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IMAGE DECODING APPARATUS
ADAPTIVELY DETERMINING A SCAN
PATTERN ACCORDING TO AN INTRA

PREDICTION MODE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is an application for reissue of U.S. Pat.
No. 9,609,360, issued on Mar. 28, 2017, which corresponds
to U.S. patent application Ser. No. 15/067,747, filed on Mar.
11, 2016, which is a continuation [application] of U.S. patent
application Ser. No. 13/624,826, now U.S. Pat. No. 9,319,
715, filed on Sep. 21, 2012, which is a continuation [appli-
cation] of International Application No. PCT/KR2011/
0053592, filed on Jul. 29, 2011, which claims priority to
Korean Application No. 10-2010-0074462, filed on Jul. 31,
2010, and Korean Application No. 10-2011-0062603, filed

Jun. 28, 2011, the entirve disclosures of each of which
[applications] are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to an 1image decoding appa-
ratus, and more particularly, to an apparatus of generating a
prediction block capable of mimimize the amount of coding,
bits of a residual block.

BACKGROUND ART

In 1mage compression methods such as Motion Picture
Experts Group (MPEG)-1, MPEG-2, MPEG-4 and H.264/
MPEG-4 Advanced Video Coding (AVC), one picture 1s
divided into macroblocks to encode an image. Then, the
respective macroblocks are encoded using inter prediction or
intra prediction.

In intra prediction, a current block of a current picture 1s
encoded not using a reference picture, but using values of
pixels spatially adjacent to the current block. An intra
prediction mode with little distortion 1s selected by compar-
ing a prediction block generated using the adjacent pixel
values with an original macroblock. Then, using the selected
intra prediction mode and the adjacent pixel values, predic-
tion values of the current block are calculated. Difference
between the prediction values and pixels values of the
original current block are calculated and then encoded
through transform coding, quantization and entropy coding.
The 1ntra prediction mode 1s also encoded.

Intra prediction are generally classified into 4x4 intra
prediction, 8x8 intra prediction and 16x16 intra prediction
for luminance components and chrominance components.

In 16x16 1ntra prediction according to related art, there
are four modes of a vertical mode, a horizontal mode, a
direct current (DC) mode and a plane mode.

In 4x4 1ntra prediction according to related art, there are
nine modes of a vertical mode, a horizontal mode, a DC
mode, a diagonal down-left mode, a diagonal down-right
mode, a vertical right mode, a vertical left mode, a horizon-
tal-up mode and a horizontal-down mode.
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Each prediction mode has indexed according to the fre-
quency ol use of the respective modes. The vertical mode

that 1s mode 0 shows the highest possibility of being used
most frequently for performing intra prediction on a target
block, and the horizontal-up mode that 1s mode 8 shows the
highest possibility of being used most infrequently.

According to H.264 standards, a current block 1s encoded
using a total of 13 modes, that i1s, 4 modes of the 4x4 intra
prediction and 9 modes of the 16x16 intra prediction. A bit
stream of the current block 1s generated according to an
optimal mode among these modes.

However, when some or all values of pixels adjacent to
current block do not exist or are not already encoded, 1t 1s
impossible to apply some or all of the intra prediction modes
to the current block. Also, when there 1s a large difference
between adjacent reference pixels, a difference between a
prediction block and an original block becomes large. There-
fore, the coding efliciency 1s degraded.

SUMMARY OF THE DISCLOSURE

The present invention 1s directed to an 1image decoding
apparatus to minimize the amount of coding bits of a
residual block.

One aspect of the present invention provides an apparatus
including: an entropy decoder configured to restore an intra
prediction mode and one-dimensional (1D) quantized coet-
ficients; an mnverse scanner configured to inversely scan the
1D quantized coethicients in the unit of sub-block to generate
quantized transform coetlicients; an inverse quantizer con-
figured to mversely quantize the quantized transform block
using a quantization step size to generate a transform block;
an 1verse transformer configured to mversely transform the
transform block to generate a residual block; an intra pre-
dictor configured to generate a prediction block correspond-
ing to a current prediction block according to the intra
prediction mode; and an adder configured to restore an
original block by adding the residual block and the predic-
tion block, wherein the inverse scanner restores the plurality
of sub-blocks, which are generated by an encoder that
divides the quantized transform block into the plurality of
sub-blocks after quantizing the transform block when a size
of the transform block 1s 8x8, by applying a first scan pattern
determined according to the intra prediction mode to the 1D
quantized coellicients, and restores the quantized transform
block by applying a second scan pattern determined accord-
ing to the intra prediction mode to the plurality of sub-block,
wherein the first scan pattern 1s a scan order applied to the
1D quantized coeflicients, and the second scan pattern 1s a
scan order applied to each sub-block of the plurality of
sub-blocks determined according to the intra prediction
mode, wherein the first scan pattern 1s the same as the second
scan pattern, wherein, when the intra prediction mode 1s a
horizontal mode, the second scan pattern 1s a vertical scan,
wherein a scan pattern for scanning tlags indicating non-zero
coellicients of each sub-block 1s the same with the scan
pattern for scanning non-zero coetlicients of each sub-block,
and wherein the intra predictor includes: a reference pixel
generator configured to generate reference pixels using
available reference pixels of the current prediction block
when reference pixels do not exist; a reference pixel filter
configured to adaptively filter reference pixels adjacent to
the current prediction block based on the intra prediction
mode and size information of the current prediction block;
and a prediction block generator configured to generate the
prediction block of the current prediction block according to
the 1ntra prediction mode.




US RE48,564 E

3

Preferably, when the selected intra prediction mode 1s one
out of a plurality predetermined number of intra prediction
modes adjacent to the horizontal mode, the second scan
pattern 1s the vertical scan.

Preferably, the restored plurality of sub-blocks are
inversely scanned 1n a reverse direction.

Preferably, the quantization step size 1s determined per
coding unit of a predetermined size.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram illustrating a moving picture
coding apparatus according to the present invention.

FIG. 2 1s a flow chart illustrating an operation of a
scanning unit according to the present invention.

FIG. 3 1s a block diagram illustrating a moving picture
decoding apparatus according to the present invention.

FIG. 4 15 a block diagram 1llustrating an intra prediction
unit according to the present mvention.

FIG. 5 1s a conceptual diagram showing positions of
reference pixels used for intra prediction according to the
present invention.

FIG. 6 a flow chart illustrating a process ol generating
reference pixels according to the present invention.

FIG. 7 1s a block diagram 1llustrating an intra prediction
unit ol a moving picture decoding apparatus according to the
present mvention.

DETAILED DESCRIPTION OF TH.
DISCLOSURE

(L]

Hereinafter, various embodiments of the present inven-
tion will be described 1n detail with reference to the accom-
panying drawings. However, the present invention is not
limited to the exemplary embodiments disclosed below, but
can be implemented 1n various types. Therefore, many other
modifications and vanations of the present invention are
possible, and 1t 1s to be understood that within the scope of
the disclosed concept, the present mvention may be prac-
ticed otherwise than as has been specifically described.

For image coding, each picture consists of one or more
slices, and each slice consists of a plurality of coding units.
Since an 1mage of a high-definition (HD) grade or higher has
many smooth regions, an i1mage compression can be
improved by encoding the image with coding units of
various sl1Zes.

A size of the coding unit according to the present mnven-
tion may be 16x16, 32x32 or 64x64. A size of the coding
unit may also be 8x8 or less. A coding unit of the largest size
1s referred to as a super macroblock (SMB). A size of SMB
1s mndicated by a smallest size of the coding unit and depth
information. The depth information indicates a diflerence
value between the size of SMB and the smallest size of the
coding unit.

Therelore, the size of coding unit to be used for coding
pictures may be a size of SMB or sub-block of SMB. Sizes
of coding units are default values or are indicated 1n a
sequence header.

A SMB consists of one or more coding units. The SMB
has a form of a recursive coding tree so as to include the
coding units and a division structure of the coding units.
When the SMB 1s not divided 1nto four coding units, the
coding tree may consist of information indicating that the
SMB 1s not divided and one coding unit. When the SMB 1s
divided into four coding units, the coding tree may consist
of mformation indicating that the SMB 1s divided into four
sub-coding trees. Likewise, each sub-coding tree has the

4

same structure as the largest coding unit (LCU). However, a
coding unit of the smallest coding unit (SCU) size 1s not
divided into coding units.

Meanwhile, each coding unit in the coding tree i1s sub-

5 jected to intra prediction or inter prediction in units of the
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coding unit itself or a sub-partition. A unit in which the intra
prediction or the inter prediction 1s performed 1s referred to
as a prediction umt. A size of the prediction unit may be
2Nx2N or NxN for intra prediction. A size of the prediction
unit may be 2Nx2N, 2ZNxN, Nx2N or NxN for inter pre-
diction. Here, 2N denotes horizontal and vertical lengths of
a coding unit.

A coding unit includes a prediction mode of the prediction
unit and size mformation on the prediction unit. To improve
coding etliciency, the prediction mode and the size infor-
mation may be combined and joint-coded. In this case, each
coding unit includes a joint-coded prediction type.

A coding unit includes one or more additional information
container. Each additional information container contains
additional information of each prediction unit required for
generating a prediction block of each prediction unit. In 1ntra
prediction, the additional information includes encoded intra
prediction nformation. In inter prediction, the additional
information includes encoded motion information. The
motion mformation includes a motion vector and a reference
picture index.

A coding unit also includes a residual signal container for
containing encoded residual signals of the coding unit. The
residual signal container contains one transiform tree, one
luminance residual signal carrier and two chrominance
residual signal carriers. The transform tree indicates infor-
mation indicating a division structure of transform units for
the residual signal included in the coding unit. Also, the
transiform tree includes information indicating whether or
not a residual signal of each transform unit 1s O.

The residual signal container has a form of a recursive
coding tree. Therefore, 11 the coding unit 1s not divided into
four sub-coding unit, the residual signal container contains
quantization information and encoded residual signal. If the
coding unit 1s divided 1nto four sub-coding units, the residual
signal container contains quantization imnformation and an
additional four residual signal containers corresponding to
four sub-coding umits. Each additional residual signal con-
tainer corresponding to each sub-coding unit has the same
structure of the residual signal container of the coding unit,
but does not contain the quantization information.

A prediction unit can be divided unequally. It may be
more ellective to unequally divide an image signal 1n a
specific direction according to a boundary of an 1image and
perform intra or inter prediction compressing a residual
signal.

The simplest method 1s to divide a coding unit into two
blocks using a straight line so as to extract statistical
dependency of a prediction region on local topography. A
boundary of an image i1s matched to straight line and
divided. In this case, dividable directions may be limited to
a predetermined number. For example, a method of dividing
a block may be limited to four directions of horizontal,
vertical, upward diagonal and downward diagonal direc-
tions. Also, the division may be limited 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.

In 1nter prediction, when one coding umit 1s divided nto
two prediction units for more adaptive prediction, motion
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estimation and motion compensation should be performed
on each of prediction units. After prediction blocks are
derived from the respective two prediction units divided
from the one coding unit, the two prediction blocks may be
added to generate the prediction block having the same size
as the coding unit. In this case, to reduce difference between
pixel values on both sides of a division boundary of the
prediction block of the coding unit size, pixels located at the
division boundary may be filtered. The prediction block ma
be generated such that the prediction blocks corresponding,
to the respective prediction umts overlap, and the overlap-
ping boundary portion may be smoothed to generate the one
prediction block.

FIG. 1 1s a block diagram illustrating a moving picture
coding apparatus according to the present invention.

Referring to FIG. 1, a moving picture coding apparatus
100 according to the present mvention includes a picture
division umt 110, a transform unit 120, a quantization unit
130, a scanning umt 131, an entropy coding unit 140, an
intra prediction unit 150, an inter prediction unit 160, an
inverse quantization unit 135, an inverse transform umt 125,
a post-processing unit 170, a picture storing unit 180, a
subtracter 190 and an adder 195.

The picture division unit 110 analyzes an input video
signal to divide each LCU of a picture into one or more
coding units each of which has a predetermined size, deter-
mine prediction mode of each coding unit, and determines
s1ze ol prediction unit per each coding 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.

The transform wunit 120 transforms residual signals
between an original block of an mput prediction unit and a
prediction block generated by the intra prediction unit 150 or
the inter prediction unit 160. The residual block may have a
s1ze of coding unit. The residual block may be divided into
optimal transform units and transformed. A transform matrix
type may be adaptively determined according to a prediction
mode and an 1ntra prediction mode. The transform unit of the
residual signal may be transformed by horizontal and ver-
tical one-dimensional (1D) transform matrices. In inter
prediction, one predetermined transform matrix type 1s
applied. In intra prediction, there 1s a high possibility that the
residual signals will have vertical directivity when the intra
prediction mode of the current prediction umit 1s horizontal.
Thus, a discrete cosine transform (DCT)-based integer
matrix 1s applied to the vertical direction, and a discrete sine
transform (DST) or Karhunen Loeve transform (KLT)-based
integer matrix 1s applied to the horizontal direction. When
the intra prediction mode 1s vertical, a DST or KLT-based
integer matrix 1s applied to the vertical direction, and a
DC'T-based mteger matrix 1s applied to the horizontal direc-
tion. Also, 1n 1ntra prediction, the transform matrix may be
adaptively determined according to a size of the transiorm
units.

The quantization unit 130 determines a quantization step
size for quantizing transform coeflicients of the residual
block. The quantization step size 1s determined per coding
unit of a predetermined size or more. The predetermined size
may be 8x8 or 16x16. Using the determined quantization
step size and a quantization matrix determined by a predic-
tion mode, the transform coeflicients are quantized. The
quantization unit 130 uses quantization step sizes of one or
more neighboring coding units to generate a quantization
step size predictor of the current coding unit. The quantiza-
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tion umit 130 sequentially retrieves coding umts in the
following scan order; 1) a left coding unit of the current
coding unit, 2) an above coding unit of the current coding
unmit, and 3) an above leit coding unit of the current coding
unmit. Then, the quantization unit 130 generates the quanti-
zation step size predictor of the current coding unit using one
or two valid quantization step sizes. For example, the first
valid quantization step size encountered in the scan order
may be determined as the quantization step size predictor.
An average of first two valid quantization step size retrieved
in the scan order may be determined as the quantization step
s1ze predictor when two or more quantization step sizes are
valid, and one valid quantization step size 1s determined as
the quantization step size predictor when only the one
quantization step size 1s valid. When the quantization step
s1ze predictor 1s determined, a difference between the quan-
tization step size and the quantization step size predictor 1s
transmitted to the entropy coding unit 140.

When a slice 1s 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. But, there may be
a previous coding unit of the current coding umt in the
coding order 1n the maximum coding unit. Thus, coding
units adjacent to the current coding unit and the previous
coding unit may be candidates. In this case, the above scan
order may be changed to the following scan order; 1) the left
coding unit of the current coding unit, 2) the above coding
unmt of the current coding unit, 3) the above left coding unit
of the current coding unit and 4) the previous coding unit of
the current coding unit. The scan order may vary, or the
above left coding unit may be omitted in the scan order.

The quantized transform block 1s provided to the mverse
quantization unit 135 and the scanning unit 131.

The scanning umit 131 scans the quantized transiorm
coellicients of the quantized transform block, thereby con-
verting the quantized transform coeflicients into 1D quan-
tized transform coeflicients. A coellicient scanning pattern 1s
determined according to the intra prediction mode. The
coellicient scanning pattern may also be determined accord-
ing to the size of the transform unit.

The mverse quantization unmit 135 inversely quantizes the
quantized transform coeflicients. The imnverse transform unit
125 restores a residual block of the spatial domain from the
iversely quantized transform coeflicients. The adder 195
generates a reconstructed block by adding the residual block
reconstructed by the inverse transform unit 125 and the
prediction block from the intra prediction unit 150 or the
inter prediction unit 160.

The post-processing unit 170 performs a de-blocking
filtering process for removing blocking artifact generated 1n
a reconstructed picture, an adaptive oflset application pro-
cess for complementing a difference between the recon-
structed picture and the original 1mage per pixel, and an
adaptive loop filter process for complementing a difference
between the reconstructed picture and the original 1mage in
a coding unit.

The de-blocking filtering process may be applied to a
boundary between prediction units having a predetermined
size or more and between transform units. The predeter-
mined size may be 8x8. The de-blocking filtering process
includes a step of determining a boundary to be filtered, a
step of determining boundary filtering strength to be applied
to the boundary, a step of determining whether or not to
apply a de-blocking filter, and a step of selecting a filter to
be applied to the boundary when it 1s determined to apply the
de-blocking filter.
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Whether or not to apply the de-blocking filter 1s deter-
mined according to 1) whether or not the boundary filtering,
strength 1s greater than O and 1) whether or not a value
indicating the difference between boundary pixels of P block
and Q block 1s smaller than a first reference value deter-
mined according to a quantization parameter.

Two or more filters may exist. When an absolute value of
a difference between two pixels adjacent to the block bound-
ary 1s equal to or larger than a second reference value, a
weak filter 1s selected. The second reference value 1s deter-
mined by the quantization parameter and the boundary
filtering strength.

The adaptive oflset application process 1s intended to
reduce a diflerence (distortion) between a pixel subjected to
the de-blocking filter and the original pixel. A picture or slice
may be divided into a plurality of oflset regions, and an
oflset mode may be determined per the offset region. There
are four edge offset modes, two band oflset modes and an
oflset non-application mode. According to each oflset mode,
pixels 1n each oflset region are classified into a predeter-
mined number of classes, and offset corresponding to the
classified class 1s added to the pixel. In the case of an edge
oflset mode, a class of a current pixel 1s determined by
comparing the current pixel value with pixel values of two
or more pixels adjacent to the current pixel.

The adaptive loop filter process may be performed on the
basis of a value obtained by comparing an original image
and a reconstructed image to which the de-blocking filtering
process or the adaptive oflset application process 1s applied.
An adaptive loop filter (ALF) 1s detected through one
Laplacian activity value on the basis of a 4x4 block. The
determined ALF can be applied to all pixels included 1n a
4x4 block or an 8x8 block. Whether or not to apply an ALF
may be determined according to coding units. A size and
coellicients of a loop filter may vary according to each
coding unit. A slice header may include mformation indi-
cating whether or not to apply the ALF to each coding unit,
filter coetlicient information and filter shape information. In
the case ol chrominance components, whether or not to
apply the ALF may be determined in picture units. Unlike
luminance, the loop filter may have a rectangular shape.

The picture storing unit 180 receives post-processed
image data from the post-processing unit 170, and stores the
image 1n picture units. A picture may be a frame or a field.
The picture storing unit 180 has a bufler (not shown) capable
of storing a plurality of pictures.

The inter prediction unit 160 performs motion estimation
using one or more reference pictures stored in the picture
storing unit 180, and determines a reference picture index
indicating the reference pictures and a motion vector.
According to the reference picture mndex and motion vector,
the inter prediction unit 160 extracts a prediction block
corresponding to a prediction unit to be encoded from a
reference picture selected among a plurality of reference
pictures stored in the picture storing unit 180 and outputs the
extracted prediction block.

The intra prediction unit 150 performs intra prediction
using reconstructed reference pixel values within a current
picture. The intra prediction unit 150 receives the current
prediction unit to be predictively encoded, selects one of a
predetermined number of intra prediction modes, and per-
forms 1ntra prediction. The predetermined number of intra
prediction modes may depend on the size of the current
prediction unit. The intra prediction unit 150 adaptively
filters reference pixels used to generate the intra prediction
block. When some of reference pixels are not valid, 1t 1s
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possible to generate the reference pixels at the invalid
positions using one or more valid reference pixels.

The entropy coding unit 140 entropy-codes the quantized
transform coeflicients from the quantization unit 130, intra
prediction information received from the itra prediction
unit 150, motion information recerved from the inter pre-

diction unit 160, and so on.

FIG. 2 1s a flow chart illustrating an operation of the
scanning unit 131 according to the present mvention.

It 1s determined whether the quantized transform block 1s
divided into a plurality of subsets (S110). The determination
1s based on a size of the quantized transform block (that 1s,
a size of the current transform unit). If the size of the current
transform unit 1s larger than a first reference size, the
quantized transiorm coetilicients of the quantized transiform
block are divided into a plurality of subsets. The first
reference size 1s 4x4 or 8x8. The first reference size may be
transmitted to a decoder through a picture header or a slice
header.

When the quantized transtorm block 1s not divided into a
plurality of subsets, a scan pattern to be applied to the
quantized transform block 1s determined (S120). The step
S120 may be performed prior to the step S110 or regardless
of the step S110.

The quantized coellicients of the quantized transform
block are scanned according to the determined scan pattern
(S130). The scan pattern 1s adaptively determined according,
to the prediction mode and the intra prediction mode. In inter
prediction mode, only one predetermined scan pattern (e.g.,
zigzag scan) can be applied. In 1ntra prediction mode, a scan
pattern determined according to the intra prediction mode
may be applied. For example, a horizontal scan 1s applied in
a vertical intra prediction mode and a predetermined number
of intra prediction modes adjacent to the vertical intra
prediction mode. A vertical scan 1s applied in a horizontal
intra prediction mode and a predetermined number of intra
prediction modes adjacent to the horizontal intra prediction
mode. The predetermined number varies according to a
number of allowed intra prediction modes of a prediction
unmit or a size of a prediction block. For example, i the
number of allowable directional 1ntra prediction modes 1s 16
, the predetermined number 1s 4. If the number of allowable
directional intra prediction modes 1s 33 , the predetermined
number 1s 8 . Meanwhile, Zigzag scan 1s applied to non-
directional intra prediction modes. A non-directional mode
may be a direct current (DC) mode or a planar mode.

If 1t 1s determined that the quantized transform block 1s
divided 1nto a plurality of subsets, the quantized transform
block 1s divided into a plurality of subsets (5140). The
plurality of subsets consist of one main subset and one or
more residual subsets. The main subset 1s located at an upper
left side and covers a DC coeflicient, and the one or more
residual subsets cover region other than the main subset.

A scan pattern to be applied to the subsets 1s determined
(S150). A same scan pattern 1s applied to all the subsets. The
scan pattern 1s adaptively determined according to the
prediction mode and the intra prediction mode. The step
S150 may be performed prior to the step S110 or regardless
of the step S110.

When the size of the quantized transform block (that 1s,
the size of the transform unit) 1s larger than a second
reference size, the predetermined scan pattern (zigzag scan)
may be applied to the quantized transform block. The second
reference size 1s, for example, 8x8. Therelore, the step S1350
1s performed when the first reference size 1s smaller than the
second reference size.

"y
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In inter prediction mode, only one predetermined scan
pattern (e.g., zigzag scan) can be applied to each subset. In
intra prediction mode, the scan pattern 1s adaptively deter-
mined as the same as the step S130.

The quantized transform coetlicients of each subset are
scanned according to the scan pattern (S160). The quantized
transform coeflicients in each subset are scanned in the
reverse direction. That 1s, the quantized transtorm coefli-
cients are scanned from a last non-zero coeflicient to other
non-zero coellicients according to the scan pattern, and
entropy-coded.

The zigzag scan may be applied to scan the subsets. The
subsets may be scanned beginning with the main subset to
the residual subsets 1n a forward direction, or can be scanned
in the reverse direction. A scan pattern for scanning the
subsets may be set the same as a scan pattern for scanning
the quantized transform coeflicients.

An encoder transmits information capable of indicating a
position of the last non-zero quantized coefhicient of the
transform unit to a decoder. The encoder also transmits
information capable of indicating a position of the last
non-zero quantized coeflicient in each subset to the decoder.

FIG. 3 1s a block diagram illustrating a moving picture
decoding apparatus according to the present invention.

The moving picture decoding apparatus according to the
present invention includes an entropy decoding unit 210
(alternatively referred to herein as an “enthropy decoder™),
an inverse scanning unit 220 (alternatively referred to herein
as an “inverse scanner’), an mmverse quantization unit 230
(alternatively referred to herein as an “inverse quantizer”),
an 1nverse transform unit 240 (alternatively referred to
herein as an “inverse transformer™), an 1ntra prediction unit
250 (alternatively referred to herein as an “intra predictor™),
an inter prediction umt 260, a post-processing unit 270, a
picture storing unit 280, an adder 290 and a switch 295.

The entropy decoding unit 210 extracts intra prediction
information, inter prediction nformation and quantized
coellicients 1nformation from a received bit stream. The
entropy decoding unit 210 transmits the inter prediction
information to the inter prediction unit 260, mtra prediction
information to the intra prediction unit 250 and the quan-
tized coellicients information to the inverse scanning unit
220.

The 1nverse scanning unit 220 converts the quantized
coellicients information into two dimensional quantized
transiform block. One of a plurality of inverse scan patterns
1s selected for the conversion. The inverse scan pattern 1s
selected based on at least one of the prediction mode and the
intra prediction mode. An operation of the inverse scanning
unit 220 1s the same as the inverse operation of the scanning,
unit 131 of FIG. 1. For example, 11 a size of a transform unit
to be decoded 1s larger than the first reference size, the
quantized transform coelilicients of each subset are inversely
scanned according to the selected inverse scan pattern to
generate a plurality of subsets and a quantized transiorm
block having a size of the transform unit 1s generated using
the plurality of subsets.

The mverse quantization unit 230 determines a quantiza-
tion step size predictor of the current coding unit. The
operation to determine the quantization step size predictor 1s
same as the procedure of the quantization unit 130 of FIG.
1. The mverse quantization unit adds the determined quan-
tization step size predictor and a recerved residual quanti-
zation step size to generate a quantization step size of the
current coding umt. The inverse quantization unit 230
restores mverse quantized coeflicients using a quantization
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matrix determined by the quantization step size. The quan-
tization matrix varies according to the size of the current
block and prediction mode.

The mverse transform unit 240 mversely transforms the
iverse quantized block to restore a residual block. The
inverse transform matrix to be applied to the inverse quan-
tized block 1s adaptively determined according to the pre-
diction mode and the intra prediction mode. The determi-
nation procedure of the inverse transform matrix 1s the same
as the procedure in the transform unit 120 of FIG. 1.

The adder 290 adds the restored residual block and a
prediction block generated by the intra prediction unit 250 or
the inter prediction unmit 260 to generate a reconstructed
image block.

The intra prediction umt 250 restores the intra prediction
mode of the current block based on the received intra
prediction information, and generates a prediction block
according to the restored intra prediction mode.

The inter prediction unit 260 restores reference picture
indexes and motion vectors based on the received inter
prediction information, and generated a prediction block
using the reference picture indexes and the motion vectors.
When the motion vector does not indicate a pixel position,
the prediction block 1s generated using an interpolation filter.

The post-processing unit 270 operates the same as the
post-processing unit 160 of FIG. 1

FIG. 4 1s a block diagram 1llustrating the intra prediction
umt 150 of a moving picture coding unit 100 according to
the present mnvention.

Referring to FIG. 4, the intra prediction unit 150 includes
a relference pixel generating unit 151, a reference pixel
filtering unit 152, a prediction mode determining unit 153, a
prediction block generating unit 154, a prediction block
filtering unit 155 and a prediction mode coding unit 156.

The reference pixel generating unit 151 determines that it
1s necessary to generate reference pixels for intra prediction,
and generates reference pixels 1f 1t 1s necessary to generate
the reference pixels.

FIG. 5 1s a conceptual diagram showing positions of
reference pixels used for intra prediction according to the
present invention. As shown 1n FIG. 5, the reference pixels
of the current prediction unit used for 1ntra prediction consist
ol above reference pixels, left reference pixels and a corner
reference pixel. The above reference pixels covering areas C
and D are located at (x=0, . . ., 2L-1, y=-1), and the leit
reference pixels covering arcas A and B are positioned at
(x=—1, y=0, . . ., and 2M-1). Here, L 1s a width of the
current prediction block, and M 1s a height of the current
prediction block.

The reference pixel generating umt 1351 determines
whether the reference pixels are available or not. If one or
more reference pixels are not available, the reference pixel
generation unit 151 generates reference pixels using avail-
able reference pixel.

When left reference pixels or the above reference pixels
are not available, the reference pixels are generated as
follows. When the current prediction unit 1s located at the
upper boundary of a picture or a slice, the above reference
pixels covering areas C and D do not exist. When the current
prediction unit 1s located at the left boundary of a picture or
a slice, the left reference pixels covering arecas A and B do
not exist. In those cases, reference pixels are generated by
copying the value of an available pixel closest to the
unavailable pixel. That 1s, when the current prediction unit
1s located at the upper boundary of a picture or a slice, the
above reference pixels can be generated by copying an
uppermost left reference pixel. When the current prediction

-
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unit 1s located at the left boundary of a picture or a slice, the
left reference pixels can be generated by copying a leftmost
above reference pixel. The method may vary per sequence,
picture or slice 1f necessary.

When some of the left reference pixels or the above
reference pixels are not available, the reference pixels are
generated as follows.

If the unavailable reference pixel exists in only one
direction from the available pixels, the reference pixel is
generated by copying the value of an available pixel closest
to the unavailable pixel. For example, when the current
block 1s located at the right boundary of a picture or a slice
or a LCU, the reference pixels covering area D are not
availlable. Also, when the current block 1s located at the
below boundary of a picture or a slice or a LCU, the
reference pixels covering area B are not available. The
reference pixels are generated using two or more available
pixels closest to the unavailable pixel.

If the unavailable reference pixel exists between the
available pixels, the reference pixel 1s generated using two
available reference pixels closest to the unavailable pixel 1n
both sides. For example, when the current block 1s located
at the upper boundary of a slice and the above leit block of
the current block 1s available, the reference pixels covering
area C are not available, but the reference pixels covering
arcas A and D are available. The reference pixel 1s generated
by averaging the two available reference pixels. But, linear
interpolation may be used to generate the reference when the
area covered by the unavailable reference pixels 1s large.

When all of the reference pixels are unavailable, the
reference pixels are generated by using two or more pixels
located 1nside of the prediction unit. For example, when the
current block i1s located at the left upper boundary of a
picture or a slice, all the reference pixels are unavailable.

FIG. 6 1s a flow chart illustrating a process of generating,
reference pixels according to the present invention.

The process of generating reference pixels using two
pixels is as follows. A left above pixel (O) and one of a right
above pixel ([]), a left below pixel (A) and a right below
pixel (A) may be used. When the left above pixel and the
right above pixel are used, the reference pixels existing
above the left above pixel and the right above pixel are
generated by copying the left above pixel and the right above
pixel and the copied reference pixels are used to generate
reference pixels covering area C. The reference pixels are
generated using an average or linear interpolation. The
reference pixels covering D are generated using the right
above pixel or a plurality of the generated above pixels.
When the left above pixel and the left below pixel are used,
the same method 1s applied. When the left above pixel and
the right below pixel are used, the right below pixel 1s copied
in horizontal direction and vertical direction to generate two
corresponding reference pixels and then the residual refer-
ence pixels are generated as the same as described above.

The process of generating reference pixels using three
pixels 1s as follows. A left above pixel, a right above pixel
and a left below pixel may be used. The pixels are copied to
generate reference pixels corresponding to the pixels. The
residual reference pixels are generated as the same as
described above.

The values of the pixels used to generate the reference
pixels are transmitted to the decoder. To mimmize the
amount of bits to be transmitted, the value of the left above
pixel and the difference between the value of the left above
pixel and the value of other pixel. The value of the left above
pixel may be a quantized value or be entropy-coded.
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When a slice type 1s I, 1t 1s more eflective to generate the
reference pixels using two pixels.

Alternatively, the reference pixels are generated by copy-
ing pixels existing same positions of a reference picture. If
there are not pixels existing same positions, nearest pixels
are used to generate the reference pixels.

The reference pixel filtering unit 1352 filters reference
pixels of the current prediction unit. Low-pass filter 1s
applied to smooth the difference between adjacent reference
pixels. The low-pass filter may be a 3-tap filter [1, 2, 1] or
a S-tap filter [1, 2, 4, 2, 1].

The filter may be adaptively applied according to a size of
the current block. If the size of the current block 1s equal to
or smaller than a predetermined size, the filter 1s not applied.
The predetermined size may be 4x4.

The filter may also be adaptively applied according to a
s1ze of the current block and intra prediction mode.

In the horizontal mode or the vertical mode, a prediction
pixel 1s generated using one reference pixel. Therefore, a
filter 1s not applied 1n the horizontal mode and the vertical
mode. In the DC mode, a prediction pixel 1s generated using
average ol the reference pixels. Therefore, a filter 1s not
applied 1n the DC mode because the prediction pixel 1s not
aflected by the diflerence between adjacent pixels.

In the intra prediction mode 3, 6 or 9 having a direction
of 45° with reference to the horizontal or vertical direction,
a filter 1s applied regardless of the size of the prediction unit
or applied when the current block 1s larger than a smallest
prediction unit. A first filter may be applied to a prediction
unit having a size smaller that a predetermined 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 predetermined size may be 16x16.

In the mntra prediction modes other than the vertical mode,
the horizontal mode, the DC mode and the intra prediction
mode 3, 6 and 9, a filter may be adaptively applied according
to the size of the current prediction unit and the intra
prediction mode.

The prediction block generating unit 153 generates a
prediction block corresponding to the intra prediction mode.
The prediction block 1s generated using the reference pixels
or linear combination of the reference pixels based on the
intra prediction mode. The reference pixels to be used to
generate the prediction block may be filtered by the refer-
ence pixel filtering unit 152.

The prediction block filtering unit 154 adaptively filters
the generated prediction block according to the intra pre-
diction mode to minimize the residual signal between a
prediction block and a current block to be encoded. The
difference between 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 enables the difference to be
decreased.

In the DC mode, the difference may be large because the
prediction pixel 1s an average value of the reference pixels.
Therefore, the prediction pixels of upper line and left line
which are adjacent to the reference pixels are filtered using
the reference pixels. The upper left prediction pixel adjacent
two reference pixels 1s filtered by 3-tap filter. The other
prediction pixels adjacent to one reference pixel are filtered
by 2-tap filter.

In the vertical mode (mode 0), the diagonal down-left
mode (mode 6), and the i1ntra prediction modes 22, 12, 23,
5, 24, 13, 25 between the mode 0 and mode 6, a prediction
block 1s generated using only above reference pixels. There-
fore, the difference between a reference pixel and a predic-
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tion pixel adjacent to the reference pixel may be larger as the
position of the prediction pixel goes down.

Also, 1n the horizontal mode (mode 1), the diagonal
up-right mode (mode 9), and the 1ntra prediction modes 30,
16, 31, 8, 32, 17, 33 between the mode 1 and mode 9, a
prediction block 1s generated using only left reference
pixels. Therefore, the diflerence between a reference pixel
and a prediction pixel adjacent to the reference pixel may be
larger as the position of the prediction pixel goes right.

Accordingly, some prediction pixels of the prediction
block may be filtered for compensate the difference in
directional intra prediction mode other than DC mode.

In the mode 6, all or some prediction pixels adjacent to the
reference pixel are filtered. The some prediction pixels may
be N/2 lower pixels adjacent to the reference pixel. N 1s the
height of the prediction block.

In the mode 9, all or some prediction pixels adjacent to the
reference pixel are filtered. The some prediction pixels may
be M/2 right pixels adjacent to the reference pixel. M 1s the
width of the prediction block.

In a predetermined number of directional intra prediction
modes which are closer to the mode 6 and exist between
mode 0 and mode 6, the same filtering method as 1n the
mode 6 can be used. The same filtering method can be used
in the directional intra prediction modes between mode 1
and mode 9.

Meanwhile, the filter 1s adaptively applied according to
the size of the current prediction unit. For example, a filtered
1s not applied to a predetermined size which 1s determined
by the intra prediction mode.

The prediction block filtering umit 154 may be integrated
into the prediction block generating unit 153. Alternatively,
the prediction block 1s generated by using the combination
of the generating operation and the filtering operation.

The intra prediction mode determining unit 155 deter-
mines the intra prediction mode of a current prediction unit
using reference pixels. The intra prediction mode determin-
ing unit 1535 selects one intra prediction mode 1n which the
amount of coding bits of a residual block 1s minimized as the
intra prediction mode of the current prediction unit. The
prediction block may be generated by filtered reference
pixels or may be a block filtered by the prediction block
filtering unit 154.

The prediction block transmitting unit 157 transmits the
prediction block generated based on the intra prediction
mode to the subtracter 190.

The intra prediction mode coding unit 156 encodes the
intra prediction mode of the current prediction unit deter-
mined by the intra prediction mode determining unit 155.
The intra prediction mode coding unit 156 may be integrated
into the intra prediction unit 150 or into the entropy coding
unit 140.

The intra prediction mode coding unit 156 encodes the
intra prediction mode of the current prediction unit using an
above 1ntra prediction mode of the current prediction unit
and a left intra prediction mode of the current prediction
unit.

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 prediction units of the
current prediction unit, the plurality of above prediction
units are scanned 1n a predetermined direction (e.g., from
right to leit) to determine the 1ntra prediction mode of a first
valid prediction unit as an above intra prediction mode.
Also, when there exist a plurality of left prediction units of
the current prediction unit, the plurality of left prediction
units are scanned 1n a predetermined direction (e.g., from
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bottom to top) to determine the intra prediction mode of a
first valid prediction unit as a left intra prediction mode.
Alternatively, among a plurality of valid prediction units, the
intra prediction mode of a valid prediction unit having the
lowest 1ntra prediction mode number may be set as an above
intra prediction mode.

When the above intra prediction mode or the left intra
prediction mode 1s not available, the DC mode (mode 2)
may be set to as the above intra prediction mode or the left
intra prediction mode. The above intra prediction mode or
the left intra prediction mode 1s treated as unavailable when
there does not exist a corresponding prediction unit.

Next, the above intra prediction mode or the left intra
prediction mode 1s converted into one of the permissible
modes when the above mtra prediction mode number or the
left 1intra prediction mode number 1s equal to or greater than
the number of intra prediction modes permissible for the
current prediction unit. For example, when the size of the
current prediction unit 1s 4x4, the ntra prediction mode of
the valid intra prediction mode candidate 1s converted into
one of nine modes (mode 0 to mode 8), and when the size
of the current prediction unit 1s 64x64, the intra prediction
mode value of the valid intra prediction mode candidate 1s
converted mto one of three modes (mode 0 to mode 2).

Next, 1f the intra prediction mode of the current prediction
unmit 1s the same as any one of the above and left intra
prediction modes, a flag indicating that the intra prediction
mode of the current prediction unit 1s the same as any one
of the above and left intra prediction modes and a flag
indicating one of the above and left intra prediction modes
are transmitted to the decoder. In this case, 1 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, 11 only one of the above and left intra prediction modes
1s available, the flag indicating one of the above and left intra
prediction modes can be omitted.

But, 1f the intra prediction mode of the current prediction
unit 1s not the same as any one of the above and left intra
prediction modes, the mtra prediction mode number of the
current prediction unit 1s compared with the above intra
prediction mode number and the left intra prediction mode
number. A mode change value 1s counted. The mode change
value 1s the number of mtra prediction modes having intra
prediction mode number that are not greater than the intra
prediction mode number of the current prediction unit. Then,
the intra prediction mode of the current prediction unit 1s
changed using the mode change value. The changed intra
prediction mode 1s determined as final 1ntra prediction mode
information to be transmitted.

A table used for encoding the final intra prediction mode
1s selected according to whether the above and the left intra
prediction modes are same or not.

FIG. 7 1s a block diagram 1llustrating the intra prediction
unit 250 of a moving picture decoding apparatus 200 accord-
ing to the present invention.

The intra prediction unit 250 according to the present
invention includes a intra prediction mode decoding unit
251, a reference pixel generating unit 252 (alternatively
referred to herein as a “reference pixel generator”), a refer-
ence pixel filtering unit 253 (alternatively referred to herein
as a “reference pixel filter”), a prediction block generating
unmt 254 (alternatively referred to herein as a “a prediction
block generator’”), a prediction block filtering unit 235 and
a prediction block transmitting unit 256.

The intra prediction mode decoding unit 251 restores the
intra prediction mode of a current prediction unit as follows.
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First, the intra prediction mode decoding umt 251
receives additional information included in the additional
information container for generate a prediction block. The
additional 1information includes a prediction flag and
residual prediction information. The prediction flag indi-
cates whether the prediction mode of the current prediction
unit 1s the same as one of prediction modes of adjacent
prediction blocks. The residual prediction nformation
includes information determined by the prediction flag. If
the prediction flag 1s 1, the residual prediction information
may include an mndex of the intra prediction mode candidate.
The index of the intra prediction mode designates the intra
prediction mode candidate. I the prediction flag i1s O, the
residual information may include residual intra prediction
mode number. Intra prediction mode candidates of the
current prediction unit are derived.

The intra prediction mode candidates are derived using
intra prediction modes of adjacent prediction units. For
example, the adjacent prediction units are an above predic-
tion unit and a left prediction unit. When there are a plurality
of above prediction units or a plurality of left prediction
units, the intra prediction mode of the above or left predic-
tion unit 1s determined as the same as described 1n the
operation of the intra prediction encoding unit 156 of the
encoding apparatus 100. Also, when the mode number of a
valid intra prediction mode candidate 1s equal to or greater
than the number of intra prediction modes permissible for
the current prediction unit, the valid intra prediction mode
candidate 1s converted 1nto one of the permissible modes as
described in the intra prediction encoding unit 156.

Next, 11 the received prediction mode indicates that the
intra prediction mode of the current prediction unit 1s equal
to one of the intra prediction candidates and the index of the
intra prediction mode candidate exists, the intra prediction
mode indicated by the index is set as the intra prediction
mode of the current prediction unit.

If the received prediction mode indicates that the intra
prediction mode of the current prediction unit 1s equal to one
of the intra prediction candidates and the index of the intra
prediction mode candidate does not exist, the one valid intra
prediction mode 1s set as the intra prediction mode of the
current prediction unit.

If the received prediction mode indicates that the intra
prediction mode of the current prediction unit 1s not equal to
any one of the intra prediction candidates, the intra predic-
tion mode of the current prediction umt 1s restored by
comparing the residual intra prediction mode number and
the mode numbers of the valid intra prediction mode can-
didates.

The reference pixel generating unit 252 generates refer-
ence pixels using the same method as described in the
reference pixel generating unit 151 of the coding apparatus
100. But, the reference pixel generating unit 252 may
generate reference pixels only when the reference pixels
used for generating a prediction block and determined by the
intra prediction mode are not available.

The reference pixel filtering unit 253 adaptively filters the
reference pixels based on the intra prediction mode and a
size of the prediction block. The filtering condition and
method are same as those of the reference pixel filtering unit
152 of the coding apparatus 100.

The prediction block generating umt 254 generates a
prediction block using the reference pixels according to the
restored 1ntra prediction mode.

The prediction block filtering unit 2535 adaptively filters
the prediction pixel according to the restored intra prediction

10

15

20

25

30

35

40

45

50

55

60

65

16

mode. The filtering operation 1s the same as that of the
prediction block filtering unit 154 of the coding apparatus
100.

The prediction block transmitting unit 256 transmits a
prediction block received from the prediction block genera-
tor 254 or the prediction block filtering unit 255 to the adder
290.

The mvention claimed 1s:

1. An image decoding apparatus, comprising:

an entropy decoder configured to restore an intra predic-
tion mode and one-dimensional (1D) quantized coet-
ficients;

an inverse scanner configured to inversely scan the 1D
quantized coellicients to generate quantized transform
coellicients;

an inverse quantizer configured to inversely quantize a
quantized transform block using a quantization step
s1ze to generate a transform block;

an 1nverse transformer configured to iversely transiform
the transform block to generate a residual block;

an 1ntra predictor configured to generate a prediction
block corresponding to a current prediction block
according to the intra prediction mode; and

an adder configured to restore an original block by adding
the residual block and the prediction block,

wherein the inverse scanner [restores] is further config-
ured to vestore a plurality of sub-blocks, which are
generated by an encoder that divides the quantized
transform block into the plurality of sub-blocks after
quantizing the transform block when a size of the
transiform block 1s 8x8, by applying a {irst scan pattern
[determined according to the intra prediction mode] to
the 1D quantized coeflicients, and [restores] restore the
quantized transform block by applying a second scan
pattern [determined according to the intra prediction
mode] to the plurality of sub-blocks,

wherein the first scan pattern 1s a scan order applied to the
1D quantized coeflicients, and the second scan pattern
1s a scan order applied to each sub-block of the plurality
of sub-blocks determined according to the intra predic-
tion mode,

wherein the first scan pattern 1s the same as the second
scan pattern,

[wherein, when the intra prediction mode is a horizontal
mode, the second scan pattern is a vertical scan,}

wherein a scan pattern for scanning flags indicating
non-zero coeflicients of each sub-block 1s the same as
a scan pattern for scanning non-zero coeflicients of
each sub-block, and

wherein the intra predictor includes:

a reference pixel generator configured to generate refer-
ence pixels using available reference pixels of the
current prediction block when reference pixels do not
exist;

a reference pixel filter configured to adaptively filter
reference pixels adjacent to the current prediction block
based on the 1ntra prediction mode and size information
of the current prediction block; and

a prediction block generator configured to generate the
prediction block of the current prediction block accord-
ing to the intra prediction mode.

[2. The apparatus of claim 1, wherein, when the intra
prediction mode 1s one out of a predetermined number of
intra prediction modes adjacent to the horizontal mode, the
second scan pattern is the vertical scan.}

3. The apparatus of claim 1, wherein the restored plurality
of sub-blocks are inversely scanned 1n a reverse direction.
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[4. The apparatus of claim 1, wherein the quantization
step size 1s determined per coding unit of a predetermined
size.]
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