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Provided Is a method that derives a reference picture index and a motion vector of a current prediction unit, generates a prediction
block of the current prediction unit using the reference picture index and the motion vector, generating a residual block by Inverse-
scan, Inverse-gquantization and Inverse transform, and generates reconstructed pixels using the prediction block and the residual
block. Prediction pixels of the prediction block Is generated using an Iinterpolation filter selected based on the motion vector.
Accordingly, the coding efficiency of the motion Information Is improved by Including various merge candidates. Also, the
computational complexity of an encoder and a decoder Is reduced by selecting different filter according to location of the prediction
pixels determined by the motion vector.
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Abstract

Provided 1s a method that derives a reference picture index and a motion vector
of a current prediction unit, generates a prediction block of the current prediction unit using
the reference picture index and the motion vector, generating a residual block by inverse-scan,
inverse-quantization and inverse transform, and generates reconstructed pixels using the
prediction block and the residual block. Prediction pixels of the prediction block 1s generated
using an interpolation filter selected based on the motion vector. Accordingly, the coding
efficiency of the motion information is improved by including various merge candidates.
Also, the computational complexity of an encoder and a decoder 1s reduced by selecting

different filter according to location of the prediction pixels determined by the motion vector.
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[ Invention Title]

METHOD OF DECODING VIDEO DATA

The following is a divisional of CA 2,849,029.

[ Technical Field]

The present invention relates to a method of decoding video data, and more
particularly, toa method of deriving motion information in merge mode by
constructing a merge candidate list using spatial and temporal merge candidates and

generating a prediction block using the motion information.

[Background Art]

Methods for compressing video data include MPEG-2, MPEG-4 and
H.264/MPEG-4 AVC. According to these methods, one picture is divided into
macroblocks to encode an image, the respective macroblocks are encoded by
generating a prediction block using inter prediction or intra prediction.The difference
between an original block and the prediction block is transformed to generate a
transformed block, and the transformed block is quantized using a quantization
parameter and one of a plurality of predetermined quantization matrices. The
quantized coefficient of the quantized block are scanned by a predetermined scan

type and then entropy-coded. The quantization parameteris adjusted per macroblock

and encoded using a previous quantization parameter.
In H.264/MPEG-4 AVC, motion estimation is used to eliminate temporal
redundancy between consecutive pictures. To detect the temporal redundancy, one

or more reference pictures are used to estimate motion of a current block, and motion
compensation 18 performed to generate a prediction block using motion information.
The motion information includes one or more reference picture indexes and one or
more motion vectors.

According to the H.264/MPEG-4 AVC, only the motion vectors are predicted
and encoded using neighboring motion vectors, and the reference picture indexes are

encoded without neighboring reference picture indexes. Also, the computational



10

15

20

29

30

CA 02931745 2016-05-30

WO 2013/067903 PCT/CN2012/084018

/ )

complexity for generating a prediction block 1s high because the prediction block i1s
interpolated using a long-tap filter.

However, 1f various sizes are used for inter prediction, the correlation
between motion information of a current block and motion information of one or
more neighboring block increases. The correlation between motion vector of a
current block and motion vector of neighboring block within a reference picture
becomes higher as the picture size becomes larger if motion of image 1s almost
constant or slow.Accordingly, the conventional compression method described above
decreases compression efficiency of motion information if the picture size is larger
than that of high-definition picture and various sizes are allowed for motion

estimation and motion compensation.

[Disclosure]

[ Technical Problem]

The present invention is directed to a method of decoding video data by
deriving motion information by constructing a merge candidate list using spatial
merge candidates and temporal candidate and generating prediction block using a

filter determined by the motion vector.

[ Technical Solution]

One aspect of the present invention provides amethod of decoding video data,
comprising:deriving a reference picture index and a motion vector of a current
prediction unit;generating a prediction block of the current prediction unit using the
reference picture index and the motion vector;generating a quantized block by
inverse-scanning quantized coefficient components;generating a transformed block
by inverse-quantizing the quantized block using a quantization parameter;generating
a residual block by inverse-transtorming the transtormed block; andgenerating a

reconstructed pixels using the prediction block and the residual block. Prediction

pixels of the prediction block 1s generated using an interpolation filter selected based

on the motion vector.
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[ Advantageous Effects]

A method according to the present inventionderives a reference picture index

and a motion vector of a current prediction unit, generates a prediction block of the

5 current prediction unit using the reference picture index and the motion vector,
generating a residual block by inverse-scan, Inverse-quantization and inverse
transform, and generates reconstructed pixels using the prediction block and the
residual block. Prediction pixels of the prediction block 1s generated using an
interpolation filter selected based on the motion vector.Accordingly, the coding

10  efficiency of the motion information 1s improved by including various merge
candidates. Also, the computational complexity of an encoder and a decoder is
reduced by selecting different filter according to location of the prediction pixels

determined by the motion vector.

15 [ Description of Drawings ]

FIG. 1 is a block diagram of an image coding apparatus according to the
present invention.
FIG. 2 is a flow chart 1llustrating a method of encoding video data in an inter
prediction mode according to the present invention.
20 FIG. 3 is a conceptual diagram illustrating pixel positions indicated by a
motion vector according to the present invention.
FIG.4 1s a flow chart illustrating a method of encoding motion information in

a merge mode according to the present invention.

FIG.5 1s a conceptual diagram illustrating positions of spatial merge
25  candidate blocks according to the present invention.

FIG.6 1s a conceptual diagram illustrating positions of spatial merge
candidate blocks in an asymmetric partitioning mode according to the present
invention.

FIG. 7 i1s another conceptual diagram illustrating positions of spatial merge

30 candidate blocks in another asymmetric partttioning mode according to the present

invention.
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FIG.8 1s another conceptual diagram illustrating positions of spatial merge
candidate blocks in another asymmetric partitioning mode according to the present
Invention.

FIG.9 1s another conceptual diagram illustrating positions of spatial merge
candidate blocks in another asymmetric partitioning mode according to the present
invention.

FIG. 10 is a conceptual diagram illustrating position of temporal merge
candidate block according to the present invention.

FIG. 11 1s a conceptual diagram illustrating a method of storing motion
information according to the present invention.

FIG. 12 1s a block diagram of an image decoding apparatus 200 according to
the present invention.

FIG. 13 1s a flow chart illustrating a method of decoding an 1mage in inter
prediction mode according to the present invention.

FIG. 14 1s a flow chart illustrating a method of deriving motion information
in merge mode.

FIG. 15 1s a flow chart 1llustrating a procedure of generating a residual block

in inter prediction mode according to the present invention.

[ Mode for Invention]

Hereinafter, various embodiments of the present invention will be described
in detail with reference to the accompanying drawings. However, the present

invention 1s not limited to the exemplary embodiments disclosed below, but can be

implemented in various types. Therefore, many other modifications and variations
of the present invention are possible, and 1t 1s to be understood that within the scope
of the disclosed concept, the present invention may be practiced otherwise than as
has been specifically described.

An 1mage encoding apparatus and an 1mage decoding apparatus according to
the present invention may be a user terminal such as a personal computer, a personal
mobile terminal, a mobile multimedia player, a smartphone or a wireless
communication terminal. The image encoding device and the image decoding

device may be include a communication unit for communicating with various



10

15

20

25

30

WO 2013/067903

CA 02931745 2016-05-30

PCT/CN2012/084018

devices, a memory for storing various programs and data used to encode or decode

1mages.

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

Referring to FIG. 1, the image coding apparatus 100 according to the present
invention includes a picture division unit 110, an intra prediction unit 120, an inter
prediction unit 130, a transform unit 140, a quantization unit 150, a scanning unit 160,
an entropy coding unit 170, an inverse quantization/transtorm unit 180, a post-
processing unit 190 and a picture storing unit 1935.

The picture division unit 110 divides a picture or a slice into plural largest
coding units (LCUs), and divides each LCU into one or more coding units. The
size of LCU may be 32x32, 64x64 or 128x128. The picture division unit 110
determines prediction mode and partitioning mode of each coding unit.

An LCU includes one or more coding units. The LCU has a recursive quad
tree structure to specify a division structure of the LCU. Parameters for specitying
the maximum size and the minimum size of the coding unit are included in a
sequence parameter set.  The division structure 1s specified by one or more split
coding unit flags (split_cu_flags).  The size of acoding unit is 2Nx2N. If the size
of the LCU is 64x64 and the size of a smallest coding unit (SCU) 1s 8x8, the size of
the coding unit may be 64x64, 32x32, 16x16 or 8x8.

A coding unit includes one or more prediction units. In intra prediction, the
size of the prediction unit 1s 2Nx2N or NxN. In inter prediction, the size of the
prediction unit is specified by the partitioning mode. The partitioning mode is one
of 2Nx2N,2NxN, Nx2N andNxN if the coding unit 1s partitionedsymmetrically. The
partitioning mode is one of 2NxnU, 2NxnD, nLx2N and nRx2N if the coding unitis
partitionedasymmetrically. The partitioning modes are allowed based on the size of
the coding unit to reduce complexity of hardware. If the coding unit has a
minimum Size, the asymmetric partitioning i1s not allowed. Also, 1t the coding unit
has the minimum size, NxN partitioning mode may not be allowed.

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

a recursive quad tree structure to specify a division structure of the coding unit. The

hn
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division structure 1s specified by one or more split transtorm unit tlags
(split_tu_flags). Parameters for specifying the maximum size and the minimum size
of the lumatranstorm unit are included in a sequence parameter set.

The intra prediction unit 120 determines an intra prediction mode of a current

S  prediction unit and generates a prediction block using the intra prediction mode.

The inter prediction unit 130 determines motion information of a current
prediction unit using one or more reference pictures stored in the picture storing unit
195, and generates a prediction block of the prediction umit. The motion
information includes one or more reference picture indexes and one or more motion

10 vectors.

The transtorm unit 140 transforms a residual block to generate a transtormed
block. The residual block has the same size of the transform unit. If the prediction
unit 1s larger than the transform unit, the residual signals between the current block
and the prediction block are partitioned into multiple residual blocks.

15 The quantization unit 150 determines a quantization parameter for quantizing
the transformed block. The quantization parameter 1s a quantization step size. The
quantization parameter is determined per quantization unit. The size of the
quantization unit may vary and be one of allowable sizes of coding unit. If a size of
the coding unit is equal to or larger than aminimum size of thequantization untt, the

20  coding unit becomes the quantization unit. A plurality of coding units may be
included In aquantization unit of minimum size. Themimimumsize of the
quantization unit 1s determined per picture and a parameter for specitfying the
minimum size of the quantization unit 1s included 1n a picture parameter set.

The quantization unit 150 generates a quantization parameter predictor and

25  generates a differential quantization parameter by subtracting the quantization
parameter predictor from the quantizationparameter. The differenttal quantization

parameter 1s entropy-coded.
The quantization parameter predictor 1s generated by using quantization

parameters of neighboring coding units and a quantization parameter of previous

30  coding unit as follows.
A left quantization parameter, an above quantization parameter and a
previous quantization parameter are sequentially retrieved in this order. An average

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

The differential quantization parameter is converted into bins for the absolute
value of the differential quantization parameter and a bin for indicating sign of the
differential quantization parameter through a binarization process, and the bins are
artthmetically coded. If the absolute value of the differential quantization
parameter 1s O, the bin for indicating sign may be omitted. Truncated unary is used
for binarization of the absolute.

The quantization unit 150 quantizes the transformed block using a
quantization matrix and the quantization parameter to generate a quantized block.
The quantized block 1s provided to the inverse quantization/transform unit 180 and
the scanning unit 160.

The scanning unit 160 determines applies a scan pattern to the quantized
block.

In inter prediction,a diagonal scan is used as the scan pattern if CABAC is
used for entropy coding. The quantized coefficients of the quantized block are split
into coefficient components. The coefficient components are significant flags,
coefficient signs and coefficient levels. The diagonal scan is applied to each of the
coetficient components.  The significant coefficient indicates whether the
corresponding quantized coefticient 1s zero or not. The coefficient sign indicates a
sign of non-zero quantized coefficient, and the coefficient level indicates an absolute
value of non-zero quantized coefficient.

When the size of the transform unit is larger than a predetermined size, the
quantized block 1s divided into multiple subsetsand the diagonal scan is applied to

each subset. Significant flags, coefficient signs and coefficients levels of each subset
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are scanned respectively according to the diagonal scan. Thepredetermined size 1s
4x4. The subset 1s a 4x4 block containing 16 transtorm coetficients.

The scan pattern for scanning the subsets 1s the same as the scan pattern for
scanning the coefficient components. The significant flags, the coefticient signs and
the coefficients levels of each subset are scannedin the reverse direction. The
subsets are also scanned 1n the reverse direction.

A parameter indicating last non-zero coefficient positionis encoded and
transmitted to a decoding side. The parameter indicating last non-zero coefficient
position specifies a position of last non-zero quantized coeftficient within the
quantized block.A non-zero subset flag is defined for each subset other than the first
subset and the last subset and 1s transmitted to the decoding side. The first subset
covers a DC coefficient. The last subset covers the last non-zero coefficient.The
non-zero subset flag indicates whether the subset contains non-zero coetticients or
not.

The entropy coding unit 170 entropy-codes the scanned component by the
scanning unit 160, intra prediction information received from the intra prediction unit
120, motion information received from the inter prediction unit 130, and so on.

The inverse quantization/transform unit 180 inversely quantizes the quantized
coefficients of the quantized block, and inversely transforms the inverse quantized
block to generate residual signals.

The post-processing unit 190 performs a deblocking filtering process for
removing blocking artifact generated in a reconstructed picture.

The picture storing unit 195 receives post-processed image from the post-
processing unit 190, and stores the 1image in picture units. A picture may be a frame

or a field.

FIG. 2 1s a flow chart illustrating a method of encoding video datain an inter

prediction mode according to the present invention.

Motion information of a current block 1s determined (S110). The current
block is a prediction unit. A size of the current block 1s determined by a size and a
partitioning mode of the coding unit.

The motion information varies according to a prediction type. It the

prediction type 1s a uni-directional prediction, the motion information includes a
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reference index specifying a picture of a reference list 0, and a motion vector. If the
prediction type 1s a bi-directional prediction, the motion information includes two
reference indexes specifying a picture of a reference list 0 and a picture of a
reference list 1, and a list 0 motion vector and a list 1 motion vector.

Aprediction block of the current block is generated using the motion
information (S120).

It the motion vector indicates aninteger-pixel location, the prediction block is
generated by copying a block of the reference picture specified by the motion vector.
If the motion vector indicates a sub-pixel location, the prediction block is generated
by interpolating the pixels of the reference picture. The motion vector is given in
quarter-pixel units.

FIG. 3 1s a conceptual diagram illustrating pixel positions indicated by a
motion vector according to the present invention.

In FIG.3, the pixels labeled with LO, RO, R1, L1, A0 and BO are integer
position pixels of the reference picture and the pixelslabeled with ajgto rpgat sub-
pixel locations are fractional pixelsto be interpolated using an interpolation filter
which 1s selected based on the motion vector.

If a pixel to be interpolated is located at asub-pixel location aj, by or ¢y, the
pixel labeled with arg, bio or crois generated by applying an interpolationfilter to
horizontallynearest integer position pixels. If a pixel to be interpolated is located at a
sub-pixel location di, hyo or ny g, the pixel labeled withdyy, hr o or nygis generated by
applying an interpolation filter to verticallynearest integer position pixels. If a pixel
to be interpolated 1s located at a sub-pixel location e, iro Or pLo, the pixel labeled

with e;0, 110 Or prLols generated by applying an interpolation filter to vertically nearest

interpolated pixels each of which includes a character ‘a’within its label.If a pixel to
be interpolated 1s located at a sub-pixel location gy, k1o or 11, the pixel labeled with
210, kio or riolis generated by applying an interpolation filter to vertically nearest
interpolated pixels each of which includes a character ‘c’ within its label.If a pixel to
be mterpolated 1s located at a sub-pixel location f 4, j1o Or qro, the pixel labeledwith
fr0, jLo OF qrols generated by applying an interpolation filter to vertically neighboring

interpolated pixels each of which includes a character ‘c’ within its label.

9
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The 1nterpolationfilter i1s determined based on the sub-pixel location of the
pixel to be interpolated, or based on a prediction mode and a sub-pixel location of the
pixel to be interpolated.

Table 1 shows exemplary filters. The sub-pixel location H indicates a half-
pixel location in interpolation direction. For example, the locations by, hro, iro, jLo,
and kpo correspond to the sub-pixel location H. The sub-pixel locations FL. and FR
indicate a quarter-pixel location in interpolation direction. For example, the locations
aro, dro, €0, fro, and gy correspond to the sub-pixel location FL, and the locations

CLo, N1o, PLo, Qro, and 179 correspond to the sub-pixel location FR.

TABLE 1
Prediction mode Sub-Pixcl Location Filter coefficient
H 12, -8, 360, 36, -8, 2}
Uni-directional
L | KL | {-3,51,20,-7,2)
prediction | '
FR {2,-7,20, 51, -3}
H {-1,4,-11, 40, 40, -11, 4, -1}
Bi-directional .
o FL (-1,4,-10,57, 19, -7, 3, -1}
prediction ,
FR {-1,3,-7, 19,57, -10, 4, -1}

As shown in Table 1, in uni-directional prediction, 6-tap symmetryfilter may
be used to interpolate pixels of half-pixel location H, and 5-tap asymmetryfilter may
be used to interpolate pixels of quarter-pixel location FL or FR.In bi-directional
prediction, 8-tap symmetry filter may be used for the half-pixel location H and 8-tap
asymmetry filter may be used for the quarter-pixel location FL. and FR.

Alternatively, the filter may be determined by only the sub-pixellocation of
the pixel to be interpolated. In uni-directional prediction, 8-tap symmetry filter may
be used to interpolate pixels of half-pixel locations and 7-tap asymmetry filter or 6-
tap asymmetry filter may be used to interpolate pixels of quarter-pixel locations. In
bi-directional prediction, same filter or another filter having smaller number of taps

may be used to interpolate pixels of sub-pixel locations.

A residual block 1s generated using the current block and the prediction block

(5130). The residual block has the same size of the transform unit. If the prediction

10
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unit is larger than the transform unit, the residual signals between the current block

and the prediction block are into multiple residual blocks.

The residual block 1s encoded (S140). The residual block 1s encoded by the
transform unit 140, the quantization unit 150, the scanning unit 160 and the entropy
coding unit 170 of FIG. 1.

The motion information is encoded (S150). The motion information may be
encoded predictively using spatial candidates and a temporal candidate of the current
block. The motion information is encoded in a skip mode, a merge mode or an
AMVP mode. In the skip mode, the prediction unit has the size of coding unit and
the motion information is encoded using the same method as that of the merge mode.
In the merge mode, the motion information of the current prediction unit is equal to
motion information of one candidate. In the AMVP mode, the motion vector of the

motion information 1s predictively coded using one or more motion vector candidate.

FIG.4 is a flow chart illustrating a method of encoding motion information 1n
the merge mode according to the present invention.

Spatial merge candidates are derived (S210). FIG.5 1s a conceptual diagram
illustrating positions of spatial merge candidate blocks according to the present

invention.

As shown 1n FIG. 5, the merge candidate block i1s a left block (block A), an
above block (block B), an above-right block (block C), a left-below block (block D)
or an above-left block (block E) of the current block. The blocks are prediction
blocks. The above-left block(block E) 1s set as merge candidate block when one or

more of the blocks A, B, C and D are unavailable. The motion information of an

available merge candidate block N 1s set asa spatial merge candidate N. N 1s A, B,
C,DorE.

The spatial merge candidate may be set asunavailable according to the shape
of the current block and the position of the current block. For example, 1t the
coding unit is split into two prediction units (block PO and block P1) using
asymmetric partitioning, it is probable that the motion information of the block PO 18

not equal to the motion information of the block P1. Theretore, 1f the current block

is the asymmetric block P1, the block PO 1s set as unavailable candidate block as

shown in FIGs.6 to 9.

11
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FIG.6 1s a conceptual diagram illustrating positions of spatial merge
candidate blocks in an asymmetric partitioning mode according to the present
invention.

As shown in FIG. 6, a coding unit 1s partitioned into two asymmetric
prediction blocks PO and P1 and the partitioning mode 1s an nl.x2N mode. The size
of the block PO is hNx2N and the size of the block P1 is (2-h)Nx2N. The value of h
is 1/2. The current block is the block P1. The blocks A, B, C, D and E are spatial
merge candidate blocks. The block PO 1s the spatial merge candidate block A.

In present invention, the spatial merge candidate A 1s set as unavailable not to
be listed on the merge candidate list. Also, the spatial merge candidate block B, C,
D or E having the same motion information of the spatial merge candidate block A 1s
set as unavailable.

FIG.7 is another conceptual diagram illustrating positions of spatial merge
candidate blocks in an asymmetric partitioning mode according to the present
invention.

As shown in FIG. 7, a coding unit i1s partitioned nto two asymmetric
prediction blocks PO and P1 and the partitioning mode 1s an nRx2N mode. The size
of the block PO is (2-h)Nx2N and the size of the block P1 is hNx2N. The value of h
is 1/2. The current block is the block P1. The blocks A, B, C, D and E are spatial
merge candidate blocks. The block PO is the spatial merge candidate block A.

In present invention, the spatial merge candidate A 1s set as unavailable not to
be listed on the merge candidate list. Also, the spatial merge candidate block B, C,
D or E having the same motion information of the spatial merge candidate block A 1s

set as unavaitlable.

FIG.8 is another conceptual diagram 1illustrating positions of spatial merge
candidate blocks in another asymmetric partitioning mode according to the present

invention.
As shown in FIG. 8, a coding unit 1s partitioned into two asymmetric

prediction blocks PO and P1 and the partitioning mode 1s a 2NxnU mode. The size
of the block PO is 2NxhN and the size of the block P1 1s 2Nx(2-h)N. The value of h
is 1/2. The current block is the block P1. The blocks A, B, C, D and E are spatial

merge candidate blocks. The block PO 1s the spatial merge candidate block B.

12
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In present invention, the spatial merge candidate B 1s set as unavailable not to
be listed on the merge candidate list. Also, the spatial merge candidate block C, D
or E having the same motion information of the spatial merge candidate block B 1s
set as unavailable.

FIG.9 is another conceptual diagram illustrating positions of spatial merge
candidate blocks in another asymmetric partitioning mode according to the present
invention.

As shown in FIG. 9, a coding unit 1s partitioned into two asymmetric
prediction blocks PO and P1 and the partitioning mode is a 2NxnD mode. The size
of the block PO 1s 2Nx(2-h)N and the size of the block P1 1s 2NxhN. The value of h
is 1/2. The current block 1s the block P1. The blocks A, B, C, D and E are spatial
merge candidate blocks. The block PO is the spatial merge candidate block B.

In present invention, the spatial merge candidate B is set as unavailable not to
be listed on the merge candidate list. Also, the spatial merge candidate block C, D
or E having the same motion information of the spatial merge candidate block B 1s
set as unavailable.

The spatial merge candidate may also be set as unavailable based on merge
area. If the current block and the spatial merge candidate block belong to same merge
area, the spatial merge candidate block 1s set as unavailable. The merge area 1s a unit
area 1n which motion estimation is performed and information specitfying the merge
area 1s included 1n a bit stream.

A temporal merge candidate 1s derived (5220). The temporal merge
candidate includes a reference picture index and a motion vector of the temporal

merge candidate.

The reference picture index of the temporal merge candidate may be derived
using one or more reference picture indexes of neighboring block. For example,
one of the reference picture indexes of a left neighboring block, an above
neighboring block and a corner neighboring block 1s set as the reference picture
index of the temporal merge candidate. The corner neighboring block 1s one of an
above-right neighboring block, a left-below neighboring block and an above-left

neighboring block. Alternatively, the reterence picture index of the temporal merge

candidate may be set to zero to reduce the complexity.

13
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The motion vector of the temporal merge candidate may be derived as

follows.

First, a temporal merge candidate picture 1s determuned. The temporal
merge candidate picture includes a temporal merge candidate block. Onetemporal
merge candidate picture 1s used within a slice. Areference picture index of the
temporal merge candidate picture may be set to zero.

[f the current slice 1s a P slice, one of the reference pictures of the reference
picture list O 1s set as the temporal merge candidate picture. If the current slice 1s a
B slice, one of the reference pictures of the reference picture lists 0 and 1 1s set as the
temporal merge candidate picture. A lhist indicator specitying whether the temporal
merge candidate picture belongs to the reference picture lists O or 1 1s included 1n a
slice header if the current slice 1s a B slice. The reference picture index specitying
the temporal merge candidate picture may be included 1n the slice header.

Next, the temporal merge candidate block 1s determined. FIG. 10 1s a
conceptual diagram 1llustrating position of temporal merge candidate block
according to the present invention. As shown in FIG. 10, a first candidate block
may be a right-below corner block (block H) of the block C. The block C has same
size and same location of the current block and 1s located within the temporal merge
candidate picture. A second candidate block 1s a block covering an upper-left pixel
of the center of the block C.

The temporal merge candidate block may be the first candidate block or the
second candidate block. If the first candidate block 1s available, the first candidate
block i1s set as the temporal merge candidate block. If the first candidate block 1is

unavailable, the second candidate block is set as the temporal merge candidate block.

If the second candidate block 1s unavailable, the temporal merge candidate block is
set as unavailable.

The temporal merge candidate block 1s determined based on the position of
the current block. For example, 1t the current block 1s adjacent to a lower LCU
(that 1s, if the first candidate block belongs to a lower LCU), the first candidate block
may be changed into a block within a current LCU or 1s set as unavailable.

Also, the first and second candidate blocks may be changed into another

block based on each position of the candidate block within a motion vector storing
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unit. The motion vector storing unit 1s a basic unit storing motion information of
reterence pictures.

FIG. 11 1s a conceptual diagram illustrating a method of storing motion
information according to the present invention.As shown in FIG. 11, the motion
storing unit may be a 16x16 block. The motion vector storing unit may be divided
into sixteen 4x4 bocks. If the motion vector storing unit 1s a 16x16 block, the
motion information is stored per the motion vector storing unit. If the motion
vector storing unit includes multiple prediction units of reference picture, motion
information of a predetermined prediction unit of the multiple prediction units 1s
stored in memory to reduce amount of motion information to be stored in memory.
The predetermined prediction unit may be a block covering one of the sixteen 4x4
blocks. The predetermined prediction unit may be a block covering a block C3, a
block BR. Or the predetermined prediction unit may be a block covering a block UL.

Therefore, if the candidate block does not include the predetermined block,
the candidate block 1s changed into a block including the predetermined block.

[f the temporal merge candidate block 1s determined, the motion vector of the
temporal merge candidate block is set as the motion vector of the temporal merge
candidate.

A merge candidate list is constructed (S230). The available spatial
candidates and the available temporal candidate are listed in a predetermined order.
The spatial merge candidates are listed up to four in the order of A, B, C, D and E.
The temporal merge candidate may be listed between B and C or after the spatial
candidates.

It 1s determined whether one or more merge candidates are generated or not
(S240). The determination 1s performed by comparing the number of merge
candidates listed in the merge candidate list with a predetermined number of the
merge candidates. The predetermined number may be determined per picture or slice.

If the number of merge candidates listed in the merge candidate list is smaller
than a predetermined number of the merge candidates, one or more merge candidates

are generated (S250). The generated merge candidate is listed after the last

available merge candidate.

If the number of available merge candidates 1s equal to or greater than 2, one

of two available merge candidates has list 0 motion information and the other has list
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| motion information, the merge candidate may be generated by combining the list O
motion information and the list 1 motion information. Multiple merge candidates
may be generated if there are multiple combinations.

One or more zero merge candidates may be added to the list. If the slice
type is P, the zero merge candidate has only list 0 motion information. If the slice
type is B, the zero merge candidate has list O motion information and list 1 motion
information.

A merge predictor is selected among the merge candidates of the merge list, a

merge index specifying the merge predictor 1s encoded (S260).

FIG. 12 is a block diagram of an image decoding apparatus 200 according to
the present invention.

The image decoding apparatus 200 according to the present invention
includes an entropy decoding unit 210, an inverse scanning unit 220, an 1nverse
quantization unit 230, an inverse transform unit 240, an intra prediction unit 250, an
inter prediction unit 260, a post-processing unit 270, a picture storing unit 230 and an
adder 290.

The entropy decoding unit 210 extracts the intra prediction information, the
inter prediction information and the quantized coefficient components from a
received bit stream using a context-adaptive binary arithmetic decoding method.

The inverse scanning unit 220 applies an inverse scan pattern to the quantized
coefficient components to generate quantized block. In inter prediction, the inverse
scan pattern is a diagonal scan. The quantized coefficient components include the

significant flags, the coefficient signs and the coefficients levels.

When the size of the transform unit is larger than the a predetermined size,
the significant flags, the coefficient signs and the coetficients levels are inversely
scanned in the unit of subset using the diagonal scan to generate subsets, and the
subsets are inversely scanned using the diagonal scan to generate the quantized
block.The predetermined size is equal to the size of the subset. The subset 1s a 4x4
block including 16 transform coefficients. The significant flags, the coetficient signs

and the coefficient levels are inversely scanned in the reverse direction. The

subsets are also inversely scanned in the reverse direction.
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A parameter indicating last non-zero coetficient posttion and the non-zero
subset flags are extracted from the bit stream. The number of encoded subsets 1s
determined based on the parameter indicating last non-zero coefficient position. The
non-zero subset flag 1s used to determine whether the corresponding subset has at
least one non-zero coetficient.If the non-zero subset flag 1s equal to 1, the subset 1s
generated using the diagonal scan. 'The first subset and the last subset are generated
using the inverse scan pattern.

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

The inverse quantization unit 230 inversely quantizes the quantized block.

The inverse transform unit 240 inversely transforms the inverse-quantized
block to generate a residual block. An inverse transform matrix 1s adaptively
determined according to the prediction mode and the size of the transform unit. The
inverse transtorm matrix 1s a DCT-based integer transform matrix or a DST-based
integer transform matrix. In inter prediction,the DCT-based integer transforms are
used.

The intra prediction unit 250 derivesanintra prediction mode of acurrent

prediction unitusing the received intra prediction information, and generates a
prediction block according to the derived intra prediction mode.

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

The post-processing unit 270 operates the same as the post-processing unit

180 of FIG. 1.
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The picture storing unit 280 receives post-processed 1mage from the post-
processing unit 270, and stores the image in picture units. A picture may be a frame
or a field.

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

generate a reconstructed block.

FIG. 13 is a flow chart illustrating a method of decoding an image 1n inter
prediction mode according to the present invention.

Motion information of a current block 1s derived (S310). The current block 1s
a prediction unit. A size of the current block is determined by the size ot the coding
unit and the partitioning mode.

The motion information varies according to a prediction type. If the
prediction type is a uni-directional prediction, the motion information includes a
reference index specifying a picture of a reference list 0, and a motion vector. If the
prediction type is a bi-directional prediction, the motion information includes a
reference index specifying a picture of a reference list 0, a reference index specitying
a picture of a reference list 1, and a list 0 motion vector and a list 1 motion vector.

The motion information is adaptively decoded according the coding mode of
the motion information. The coding mode of the motion information 1s determined
by a skip flag and a merge flag. If the skip flag i1s equal to 1, the merge flag does
not exist and the coding mode is a skip mode. If the skip flag 1s equal to O and the
merge flag is equal to 1, the coding mode 1s a merge mode. 1f the skip flag and the
merge flag are equal to 0, the coding mode 1s an AMVP mode.

A prediction block of the current block 1s generated using the motion
information (S320).

If the motion vector indicates an integer-pixel location, the prediction block 1s
oenerated by copying a block of the reference picture specified by the motion vector.
If the motion vector indicates a sub-pixel location, the prediction block 1s generated

by interpolating the pixels of the reference picture. The motion vector 1s given 1n

quarter-pixel units.
As shown in FIG. 3, the pixels labeled with LO, RO, R1, L1, AO and BO are

integer position pixels of the reference picture and the pixels labeled with arp to 17 at
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sub-pixel locations are fractional pixels to be interpolated using an interpolation filter
which 1s selected based on the motion vector.

If a pixel to be interpolated is located at a sub-pixel location ap, bip or cro,
the pixel labeled with ap o, by or ¢ 1s generated by applying an interpolation filter to
horizontally nearest integer position pixels. If a pixel to be interpolated 1s located at
a sub-pixel location dyig, hyo or nro, the pixel labeled with dio, hig or nio 1s generated
by applying an interpolation filter to vertically nearest integer position pixels. If a
pixel to be interpolated is located at a sub-pixel location epy, 110 oOr pro, the pixel
labeled with erg, irp or pro 1S generated by applying an interpolation filter to
vertically nearest interpolated pixels each of which includes a character “a” within 1ts
label. If a pixel to be interpolated 1s located at a sub-pixel location gro, k1o or rpo,
the pixel labeled with g; o, ko or 1o 1s generated by applying an interpolation filter to
vertically nearest interpolated pixels each of which includes a character ‘¢’ within 1ts
label. If a pixel to be interpolated is located at a sub-pixel location 19, Jro Or qro,
the pixel labeled with fr, jio or qro 1s generated by applying an interpolation tilter to

(A

vertically neighboring interpolated pixels each of which includes a character ‘c
within 1ts label.

The interpolation filter is determined based on the sub-pixel location of the
pixel to be interpolated, or based on a prediction mode and a sub-pixel location of the
pixel to be interpolated.

As shown in Table 1, in uni-directional prediction, 6-tap symmetry filter may
be used to interpolate pixels of half-pixel location H, and 5-tap asymmetry filter may
be used to interpolate pixels of quarter-pixel location FL or FR. In bi-directional
prediction, 8-tap symmetry filter may be used for the half-pixel location H and 8-tap
asymmetry filter may be used for the quarter-pixel location FL and FR.

Alternatively, the filter may be determined by only the sub-pixel location of
the pixel to be interpolated. In uni-directional prediction, 8-tap symmetry filter may
be used to interpolate pixels of half-pixel locations and 7-tap asymmetry filter or 6-
tap may be used to interpolate pixels of quarter-pixel locations. In bi-directional

prediction, same filter or another filter having smaller number of taps may be used to

interpolate pixels of sub-pixel locations.
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A residual block is generated (S330). The residual block 1s generated by the
entropy decoding unit 210, the inverse scanning unit 220, the 1nverse quantization
unit 230 and the inverse transform unit 240 of FIG. 12.

Areconstructed block is generated using the prediction block and the residual
block (S340).

The prediction block has the same size of the prediction unit, and the residual
block has the same size of the transform unit. Therefore, the residual signals and

the prediction signals of same size are added to generate reconstructed signals.

FIG. 14 is a flow chart illustrating a method of deriving motion information
in merge mode.

A merge index is extracted from a bit stream(S410). If the merge index
does not exist, the number of merge candidates 1s set to one.

Spatial merge candidates are derived (S420).The available spatial merge
candidates are the same as describe in S210 of FIG. 4.

Atemporal merge candidate is derived (S430). The temporal merge
candidate includes a reference picture index and a motion vector of the temporal
merge candidate. The reference index and the motion vector of the temporal merge
candidate are the same as described in S220 of FI1G.4.

A merge candidate list is constructed (S440). The merge list 1s the same as
described in S230 of FIG. 4.

It is determined whether one or more merge candidates are generated or not
(§450). The determination is performed by comparing the number of merge

candidates listed in the merge candidate list with a predetermined number of the

merge candidates. The predetermined number is determined per picture or slice.

If the number of merge candidates listed in the merge candidate list 1s smaller
than a predetermined number of the merge candidates, one or more merge candidates
are generated (S460). The generated merge candidate 1s listed after the last

available merge candidate. The merge candidate is generated as the same method

described in $250 of FIG. 4.

The merge candidate specified by the merge index 1s set as the motion

information of the current block (§470).
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FIG. 15 1s a flow chart 1llustrating a procedure of generating a residual block
in inter prediction mode according to the present invention.

Quantized coefficient components are generated by the entropy decoding unit
(S510).

A quantized block is generated by inversely scanning the quantized
coefficient components according to the diagonal scan (5520). The quantized
coefficient components include the significant tlags, the coetficient signs and the
coefficients levels.

When the size of the transform unit 1s larger than the a predetermined size,
the significant flags, the coefficient signs and the coetticients levels are inversely
scanned in the unit of subset using the diagonal scan to generate subsets, and the
subsets are inversely scanned using the diagonal scan to generate the quantized block.
The predetermined size is equal to the size of the subset. The subset 1s a 4x4 block
including 16 transform coefficients. The significant flags, the coetficient signs and
the coefficient levels are inversely scanned in the reverse direction. The subsets are
also inversely scanned in the reverse direction.

The parameter indicating last non-zero coefficient position and the non-zero
subset flags are extracted from the bit stream. The number of encoded subsets 1s
determined based on the parameter indicating last non-zero coefficient position.
The non-zero subset flags are used to determine whether the subset has at least one
non-zero coefficient. If the non-zero subset flag 1s equal to 1, the subset is
generated using the diagonal scan. The first subset and the last subset are generated
using the inverse scan pattern.

The quantized block is inversely quantized using an inverse quantization
matrix and a quantization parameter (S530).

Aminimum size of quantization unit 1s determined. A parameter
cu_qp_delta_enabled_infospecifying the minimum size 1s extracted from a bit stream,
and the minimum size of the quantization unit 1s determined by the tfollowing
equation.

Log2(MinQUSize) = Log2(MaxCUSize) —cu_qp_delta_enabled_info

The MinQUSize indicates the minimum size of the quantization unit, the
MaxCUSize indicates the size of LCU. The parameter cu_qgp_delta_enabled_info 1s

extracted from a picture parameter set.
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A differential quantization parameter of the current coding unit 1s derved .
The differential quantization parameter is included per quantization unit. Therefore,
if the size of the current coding unit is equal to or larger than the minimum size of
the quantization unit, the differential quantization parameter for the current coding
unit is restored. If the differential quantization parameter does not exist, the
differential quantization parameter is set to zero. If multiple coding units belong to
a quantization unit, the first coding unit containing at least one non-zero coefficient
in the decoding order contains the differential quantization unit.

A coded differential quantization parameter is arithmetically decoded to
eenerate bin string indicating the absolute value of the differential quantization
parameter and a bin indicating the sign of the differential quantization parameter.
The bin string may be a truncated unary code. If the absolute value of the
differential quantization parameter is zero, the bin indicating the sign does not exist.
The differential quantization parameter is derived using the bin string indicating the
absolute value and the bin indicating the sign.

A quantization parameter predictor of the current coding unit i1s derived.
The quantization parameter predictor is generated by using quantization parameters
of neighboring coding units and quantization parameter of previous coding unit as
follows.

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

parameter are unavailable, the previous quantization parameter 18 set as the

quantization parameter predictor.
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If multiple coding units belong to a quantization unit of minimum size, the
quantization parameter predictor for the first coding unit in decoding order 1s derived
and used for the other coding units.

The quantization parameter of the current coding unit 1s generated using the
differential quantization parameter and the quantization parameter predictor.

A residual block is generated by inverse-transforming the inverse-quantized
block (S540). One dimensional horizontal and vertical inverse DCT based-

transforms are used.

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

spirit and scope of the invention as defined by the appended claims.
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CLAIMS:
1. A method of decoding video data, comprising:
deriving a reference picture index and a motion vector of a current prediction
unit;

generating a prediction block of the current prediction unit using the reterence

picture index and the motion vector;

generating a quantized block by inverse-scanning quantized coetticient

components;

generating a transformed block by inverse-quantizing the quantized block

using a quantization parameter;

generating a residual block by inverse-transforming the transformed block; and

generating a reconstructed pixels using the prediction block and the residual

block,

wherein prediction pixels of the prediction block is generated using an

interpolation filter selected based on the motion vector;

wherein the interpolation filter is a 7-tap asymmetry filter or a 6-tap asymmetry

filter if the motion vector indicates quarter pixel position; and

wherein the quantization parameter is derived per a quantization unit, and a

size of the quantization unit is one of allowable sizes of a coding unit.

2. The method of claim 1, wherein the quantization parameter 1s derived using a

differential quantization parameter and a quantization parameter predictor.

3. The method of claim 2, wherein the quantization parameter predictor is an

average of two available quantization parameters if at least two of a left quantization
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parameter, an above quantization parameter and a previous quantization parameter are

availlable.

4, The method of claim 3, wherein the quantization parameter 1s an average of the
left quantization parameter and the previous quantization parameter if the current coding unit

1s located at upper boundary of a picture or a slice.

J. The method of claim 1, wherein a number of taps of the filter is determined by

the prediction pixel position indicated by the motion vector.
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