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Provided Is a method that derives an Intra prediction mode of a prediction unit, determines a size of a current block using transform
size Information, generates a prediction block of the current block according to the intra prediction mode, generating a residual
block of the current block according to the intra prediction mode and generating a reconstructed block of the current block using
the prediction block and the residual block. The sizes of the prediction block and the residual block are set equal to a size of a
transform unit. Therefore, the distance of intra prediction becomes short, and the amount of coding bits of residual block is reduced
by generating a prediction block very similar to original block. Also, the signaling bits required to signal Intra prediction mode
decrease by generating MPM group adaptively according to the neighboring intra prediction modes.
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ABSTRACT

Provided is a method that derives an intra prediction mode of a prediction unit,
determines a size of a current block using transform size information, generates a prediction
block of the current block according to the intra prediction mode, generating a residual block

of the current block according to the intra prediction mode and generating a reconstructed
block of the current block using the prediction block and the residual block. The sizes of the
prediction block and the residual block are set equal to a size of a transform unit. Therefore,
the distance of intra prediction becomes short, and the amount of coding bits of residlial block
is reduced by generating a prediction block very similar to original block. Also, the signaling
bits required to signal intra prediction mode decrease by generating MPM group adaptively

according to the neighboring intra prediction modes.
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[DESCRIPTION]
METHOD OF GENERATING RECONSTRUCTED BLOCK
'Ihé following is a divisional of CA 2,849,028, which was ‘_ﬁled on November 2, 2012.
[Techm'cal Field]

The present invention relates tb a mt::thod and an ﬁpparatus of 'dccoding'an
' image, and more particularly, to a method and apparatus of adaptively generating a
prediction biock and residual block having equal size to a transform unit according to
- anintra prcdictibn médc. | |
[Background Art]
10 o |
) In H.264/MPEG-4 AVC, one ﬁicture is divided into macroblocks to encode
~an image, the re'speciive’ -macroblocks are encoded by generating a prediction blbck
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
15 transformed block is-quantized using a quantization paraméter and one of a plurality
" of predetermined quantization matrices. The quantized coefficient of the quantized
block arc scanned by a predétexmined scan type and then entropy-coded. The
quantization. paraméteris adjusted per macroblock and encoded uémg a previous
" quantization parémefer. .
20 Meanwhile, techniques using various size of coding unit are introduced to
improve the codin g efficiency, Techniques increasing a humber of intra prediction
. modes are ‘,also introduces to generate a prediction block more simjlaf to an original
block. | '
But, if the number of intra prediction modes ihcrea'ses,imeamount of coding
25 bits required: for. signaling the intra prediction mode becomes larger. Also, if the
size of the coding unit is larger, the difference betwcen. an original block and a
- prediction biock prediction block 1s greater; | |
Accordihgly;_more effective method is required to signal the intra prcdiCtion

" mode. More effective method is also required to minimize the difference between
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the original block and the prediction block and to minimize the coding bits of residual block.

[ Disclosure]

The present invention is directed to a method of deriving an intra prediction
mode of a prediction unit, determining a size of a current block using transform size
information, generating a prediction block and a residual block of the current block according
to the ntra prediction mode and generating a reconstructed block of the current block using
the prediction block and the residual block.

According to one aspect of the present invention, there is provided a method of
deriving an intra prediction mode for a current prediction unit by a decoding apparatus, the
method comprising: entropy decoding, by the decoding apparatus, a mode group indicator and
a prediction mode index from a received bit stream; constructing, by the decoding apparatus, a
most probable mode (MPM) group using intra prediction modes of a left block and an above
block, wherein the MPM group includes three intra prediction modes; determining, by the
decoding apparatus, whether the mode group indicator indicates the MPM group; determining,
by the decoding apparatus, an intra prediction mode specified by the prediction mode index
among the three intra prediction modes in the MPM group as the intra prediction mode of the
current prediction unit when the mode group indicator indicates the MPM group; and
deriving, by the decoding apparatus, the intra prediction mode of the current prediction unit
using the prediction mode index and the three intra prediction modes in the MPM group when
the mode group indicator does not indicate the MPM group, wherein the MPM group includes
two non-directional modcs and vertical mode when only one of the intra prediction modes of
the left and the above blocks 1s available and the available intra prediction mode is one of the
two non-directional modes, and wherein, when only one of the intra prediction modes of the
left and the above blocks is available and the available intra prediction mode is one of
directional modes, the MPM group includes two non-directional modes and the available intra
prediction mode.

Another aspect provides a method of generating a reconstructed block,
comprising: deriving an intra prediction mode of a prediction unit, determining a size of a
current block using transform size information, generating a prediction block of the current

block according to the intra prediction mode, generating a residual block of the current block

2



10

15

20

CA 02913566 2015-11-27

55928-4D2

according to the intra prediction mode and generating a reconstructed block of the current

block using the prediction block and the residual block.

A method according to the present invention derives an intra prediction mode
of a prediction unit, determines a size of a current block using transform size information,
generates a prediction block of the current block according to the intra prediction mode,
generates a residual block of the current block acbordin”g to the intra prediction mode and
generates a reconstructed block of the current block using the prediction bldck and the
residual block. In some embodiments, the sizes of the prediction block and the residual block
are set equal to a size of a transform unit. Therefore, the distance of intra p‘rediction becomes
short, and the amount of coding bits of the residual block is reduced by generating a
prediction block very similar to original block. Also, in some embodiments, the signaling bits
required to signal intra prediction mode decrease by generating MPM group adaptively

according to the neighboring intra prediction modes.
[ 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 block diagram of an image decoding apparatus according to an

embodiment of the present invention.

FIG. 3 is a flow chart illustrating a procedure of generating a reconstructed

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

FIG. 4 is a flow chart illustrating a procedure of deriving an intra prediction

mode of a current prediction unit according to an embodiment of the present invention.

FIG. 5 is a conceptual diagram illustrating intra prediction modes according to

an embodiment of the present invention.
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FIG. 6 is a flow chart illustrating a procedure of generating a prediction block

according to an embodiment of the present invention.

FIG. 7 1s a conceptual diagram illustrating poSitions of reference pixels of a

current block according to an embodiment of the present invention.

FIG. 8 is a flow chart illustrating a procedure of generating a residual block

according to an embodiment of the present invention.

FIG. 9 is a flow chart illustrating a procedure of deriving quantization

parameter according to an embodiment of the present invention.

FIG. 10 is a block diagram 1llustrating an apparatus of generating a

reconstructed block according to an embodiment of the present invention.
[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

3a
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- of the present invention are possible, and it is to be understood that within the scope

' of the disclosed concept, the prcsent invention may be practiced otherwise than as

O

has been spemﬁcally described.

FIG. 1is a block diagram of an image coding apparatus 100 according to an
embodlment of the present mvenhon _' '
Referring to- FIG. 1, the image “coding apparatus 100 accordmg to an

* embodiment of the present invention includes a picture dmswn unit 101, a transform

- unit 103, a quantization unit 104, a scanning unit 105, an entropy coding unit 106 an

10

INVErse quantlzatlon unit 107, an inverse transform unit 108, a post-processing

 unit 110, a picture storing unit 111, an intra prediction unit 112, an inter prediction

| umt 1 13 a subtracter 102 and an adder 109.

The plcture division unit 101 divides a p1cture or a slice into a plurality of

.- largest coding units (LCUs), and d1V1des each LCU into one or more coding units.

15

The picture division unit 101 determines prcd1ct10n mode of each coding unit and a

~ size of prediction unit and a size of transform unit.

An LCU mcludes one or more codin; g units. The LCU has a recursive quad

 tree structure to spec1fy a division structure. Information spcmfymo the maximum

-§1ze and the minimum size of the coding unit is included in a sequence parameter set.

20"

- The division structure 1s . specified by one or more split coding unit flags

" (split_cu_flags). The coding unit has a size of 2ZNx2N.

A coding unit'includes one or more prediction units. In'intra prediction, the

size of the prcdlcuon unit is 2Nx2N or NxN In inter prediction, the size of the
- prediction unit is 2Nx2N, 2NxN, Nx2N or NxN. When._the prediction unit is an

29

asymmetric part_1t1on in inter prediction, the size of the prediction unit may also be

““one of hNx2N, (2-h)Nx2N, 2NxhN and 2Nx(2-h)N. * The value of his 1/2.

A coding unit includes one or more transform units. The transform unit has

.a recursive quacl tree structure to spemfy a division structure. The d1v181on structure

" is spec1ﬁcd by one or more split transform unit flags (spht tu_flags). Information

30

spec1fy1ng the maximym size and the minimum size of the transform unit is included -

| m a sequence parameter set.
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The intra prediction unit 112 determines an intra prediction mode of a current
prediction unit and generates a prediction block using the intra prediction mode.
The prediction block has the same size of the transform unit.

The inter prediction unit 113 determines motion information of the current
prediction unit using one or more reference pictures stored in the picture storing unit
111, and generates a prediction block of the prediction unit. The motion
information includes one or more reference picture indexes and one or more motion
vectors.

The transtform unit 103 transforms residual signals generated using an
original block and a prediction block to generate a transformed block. The residual
signals are transformed in fransform units. A transform type is determined by the
prediction mode and the size of the transform unit. The transform type is a DCT-
based integer transform or a DST-based integer transform. For example, inter
prediction, DCT-based integer transforms are used. In intra prediction mode, if the
size of the transform unit is smaller than a predetermined size, the DST-based integer
transforms are used, otherwise the DCT-based integer transforms are used.

The quantization unit 104 determines a quantization parameter for quantizing
the transformed block. The quantization parameter is a quantization step size.
The quantization parameter is determined per quantization unit. The size of the
quantization unit is one of allowable sizes of coding 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
a quantization unit. Theminimum size of the quantization unit is deterﬁﬂncd per
picture and informationspecifying the minimum size of the quantization unit is
included in a picture parameter set.

The quantization unit 104 generates a quantization parameter predictor and
generates a differential quantization paramefer by subtracting the quantization
parameter predictor from the quantizationparameter. The differential quantization
parameter 1s entropy coded and included in coding unit syntax. -

The quantization parameter predictor is generated by using quantization
parameters of neirghboring coding units and a quantization parameter of previous

coding unit as follows.
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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 is available, the available
quantization parameter is set as the quantization parameter predictor. That is, if the
left and above quantization parameter are aﬁailable, the average of the left and above
quantization parameter is set as the quantization parameter predictor. If only one
of the left and above quantization parameter 1s 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 and above quantization
parameter are unavailable, the previous quantization parameter is set as the
quantization parameter predictor. The average is rounded off.

The quantization umit 104 quantizes the transtormed 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 1s determined as follows.

In intra prediction, the scan pattern is 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 1s
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 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.

When the size of the transform unit 1s equal to or smaller than a first size, the

horizontal scan is selected for the vertical mode and a predetermined number of
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neighboring intra prediction modesof the vertical mode in directionality, the vertical
scan is selected for the horizontal mode and the predetermined number of
neighboring intra prediction modes of the horizontal mode in directionality, and the
diagonal scan is selected for the other intra prediction modes. When the size of the
transform unit 1s larger than the first size, the diagonal scan is used. The first size is
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 when the
CABAC 1s used for entropy coding.

When the size of the transform 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, coefficient 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. A size of the subset may be 4x4 block or may vary according
to the scan pattern. The subset contains 16 transform coefficients.

The scan pattern for scanning the subsets i1s the same as the scan pattern for
scanning quantized transform coefficients of each subset. The quantized transform
coefficients of each subset are scanned in the reverse direction. The subsets are also
scanned 1n the reverse direction.

Last non-zero coefficient positionis encoded and transmitted to the decoder.
The last non-zero coefficient position specifies a position of last non-zero quantized
transform coefficient within the transform unit. Non-zero subset flag is set for each
subset 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 107 inversely quantizes the quantized transform
coefficients of the quantized block.

The inverse transform.unit 108 inversely transforms the inverse quantized
block to generate residual signals of the spatial domain.

The adder 109generates a reconstructed block by adding the residual block
and the prediction block.
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The ﬁost-'pIOCessino unit 110 performs a deblocking filtering process for
‘removing blockmg artifact generated in a reconstructed picture.

| The p1cture storing unit 111 recewes post-processed unage from the post-
~ processing unit 110, and stores the 3 1mage in picture units. A picture may be a frame
5  ora field. ‘ | ' ' .
The entropy coding unit 106 eﬁtmpy..-codes the ohe-diihenSional coefficient
 information reee_ived: from the scanning unit 105, intra prediction informatien
received from the intra prediction unit 112, motion information received from the
inter prcdiction unit 113, and s.o on. ' ' '
10 - o
FIG.2isa Block dlagram of an 1mage decoding apparatus 200 accordmg to an

embodiment of the present invention.

The.image decodin g apparatus 200-according to an embodiment of the present
invention includes an entropy decoding unit 201, an inverse scanning unit 202, an
15 inverse quantization unit 203', an inverse transform unit 204, an sdder 205, a post
processing' unit 206, a pictute storing unit 207, an-intra predietion unit 208 and an
 inter predlct1on unit 209.
The entropy decoding unit 201 extracts the intra predlctlon information, the
inter prediction mformatmn and the one-dtmensmna] coefficient information from a
20 " received bit stream The entropy decodmg unit 201 transmufs the mter prediction
information’ to the inter prediction unit 209, the intra predlctlon 1nformat10n to .the |
intra prediction unit 208 and the coefficient information to the inverse scanning unit
- 202 o '
. The inverse scanning unit 202 uses an inverse scan patterh to generate
25 quantized block. When CABAC is used for entropy coding, the scan pattefn' is
 determined as follows.
. In intra prediction, the inverse scan pattern is determined by the intra
.predictien mode and the sizé of the transform unit. The inverse scan pattern is
~ selected ameng. a diagonal' scan, vertical scan and horizontal scan. The selected
30 inverse scan pattern is applied to significant flags, coefficient signs and coefficients
“levels respecuvely to generate the quantized block.

When the size of the transform unit is equal to or smaller than a first size, the

- horizontal scan is selected for the vertical mode and a predetermined number of
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neighboring intra prediction modes of to the vertical mode, the vertical scan is
selected for the horizontal mode and the predetermined number of neighboring mtra
prediction modes of the horizontal mode, and the diagonal scan is 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 transform unit is larger than
the first size, the diagonal scan is selected for all intra prediction modes.The first size
1s 8x8.

When the size of the transform unit is larger than the first size, the diagonal
scan 18 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 coefficients levels are inversely
scanned in 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 is 4x4. The size of the subset may be 4x4 block or a non-square block
determined by the scan pattern. The non-square block includes 16 transtorm
coefficients. For example, the size of the subset 1s 8x2 for the horizontal scan, 2x8
for the vertical scan and 4x4 for the diagonal scan.

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 coefficient signs and the coefficient levels are inversely scanned in the reverse
direction. The subsets are also inversely scanned 1n the reverse direction. .

The last non-zero coefficient position and the non-zero subset flags are
received from the encoder. The number of encoded subsets is determined according
to the last non-zero coefficient position and the inverse scan pattern.The non-zero
subset flags are used to selectsubsets to be generated. The main subset and the last
subset are generated using the inverse scan pattern.

The inverse quantization unit 203 receives the differential gquantization
parameter from the entropy decoding umit 201 and generates the quantization
parameter predictor. The quantization parameter predictor 1S 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

quantization parameter predictor to generate the quantization parameter of the

9
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current codmo unit, If the size of the current coding unit is equal to or larger than

' the minimum size of the quantization unit and the dlffefentlal quantlzanon parameter
 for the current codin g unit is not received from the encoder,_ the differential

- quantization parameter 1s set to 0.

The inverse quantizatiori unit 203 inversely quantizes the quantized block.
The inverse transform unit 204 inversely- transforms the mvcrsc-quannzcd |

block to restore a residual block The inverse transform type is adaptively

- determined accordmg 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
10

~.In intra prechctmn ‘mode, if the sme of the transform unit 1s smaller than a

transform. For cxample inter prediction, DCT-based integeritransfomxs are used.

. predetemuned size, the DST-based mtcger transforms aré used, otherwise the DCT- |

based integer transforms are used.

The intra prediction unit 208 restores the intra prediction mode of the current

 prediction unit using the received intra prediction information, and generates a

prediction block accordmg to the restored intra prediction mode.

The inter predlctmn unit 209 restores the motion mformatlon of the current .

~ ‘prediction unit using the received  inter prediction mformatwn, and generates a

* prediction block using the motion information.

The post-processing unit 206 operates the same as the posi-proceSsing unit

110 of FIG. 1.

25

30

The.picuﬁe stbring_ unit 207 receives post-processed imagé from the post-

- processing unit 206, and stores the image in picture units. A picture may be a frame

- ora ﬁeld.-

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

- generate a reconstructed block.

FIG. 3 is a flow chart illustrating a procedure of 'genérat'ing a reconstructed
block in intra prediction according to an embodiment of the present invention,
First, an intra prediction mode of a current prediction unit is derived (S1 100).

FIG.41sa flow chart illustrating a procedure of dériving the intra predi_ction

" mode of the current prediction unit according to an embodiment of the present

invention.

10
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| Intra prediction parameters of the cuﬁent prediction unit are extracted from a
. received bit stream (S1110). . o
'I*'he intra-'prediction' parameters arc s mode group indicator and a prediction |
‘mode index. The mode group indicator is a ﬂag indicating whether the intra
5 | prediction mode of ‘the current prediction unit belongs to a most probable mode
N group (MPM group). If the flag is 1, the intra prediction unit of the current
’ predictién 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 modc -
group includes all intra predlcuon modes othcr than the mtra prediction modes of thc |
10 MPM group... The prediction mode index specxﬁes the intra prediction mode of the
current prcdict_ion unit within the group specified by the mode group indicator,
The MPM group is constmctcd using intra prediction modes of ﬂlc'
. neighboring prcdiction units ~(81120).' 'The intra.predicl;.io_n modes of the MPM
group arc.'adaptively-fdcte.rmined 'by.‘ a left intra prediction mode and an above intra
15 predictiQn mode. The left intra prediction mode is the int_raprcdictidn mode of t‘he
- - left neighbo.rin g prediction unit, and the above intra pfediction mode is the mtra ~
- prediction mode of the above neighboring prediction unit. The MPM group 1s
comprised of three intra prediction modes. | ' |
If the left or above nexohbonng prediction unit docs not cmst, the mtra
20 - prediction mode of the left or above neighboring unit is set as unavallablc For
example, if the cumrent prediction unit is located at the left or upper boundary of a
picture, the left or above neighboﬁng 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
25 . above ne1ghbonng umt 1§ inter-coded, the intra prediction mode of. the left or above
. neighboring unit is. set as unavailable, If the above nclghbonng unit is located
within other LCU, the intra pred1ct10n mode of the left or above nelghbonng unit is

set as unavmlablc

FIG 5 is a conceptual diagram illustrating intra predlctlon modes accordmg to
30 - an embodiment of the present invention. As shown in FIG. 5, 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.

11
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When both of the left intra prediction mode and the above intra prediction
mode are a\}ailable and are- different each other, the left intra Mction mode | and
- the above intra prediction mode are included in the MPM group and one additional
- Intra predic'tion mode is added to the MPM group. Index 0 is assigned to one intra
O  prediction mode of small mode number aod index 1 1s assigned to the other. Or
index 0 1s assigned to the left intra 'predicﬁon mode and 1ndex 1 is assigned to the
'~ above intra prediction mode. The added intra predlcuon 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
10 and the other is a d1reot10na1 mode, the other non-directional mode 15 added to the
- MPM graup. 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 above intra prechcnon 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-
15 directional modes, the vertical mode is added to the MPM group. If both‘ of the
~ left and above intra predictioo modes 'are directional modes, the DC mode or the-
. planar mode is added to the MPM group. |
. Whea only one of the left intra prediction mode and ‘the above intra
prediction rnode is available, the available intra prediction mode 1s included in the
20  MPM group and two additional intra p.rediction modes are added to the MPM group.
B The added two intra prediction modes are determined by the available intra
prediction modes as follows
If the. available intra prediction mode is a non-directional ﬁlode, the other
. non-directional 'mode and the vertical mode are added to the MPM group. For
20  example, if the available mtra prediction mode is the DC mode, the planar mode
_ and the vemcal mode are added to the MPM group. If the available intra
| prechctmn mode is the planar mode the DC mode and the vemcal mode are added
to'the MPM group. - If the avaﬂable intra prediction mode is a directional mode,
two non-directional modes (DC mode and planar mode) are added to the MPM
30 '. group | |
| When both of the left intra prediction mode and the above intra prediction mode
are availabie and are the same as each other, the available intra prediction mode is

- included in the MPM group and two additional intra prediction modes are added to

12



20

25

30

CA 02913566 2015-11-27

WO 2013/064099 PCT/CN2012/083994

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 éxample, if the available intra
prediction mode 1s the mode 23, the left neti ghboﬁng 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.

It 1s determined whether the mode group indicator indicates the MPM group
(51130).

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 (S1140).

If the mode group indicator does not indicate the MPM group, the three intra
predictions of the MPM group are reordered in the mode number order (S1150).
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 infra prediction
mode with highest mode number is set to a third candidate.

The prediction mode index is compared with the first candidate (S1160), 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 i1s maintained.
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| The predictmn mode index is compared with the second candidate (S1 170).
-If the prediction mode index is equal to or greater than thc second candidate of the

~ MPM group, the value of the prediction mode index is increased by one. Otherwise,

the value of the predlctlon mode index is mamtamed

o The pled1ct1on mode index is compared with the third candldate (S1180). 1If
the predlctlon mode index is equal to or greater than the thu'd cand.ldatc of the MPM

group, the value of the prediction mode index is increased by one. - Otherwise, the

- value of the predlct;lon mode index is maintained.

The ‘value of the final prediction mode index is set as the mdde number of the

10 ' intra prediction mode of the current prediction unit (S1190).

Next, a size of a current block is determined to gencrate a prediction block

(51200).
~ The size of the current block is equal to the size of the transform unit. The

15 . -size of thc current block is determined using the size of the prediction unit and
transform size information. - A pred1ct10n block and a residual block of the current
block have same size of the transform unit. The transform  size mformatlon

- mcludcs one or more sPht tu ﬂags used for mchcatmg the spht structure.
| I the size of the transform unit 1s equal to the size of the current prcdlcnon
20  unit, the current prediction unit is set as the current block. |
If the size of the transform unit is smaller than the size of the curfent.
| '.prechcuon umt the pIBdlCtl()n unit 15 comprised of a plurahty of sub-blocks. Each
sub-block is set as the current block. In this case, the steps $1300, S1400 and .
- S1500 are performed‘ for the first sub-block of the prediction unit. Then, the steps
25 $1300, $1400 and S1500 are repcatédly performed for the remaining sub-blo(:ks" of

the prediction unit in décoding order, Same intra prediction mode is used for all the

- sub-blocks within the prediction unit. o

Next, a prediction block is generated according to the intra prediction mode -
30  (S1300).

FIG. 6 1s a ﬂow chart illustrating a procedure of generating the predlctlon =

“block accordmg to an embodiment of the present invention.

14



55928-4D2

CA 02913566 2015-11-27

It is determined whether all reference pixels of the current black are availabte,

and reference pixels are generated if one or more reference pixels arc unavailable

°  (S1210). The cixrrent block is the current prediction unit or the sub-block of the

current prediction unit. The size of the current block is the size of the transform upit.

~ FIG. 7 is a conceptual diagram illustrating positions of reference pixels of the

current block according to an embodiment of the present invention: As shown in

" FIG. 7, the reference pixels of the current blocks are comprlsed of above reference

..10_

pixels located at (x=0, . . .,2N-1, y=-1), left reference plxels located at (x=1-, y=0,
., 2M-1) and a corner plxel' located at (x=-1, y=-1). N is the w1dth of the current

- block and M 1s the height of the current block.

If one or more reference pixels are unavaﬂable, one or more reference plxels

. are generated as follows

15

If all reference pixels are unavailable, a constant value is substitutéd for the
values of all the reference pixels. The constant value is 2™, and the value of L is the
number ef 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 unava.llable plxel 18

20

substituted for the unavailable reference pixel.

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

- reference pixel, the value of the reference pixel nearest to the unavailable pixel in a

predetemuned direction is subs tituted for each unavailable reference pixel.

The reference pmels are adaptlvely ﬁltered based on the mtra pred1ct1on-

- mode and the size of the current block (S1220). The size of the current block 1s the

20 .

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

30

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 dxd, the reference plxels 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.

15
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A pred-ictiOd block of the current block is generated osing the reference pixels '
according to.the restored intra prediction mode (S1230).
Ih the DC mode, the prediction pixels are generated by copy’in g average value
~of the N re_ference pixels located at (x-OO .N-1, y=-1) and the M reference pixels
5 located at (x=-1, y=0,...M-1). The predlctlon pixel adj acent to the reference plxel is

filtered by one or two adjacent reference plxels

In the vertical mode, the prediction p1xels are generated by copymg the value
- of the vertical corresponchng reference plxel The prediction pixels adjacent to the
- left reference pixel are filtered using the comer pixel and the left-nelghboml g pixel.
10 ‘ In the horizontal mode, the predxctton pixels are generated by copying the
. value of the horizontal corresponding reference pixel. The predtctlon pixels adjacent

to the above reference plxel are filtered using the corner p1xel and the upper -

. nelghbonng plxel

15 : Next a 1es1d11a1 block is generated accordmg to the intra predrctron mode
- (S1400). |
. FIG. 8 is-a flow chart 1llustratmg a procedure of generatmg the residual block
- according to an embodtment of the present invention.
‘The ‘encoded residual signals are entropy- decoded to generate quantrzed
20  coefficient mformatlon (S1410). When CABAC Is used for entropy codmg, the
.- coefficients rnformatlon includes SIgmflcant flags, coefficient signs and coefficient
levels. The significant flag indicates whether the corresponding quantized
transform coefficient is zero or not. The coefﬁc1ent sign indicates a sign of non-
. Zero quantlzed transform coefficient, and the coefﬁc1ents level indicates an absolute
25  value of non-zero quantized transform coefficient.
~ An inverse scan pattern is determined and a quantized block is generated
'iaccord.mg the i Inverse scan pattern (51420). The step is performed by the inverse
3 scanning unit 220 of FIG 2. Therefore, the same operation of the inverse scanning

- unit 220 is performed to determine the inverse scan pattern and to generate the

30 quantized block.

The quantxzed block is inversely quantized using a quantization parameter

(S 1430)

16
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. FIG 9 15 a ﬂow‘ chart illustrating a precedure of deriving- quantization
- parameter accordmg to an embodiment of the present invention. |
A mlmmum size of the quantlzatlon unit is derlved (81431) The miriimum
s1ze of the quantlzatlon unit is equal to a size of LCU or a size of sub-block of LCU.
o The miru'murn size of the quantization unit is determined per picture. A parameter
. (cu_qp_delta;enabledh;info) specifyirrg the depth of the mumnum size of the
- quantization unit is extracted from PPS. The minimum size of the quantization unit
~ is derived as following equation: |
| Log2(MinQUSize) = LogZ(MaxCUSne) —cu_qgp_ delta enabled info
10 The MmQUS1ze is the nnmmum size of the quantrzatxon unit. 'I"he
'MaxCUSme 1s the srze of LCU. Only one parameter 1s used for deriving the
" minimum Size of thc quantization unit. ' .
. A dlfferentlal quantization parametcr (dQP) of the current coding unit is
restored (81432) The dQP is restored per quantrzatmn unit. For example, if the

15 size of the current.eoding unit is equal to or larger than the minimum size of the
. quantization unit, the dQP'ﬁis restored for the current ceding unit. If the curreat |
coding unit does not contain an encoded. dQP, the dQP is set to zero. If. the
quannzatlon unit includes plural coding units, a first codmg unit contammg the dQP
_‘ and the followmg coding unit within the quantization unit have same dQP.
20 The encoded dQP is arithmetically decoded to generate a bin string, and the
. bin strmg 18 converted into the dQP. The bin string comprises a bm for indicating
- 'the dQP is zero or not. ‘When the dQP is not zero, the bin string further comprises a
o bin for sign of the dQP, aad a2 bin strirlg for'indicating,absolute value of the dQP. "
| A quantizati'on-’ parameter predictor of the current coding u.nit is generated.
25 . (S1433). The ‘quantization parameter predictor is generated usmg the same
- operation of the ; inverse quantization unit 230 of FIG. 2.
If the quantization unit includes plural coding unﬁs, ‘the quantization
parameter predictor ef the first coding unit in the decodin g order is g_enerated,' and
1 the generated quantization. parameter predictor is used for all the coding units within
30 the quantization unit, - ' |
o The quantization parameter is generated usm g the dQP and the quantlzanon

parameter pred1ctor (31434)
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Meanwhi]e the user-defined quantization matrices are also restored. A set

of the user-deﬁned quantization matrices is received from the encoding apparatus

“through the SPS or thc PPS. The user-defined quantization matrix 1s restored using

* inverse DPCM. The diagonal scan-1is used for the DPCM. When the size of the

user-defined quantization matrix is larger than 8x8, the user-defined quantization

. matrix is restored by up-sampling the coefficients of the -rcceived 8x8 quantizaticn

- matrix. The DC coefficient of the user-defined quanﬁzaﬁon matrix is cxrracred
~ from the SPS or the PPS. . For example, if the size of the user-defined quantization

10

matrix is 16x16, coefficients of the received 8x8 quantization matrix are up-sampled

.using 1:4 up—samplirrg.

A residual .b.lcck 18 gcncrated- by inversely transforming the irrverSe-quanﬁzed

- block (S1440). An irrverse transform type is adaptively determined according to the

" prediction mode and the size of the transform unit. The inverse transform type 1is

the DCT-based 1ntcoer transform or the DST-based mtevcr transform. In mtra |

15

| predrctron mode, if the size of the transform unit is smaller than a predctermmcd size,

the DST-based integer transforms are used, otherwise the DCT-based 1nteger

. transforms are used.

Next, a reconstructed block is generated by adding the prediction block and

| the residual block (S1500).

20

FIG. 10 1s a block diagram 1llustratmg an apparatus 300 of generatmg a

reconstructed block accordmg to an embodiment of the present invention.

As shown 1 n FIG. 10, the apparatus 300 according to. an embodiment of the

* present invention includes an intra prediction mode deriving unit 310, a prediction

2o

30 .

Size dctermmmg unit 320, a prediction block generating unit 330 a residual block

generating unit 340 and a reconstructed block generating unit 350.

The intra predrctron mode deriving unit 310 derives the intra prediction mode

of the current prediction unit. The intra prediction mode deriving unit 310 performs

_the same proc'cdure of FIG. 4 to derive the intra prediction mode.

The prediction size determining unit 320 determines the size of the current

- block using the size of the current prcdiction unit and the transform size information.

~ The size of the current block is equal to the size of the transform unit, - A prediction

‘block and a residual block of the current block have same size of the transform unit.

18
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The current prediction unit or a sub-block of the current prediction unit is set as the
current block based on the transform size information.

The prediction block generating unit 330 generates the prediction block of the
current block using the intra prediction mode. The prediction block generating unit
330 includes a reference pixel generator 331, a reference pixel filter 332 and a
prediction block generator 333.

The reference pixel generator 331 generates reference pixels if one or more
retference pixels of the current block are unavailable. If all reference pixels are

2"!is substituted for the values of all the reference pixels.

unavailable, the value of
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 value of the reference pixel nearest to the
unavatlable pixel in a predetermined direction is substituted for each unavailable
reference pixel.

The reference pixel filter 332 adaptively filters the reference pixels based on
thé intra prediction mode and the size of the transform unit.

In the DC mode, the reference pixels are not filtered. In the vert‘ical-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.

It 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 1s one of 0~7 and decreases as the
size of the current block increases.

The prediction block generator 333 generates a prediction block of the current

block using the reference pixels according to the intra prediction mode.
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In the DC mode, the prcdictiorl pixels are generated by copyiitg average value
of the N reference pixels located at (x=0, ...N-1, y=-1) and the M reference pixels
located at (x--l y=0, ..M-1).The prediction pixel ad_]accnt to the reference pixel:is

- “filtered by one or two adjacent reference pixels.
9 In the vertical mode, the predlctlon pixels are generated by copying the value
of the vertical reference pixel. The predlcuon pixels adjacent to the left reference
. pixel are filtered usin g the corner reference pixe] and the Ieft ne1ghborm g reference
',plxel-.‘ | - -
In the horizontal mode the pmdiction pixels are generated by copying the
10 - value of the honzontal reference pixel. The prediction pixels adjacent to the above
.‘.reference pixel are filtered usmg the corner reference pixel and the above
‘neighboring reference pixel. | '
Thc rc51dua1 block generating unit 340 generates the residual block of the
| current block us;ng the intra pred1ct10n mode. The same procedure of FIG. 8. 1§
15 pérformed by the residual block generating unit 340. |
-~ The reconsthted_block generating unit 350 adds me-pEdiciion block and the

| ~.residual block to generate the reconstructed block of the current block.

While the invention has been shown and descnbed with reference to certain
20 . exemplary embochments 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. A method of deriving an intra prediction mode for a current prediction unit by

a decoding apparatus, the method comprising:

entropy decoding, by the decoding apparatus, a mode group indicator and a

prediction mode index from a received bit stream;

constructing, by the decoding apparatus, a most probable mode (MPM) group
using intra prediction modes of a left block and an above block, wherein the MPM group

includes three intra prediction modes;

determining, by the decoding apparatus, whether the mode group indicator

indicates the MPM group;

determining, by the decoding apparatus, an intra prediction mode specified by
the prediction mode index among the three intra prediction modes in the MPM group as the

Intra prediction mode of the current prediction unit when the mode group indicator indicates

the MPM group; and

deriving, by the decoding apparatus, the intra prediction mode of the current
prediction unit using the prediction mode index and the three intra prediction modes in the

MPM group when the mode group indicator does not indicate the MPM group,

wherein the MPM group includes two non-directional modes and vertical mode
when only one of the intra prediction modes of the left and the above blocks is available and

the available intra prediction mode 1s one of the two non-directional modes, and

wherein, when only one of the intra prediction modes of the left and the above

blocks 1s available and the available intra prediction mode is one of directional modes, the

MPM group includes two non-directional modes and the available intra prediction mode.

2. The method of claim 1, wherein when the mode group indicator does not

indicate the MPM group,
21
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1f the prediction mode index is greater than or equal to a first mode in the

MPM group, the value of the prediction mode index is increased by one:

1f the prediction mode index is greater than or equal to a second mode in the

MPM group, the value ot the prediction mode index is increased by one; and then

it the prediction mode index is greater than or equal to a third mode in the

MPM group, the value of the prediction mode index is increased by one.

3. The method of claim 2, wherein the first mode is an intra prediction mode of a
lowest mode number in the MPM group, the second mode is an intra prediction mode of a
middle mode number in the MPM group, and the third mode is an intra prediction mode of a

highest mode number in the MPM group.

4, The method of claim 2, wherein the three intra prediction modes in the MPM

group 1s sorted 1n an order of the first mode, the second mode and the third mode.

5. The method of claim 1, wherein the MPM group is constructed using the intra

prediction modes of the left and the above blocks.

6. The method of claim 1, wherein the two non-directional modes are planar

mode and DC mode.

7. The method of claim 1, wherein the MPM group is comprised of the two non-
directional modes and the vertical mode when both of the left intra prediction mode and the

above 1ntra prediction mode are unavailable.

22



CA 02913566 2015-11-27

PCT/CN2012/083994

WO 2013/064099

1INN ONIQOD

AdOd.IN

90T

1NN

LINN ONROLS
NI

NOLLDIQ3Yd
d3LNI

1INM
NOLLIQ 3 d
VALNI

1NN
ONISSIO0Yd
150d

60T~

1NN

801 WHO4SNVYL
ISYIANI

01
1INN 1INN 1INN P
ONINNVOS NOLLYZIINYNO WYO4SNVYL |
0T
01 V0T \ t01
00T

1INN NOISIAIQ

F4NLOId

10T

1/10



CA 02913566 2015-11-27

PCT/CN2012/083994

WO 2013/064099

LINA

ONI-HOLS
JdN1LOId

£0C

LINN

ONISS3O0ud
150d

90¢

1074

LINN

NOLLIA5dd
d31INI

60¢

1INN
NOLLId3uad
VY LNI

80C

1IN

ANHO4SNVYL
FSUIANI

14074

00<

NOILYWHO4NI NOILLOIA3dd d3.LNI

NOLLYWYO4ANI NOILLDIAdIdd VLNI

LINM LINN
ONINNYOS

NOILVYZIINVYNO
ISYIANI ISHIANI

074 c0c

LIN

ONIAOJ1d
AdOY LN

T0Z

2/10



CA 02913566 2015-11-27

PCT/CN2012/083994

WO 2013/064099

A0019 TvNAIS3Y F1LVYINID

00V1S

00STS

00ETS

00ZT1S

Q0T1S

A2078 d3LONYLSNODIY F1IVEINID

A0019 NOILDIAd3¥d JLVYINID

200178 NOILDIQ3dd ONILVEINID
d04 JZIS 20018 INIWYH3IL13d

JAOW NOLLDIAddd VALINI JATE3Ad

(VS

3/10



CA 02913566 2015-11-27

WO 2013/064099 PCT/CN2012/083994

EXTRACT INTRA PREDICTION
PARAMETERS 51110

CONSTRUCT MPM GROUP 51120

51130 1150

DOES
MODE GROUP No | REORDER THREE INTRA PREDICTION
. INDICATOR INDICATE MPM ~ MODES
GROUP? '
51160

COMPARE PREDICTION MODE INDEX

DETERMINE INTRA PREDICTION WITH FIRST CANDIDATE
MODE FROM MPM GROUP 1170

- COMPARE PREDICTION MODE INDEX
WITH SECOND CANDIDATE

51180

COMPARE PREDICTION MODE INDEX
WITH THIRD CANDIDATE '

© S1190

SET FINAL PREDICTION MODE INDEX
AS INTRA PREDICTION MODE NUMBER]

4/10



CA 02913566 2015-11-27

WO 2013/064099 PCT/CN2012/083994

4 191120 5211222 1231324 62514267

27

15

28
8

2 — ¥ 0: Intra_Planar
3: Intra_DC

5/10



CA 02913566 2015-11-27

WO 2013/064099 PCT/CN2012/083994

GENERATE REFERENCE PIXELS IF
REFERENCE PIXELS ARE UNAVAILABLE

51210

ADAPTIVELY FILTER REFERENCE PIXELS S$1220

GENERATE PREDICTION BLOCK S1230

END

Fig. 0

6/10



CA 02913566 2015-11-27

WO 2013/064099 PCT/CN2012/083994

ABOVE REFERENCE PIXELS

CORNER REFERENCE PIXELS Y

Current Block
LEFT REFERENCE PIXELS

7/10



CA 02913566 2015-11-27

WO 2013/064099 | PCT/CN2012/083994

ENTROPY-DECODE RESIDUAL SIGNALS <1410

DETERMINE INVERSE SCAN
PATTERN AND GENERATE
QUNTIZED TRANSFORM BLOCK

51420

INVERSELY QUANTIZE
QUANTIZED TRANSFORM BLOCK 51430

INVERSELY TRANSFORM

TRANSEORMED BLOCK 51440

8/10



CA 02913566 2015-11-27

WO 2013/064099 PCT/CN2012/083994

DERIVE SIZE OF MINIMUM |
QUANTIZATION UNIT 51431

DERIVE MINIMUM
SIZE OF QUANTIZATION UNIT 51432
GENERATE QUANTIZATION
PARAMETER PREDICTOR 51433
GENERATE QUANTIZATION
PARAMETER >1434

Fig. 9

9/10



CA 02913566 2015-11-27

PCT/CN2012/083994

WO 2013/064099

1INN ONILYYINGO X004

Q3LIOMILSNOORY

05¢

- 1IN ONLLVYINGD

1INN ONLLVYINID
200178 TvNAIS3d

20018 NOILIIA3Yd

Ott

00¢

LINM ONININY4.L3d

3Z1IS NOLLId34d

0cE

1INN ONIA0OAd
JAOW NOLLIQ3¥a

Olt

10/10



101
{

PICTURE
DIVISION UNIT

100

/

103 104 105
102

TRANSFORM | [QuanTzaTIon] | SCANNING
F UNIT UNIT UNIT

INVERSE

QUANTIZATION |~_ 17
UNIT

INVERSE
TRANSFORM 108
UNIT

109

112 INTRA 110 POST
— PREDICTION PROCESSING
UNIT UNIT

- 1
- PR%IE?]ON PICTURE
o STORING UNIT

106

ENTROPY
CODING UNIT



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - abstract drawing

