183] The prediction mode decoder 230 reconstructs
the intra prediction mode of the current prediction mode
on the basis of the infra prediction information and the
size information on the current prediction unit received
from the entropy decoder 210. The received intra predic-
tion information is restored through an inverse process
of the process shown in FIG. 4.

{0104] The reference pixel generator 240 generates
unavailable reference pixels of the current prediction unit,
and adaptively filters the reference pixels according to
the infra prediction mode of the current prediction unit
received from the prediction mode decodar 230. A meth-
od of generating the reference pixels and a method of
filtering the reference pixels are the same as those of the
referance pixel generator 142 in the intra predictor 140
of FIG. 2.

[0105] Spedifically, itis determined whether reference
pixels of the current prediction unit are available. The
referenca pixels of the current prediction unit usad for
intra prediction consist of a corner referencs pixsl posi-
tioned at {(x =-1, y = -1), 2L upper reference pixels posi-

pixels positioned at (x =0, y = 0, -, and 2M-1). Here, L
is a width of the current prediction unit, and M is a height
of the current pradiction unit.

[0108] When thereference pixels for generating a pre-
diction block are unavailabls or insufficient, reference pix-
els are generated.

[81067] When all the reference pixels are unavailable,
reference pixels are generated with a predetermined val-
ue.

{8188] When some of the reference pixels are unavail-
able, it is determined whether the unavailable reference
pixels exist in only one direction from available pixels or
batwean the available pixals,

[61068] 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 unavaiiable pixel. For example, when
the current prediction unit is positioned at an upper
boundary of a picture or a slice, the corner reference pixel
and the upper reference pixels are unavailable. Thus, in
this case, the corner reference pixel and the upper ref-
erence pixels can be generated by copying a reference
pixel positioned at (x = -1, y = 0. Alternatively, reference
pixals may be generaled using an available reference
pixal of the closest position and one or more available
reference pixels. Forexample, when the cornerreference
pixel having a position {x = -1, y = -1) and referance pixels
at positions (x = 0, -, and L-1, y = -1) 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 = L1,y = -1} and a
corner reference pixel value or another reference pixel
vaiue.
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(61101 When the unavailable reference pixels exist be-
tween the available pixels, reference pixels are generat-
ed using two available pixels p and g adjacent to the
unavailable reference pixels. For exampile, when the cor-
ner reference pixel and the L upper reference pixels po-
sitioned at (x = 0, -, and L-1, y = -1) are unavailable,
reference pixels axisting between the reference pixel p
at a position {x = -1, y = 0} and the reference pixelq ata
position (x =L, y = -1} can be generated using the refer-
ence pixals p and q.

[0111] The generated reference pixel values may be
cbtained by rounding off an average of the reference pixel
p and the reference pixel g. Also, the reference pixel val-
ues may be generated using change in difference be-
tween pixels values of tha reference pixel p and the ref-
erence pixel g. in this case, the reference pixel values
may be generated by linear interpolation according to
positions corresponding o the generaled pixel values or
using a weighted average of the two reference pixels.
(611421 Meanwhile, when a plurality of prediction unils
are on an upper side of the current prediction unit, 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 higher than a differ-
ence between adjacent pixels in each upper prediction
unit. This results from an error caused by a guantization
parameter. it is highly probable that the error will ncour
in directional intra prediction modes in which the predic-
tion block is generated using two adjacent reference pix-
els.

[0113] in particular, modes {mode numbers 3, 6 and
9) having a direction of 45° with reference to a horizontal
or vertical direction of FIG. 3 are most 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 are slightly affectad.

[0114] For this reason, a filter {smoeothing 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 horizonial intra prediction
maodes. In the DC mode out of non-directional modes,
the filter is not applied either. For these modes, whether
or not to apply the filler may be determined regardiess
of a size of the current prediction unit,

[01158] indirectionalintra prediction modes existing be-
tween the infra prediction mode 3, 6 or 8 and the hori-
zontal or vertical infra prediction mode, the filter (smooth-
ing filter) can be adaptively apglied to reference pixels.
it is preferable to increase a probability of applving the
filter {smoothing filiar) as the direction of the directional
intra prediction mode is relatively closer 1o the direction
of the intra prediction mode having the direction of 45°.
Specifically, when afirst 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 filter is applied to the second directional
intra prediction mode, the filter is also applied to the first
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directional intra prediction mode. On the other hand, if
the filter is applied to the first directional intra prediction
mode, the filter may or may not be applied to the second
directional intra prediction mode.
[8416] 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 filter is applied may be
increase or the stronger filter may be applied as the 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.
{8117} For one example, in the intra prediction mode
3, 6 or § having the direction of 45°, a first filter may be
applied to a prediction unithaving a size equalto or small-
er than a first size, and a second filler 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.
[0118] For ancther example, in the intra prediction
mode 5 existing between the vertical infra prediction
made and the intra prediction mode 6 having the direction
of 45°, no filter may be applied to a prediction unit having
a size equal to or smaller than a second size, the first
filter may be apgplied to a prediction unit having a size
larger than the second size and equal o 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
{o directional prediction modas.
[80418] The firstfilter may be a 3-tap filter [1, 2, 1jor a
5-tap filter [1, 2, 4, 2, 1]. The second filler has a greater
srnoothing effact than the first filter.
[80120] The prediction block generator 250 generates
a prediction block according to the intra prediction mode
of the current grediction 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 infra predictor 140 of FIG. 2.
{8124} Thatis, in the directional intra prediction mode,
the corresponding reference pixels vary according to the
inira prediction modes. Forexample, inthe vertical mode,
L upper reference pixels positionad at (x =0, -, and L-1,
=-1) are used, and in the horizontal mode, L left refer-
ence pixels positicned at x =-1, y =0, -, and L-1) are

used.
{81221 In non-directional intra grediction modes, the
corner pixel, L upper reference pixels positioned at (x =

0, and L-1, y =-1) and L leftreference pixels positioned
at(x=-1,y=0, -, and L-1) are usad. The non-directional
intra pradiction modes are the DC mode and the planar
mode.

{81231 In the planar mode, a reference pixet of a pre-
diction block is generated using the corner reference pix-
el, a left reference pixel and an upper reference pixel
When a reference pixel to be generated is positioned at
{a, b}, the referenca pixal of the pradiction block X{a, b)
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is generated using the corner referance pixel C{x = -1,y
= - 1\,, an umer reference pixei Tix= a, y = ~’=) and a left
b) may
m L(x~-1, y = b)ﬂ'«\x~ Y ~—-) C(x~-1 y- ~1\
[0124] intheintra prediction mode existing fo the right
side of the vertical mode {mode number 0} of FIG. 3,
thare is a possibility that differences between pixels of a
lower left region of the generated prediction block and
pixels of the original prediclion 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 inintra prediction modes existing under the
horizontal mode {mode number 1) of FIG. 3, same meth-
od may ke applied, and the effect is greatest in the intra
prediction mode .

[0128] Thus, inthe prediction mode 6 or 9, a prediction
pixal may be generated using corresponding {for exam-
ple, positioned at 45° of the prediction pixel) one upper
interpolation reference pixel and one leftinterpolation ref-
erence pixel. The prediciion pixel may be generated by
finear interpolation of the one upper interpolation refer-
ence pixsl and the one left interpolation reference pixel
or using a rounded off average. Likewise, ina predeter—
mined number of intra prediction modes adjacent to
maode 6 or 9, a prediction block may be generated using
the left reference pixels and the upper reference pixsis.
in this case, o reduce complexity, the aforementioned
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 {o only a current prediction unit having a size
egual to or larger than a predetermined size. The prede-
termined size is 8X8 or 1616

[86126] The prediction block post-processor 280 adap-
tively filtars the prediction block generated by the predic-
tion block generator 250 according to the intra prediction
mode of the current prediction unit received from the pre-
diction mode dacoder 230. The prediclion block
post-processor may be inlegrated into the prediclion
block generator 250. A prediction block filtering method
is the same as that of the prediclion block post-processor
144 of the intra predictor 140 of FIG. 2.

[0127] Thatis, toreduce differences in pixel values be-
tween a reference pixel and pixels in the prediction block
adjiacent io the reference pixel, the prediction block filter
260 adaptively filters some or all pixels in the prediction
block adjacent to the reference pixel according fo the
intra prediction mode. The pixels adjacent to the refer-
ence pixel exist in the prediction block.

[0128] intheplanar mode, pixelsinthe prediction block
adjacent fo a reference pixel are generated using the
reference pixel, and thus no filter is applied.

[6128] inthe DC mode, an average of reference pixels
is used o generate prediction pixel, and thus a filter is
applied. Different type of filler can be usad according 1o
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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 filter 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.

{81307 Meanwhile, in intra prediction modes existing
o the right side of the vertical mode {mode number 0} of
FiG. 3, if the prediction block is generated using only
upper reference pixels, there exists a possibility that a
difference belween a pixel in the generated prediction
blnck and the corresponding pixel of the original predic-
tion unit will increase as the position of the pixel in the
generated prediction blockis going down to the under-left
region. in particular, the difference remarkably increases
in the infra prediction mode 6.

{80131} Likewise, ininira prediction modes existing un-
dar the horizontal mode {mode number 1) of FIG. 3, if a
prediction block is generated using only left reference
pixels, there exisis a possibility that a difference between
a pixal 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
ramarkably increases in the intra prediction mode 9.
[8432] In the vertical mode {mode number 0), a differ-
ence between a pixel in the prediction block and the cor-
responding pixel of the original prediction unit increases
as the position of the pixelis going down. In the horizontal
mode {(mode number 1), a difference between a pixel in
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, some pre-
diclion pixels in the prediction block can be adaptively
filtered according to the directional intra prediction mode.
In this case, the some prediciion pixels in the prediction
block are filtered using reference pixals in the prediction
unit not used for generating the prediction block.

[0134] Avregion io be filtered may be set differently ac-
cording to a directional intra prediction mode. As a direc-
fion of intra prediction mode gels closer to mode 6 or
mode 9, the ragion {o be filtered may become larger or
remain the same.

{81358] For one example, when a size of a predict
unit is 2NX2ZN in the intra prediction mode 6, a filter may
be applied to only a predetermined number {1~-3) of intra
prediction medes adjacent o the inlra prediction mode
5 among intra prediction medes existing o the right side
of the vertical mode {mode number 0). In this case, to
reduce complexity, no filter may be applied to the intra
prediction mode having a mode number greater than a
predetermined mode number (forexample, Sor 17}, Also,
some pixels in the prediction block may be adaptively
filtered according to a size of the prediclion unit. As the
size of the prediction unit increases, the number of pixels
to be filtered may increase or remain the same.

{0138] For ancther example, in the intra prediction
mode 8, the prediction block may not be filtered Iif the
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size of the prediction unit is 4 x4, If the size of the pre-
diction unitis 8X8 or 16 X165, only four fower left boundary
pixels of the prediction block among eight pixels posi-
tioned at (x = 0, v = 0, -, and 7) may be fillered. If the
size of the prediction unit is 32X 32 or larger, all eight of
the boundary pixels may be filtered.

(31371 Strength of filter to be applied to the pixels in
the prediction block may alsc vary according to the size
of the prediction unit. As the size of the prediction unit
increases, the filter strangth may increase or remain the
same.

[0138] Theimage reconstructor 270 receives a predic-
tion block from the prediction block generator 250 or the
prediction block filter 260 in unils of prediction units ac-
cording to the intra prediction mode. The image recon-
structor 270 receives a residual block reconstructed by
theresidual signal decoder 220 inunits of ransform units.
The image reconstructor 270 generates a reconstructed
image by adding the received prediction block and resid-
ual block. The image may be reconstructed in upits of
coding units.

[6139] While the invention has been shown and de-
scribed with reference to certain exemplary embodi-
ments thereof, it will be understond by those skified 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 appended dlaims.

Claims
1. Anintra prediction decoding apparatus, comprising:

an entropy decoder configured fo restore quan-
tized residual coefficients, intra prediction infor-
mation and size information on a prediction unit
from a received bit stream;
a prediction mode decoder configured torestore
an intra prediction mode of the current prediction
Hnit on the basis of the intra prediction informa-
on angd the size information on the current pre-
d ction unit recetvad from the entropy decoder;
a residual signal decoder configured to restore
aresidual stgnal according o the intra prediction
mode received from the prediction mode decod-
er;
a reference pixel generator configured to gen-
erate unavailable reference pixels of the current
prediction unit, and to adaptively filter the refer-
ence pixels on the basis of the infra prediction
made of the current prediction unit recelved from
the prediction mode decoder;
a prediction block generator configured o gen-
erate a prediction block using reference pixels
corresponding to the inlra prediction mode re-
ceived from the prediction mode decoder;
a prediction block filter configured o adaptively
filtar the prediction block generated from the pre-
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diction block generator according to the intra
prediction mode received from the prediction
mode decoder; and

animage reconstructor configurad to receive the
prediction block from the prediction block gen-
erator or a prediction block filter in units of pre-
diction units according io the intra prediction
mode received from the prediction mode decod-
er, and generate a reconstrucied image using a
restored residual block received from the resid-
ual signal decoder.

The intra prediction decoding apparatus of claim 1,
wherein the reference pixel generator adaptively fil-
ters the reference pixels according to a size of a pre-
diction unit in intra prediction modes having direction
between intra prediction mode 3, § or 9 having a
direction of 45° and the horizontal mode or the ver-
tical mode.

The intra prediction decoding apparatus of claim 1,
wherein the reference pixel generator applies no fil-
ter to reference pixels of a prediction unit smaller
than a predetarmined size.

The intra prediction decoding apparatus of claim 1,
wherain, when, among a first directional mode and
a second directional mode present between a hori-
zonial mode or a vertical mode and an inira predic-
tion mode 3, 6 or § having direction of 45° with re-
spect {o the horizontal mode or the vertical mode,
the first directional mode has closer directivity {o the
intra prediction mode having the direction of 45° than
the second directional mode, if the reference pixel
generator applies a filter to reference pixels of the
second directional mode, the reference pixel gener-
ator also applies the filer {o refarence pixels of the
first directional moda.

The intra prediction decoding apparatus of claim 1,
wherain, when the intra prediction mode is a planar
mode, the prediction block generator generates pre-
dicted pixels of the prediction block using a comer
referance pixel, a lefi reference pixal and an upper
reference pixel.

The intra prediction decoding apparatus of claim 1,
wherain, when the intra prediction mode is a vartical
mode, the reference pixel generator does not filter
the reference pixels, and

the prediction block filter 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 1,
wherein, when the intra prediction mode is an intra
prediction mode having direction of 45° with respect
to a vertical mode {mode number 8) or amaong a pre-
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determined number of intra prediction modes having
directivity close to the infra prediction mode, the pre-
diction block generalor generates the prediction
block using upper reference pixels and left reference
pixels.
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{54) PREDICTION BLOCK GENERATING DEVICE

{57y A prediction block generating device of the
present invention determines additional information for
generating a prediction block included in an additional
information container recaived, and an intra prediction
mode of a current prediction unit using available intra
prediction mode candidate information of the current pre-
diction unit, generates reference pixels that are not in a
unavailable position for generating an intra prediction
biock by using available reference pixels, adaptively fil-

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 curmrent
prediction unit, and generates a pradiction block of the
current prediction unit using the reference pixels corre-
sponding to the determined intra prediction mode of the
current prediction unit. Therefore, the present invention
can improve image compression ratio by generating the
prediction block close to an original image.

FiG. 1

QUANTIZATHON

UNIT | LN

P 2600614 A2

IPR2021-00827
Unified EX1002 Page 934



-

Description
{Technical Fiald]

[8001] The present invention relates to a prediction
block generating device, and more particularly, to anap-
paratus of generating a prediction block capable of min-
imize the amount of coding bits of a residual block.

{Background Art}

[6002] Inimage compression methods such as Motion
Picture Experts Group (MPEG)-1, MPEG-2, MPEG-4
and H.284/MPEG-4 Advanced Video Coding (AVC), one
picture is divided into macroblocks (MBs) to encode an
image. Then, the respective MBs are encoded using inter
prediction or intra pradiction,

{6803} In intra prediction, a current block of a current
pictureis encoded notusing areference picture, butusing
values of pixels spatially adjacent to the current block.
An intra prediction mode with little distortion is selected
by comparing a prediction block generated using the ad-
jacent pixel values with an original MB. Then, using the
selected intra prediction mode and the 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-
fropy coding. The intra prediction mode is also encoded.
{0004] Intra prediction modes are generally classified
into 4%X4 intra prediction mode, 8X8 intra prediction
mode and 16X 16 intra prediction mode for luminance
components and intra prediction mode for chrominance
componenis,

[0805] In 16X16 intra prediction mode according to a
prior art, there are four modes of a vertical mode, a hor-
izontal mode, a direct current (DC) mode and a plane
mode.

[8006] In4X4intraprediction according fo the prior ari,
there are nine modes of a vertical mode, a horizontal
mode, a DC mode, adiagonal down-left mode, a diagonal
down-right mode, a vertical right mode, a vertical left
mode, a horizonial-up mode and a horizontal-down
mode.

{8007] Each prediction mode has indexed according
o the frequency of use of the respective modes. The
vertical mode of which mode numberis  shows the high-
ast possibility of being used most frequently for perform-
ing intra prediction on a target block, and the horizon-
tal-up mode of which mode numberis 8 shows the highest
possibility of being used most infrequently.

{0008] According to H.264 standards, a current biock
is encoded using a total of 13 modes, that is, 4 modes
of the 4X4 intra prediction and 9 modes of the 18X 16
intra prediction. A bit stream of the current block is gen-
erated according o an optimal mode among these
modes.

{00808] However, when some or all values of pixels ad-
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jacent {o current block do not exist or are not already
encoded, it is impossibie to apply some or all of the intra
prediction modes to the current block, Also, when inlra
prediction is performed by selecting prediction mode
among applicable intra mode, a residue signal between
a prediction block and the current block becomes large.
Therefore, the coding efficiency is degraded.

[Disclosure]
[Technical Problem]

{60107 The presentinvention is directed to an appara-
tus of generating a prediction block similar to an original
block.

[Technical Solution]

{60117 One aspect of the present invention provides
an apparatus including: an intra prediction mode decod-
ing unit configured to restore an intra prediction mode of
a current prediction unit using additional information in-
cluded in a received additional information container and
available infra prediction mode candidate information of
the current prediction unit; a reference pixel generating
unit configured to generate reference pixels using avail-
able reference pixals; a reference pixel fillering 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 {o generate
a prediction block of the current prediction unit using the
reference pixels corresponding fo the restored intra pre-
diction mode.

{Advantageous Effects]

[0612] Anapparatus according tothe presentinvention
generates reference pixels and adaptively filiers the ref-
erence pixels in order to generate a prediction block min-
imizing the difference betlween the pradiction block and
an original biock. Also, by adaplively filtering the predic-
tion block according o intra prediction mode, residual
signals become smalfer and thus an image compression
can be improved.

[Desaription of Drawings]
(6013}

FiG. 1is a block diagram illusirating 8 moving picture
coding apparatus according to the present invention.
FiG. 2 is a flow chart lliustrating an operation of a
scanning unit according to the present invention.
FIG. 3is a block diagram Hllustrating a moving picture
decoding apparatus according o the presentinven-
tion.

FIG. 4 is a block diagram illustrating an intra predic-
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tion unit according 1o the present invention.

FiG. 5is a conceptual diagram showing positions of
referance pixels used for infra prediction according
o the present invention.

FiG. 6 aflow chartillustrating a process of generating
reference pixels accarding to the present invention.
FIG. 7 is a block diagram Hiustrating 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
prasent invention will be described in detall with refer-
ence to the accompanying drawings. However, the
present invention is not limited to the exemplary embod-
iments disclosed below, but can ba implemanted in var-
ious types. Therefore, many other modifications and var-
iations of the present invention are possible, and itis to
be understood that within the scope of the disclosed con-
cepl, the present invention may be practiced otherwise
than as has been specifically described..

{88615] For image coding, each picture consisis 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, animage com-
pression can be improved by encoding the image with
coding units of larger than an MB of which size is 16 16.
[0018] Asizeofthe codingunitaccordingtothe present
invention may be 16x15, 32x32 or 64x64. A size of the
coding unit may alse be 8x8 or less. A coding unit of the
largest size is referred fo as a super macrobiock (SMB).
A size 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.

{8817] Therefore, coding units to be usad for coding
pictures may be SMB or sub-block of SMB. The coding
units are set to defaulis value or are indicated in a se-
quence header,

{6018] A SMB consists of one or more coding units.
The SMB has a form of a recursive coding tree 50 as to
include the coding units and a division structure of the
coding units. When the 3MB 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 SMB is divided into four sub-coding units,
the coding tree may consist of information indicating that
the SMB is divided and four sub-coding trees. Likewise,
each sub-coding tree has the same structure as the SMB.
However, a coding unit of the smallest coding unit {SCU)
size is not divided into sub-coding units.

[0018] Meanwhile, each coding unitin the coding tree
is subjected to intra prediction or inter prediction in units
of the coding unititself or a sub-block. A unit in which the
intra prediction or the inter prediction is performed is re-
ferred to as a prediction unil. A size of the prediction unit
may ba 2NX 2N or NXN for intra prediction. A size of the
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predicion unit may be ZNX2ZN, 2NXN, NX2ZN or NXN
for inter prediction. Here, 2N denotes horizontal and ver-
tical lengths of a coding unit.

[0020] A coding unitincludes a prediction mode of the
prediction unit and size information (partmode) on the
prediction unif. To improve coding efficiency, the predic-
tion mode and the size information may be combined and
joint-coded. In this case, each coding unitincludes a joint-
coded prediction type {pred_type).

00241 A coding unit includes one or more additional
information cortainer. 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 includas encoded
intra prediction information. In inter prediction, the addi-
tional information includes encoded mation information.
The motion information includes a motion vector and a
reference picture index.

[00622] A coding unit also includes a residual signal
container for residual signals of the coding unit. The re-
sidual signal container contains one transform free, one
luminance residual signal container and two chromi-
nance residual signal containers. The transform tree in-
dicates whather the 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 signal container for the coding unit is exam-
pled. If the coding unit is not divided into four sub-coding
unit, the residual signal container contains quantization
information {residual quantization parameter) and anen-
coded residual signal. If the coding unit is divided into
four sub-coding unit, the residual signal container con-
tains quantization information and four residual signal
sub-coniainers. Fach residual signal sub-container has
same structure of the residual signal container of the cod-
ing unit, but does not contain the guantization informa-
tion.

[0023] WMeanwhile, 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 & spedific direction
or at a spadific position according to a characteristic, dif-
ferent prediction units are used for similar pieces of data
at the boundary, and a residual signal cannot be effec-
tively reduced.

[0024] in this case, for compressing a residual signal,
itmay be more effective to divide SMB or MB in a specific
direction according to @ shape of the boundary of the
image and perform infra or inter prediction.

[6025] The simplest adaptive mode is to divide a cod-
ing unitinto two blocks using a straightline so as to exiract
statistical dependency of a prediction region on local to-
pography. A boundary of animage is matched to straight
fine and divided. in this case, dividable directions may
be limited o a predetermined number. For example, a
method of dividing a block may be fimited to four direc-
tions of horizontal, vertical, upward diagonal and down-
ward diagonal divections. Also, the division may be lim-
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ited to the horizontal and vertical directions only. The
number of dividable directions can be three, five, seven
and so on. The number of 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.

{6026 In inter prediction, when one coding unit is di-
vided into two prediction units for more adaptive predic-
tion, motion estimation and rotion compensation should
be performed on each of prediction units. Motion infor-
mation for each prediction unit is derived, and a residual
signalbetween a prediction block derived from the motion
information for each prediction unit is encoded.

{0027} Adter obtaining residual signals for the respec-
tive two prediction blocks divided from one coding unit,
the two residual signals may be added o generate one
rasidual 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
the 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 predelermined value. Also, boundary region
of the two residual signals may be caused to overlap,
and smoothing may be performed on the overlapping
houndary region o generale one residual signal.
[0828] In ancther method, a block may be generated
by performing padding according fo 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
ancther division region constituting the block with a value
of the current division regicn, and then subjected to
two-dimensional (2D) transform coding.

[00298] FIG. 1 is a block diagram illustrating a moving
picture coding apparaius according to the present inven-
tion.

[0030] Referring o FIG. 1, a moving picture coding ap-
paratus 100 according to the present invention includes
a picture division unit 110, a transform unit 120, a quan-
tfization unit 130, a scanning unit 131, an entropy coding
unit 140, an infra prediction unit 150, an inter prediction
unit 180, an inverse guantization unit 135, an inverse
transform unit 125, a post-processing unit 170, a picture
storing unit 180, a subtracter 190 and an adder 185.
{8831} The picture division unit 110 analyzes an input
video signal to divide each largest coding unit {(LCU) of
a picture into coding units each of which has a predeter-
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 to be encoded to the intra prediction unit 150 or the
inter prediction unit 160 according to the prediction mode.
Also, the picture division unit 110 sends the prediction
units to be encoded to the subtracter 190.

{0832] The transform unit 120 transforms a residual
block. The residual block consists of a residual signal
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between an original block inputied 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 into optimal transform units and transformed.
A transform matlrix type may be adaptively determined
according to a prediclion mode (infra or inter). Also, a
residual signal of infra prediction has directivity according
to an intra prediction mode, and thus a transform matrix
may be adaptively determined according to the intra pre-
diction mode. The transform unit may be transformed by
two {horizontal and vertical) one-dimensional (1D) trans-
formt matrices. In inter prediction, one predetermined
transform matrix type is determined. In intra pradiction,
there is a high possibility that the residual block will have
vertical directivity when the inira prediction mode is hor-
izontal, Thus, a discrete cosine fransform (DCT) based
infeger malrix is applied to the vertical direction, and a
discrete sine transform (DST) or Karhunen Loéve trans-
form (KLY) based integer matrix is applied to the hori-
zontal diraction. When the intra prediction mode is verti-
cal, 3 DST or KLT based integer matrix is applied fo the
vertical direction, and a DCT based integer matrix is ap-
phied {0 the horizontal direction. Also, in intra prediction,
the transform matrix may be adaptively determined ac-
cording o a size of the transform units.

(30331 The quantization unit 130 determines a quanti-
zation step size for quantizing cosfficients of the trans-
formed residual block. The guantization step size is de-
termined per coding unit of a predetermined size ormore.
The predetermined size may be 88 or 16X 16. Using
the determined gquantization step size and a guantization
matrix determined by a prediction mode, the coefficients
of the iransform block are quantized. The guantization
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; 3 left coding unit of the current coding unit,
an above coding unit of the current coding unit, and an
above left coding unit of the current coding unit. Than,
the quantization unit 130 generates the quantization step
size predictor of the current coding unit using one or fwo
valid quantization step sizes. For example, the first valid
guaniization siep size encountered in the scan ordermay
be determined as the guantization step size predicior.
An average of two valid quantization step size retrieved
in the scan order may be determined as the guantization
step size predictor, and one valid quantization siep size
is determined as the quantization step size predictor
whern oply the one guantization step size is valid. When
the guantization step size predictor is determinad, a dif-
ference between the quantization step size and the quan-
tization step size predictor is ransmitted to the entropy
coding unit 140.

[06034] When a slice is divided into coding units, there
may be none of a left coding unit, an above coding unit
and an above left coding unit of the current coding unit.

IPR2021-00827
Unified EX1002 Page 937



7 EP 2 600 614 A2 8

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 io the current coding
unit and the previcus coding unit of the current coding
unit in the coding order in the maximum coding unit may
be candidates. In this case, the above scan order may
be changad o the following scan order; 1) the left coding
unit of the current coding unit, 2) the above coding unit
of the current coding unit, 3) the above left coding unit of
the currant coding unit and 4) the pravious coding unit of
the current coding unit. The scan order may be changed,
or the above left coding unit may be omitted in the scan
order.

{8035} The guantized transform block is provided to
the inverse gquantization unit 135 and the scanning unit
131.

{0838] The scanning unit 131 scans the coefficients of
the quantized transform block, thereby converting the co-
sfficients into 1 D quantized cosfficients. Since distribu-
fion of the coefficients of the ransform block after quan-
tization may be dependent on an intra pradiction mode,
a coefficient scanning pattern is determined according
to the intra prediction mode. The coefficient scanning pat-
tern may also be datermined according to the size of the
fransform unit.

{88371 The inverse guantization unit 135 inversely
quantizes the gquantized coefficients. The invarse trans-
form unit 125 restores a residual biock of the spatial do-
main from the inversely quantized transform coefficienis.
The adder generates a reconstructed block by adding
the residual block reconstructad by the inverse transform
unit 125 and the prediction block from the infra prediction
unit 180 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
offsat application process for complementing a differ-
ence between the reconstructed picture and the original
image per pixel, and an adaptive loop filler process for
complementing a difference between the reconstructed
picture and the original image in a coding unit.

[0839] The de-blncking 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 pradstermined size may be 8X8.
The de-blocking filtering process includes a step of de-
termining a boundary to be filtered, a step of determining
boundary filtaring strength to be applied to the boundary,
a step of determining whether or not o apply a de-block-
ing filter, and a step of selecting a filter to be applied o
the boundary when itis determined to apply the de-block-
ing filter.

{00407 Whether or not to apply the de-blocking filter is
determined according to i} whether or not the boundary
filtering strength is greater than 0 and i) whether or not
avalue indicating the difference between boundary pixels
of P block and Q block is smatller than a first reference
value determined according lo a quantization parameler.
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[0041] Twoormore filters may exist. When an absolute
value of a difference between two pixels adjacent to the
block boundary is equal to or larger than a second refer-
ence value, a weak filter is selected. The second refer-
ence value is determined by the quantization parameter
and the boundary filtering strength.

[3042] The adaptive offset application process is in-
tended to reduce a difference (distortion) between a pixel
subjected to the de-blocking filter and the original pixel.
it may be determinad whather or not {o perform the adap-
tive offset application process according to pictures or
stices. 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 offsef modes. In the case of an
edge offset type, an edge type to which each pixel be-
fongs is determinad, and an offsat corvesponding to the
edge type is applied. The edge type is determined on the
basis of distribution of two values of pixels adjacentic a
current pixal.

[0043] The adaptive ioop filter process may be per-
formed on the basis of a value obtained by comparing
an original image and a reconsiructed image (o which
the de-blocking filtering process or the adaptive offset
application process is appliad. An adaptive loop filter
{(ALF} is detected through one Laplacian activity value
on the basis of @ 4 X4 block. The determinad ALF can be
apyplied to all pixels included in a 4 X4 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 filter may vary according to each coding unit. A slice
header may include information indicating whether or not
to apply the ALF to each coding unit, filter coefiicient in-
formation and filter shape information, and so on. in the
case of chrominance components, whather or not 1o ap-
ply the ALF may be determined in picture units. Unlike
fuminance, the loop filter may have a rectangular shape.
[0044] The picture storing unit 180 receives post-proc-
essad image data from the post-processing unit 160, and
stores the image in picture unifs. 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.

[0845] The inter prediction unit 180 performs motion
estimation using one or more reference pictures stored
in the picture storing unit 180, and determines reference
picture indexes indicating the reference pictures and mo-
tion vectors. According to the reference piclure indexand
the motion vector, the inter prediction unit 160 extracts
a prediction block corresponding to a prediction unit to
be encodad from a reference picture selected among a
plurality of reference pictures stored in the picture storing
unit 180 and outpuls the extracted pradiction block.
[6048] The intra prediction unit 150 performs infra 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 of intra prediction modes, and
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performs intra prediction. The predetermined number of
intra prediction modes may depend on the size of the
current prediction unit. Theintra prediction unit adaptively
filters the reference pixels to generate the intra prediction
block. When some of reference pixsls are not available,
it is possible to generate the reference pixels at the un-
avaitable positions using one or mora available reference
pixels.

{88471 The entropy coding unit 140 entropy-codes the
quantized coefficients quantized by the quantization unit
130, intra prediction information received from the intra
prediction unit 150, metion information received from the
inter prediction unit 180, and so on.

[0848] FIG. 2 is a flow chart illustrating an operation of
the scanning unit 131 according fo the present invention.
{0048] Itis determined whether the current quantized
coefficiants block is divided into a plurality of subsets
{3110). 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 8<8. The
first reference size may be transmitted to a decoder by
a picture header or a shice header.

[8050] When the guantized cosfficients block is not di-
vided into a plurality of subsets, a scan patltern t© be
applied to the guantized coafiicienis block is determined
{&120). The step 8120 may be performed prior to the
step $110 or regardiess of the step $S110.

{0881] The quantized coefficients of the quantized co-
efficients block are scanned according to the determined
scan pattern (S130). The scan pattern is adaptively de-
termined acceording to the prediction mode and the intra
prediction mode. In inter prediction mode, only one pre-
determined scan pattern {for 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 predeterminad number of scan
patterns may be selected {o scan the coefficients, and
scan pattern information may be transmitted to the de-
coder. In intra pradiction mode, a scan patlern deter-
mined according to the intra prediction mode may be ap-
plied. For example, a horizontal scan is applied to a ver-
tical intra prediclion mode and a predetermined number
of intra prediction modes adjacent o the vertical intra
prediction mode. A vertical scan is applied 1o a horizontal
intra prediction mode and a predetermined number of
intra prediction modes adjacent o the horizontal inira
prediction mode. The predetermined number varies ac-
cording to & 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 number of allowable inlra prediction modes on the
current prediction unit is 18, the predetermined number
may be two in each of both directions based on the hor-
izontal or vertical intra prediction mode. If the number of
allowable directional intra prediction modesis 33, the pre-
datermined number may be four in each of both directions
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based on the horizontal or vertical intra prediction mode.
Meanwhile, Zigzag scan is applied 1o non-directional
modes. A non-directional mode may be a direct current
{DC) mode or a planar mode.

[0052] ifitisdetermined that the quantized coefficients
block is divided into a plurality of subsets, the guantized
coafficients block is divided into a plurality of subsels
{5140). The plurality of subsets consist of cne main sub-
set and one or more remaining subsets. The main subset
is located at an upper left side and covers a DC coeffi-
cient, and the one or more remaining subsats cover re-
gion other than the main subset.

[6053] A scan pattern to be applied to the subsels is
determined {8150). The determined scan pattem is ap-
pliad to all the subsetis. The scan pattern is adaptively
determined according to the prediction mode and the in-
tra prediction mode. The step 3150 may be performed
prior o the step 8110 or regardless of the step $110.
[0054] When the size of the guantized coefficients
block {that is, the size of the transform unit) is larger than
a second reference size, the zigzag scan pattern may be
applied to the guantized coefficients block. The second
reference size is, for example, 8x8. Therefore, the step
S150is performed when the first reference size is smallar
than the second reference size.

[00558] In inter prediction mode, only one predeter-
mined scan pattern {for example, zigzag scan) can be
applied to each subsel. In intra prediclion mode, the scan
pattern is adaptively defermined as the same as the step
5120.

[00568] The guantized coefficients in the subsets may
be scanned in a reverse direction. In other words, ac-
cording to the scan pattern, the guantized coefficients
other than 0 may be scanned and eniropy-coded in the
reverse diraection beginning with the last guantized coef-
ficient other than 0 in the subsets.

(605871 Nexi, the quantized coefficients of each subset
are scanned according to the scan pattern (8180}, The
guantized coefficients in each subsset are scanned in the
reverse direction. That is, the quantized transform coef-
ficients are scanned from a last non-zero coefficient to
other non-zero ceefficients according o the scan pattern,
and entropy-coded.

[0658] The zigzag scan may be applied o scan the
subsels. 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 sel the
same as a scan pattern for scanning the quantized co-
efficients in the subsets.

[06538] The moving picture coding apparatus 100 ac-
cording to the prasentinvention ransmits information ca-
pabie of indicating a position of the last non-zero quan-
tized coefficient of the transform unit to a decoder. The
maoving picture coding apparatus 100 also transmits in-
formation capabile of indicating a position of the last non-
zero quantized coefficient in each subset to the decoder.
[o660] FIG. 3 is a block diagram #ustrating a moving
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picture decoding apparatus according to the present in-
vention.

{0861] The moving picture decoding apparatus ac-
cording to the present invention includes an entropy de-
coding unit 210, an inverse scanning unit 220, an inverse
quantization unif 230, an inverse fransform unit 240, an
intra prediction unit 250, an inler prediction unit 260, &
post-processing unit 270, a picture storing unit 280, an
adder 290 and a intrafinter changing switch 285,

{0862] The entropy decoding unit 210 extracts intra
prediction information, inter pradiction information and
quantized coeflicients information from a received bit
stream. The entropy decoding unit 210 transmits the inter
pradiction information to the inter prediction unit 260, intra
prediction information to the intra prediction unit 250 and
the inverse transform unit 240 and the inverse quantized
coefficiants information o the inverse scanning unit 220.
{00683] The inverse scanning unit 220 converts the
guantized coefficients information info a two dimensional
quantized wansform block. One of a plurality of inverse
scan patterns is selacted for the conversion. The inverse
scan pattern is selected based on at least one of the
prediction mode and the infra prediction mode. An oper-
ation of the inverse scanning unit 220 is the same as the
inverse operation of the scanning unit 131 of FiG. 1. For
example, if a size of a current transform unit 1o be de-
coded is farger than the first reference size, each subset
are inversely scanned according o the selected inverse
scan pattern and an inverse guantized block having a
size of the transform unit is generated using the plurality
of subsets inversely scanned.

[0084] Theinverse quantization unit 230 determines a
quantization step size predictor of the current cading unit.
The operation 1o determine the quantizalion step size
pradictor is same as the procedure of the quantization
unit 130 of FIG. 1. The inverse quantization unit adds the
determined gquantization step size predictor and a re-
ceived residual quantization step size {o generale a
quantization step size of the current coding unit. The in-
verse guantization unit 230 restores inverse quantized
cosafficients using a quaniization matrix determined by
the quantization step size. The quantization matrix varies
according to the size of the current block 1o be restored.
The quantization matrix may be selected for a biock 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.

{8065] The inverse transform unit 240 inversely trans-
forms the inverse quantized block to restore a residual
block. The inverse transform matrix {o be applied 1o the
inverse quantized block is adaplively determined accord-
ing fo the prediction mode {intra or inter} and the intra
prediction mode. The determination procedure of the in-
verse fransform matrix is the same as the procedure in
the transform unit 120 of FIG. 1.

[0068] The adder 290 adds the restored residual block
restored by the inverse transform unit 240 and a predic-
tion block generated by the intra prediction unit 250 or
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the inter prediction unit 260 to generate a reconstructed
image block.

[B0871 The intra prediction unit 250 restores the inlra
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 veciors based on the inter
prediction information receivad from the entropy decod-
ing unit 210, and generated a prediction block using the
reference picture indexes and the motion vectors. When
motion compensation with fractional precision is applied,
the prediction block is generated using an interpolation
filter.

[0068] The postprocessing unit 270 operates the
same as the post-processing unit 160 of FIG. 1
[0G70] The picture storing unit 280 slores
post-processed  reconstructed  image by
post-processing unit 270,

[0071] 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 infra prediction unit 150
includes a reference pixel generating unit 151, a refer-
ence pixel filtering unit 152, a prediction mode determin-
ing unit 153, a pradiction block generating unit 154, a
prediction block filtering unit 155 and a prediction mode
coding unit 158.

[0073] The reference pixel generating unit 151 deter-
mines that it is necessary to generate reference pixels
for intra prediction, and generates reference pixels ifitis
necessary o generate the reference pixels.

(60741 FIG. 5 is a conceplual diagram showing posi-
tions of reference pixels used for infra prediction accord-
ing to the presentinvention. As shown in FiG. 5, the ref-
erence pixels consist of above reference pixels, left ref-
erence pixals and a cormner reference pixel of the current
prediction unit. The above reference pixsls of the current
prediction unit are pixels {regions C and D) present over
double the width of the current prediction unit, and the
laft reference pixels of the current prediction unit are pix-
els (regions A and B) present over double the height of
the current prediction unit.

[00758] The reference pixel genarating unit 151 deter-
minss whether the referencs pixels are available or not.
if one or more reference pixels are not available, the ref-
erence pixal generation unit 151 generates reference pix-
ols at the unavailable positions using available reference
pixel.

[00768] First, a case in which all reference pixels in any
one of upper and left regions of a current prediction unit
to be encoded are unavailable will be described.

[6077] For example, when the current prediction unit
is lncated at the upper boundary of a picture or a slice,
the above reference pixels {regions C and D) and the
comer reference pixel of the current prediction unit do
not exist, Whan the current pradiction unil is focated at
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the left boundary of a picture or a slice, the left refarence
pixels {regions A and B) and the corner reference pixel
do not exist. In those cases, reference pixels are gener-
ated by copying the value of an available pixel closest o
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 uppermost left reference pixel (that is, aref-
erence pixel located in the uppermost position of region
A). When the current prediction unitis located at the left
boundary of a picture or a slice, the left reference pixals
can be generated by copying the lefimost above refer-
ence pixel (thatis, areference pixellocated in the leftmost
position of ragion C). The above-mentioned method is
applied by defauit, but the method may vary per se-
quence, picture or slice if necessary.

{0078] Nexi, 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 reference pixels
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 pixels.

Case 1) will be described.

[B079] Forexample, when the current block is located
at the right boundary of a picture or a slice or a LCU, the
reference pixels covering area [ are not available. Also,
when the current block is located at the below boundary
of a picture or a slice or a LCU, the references pixels cov-
ering area B are not available. In this case, the reference
pixals are generated by copying the values of available
pixals closest to the unavailable pixel. Also, the reference
pixels are generated using two or more available pixels
closest {o the unavailable pixel

Case 2} will be described.

{8080} Forexample, when the current block is located
at the upper boundary of a slice and the above laft block
of the current block is available, the reference pixels cov-
ering area C are not available, but the reference pixeals
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 {i.e., the uppermost reference pixal in
region A and the leftmost reference pixel in region D).

{0081] 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-
ble reference pixel region is large, there is a high possi-
bility that a step difference will ooccur between an available
pixel and a generaled pixel, and thus it is useful to gen-
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erate reference pixels using linear interpolation. Specif-
ically, in consideration of a position with respect to two
available reference pixels, an unavailabie reference pixel
at the current posilion can be generated.

[0082] Next, & case in which all reference pixsls in
above and left sides of a curmrent prediction unit to be
encoded are unavailable will be 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.

[6083] inthis case, some or all reference pixels canbe
generated using two or more pixels present in the current
prediction unit. The number of pixels that are presentin
the current prediction unit and used for generating the
reference pixels may be two or three.

[0084] FIG. 6 is a flow chart illustrating a process of
generating reference pixels according to the prasant in-
vantion.

[0685] Referring to FIG. 6, the process of generating
reference pixals using two pixels is as follows. A left
above pixel O and one of a right above pixel O, a left
below pixel A and a right below pixel V of the current
prediction unit may be used.

00881 When the left above pixel O and the right above
pixel T of the current prediction unit are used, the left
above pixel and the right above pixel are copied to the
corresponding positions on a upper side and the right
above pixel and the copied reference pixels are used to
generatereference pixels covering area C. Thereference
pixels are generated using an average or linear interpo-
fation. The reference pixels covering D are generated by
copying the right above pixel T or by using a plurality of
the generated above pixels. When the left above pixel O
and the left 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 copied fo the corresponding refer-
ence pixal position in horizontal direction and vertical di-
rection and then the residual reference pixels are gener-
ated as the same as described above.

(30871 The process of generating reference pixels us-
ing three pixels is as follows. Aleft above pixel O, aright
above pixel Dand a left below pixel A of the current pre-
diction unit may be used. The pixels are copled o 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
refarence pixels are transmitted to the decoder. To min-
imize the amount of bits to be transmitted, the value of
the left above pixel © and the difference between the
value of the {eft 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.

[0088] When aslice type is intra (I}, it is more effective
to generale the referenca pixels using two or more pixels.
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[0080] Ancther method of generating reference pixels
when all reference pixels in upper and left sides of a cur-
rant prediction unit to be encoded are unavailable will be
dascribed. This method is effective when a slice type is
not intra ().

{60811 First, itis determined whether pixels are present
at the same positions as reference pixels of a current
prediction unit in a reference picture encoded previously
to a current biock. When pixels are present, the pixels in
the reference picture are copied to generate reference
pixels of the current prediction unit.

[0092] When pixels are not present, it is determined
whether pixels are present atthe closest positions (1 pixel
apart) to reference pixels of the current prediction unit.
When pixels are present, the pixels are copied and used
as the reference pixels of the current prediction unit.
{8883] The reference pixel filtering unit 152 adaptively
filtars reference pixels of the current prediction unit
Low-pass filter is applied to smooth a variance of pixel
values belween the reference pixels. The low-pass filler
may be a 3-tap filter {1, 2, 1] or a 5-tap filter [1, 2, 4, 2, 1].
[0084] 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] The filler may also be adaptively applied ac-
cording to a size of the current block and intra prediction
mode.

{0088] 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, afilteris not
applied in the horizontal mode and the vertical mode. in
the DC mode, a prediction pixel is generated using av-
erage of the reference pixels. Therefore, 3 filter is not
appilied in the DC mode because the prediction pixal is
not affected by the difference between the refarence pix-
els,

{80971 In the infra prediction mode 3, 6 or 9 having a
direction of 45° with reference 10 the horizontal or vertical
direction, a filter is applied regardiess of the size of the
pradiction unit or applied when the current block is larger
than a smallest prediction unit. Afirstfilter may be applied
to a prediciion unit having a size smaller thatl a predeter-
mined size, and a second filter stronger than the first filter
may be applied to a prediction unit having a size equal
to or larger than the predetermined size. The predeter-
mined size may be 16x186.

[0088] Intheintra prediction modes other than the ver-
tical mode, the horizontal mode, the DC mode and the
intra prediction mode 3, 6 and 9, afilier may be adaptivaly
applied according to the size of the curvent prediction unit
and the intra prediction mode. However, in the planar
mode, filtering of reference pixels may be performed.
[0889] Alsc, the filler may notbe applied to some or all
reference pixels generated through linear combination.
{81007 The prediction block generating unit 153 gen-
erates a prediction block corresponding to the intra pre-
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diclion mode. The prediction block is generaled using
the reference pixels or linear combination of the refer-
ence pixels based on the intra prediction mode. The ref-
erence pixels o be used lo generate the prediction block
may be filtered by the reference pixel filtering unit 152.

(81011 The prediction block fitering unit 154 adaptively
fiiters the generated prediction block according o the in-
tra prediction mode o minimize the residual signal be-
tween the prediclion block and the current block to be
encoded. The difference batween a reference pixel and
a prediction pixel adjacent to the reference pixel varies
according to the intra prediction mode. Therefore, filtering
of the prediction pixel adjacent to 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 pradiction block adjacent
to the reference pixels. Therefore, the prediction pixals
of upper line and left line which are adjacent to the ref-
erence pixels are filtered using the reference pixels. The
upper feft prediction pixel adjacent two reference pixels
{the upper reference pixel and the left reference pixel) is
filtered by 3-tap filter. The other prediction pixels {pixels
of upper fine and pixels of left line in the prediction block)
and adjacent to one reference pixel are filtered by 2-tap
fitter.

(31831 in the vertical mode {mode 0}, the diagonal
down-left mode (mode 8), and the intra prediction modes
{modes 22, 12, 23, 5, 24, 13, 25) between the mode 0
and mode 6, a prediction block is generaled 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 upper line
in the prediction block may be larger as the position of
the prediction pixel goes down.

[6104] Also, in the horizontal mode {mode 1}, the di-
agonat up-right mode {mode 8}, and the infra prediction
modes (modas 30, 18, 31, 8, 32, 17, 33} between the
mode 1 and mode 8, a prediction blockis generated using
only left reference pixels. Therefore, the difference be-
tween a reference pixel and a prediction pixel adjacant
to the reference pixel and of the upperlina in the predic-
tion block may be larger as the position of the prediction
pixel goes right.

[0108] Accordingly, some prediction pixels of the pre-
diction block may be filtered for compensate the differ-
ence in direclional intra prediction mode other than DC
mode.

[6106] inthe mode B, all or some prediction pixels ad-
jacent o the left reference pixel and of left line in the
prediction block are filterad. The pixels of the leftline 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.

{61077 inthe mode 9, all or some prediclion pixels ad-
jacent to the above reference pixel and of upper line in
the prediction block are filtered. The pixels of the upper
fine may be, for example, M2 pixels in a right portion of
the upperline. Here, M is the width of the current predic-
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tion unit.

{¢108] In a predetermined number of directional intra
prediction modes which are closer to the mode 8 and
exist between mode 0 and mode 8, 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
aquat the number of pixels 1o be filtered may be.
[0108] The same filtering method can be used in the
directional infra prediction modes between mode 1 and
mode 9.

{81101 Meanwhile, the filter is adaptively applied ac-
cording to the size of the current prediction unit. For ex-
ample, a filtered is not applied {0 a predetermined size
of less according to the infra prediction mode.

[{8111] The prediction block filtering unit 154 may be
integrated into the prediction block generating unit 153.
Also, a prediction block may be generated o bring about
effects of the prediction block filtering. In this case, the
prediction block is generated by using the combination
of the generating operation and the filtering operation.
{8112} The intra prediction mode determining unit 155
determines the intra pradiction mode of a current predic-
tion unit using reference pixels. The intra prediction mode
datermining unit 155 selacts one intra prediction mode
in which the amount of coding bits of a residual block is
minimized as the intra prediction mode of the current pre-
diction unit. To generate a residual block, a prediction
block is generated according to 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 biock
filtering unit 154.

{81131 The prediction block transmitling unit 157 trans-
mils the prediction block generated based on the inira
pradiction mode by the prediction mode determining unit
155 to the subtracter.

{8114] The prediction mode coding unit 158 encodas
the intra prediction mode of the current prediction unit
determined by the intra prediction mode determining unit
155. The infra prediction mode coding unit 158 may be
intagrated into the intra prediction unit 150 or into the
antropy coding unit 140.

{8115] The prediction mode coding unit 156 encodes
the intra prediction mode of the current prediction unit
using an above intra prediction mode of the current pre-
diction unit and a left intra prediction mode of the current
prediction unit,

{8116} First, the above intra prediction mode and the
left intra prediction mode of the current prediction unit
are derived. When there exist a plurality of above predic-
tion units of the current pradiction unit, the plurality of
above prediction units are scanned in a predetermined
direction (for example, from right to left) to determine the
intra prediction mode of a first available prediction unit
as an above inlra prediction mode. Also, when there exist
a plurality of left prediction units of the current prediction
unit, the plurality of {eft prediction units are scannedin a
predetermined direction (for exampie, from bottom to top)
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to determine the intra prediction mode of a first available
prediction unit as a left intra prediction mode. Alterna-
tively, among a plurality of available pradiction units, the
intra prediction mode of an available prediction unit hav-
ing the lowest intra prediclion mode number may be set
as an above intra prediction mode.

81171 When the above intra prediction mode or the
Ieft intra prediction mode is not available, the DC mode
{mode 2) may be set {0 as the above intra prediction
mode or the left infra prediction mode. The above intra
prediction mode or the left intra prediction moda is treated
as unavailable when there does notexista cotresponding
prediciion unit.

[6118] Next, the above intra prediction mods or the left
intra prediction mode is convarted into one of the prede-
termined number of intra prediction modes when the
abiove intra prediction mode number or the left intra pre-
diction mode number is equal to or greater than the
number of intra prediction modes permissible for the cur-
rent prediction unit. The predetermined number may vary
according to a size of the current prediction unit. For ex-
ample, when the size of the current prediction unitis 4 4,
the intra prediction mode is converied info one of nine
modes {(mode O o mode 8), and when the size of the
current prediction unitis 84 X84, the intra predictionmode
is mapped into one of three modes {mode ¢ to mode 2).
The intra prediction mode may be converied into one of
tha intra prediction modes permissible for the current pre-
diction unit.

[0119] Nexi, 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 unitis the same
as any one of the above and left infra pradiction modes
and a flag indicating one of the above and left intra pre-
diction modes are fransmitted (o the decoder. In this case,
if the above and left 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 prediction mode is same with the inlra prediction
maode of the current prediction block, the flag indicating
one of the above and left intra prediction modes can be
srnitted.

(61207 But, if the inlra prediction mode of the current
prediction unit is not the same as any one of the above
and leffintra prediction modes, the intra prediction mode
nurmber of the current prediction unil is compared with
the above intra prediction mode number and the leftintra
prediction mode number. The number of cases in which
the left or upper intra prediction mode numbers is not
greater than the intra prediction mode number of the cur-
rent prediction unil is calculated, and a value obtained
by subtracting the number of cases from the intra predic-
tion mode number of the current prediction unit is deter-
mined as a final intra prediction mode number of the cur-
rent prediction unit to be transmitted. Here, when the left
and upper inlra prediction mode numbers are identical,
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the left and upper intra prediction modes are regarded
as one.

{8121] According to whether or not the upper and left
intra prediction modes are identical, a table for entro-
py-coding the determined final intra prediction mode is
determined.

{8122) FIG. 7 is a block diagram Bustrating the infra
prediction unit 250 of a moving picture decoding appa-
ratus 200 according o the present invention.

{8123} The intra prediction unit 250 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 284, a prediction block filtering unit 255 and a pre-
diction block transmitting unit 256.

{80124] The prediction mode decodingunit251 restores
the intra prediction mode of a current prediction unit as
follows.

[0425] 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 prediction 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-
fion information includes information determined by the
prediction flag. If the prediction flag is 1, the residual pre-
diction information may include an index of the infra pre-
diction mode candidate. The index of the inlra prediction
mode designates the intra prediction mode candidate. If
the prediction flag is 0, the residual information may in-
clude residual inlra prediction mode number.

{81268} Intra prediction mode candidates of the current
pradiction unil are derived. The inlra prediction mode
candidates are derived using intra prediction modes of
adjacent prediclion unils. For convenience, a case in
which the inira prediction mode candidate of the current
prediction unitare limited to uppsr and left intra prediction
modes will be described. When there are a plurality of
above prediction uniis or a plurality of left prediction units,
the intra prediction mode of the above or left prediction
unit is determined as the same as described in the op-
eration of the inlra prediclion encoding unit 158 of the
coding apparatus 100. Also, when the mode number of
an available intra prediction mode candidate is equal {0
or greater than the number of intra prediction modes per-
missible for the current prediction unit, the available inlra
prediction mode candidate is converted into one of the
permissibie modes for the current prediction unit as de-
scribed in the intra prediction encoding unit 156.

{81271 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 mode candidate index
is determined as the intra prediction mode of the current
prediction unit.
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[0128] If the received prediction flag indicates that the
current prediction unithas the same intra prediction mode
as an adjacent prediction unit, but there is no prediction
mode candidate index and one available intra pradiction
mode of the adjacent prediction unit, the available intra
prediction mode is restored o the intra prediclion mode
of the current prediction unit.
[6128] if the received prediction flag indicates that the
current prediction unit does not 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 infra pre-
diction mode candidates to restore the intra prediction
mode of the current prediction unit.
[6130] 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 100 in that it adaptively gen-
erates reference pixels according to the intra prediction
mode restored by the prediction mode decoder 251. That
is, the reference pixel generating unit 252 may generate
refarence pixels only when the reference pixels used for
generating a prediction block and determinad by the intra
prediction mode are not available.
(31311 The reference pixeal fillering unit 253 adaptively
filters the refarence pixels based on the intra prediction
mode restored by the prediction decoding unit 251 and
a size of the prediction block. The filtering condition and
a filter are same as those of the reference pixel filtering
unit 152 of the coding apparatus 100.
[8132] The prediction block generating unit 254 gen-
erates a prediction block using the reference pixels ac-
cording to the inlra prediction mode restored by the pre-
diction mode decoding unit 251.
[8133] The prediction block filtering unit 255 adaptively
filters the prediction block according to the intra pradiction
mode restored by the prediction mode decoding unit 251.
The filtering operation is the same as that of the prediction
block filtering unit 154 of the coding apparatus 100.
[0134] The prediction block transmitting unit 286 trans-
mits the prediction block received from the prediction
block generator 254 or the prediction block filtering unit
255 to the adder 280.

Claims

1. Aprediction block generating device of a moving pic-
ture decoding apparatus, comprising:

a prediction mode decoding unit configured fo
determine an inlra prediction mode of a cuirent
pradiction unit using additional information in-
cluded in a received additional information con-
tainer and intended 1o generate a prediction
biock, and available intra prediction mode can-
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didate information of the current prediction unit;
a reference pixel generating unit configured to
genarate referance pixels at unavailable posi-
tions using available reference pixels so as {o
generate a intra prediction block;

a reference pixel filtering unit configured to
adaptively filter reference pixels adjacent to the
current prediction unit on the basis of the deter-
mined infra prediction mode of the current pre-
diction unit or size information on the 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 correspond-
ing fo the determined inftra prediction mode of
the current prediction unit.

The prediction block generating device of claim 1,
further comprising:

a prediction block filtering unit configured to filter
some pixels in the prediction block generated
by the prediction block generating unit on the
basis of the determined intra prediction mode of
the current prediction unit,

wherein posilions of the some pixels are deter-
mined according to the inira prediction mode.

The prediction block generating device of claim 1,
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 1,
wherein the reference pixel filtering unit adaptively
parforms filtering according to the size of the current
prediction unit.

The prediction block generating device of claim 1,
wherain the referance pixel filtering unit filters the
reference pixels using a filter of which value is [1, 2,

1.

The prediction block generating device of claim 1,
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 an intra prediction mode in which one
raferance pixel is used to generate each pixelin the
prediction block is applied, the reference pixel filter-
ing unit does not filter the reference pixels.

The prediction block generating device of claim 1,
wherein the reference pixel fittering unit does not fil-
ter the reference pixals in a planar mode.
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9.

18,

22

The pradiction block generating device of daim 2,
wherein the prediction block filkering unit generates
the pradiction block using the reference pixels on
any one of a left side and an upper side, and filters
some pixels in the prediclion block generated ac-
cording to an intra prediction mode having a direction
of 45° with reference o a hovizontal direction or a
vertical direction.

The prediction block generating device of daim 1,
wherein the prediction block filtering unit filters ref-
erence pixels in an intra prediction mode having a
direction of 45° with reference to a horizontal direc-
tion or a vertical direction.
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5a5

Warnings:
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Information:

767713
2 Foreign Reference EP1845732A2.pdf no 26
a8edSbdb370106d5ef313aa6fd21c0da207
08584
Warnings:
Information:
6130253
3 Foreign Reference W02011021839A2.pdf no 54
c4d46dbfd6ddb07214e868a655cec3efaba
2e7e8
Warnings:
Information:
598071
4 Foreign Reference EP2600613A2.pdf no 18
47b49ab86295cce231328ae9e0ad8asfb66
34f20
Warnings:
Information:
505420
5 Foreign Reference EP2600614A2.pdf no 18
1fb5756461eb0f19772f39b76f8b62b0ac4 |
3c78
Warnings:
Information:
665857
6 Foreign Reference JP2005512419A.pdf no 15
ea3cb93bc30d203ec8ad15f39614cb3c5ff6
e0a7
Warnings:
Information:
3303996
Variable_Block-
7 Non Patent Literature Size_Transforms_for_H264- no 10
AVC_pdf 277c7ceBa798ebcal b29c2e9al bastaf2d4
bfb43
Warnings:
Information:
1149880
Adaptive_In-
8 Non Patent Literature Loop_Prediction_Refinement_f] no 4
or Video Coding_pdf 25e0bccf931dc71cAScOb5bash! 7120c83d1
- - 12b8
Warnings:
Information:
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2581492
Description_of_video_coding_
9 Non Patent Literature technology_proposal_by_ETRI. no 37

pdf 4b4a02e44ac285ach72017a380d58629804
c0dab

Warnings:

Information:

223205
. CE13_Mode_Dependent_Hybri
10 Non Patent Literature . —ep . - no 5
d_Intra_Smoothing.pdf
1977bd550b74f84f033251aa8a804aeff16aky
7de
Warnings:
Information:
699561

An_Interpolation_Method_by_|
11 Non Patent Literature Predicting_the_Direction_of Pi no 5

xel_Texture_Changing.pdf | oa7ezcsoosfsiiacsect 37dfst2005a10085
- - a782

Warnings:

Information:

Total Files Size (in bytes): 17238812

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the 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 components for a 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 shown on this
Acknowledgement Receipt will 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/903 indicating acceptance of 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 international application is being filed and the international application includes the necessary components for
an international filing 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
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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U.S. Ser. No. 14/825,825 DOCKET: PA0929-2C

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Assignee: ELECTRONICS AND TELECOMMUNICATIONS RESEARCH INSTITUTE

Inventor(s): Jin Ho LEE et al. Group Art Unit: 2482

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

Filing Date: August 13, 2015

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 Commissioner for 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 benetfit 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 that the entire delay betweaen the date the benefil claim was due
under 37 CFR 1.78(d)(3) and the dale the benetit claim was filed was unintentional.

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

630-908-7652
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U.S. Ser. No. 14/825,825 DOCKET: PA0929-2C

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Assignee: ELECTRONICS AND TELECOMMUNICATIONS RESEARCH INSTITUTE

Inventor(s): Jin Ho LEE et al. Group Art Unit: 2482

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

Filing Date: August 13, 2015

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

STATEMENT UNDER 37 C.F.R. 1.78(e)(3)

Office of Petitions

The Commissioner for 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 was filed
was unintentional.

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 USPTO is 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
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Electronic Patent Application Fee Transmittal

Application Number:

14825825

Filing Date:

13-Aug-2015

Title of Invention:

METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING
ADAPTIVE FILTER

First Named Inventor/Applicant Name:

Filer: Woochoon William Park/Mariana Maxey
Attorney Docket Number: PA0929-2C
Filed as Small Entity
Filing Fees for Utility under 35 USC111(a)
Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
Pet. Delay Sub or Restore Priority-Claim 2454 1 850 850

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

IPR2021-00827
Unified EX1002 Page 973




Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

850
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Electronic Acknowledgement Receipt

EFS ID: 25415949
Application Number: 14825825
International Application Number:
Confirmation Number: 1431

Title of Invention:

METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING

ADAPTIVE FILTER

First Named Inventor/Applicant Name:

Customer Number:

96767

Filer:

Woochoon William Park/Mariana Maxey

Filer Authorized By:

Woochoon William Park

Attorney Docket Number: PA0929-2C
Receipt Date: 06-APR-2016
Filing Date: 13-AUG-2015
Time Stamp: 16:44:38

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $850

RAM confirmation Number 3387
Deposit Account 506178

Authorized User

DAVID, JONATHAN

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

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

Charge any Additional Fees required under 37 CFR 1.17 (Patent application and reexamination procmgip@%s),l 008’27
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Charge any Additional Fees required under 37 CFR 1.19 (Document supply fees)
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 .. . File Size(Bytes Multi Pages
Document Description File Name ( y i . . 9
Number Message Digest | Part/.zip| (ifappl.)
Application Data Sheet t date/ 77479
1 pplication Lata .ee 0 update. CorrectedADS.pdf no 6
correct info
f7b0a491559a7a3845c¢32279b551e8d 1033
Warnings:
Information:
. . ) i . 16969
) Petition for review by the Office of PA0929-2C_Petition_Transmitt no )
Petitions al.pdf
4f58ac1169388666e4d296bb911eed52956
aed64
Warnings:
Information:
15496
3 Transmittal Letter PA0929-2C_Statement_.pdf no 1
6222864a2ff8b31ea3c554505528d1971b3
4a88c
Warnings:
Information:
30635
4 Fee Worksheet (SB06) fee-info.pdf no 2
64ee9f73826b150ae7815dcaddd976154e9)
5286
Warnings:
Information:
Total Files Size (in bytes): 140579

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the 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 components for a 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 shown on this
Acknowledgement Receipt will 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/903 indicating acceptance of 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 international application is being filed and the international application includes the necessary components for
an international filing 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
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Document Description: 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

**|f no data is shown, no data has been corrected**

Data of Record Updated Data

Order Number

Name

Residence Information

Residency

City

Country of
Residence

Mailing Address of Inventor

Address 1

Address 2

City,State/Province,
Postal Code

Country

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

Application Information

Data of Record

Updated Data

Title of Invention

METHOD AND APPARATUS FOR PERFORMING INTRA-
PREDICTION USING ADAPTIVE FILTER

Attorney Docket
Number

PA0929-2C

Entity Type

Small

Domestic Benefit/National Stage Information

**|f 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

Prior Application Status .

pending
Application Number

14825825
Continuity T

ontinuity Type CON

Prior Application
Number 13640014
Filing Date 2012-10-08
(YYYY-MM-DD) T
Patent Number
Issue Date 0001-01-01
(YYYY-MM-DD) e

Corrected ADS 1.0
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Document Description: Application Data Sheet to update/correct info

Doc Code: ADS.CORR

Data of Record

Updated Data

Prior Application Status

(YYYY-MM-DD)

pending
Application Number

13640014
Continuity T
ontinuity Type NST
Prior Application oK
Number /KR2011/002514
Filing Date

2011-04-11

Patent Number

Issue Date
(YYYY-MM-DD)

Foreign Priority Information

**|f 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. When priority is claimed to a foreign application
that is 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

Application Number

10-2011-0032766

Country

KR

Filing Date

2011-04-08

Access Code

Data of Record

Updated Data

Application Number

10-2011-0026079

Country

KR

Filing Date

2011-03-23

Access Code

Corrected ADS 1.0
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Document Description: Application Data Sheet to update/correct info
Doc Code: ADS.CORR

Data of Record Updated Data

Application Number
10-2010-0032778

Count
ountry KR

Filing Date
2010-04-09

Access Code

Applicant Information

**|f no data is shown, no data has been corrected**
Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the 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

Name of the Deceased or
Legally Incapacitated
Inventor

Applicantis 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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Document Description: Application Data Sheet to update/correct info
Doc Code: ADS.CORR

Email Address

Assignee Information including Non-Applicant Assignee Information

**|f no data is shown, no data has been corrected**
Providing this information in the application data sheet does not substitute for compliance with any requirement of part 3 of Title 37 of
the CFR to have an assignment recorded in the Office

Data of Record Updated Data

Order

Applicantis 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 patent practitioner if one or more of the applicants is a juristic entity (e.g., corporation
or association). If the applicant is two or more joint inventors, this form must be signed by a patent practitioner, all joint inventors who are
the applicant, or one or more joint inventor-applicants who have been given power of attorney (e.g., see USPTO Form PTO/AIA/81) on
behalf of all joint 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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Document Description: Application Data Sheet to update/correct info
Doc Code: ADS.CORR

Signature Registration Number
/WOOCHOON PARK/ 55523

First Name Last Name
WOOCHOON PARK

Corrected ADS 1.0 IPR2021-00827
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.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 IR L URRR TR

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 Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

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 payment of 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 correspondence filed 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
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.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 LT R
Hinsdale, IL 60521 000 8907

0000799

Date Mailed: 01/20/2016

RESPONSE TO REQUEST FOR CORRECTED FILING RECEIPT

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

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

+ The priority or continuity claim has not been entered because it was not filed 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/
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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 LEE et al. 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

CORRECTED APPLICATION DATA SHEET
CLAIMING PRIORITY THROUGH REFERENCE

The Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450
Dear Sir/Madam:

The present application is a continuation of US13/640,014 (filed on October 8,
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 KR10-2011-0032766, filed April 09, 2010, March 23, 2011, and
April 08, 2011 respectively.

The intermediate PCT application information was inadvertently omitted in the
Application Data Sheet filed 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 ADS filed August 13, 2015.

Upon resubmission of the ADS during the pendency of the 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
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U.S. Ser. No. 14/825,825 PATENT
DOCKET: PA0929-2C
2) A supplemental Application Data Sheet to replace the previously filed
Application Data Sheet.
Additionally, the applicant requests that a Corrected Filing Receipt be issued
reflecting the changes indicated here and proven through reference.
The USPTO is 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
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Document Description: 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

**|f no data is shown, no data has been corrected**

Data of Record Updated Data

Order Number

Name

Residence Information

Residency

City

Country of
Residence

Mailing Address of Inventor

Address 1

Address 2

City,State/Province,
Postal Code

Country

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

Application Information

Data of Record

Updated Data

Title of Invention

METHOD AND APPARATUS FOR PERFORMING INTRA-
PREDICTION USING ADAPTIVE FILTER

Attorney Docket
Number

PA0929-2C

Entity Type

Small

Domestic Benefit/National Stage Information

**|f 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

Prior Application Status .

pending
Application Number

14825825
Continuity T

ontinuity Type CON

Prior Application
Number 13640014
Filing Date 2012-10-08
(YYYY-MM-DD) T
Patent Number
Issue Date 0001-01-01
(YYYY-MM-DD) e

Corrected ADS 1.0
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Document Description: Application Data Sheet to update/correct info

Doc Code: ADS.CORR

Data of Record

Updated Data

Prior Application Status

(YYYY-MM-DD)

pending
Application Number

13640014
Continuity T
ontinuity Type NST
Prior Application oK
Number /KR2011/002514
Filing Date

2011-04-11

Patent Number

Issue Date
(YYYY-MM-DD)

Foreign Priority Information

**|f 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. When priority is claimed to a foreign application
that is 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

Application Number

10-2010-0032778

Country

KR

Filing Date

2010-04-09

Access Code

Data of Record

Updated Data

Application Number

10-2011-0026079

Country

KR

Filing Date

2011-03-23

Access Code

Corrected ADS 1.0
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Document Description: Application Data Sheet to update/correct info
Doc Code: ADS.CORR

Data of Record Updated Data

Application Number
10-2011-0032766

Count
ountry KR

Filing Date
2011-04-08

Access Code

Applicant Information

**|f no data is shown, no data has been corrected**
Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the 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

Name of the Deceased or
Legally Incapacitated
Inventor

Applicantis 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



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

Email Address

Assignee Information including Non-Applicant Assignee Information

**|f no data is shown, no data has been corrected**
Providing this information in the application data sheet does not substitute for compliance with any requirement of part 3 of Title 37 of
the CFR to have an assignment recorded in the Office

Data of Record Updated Data

Order

Applicantis 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 patent practitioner if one or more of the applicants is a juristic entity (e.g., corporation
or association). If the applicant is two or more joint inventors, this form must be signed by a patent practitioner, all joint inventors who are
the applicant, or one or more joint inventor-applicants who have been given power of attorney (e.g., see USPTO Form PTO/AIA/81) on
behalf of all joint inventor-applicants.

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

Signature Registration Number
/WOOCHOON PARK/ 55523

First Name Last Name
WOOCHOON PARK
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Electronic Acknowledgement Receipt

EFS ID: 24612911
Application Number: 14825825
International Application Number:
Confirmation Number: 1431

Title of Invention:

METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING
ADAPTIVE FILTER

First Named Inventor/Applicant Name:

Customer Number:

96767

Filer:

Woochoon William Park

Filer Authorized By:

Attorney Docket Number: PA0929-2C
Receipt Date: 13-JAN-2016
Filing Date: 13-AUG-2015
Time Stamp: 16:08:58

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

Request for Corrected Filing Receipt

16932
PA0929-2C_Transmittal_Letter.

pdf no 2

48be7e8dfcdec83fe0066bc656a1a2d087ad
5541

Warnings:

Information:
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" 77487
Application Data Sheet to update/

2 . CorrectedADS.pdf no 6
correct info
ffe882b78332be386c6b50ab7f66cf471935
dos9
Warnings:
Information:
Total Files Size (in bytes): 94419

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the 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 components for a 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 shown on this
Acknowledgement Receipt will 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/903 indicating acceptance of 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 international application is being filed and the international application includes the necessary components for
an international filing 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
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
14/825,825 08/13/2015 2482 730 PA(0929-2C 3 1
CONFIRMATION NO. 1431
96767 UPDATED FILING RECEIPT

030 N York Road outs 207 0 L N

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 must include 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 on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this 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 processes the 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, Daegjeon-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;

Power of 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 be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in 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 number of your priority application, to be used for 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 AlA (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 the filing 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-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to 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 accordance with 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 made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing 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 as to the status of applicant's license for foreign filing.

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 deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
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://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline 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 issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations 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 indicated is 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 license is to be retained by the licensee and may be used at any time on or after 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 grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of 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" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file 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
business investment, 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 and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations 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://www.SelectUSA.gov or call
+1-202-482-6800.
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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
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 70 N/A
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A 300 N/A
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A 360 N/A
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 3 minus 20= 40 = 0.00 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 1 minus 3 = 210 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 730 TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is 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 LEE et al. 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 amendment to 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 renumbered to FIG. 8).

The applicant hereby asserts that the substitute specification filed herewith
contains no new matter.

The USPTO is encouraged to contact the undersigned by telephone to 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 OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.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 O
00000007822993

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 not include the following items required in the Notice. A complete reply must be timely filed to prevent
ABANDONMENT of the above-identified application. Replies should be mailed to: Mail Stop Missing Parts,
Commissioner for Patents, P.O. Box 1450, Alexandria VA 22313-1450.

Applicant is given TWO MONTHS from the date of the Notice to File Missing Parts (Notice) mailed 08/28/2015
within which to file all required items and pay any fees required below to avoid abandonment. Extensions of time
may be obtained by filing 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 SHOULD be filed along with any items required above. The filing 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 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 clean version (without markings) as
set forth in 37 CFR 1.125(c) and a statement that 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 cause the specification and drawings page count to
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 must be received in the USPTO within the set time period or must include 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 MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

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

For more information about EFS-Web please 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-Web to submit your reply, you must include a copy of this notice.

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.

/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. 9

900
S

910
%

Processor

IPR2021-00827
Unified EX1002 Page 1012



Replacement Drawings

U.S. Serial No. 14/825,825
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International Application Number:
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METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING
ADAPTIVE FILTER

First Named Inventor/Applicant Name:

JinHo LEE

Customer Number:

96767

Filer:

Woochoon William Park/Mariana Maxey

Filer Authorized By:

Woochoon William Park

Attorney Docket Number: PA0929-2C
Receipt Date: 26-0CT-2015
Filing Date: 13-AUG-2015
Time Stamp: 19:04:11

Application Type:
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Payment information:
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File Listing:
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662314
Warnings:
Information:
Total Files Size (in bytes); 336765

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the 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 components for a 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 shown on this
Acknowledgement Receipt will 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/903 indicating acceptance of 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 international application is being filed and the international application includes the necessary components for
an international filing 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
national security, and the date shown on this Acknowledgement Receipt will establish the international filing 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
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 70 N/A
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A 300 N/A
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A 360 N/A
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 3 minus 20= 40 = 0.00 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 1 minus 3 = 210 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 730 TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

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

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.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 O
00000007822993

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 not include the following items required in the Notice. A complete reply must be timely filed to prevent
ABANDONMENT of the above-identified application. Replies should be mailed to: Mail Stop Missing Parts,
Commissioner for Patents, P.O. Box 1450, Alexandria VA 22313-1450.

Applicant is given TWO MONTHS from the date of the Notice to File Missing Parts (Notice) mailed 08/28/2015
within which to file all required items and pay any fees required below to avoid abandonment. Extensions of time
may be obtained by filing 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 SHOULD be filed along with any items required above. The filing 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 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 clean version (without markings) as
set forth in 37 CFR 1.125(c) and a statement that 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 cause the specification and drawings page count to
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 must be received in the USPTO within the set time period or must include 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 MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

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

For more information about EFS-Web please 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-Web to submit your reply, you must include a copy of this notice.

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.

/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 LEE et al. 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, amendment to 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 renumbered to FIG. 8).

The USPTO is encouraged to contact the undersigned by telephone to 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
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U.S. Ser. No. 14/825,825

PATENT
DOCKET: PA0929-2C

Replacement Sheet

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

FIG. 8
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Electronic Acknowledgement Receipt

EFSID: 23791380
Application Number: 14825825
International Application Number:
Confirmation Number: 1431

Title of Invention:

METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING
ADAPTIVE FILTER

First Named Inventor/Applicant Name:

JinHo LEE

Customer Number:

96767

Filer:

Woochoon William Park/Daniel Yu

Filer Authorized By:

Woochoon William Park

Attorney Docket Number: PA0929-2C
Receipt Date: 15-0CT-2015
Filing Date: 13-AUG-2015
Time Stamp: 12:10:36
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Payment information:
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File Listing:
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Total Files Size (in bytes):| 81756

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the 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 components for a 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 shown on this
Acknowledgement Receipt will 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/903 indicating acceptance of 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 international application is being filed and the international application includes the necessary components for
an international filing 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
national security, and the date shown on this Acknowledgement Receipt will establish the international filing 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
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 70 N/A
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A 300 N/A
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A 360 N/A
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 3 minus 20= 40 = 0.00 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 1 minus 3 = 210 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 730 TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

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

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
14/825,825 08/13/2015 2482 730 PA(0929-2C 3 1
CONFIRMATION NO. 1431
96767 FILING RECEIPT

030 N York Road outs 207 00 L A

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 must include 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 on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this 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 processes the 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, Daegjeon-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;

Power of 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 be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in 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 number of your priority application, to be used for 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 AlA (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 the filing 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-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to 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 accordance with 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 made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing 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 as to the status of applicant's license for foreign filing.

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 deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
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://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3

IPR2021-00827
Unified EX1002 Page 1033



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 issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations 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 indicated is 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 license is to be retained by the licensee and may be used at any time on or after 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 grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of 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" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file 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
business investment, 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 and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations 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://www.SelectUSA.gov or call
+1-202-482-6800.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.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 O T O
Hinsdale, IL 60521 25%0

Date Mailed: 08/28/2015

NOTICE TO FILE CORRECTED APPLICATION PAPERS
Filing Date Granted

An application number and filing date have been accorded to 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
obtained by filing 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 clean version (without markings) as
set forth in 37 CFR 1.125(c) and a statement that 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 cause the specification and drawings page count to

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 must be received in the USPTO within the set time period or must include 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 MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

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

For more information about EFS-Web please 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-Web to submit your reply, you must include a copy of this notice.

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.

/spkannathip/
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.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 IO A
000000077125892

Hinsdale, IL 60521
Date Mailed: 08/28/2015

RESPONSE TO REQUEST FOR CORRECTED FILING RECEIPT

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

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

Improper Priority Claim(s) to Prior-Filed Foreign Application(s)

The instant application was not filed within twelve (12) months from the filing 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 months of the filing date of the foreign application. Applicant
should review each priority claim submitted and, if appropriate, provide the proper reference to any
intermediate application filed within 12 months of the filing 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) was filed within 14 months of the prior
foreign application, applicant may file a petition (in the instant application) to restore the right of priority if the
delay in 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 applications filed 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 be filed during the pendency of the instant application and
within the later of: (1) four months from the actual filing date of the instant application, or the national stage
commencement date if the instant application is a national stage application under 35 U.S.C. 371; or (2)
sixteen months from the filing date of the prior-filed application. Failure to timely file the required reference
is considered a waiver of 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 are filed.

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.
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Doc code: IDS PTO/SB/08a (01-10)
Lo . . . Approved for 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

Under the 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

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor |Jin Ho LEE
Art Unit

Examiner Name

Attorney Dacket Number PA0929-2C

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E)l(gm*lner Cite Patent Number Kind Issue Date Nar.ne of Patentee or Applicant Relevant Passages or Relevant
Initial No Ccde! of cited Document )
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Fublication Kind | Publication Name of Patentee or Applicant Pages,Columns Lines where
e Cite No . Relevant Passages or Relevant
Initial 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

Name of Patentee or Pages,Columns Lines
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 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 Document citation informaticn 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 item
Examiner| Cite S : . '
e (book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue humber(s), TS
Initials No : : )
publisher, city and/or country where published.
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Application Number 14825825

Filing Date 2015-08-13

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor |Jin Ho LEE
Art Unit

Examiner Name

Attorney Dacket Number PA0929-2C

1 Hui Yong KIM et al., Description of video coding technology proposal by ETRI, JCT-VC, April 18, 2010, pgs. 1-9, ETRI, |:|
Daejeon, South Korea.

If you wish to add additional non-patent literature document citation information please click the Add button  Add
EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 60%. 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). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. 5 Applicant is to place a check mark here i
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

.. Art Unit
( Not for submission under 37 CFR 1.99)

Examiner Name

Attorney Dacket Number PA0929-2C

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of informaticn 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 the filing 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 setforthin 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.

Signature /Woochoon W. Park/ Date (YYYY-MM-DD) 2015-08-25

Name/Print Woochoon W. Park 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 which is 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 collecticn 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: Commissioner for 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 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:

1.

The infarmation on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552} and the Privacy Act (5 U.S5.C. 552a). Records from this system of records may be disclesed to the
Department of 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 counsel in the course of settlement
hegotiations.

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 informatioh shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S5.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.5.C. 181) and for review pursuant to the Atemic 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 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 (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.5.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 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 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 aware of a violation or potential violation of law or regulation.
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number of bits required for a residual block,
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imizes the volume of data required on the
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(RFFTRER O #iFH ]

(FERIEH 1]

AV EFIFHUME—RECBZ2MBESILTETH > T,

HETay 704 o FHME—REZEETLTZ ATy T L,

HE7ay 7OFHAARETENCZHREZNEEITNLE., FATEZSHERZHWVWTS
MEHREZERKT 2 A7y T &,

HE7ny 7ogadBeEnlkts o TPHE—FRUCHEETRY 7O 4 ZICE DV
T, I BHEZEEZBICHIC I IVE YV TTEZAT7y T L,

HETay 704 S PHE— FRUOHESEEBRZHAWTHE Oy 70 Tl 7 1
v 7 ERT B X Ty Tl

NN

I SBERLZENTZ2 A7y 7, fiRFAATETEVSEREZDOMNEND THRD
CNEAMICRGEVHNEOFNHMELZSHEBEROBEZMEZFA AR TR NS BEEEODHE
FMHELTRET Iz RB LT 2MmBE S TE,

(FERIEH 2]

R ATETEVWSRHEREOMEDL S TOHIRD LN AIAIICF I AERSEEREDE
FELATNE, KA TMORGEVHNEOFHUEZSHEBERZOEBMBEZFHAMME TRV
ﬁ%¥%®¥i@&bf ET B ELERMET 2 RE1IICEEHOMBE ST L,
(FERIH 31

ﬁf7m/7®%%7m/b%kg¥mb WEBT ZBEEZILICEAR, MiidiE T
bk, FEBIPOZEINEBRCIOBREENSZ 27 MY v 7 A ZHWTH
mEETRNy 7 eHNEFLT 2 2R BT A2EKRELICHEHDOMBRE ST,
(FERIEH 4]

M ZHMERZBICHNIC TNV ERD I T 23X 7y 7R, BETay 7042 5 FH
T—FRDPWKPEEREBEET-FTOHNE, ZREZEZ 7oV Z VI LAV EEZREH L
T A RE 1 IR DM B1E S 1L IT i,

(FERIEH 5]

KEE—RERAMAADAL Y I FHE—RMOKE S AZETZA YT FHllE—
RTEHEZED 7o V2 I, fidHETMOA Y M FHlE—Featid A
MAEMOAL Y NI FPHE—FEOMDOAMEE—RTR., ZRBREZEZ T V22UV TT %

BT IBEREIICEHROMBRESILAG .

(FERIEH 6]

HE7ay 704 TPHE—RPEET—RFRTHIE., FTH Ty 70 EHIBERT
HEHEE, TH 7oy 7ERKIcHVWENZ FHBEZLUNOSHEREZHWTEEINS T
EERBMET AERE LICEHEBEOMGIE SEAE,

(FERIEH 7]

HETay 704 S FHME—RBP 9 —F—RThHIE, HEToy JOHE1 D
WA, HE7ny 7oh Flila— 7 2HERLEZTZ2S5HEER, NCHE TRy VDK
THla—JEBLEILZZHEERERZHVT T 7oy 7OoEHERLKC FHIERICHET
LZTHEBZ2ENRT RS2 2R BeT H@EKRELICEKEDMGBE ST,

(FEKkIH 81

MiidB 1 osEMEE,. HEJTay 70200 FTHRO LN T-ME OEZEOHEAMEOFELY
HEZRAWTENRT 2 2R MEeT 2HERETCEHEDMGBIE ST,

(FERIH 9]

HE7Tay 70FHE—-FPDCE—RTHNE, HEToy 70V 4 ZWBFHRL,
THI 7oy 7oF7HlEFEDS B, BHEREETZ PHE Rz RS 1 DU ED
SHEBEAZHOCTTIANERY T T2 2R BT ZHERE L KB OMBIES I GE
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C5E B o 5 Al 72 3 B ]
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(000 1]

AFEHE, AV F TPt RFCBIT2MGBESEAECEL, KO0FEMCE. HEY
0w 7OBMEEZBICAICERL, 74002 T LUTEHEAMBIENTHI 70y 7%
AT AMBESILATEICET S,

(% =]

(000 2]

FEVBGBREEZHERLODD, BWTF— 2L —FTHEHBESZMBENCEET S DI
VRRABRTYZNVEHEGEMEMSERERINTEE, COXYARHEBEMEME L TR

H. 261, MPEG—2  "H. 262, H. 263, MPEG—4, AVC/H. 2
6 4% ENDHBZ, MicdLicEMmEMiE., BBV 7 >Z8 (DCT :Discrete
Cosine Transform) £&E, HEMMHE (MC:Motion Compe
nsation) HE. 87k (Quantization) HE, Tyrao¥iFsi (
Entropy coding) BEEREZGATWVLS,

(000 3]

BEOMGREZHERTL220KCE. BEHEBEFELORIK., Z2LDEDT— 22K 3 &
W HB, L L, BB T -2 Z2BETE2EHCHARINZEREBRIBEEINTED.,
HEtTF—R2OEERICERATZE2 7 AL - 2HIBRET 22D TEZ, flAE., #E
MEYATLDT —RAF v XNV T IRV —TIFLETaryrxy b =T DT —2F
¥R, ~RcEEE Yy bL—k (CBR: Constant Bit Rate)T
T—REED>TWVE,

(000 4]

Lo T, BEGBRHSE., B2XUEFA0OERELERE T —ZRERD LD
L, BHEBZELZ XS T22D08BEHBRFESLARXRPEREEINTNS
(0005]

BlAZE, H. 264/ AVCEBZ, 1FoF5ORIC, BAOEHFMZ B T2ZEMH
HRCBITIZ2 A THHFERZITS. AUOHZ2EEBEMZHVZONRET Z N
RERMEOMELEBRETHZ2P, TOEHK, REOA NI TR AMERD, TDOH
MICHYTL2EAIEEMBEZ VTSI Z2EHED THIMBEZFHET 5,

(0006]

LrL. THI 70y 70 4 AHBRKRELAEDZRRIET NI, ﬁf?ﬂvﬁéi%%bf:%
B7oay 70BPEBEFEETZ2HEEIEEZ L2 ES, CTOBAKKE., sidsR Y
0w 7O AHRICHABETLZ22HMEEM[MICEBRENRETELZIO5CES, BRENEL,
B MERZANTCA Y I THZITS>ES. TR 70y 7ERBEORKRET Y 714,
FEREXTZZ BETA2AEBEIELSEZD, BB LZRTITETEIZ LV HEND 3

(85 o #E %]
[RBEPEHFLLD L3 2 HE]
o000 7]

AFEHEHPBRLXS & T 2HFMAREET., EAMBLIVWASA Y NI PR Ty 7 2B
T2HEEZRMETEZEHD, TICKXD, A YT FHE—RCBI 2B LTy 7
ERFEOETINEEECEEORELLEZRNM LI THBEOHEZGEDENL, T — 42 &
ZFROT AT EREMETZC LICH B,

(REZWIRT 272D DFE]

(00081

FHEMNHEZHEL, ARHOEWNZEXKTZ22DDOARREHICKERZ M T THlE
— P BU2MBRESELIFER. HETay 704 S FHlE—RFZ2ETLTEZX Ty T
EVHETay JOFMBEAETEVWVSHEBERIGFEI NG, FHUREZSHEEZREZ HNT
FMAMETEAWSHEEREZENRTZATFy e, HETay 7O tEhizl b
FTHE—FRRCHETO Yy 709 4 JCESWVWT, MESHBEEZEZBICHC T oIV 2 Y YV

TITBATy S, HETaYy 2704y o FHME—RRRUOHEZBBEEEZE T 2V AE
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DYy ENE2EEAZEHVWCHEE Oy 707l 7ay 7 EENRT Z2 ATy Sk ER
HREFHTETCECEHEBEEOMBNIL THRD N FAIKK &S IILVALE O F A EE
HBHMBEZOHEZMZHMAATETCEVSHEEZOBEEME L THRET %,

{000 9]

., LEEEMWAELZBR T 22D, AFEBPEG., MEMATETEVWSRE RO AL
BEHOTFOHRDONEAMCRGEVMBOFATNEARSBEZDELEL BT NIE, K
HHOBRLEVWMNEOFMAAEASHEZDO HEMEZRMAATE A VWS HEZE O EHZEZHE &
LTHRET 3,

(0010]

Fl, LRlHMMWBEEZBERTZZDIC., AEBRE, HET7 oy 7094 AN KEL R
28, BEBERET ANV ERY) Y ITTEZ2A4AY T TFHE—FROBERLCTHZ ., K&EL
H"ET %,

(CEEEIED
(o001 1]

AFERHCINE, FIATETCECZHBREEZFHTERSHEEEN,DAERL., B HEE R
FRETOy VOV A XARCAYEF T THE—RCLULENRSTHEHIEWNIC T 22D VT L
ey Tay 72ERT 322X, ERMGBLEHELOLETFTHM 70y 7 28K TE
LEVOIMANDZ, ., Ty v ERAMGEHELUOLTCTFHMT 2 KD,
BERUCESILEROBREEEZR/NMLULTHGBOEMEEZED 2720 TEL. HEILK
CESILOMEBEZBMAILTEZIEDNTELZLEVWSISMEDND B,

(X o i B /s 3 ]

(o001 2]

(K1)l M1, REHOEBHRRBICHRLI2HEHEGBHELEBZ R L0y JRTH S,
(o001 3]

(K2] K2, KREHOEBHELBRZ2 A NI THHOHEEZERLET DY JHTH
%o
(001 4]

(3] M3k, ARBOEMBEKLHRZ I —FE—FRFHZHBEIZE0O0KTH 3

o

fo01 5]
(K4] M4k, AEHOHEBHBELCHRI2HEGBESIELEBEEZRLETO Y JRTH 3,
o001 6]

(K5)] M5, KEHOEBVEILBRLZA Y o7 0y 72 B3 2-00EFXNTH
%o
(RHEEFEBET 2 -0 D EE]

(o001 7]

LR, REBHOBRAGEREEZFA AN ERKE 2N LU CHFEMICHAT 2, REHZ., &
RBEEBZNMAZIENTE, BALEREREZET 2 N TEEZLTH, KREHZE
EOHBIEICHLTREELES ET 235D TRAEL, KAEHOEMECHEMEMICT X
NHZETOER, WEYZHVILREBEYEZSLOHBEINRZTNLWE RS AV, SXOEZ
FHHELAEDS, ELULEZZHEAESZHULULZERERICH LU THEAL 2,

(001 8]

M1k, AEPEOEBPBPRBICKEZIFEGRSLEBEZRLET DYy JRTH %,
(001 9]

Mlikrnd Kok, BEBGRSLEEE. FEELT—FREH 11 0. 712 T FTHE
120, BxmiEIHS130, BHELHL13 1, EHFE - BEFEEHE 140, =201
ek 150, wETE - ZHMESET 141, 770y F I T 0020V TH 1
60, EVF X —REH1 70, WEH 180, RUMEH190ZHA 3,
{0020]

= — K 3] » = = FAN o — A

FEE—FHREHL 11 0. )\ﬁéfaét-rz‘{:.ﬁ%?yﬂﬁbft7IE§20§P—?§0*§247
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ADOFBETay ZicaE L, 2EENEMEY A XOFSTay ZicHd 2F51LE
— FZHRETZ, BN S5EE—FE, AV FURSERCAS > 2—-FHRSLE S
B,

(0021]

EOF v -, BEHROATAATHEKREN, AT/4 A, BHRMEORKFSEA (L
argest coding unit:LCU) THEREINS, @il CUIE. &M
DFSLEA (CU) KDEENZENTE, HEHRRE, REUEEZEIHBR (1 a
g) ZEY FAMYU—LIKCEBMT RN TE%, EEBIE, LCUDMEBEET FL X (
LcuAddr) ZHOVWTCR#BIZLENTEZ, DEPFHFBEINEVEEORSILEA
(CU) G, THIEAL (Prediction unit:PU) ELTHEENH., BES
MBI, PUDMNMEBEZPUASA YT Y 7 AZHVWTRBTZNTES,

(002 2]

THHA (PU) @&, BHEOS—FT a0 o328 TEEE, £, TH
Hfg (PU) . BHMoZE®EHES (Transform unit::TU) THEKEIRN
B 5,

(002 3]

FEEE—FREH 110, REENEFSIEE—FCXKZ2AEY A DT 1y 7 H
i (BlzZ, PUBMEZIGTURA) THEBT—XZHER1 80I1K#ES,

(002 4]

ZWFSE - B EH1 40, BMEBI S0KKXVEHINE®RET oy 72 22
o BEHERCERT S, AR, BET7y JiK LT 2R TOBERaY &
(DCT) EREHERYAVERE (DST) BRBOEBRZHEITT 2, £/, ZHBF 51 -
BEFbEH 140, ZHBHZETILTZEDDOETILAT Yy YA X Z2HREL, BEX
NEEEFILAT Yy 7V A X ZHCTERBRRZETILT 2, RESNTEEFILAT v Y
AARCFEEE—FECLX>2TEFIEYIMNI vy I ARREEINTE S,

(0025]

ETEENEZ2 R TOEBEERE., TORODONEAF YV T HEDS B, 1 DK K
D1IR DR FIEEHGRICER NS, MBEHEIN IR eog FEEHEHRD Y —
ARG, T EFESLE 1 5 0l iiEEN S,

(0026]

We k- Z2HESET14 1, 2HFESE - 27140k aFlEnika
FibBEErYETILT S, £, UEBETFILCXOEBOLZWE FILBEREZVERT %,
NICXo, AERERCERINERET 0y 72 ZHEHORET oy JiKEHTT %
EHWTED,

(0027]

TRy FUIT T4 ITEH 160, wETIE - BERESET 1 410 HET
ERUOCBEHRIATBG T —4222EFE LT/ ay+ >y (blocking) $IRERE
T2EODT 4 )R T EIT S,

(00 28]

O F v —REG1L 70, 702Dy rTEnhkEBr— 42z 0y 3+ 07 4000
2YVTEH160DLZELTEYFvy— (picture) HAKHBREETTLL THRE
T%, EVF vy —W&, JL—LHEMNOMBTHEZN, 74— IVRHEAOMBRTHO S %,
EOF v —REH1T70E. BERHOEITF v —ZRETEZZ2 Ny 77 (KRET) 2 A
o WY T 7IREENTEEHROEVF v —E, AT FPHRTCEEHTD D ICIEM
ENZ, AV TFHUNERFRHETHEDEDIEHRIAZMZEIF vy — 3 EBRBE 7T v
— EMEIEN B,

(0029]

FEHES131E, BTy —HEB1LT7TO0LREENALELLLEE 1 DDOEM
CIOF v —DRMBENT, BIEHELZT>THEXRI MV, BREIF Yy —ZRT A VT
vy A, kRUTay s E—FRFEEE—Yaryr—% (Mo tion I]E)Isz‘bﬁf_o%%jzj%
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3 B,

{0030]

THHEZRET 2D, PEEEEE. A, 1/ 2F7E31 / 4AEHEREET
BEXRTMLVEZRET S, BEXNT MUV DHBEEBEEZAELEZ2D0T, BMELRT1 3
O, PHEHENMEBEOBHEEEZEHR I Z2-D0MB 74NV EAEZRYEZ7F ¥ —ICEHT %
TrlicEky, BEPHEAMBOERMEIODHEEMEOHAZMEEZEH T %,

{003 1]

BEMES1 30, EHEEEHL 13 1LOANINEE—YaryTF—RilX>T, ¥
JFx —HILEH 1 35 KREEINTEEROZRBE/Fry—D55, BEHEICH LN
MY 7Ty —Ho, L2270y Z7icind s Tl 7y 7E2#HHE L TH
3%,

{003 2]

BEAEL 1303, PHEBEOHZMBECLELABISNERL 70 LEZD T 0 )V XM
EFRET 2, 7o 2REHEE, flAE, BENEMR 7o V207 0 V224 T %E£THR
MOCBEISHHBE T ANV 2OV A X 2RTEREZETHZ, 7402010 XE. Bl A,
WIS 7 IV 2D T4 IVEAFEBHOBRTHZ22TEHEETH S,

(003 3]

BEAMK., BIEHET 1 30, BENHME T o )bx & LT, 77 BER KU IES BE R 8 S
74V ZDS5E, WINHL 1 DERETZIENTESL, RWT, BE SN IS H
MIANZDRATERCE T ANV EZEBROMBEZRET 2, T4 IV ZEEOMEIE., BHEEA
COMMMEDPHBEZEOMES CKAERZ IR EESNES, £, BEHMELL 30
. TNV EZBRBPEECTHLZ2EHMBOEBENHB 7 s V2 ZHVWE &8 TE S,
{003 4]

BEMESL 130, @R TNV XOKMEEFREONBEHMICRET R EENTES,
Blzid, PHEHREALM, FELEAEALA (512w b)) | ATAAHA, €T F v —
BAL, ¥R YT VRABAMICRETZIENTESE, £, 1fMOoMGBT—RiIH LT

IO EZRELTEX WV, LENS T, IEOLHEANTIE., ML T 1)V ZEH
ZRIHT 20T, BEMHHESLLI 30, 7oV 2RHEEZ —BNCHERETZAETYVZMA 3
o TODAETVRMBBEIWIGUT, T4 NVAFEERTC TNV 2GR EEZHFET 2. HlAE.
BEMMELLI IO, [EIF v — LK TNV AREEEREL, A4 XHEAWKT 1)L
RIGEHERET R ENTES,

{003 5]

FEWMETL1 30, EV7F v —REH1T7T0EBBEIF v+ —2ZEL. HBESN
EBIGHEE 7 s V2 ZHOWT T o VRN EZEH T2 XD, PEEEOTHSE
WG EERT %,

{00 36]

ZLTC. ERENESREBRE, BJEHIEH I 3 1IKIODBREENEHEXRXT ML
EOVWTAHEEREEOH XHELTIC LK, PH Ty 7 EERT %,

{003 7]

WEMH 1801, MEBILLEYIEETZ AN TRy 227 Fy—HMTHATEILLT Z25E
VEHEHETURLI TN ANT Ry JICHIETERBRBESIFr—ND Ty JEZE
LTANRIZuT7ny 2 bDERHEEEZIT> THEAERFBS (residue signal
) ZHNT %,

{00 3 8]

AV EFIFHE L 20, FTHUIITDLMEBEIFr—HNHOBEEXRINTEHZMBEZ AW
TAYFITHHFSZITS2. AV TPHHE, THFSETZHE DY 7 22F L
THE7 Yy 709 A ALK TCTORETNEEHMBMOALS Y I TFHE—-—RDSI B, 1
DEBRBRLTCAVYIE I TFHUEITS. AT TFHE 1 201, HETay JIKBEEL N
e Bt nEEHREZHOWTCEHEE T Ay 704 Y I FHME—REREL., MdHBREE

e R S < T . .

NrEE—RFRKHIET2TFTHI 70y 7245 KT % IPR2021-00827
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{003 9]

HEYI7Fy—kGEhEHEBEOS> 5, UficFELE @B E., 18T THIE 1
2O0MBFATEZLSOCHEESEINTE YT v —REH17T0CBREEINTVS, 7
YESTFTHE L 20, EVF X —REH 1T ORCBEEENTVWEZHEEY Z7F v — O LU
KRBt En-EBTHE Oy JCBEBELEEHEZZRIBEHELEWVA, B A 6E & EA
FHWTHAEA oy 70T o0y 7Z2EKT %,

{0040]

AT FHE1 20, ATy 72 THT2EDICHEEBERIEZEICNICT 1
WERY Y TTEZENTES, BEEBRKCBIZ2ALCHFEOLDK., MERTT VRV
THEERNTI2BERELETZ LN TCESL, £k, HETay 7042 o FHlE
—RFRRUCIHRETay 70 A ABERCEDVT I NVEY VIO BEZRTET 2 EMNTE
%o
(004 1]

BRI EEBEBCIODFEHAINE T 24 7, M ESEE—FRRELICKOD AT
aQy IHhAY I E—REREAZA—FT—FIRHSIEEIENEZLEDLICKEFET %,
(004 2]

A oE—FREASA VY E—FE—FREDYHBE, 12T AV E—YHWA LSy FICKD
w3,

{004 3]

TYrOURFESEE 150, 2SI -E7EH 140 KD ETEENEE Tk
B ETHEH 1 3T KIVERSNEFHEEREZD VIO EREBRT S, £, A
YEIFHE—R, fl@lT—% (FlAE., EFILRAT Yy IV A XE) ELHELINES
o EHIIC, BEHMMEAEIIORKIVBEINET ANV EZRELFTEILENTE Y ALY
—LELTHBT 3,

{004 4]

M2, ABHARKEZ AV FHE 12008 EERLETOay JHTH S,
{004 5]

¥9, FEEE—FREHTI 10K TPHE—FERLTCTH Ty 7OV A4 X %32
9% (S110), PHE—FKEHRIZ, 7V E—FEELET, PTH Ty 708 14X
X, 64X64, 32X32, 16X16, 8X8, 4AXA4FDEAFETHD I BN, C
NEBELEV, §hbE, i T 7oy 7O A AN EAELTEVELEAETHO S
%o
{00 46]

Ric, P 7oy 704 FHE-—RERET 2D, BREZ2Y V7 F v —(F
FER1 7 0L @A AL, METZMATRTAVSBREENFELEIT I ENLERFL THR
HHEERITGZHMMTZ (S120), MiaZBERI. AETay 7002 o FHlE
— REZRETZORMEHENS,

(004 7]

HWETay VHPHEY Y7 F v —0 FRIBRICMANET 2H A5G, HETay 7o Fflc
BELEEAEDEEIN AL, £, HETayw VP HEEE 7 F vy — O EMBERICAET
ZHAGWE, BEay 70EMCHMEBELEEEPERI N AL, TOX S HEHEL, 7
AAEABMETAEVEDOLHNT Z, S0, HETOy VR A T4 ABRICMEL T,
ZATAXDEERLEEMICERT Z2EED R SEINTEILEINZERETEVES
WKd, FIFAEERBETEVE O LYK T %,

{00 48]

ok, HEny 70 EMELR EACHEZLLEHENEELE DL, TOHRF
SEENTEHTLENEBEEDNFELEVWE GG, FIATEEAEZDOAZHA W THET 1
WIDAYVEITTHME-—RERET S 2L TES,

{004 9]

N 1w ] BB o 22 0Y \ ] B8 Yo % g

LhL., WETay 7OFBEUEgELERS2BHEZ AU Tﬂﬁﬁﬂﬁbf&bl%%Z%i‘ﬂd%%Z%?
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BT 2L TES (S130) A, L7y 70@ENFAMETENVES
Wik, £HEEO —HEZRE2HZHOCTCLABEEZERT 2N TE, ZOHICEH A
BETH 2, ThbLE, MAHAAETEAVMAEOBEERIL FPOLHRDO OALFTAKES LWV
MEOCHHAMEGZZHEEZZEEL CSHEREL L TEKIT L2 TEE2, THRDH L
NEABMCHATEAZSHEEHANEELEVESGIKE. KW AHORKE TN EOF]H AT
REAZHERZESE L TCSHBERELTERTZILENTES,

(00501

—H, BETay 70 LAEF R EABENEFELET Z2EAKCE, fidBEENET %570
v IDHEBEE-RCXo TRAAMRTEAEVWVSREEZELE L TRESNE S, A, HE
Jay 7O EEMcCHELESRBEENEITZ T ay s A v A—REdh BTN
Ty o ThHAEAIICE., MEBEREZMATETAVERZE L THMTZ2IENTES,
COHBERE., BETay JiclELEETay 7R oSN TCELTIEINET O
VOKBTAHEBEEZHAVWCCAHAWTRELEZSHERZERNTZ2 LN TEES, TOHEAFIKIE.
FHEHRTHBSEE—PFCL->THANELZSHERZEHM T2 L0 FHRHEZ2ESZHRICLHIE
LadniEax ok,

(005 1]

R, M B2EEREZAVWTCHE Oy 704 Y I FHE—FZHRET S (S140
) o HE7n Yy JIKCHABUREASA YT FHE—FOHE., 70y 70 A XK > TE
brcethtcEs, flal, BHETay 704 XH8 X8, 16X16, 32X32T
HrEHEHCE, 3A4MMOA Y I FHUME-RFRDRNEFELETE, HETOy 7OV 4 XN 4 X 4
TH2HEE5CE., 1 7THDODAY I TFHUETE—-RPIBFELETES, M3 4M@ELZZE 1 7D
A FIFHE—-FE, PECEE 1 DM LEDESAMEETE—F (non—directi
onal mode) CEEHEEOFAMYE—F (directional modes)
ETHEKENES, 1 DU EDELAAEETE—-RE, DCE—-FNRUT /XTI F— (pl
anar) E=—RFRTHOHI%, DCE—RRUOTIF—FT—FRPIEFAHEE—-RIFEN
LZEBKE, HE7 oy 7oy A X Ic@EFEELS, 35D I FHE—RBPEFEET S
e TER, COEEFWRE, 2@DIEAAEE—F (DCE—-RFRRUTTIF—F—F)
E33MMOAMME—REZETL I ENTES,

(005 2]

To9F—%—FG. HEToy 70T (bot tom—r1right) KBTS D
GBI DOWEABM (FLEAMEEEMO THME. LT, BE1Oo2HELIT ) &5 H
HMAECZHVWTCHE Ay 70T Ty J2ERT %,

(005 3]

M3zBRLTT7I9Fr—F—Fz2IPTZ, 3. HET Oy 7P 8 X871y /T
bE2HEDT I —E—FFUzIHAT L2EDORTH S,

(005 4]

HE7ow  704HFH (bottom—right) KMETZHELIDSHEMED &HAE
Tuay 7OLEMCHEEETAZHEAET Oy VORS FAOBEABCHEETZ2HIEMC EZHAWVT
ZOMIHNEBET Z2EHBICHILT 2 PHBERERZ2ZENRT S5, FAKIC, MEE 1 OSKMED &
HE7nyw 7o LHlicEE#ET2EELDOS L, HE7 Ry 70t GO EELEET S
HMAMBZHAWT, ZOMKCMNEBET ZEABICHNIGT 2 THBEEZERT 2, 6fcc Tl H =
EFHERTZEHIC, BEEEEZFERIZCLENTEE, LHAL, BEOREIBRE AL
B, TORDONEEBEES CHETHBEREZLERT 2 P TES,
(0055]

Ric, EENETHEE (§5bb, HRCEDELEOMOBEBAERTCEEB &D & DM
ODHEFE) RCHE 7Ry Z7ICHELZERE (§45b5, ALBLOMOBENRTALCE
ODMOEZE) ZHVWTHROD THHEERZENKS 2. fiid THTHEHR &, LI &CEHNCE#Z
LE2oBERCTHRCEMCER N Z2@MOEEZBESSG L TCERT Z T &N
TE%, £, MEEER. TR THIZLERI AL, HEODHEEZEBL LIEMPH
BTHYVSB, COLSIE, TIF—F— FTR. THM LT B B IC
ETHVHI B, TDODKOWKK, TI9F—FE—RFRTK. T{EJui%iﬁkﬁélegzcogﬁo%gz%?
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SEEOBDP TFHEHEOMBICK > TEDOE B,

{00 56]

—H. BE7Tay 7o FlI2RBERZIFATETH 2D, LASBEZEDFHATETHE
WEARELCES, COLEICR., MEZBlOoOZHBEELEMEEAHSHREZED S B, 1
DERWTHI KL LUWBHEEEZERTZEENTES, §hbE, EHSHEEHEDORFH
MiEkEGcE, EAzREZED> B, R LAl NBEBLESRERZRZEE LT LA & HRE
HEEERTZ2CEeNTZE, MBI OSZBELHMELAEBLCROEBEBLEMERD 3
SHEERZHOCTCBEDEDODBEMOFPHBEEZERKTZ2IENTES,

{005 7]

Fikic, HETay 70 LASBERGFATRETH 2D, AA2EE D F H T EE T
BTGk, MM tAlz2BEZROS B, REACHNELZSRERAZESL CLEANS R
HEZERTZ2ENTE, ML EAUZ2EEEELE 1L OZBMEEEZHAVWTCCEDEDHD
THEZZERTZIENTE S,

{005 8]

—H. M1 osHEELEI N ZERIEREG, €Yy PAMY—LIKEBMENTES
BT adh, HEBDVMMEE 1 O02REzEL L TE S,

{005 9]

M 1 OZBEEF I N ZERIBRZEERCLEET 2 HE2Z2FATZ2HEE KKK,
HE7 oy 7BELE, BT TEHITIEAEHEZDS B, DAL 1 DU EEZH
WEBI1IOZHBEOTHMEEMEE 1 OSZRHELEDETHEEZLIET 2 W E Y M Z R
HLE%, 2O, fiiBEloEMO PHIME. (1) HWE Ty JcBELEZS
MEROFEEME,. (2) A, B, CO¥EME. (3) BLECOEHEEDOS B, WwInhl
DTHDD%, ©IHI1DDHETRER., A COERMHEEALBOEEEREBL T, &
TEDPNNEVTAERETVINAL LD (BEERC) KHRETZLETES,

{006 0]

B 1l OZHREZzZHERCESHIELG/RCE.,. TEHeESHRIELC2HEZ B
et hibhidhohy, TOEDIK, FEBTE, F10REEERT 212D
KEBHEHEA, B, CZHWVWAZENTZZ, HEADPTFHIKEDZLEWVWIRETTIE., (
1) BEALDEDMEZCIKELEEEZEZCLEALDENEZBICELEME. §45DDB
(B+C—A) ., (2) BCLOFPHEOSIE, Wi 1DZHE1OBRME L TK
ETBHENTES2, TOHEH. B, CORDIC, BOBESHEENLT C OB ESME
HEZHWRZEETER, TOXIWKE. HERELEEREDVARKE 1 OBMHEZEILT
20T, BE1OZHEIF LI N ZRIERZESHCLEGETILENELS, BELE Y
FEERDTCENTES,

(006 1]

Ric, BETay 704 o FHE—RFRPIREEANE., PRy 7248 KT % (
S150), #id Pl 7ay 7, HETayw 704 FHE—RCESVWTEHE
Z (ERENEHEZED) 3o 0oBREEEZHVWTERT %2, DCE— R,
HE7ny JBBELESREZO PHMEZAVCTHE Ay 70T 70y 72 £ )T
., MiicHEREG, FAVTEASHEERCERS W ESHEEE2ECE LN TE
%o
(006 2]

X, BETay 704y o FHlTE—RFRBPREENNE, B> o FHE—-FZ
HEtkd3 (S160), #idl/ Yo TFHE—RORSMHE., 7T FHEH T 20T
Tbhzcencz, oA FHE—FRAESLER (KRET) 3y
FHEE 15 0TiITbhadZ &b TES,

{006 3]

—H, BE/ay BB LESRER IOy JO8MEA KRB, M@ Ty »
DEBERICMNETZ2SREEMICRENELHEZ, OB, TH 7oy JERKBEOKRE T

) & R A = AEEMENELIK S, = BT I
Oy 7k, GBAEKTZZ2 EEIZ2AMREIELSAS Lfbjflﬁ%%%&%@%
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vy 7—74 7727k (blocking artifact) PEEODTTY
JICLEEERIEFTEVHIMENELCS, COXIAMER. HET Oy 2709 4 AR K
TVEEHERDNGELZILOCES, M, BRIy 704 XDBBET T Y 7OV A
AEOREVERRCE., TOXS>HEHMEIECEVAEEREEH S,

(006 4]

Lo T, FHROMESAZHNRT 272001 D0 Kk, M SMBEEZEICHIC Y
A4NWVEVYTLUTCHLVWBHEEZEEZENTZ L THS, TN, A1 VI FHE—R%
WETZHICITHICELEETEZ, AVFITHME—FRTCTH IOy 7084 XWX >T
TOMABHEERAEZBICHNEC T ANZRY) VI LTHLVWBHEEREELENRKL, TOSHEEH
MUOHRERENEHLWE2REEZAVWVCHE Ay 704 I FHE— FZRET
L TEL, LhL, HETOaw 704 Y S FHE—RERELERIC LD HE
T2 TES, 7O wF i 7—7 0777 OMER., 70y 70y 14 XBKRKE
XT3 EFERELAEZDOT, BEYAXDT7uay 7Oo®HETE, 70y 709 4 AMNKE
7G2G EMERZ TNV A2Y Y ITTEZTHE—FORZALCHLI N, KELIT B L
MDTEDS,

(006 5]

MR AT EEAEBHEEREDO T )V EZ ) VIDPLELEEEICIE., MM LEZSHEEREBOR
EOMELIX>T2HUEDOT ANV A EZBISHCEHNT S22 TES, i 74V 2
EEBER T ANV A THBZENFELL, A, 2HEDOT7 s V2 ZRHVEESE. B 1
DT A4 AEE3 —tapZaViEZ, BE2DT7 4I)VREGE5 - tapTZaIVEZTHDI %, B
20T 4N EZE, B1OT 4 ) Z22R0@EHTA2T4IVEZTHD S %, Fise 74 IV EZDT
AV EGREBE, RN AT eI TE LY, Fhid, EHEORDOZDIC, 1D T 1)L
ZDRHEFHTZELEETES,

(006 6]

. ML LzTda a2, HETny s (A FHBITODNZ Ty V) OV A
RO THISHWICHEH IR EPHFEF LWL, Th8bbE, T4 X EHEHATLHEE. B
ETay 70 A ZXNELOV A XXD/NEVEECE, FEBEN ST V2 Z2EHT
L, T4V EZEEHALENCEEHDSZL, B1I1OYAX~FE20 4 XDHEET O
KN LT, 74NV A2 Z2EBRT 2SI TFHME—ROBZEMEEZ EBNGFEL
W, WA Y ISP TODAZEET Oy 7k, BB Ty 704X THD S %,
(006 7]

DCE—FOHEAKKE, Z2REZOPHMETTFH 7y FBERSNZDT, T4 VA
ZEATZ2LEN RV, §9hbb, T2 E2EAT 256, TEEAHEEEOANEZ R
B Flhe, MBS EEFMICHEREY (correlation) OHBIZFEE—F T,
SHRERICTANRZAZHEATZ2HEDN RV, BMEDKELFMICHEHBEEDH ZKEE—RT
L, BIBBERL T ANEZEZERITLZLERN TV, TOXSIC, T4 EY YT OERTE
B, HE gy 704y o FME—ReeEEERSZ2OT, BE oy 7DA4 YT
FTHE—RRTCA Y I TN TDONE Ty 709 A RCESWTSHEEZEZEISHNIC
TANWE) Y TFTEHZENTEL, A YFIFHIITOLNEZT O 7O AL AR THRD
YA (AKX, 4X4) XOMhESVWHARRKE, 2REZZ 7202027 Lk
o FR, BHEORDLOEZHIKL., FTOHERDOLNIEYARXRIDKREVTEEKE, BHEA
ZITA4INVEV) YT LENZEEHD DB, M7 Ay 7OV A ARTFOHRDLENEY A X
HENKCETZHEKE., MAMRABEAOALA Y S FHE—FR (KEEFRERBEEE—RE 4
SEAEORMMEZETZE—FR) EKFEFEADALA I THE—FEOMMDODA Y T T
ME—FDS>E, WINN1IDDE—RTE2REREZEDN T )2 7 annid, gt —
Restamaimosy o FHlE—RFEOAAEE—-RTE., ZREHZZ 7020 V7T
T %,

(006 8]

FHHOMESAZRART 220 SKKMOFER, fidSZREZZHVTERSNWET
W7 v — H O & F O S I UENVEZ4 W T T 9 z
MT7ay 70 -HBEHREREBEBIGHIC TNV ZY) YT LTHLLTHIY qg%%‘a%&ﬁ
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ThHb, HETaw 704 Y S FHME—REEXoTCTFHITay 70 FHEREDS B, &
MERCEITZ2THEHAZZLEL L1 DULELOBHERZHVWTHIET S N TES
o TN, PRI 7Oy VERRICEKCHEAINEZ L TE S,

(0069]

flZE, DCE—FRTWE. PHBEEOS L, SHERLET 2 THEZE. /i Tl
REeBITZ2Z2REZZAVTIANZY) VT T S, LENS2T, PHEEZEOMBEIC K> T
1AERZEGE2MOZREEZHAHVCFHEEZ I NEZ) VI %, DCE—FRIBT3
FTHEZD T 4 V2V IR, 2TOYAZXDTFH IOy JCHERAT Z2I ENTE S,
(00701

FEHE—-RFTRE., P70y 707 HlEZEDS B, EASHEEREET Z T HEHFIE.
e P70y 7245 Kd 20 CHVONS EAEZLUNAOSBERERZAVCTEE NG
o BRI, KFEE-FTE., EXRENETHEEDS S, LHSHEREET 2 THlE
FW, M7y 7 E2ERTZ2OCHVWENZ EAEAUNOBBEREHVTEH
EnBE s,

(007 1]

— ., BETay 2 e Ay FHIE LI 20X ERENTETH Ty 7 &0’
E7ay i, EREEFSLE - EFEHE 140/ C o ERFERETE 1S5 02N 0L THE
tEns,

(007 2]

Rk EZ 7 ny 7k, RCEBTFSLENZ, IRV ETXIVF—ERMO L HIC, B
BRETOw JICERTA2EBRNGSIEOREOOEHR Ty 70 4L X ERICHREL, REE
Ny A X0o7nay 7HATERFELLT 2, £, ZHOF A ZRZETOHHRESNTWL
528 HDIB, TOHE., AT THZITOHET O Y VDY A ABNEHBT Oy o
DYALAXATHDI 2, AYVFITFHE—FHEECL>THEWCERZZBRFSIL AP EH
ENH L, flZAE. DC modell A Y I FHENTEAEZT Oy ZIIHL TIE., KFE
BRUBBTMICBHEHRDCT (Discrete cosine transform
) &2, 7o —F—FK (planar mode) U TEKPERCEEHIMICEEHRE
MDST (Discrete sine transform) ZEHIZELTES
o TN, FREYAXXO/NNETWVHh, BTy 2N LTHEATSCENTES, LD
L. IMEYAXAKXDODREVWEHE Ty ZJIcHLTER, 1Yo TPHIE—FRICEKBEL, B
BMEBDCTOAZEHATZILETES, KEXUEEAMDCTAXED STAHAMN
FHE—RECXoTHIGWCEHINZ I EETES,

(007 3]

Ric, BHFBSLENZRETay 7 haFbtd s, BEA7uy 704Kk ->TH
WicEEZ22 7Ny VP ANEHEINS, £, ACY A XDEKAET Oy 7DEHEEIC
tL, BEWIEGBZ 27k M) v 7 ADPBHINES2, §hbb, B#FS I N 25k
Ty VOBRBODBEIVT, PR L 22U EDETI YN Y 7 ADI B, &
LEMEMNEE TN Y VA ZEAT 2N TEEZ, COHEEKE., fidEg b~ b
Vw7 A7ETHEREZEERBICEELET S, £, A1V F I TFPHE—RRKEoTHWIKER
27Ny IR ZEBFSLEINERET Oy JICHERAT 28 TES,
(007 4]

R, B 2R TTOEBTHEENERBEZTFORDONTEREBEOXF ¥ 2 —2D S
L, 1DZFRLTIAXTOEFILBRE Y-V VY AKEERELEEZE, TR sE{d %
o M AF ¥ RN A—=VE, AV TFHE—RLEXoTRESNZZENTE, 41V F
TFMNE—REEBRT Oy 7D A ALK THREENBZILETES,

(0075]

BA4d, ARBRHOHEBERBICKELI2HEEGESEEBZRLETO Yy VJRKTH S,
(0076]

BMAWKTRT K, ARPICK 2HEEGESEEBE, Mo eESEE21 0, &
- v o b a ey 0~ .
g7k - MEEE 220, MEH27 0, T7D/$/b741bﬁjzlgﬁ)[5220§190018:277
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Fr—HEH26 0, AT TFHH230, BEHETHNH 240, ROCA VT - A
YER—YEA LT 28 0F%FMA D,

(o0 7 7]

Tt EEELT2 10X, BEHEBENEBELEBNOLEESINIZHFELEY FX MY —
A%@ﬁbf AYEIFHME—RA YT IR, BEER. 2TLELEH—Fr AR E

DT EZ, T EESEHE 210X, ESENEHBEREHHBETHEE2 40
kﬁ%ﬁé Tyt E¥ESEHE21 0., MY T TFPHE—RA YTy 7 A ZHR
A I FHE2 30, HETFIL - MEHEIT 2 20T 2, £, iRy E
SH2 10, MadvEr bRy —roAzwEa 7t s WEBRE2 20 MHBE3T %,

{007 8]

MaETil s MEHET 220, MK BFLLEHRY -7 Y A% 2 R0l 0 & 71k &
CEBRT Z, MEZZBOEDIC, BEMAOAF Y 272 —2rD55, 1 DERERT B
c HE/my 70FHE—F (DB, AV IFHARTCA Y EZ—FADI>E, VTR
M1ID) AV FITTFHME—FREEBRT Oy 7LD A AXRKESHWTHEEMEDODAF » 2
TNRA—=2D58E, 1DFERTZ, fiidA Y b IFPHE—RZ, 12T FPHHEZR
Ty EESLIENEZET S,

{007 9]

ek - WAL 220, ficd2 X oldloda FEFERCESEMOE 7~ U

vy 7 ADSIE, BREIWEZEFESMNI v 7 2A2ZHVWCETILBRBEZE LT %, WLE T
bt FrUw 7RG, TERIPOZEENEERZAALTCREENZ ZLETES, BT
L&D ET238HETay Y (BEHT7ay 7)) OV AXARLLE>THWCEEREZETF{EY MY
wIANBHIN, A—Y A X070y 7L Ts, fidliRE oy 707 — K
CAYEFIFRAE—FDIE, DELCEE1IDCESVWTETIEY MYy 7V X ZEINT 2
TEMTER, ZLTC. Mm@t c8rbEfizdZB L CRETay 7 2ELT %
{008 0]

MEHR270, U7 - MEBRT 220X 0ETEINERET Oy 7LV T
FTHEH230FFR3HZHETHHL 240X 0ERINEZTFH Ty 7 eE2MET S
Lk, MBI oy s EETT S,

{008 1]

TITRYFUT T4 TEH25 0., MEHR2 70X ERINEE TG
FIOyF T T 4NV ERUEERITT S, ChickD, BEFIEBERICXZBMBHEKLICED
X TFITuawFr I 7 =74 T 77 EHLETENTES,

{008 2]

VI2F»—HREH260R ., 770 yF T 740002 TEH250k Kb 7FTayF
VI T ANV AP ENETENEA - AIVESMBREHRFETZ2 I -LATYTH S,
{008 3]

AYEFIFHH230F. T EEELT2 1 002 ESNTEL Y NI FHIE—
RAYVFY 2 ARLEDWTHEI Ay 204 o FHE—REHETT S, LT, BT
A Y FHE—RCKXoTFH Tay 7 24E KT 5,

{008 4]

BEHETHEHE2 40, BN RFIUVERICEDVTEZF v+ —REFEH2 4 0 RE
ENEEIFy—HoBHETR Yy VNI EZFUIny 7 2ERT 5, PEEEOH XM
EREHINZHEAEE., BRENEHEB 702 ZEBH LT 70y 724 KT %,
{008 5]

AT AV E—YHB|A A v F 280, WEAAETE—FIEDSDHTAS Y FTFHE 2
50 FHEHETHEHE260LDE, WTINM I DTERENEZTFTH Ty 72 ER
27 0WKRMET %,

{00 86]

LLF, fisdMaz2zEHLTC, HE w224 o FPHlZNALTCET B xEE
IPRI021 00827
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T %, M5, REHOEBREBICKELZ A I T 0w 72 ETTZ2-ODIEFERTH S

{008 7]

FF,. BEENEEY AN —LPLOHETOY VDAY I THE—FRE2EST S
(S310),

{00 8 8]

COEHE, TryhnESEH21 0, BHEOALA VT TFTHME—RTF—=TILD S
51 D2B8RLULTCHETOY 7O0E 1 DALY I FHE—FRA YT v 7 AZETT 5,
{008 9]

MaEHEOAA Y I THE—RT—T VR, TERCEERIRETZ2T7 TV TH
S5 C, HE7ayw 7c@BELEEHEMO 7oy 704 Y S FHIE—RODHICEK > T
Hanlzvwdhh1 D077 IVHPERHINWES, ~fleL T, HETny 7o E[7 0
I DAYV EFTTFHE—REEET Oy 2D EAI7ay 204y o FHIE—RENDEL
THhE, B1ILOA Y FSFUME—RTFT—T WV 2EBHALTCHEHET QY 7DOHE1OAL VT
FHE—RA YT 7 AEHETL, ACTARTINE, B2V o FHE—FT—T L
ZHEALTCHEI Ay 7OE1DA Y NI FUE—FRA YTy 7 AZ2EB LT EHT ENTE
L, EhwcioplelL T, HE ny 7o kfllvay s EM7ay 704> 7 THlE
— MWkt FHE—FrF (directional intra predict:i
on mode) THEIHEARWKWEG., M LAl 7ay 700>y I FHE— FOJ5mE LR
EA7ayw 704y s FHE—FRoOAMENREAMABMUANTHINE, H1DODL YT F
ME—FF—T7 IV EEHLTHE Ay 7OBE1 DAY I TFTHE—RAYT v 7 A%HE
tlL. IEAEZANNE., BE204 Y S FHE—FRT7T—TJ IV Z2Z#BALTHE Oy
DEIDA YT TFUME—RS YT v IV RAZEITLT ST LETES,

{0090]

Tt EEELT21I 0. BN ctHE T a Yy 7O0E1LDOALA Y NI FHE—RA
VT I REAY NI THEH 2 30KKEET Z, M E1IDA VYT TFHE—RLA YT Y
JRAEZBLEAY NS FHEH 23 0., WA YT v VANRNMIZET 258 (Tk&
bbB, 0) K, WEny 7ORKAEE—REZHE/ Ay 704 Y o FPHIE—-FR &
LTHET S, LHL, BiEdA YTy Z7AB0OUNDIEZRET ZHE GG, HETay »
DRARITEETE—FPEIT A VT v 7 AEWMBEBE1LDODAS I FHE—FRAS YTV IR EE
b d 2, LhOBR, fiddBE 1 OA Y I FHE—RA YTy V7 ANRMREAETay »
DEREARKABEE—RFRPET A VT v 7 AX0/NMELBTRIE, MEE1DODS YT THlE—
RAYVTFT Y VAR 1 ZRLEE 2D Y NI FUME—RA YT Y 7V RACRBETEZA4Y T
FTHE—RZHE Ay 7 ODA YT TFHME—RELTHREL, Théd, MIREEL1OA
YRS FHME-RA YT T RARCHIETEZA YT THME—REZRHEI Ay 7OV T
FHE—RELTHRET %,

{009 1]

HEJ7ay JCHBHEERSA Y I TPHE—FRE, AR 1D EDIEFmMEE—
F{non—directional mode) ¢#EHMOFMHEE—FK (direc
tional modes) ETHMKENES, | DU EDEAFAMMEE—FRIE., DCE—
RROG/ X& 7o) — (planar) T=—RTHHI%, ¥, DCE—FET T —
E—RD3E, WIND I DOPBEENCHALTRTELESA YT FHE—REY P E
nNBz2, 20D, CIV9F ¥y — N RAFEFERZATAANY RCHBEBHABTRERA VT
FTHE—REYy PCEENZEAABE-REZRETZ2HERITENE S,

{009 2]

R, AVEIFHUHF230F. AV FRU Ty 728K 20, BRE#HZ
EOF v —REH26 000HIZAH, FIHAETEVWSRBERDNGEET 205G 0% KW
9% (S320), #icdHiz, HEIny 70 SNA Y TPHIE—RZEHL
TAYFSFHM 70y 725K T2DCHVONZBHREZDOEFEENSICL> TiThbh
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{009 4]

R, A b FHME 230, PH 7oy 7 E2ERKT 2D, BRERZICT IV AR
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FERELBEZDT, 7y 70 A ADPRELGZLZEFIESHERZ T4 NVE Y ITT 3B
FTHE—ROBEMMEIEZ2ENTESEZ, LML, TR IDRFEYALXIORELL R
ZHECIE., FHAERLEART I ENTEZ2D0T, BHEORDPOLDICBBEERE T
4 NVERY T LhwskesbHb S>3,

{009 5]
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{00 96]

e LESHEEMOREZDEBEICI > TA RS EL 2MWMUED T )V % 7% 5 Wi i
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{009 8]
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L, BHEHBIC T AINVEZRZBEHITLZAEN RV, TOXSKK, T4V EY YT OEMATS
B, HE gy 704y o FME—ReeEEERSZ2OT, BE oy 7DA4 YT
FHE—FRUCTFH Ty 70V A A CESDHWTEBERREZZELNIC T VEY VU ITT 35
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{009 9]

i, MiRBETENEA Y F I TFHE—FRIIE->T, MEZBHEZE LR T 2 VX
Dy EehkEsBEERZA VT 70y 72 %EMT % (S340) . fidvrMlrTay s
DERIG, N2O0FEBRCEIZ2HELEACTHZ2ED, BT 2, 7I9F—F—FDH
Bt N2ORERCBUZ2EMEERALTHZ2ED., BT 3,

{01 00]

R, WMidERENTFH T ay 727 2 EZ )75 2hEZ2HNKT 2 (S350
) o BB T AN ARV Y THBEOHEIZ, ATA ANy XERLRITFELLIZ Yy by X H
ENEBEMEAMATZCEDNTEE, . HETO v 7DA4 Y I FHE—FRIKKS T
MEETNBI LB TEB,

(01 01]

Ml ER e N T 7oy 2727 40023250 T 285G, EREanET
Al 11 - 0o ke N CBEHE L A
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AL SHEBEHRZEZFAVCERINTEZTFH 70y VOB EMNEBEOEES 72 I)0ZD VLT
HLVLVHZEEZERT S, Thid, PHI7oy 7ERKBICHKICEHRIWZ2 L TES,
ZWE. DCE—FTW., PHEHEDOS L, Z2RERCETZ THEREG., M THERE
BI22HMEZZHVTCIANEZRY) VI, LEN-2T, PHEEZEOMBEIC K> T 1M
FrRG2MoOSHEEZZHVCCTIHEEEZ 7 NV EZY YT T %, DCE—RIZBITSTH
HEDT 4RV YITE, BTCOVAXDFH Ty JICHEAT 2 ENTESL, EEHE
— RTWE., P 7y 7o FHlEZDOSE, FAZBEREET 2 PHEZRE. aii T
Ty ozERTEZOCHVWENS FHEZBUNADODSHERZHAWTEHE I NE 2. A
WKy KPEE—RTWE, AR ETFTHEEDOS S, LHSHEHREET 2 THEZHRE, &
T 7oy 7 2ERTEZ2DCHVONZ EMBEZUNAOSBEERZANVTEEINGS
(01 02]

T AN TCHEITENEHRET oy 70T Tay 7 eESILLERETaY 70
BA7nay 7 eZHOWTHET Oy 7B ETENS,

{01 03]

LT, REHOFEFLVWEBEFRELZS2B LU CHBELEDN, BEEMTF ORI N
PUEHEE, THORFBEROBHICKHHEINTEARKPEOBZERCHEEN SEMH L AWV
EANTAKEEAZMAICBERCEE IR LI LN TEZLEVWHS LB TEETHAS
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New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing 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
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Doc Code: PD.REQ.RETR PTOSBIGS (07-09)
Approved for use through 07/31/2012. OMB 0651-0031

U.8. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persons are required to respond to a oollection of information unless it displays a vaild OMB control number.

SOMPLETE 12 KNOWN

Request to Retrieve Electronic  |agpication Number
Priority Application(s} Filing Date

First Named Invenior Jin Ho LEE

Art Unit

Examiner Name

Send comgpleted form fo: Commissioner for Fatanis

\".0. Box 1450, Alexandria, VA 22313-1450 Attorney Dockst Number PA0929-2C Y,

The undersigned hereby requests the USPTO retrieve an electronic copy of each of the following foreign applications for which priority

has been claimed under 35 U.8.C. 11%(a)-(d) from a foreign intellectual property office participating with the USPTO in a bilateral or
multilateral priority document exchange agreement

Please retrieve (check ailf that apph)
From EFO, 3P0, or KIPC {participating foreign inteliectual property office) a priority application
Codismin &, Participating office where application was originally filed
Codumn B, Apgplication nurber and filing date of the application
From WIPO {(participating foreign intellectual property office} a DAS registered priority application
Column A. DAS Depositing Office where application was originaily fied
Column B. Application number and filing date of the application

Copy of certified copy of non-participating office priority document from within a participating foreign intellectual property
office application (EPO or PQ)

Column A, Participating office where certified copy of priority document is located

Column B, Application number and filing date of the EPO/IPO application

Column €. Two lelter country code and application number of the non-EPO/IPO priority document

A B C
Pasticipating Office Application to be retrieved Nen-participating priority application to be
e.q., EPG, IP0, KIPQ) ar application containing the retrieved
iting Office non-participating priority application
{e.g., 1B} App. No. Filing Date Country Code App. No.

1 KIPO 10-2010-0032778 2010-04-09
2 KIPO 10-2011-0026079 2011-03-23
3 KIPO 10-2011-0032766 2011-04-08
4
)
&

This Request to Retrieve Electronic Priority Application{(s) (Request) shouid be filed within the later of four months from the date of filing
of the above-identified U.5. application dlaiming foreign priority, or sixteen months from the filing date of the foreign apptication to which
pricrity is daimed.

Thi
ider

This Request should be subrmitted concurrently with the dlaim for priority, or thereafter. The USPTO will not attempt to retrieve the
dat;

tified priority appt fication(s) until applicant indicates the identified priority application{s) on the cath or dedaration or an application
ata sheet in compiliance with 37 CFR 1.63(c).

Apglicants are advised fo consult Private PAIR {accessed through www.uspto.gov) to assure that the retrieval has been successiul. 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.5. application issues as a patent) if the USPTO does not timely retrieve the identified priority application{s}.

I hereby daclare that T have the authority to grant access to the above-identified foraign application{s).

/WOOCHOON W. PARK/ 2015-08-13

Signature Date
WOOCHOON W. PARK 630.908.7652
Pateht Attorney 55523

Title Registration Number, if applicable

This collection of information is required by 37 CFR 1.55{d). The information is required {o obtain or relain a benefil by the pub
USPTO to process an ap o). Confidentiality is governed by 35 U.S.C. 127 and 37 CFR 1.11 and 1.14. This coliecti s estimated to take 8 mi s to
complete, including gathering, preparing, and submitling the completed application form to the USPTO. Time will vary depending upon the individual case.
Any comments on the amount of ime you reguire 1o somplete this form and/or suggestions for reducing this burden, should I_-»3 sent to the Chief Information
Qfficer, U.8. Patent and Trademark Office, 1.8, Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-14 D0 NOYT 8END FEES OR
COMPLETED FORMS TC THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1 4580,
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that vou be given certain information in connection with
your submission of the attached form related to a patent apphication or patent. Accordingly, pursoant to
the requirermnents of the Act, please be advised that: (1) the general authority for the collection of this
miormation is 35 LLS.C. 2(bX2); (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. H 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 apphcation or
expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

[i—

L

=3

The mformation on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (S U.5.C. 552} and the Privacy Act (S U.5.C. 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether the
Freedom of Information Act requires disclosure of these records.

A vecord from this system of records may be disclosed, as a routine use, i the course of
prasenting evidence to a court, magistrate, or administrative tribunal, inchuding disclosures o
opposing counsel in the course of settlement negotiations.

A record m this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an mdividual, 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 i 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 coniract. Recipients of information
shall be required to comply with the reguirements of the Privacy Act of 1974, as amended,
pursuant to 5 U.S.C. 552a(m}.

A record related to an International Apphication filed under the Patent Cooperation Treaty in this
systern of records may be disclosed, as a routine use, to the lnternational Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record m 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 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 i
accordance with the GSA regulations governing inspection of records for this purpese, and any
other relevant (i.e., GSA or Commerce) divective. Such disclosure shall not be used to make
deternunations about ndividuals.

A record from this system of records may be disclosed, as a routine use, (o the public after cither
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 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 fo public inspections or au issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or
local law enforcerent agency, if the USPTO becomes aware of a vielation or potential violation
of law or regulation.
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Doc Code: PA..
o PTO/AIA/B2A (07-12)
Document Description: Power of Attorney Approved for use through 11/30/2014. OMB 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 to a collection of information unless it 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 Power of Attorney by Applicant form (PTO/AIA/82B or equivalent) to identify the
application to which the Power of Attorney is directed, in accordance with 37 CFR 1.5. If the Power of Attorney by Applicant form
is hot accompanied by this transmittal form or an equivalent, the Power of 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  |PA0929-2C

SIGNATURE of Applicant or Patent Practitioner

Signature /Woochoon W. Park/ bae 2015-08-13
Name Woochoon W. Park Toiophone 030-908-7652
Registration Number 55523

NOTE: This form must be 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 which is 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 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: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Doc Code: PA..

o PTO/AIA/82B(07-12)
Document Description: Power of Attorney Approved for use through 11/30/2014. OMB 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 to a collection of information unless it displays a valid OMB control number.

POWER OF ATTORNEY BY APPLICANT

| hereby revoke all previous powers of attorney given in the application identified in the attached transmittal letter.

Ii' | hereby appoint Practitioner(s) associated with the following Customer Number as 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/82A or equivalent):

OR 96767

|:| | hereby appoint Practitioner(s) named below as 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/82A or equivalent):

Registration Name Registration

Name Number Number

Please recognize or change the correspondence address for the application identified in the attached
transmittal letter to:
Ii' The address associated with the above-mentioned Customer Number.

OR
|:| The address associated with Customer Number:

OR

Firm or
Individual Name

Address

City | state | | zip |
Country

Telephone | Email |

| am the Applicant:

|:| Inventor or Joint Inventor
|:|Legal Representative of a Deceased or Legally Incapacitated Inventor

|§|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)

SIGNATURE of Applicant for Patent

Sighature /Gilwon KIM/ Date 2013-02-05
Name KIM, Gilwon Telephone | 042-860-4908
Title and Company | Director and Electronics & Telecommunications Research Institute

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 one signature, 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 which is 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 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: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If 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
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:

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 of Information 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 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 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 (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 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 local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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Doc Code: PAL
o PTOIAIAB2BOT-12)
Document Diescription: Fower of Attorney Apgroved for use through 11/30/2014, OME 0851-0035
U8 Patent and Trademark Office; U .S, DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1988, no persons sre requited to respond 1o a coliection of infarrmation unless it displays a valid OMB contiol number.

POWER OF ATTORNEY BY APPLICANT

| hereby revoke all previous powers of attorney given in the application identified in the attached transmittal lettar.

@ | hereby appoint Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and to ‘

== transact all business in the United States Patent and Trademark Office acted therewith for the application referenced §
in the attached transmitial letter (form PTO/ALASRZA or equivalent):
B3 &

95767

i | hereby appoint Practitioner(s) named below as my/our attorney{s) or ageni{s), and to transact all business in the
— United States Patent and Trademark Office connected therewith for the application referenced in the altached
transmittal letter (form PTO/AIAB2A or equivalent):

,..».»m,ﬂ,.

o co Regisiva
Mo reame Nrhhsr
Please recognize or change the correspondence asddress for the apphoation entified in the atlached
franamittal lelter i
@ The address associated with the above-mentioned Custormer Number,
OR
m The address associated with Customer Number:
T
T
B I, e
oy % " -0
ooy ———————————,—
_Tutontona \ Emal |

| am the Applinant
{:]Legai Represeniative of & Deceased or Legally Incapacitated Inventor

@Assignea or Person o Whom the Inventor is Under an Obligation to Assign

Person Who Othenwise Shows Sufficient Propristary interest (2.9, a petition under 37 CFR 1.48(b}{2) was
granted in the application or is congurmatly being filed with this document}

%

E‘] “Total of __ ___ forms are submitted.

This collection of information is required by 37 CFR 131, 1.52 and 1.33. The information is requirad 1o obiain or retain a benefit by the pubtic which is to file {and by the
USPTO {o process) s application. Confidentiality is governed by 35 U S C. 122 and 37 CFR 1.11 and 1.14 This coliection is estimated to take 3 minutes o compiete,
including gathering, preparing. and submitiing the compieted application form to the USPTQ. Time will vary depending upon the individual case Any comments on
the amount of time you reguire to complete this form andior suggestions for reducing this burden, should be sent 1o the Chief Informaticn Officer, U8, Patent and
Trademark Office, LLE. Depaniment of Commarce, .0, Box 1450, Alexandria, VA 22313-1450 DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, B.O. Box 1480, Alexandria, VA 22313-1450.

if you need assistancs in completing the form, call 1-800-PTO-9158 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,
pursuani 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 1o process andior examine your subrmission relaied to a patent application or patent. if you do
not furnish the requested information, the U.8. Patent and Tradernark Office may not be able to
process and/or examine your subrission, 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:

1.

o

The information on this form will be treated confidentially {o the extent allowed under the
Freedom of information Act (8 U.S.C. 552) and the Privacy Act (5 U.5.C 552a). Records from
this system of records may be disclosed to the Department of Justice o determine whether
disclosure of these records is required by the Freedom of information Act.

A record from this systemn of records may be disciosed, as a routing use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
oppesing counsel in the course of settlement negotiations.

A record in this system of records may be disciosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record periains, when the
individuat has requested assistance from the Mermber with reaspect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routing use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shalt be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuantio 5 U.8.C. 852a(m).

A record related o an Intemational Application filed under the Patent Cooperation Trealy in
this system of records may be disclosed, as a routine use, to the International Bureau of the
VWorld 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.8.C. 181) and for review pursuant to
the Atomic Energy Act (42 LS. C. Z18{(c)).

A record from this system of records may be disclosad, as a routine use, {o the Adminisirator,
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.8.C. 2804 and 2906. Such disclosure shall
be made in accordance with the G8A regulations governing inspection of records for this
purpose, and any other relevant {f.e., GSA or Commerce) directive. Such disclosure shail not
be used to make determinations about individuals.

A record from this sysiem of records may be disclosed, as a routine use, to the public after
gither pubtication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.8.C. 151. Further, a record may be disclosed, subject fo the limitations of 37
CFR 1.14, as a 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 inapection 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 USPFTO becomes aware of 3 violation or potential
violation of law or regulation.
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING

ADAPTIVE FILTER

First Named Inventor/Applicant Name:

Jin Ho LEE

Filer:

Woochoon William Park/Peter Yu

Attorney Docket Number: PA0929-2C
Filed as Small Entity
Filing Fees for Utility under 35 USC111(a)
Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Basic Filing:
Utility filing Fee (Electronic filing) 4011 1 70 70
Utility Search Fee 2111 1 300 300
Utility Examination Fee 2311 1 360 360

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

|IPR2021-00827
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Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 730
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Electronic Acknowledgement Receipt

EFS ID: 23204918

Application Number: 14825825

International Application Number:

Confirmation Number: 1431

METHOD AND APPARATUS FOR PERFORMING INTRA-PREDICTION USING

Title of Invention: ADAPTIVE EILTER

First Named Inventor/Applicant Name: JinHo LEE
Customer Number: 96767
Filer: Woochoon William Park/Peter Yu
Filer Authorized By: Woochoon William Park
Attorney Docket Number: PA0929-2C
Receipt Date: 13-AUG-2015
Filing Date:
Time Stamp: 16:58:11
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $730

RAM confirmation Number 3417

Deposit Account

Authorized User

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

IPR2021-00827
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File Listing:

Document . L. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
118136
1 Specification PA0929-2C_Specification.pdf no 31
a5070a3f6f7c85544b9b377fbbab1144e63¢
a558
Warnings:
Information:
) o 39227
5 Drawings-only bla.ck and white line PA0929-2C_Drawings.pdf no 9
drawings
d0df73f1657061236¢82¢28b615727200%
d3d29
Warnings:
Information:
PA0929-2C_Declarati Assi 2176368
3 Oath or Declaration filed ——ecaration_Assign no 6
ment.pdf
a4b43ad76e8¢1f063c6e73bcf576438e8db
7914a
Warnings:
Information:
PA0929-2C_US_ADS_aial4_ET 1396842
4 Application Data Sheet TRLodf -l no 9
.p a3ee68c88270ac1f32d8f0f376b145d70585
293e
Warnings:
Information:
R t for USPTO to retri jorit o7z
5 equesttor docso retrieve priority PA0929-2C_RFP_sb38.pdf no 2
2¢89276b97b60f3df586853007394 1a759%e
987ca
Warnings:
Information:
) 197998
6 Power of Attorne PAQ0929-2C_POA_Form_aia008 o 3
Y 2_ETRI.pdf
294879dc0ebf07017234c6980aea4d58016
c6fad
Warnings:
Information:
PA0929-2C_WPA 248567
7 Power of Attorney GeneraI_POA:ETRI.pdf no 2
a61737498e892dd9f2321ee7ccc1b71e21b|
76ed9
Warnings:
Information:
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35145
8 Fee Worksheet (SB06) fee-info.pdf no 2
0ce5f610dafdd 041f881572a0f537a5332d2¢
3
Warnings:
Information:
Total Files Size (in bytes); 4323054

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the 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 components for a 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 shown on this
Acknowledgement Receipt will 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/903 indicating acceptance of 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 international application is being filed and the international application includes the necessary components for
an international filing 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
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

IPR2021-00827
Unified EX1002 Page 1106




PA0929-2C

[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
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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 16X16 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 is 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 16X16

pixels in an original video. Intra-prediction or inter-prediction 1is
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performed for each input frame. In the intra—prediction, prediction 1is
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,-;’ . 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 (@) 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 D,. 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

10
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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 Fy’

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
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total of 4 additional prediction modes exist in the 16X16 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 4X4 luma prediction mode. Referring to FIG. 3, a prediction block P is
AtoHor I toL and is calculated on the basis of labeled samples.

FIG. 4 is 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 O (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° in a
vertical axis.

7) mode 6 (horizontal-down): samples within the prediction block P are
extrapolated downward at an angle of about 26.6° 1in 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 (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/4+C/2+D/4). The encoder calculates the Sum of Absolute
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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 + 2XA + B)/4

h[P] = (0 + 3%XP)/4

hiQl = (Z + 2xQ + R)/4

h[X] = (W + 3%xX)/4

h(Z] 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 1is 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 S201, 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 1is
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 pln-1] and p[ntl] C(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 4X 4 8% 8 1616 32X 32
0 0 0 0 0

1 0 0 0 0

2 0 0 0 0

3 1 1 1 1

4 0 1 1 1

Referring to Table 1, ‘0O’ 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 S202. 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 1is 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

18

IPR2021-00827
Unified EX1002 Page 1124



PA0929-2C

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
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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

21
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been applied to the prediction value, the encoder applies the filter to the
prediction value at step S205. 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, f1, 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, dl1~d2, el~e2, f1~f2, gl~g2, and
hl~hZ2 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, f1, 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>

flal]l = (2XA + 4Xal + 2XQ)/8

f[b1] = (2XB + 6Xb1)/8
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flcl] = (2XC + 6X%cl1)/8

f[a2] = (2XR + 6x<a2)/8

f[a3] = (2XS + 6%a3)/8

In Equation 2, flall] 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 1is 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

viall = (A + 2Xal + a2)/4

via2l = (vlal]l + 2%Xa2 + al3)/4

v[a8] = (v[a7] + 3%a8)/4
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v[bl]l = (B + 2Xbl + b2)/4

2. Horizontal low-pass filter
hlal] = (Q + 2Xv[al] + v[bl])/4

h[(bl] = (hlal] + 2Xv[bl] + vicl])/4

h[h1] = (h[gl] + 3Xv[hl])/4

hla2] = (R + 2xv[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.
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DECLARATION (37 CER 1.63) FOR UTILITY OR DESIGN APPLICATION
USING AN APPLICATION DATA SHEET (37 CER 1.76) AND ASSIGNMENT

Hitleof METHOD ANLD APPARATLIS FOR PERFORMING INTRA-PREDICTION USING
invention ADAPTIVE FILTER

As the below named inventor(s}, | hereby declare that

The declaration is directed to.
[ The atached application, or
[ United States application of PCT intemational application number
PCU/KRESSEMEIEE fled on

The above-dentified application was made or authonzed to bemade by me.

I believe that:] am the original oran original joint inventor of a claimed invealion in‘the
application.

| hereby acknowledge that any wilful false staternent roade in this declaration s
punishable under 18 U.5.C. 1001 by fine ar imprisonment.of not. more than five (5) years
of both.

Declaration

NOW, THEREFORE, in consideration of the sum of one doliar {$1), the receipt whereol
is acknowiedge and other good and valuable consideration. |, by these presents do sell,
assign and transfer unio said assignee(s)

ELECTRORICS AND TELECOMMUNICATIONS RESEARCHINSTITUTE

and the heirs, successors, assigns and legal representatives of the assignes(s) the full
and exclusive right to the said invention in the United States and in fs territorial
possessions and in any and all foreign. countries any and all improvements thersof, the |
entire tghts, 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 U5, |
Patent and Trademark Qffice lo issue saic United States Patent to said assignee(s), of the |
aptire nght titte, and inlerest in and 1o the same, for his sole use and for the use of his |
teal representatives. fo 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.
Assignment | | agree promplly upon request of the assignes(s), its beirs, successary, assigns and
legal representatives of the assignee(s) lo communicate any facts known to il respecting
the: patent and the invention set forth therein, and to execute and deliver without further
compensation any powee of atlorney. Assighmient - ‘appication; whether  original,
contirtation, divisional or reissue, or other papers that may be necessary.

i hereby covenant that no assignment, sale agreemeant or encumbrance has been or wifl
be made of entered into which would conflict with this assignment and sale.

i further covenant that assignee(s) will, upon its request, be provided promptly with al
pertinent facts and-documents relating to said invention and said Letters Patent and legal
equivalents as may be known and accessibie to me ang will testify as to the same inany
litigation related: thereto and willk promptly execute and deliver lo assigneeds) of its legal
representstives any and all papers, instruments or affidavils required to apply for, oblain,
maintain, issue and enforce said applmaimn said invention and said Letlers Palent and
said equivalents thereol which may be necessary or demrable to carry out the purposes
thereof.
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'DECLARATION {37 CFR 1.63) FOR UTILITY OR DESIGN ARPPLICATION
USING AN APPLICATION DATA SHEET (37 CER 1.76) AND ASSIGNMENT

LegalName
Df Inventor

inventor Name (First Middie LASTY

JinHo LEE

Inverttor Signature:

Date:

Legal Name
Qf Joint
Inventor, If
Any

Inventor Name (Fiest Middle LAST):

Hul Yong KiM

Inventar Signature;

0D

Date:

Tud l 2L 201§

Legal Name
Of Joint
inventor, i
Any

Se Yoo JEONG

Inventor Signature:

Date:

Legal Name
Ot Joint
inventor, It
Any

Inventar Name (First Middle LAST)

Suk Hee CHO

Inventor Signature:

Legal Name
Of Joint
inventor, i
Any

Ha Hyun LEE

Inverdor Signatise:

ey /L@/

Date: |

Tyl Y smiy

Legal Name
Of Joint
inventor, If
Any

Inventor Name (First Middle LASTS:

Inverdor Sigriature:

Date:

Legal Name
Of doint
Inventor, if
Any

invenior Name (First Middle LAST):

Sung Chang LIM

{nventor Signature:

-

Date:

14, 2005

il
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Legal Name
Of doint
Inventor, ¥
Any

Inventor Name {First Middle LAST):

Sdin Soo CHOL

inventor Signature;

Date:

AR SRS e
T H SEES
d ;

Legal Name
O Joint
Inventor, If
Any

Invertar Naroe (First Middle LAGTY:

din Woorig KM

Inventor Signature:

Date:

Legal Name
Of Joint
ihventor, i
Any

invantor Name (First Middie LASTY,

Chie Teuk AHN

Inventor Signature:

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

As the below named inventor(s), | hereby declare that:

The declaration is directed to:
The attached application, or
[J United States application or PCT international application number
PCT/KR##H A filed on .

The above-identified application was made or authorized to be made by me.

I 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.

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,
assign and transfer unto said assignee(s)

ELECTRONICS AND TELECOMMUNICATIONS RESEARCH INSTITUTE

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.

Assignment I agree promptly upon request of the assignee(s), its heirs, successors, assigns and
legal representatives of the assignee(s) to communicate any facts known to 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 been or will
be made or entered into 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 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) 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.
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Inventor Name {First Middie LAST): | Jin Ho LEE
Legal Name . ,
Of Inventor Inventor Signature:
Date:
Inventor Name (First Middle LAST): | Hui Yong KiM
L.egal Name
Of Joint . .
inventor, If Inventor Signature:
A
ny Date:
Inventor Name (First Middle LAST): | Se Yoon JEONG
Legal Name
Of Joint y . ! ]
inventor, if Inventor Signature: ge . \/ ) j(’c"q;}/‘
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Dt hog 3. 2018
g
inventor Name (First Middie LAST): | Suk Hee CHO
Legal Name
Of Joint . i
Inventor, If Inventor Signature:
A
ny Date:
Inventor Name (First Middle LAST): | Ha Hyun LEE
Legal Name
Of Joint . .
Inventor, if Inventor Signature:
An
i Date:
inventor Name (First Middle LAST): | Jong Ho KIM
Legal Name
Of Joint . .
inventor, If - Inventor Signature:
A
my Date:
Inventor Name (First Middle LAST): | Sung Chang LIM
L egal Name
Of Joint . .
inventor, Inventor Signature:
A
n Date:
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Attorney Docket Number | PADS29-2C

Application Data Sheet 37 CFR 1.76

Application Number

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

City Daejeon-si | State/Province |
Postal Code | Country | KR

Remove
Inventor 9

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

Jin Woong KIM
Residence Information (Select One) () US Residency  (8) Non US Residency () Active US Military Service

City | Dagjeon-si Country of Residence KR

Mailing Address of Inventor:

Address 1 305-1603 Expo Apt., Jeonmin-donhg, Yuseong-gu

Address 2

City Daejeon-si | State/Province |
Postal Code | Country | KR

Inventor 10

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Chie Teuk AHN
Residence Information (Select One) (O US Residency (@) Non US Residency () Active US Military Service
City | Daejeon-si Country of Residence KR

Mailing Address of 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

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 96767

Email Address uspto.actions@wpapat.com | AddEmail | [Remove Email|
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. Attorney Docket Number | PADS29-2C
Application Data Sheet 37 CFR 1.76

Application Number

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) Sub Class (if any) |

Suggested Technology Center (if any)

Total Number of Drawing Sheets (if any) 9 Suggested Figure for Publication {if any)

Publication Information:
[ ] Reguest Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that 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 months after filing.

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 power of attorney in 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
Number will be used for the Representative Information during processing.

Please Select One: (s) Customer Number (" US Patent Practitioner (O 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. 118(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 13640014 2012-10-08

Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button. Add

Foreign Priority Information:
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Attorney Docket Number | PADS29-2C

Application Data Sheet 37 CFR 1.76

Application Number

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

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 1.55(a).

[ Remove |
Application Number Country i Filing Date (YYYY-MM-DD) Priority Claimed
10-2010-0032778 KR 2010-04-09 (& Yes O No
[ Remove |
Application Number Country | Filing Date (YYYY-MM-DD) Priority Claimed
10-2011-0026079 KR 2011-03-23 (& Yes (O No
[ Remove |
Application Number Country i Filing Date (YYYY-MM-DD) Priority Claimed
10-2011-0032766 KR 2011-04-08 (® Yes (O No
ﬁc(jitzilt;:)ur][taclmlforelgn 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 (EPQO),

the Japan Patent Office (JPQO), the Korean Intellectual Property Office (KIPO}, the World Intellectual Property Office (WIPO),
and any other intellectual 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 checked if the applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to 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 cerlified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14{c), access may be provided to information concerning the date of filing this Authorization.

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.
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Attorney Docket Number | PADS29-2C

Application Data Sheet 37 CFR 1.76

Application Number

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

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 address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignhee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should he

identified in this section.

(® Assignee () Legal Representative under 35U.S.C. 117

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

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

Name of the Deceased or Legally Incapacitated Inventaor :

If the Assignee is an Organization check here.

Organization Name Electronics and Telecommunications Research Institute

Mailing Address Information:

Address 1 218, Gajeong-ro, Yuseong-gu

Address 2

City Daejeon State/Province
Country Il KR Postal Code
Phone Number Fax Number
Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Signature:

NOTE: This form must be sighed 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
First Name | Woochoon W. Last Name | Park Registration Number | 55523
Additicnal Sighature may he generated within this form by selecting the Add button. Add
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Attorney Docket Number | PADS29-2C

Application Data Sheet 37 CFR 1.76

Application Number

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 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 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 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 OCffice, 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 22313-1450.
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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.5.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 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:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S5.C. 552)
and the Privacy Act (& U.S.C. 552a). Records from this system of records may be disclosed to the Department of 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, 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 as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GS8A 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 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 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 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 aware of a violation or potential violation of law or regulation.
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EPAS ID: PAT3482712

SUBMISSION TYPE:
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NATURE OF CONVEYANCE: ASSIGNMENT

CONVEYING PARTY DATA
Name Execution Date

JIN HO LEE 07/24/2015
HUI YONG KIM 07/24/2015
SE YOON JEONG 08/03/2015
SUK HEE CHO 07/24/2015
HA HYUN LEE 07/24/2015
JONG HO KIM 07/24/2015
SUNG CHANG LIM 07/24/2015
JIN SOO CHOI 07/27/2015
JIN WOONG KIM 07/27/2015
CHIE TEUK AHN 08/10/2015
RECEIVING PARTY DATA
Name: ELECTRONICS AND TELECOMMUNICATIONS RESEARCH INSTITUTE
Street Address: 218, GAJEONG-RO, YUSEONG-GU
City: DAEJEON
State/Country: KOREA, REPUBLIC OF

PROPERTY NUMBERS Total: 1

Property Type

Number

Application Number:

14825825

CORRESPONDENCE DATA
Fax Number:

Phone:

Email:
Correspondent Name:
Address Line 1:
Address Line 4:

(630)908-7653

6309087652

uspto.actions@wpapat.com

WILLIAM PARK & ASSOCIATES LTD.
930 N. YORK ROAD, SUITE 201
HINSDALE, ILLINOIS 60521

Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail.

ATTORNEY DOCKET NUMBER:

PA0929-2C

NAME OF SUBMITTER:

WOOCHOON W. PARK
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SIGNATURE:

/Woochoon W. Park/

DATE SIGNED:

08/13/2015

This document serves as an Oath/Declaration (37 CFR 1.63).
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BAL KIMELFEW Uroup

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION
USING AN APPLICATION DATA SHEET (37 CFR 1.76) AND ASSIGNMENT

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

As the below named inventor(s), | hereby declare that:
The deciaration is directed to:
P The attached application, or
[ ] United States appilication or PCT infernational application number
PCT/K RSB fiied on .
The above-identified application was made or authorized to be made by me.
I believe that | am the original or an original joint inventor of a cisimed 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 (8) years
or poth.

Declaration

NOW, THEREFORE, in consideration of the sum of one dollar {31}, the receipt whereof
is acknowledge, and other good and valuable consideration, |, by these presenis do sall,
assign and transfer unto said assignes(s)

ELECTRONICS AND TELECOMMUNICATIONS RESEARCH INSTITUTE

and the heirs, successors, assigns and legal represeniatives of the assignea(s) the full
and exclusive right o the said invention in the United States and in its territorial
possessions and in any and ali foreign countries any and all improvements thersof, the
entire rights, tille and inlerest in and fo any and ail Patents which may be granted
therefore in the United States. | hereby authorize and reguest the Director of the U.S.
Pzient and Trademark Office fo issue said United States Patent (o said assignes(s), of the
entire right, fitle, and inferest 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 bean made.
Assignment I agree promptly upon request of the assignee(s), its heirs, successors, assigns and
legal representatives of the assignes(s) to communicate any facts known to it respecting
the patent and the invention set forth therein, and to execute and deliver without further
compensation any power of atiomey, Assignment, application, whether original,
continuation, divisional ¢r reissue, or other papers that may be necessary.

| hereby covenant that no assignment, sale agreement or sncumbrance has been or will
be made or entered info 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 documents relating to sald invention and said Lelters Patent and legal
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
reprasentatives 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
sald equivalents thereof which may be necessary or desirable to carry out the purposes
thereof.
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DECLARATION {37 CFR 1.83) FOR UTLITY OR DESIGN APPLICATION
USING AN APPLICATION DATA SHEET (37 CFR 1.76) AND ASSIGNMENT

nventor Name {First Middle LAST): | Jin Ho LEE
Legal Name verbar i e
Of Inventor inventor Signature:
Date:
inventor Name (First Middle LASTY. | Hui Yong KiM
t.egai Name
Of Joint . : o
leventor, i fnventor Signature:
An
¥ Date:
inventor Name (First Middle LAST): | Se Yoon JEORG
Legal Name
Of Joint et Sian . e "y )
i;‘ venior, I inventor Bignature: \ §€ \ \;'u‘@” j fﬁ”;%”
ny . , o
Date: Bra. 1. 20178
pad
inventor Name (First Middle LASTY. | Buk Hee CHO
Legal Name
Of Joint ; . ;
Inventor, If invenior Signature:
An
4 Date:
inventor Name (First Middle LAST). | Ha Hyun LEE
Legsi Name
af Joint . X
inventor, §f invertor Signafure:
An
¥ Date:
inventor Name (First Middle LAST): | Jong Ho KiM
Legai Name
Of Joint . .
nventor, If - Inventor Signature:
An
Y Date:
inventor Name {First Middie LAST): | Sung Chang LiM
Legal Name
Of Joint o O b s
inventor, ¥ inventor Signature:
Al
ny Date:
Page 2
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DECLARATION (37 CFR 1.83) FOR UTILITY OR DESIGN APPLICATION
USING AN APPLICATION DATA SHEET (37 CFR 1.76) AND ASSIGNMENT

Legal Name
Of Joint
inventor, if
Any

Inventor Name (First Middle LASTY. | Jin Soo CHOI

Inventor Signature:

Date:

Legal Name
Of Joint
inventor, If
Any

Invenior Narne (First Middle LAST): | Jin Woong KiM

inventor Signature:

Date:

Legal Name
Of Joint
inventor, if
Any

Inventor Name (First Middle LAST): | Chie Teuk AMN

inventor Signature:

Date:
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