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Provided is a method that restores a differential quantization parameter of a current coding unit, generates a quantization
parameter predictor of the current coding unit using one or two quantization parameters of a left quantization parameter, an above
quantization parameter and a previous quantization parameter and generates a quantization parameter of the current coding unit
using the differential quantization parameter and the quantization parameter predictor, wherein a minimum size of quantization unit
is adjusted per picture. Therefore, the complexity of the encoding and decoding apparatus is reduced by adjusting the minimum
size of the quantization unit. Also, coding efficiency is improved by encoding the quantization parameter using plurality quantization
parameters and by signaling the minimum size of the quantization unit per picture.
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ABSTRACT

Provided is a method that restores a differential quantization parameter of a
current coding unit, generates a quantization parameter predictor of the current coding unit using
one or two quantization parameters of a left quantization parameter, an above quantization
parameter and a previous quantization parameter and generates a quantization parameter of the
current coding unit using the differential quantization parameter and the quantization parameter
predictor, wherein a minimum size of quantization unit is adjusted per picture. Therefore, the
complexity of the encoding and decoding apparatus is reduced by adjusting the minimum size of
the quantization unit. Also, coding efficiency is improved by encoding the quantization parameter
using plurality quantization parameters and by signaling the minimum size of the quantization unit

per picture.
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METHOD OF DERIVING QUANTIZATION PARAMETER
[DESCRIPTION]

This is a divisional application of Canadian Patent Application 2853706 filed Nov. 2, 2012.

[ Technical Field]

The present invention relates to a method and an apparatus of deriving a quantization
parameter, and more particularly, to a method and apparatus of encoding and decoding a
quantization parameter by generating a quantization parameter predictor similar to the

quantization parameter using neighboring quantization parameter.

[Background Art}

In H.264/MPEG-4 AVC, one picture is divided into macroblocks, 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 quantization matrix. The quantization parameter is adjusted per macroblock and is
encoded using a previous quantization parameter as a quantization parameter predictor.

Meanwhile, in HEVC (High Efficiency Video Coding) under construction, various sizes of
coding unit are introduced to obtain two times of compression efficiency. The coding unit has a
role similar to the macroblock of H.264.

But, if the quantization parameter is adjusted per coding unit, the number of quantization
parameters to be encoded increases as the size of the coding unit is smaller, Therefore, adjusting
quantization parameter per coding unit results in greater quantity of coding bits required to encode
the quantization parameter; which degrades the coding efficiency. Also, because using various
sizes of coding unit makes the correlation between the quantization parameter and the previous
quantization parameter weaker than that of H.264, a new method of encoding and decoding the

quantization parameter is required for various sizes of the coding unit.

CA 2989193 2017-12-18



10

15

20

25

84123753

[Disclosure]

The present invention is directed to a method of restoring a differential
quantization parameter of a current coding unit, generating a quantization parameter predictor
of the current coding unit, and generating a quantization parameter of the current coding unit

using the differential quantization parameter and the quantization parameter predictor.

One aspect of the present invention provides a method of decoding a
quantization parameter of a current coding unit, comprising: restoring a differential
quantization parameter of a current coding unit, generating a quantization parameter predictor
of the current coding unit, and generating a quantization parameter of the current coding unit
using the differential quantization parameter and the quantization parameter predictor,
wherein the quantization parameter predictor is generated using one or two quantization
parameters of a left quantization parameter, an above quantization parameter and a previous

quantization parameter.

Another aspect of the invention provides a method for generating a prediction
block in intra prediction, the method comprising: restoring a mode group indicator and a
prediction mode index; constructing a most probable mode (MPM) group including three intra
prediction modes of a current block; determining an intra prediction mode specified by the
intra prediction mode index in the MPM group as the intra prediction mode of the current
block if the mode group indicator indicates the MPM group, and deriving the intra prediction
mode of the current block using the prediction mode index and the three intra prediction
modes of the MPM group if the mode group indicator does not indicate the MPM group;
determining a size of the prediction block based on transform size information; determining
whether all reference pixels of the current block are available; generating reference pixels if
one or more reference pixels of the current block are unavailable; adaptively filtering the
reference pixels based on the intra prediction mode and the size of the current block; and
generating the prediction block using the reference pixels based on the restored intra
prediction mode, wherein when only one of a left intra prediction mode and an above intra

prediction mode is available, the MPM group includes the available intra prediction mode and
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two additional intra prediction modes, and if the available intra prediction mode is one of two
non-directional intra prediction modes, the two additional intra prediction modes are the other
of the two non-directional intra prediction modes and a vertical mode, and if the available
intra prediction mode is one of directional intra prediction modes, the two additional intra
prediction modes are two non-directional intra prediction modes, and wherein if the mode
group indicator does not indicate the MPM group, the prediction mode restoring unit derives
the intra prediction mode of the current block by performing the ordered steps of: increasing a
value of the prediction mode index by one if the prediction mode index is equal to or greater
than a first intra prediction mode of the MPM group; increasing the value of the prediction
mode index by one if the prediction mode index is equal to or greater than a second intra
prediction mode of the MPM group; increasing the value of the prediction index if the
prediction mode index is equal to or greater than a third intra prediction mode of the MPM
group; and determining the value of the prediction mode index as the mode number of the

intra prediction mode of the current block.

A method according to some embodiments restores a differential quantization

parameter of a current coding unit, generates a quantization parameter predictor of the current
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coding unit using one or twc; duantization parameters of a left quantization parameter, an
aboveé quantization parameter and a previous quantization parameter, and generates a
quantization parameter of the current coding unit using the differential quantization parameter
and the quantization parameter predictor, wherein a minimum size of quantization unit is
adjusted per picture. Therefore, the complexity of the encoding and decoding apparatus is
reduced by adjusting the minimum size of the quantization unit. Also, coding efficiency is
improved by encoding the quantization parameter using plurality quantization parameters and

by signaling the minimum size of the quantization unit per picture.
[Description of Drawings]

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

embodiment of the present invention.

FIG. 2 is a conceptual diagram illustrating intra prediction modes according to

an embodiment of the present invention.

FIG. 3 is a flow chart illustrating a method of encoding quantization parameter

according to an embodiment of the present invention.

FIG. 4 is a block diagram of an image decoding apparatus according to an

embodiment of the present invention.

FIG. 5 is a flow chart illustrating a method of decoding quantization parameter

according to an embodiment of the present invention.

FIG. 6 is a flow chart illustrating a method of generating a prediction block in

intra prediction according to an embodiment of the present invention.

FIG. 7 is a flow chart illustrating a procedure of restoring intra prediction mode

according to an embodiment of the presént invention.
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FIG. 8 is a conceptual diagram illustrating positions of reference pixels of a

current block according to an embodiment of the present invention.

FIG. 9 is a block diagram illustrating an apparatus of generating a prediction

block in intra prediction according to an embodiment of the present invention.
5 [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

10 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.
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FIG. 1 is a bldck diagram of an image coding apparat\is.loo according to
an embodiment of the present invention.

Referring to FIG. 1, the image coding upparamleO according to the present
invention includes a picture division unit 101, a transform unit 103, a quantization
unit 104, a scanning unit 105, an eiltrop)f coding unit 106, an inverse quantization
unit 107, an inv;:isc transform, unit 108, a post-processing unit 110, a picture storing'
unit 111, an intra prediction unit 112, an inter prediction unit 113, a subtracter 102
and an adder 109, ' ’

“The picture division unit 101 divides a picture or a slice into a plurality of
largest coding units (LCUs), and divides each LCU into one or more coding wunits.
The picture division unit 101 determines prediction mode of each coding unit and a
size of prediction unit and a size of transform unit, ‘

An LCU includes one or moré coding units. The LCU has a recursive quad
free structure to specify a division structure, Information specifying the maximum
size and the minimum size of the coding unit is included in a sequence parameter set,

The division structure is speciﬁéd by one or more split coding unit flags

(split_cu_flags),  The coding unit has a size of 2Nx2N.,

A coding unit includes one or more prediction units, In intra prediction, the
size of the prediction unit is 2Nx2N or NxN. In inter prediétion, the size of the’
prediction unit is 2Nx2N, 2NxN, Nx2N or NxN. When the prediction unit is an
asymmetric partition in inter prediction, the size of the prediction unit .may also.be
one of hANX2N, (2-h)Nx2N, 2NxhN and 2Nx(2-h)N. The value of h is 1/2.

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
is specified by one or more split transform unit flags (split_tu_flags). Information
specifying the maximuo smc and the minimum size of the transform unit is included
in a sequence parameter set,

The intra prediction unit 112determines an intra prediction mode of a current
prediction unit and generates one or moreprediction blocksusing the intra prediction

mode., The’ prechcuon block has the same sue of the transform umt. The intra

vprcchct]on unit 112 generates reference pixels if there are unavallnblc reference

pixels of a current block, filters adaptively the reference pixels of the current block.
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according to the size of the current biock and thé intra prediction mode, and
generates a prediétion block of the current block, The current block has the same _
size of the prediction block, " .
. FIG. 2 isa conceptual diagram illustrating intra prediction modes according
. § toan embodiment of the present invention. As shown in FIG. 2, the number of intra prediction
modes is 35. The DC mode and the planar mode are non-directional intra prediction
modes and the others are directional intra prediction modes.
- The inter prediction unit 113 determines motion information of the current
prediction unit using one or more rcf'er:nce pictres stored-in the picture storing unit
10 111, aéld generates a prediction block of-the prediction unit, The motion.
information includes one or more reference picture indexes and cne or more motion
vectors. A ‘ ' B
' . The tmnsfc-)rm unit- 103 transforms residuall signals penerated using an
- original block and a prediction block to generate a transformed block, The residual
15 signafs are transformed in transform units. A transform type is determined by the
prediction mode and the size of the transform unit, The transform type is & DCT-
based integer transform or-a DST-based integer transform.
. The quantization unit 104 determines a quantization parameter for quantizing
the. transformed block, The quantization parameteris a quantization step size,
20 ‘The qhantization'pnramcter is determined .per quantization urit having a size of
~ coding unit equal to or larger than a reférence size. The reference size is e
minimum size of the quantization unit, If a size of the coding unit is 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 in the minimum
",'25‘ quaitization nit. Theminimum size of the quantization unit is one of allowable
sizes of the coding unit, .
.. The quantization unit 104 generates a quantization parameter predictor and
* ' generdtes a differential quantization parameter by subtracting the quantization
parameter predictor from the quantizationparameter, The differential quantization
80  parameter is encoded and transmitted to the decoder, If there are no residual signals-
.+ tobe transnﬁttéd.viitlﬁn'the coding unit, the differential quantization parameter of the
. coding nit may ot be transmitted, ' Co
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The quantization parameter predictbr is generated by using quantization
parameters of neighboring coding units and/or a quantization parameter of previous
coding unit. A .

In one example, the quantization unit 104 sequentially retrieves a left
quantization parameter, an above ‘quantization parameter and an above léft'
quantization parameter in this order, and generates the quantization parameter
predictor using one or two available quantization parameters. For example, an
average of the first two available qumtiﬁtion parameters retrieved in that order isset
asthe quantization parameter predictor when at least two quantization parameters are
available. When only one quantization parameter is available, the available.
quantization parameter is set as the quantization parameter predictor. The left
quantization.pammeter is a quantization parameter of a left neighboring coding unit.
The above quantization parameter is a quantization parameter of an abeve
neighboring coding unit. The above left quantization parameter is a quantization
parameter of an above left neighboring ‘coding unit,

In another example, the quantization unit 104 sequentially retrieves a left
quantization parameter, an above quantization parameter and a previous quantization
parameter in this order, and generates the quantization parameter predictor using one
or two available quantization parameters. An average of the first two available
quantization parameters retrieved in that order is set as the quantization parameter
predictor when at least two quantization parameters are available, When only one
quantization parameter is available, the available quantization parameter is set as the
quantization parameter predictor. That is, if both of the left quantization
parameterand the above quantization parameter are available, the average of the left
quantization parameter and the above quantization parameter is set as the
quantization'parameter predictor. If one of the left quantization parameter and the
above quantization parameter is available, the average of the available quantization
parameter and the previous quantization parameter is set as the quantization
parameter predictor. If both of the left quantization parameterand the above
quantization parameter are unavailable, the previous quantization parameter is set as
the quantization parameter predictor. The previous quantization parameter is a
quantization parameter of a previous coding unit in coding order, The average is
rounded off.
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The quantization unit 104 quantizes the transformed block using a
quantization matrix and the quantization parameter to generate a quantized block.
The quantized block is provided to the inverse quantization unit 107 and the scanning
unit 105,

The scanning unit 105 determines a scan pattern and applies the scan pattern
to the quantized block. When CABAC (Context adaptive binary arithmetic coding)
is used for entropy coding, the scan pattern is determined as follows.

In intra prediction, the distribution of the quantized transform coefficients
varies according to the intra prediction mode and the size of the transform unit.
Thus, the scan pattern is determined by the intra prediction mode and the size of the
transform unit. 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 coefficient levels, The scan
pattern is applied to the significant flags, coefficient signs and coefficient levels
respectively.

When the size of the transform unit is equal to or smalier than a first size, the
horizontal scan is selected for the vertical mode and a predetermined number of
neighboring intra prediction modes of the vertical mode, the vertical scan is selected
for the horizontal mode and the predetermined number of neighboring intra
predictdon modes of the horizontal mode, and the diagonal scan is selected for the
other intra prediction modes. The first size is 8x8.

‘When the size of the transform unit is larger than the first size, the diagonal
scan is selected for all intra prediction modes. -

In inter prediction, the diagonal scan is used.

When the size of the transform unit is larger than a second size, the quantized
block is divided into a plurality of subsets and scanned. The second size is 4x4.
The scan pattern for scanning the subsets is the same as the scan pattern for scanning
quantized transform coefficients of cach subset. The quantized transform
coefficients of each subset are scanned in the reverse direction. The subsets are also
scanned in the reverse direction.

Last non-zero position is encoded and transmitted to the decoder, The last
non-zero position specifies position of last non-zero quantized transform coefficient

within the transform unit, Non-zero subset flagsare determined and encoded. The
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non-zero subset flag indicates whether the subset contains non-zero coefficients or

not. The non-zero subset flag is not defined for a subset covering a DC coefficient
and a subset covering last non-zero coefficient,
“The gnveise quantization unit 107 inversely quantizes the quantized transform
coefficients of the quantized block. '
The inverse transform unit 108 inversely transforms the inverse qulantized
block to generate residual signels of the spatial domain.

The adder 109generates a reconstructed block by addmg the residual block

and the prediction block. .

The post-processing unit 110 performs a deblocking filtering process for
removing blocking artifact generated in a reconstructed picture.

The pmtum storing unit 111 receives post—proccsscd image from the post-
processing unit 110, and stofes the image in picture units, A picture may be a frame
or a field. _ )

The entropy coding unit 106 'entropy-codes the one-dimensional coefficient
information received from the scanning unit 105, intra prediction information
received from the intra prediction unit 112, ﬁwtion information received from the
inter prediction unit 113, and 5o on,

FIG. 3 is a flow chart illustrating a method ' of encoding: quantization

parameter according to an embodiment of the present invention.
A minimum size of the quantization unit is determined (5110)., The

minimum size of the quantization unit is equal to a size of LCU or a size of sub-

block of LCU. The minimum size of the quantization unit is determined per picture,

A quantization parameter is determined (8120). The quantization parameter

is determined per quantization unit. If the size of the ciutrent coding unit is equal to

‘or larger than the minimum size of the quantization unit, the current coding unit.

“becomes the quantization unit. If the minimum quantization unit includes plural

coding units, the quantization parameter is determined for the all the coding units

within the minimum quantization unit, )
Aquantizationparameter predictor is generated (S130), The quantization

parameter predictor is also determined per quantization unit, If the size of the

current coding unit is equaf to or larger than the minimum. size of the quantizau:on

CA 2989193 2017-12-18
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unit, the quantization parameterfor the current coding unit is generated, If the
minimum quantization unit includes a plurality of coding unit, the quantization
parameterpredictor for the first coding unit in coding order is determined and used
for the remaining coding units within the minimum quantization unit,

The quantization parameter is generated by using quantization parameters of
neighboring coding units and quantization parameter of previous coding unit.

In one example, a left guantization parameter, an above quantization
parameter and zm. above left quantization parameter are sequentially retrieved in this
order, and the quantization parameter predictor is generated using one or two
available quantization parameters. For example, an average of the first two
available quantizé.tion paraimneters retrieved in that order is set as the quantization
parameter predictor when at least two quantization parameters are available. When
only one quantization parameter is available, the available quantization parameter is
set as the quantization parameter predictor.  The left quantization parameter is a
quantization parameter of a left neighboring coding unit. The above quantization
parameter is a quantization parameter of an above neighboring coding unit. The
above left quantizaticn parameter is a quantization parameter of an above left
neighboring 'coding unit.

In another example, a left quantization parameter, an above quantization
parameter and a previous quantization parameter are sequentially retrieved in this
order, and the quantization parameter predictor is generated using one or two
available quantization parameters. An average of the first two available
quantization parameters retrieved in that order is set as the quantization parameter
predictor when at least two quantization parameters are available. When only one
quantization parameter is available, the available quantization parameter is set as the
quantization parameter predictor, That is, if both of the left quantization parameter
and the above quantization parameter are available, the average of the left
quantization parameter and the above quantization parameter is set as the
quantization parameter predictor. If one of the left quantization parameter and the
above quantization parameter is available, the average of the available quantization
parameter and the previous quantization parameter is set as the quantization
parameter predictor, If both of the left quantization parameter and the above

quantization parameter are unavailable, the previous quantization parameter is set as

CA 2989193 2017-12-18
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the quantxzatlon parameter predictor. Thc previous quantization pmmctcr is a
quantization parameter of a previous codmg unit in coding order. The average is
rounded off.

' A "differential quantizationparameter (dQF) is generated by using the .
5 quantization parameter of the current coding unit and the quantization paran;étcr
predictor of the current coding unit (5140).- '

‘ The differential quantization parameteris entropy-coded (§150). The dQP is
converted into an absoluté value of the dQP and a sign flag .indicting the sign of the
dQP. The absolute value. of the dQP is binarized as truncated unary. Then,the

10 * absolute value and the sign flag arearithmetically coded. If the absolute value is
zero, the sign flag does not exist. o ‘
- Meanwhile, the minimum size of the quantization unit is also signaled to a
decoding apparatus. '
Two steps are required to signal the minimum size of the quantization unit in
15  the current HM (HEVC Test Model) under construction, Firstly, it is determined ’
_ whether the qixantization parameter is adjusted per LCU or sub-block of LCU in -
sequence level, and if it is determined that the quantiiatfon parameter is adjusted per
sub-block of LCU in sequence level, then the minimum size of the quantization unit '
is - determined in  picture  level. . (A fist  parameter
20  (cu_gp_delta_enabled_flag)indicating whether the 'quant'ization parameter is adjusted
o per LCU or sub-block of LCU is included in the SPS (.sequcnce parameter set), If
the first parameter indicates that the quantization parameter is adjusted per sub-block
of LCU, a second parameter(max_cu_qp_delta-depth) is included in the PPS (picture
parameter set), The second parameter specifies the minimum size of the .
25'  quantization unit smaller than the size of LCU. Therefore, complexity of coding
process increases and two parameter, should be transmitted if the minimum size of
t'he quantization unit is used at least one picture, C
In the present embodiment, it is omitted to determine whether the minimum size
of the quantization unit is smaller than the size of LCU or not on sequence level.
30  That is, the minimum size of the quantization unit is determined for each picture.
Therefore, one parameter (for example, cu_qp_delta_enabled_mfo) may be used for
specifying the minimum size of the quantizatioﬁ unit, The parameter specifies

. * - . . . . . 0 . .
depth of the minimum quantization unit. The minimum size of the quantization unit

CA 2989193 2017-12-18
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may be equsl to a size of LCU or a size of sub-bloc];- of LCU. Accordingly, the
coding bits required for signaling the minimum size of the quantization unit
decreases an!d the complexity of coding process also decreases.

A predetermined quantization matrix and a user-defined quantization matrix ‘

5 may be nsed for qixantizing the transformed block. 'When one or more user-defined
quamizétion matrjces are used, the one or"more user-defined quantization matrices
" should be included in the SPS or PPS, To reduce signaling bits of the user-defined

' quantizhtion matrix, the coefficients of the user-defined quantization matrix are
cmied using DPCM (differential pulse code modulation). A diagonal scan is

“10  applied to the coefficients for DPCM., o
_When a size of the user-defined quantizatifm matrix is larger than a
predetermined size, the coefficients of the user-defined quentization matrix are
down-sampled to reduce the signaling bits and then coded using DPCM, The
predetermined size may be 8x8. For example, if the' size of the user-defined-

16 quantization matiix is 16x16, coefficients other than DC coefficient of the user-
defined quantization matrix are down-sampled using 4:1 down sampling, The DC

coefficient is signaled separately from the down sampled matrix.

FIG. 4 is a block diagram of an‘image decoding apparatus 200 ac;:ording to

20  an embodiment of the present invention.

- The image decoding apparatus 200 according to the present invention
includes an entropy decading unit 201, an inverse scanning unit 202, an inverse
quamiiation unit 203, an inverse transform unit 204, an adder-205, a post processing
unit 206, & pictire storing unit 207, an intra prediction unit 208 and an inter

25  prediction unit 209,

) The entropy decodingv‘unit 201 extracts the intra prediction information, the.
inter prediction information and.the one-dimensional coefficient information from a_
rcccivcﬂ bit stream, The entropy decoding uni.ti201 transmits the inter prediction
infommtion to the inter prediction unit 209, the intra prediction information to the

30  intra prediction unit 208 and the coefficient infoermation to the inverse scanning unit
202, '

The inverse scanning unit 202 uses an inverse scan pattern to generate two
dimensional quanﬁzcd block, Itis supposed that CABAC is used as entropy coding
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method. The inverse scan pattern is one of the diagonal scan, the vertical scan and
the horizontal scan.

In intra prediction, the inverse scan pattern is determined by the intra
prediction mode and the size of the transform unit, The inverse scan pattern is
selected among a diagonal scan, vertical scan and horizontal scan.  The selected
inverse scan pattern is applied to the significant flags, the coefficient signs and the
coefficient levels respectively generate the quantized block.

When the size of the transform unit i equal to or smaller than the first size,
the horizontal scan is selected for the vertical mode and a predetermined number of
neighboring intra prediction modes of the vertical mode, the vertical scan is selected
for the horizontal mode and the predetermined number of neighboring intra
prediction modes of the horizontal mode, and the diagonal scan is selected for the
other intra prediction modes. The first size is 8x8.

When the size of the transform unit is larger than the first size, the diagonal
scan is selected for all intra prediction modes.

In inter prediction, the diagonal scan is used.

When the size of the transform unit is larger than the second size, the
significant flags, the coefficient signs and the coefficient levels are inversely scanned
in the unit of the subset to generate subsets. And the subsets are inversely scanned
to gencrate the quantized block. The second size is 4x4.

The inverse scan pattern used for generating each subset is the same as the
inverse scan pattern used for generating the quantized block. The significant flags, -
the coefficient signs and the coefficient levels are scanned in the reverse direction.
The subsets ;n'e also scanned in the reverse direction,

The last non-zero position and the non-zero subset flags are received from the
encoder. The last non-zero position is used to determine the number of subsets to
be generated. The non-zerc subset flags are used to determine the subsets to be
generated by applying the inverse scan pattern., The subset covering the DC
coefficient and the subset covering the last non-zero coefficient are generated using
the inverse scan pattern because the non-zero subset flags for a subset covering a DC
coefficient and a subset covering last non-zero coefficient are not transmitted,

The inverse quantization unit 203 receives the differential quantization

parameter from the entropy decoding unit 201 and generates the quantization
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parameter predictor. The quantization parameter predictor is generated through the
same operation of the quantization unit 104 of FIG. 1. Then, the inverse
quantization unit 203 adds the differential quantization parameter and the
quantizatiqn parameter predictor to generate the quantization parameter of the
current coding unit. If the current coding unit is equal to or larger than the
minimum quantization unit and the differential quantization parameter for the current
coding unit is not received from the encoder, the differential quantization parameter
issetto 0,
The inverse quantization unit 203 inversely quantizes the quantized block.
The inverse transform unit 204 inversely transforms the inverse-quantized
block to restore a residual block. The inverse transform type is adaptively
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.

The intra prediction unit 208 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 size of the
prediction block is the same as that of the transform unit. The intra prediction unit
208 generates reference pixels if there are unavailable reference pixels of a current
block, and filters adaptively the reference pixels of the current block according to the
size of the current block and the intra prediction mode, The size of the current
block is the same as that of the transform unit.

The inter prediction unit 209 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 206 operates the same as the post-processing unit
110 of FIG. 1.

The picture storing unit 207 receives post-processed image from the post-
processing unit 206, and stores the image in picture units. A picture may be a frame
or a field.

The adder 205 adds the restored residual block and a prediction block to

generate a reconstructed block,
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FIC. 5 is a flow chart illustrating a method of decoding quantization
parameter according to an embodiment of the present invention.

Thc‘ minimmum size of the quantization unit is derived (S210), The parameter
'(cu_Z;-p_delta_enal.)led_info) specifying.ttm depth of the minimum quantization unit is
extracted from PPS. The minimum size of the quantization unit is derivedper.
picture as follows:

Log2(MinQUSize) = LogZ(Mm:CUéize) ~cu_gp_delta_enabled_info

~The MinQUSize is the minimum size of the quantization wnit. The
MaxCUSize.is the size of LCU. )

Thedifferential quantization parameter (dQP) of the current coding unit is
restored (S220). The dQP is restored per quantization unit. For example, if the
.size of the current coding unit is equal to or larger than the minimum size of the
quantization unit, the dQP is res_;ored for the current coding unit. If the current
coding unit does not contain an encoded dQP, the dQP is sct to zero. If the
guantization unit includes plural coding units, & first coding unit containing at least
one nen-zero coefficient in the decoding order contains the encoded dQP. ‘

The encoded dQP is arithmetically decoded to generate an absolute value of
the dQP-and a sign flag indicting the sign of the dQP. The absolute value of the
dQP is bin string binarized as truncated unary, Then, the dQP is restored from tlic'
bin string of the absolute value and the sign ﬂag.If the absolute value is zero, the sign
flag does not exist. . ’

The quantization parameter predictor of the current coding unit is generated
(S230), The quantization parameter predictor is generated using the same operation
of step 130 of FIG. 3. If a quantization unit includes plural coding units, the

-quantization parameter predictor of the first coding unit in the decoding order is.

generated, and the generated quantizationparameter predictor is used for all the
coding units within the quantization unit. ’

The quantization parameter is generated using the dQP and the quantization
pa;ameter predictor (8240).- .

‘ Meanwhile, the user-defined qhantization.matriccs ere also restored. A set
of the user-defined quantization matrices is received from the encoding apparatus
through-the SPS or the PPS. The user-defined q{lanﬁzaﬁon matrix is restored using’
inverse DPCM. The diagonal scan is used for the DPCM. When the size of the
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user-defined- quantization matrix is larger than 8x8, the user—def'medﬁuantization '
matrix is restored by up—smhpling the coefficients of the received 8x8 quantization
matrix. The DC coefficient -of the user-defined quantization matrix is extracted
from the SPS or the PPS. For example, if the size of the user-defined quantization
5  matrix is 16x16, coefficients of the received 8x8 quantization matrix are up-sampled

using 1:4up-sampling,

FIG. 6 is a flow chart llustrating a method of generating a prediction block in
intra prediction according to an embodiment of the present invention; '
10 Intra prediction information of the current prediction unit is entropy-decoded
(S310). .
" The intra prediction information includes a mode group indicator and a
prediction mode index, The mode group indicator is a flag indicating whether the
intra prediction mode of the current prediction unit belongs to a most probable mode
15  group (MPM group). If the flag is 1, the intra prediction unit of the current.
prediction unit belongs to the MPM proup. If the flag is 0, the intra prediction unit
of the current prediction unit belongs to a residual mode group. 'fhe residual mode
group includes all intra prediction modes other than the intra prediction modes
belonging to the MPM group. The prediction mode index specifies the intra
'20 prediction mode of the current prediction unit within the group specified by the mode
group indicator. .
The intra prediction mode of the current prediction unit is derived using the’
intra prediction information (S320).
‘ FIG. 7 is a flow chart illustrating a procedure of deriving intra prediction
25  mode according to an embodiment of the present invention. The intra prediction mode of
the current prediction unit is restored using the following ordered steps.

The MPM group is constructed using intra prediction modes of the
neighboring prediction units (S321).  The intra prediction modes of the MPM
group are adaptively determined by a left intra prediction mode and an above intra

30 prediction £110de. The Jeft intra prediction mode is the intra prlcdiction mode of the
left neighboring prediction unit, and the above intra prediction mode is the intra
prediction mode of the above neighboring predict.ion unit. The MPM group is

comprised of three intra prediction modes,
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If the left or above neighboring prediction unit does not exist, the intra
prediction mode of the left or above neighboring unit is 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
above neighboring unit is located within other slice or other tile, the intra prediction
mode of the left or above neighboring unit is set as unavailable,  If the left or
above neighboring unit is inter-coded, the intra prediction mode of the left or above
neighboring unit is set as unavailable. If the above neighboring unit is located
within other LCU, the intra prediction mode of the left or above neighboring unit is
set as unavailable.

When both of the left intra prediction mode and the above intra prediction
modeare 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 made is added to the MPM group. Index 0 is assigned to one intra
prediction mode of small mode number and index 1 is assigned to the other. Or
index 0 is assigned to the left intra prediction mode and index 1 is assigned to the
above intra prediction mode. The added intra prediction mode is determined by
the left and above intra prediction modes as follows.

If one of the left and above intra prediction modes is a non-directional mode
and the other is a directional mode, the other non-directional mode is added to the
MPM group. For example, if the cne of the left and above intra prediction modes
is the DC mode, the planar mode is added to the MPM group, If the one of the left
and above intra prediction modes is the planar mode, the DC mode is added to the
MPM group. If both of the left and above intra prediction modes are non-
directional modes, the vertical mode is added to the MPM group. If both of the
left and above intra prediction modes are directional modes, the DC mode or the
planar mode is added to the MPM group,

When only one of the left intra prediction mode and the above intra
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.
The added two intra prediction modes are determined by the available intra

prediction modes as follows.
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If the available intra predic.tion mode is a non-directional mode, the other
non-directional mode and the vertical mode are added to the. MPM group. For
example, if the available intra prediction mode is the DC mode, the planar mode
and the vertical mode are added to the MPM group. If the available intra
prediction mode is the planar mode, the DC mode and the vertical mode are added
to the MPM group. If the available intra prediction mode is a directional mode,
two non-directional modes (DC mode and planar mode) are added to the MPM
group,

When both of the left intra prediction mode and the above intra prediction
modeare available and are same each other, the available intra prediction mode is
included in the MPM group and two additional intra prediction modes are added to
the MPM group. The added two intra prediction modes are determined by the
available intra prediction modes as follows.

If the available intra prediction mode is a directional mode, two neighboring
directional ;110des are added to the MPM group. For example, if the available intra
prediction mode is the mode 23, the left neighboring mode (mode 1) and the right
neighbering mode (mode 13) are added to the MPM group. If the available intra
prediction mode is the mode 30, the two neighboring modes (mode 2 and mode 16)
are added to the MPM group, If the available intra prediction mode is a non-
directional mode, the other non-directional mode and the vertical mode are added to
the MPM group. For example, if the available intra prediction mode is the DC mode,
the planar mode and the vertical mode are added to the MPM group,

‘When both of the left intra prediction mode and the above intra prediction
modeare unavailable, three additional intra prediction modes are added to the MPM
group. The three intra prediction modes are the DC mode, the planar mode and
the vertical mode. Indexes 0, 1 and 2 are assigned to the three intra prediction
modes in the order of the DC mode, the planar mode and the vertical mode or in the
order of the planar mode, the DC mode and the vertical mode,

It is determined whether the mode group indicator indicates the MPM group
(8322).

If the mode group indicator indicates the MPM group, the intra prediction of
the MPM group specified by the prediction mode index is set as the intra prediction
mode of the current prediction unit ($323).

CA 2989193 2017-12-18



—~—

10

15

20

25

30

WO 2013/064095 PCT/CN2012/083978

18
If the mode group indicator does not indicate the MPM group, the intra
prediction of the residual mode group specified by the prediction mode index is set
as the intra prediction mode of the current prediction unit (§324). The intra
prediction mode of the current unit is derived using the. prediction mode index and
the intra prediction modes of the MPM group as the following ordered steps.

Among the three intra prediction modes of the MPM group, the intra
prediction mode with lowest mode number is set to a first candidate, the intra
prediction mode with middle mode number is set to a second candidate, and the intra
prediction mode with highest mode number is set to a third candidate.

1) The prediction mode index is compared with the first candidate, If the
prediction mode index is equal to or greater than the first candidate of the MPM
group, the value of the prediction mode index is increased by one. Otherwise, the
value of the prediction mode index is maintained, .

2) The prediction mode index is compared with the second candidate. If the
prediction mode index is equal to or greater than the second candidate of the MPM
group, the value of the prediction mode index is increased by one. Otherwise, the
value of the prediction mode index is maintained,

3) The prediction mode index is compared with the third candidate. If the
prediction mode index is equal to or greater than the third candidate of the MPM
group, the value of the prediction mode index is increased by one. Otherwise, the
value of the prediction mode index is maintained,

4) The value of the final prediction mode index is set as the mode number of

the intra prediction mode of the current prediction unit,

A size of the prediction block is determined based on the transform size
information specifying the size of the transform unit (§330).  The transform size
information may be one or more split_transform_flags specifying the size of the
transform unit.

If the size of the transform unit is equal to the size of the current prediction
unit, the size of the prediction block is equal to the size of the current prediction unit.

If the sizeof the transform unmit is smaller than the size of the current
prediction unit, the size of the prediction block is equal to the size of the transform

unit.  In this case, a process of generating a reconstructed block is performed on
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each sub-block of the current prediction unit. That is, a prediction block and a
residual block of a current sub-block are gencratcd and a reconstructed block of each
sub-block is 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 in
6§ decoding order are generated, The restored intra prediction mode is 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, it is possible to generate a prediction block which is more similar to the
ox:iginal sub-block,

‘ 10 Next, it is determined whether all rcferenpe pixels of the cumrent block are
available, and reference pixels are generated if one or more reference pixels are
unavailable (S340), The current block is the. current prediction unit or the current
sub-block. The size of the current block is the size of the transform unit. i

FIG. 8 is a conceptual diaéram illustrated the positions of reference pixels of the

‘1 5  current block according to an embodiment of the present invention. As shown in FIG. 8, the
referénce 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-, =0, ..., 2M-1) and a
comner pixel located at (x=-1, y=-1). N is the width of the current block and M is the
height of the current block. '

20 If reconstructed pixels do not exist at comesponding positions .or'
reconstructed pixels are located within another slice, the reference pixels are set as
unavailable. In constrained intra prediction mode (CIP mode), the reconstructed
pixels of inter mode are also set as tavaleble. -

If one or more reference pixels are unavailable, one or more reference pixels

25  are penerated for the one or more unavailable reference pixels as follows.

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

If available reference pixels are located at only one side of the unavailable

30 reference pixe], the value of the reference pixel nearest to the unavailable pixel is
substituted for the unavailable reference pixel.

If available reference pixels are located at both sides of the unavailable

" reference pixel, the average value of the referénce pix‘els nearest to the unavailable-
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pixel in each side or the value of the reference pixel nearest to the unavailable pixel
in a predetermined direction is substituted for each unavailable reference pixel.

Next, the reference pixels are adaptively filtered based on the intra prediction
mode and the size of the current block (S350), The size of the current block is the
size of the transform 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 block is 4x4, the reference pixels are not filtered in
all intra 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 is one of 0~7 and decreases as the
size of the current block increases.

Nextz a prediction block of the current block is generated using the reference
pixels according to the restored intra prediction mede (S360).

In the DC mode, the prediction pixel of the prediction block which is not
adjacent to the reference pixel is 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 prediction pixel adjacent to the reference pixel is generated using the average
value and one or two adjacent reference pixels.

In the vertical mode, the prediction pixels which are not adjacent to the left
reference pixel are generated by copying the value of the vertical reference pixel.
The prediction pixels which are adjacent to the left reference pixel are generated by
the vertical reference pixel and variance between the corner pixel and the left
neighboring pixel,

In the horizontal mode, the prediction pixels are generated using the same

method.
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FIG. 9 is a block diagram illnstrating an apparatus of generating a prediction
block in intra prediction according to an embodiment of the present invention.

The apparatus 300 according to the present invention includes a parsing unit
310, a prediction mode decoding unit 320, a prediction size determining unit 330,
reference availability checkin.g unit 340, a reference pixel generating unit 350, a
reference pixel filtering unit 360 and a prediction block generating unit 370.

The parsing unit 310 restores the i;ltra prediction information of the current
prediction unit from the bit stream.

The intra prediction information includes the mode group indicator and a
prediction mode iridex. The mode group indicator is a flag indicating whether thc'
intra prediction mode of the current pgedicﬁon 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 0, the intra prediction unit
of the current prediction unit belongs to a residual mode group., The residual mode
group includes all intra prediction modes .other than the intra prediction modes
belonging to the MPM group. The prediction mode index specifies the intra.
prediction mode of the current prediction unit within the group specified by the mode
group indicator, '

The prediction mode decoding unit 320 includes a MPM group constructing

- unit 321 and a prediction mode restoring unit 322,

The MPM group constructing unit 321 constructs -the MPM group of the
current prediction vnit.  The MPM group is constructed using intra predictionmodes
of the neighboring predietion units.  The intra prediction modes of the MPM group :

‘are adaptively determined by a left intra prediction mode and an above intra

prediction mode. The left intra prediction mode is the inﬁa prediction modé 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
comprised of three intra prediction modes.

" -The MPM group constructing unit 321 checks the availability of the left intra
prediction mode and the above‘ intra prediction mode. If the left or above
neighboring prediction unit does not exist, the infra prediction mode of the left or
above .ncighbon'ng unit is set as unavailable, For example,i-if the current prediction

unit is located at the left or upper boundary of a picture, the left or above
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neighboring prediction unit does not exist, If the left or above neighboring unit is
located within other slice or other tile, the intra prcdicti_én mode of the left or above
ncighbéring unit is set as unavailable. If the left or above neighboring unit is
inter-coded, the intra prediction mode of the left or above neighboring unit is set as
unavailable, If the above neighboring wmit is located within other LCU, the intra
prediction mode of the left or above neighboring unit is set as unavailable,

The MPM émup constructing unit 321 constructs the MPM group as follows.

When both of the left intra prediction mode and the above intra prediction
modeare 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 is added to the MPM group. Index 0 is assigned to one intra
prediction mode of small mode number and.index 1 is assigned to the other. Or
index 0 is assignéd to the left intra'prcdiction mode and index 1 is assigned to the
above intra prediction mode. The added intra prediction mode is determined by
the left and above intra prediction modes as follows.

If one of the left and above intra predicfion modes is a non-directional mode

and the other is a directional mode, the other non-directional mode is added to the

"MPM group. For example, if the one of the left and above intra prediction modes

is the DC mode, the planar mode is added to the MPM group. If the one of the left
and abéve intra prediction n{odes is the planar mode, the DC mode is added to the
MPM group. If both of the left and above intra prediction modes are non- .
dh'ecti(;hal modes, the vertical mode is added to ﬂ;c MPM group. If both of the
left and above intra prcdictior‘x modes are directional modes, the DC mode og the
planar mode is added to the MPM group.

When only’ one of the left intra prediction mode and the above intra
prediction mode,is.. available, the available intra prediction mode is included in the
MPM group and two additional intra prediction modes are added to the MPM group.
The added two intra prcdictidn modes are determined by the available intra
prediction modes as follows. -

If the avaﬂ;ble ix}tr'a prediction mode is a non-directional mode, the other
non-directional mode and the vertical mode are added to the MPM group. For
example, if the a\}ailable intra prediction mode is the DC mode, the planar mode

and the vertical mode are added to the MPM group. If the available intra
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prediction mode is the planar mode, the DC mode and the vertical mede are added
to the MPM group. If the available intra prediction mode is a directional mode,
two non-directional modes (DC mode and planar mode) are added to the MPM
group.

When both of the left intra prediction mode and the above intra prediction
modeare available and are same each other, the available intra prediction mode is
included in the MPM group and two additional intra prediction modes are added to
the MPM group, The added two intra prediction modes are determined by the
available intra prediction modes as follows.

If the available intra prediction mode is a directional mode, two neighboring
directional modes are added to the MPM group. For example, if the available intra
prediction mode is the mode 23, the left neighboring mode (mode 1) and the right
neighboring mode (mode 13) are added to the MPM group. If the available intra
prediction mode is the mode 30, the two neighboring modes (mode 2 and mode 16)
are added to the MPM group. If the available intra prediction mode is a non-
directional mode, the other non-directional mode and the vertical mode are added to
the MPM group. For example, if the available intra prediction mode is the DC mode,
the planar mode and the vertical mode are added to the MPM group.

When both of the left intra prediction mode and the above intra prediction
modeare unavailable, three additional intra prediction modes are added to the MPM
group. The three intra prediction modes are the DC mode, the planar mode and
the vertical mode. Indexes 0, 1 and 2 are assigned to the three intra prediction
modes in the order of the DC mode, the planar mode and the vertical mode or in the
order of the planar mode, the DC mode and the vertical mode.

The prediction mode restoring unit 322 derives the intra prediction mode of

the current prediction unit using the mode group indicator and the prediction mode

index as follows.

The prediction mode restoring unit 322 determines whether the mode group
indicator indicates the MPM group.

If the mode group indicator indicates the MPM group, the prediction mode
restoring unit 322 determines the intra prediction of the MPM group specified by

the prediction mode index as the intra prediction mode of the current prediction unit,
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If the mode group indicator does not indicate the MPM group, the prediction
mode restoring unit 322 determines the intra prediction of the residual mode group
specified by the prediction mode index as the intra prediction mede of the current
prediction unit,  The intra prediction mode of the current unit is derived using the
prediction mode index and the intra prediction modes of the MPM group as the
following ordered steps.

Among the three intra prediction modes of the MPM group, the intra
prediction mode with lowest mode number is set to a first candidate, the intra
prediction mode with middle mode number is set to a second candidate, and the intra
prediction mode with highest mode number is set to a third candidate.

1) The prediction mode index is compared with the first candidate. If the
prediction mode index is equal to or greater than the first candidate of the MPM
group, the value of the prediction mode index is increased by one, Otherwise, the
value of the prediction mode index is maintained.

2) The prediction mode index is compared with the second candidate. If the
prediction mode index is equal to or greater than the second candidate of the MPM
group, the value of the prediction mode index is increased by one, Otherwise, the
value of the prediction mode index is maintained,

3) The prediction mode index is compared with the third candidate, If the
prediction mode index is equal to or greater than the third candidate of the MPM
group, the value of the prediction mode index is increased by one. Otherwise, the
value of the prediction mode index is maintained,

4) The value of the final prediction mode index is set as the mode number of
the intra prediction mode of the current prediction unit,

The prediction size determining unit 330 determines the size of the prediction
block based on the transform size information specifying the size of the transform
unit.  The transform size information may be one or moresplit_transform_flags
specifying the size of the transform unit,

If the size of the transform unit is equal to the size of the current prediction
unit, the size of the prediction block is equal to the size of the current prediction unit.

If the sizeof the transform unit is smaller than the size of the current
prediction unit, the size of the prediction block is equal to the size of the transform

unit,  In this case, a process of generating a reconstructed block is performed on
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each sub-block of the current prediction unit. That is, a prediction block and 2
residual block of a current sub-block are generated and a reconstructed Block of each
sub-block is 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 in
decoding order are generated. The restored intra prediction mode is used to
generate all brediction 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, it is possible to generate a prediction block which is more similar to the
original sub-block.

The reference pixel availability checking unit 340 determines whether all
reference pixels of the current block are available, The current block is the cuirent
prediction unit or the current sub-block. The size of the current block is the size of
the transform unit.

The reference pixel generating unit 350 generates refercnce pixels if one or
more reference pixels of the current block 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 is the number of bits used to
represent luminance pixel value,

If 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 reference pixel.

If available reference pixels are located at both sides of the unavailable
reference pixel, the average valve of the reference pixels nearest to the unavailable
pixel in each side or the value of the reference pixel nearest to the unavailable pixel
in a predetermined direction is substituted for each unavailable reference pixel.

The reference pixel filtering unit 360 adaptively filters the seference pixels
based on the intra prediction mode and the size of the current block.

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 block is 4x4, the reference pixels are not filtered in

all intra prediction modes. For the size 8x8, 16x16 and 32x32, the number of intra
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prediction mode where the reference pixels are filtered increases as the size of the
current block becomes largér. 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 nﬁrﬁber of heighboring intra prediction mode of the
horizontal mode. *The predetermined nufiber is one of 0~7 and decreases as the
size of the current block increases. ‘

The prediction block gener;iting unit 370 generates a prediction block of the
current blocic using the reference pixels according to the restored intra prediction
mode. ' '

In the DC mede, the prediction pixel of the prediction block which is not
adjacent to the reference pixel is 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 prediction pixel adjacent to the reference pixel is generated using the average
value and one or two adjacent reference pixels.

In the vertical mode, the prediction pixels which are not adjacent to the left
reference pixel are generated by copying the value of the vertical reference pixel.
The prediction pixels whicﬁ are adjacent to the left reference pixel are generated by
the' vertical reference pixel and vadance between the corner pixel and the left
netghboring pixel. , '

In the horizontal mode, the prediction pixels are generated using the same
method. A

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 ds defined by the appqnded claims,
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CLAIMS:

1. A method for generating a prediction block in intra prediction, the method

comprising: restoring a mode group indicator and a prediction mode index;

constructing a most probable mode (MPM) group including three intra prediction

modes of a current block;

determining an intra prediction mode specified by an intra prediction mode index
in the MPM group as the intra prediction mode of the current block if the mode group
indicator indicates the MPM group, and deriving the intra prediction mode of the current
block using the prediction mode index and the three intra prediction modes of the MPM

group if the mode group indicator does not indicate the MPM group;

determining a size of the prediction block based on transform size information;

determining whether all reference pixels of the current block are available;

generating reference pixels if one or more reference pixels of the current block are

unavailable;

adaptively filtering the reference pixels based on the intra prediction mode and the

size of the current block; and

generating the prediction block using the reference pixels based on the intra

prediction mode of the current block,

wherein when only one of a left intra prediction mode and an above intra
prediction mode is available, the MPM group includes the available intra prediction mode
and two additional intra prediction modes, and if the available intra prediction mode is
one of two non- directional intra prediction modes, the two additional intra prediction
modes are the other of the two non-directional intra prediction modes and a vertical
mode, and if the available intra prediction mode is one of directional intra prediction
modes, the two additional intra prediction modes are two non-directional intra prediction

modes, and
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wherein if the mode group indicator does not indicate the MPM group, the intra

prediction mode of the current block is derived by performing the ordered steps of:

increasing a value of the prediction mode index by one if the prediction

mode index is equal to or greater than a first intra prediction mode of the MPM
group;

increasing the value of the prediction mode index by one if the prediction
mode index is equal to or greater than a second intra prediction mode of the MPM
group;

increasing the value of the prediction index by one if the prediction mode

index is equal to or greater than a third intra prediction mode of the MPM group;

and

determining the value of the prediction mode index as a mode number of

the intra prediction mode of the current block,

wherein the first intra prediction mode is an intra prediction mode having a lowest
mode number, the second intra prediction mode is an intra prediction mode having a
middle mode number and the third intra prediction mode is an intra prediction mode

having a highest mode number.

2. The method of claim 1, wherein the three intra prediction modes are reordered in
the order of mode number to determine the first intra prediction mode, the second intra

prediction mode and the third intra prediction mode.

3. The method of claim 1, wherein when the left intra prediction mode is equal to the
above intra prediction mode and the left intra prediction mode is a non-directional intra
prediction mode, the MPM group includes the two non-directional intra prediction modes

and a vertical mode.
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4, The method of claim 1, wherein the two non-directional intra prediction modes

are a DC mode and a planar mode.

3. The method of claim 1, wherein if the size of the current block is 4x4, the
reference pixels are not filtered, and if the size of the current block is larger than 4x4, the
number of the intra prediction mode where the reference pixels are filtered increases as

the size of the current block becomes larger.

6. The method of claim 1, wherein in the vertical mode, the prediction pixels of the
prediction block which are adjacent to the left reference pixels are generated by using a
vertical reference pixel and a variance between a corner pixel and a left neighboring

pixel.
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