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transform size information, adaptively filters the ref-
erence pixels of a current luma block based on the
luma mtra prediction mode and the size of the luma
transform unit, generates prediction blocks of the cur-
rentluma block and the currentcurrent block and gen-
crates a residual luma residual block and a chroma re-
sidual block. Theretfore, the distance of intra predic-
tion becomes short, and the amount of coding bits re-
quired to encode intra prediciton modes and residual
blocks of luma and chroma components is reduced
and the coding complexity is reduced by adaptively
encoding the intra prediction modes and adaptively
filtering the reference pixels.
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AN APPARATUS FOR DECODING VIDEO DATA USING LUMA
AND CHROMA INTRA PREDICTION MODES

[ Technical Field]

The present invention relates an apparatus of decoding video data, and more
particularly, toan apparatus of deriving intra prediction mode, generating a prediction
block and a residual block to recover a reconstructed block for luma and chroma

components.

[Background Art)

In H.264/MPEG-4 AVC, one picture is divided into macroblocks to encode
an image, the respective macroblocks are encoded by generating a prediction block
using inter prediction or intra prediction.The difference between an original block
and the prediction block is transformed to generate a transformed block, and the
transformed block is quantized using a quantization parameter and one of a plurality
of predetermined quantization matrices. The quantized coefficient of the quéntized
block are scanned by a predetermined scan type and then entropy-coded. The
quantization parameteris adjusted per macroblock and encoded using a previous
quantization parameter.

Meanwhile, techniques using various size of coding unit are introduced to
1IMprove thf; coding efficacy, Techniques increasing a number of luma and
chromaintra prediction modes are also introduces to generate a prediction block more

similar to an original block.
But, the amount of coding bits required for signaling the intra prediction

mode increases as the number of intra prediction modes increases. Also, the
difference between an original block and a prediction block prediction block is
greater as the size of the coding unit is larger. Accordingly, more effective method 1s

required to encode and decode video data for luma and chroma components
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[ Disclosure

The present invention 1s directed to an apparatus for deriving an intra
prediction mode, generate referential pixels, adaptively filtering reference pixels and

generating a prediction block.

According to an aspect of the present invention, there is provided an apparatus
for decoding video data, comprising: a prediction mode decoding unit configured to derive a
luma 1ntra prediction mode and a chroma intra prediction mode; a prediction size determining
unit configured to determine a size of a luma transform unit and a size of a chroma transform
unit, using transtorm size information in an embodiment; a reference pixel generating unit
configured to generate referential pixels 1f at least one reference pixel is unavailable; a
reference pixel filtering unit configured to adaptively filter the reference pixels of a current
luma block based on the luma intra prediction mode and the size of the luma transform unit,
and not to filter the reference pixels ot a current chroma block; a prediction block generating
unit configured to generate prediction blocks of the current luma block and the current chroma
block; and a residual block generating unit configured to generate a luma residual block and a
chroma residual block, wherein the luma intra prediction mode is derived using a most
probable mode (MPM) group including three intra prediction modes, a mode group indicator
and a luma prediction mode index, and wherein when only one of a left intra prediction mode
and an above intra prediction mode of the current luma block is available, the MPM group
includes the available intra prediction mode and two additional intra prediction modes

determined by the available intra prediction mode.

Another aspect provides an apparatus of decoding video data, comprising: a
prediction mode decoding unit configured to derive a luma intra prediction mode and a
chroma intra prediction mode; a prediction size determining unit configured to determine a
size of a luma transform unit and a size of a chroma transform unit using luma transform size
information; a reterence pixel generating unit configured to gencrate referential pixels if at
least one reference pixel 1s unavailable; a reference pixel filtering unit configured to
adaptively filter the reference pixels of a current luma block based on the luma intra

prediction mode and the size of the luma transform unit, and not to filter the reference pixels
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of a current chroma block; a prediction block gencrating unit configured to generate
prediction blocks of the current luma block and the current current block; and a residual block

gencrating unit configured to generate a residual luma residual block and a chroma residual

block.

An apparatus according to some embodiments derives a luma intra prediction
mode and a chroma intra prediction mode, determines a size of a luma transform unit and a
size of a chroma transform unit using luma transform size information, adaptively filters the
reference pixels ol a current luma block based on the luma intra prediction mode and the size
of the luma transform unit, generates prediction blocks of the current luma block and the
current current block and generates a residual luma residual block and a chroma residual
block. Therefore, the distance of intra prediction becomes short, and the amount of coding bits
required to encode intra prediciton modes and residual blocks of luma and chroma
components 1s reduced and the coding complexity 1s reduced by adaptively encoding the intra

prediction modes and adaptively filtering the reference pixels.

[ Description of Drawings]

FIG. | 1s a block diagram of an image coding apparatus according to an

embodiment of the present invention.

FIG. 2 1s a block diagram of an image decoding apparatus according to an

embodiment of the present invention.

FIG. 3 1s a block diagram of an apparatus of generating a prediction block

according to an embodiment of the present invention.

FIG. 4 1s a conceptual diagram 1llustrating intra prediction modes according to

an embodiment of the present invention.

FIG. 5 1s a block diagram of an apparatus of generating a residual block

according to an embodiment of the present invention.
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[ Description of Embodiments ]

Hereinafter, various embodiments of the present invention will be described in
detail with reference to the accompanying drawings. However, the present invention is not
limited to the exemplary embodiments disclosed below, but can be implemented in various
types. Therefore, many other modifications and variations of the present invention are
possible, and it is to be understood that within the scope of the disclosed concept, the present

invention may be practiced otherwise than as has been specifically described.

FIG. 1 is a block diagram of an image coding apparatus 100 according to an

embodiment of the present invention.

Referring to FIG. 1, the image coding apparatus 100 according to an
embodiment of the present invention includes a picture division unit 110, an intra prediction
unit 120, an inter prediction unit 130, a transform unit 140, a quantization unit 150, a scanning

unit 160,
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an entropy coding unit 170, an inverse quantization unit 155, an 1nverse transform
unit 145, a post-processing unit 180, a picture storing unit 190, a subtracter 192 and
an adder 194.

The picture division unit 110 divides a picture into slices, divides a slice 1nto
largest coding units (LCUs), and divides each LLCU 1into one or more coding units.
The picture division unit 110 determines prediction mode of each coding unit and a
size of prediction unit. The picture, slice and coding unit are comprised of
luminance sample array (Jluma array) and two chrominance sample arrays
(chromaarrays). Achroma block has half the height and half the width of aluma
block. The block may be a LCU, coding unit or a prediction unit. Hereafter, a
luma coding unit, a luma prediction unit and a luma transform unit 1s referred to as a
coding unit, a prediction unit and a transform unit respectively.

An LCU includes one or more coding units., The LCU has a recursive quad
tree structure to specity a division structure of coding units. Parameters for
specifying the maximum size and the minimum size of the coding unit are included
In a sequence parameter set. The division structure 1s specitied by one or more split
coding unit flags (split_cu_tlags). The size of acoding unit 1s 2ZNx2N.

A coding unit includes one or more prediction units. In intra prediction, the
size of the prediction unit 1s 2Nx2N or NxN. In inter prediction, the size of the
prediction unit 1s 2Nx2N, 2NxN, Nx2N or NxN.

A coding unit includes one or more transform units. The transform unit has
a recursive quad tree structure to specify a division structure. The division structure
1s specified by one or more split transtorm unit flags (split_tu_flags). Parameter
forspecitying the maximum size and the minimum size of the lumatranstform unit 1s
included 1n a sequence parameter set. The chroma transform unit has half the
height and half the width of the transform unit if the transform unit is not 4x4. The
minimum size of the chroma transform unit 1s 4x4.

The 1ntra prediction unit 120determines an intra prediction mode of a current
prediction unit and generates a prediction block using the intra prediction mode.
A si1ze of the prediction block 1s equal to a size of the transtorm unit.

The inter prediction unit 130determines motion information of the current
prediction unit using one or more reference pictures stored in the picture storing unit

190, and generates a prediction block of the prediction unit. The motion
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information includes one or more reference picture indexes and one or more motion
vectors.

The transtorm unit 140 transforms residual signals generated using an
original block and a prediction block to generate a transtormed block. The residual
signals are transformed by the transtorm unit. A transform type 1s determined by
the prediction mode and the size of the transtform unit. The transform type 1s a
DCT-based integer transform or a DST-based integer transform. In inter prediction,
DCT-based integer transforms are used. In intra prediction mode, 1f the size of the
transform unit 1s smaller than a predetermined size, the DST-based integer
transforms are used, otherwise the DCT-based integer transforms are used. The
predetermined size 1s 8x8.The transform type of the chroma transtform unit 1s equal
to the transform type of the corresponding transform unit. Therefore, the transform
type for the chroma transtorm unit 1s the DCT-based integer transtorm.

The quantization unit 150 determines a quantization parameter for quantizing
the transtformed block. The quantization parameter 1s a quantization step size. The
lumaquantization parameter 1s referred to as the quantization parameter. The
quantization parameter 1s determined per quantization unit. The size of the
quantization unit 1s one of allowable sizes of coding unit. If a size of the coding
unit 1s equal to or larger than the minimum size of the quantization unit, the coding
unit becomes the quantization unit. A plurality of coding units may be included 1n
a quantization unit. Theminimum size of the quantization unit 1s determined per
picture and a parameter for specifying the mimimum size of the quantization unit 1s
included 1n a picture parameter set. A chroma quantization parameter 1s determined
by the quantization parameter. The relationship between the quantization parameter
and the chroma quantization parameter may be determined by the picture. A
parameter for indicating the relationship 1s transmitted in a picture parameter set
(PPS). The relationship may be changed by the slice. Another parameter for
changing the relationship may be transmitted in a slice header.

The quantization unit 150 generates a quantization parameter predictor and
generates a differential quantization parameter by subtracting the quantization
parameter predictor from the quantizationparameter. The differential quantization

parameter 1s entropy-coded.
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The quantization parameter predictor 1s generated by using quantization
parameters of neighboring coding units and quantization parameter of previous
coding unit as follows.

A left quantization parameter, an above quantization parameter and a
previous quantization parameter are sequentially retrieved in this order. An average
of the first two available quantization parameters retrieved in that order is set as the
quantization parameter predictor when two or more quantization parameters are
available, and when only one quantization parameter 1s available, the available
quantization parameter 1s set as the quantization parameter predictor. That 1s, if the
left and above quantization parameter are available, the average of the left and above
quantization parameter 1s set as the quantization parameter predictor.  If only one
of the left and above quantization parameter i1s available, the average of the available
quantization parameter and the previous quantization parameter 1s set as the
quantization parameter predictor. If both of the left and above quantization
parameter are unavailable, the previous quantization parameter 1s set as the
quantization parameter predictor. The average 1s rounded off.

The quantization unit 150 quantizes the transtormed block using a
quantization matrix and the quantization parameter to generate a quantized block.
The quantized block 1s provided to the inverse quantization unit 155 and the scanning
unit 160.

The scanning unit 160 determines a scan pattern and applies the scan pattern
to the quantized block. When CABAC 1s used for entropy coding, the scan pattern
1s determined as follows.

In 1intra prediction, the scan pattern 1s determined by the intra prediction mode
and the size of the transform unit. The size of the transform unit, the size of
transformedblock and the size of the quantized block are same.The scan pattern is
selected among a diagonal scan, vertical scan and horizontal scan. The quantized
transform coefficients of the quantized block are split into significant flags,
coefficient signs and coefficientlevels. The scan pattern is applied to the significant
flags, coefficient signs and coefficient levels respectively. The significant flag
indicates whether the corresponding quantized transtorm coefficient 1s zero or not.

The coefficient sign indicates a sign of non-zero quantized transtorm coetticient, and
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the coetficients level indicates an absolute value of non-zero quantized transform
coetticient.

When the size of the transtorm unit 1s equal to or smaller than a first size, the
horizontal scan 1s selected for the vertical mode and a predetermined number of
neighboring intra prediction modesof the vertical mode, the vertical scan 1s selected
for the horizontal mode and the predetermined number of neighboring intra
prediction modes of the horizontal mode, and the diagonal scan 1s selected for the
other intra prediction modes. When the size of the transform unit 1s larger than the
first size, the diagonal scan 1s used. The first size 1s 8x8.The predetermined number
1s 8 if the transform unit 1s 8x8.

In inter prediction, a predetermined scan pattern 1s used regardless of the size
of the transform unit. The predetermined scan pattern is the diagonal scan.

The scan pattern of a chroma transform unit 1s equal to the scan pattern of a
corresponding luma transtform unit. Therefore, the scan pattern 1s selected among
the diagonal scan, the vertical scan and the horizontal scan as shown above when the
size of the chroma transform unit 1s 4x4, and the diagonal scan 1s used when the size
of the chroma transtorm unit 1s larger than 4x4.

When the size of the transtorm unit 1s larger than a second size, the quantized
block 1s divided into a main subset and a plurality of remainingsubsets and the
determined scan pattern 1s applied to each subset. Significant flags, coetficient signs
and coefficients levels of each subset are scanned respectively according to the
determined scan pattern. The main subset includes DC coefficient and the
remaining subsets covers the region other than the region covered by the main subset.
Thesecond size 1s 4x4. The subset 1s a 4x4 block containing 16 transform coefficients.
The subset for chroma 1s also a 4x4 block containing 16 transform coefficients.

The scan pattern for scanning the subsets 1s the same as the scan pattern for
scanning quantized transform coefficients of each subset. The quantized transform
coefficients of each subset are scanned 1n the reverse direction. The subsets are also
scanned 1n the reverse direction.

Last non-zero coetficient positionis encoded and transmitted to the decoder.
The last non-zero coetficient position specifies a position of last non-zero quantized
transtorm coetticient within the transtorm unit. The last non-zero coetficient position

1S used to determine the number of subsets to be signaled 1n the decoder. Non-zero
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subset flag 1s set for the subsets other than the main subset and the last subset. The
last subset covers the last non-zero coefficient.The non-zero subset flag indicates
whether the subset contains non-zero coefficients or not.
“The inverse quantization unit 155 inversely quantizes the quantized transform
coefficients of the quantized block.

The inverse transform unit 145 inversely transforms the inverse quantized
block to generate residual signals of the spatial domain,

The adder 194generates a reconstructed block by adding the residual block
and the prediction block.

The post-processing unit 180 performs a deblocking filtering process for
removing blocking artifact generated in a reconstructed picture.

The picture storing unit 190 receives post-processed image from the post-
processing unit 180, and stores the image in picture units. A picture may be a frame
or ‘a field.

The entropy coding unit 170 entropy-codes the one-dimensional coefficient
information received from the scanning umit 160, intra prediction information
received from the intra prediction unit 120, motion information received from the

inter prediction unit 130, and so on.

FIG. 2 15 a block diagram of an image decoding apparatus 200 according to
an embodiment of the present invention.

The image decoding apparatus 200 according to an embodiment of the  {
present invention includes an entropy decoding unit 210, an inverse scanning unit
220, an inverse quantization unit 230, -an inverse transform unit 240, an intra
prediction unit 250, an inter prediction unit 260, a post-processing unit 270, a

picture storing unit 280 and an adder 290.

The enﬁopy decoding unit 210 extracts the intra prediction information, the
inter prediction information and the one-dimensional coefficient information from a
received bit stream. The entropy decoding unit 210 transmits the inter prediction
information to the inter prediction umt 260, the intra prediction information to the

intra prediction unit 250 and the coefficient information to the inverse scanning unit

220.
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The i1nverse scanning unit 220 uses an inverse scan pattern to generate a
quantized block. When CABAC 1s used for entropy coding, the scan pattern 1is
determined as follows.

In intra prediction, the inverse scan pattern 1s determined by the intra
prediction mode and the size of the transform unit. The inverse scan pattern 1s
selected among a diagonal scan, vertical scan and horizontal scan. The selected
inverse scan pattern 1s applied to significant flags, coetficient signs and coefficients
levels respectively to generate the quantized block.The 1nverse scan pattern of the
chroma transform unit 1s equal to the scan pattern of a corresponding luma transform
unit. The minimum size of the chroma transform unit is 4x4.

When the size of the transform unit 1s equal to or smaller than a first size, the
horizontal scan 1s selected for the vertical mode and a predetermined number of
neighboring intra prediction modes of the vertical mode, the vertical scan 1s selected
for the horizontal mode and the predetermined number of neighboring intra
prediction modes of the horizontal mode, and the diagonal scan 1s selected for the
other intra prediction modes. When the size of the transform unit 1s larger than the
first size, the diagonal scan 1s used. When the size of the transtorm unit 1s larger than
the first size, the diagonal scan 1s selected for all intra prediction modes. The first size
1s 8x8.The predetermined number 1s 8 1f the transform unit 1s 8x8.

In 1nter prediction, the diagonal scan 1s used.

When the size of the transtform unit 1s larger than the second size, the
significant flags, the coefficient signs and the coefficients levels are 1nversely
scanned 1n the unit of subset using the determined inverse scan pattern to generate
subsets, and the subsets are inversely scanned to generate the quantized block.The
second size 1s equal to the size of the subset. The subset 1s a 4x4 block including 16
transform coetfficients. The subset for chroma 1s also a 4x4 block. Ttherefore, when
the size of the chroma transform unit 1s larger than the second size, the subsets are
generated first and the subsets are inversely scanned.

The inverse scan pattern used for generating each subset 1s the same as the
inverse scan pattern used for generating the quantized block. The significant flags,
the coetticient signs and the coetticient levels are inversely scanned in the reverse

direction. The subsets are also inversely scanned 1n the reverse direction.
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The last non-zero coetficient position and the non-zero subset flags are
received from the encoder.  'The number of encoded subsets 1s determined according
to the last non-zero coetficient position and the inverse scan pattern.The non-zero
subset tflags are used to selectsubsets to be generated. The main subset and the last
subset are generated using the inverse scan pattern.

The 1nverse quantization unit 230 receives the differential quantization
parameter from the entropy decoding unit 210 and generates the quantization
parameter predictor to generate the quantization parameter of the coding unit.  The
operation of generating the quantization parameter 1s the same as the operation of the
quantization unit 150 of FIG. 1. Then, the quantization parameter of the current
coding unit 1s generated by adding the differential quantization parameter and the
quantization parameter predictor. If the differential quantization parameter for the
current coding unit 1s not received from the encoder, the differential quantization
parameter 1s set to 0.

A parameter for indicating the relationship between the quantization
parameter and the chroma quantization parameter 1s included in the PPS. Another
parameter 1s included 1n the slice header if 1t 1s allowed to change the relationship by
the slice. Theretore, the chroma quantization parameter 1s generated using the
quantization parameter and the parameter included in the PPS or using the
quantization parameter and the two parameters.

The 1nverse quantization unit 230 inversely quantizes the quantized block.

The 1nverse transform unit 240 inversely transforms the inverse-quantized
block to restore a residual block. The inverse transform type 1s adaptively
determined according to the prediction mode and the size of the transtorm unit. The
inverse transform type 1s the DCT-based integer transtform or the DST-based integer
transform. For example, in inter prediction, DCT-based integer transtforms are used.
In intra prediction mode, if the size of the transtform unit 1s smaller than a
predetermined size, the DST-based integer transtorms are used, otherwise the DCT-
based integer transforms are used.The inverse transform type of the chroma
transform unit 1s equal to the inverse transtorm type of the corresponding transtorm
unit. Theretfore, the inverse transtorm type for the chroma transform unit 1s the

DCT-based integer transtorm.
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The intra prediction unit 250 restores the intra prediction mode of the current
prediction unitusing the received intra prediction information, and generates a
prediction block according to the restored intra prediction mode.

The inter prediction unit 260 restores the motion information of the current
prediction unit using the received inter prediction information, and generates a
prediction block using the motion information.

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

The picture storing unit 280 receives post-processed image from the post-
processing unit 270, and stores the image in picture units. A picture may be a frame
or a field.

The adder 290 adds the restored residual block and a prediction block to

generate a reconstructed block.

FIG. 3 is a block diégram of an apparatus 300 of generating a predictionv
block abcording to an embodiment of the present invention.

The apparatus 300 according to an embodiment of the present invention
includes a parsing unit 310, a prediction mode decoding unit 320, a prediction size
determining uﬁit 330, a reference pixel generating unit 340, a reference pixel filtering

unit 350 and a prediction block generating unit 360.

The parsing unit 310 parses intra prediction parameters of the current

prediction unit from the bit stream.

The intra prediction parameters for luma includes are a mode group indicator
and a prediction mode index. The mode group indicator 1s a flag indicating whether
the intra prediction mode of the current prediction unit belongs to a most probable
mode group (MPM group). If the flag is 1, the intra prediction unit of the current
prediction unit belongs to the MPM group. If the flag is O, the intra prediction unit
of the current prediction unit belongs to a residual mode group. The residual mode
gréup includes all intra prediction modes other than the intra prediction modes of the
MPM group. The prediction mode index specifies the intra prediction mode of the
curfent_ prediction unit within the group specified by the mode group indicator.The

intra prediction parameter for chroma is specified by a chromaprediction mode index.
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The prediction mode decodiﬁg unit 320 derives a luma intra prediction mode
and a chroma intra prediction mode.
 The luma intra prediciton mode is derived as follows,

The MPM group is constructed using intra prediction modes of the

5 neighboring prediction units.  The intra prediction modes of the MPM group are
adéptiyely determined by a left intra prediction mode and an above intra prediction
mode. The left intra prediction mode is the intra prediction mode of the left
neighboring prediction unit, and the above intra prediction mode is the intra
prediction mode of the above neighboring prediction unit. The MPM group is

10 comprised of three intra prediction modes.

If the left. or above neighboring prediction unit does not exist, the intra
prediction mode of the left or above neighboring unit 1s set as unavailable. For
example, if the current prediction unit is located at the left or upper boundary of a
picture, the left or above neighboring prediction unit does not exist. If the left or

19 above neighboring unit 1s located within other slice, the intra prediction mode of the

left or above neighboring unit is set as unavailable.

FIG. 4 is a conceptual diagram illustrating intra prediction modes according
to an embodiment of the present invention. As shown in FIG. 4, the number of intra prediction

modes is 35. The DC mode and the planar mode are non-directional intra prediction modes

o0  and the others are directional intra prediction modes.

When both of the left intra prediction mode and the above intra prediction
Inodeare available and are different each other, the left intra prediction mode and

the above intra prediction mode are included in the MPM group and one additional

intra prediction mode 1s added to the MPM group. If one of the left and above intra
29 prediction modes is a non-directional mode and the other is a directional mode, the
0fher non-directional mode 1s set as the additional intra prediction mode. If both
of the lett and above intra prediction modes are non-directional modes, the vertical
mode is set as the additional intra prediction mode.
When only one of the left intra prediction mode and the above intra
30 prediction modeis available, the available intra prediction mode is included in the
MPM group and two additional intra prediction modes are added to the MPM group.
If the available intra prediction mode i1s a non-directional mode, the other non-

directional mode and the vertical mode are set as the additional intra prediction
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modes.If the available intra prediction mode 1s a directional mode, two non-
directional modes are set as the additional intra prediction modes

When both of the left intra prediction mode and the above intra prediction
modeare unavailable, the DC mode, the planar mode and the vertical mode are
added to the MPM group.

[f the mode group indicator indicates the MPM group, the intra prediction of
the MPM group specified by the prediction mode index 1s set as the intra prediction
mode of the current prediction unit.

If the mode group indicator does not indicate the MPM group, the three intra
predictions of the MPM group are reorderedin the mode number order. Among the
three intra prediction modes of the MPM group, the intra prediction mode with
lowest mode number 1s set to a first candidate, the intra prediction mode with
middle mode number 1s set to a second candidate, and the intra prediction mode
with highest mode number 1s set to a third candidate.

If the prediction mode index 1s equal to or greater than the first candidate of
the MPM group, the value of the prediction mode index 1s increased by one. If the
prediction mode index 1s equal to or greater than the second candidate of the MPM
oroup, the value of the prediction mode 1ndex 1s increased by one. It the prediction
mode 1ndex 1s equal to or greater than the third candidate of the MPM group, the
value of the prediction mode index 1s increased by one. The value of the final
prediction mode index 1s set as the mode number of the intra prediction mode of the
current prediction unit.

The chroma intra prediciton mode 1s set as an intra prediction mode specified
by the chroma prediction mode index. If the chroma prediction index specifies a
DM mode, the chroma intra prediction mode 1s set equal to the luma intra prediction
mode.

The prediction size determining unit 330 determines the size of the prediction
block based on the transtorm size information specifying the size of the transform
unit. The transform size information may be one or more split_tu_flags. The size of
the chroma prediction block 1s also determined based on the transtorm size
information. The minimum size of the chroma prediction 1s 4x4.

It the size of the transtorm unit 1s equal to the size of the current prediction

unit, the size of the prediction block 1s equal to the size of the current prediction unit.
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It the sizeot the transtorm unit 1s smaller than the size of the current
prediction unit, the size of the prediction block 1s equal to the size of the transtorm
unit. In this case, a process of generating a reconstructed block 1s performed on
each sub-block of the current prediction unit. That 1s, a prediction block and a
residual block of a current sub-block are generated and a reconstructed block of each
sub-block 1s generated by adding the prediction block and the residual block. Then, a
prediction block, a residual block and a reconstructed block of the next sub-block 1n
decoding order are generated. The restored intra prediction mode 1s used to
generate all prediction blocks of all sub-block. Some pixels of the reconstructed
block of the current sub-block are used as reference pixels of the next sub-block.
Therefore, 1t 1s possible to generate a prediction block which 1s more similar to the
original sub-block.

The reference pixel generating unit 340 generates reference pixels 1f one or
more reference pixels of the current block are unavailable. The reference pixels of
the current blocks are comprised of above reference pixels located at (x=0, ..., 2N-1,
y=-1), left reference pixels located at (x=1-, y=0, ..., 2ZM-1) and a corner pixel
located at (x=-1, y=-1). N 1s the width of the current block and M 1s the height of the
current block. The current block 1s the current prediction unit or the current sub-
block having the size of the transform unit. Reference pixels of the current chroma
block are also generated 1f one or more reference pixels are unavailable.

If all reference pixels are unavailable, the value of 2 is substituted for the
values of all the reference pixels.  The value of L 1s the number of bits used to
represent luminance pixel value.

It available reference pixels are located at only one side of the unavailable
reference pixel, the value of the reference pixel nearest to the unavailable pixel is
substituted for the unavailable reterence pixel.

If available reference pixels are located at both sides of the unavailable
reference pixel, the average value of the reference pixels nearest to the
unavailablepixel in each side or the value of the reference pixel nearest to the
unavailable pixel 1n a predetermined direction 1s substituted for each unavailable

reference pixel.
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The reterence pixel filtering unit 350 adaptively filters the reference pixels of
the current luma block based on the intra prediction mode and the size of
thetranstorm unit.

In the DC mode, the reference pixels are not filtered. In the vertical mode
and the horizontal mode, the reference pixels are not filtered. In the directional
modes other than the vertical and horizontal modes, the reference pixels are
adaptively according to the size of the current block.

If the size of the current 1s 4x4, the reference pixels are not filtered 1n all 1ntra
prediction modes. For the size 8x8, 16x16 and 32x32, the number of intra
prediction mode where the reference pixels are filtered increases as the size of the
current block becomes larger. For example, the reference pixels are not filtered in
the vertical mode and a predetermined number of neighboring intra prediction mode
of the vertical mode. The reference pixels are also not filtered in the horizontal
mode and the predetermined number of neighboring intra prediction mode of the
horizontal mode.  The predetermined number lies between O to 7 and decreases as
the size of the current block 1s larger.

The reference pixel filtering unit 350 does not filter the reterence pixels of the
current chroma block regardless of the intra prediction mode and the size of the
transform unit.

The prediction block generating unit 360 generates a prediction block of the
current block using the reference pixels according to the restored intra prediction
mode.

In the DC mode, the prediction pixels of the prediction block are generated
by averaging the N reference pixels located at (x=0,...N-1, y=-1) and the M
reference pixels located at (x=-1, y=0, ..M-1).The lumaprediction pixels adjacent to
the reference pixel are filtered by the one or two adjacent reference pixels. The
chroma prediction pixels do not filtered.

In the vertical mode, the prediction pixelsare generated by copying the
corresponding above reference pixel. The luma prediction pixels adjacent to the left
reference pixel are filtered by the left neighboring reterence pixel and the corner
reference pixel. The chroma prediction pixels do not filtered.

In the horizontal mode, the prediction pixels are generated by copying the

corresponding left reference pixel. The luma prediction pixels adjacent to the above
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reference pixel are filtered by the left neighboring reference pixel and the comer

reference pixel. The chroma prediction pixels do not filtered.

- FIG. 5 is a block diagram of an apparatus 400 of generating a residual block

according to an embodiment of the present invention.

The apparatus 400 according to an embodiment of the present invention includes

an entropy decoding unit 410, an inverse scanning unit 420, an inverse quantization unit

430 and an inverse transform unit 440.

The entropy decoding unit 410 decodes encoded residual signals to generate
quantized coefficientcomponents. When CABAC 1s used for entropy coding, the
coefﬁcients components includes significant flags, coefficient signs and coefficient
levels. The significant flag indicates whether the corresponding quantized
transform coefficient is zero or not. The coefficient sign indicates a sign of non-
zero quantized transform coefficient, and the coefficients level indicates an absolute
value of non-zero quantized transform coefficient.

The inverse scanning unit 420 determines an inverse scan pattern and

generates a quantized block using the inverse scan pattern. The operation of the
inverse scanning unit 420 is the same as that of the inverse scanning unit 220 of
FI1G.2.

The inverse quantization unit 430 derives quantization parameter, selects a
Inverse quantizatibn matrix and inversely quantizes the quantized block to generate a
transformed block.

The lumaquantization parameter is derived as following,

A minimum size of aquantization unit is determined. The minimum size of
the quantizaﬁon unit is determined per picture using a QU size indicator included 1n
the PPS. The QU size indicator specifies the minimum size of the quantization unit.

Adifferential quantization parameter (dQP) of the current coding unit is
generated. The dQP is generated per quantization unit by entropy decoding. If the
current coding unit does not contain an encoded dQP, the dQP 1s set to zero. If the
quantization unit includes plural coding units, the dQPis included in the bit stream of
the first coding unit containing non-zero coetficient,

A quantization parameter predictor of the current coding unit is generated.

The quantization parameter predictor is generated using the same operation of the
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inverse quantization unit 230 of FIG. 2. If the quantization unit includes multiple
coding units, the quantization parameter predictor of the first coding unit in the
decoding order is generated, and the generated quantizationparameter predictor is
shafed for all other coding units within the quantization unit.

The quantization parameter is generated using the dQP and the quantization
parameter predictor.

The chroma quantization parameter is generated using the luma quantization
parémeter and an offset parameter indicating the relationship between the
luniaquantization parameter and the chroma quantization parameter. The offset
parameter is included in the PPS. The offset parameter 1s changed by an offset
adjusting parameter included in the slice header if it is allowed to change the the
offset by the slice.

The inverse transform unit 440 inversely transtorms the transtormedblock to
generate a residual block. An in\.ferse transform type 1s adaptii/ely determined
according to the prediction mode and the size of the transform unit. The inverse
transform type is the DCT-based integer transform or the DST-based integer
transform. In intra prediction mode, if the size of the lumatransform unit is smaller
than 8x8, the DST-based integer transform isused, otherwise, the DCT-based integer
tran'sfor.m is used. The DCT-based integer transform is applied to the chroma
transformed block.

The prediction block and the residual block are added to generate a
reconstructed block. The size of the reconstructed block is equal to the size of the

transform unit. Therefore, if the size of the prediction unit 1s larger than the

transform unit, the first reconstructed block is generated and then the next

reconstructed block in the decoding order is generated by generating a prediction
block and a residual block until the last reconstructed block is generated. The intra
prediction mode of the current prediction unit is used for generating prediction

blocks and residual blocks.

While the invention has been shown and described with reference to certain
exemplary embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the

scope of the invention as defined by the appended claims.
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CLAIMS:

1. An apparatus tor decoding video data, comprising:

a prediction mode decoding unit configured to derive a luma intra prediction

mode and a chroma intra prediction mode;

a prediction size determining unit configured to determine a size of a luma

transtorm unit and a size of a chroma transform unit using transform size information;

a reterence pixel generating unit configured to generate referential pixels if at

least one reference pixel 1s unavailablc;

a refercncce pixel filtering unit configured to adaptively filter the reference
pixels of a current luma block based on the luma intra prediction mode and the size of the

luma transform unit, and not to filter the reference pixels of a current chroma block;

a prediction block generating unit configured to generate prediction blocks of

the current luma block and the current chroma block; and

a restdual block generating unit configured to generate a luma residual block

and a chroma residual block,

wherein the luma intra prediction mode is derived using a most probable mode
(MPM) group including three intra prediction modes, a mode group indicator and a luma

prediction mode index, and

wherein when only one of a left intra prediction mode and an above intra
prediction mode of the current luma block is available, the MPM group includes the available

intra prediction mode and two additional intra prediction modes determined by the available

intra prediction mode.

2. The apparatus of claim 1, wherein if the chroma intra prediction mode is a DM

mode, the chroma intra prediction mode 1s set equal to the luma intra prediction mode.
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3. The apparatus of claim 1, whercin when the available intra prediction mode is

a non-directional mode, the other non-directional mode and a vertical mode are set as the two

additional intra prediction modes.

4. T'he apparatus of claim 1, wherein 1f the current chroma block 1s larger than the
chroma transtform unit, the chroma intra prediction mode is used for generating chroma

prediction blocks of other blocks within the current chroma block.

5. The apparatus of claim 1, wherein when the mode group indicator does not
indicate the MPM group, the luma intra prediction mode is determined by comparing the luma

prediction mode index with three intra prediction modes of the MPM group in sequence.

6. The apparatus of claim 5, wherein the lowest mode number of the three intra

prediction modes 1s compared at first, and the highest mode number of the three intra

prediction modes 1s compared lastly.

7. The apparatus of claim 6, wherein if the luma prediction mode index is larger
than or equal to the intra prediction mode of the MPM group, the luma prediction mode index

1S increased by one.

8. The apparatus of claim 1, wherein when the available intra prediction mode is
a directional mode, then a DC mode and a planar mode are set as the two additional intra

prediction modes.
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