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SPECIFICATION

TITLE OF THE INVENTION

IMAGE ENCODING DEVICE, IMAGE DECODING DEVICE, IMAGE ENCODING

METHOD, AND IMAGE DECODING METHOD
FIELD OF THE INVENTION

[0001]

The present invention relates to an image encoding device
for and an image encoding method of encoding a video with a high
degree of efficiency, and an image decoding device for and an

image decoding method of decoding a video which is encoded with

a high degree of efficiency.

BACKGROUND OF THE INVENTION
{0002]

Conventionally, in accordance with an international
standard video encoding method, such as MPEG ox ITU-T H.26X,
after an inputted video frame is partitioned into wmacroblocks
each of which consists of blocks of 16x16 pixels and a
motion-compensated prediction is carried out on each of the
macroblocks, information compression is carried out on the
inputted video frame by carrying out orthogonal transformation
and quantization on a prediction error signal on a per block
basis. A problem is, however, that as the compression ratio
becomes high, the compression efficiency is reduced because of
degradation in the quality of a prediction reference image used
when carrying out a motion-compensated prediction. To solve
this problem, in accordance with an encoding method such as
MPEG-4 AVC/H.264 (refer to nonpatent reference 1), by carrying
out an in-loop deblocking filtering process, a block distortion
occurring in a prediction reference image and caused by

gquantization of orthogonal transform coefficients is
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eliminated.
[0003]

Fig. 21 is a block diagram showing a video encoding device
disclosed in nonpatent reference 1. In this video encoding
device, when receiving an image signal which is a target to be
encoded, a block partitioning unit 101 partitions the image
signal into macroblocks and outputs an image signal of each of
the macroblocks to a prediction unit 102 as a partitioned image
signal. When receiving the partitioned image signal from the
block partitioning unit 101, the prediction unit 102 carries
out an intra-frame or inter-frame prediction on the image signal
of each color component in each of the macroblocks to determine
a prediction error signal
[0004]

Particularly when carrying out a motion-compensated
prediction between frames, a search for a motion vector is
performed on each macroblock itself or each of subblocks into
which each macroblock is further partitioned finely. Then, a
motion-compensated prediction image is generated by carrying
out a motion-compensated prediction on a reference image signal
stored in a memory 107 by using the motion vector, and a
prediction error signal is calculated by determining the
difference between a prediction signal showing the
motion-compensated prediction image and the partitioned image
signal. Further, the prediction unit 102 outputs parameters
for prediction signal generation which the prediction unit
determines when acquiring the prediction signal to a variable
length encoding unit 108. For example, the parameters for
prediction signal generation includes an intra prediction mode

indicating how a spatial prediction is carried out within a
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frame, and a motion vector indicating an amount of motion
between frames.
[0005]

When receiving the prediction error signal from the
prediction unit 102, a compressing unit 103 removes a signal
correlation by carrying out a DCT (discrete cosine transform)
process on the prediction error signal, and then gquantizes this
prediction error signal to acquire compressed data. When
receiving the compressed data from the compressing unit 103,
a local decoding unit 104 calculates a prediction error signal
corresponding to the prediction error signal outputted from the
prediction unit 102 by inverse-quantizing the compressed data
and then carrying out an inverse DCT process on the compressed
data.

[0006]

When receiving the prediction error signal from the local
decoding unit 104, an adding unit 105 adds the prediction error
signal and the prediction signal outputted from the prediction
unit 102 to generate a local decoded image. A loop filter 106
eliminates a block distortion piggybacked onto a local decoded
image signal showing the local decoded image generated by the
adding unit 105, and stores the local decoded image signal from
which the distortion is eliminated in a memory 107 as a reference
image signal.

[0007]

When receiving the compressed data from the compressing
unit 103, a variable length encoding unit 108 entropy-encodes
the compressed data and outputs a bitstream which is the encoded
result. When outputting the bitstream, the variable length

encoding unit 108 multiplexes the parameters for prediction
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signal generation outputted from the prediction unit 102 into
the bitstream and outputs this bitstream.
[0008]

In accordance with the method disclosed by nonpatent
reference 1, the loop filter 106 determines a smoothing
intensity for a neighboring pixel at a block boundary in DCT
on the basis of information including the granularity of the
quantization, the coding mode, the degree of variation in the
motion vector, etc., thereby reducing distortions occurring at
block boundaries. As a result, the quality of the reference
image signal can be improved and the efficiency of the
motion-compensated prediction in subsequent encoding
processes can be improved.

[0009]

In contrast, a problem with the method disclosed by
nonpatent reference 1 is that the amount of high frequency
components lost from the signal increases with increase in the
compression rate, and this results in excessive smoothness in
the entire screen and hence the video image becomes blurred.
In order to solve this problem, nonpatent reference 2 proposes,
as a loop filter 106, an adaptive offset process (pixel adaptive
offset process) of partitioning a screen into a plurality of
blocks, carrying out a class classification on eachpixel within
each of the blocks into which the screen is partitioned, and
adding an offset wvalue which minimizes a squared error
distortion between an image signal which is an original image
signal and which is a target to be encoded and a reference image
signal corresponding to the image signal for each class.
RELATED ART DOCUMENT

Nonpatent reference
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[0010]

Nonpatent reference 1: MPEG-4 AVC (ISO/IEC 14496-10) /H.ITU-T
264 standards

Nonpatent reference 2: "CE13: Sample Adaptive Offset with
LCU-Independent Decoding®, JCT-VC Document JCTVC-E049, March
2011, Geneva, CH.

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0011]

Because the conventional video encoding device is
constructed as above, this video encoding device needs to encode
the offsets determined for several classes for each of the
blocks into which the screen is partitioned. A problem is
therefore that because a high-accuracy distortion compensation
process is carried out during the pixel adaptive offset process,
the code amount required to encode the offsets increases and
hence the coding efficiency drops with increase in the fineness
of partitioning of the screen into the blocks.

[0012]

The present invention is made in order to solve the
above-mentioned problem, and it is therefore an object of the
present invention to provide an image encoding device, an image
decoding device, an image encoding method, and an image decoding
method capable of reducing the code amount required to encode

offsets and hence improving the coding efficiency.

MEANS FOR SOLVING THE PROBLEM

[0013]

In accordance with the present invention, there is
provided an image encoding device in which a filter determines

a classificaticn method of carrying out a class classification
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on each coding block having a largest size, carries out a class
classification on each pixel within a block in question by using
the above-mentioned c¢lassification method, calculates an
offset value for each class, and carries out a pixel adaptive
offset process of adding the offset value to the pixel value
of a pixel belonging to a corresponding class, and a variable
length encoder variable-length-encodes an index indicating the
classification method of carrying out a class classification
on each coding block having the largest size, the classification
method being determined by the filter, and also
variable-length-encodes a parameter about the offset value for
each class determined for each coding block having the largest
size on the basis of a binarization process using a truncated
unary code.

ADVANTAGES OF THE INVENTION

[0014]

Because the video encoding device according to the
present invention is constructed in such a way that the filter
determines a classification method of carrying out a class
classification on each coding block having the largest size,
carries out a class classification on each pixel within a block
in question by using the above-mentioned classificationmethod,
calculates the offset value for each class, and carries out the
pixel adaptive offset process of adding the offset value to the
pixel value of a pixel belonging to the corresponding class,
and the variable length encoder variable-length-encodes the
index indicating the clasgification method of carrying out a
class classification on each coding block having the largest
size, the classification method being determined by the filter,

and also variable-length-encodes the parameter about the offset
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value for each class determined for each coding block having
the largest size on the bagis of the binarization process using
a truncated unary code, there is provided an advantage of being
able to reduce the code amount required to encode the offset
and improve the coding efficiency.

BRIEF DESCRIPTION OF THE FIGURES

[0015]

[Fig. 1] Fig. 1 is ablock diagram showing a video encoding device
in accordance with Embodiment 1 of the present invention;
[Fig. 2] Fig. 2 is a flow chart showing a process (video encoding
method) carried out by the video encoding device in accordance
with Embodiment 1 of the present invention;

[Fig. 3] Fig. 3 is a block diagram showing a video decoding device
in accordance with Embodiment 1 of the present invention;
[Fig. 4] Pig. 4 is a flow chart showing a process (video decoding
method) carried out by the video decoding device in accordance
with Embodiment 1 of the present invention;

[Fig. 5] Fig. 5 ig an explanatory drawing showing an example
in which each 1largest <coding Dblock is partitioned
hierarchically into a plurality of coding blocks;

[Fig. 6] Fig. 6(a) 1s an explanatory drawing showing a
distribution of coding blocks and prediction blocks after the
partitioning, and Fig. 6 (b) is an explanatory drawing showing
a state in which a coding mode m(B") is assigned to each of the
blocks through the hierarchical partitioning;

[Fig. 7] Fig. 7 is an explanatory drawing showing an example
of an intra prediction parameter (intra prediction mode) which
can be selected for each prediction block Pi? in a coding block
B ;

(Fig. 8] Fig. 8 i1g an explanatory drawing showing an example
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of pixels which are used when generating a predicted value of
each pixel in a prediction block P;i? in the case of 1i"=m;"=4;
[Fig. 9] Fig. 9 is an explanatory drawing showing relative
coordinates of each pixel in the prediction block P;® which are
determined with the pixel at the upper left corner of the
prediction block Pi® being defined as the point of origin;
[Fig. 10] Fig. 10 is an explanatory drawing showing an example
of a quantization matrix;

[Fig. 11] Fig. 11 is an explanatory drawing showing an example
of the structure of a loop filter unit of the video encoding
device in accordance with Embodiment 1 of the present invention
in the case of using a plurality of loop filtering processes;
[Fig. 12] Fig. 12 is an explanatory drawing showing an example
of the structure of a loop filter unit of the video decoding
device in accordance with Embodiment 1 of the present invention
in the case of using a plurality of loop filtering processes;
[Fig. 13] Fig. 13 is an explanatory drawing showing a BO method
which is one class classifying method in the case of carrying
out a pixel adaptive offset process;

[Fig. 14] Fig. 14 is an explanatory drawing showing an EO method
which is one class classifying method in the case of carrying
out the pixel adaptive offset process;

[Fig. 15] Fig. 15 is an explanatory drawing showing an example
of a coded bitstream;

[Fig. 16] Fig. 16 1s an explanatory drawing showing indexes
indicating class classifying methods for use in the pixel
adaptive offset process;

[Fig. 17] Fig. 17 is an explanatory drawing showing an example
of a table showing combinations of offsets respectively

determined for classes of the pixel adaptive offset process;
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[Fig. 18] Fig. 18 is an explanatory drawing showing an example
of the coded bitstream in which two or more sequence level
headers are encoded;

[Fig. 19] Fig. 19 is an explanatory drawing showing an example
of changing the table showing combinations of offset wvalues
respectively determined for classes of the pixel adaptive
offset process according to the bit depth;

[Fig. 20] Fig. 20 is an explanatory drawing showing an example
of changing the number of combinations of offsets in a single
table showing combinations of offset wvalues vrespectively
determined for classes of the pixel adaptive offset process
according to the bit depth;

[Fig. 21] Fig. 21 is a block diagram showing a videoc encoding
device disclosed in nonpatent reference 1;

[Fig. 22] Fig. 22 is an explanatory drawing showing an example
of a picture structure including an IDR picture.

[Fig. 23] Fig. 23 is an explanatory drawing showing an example
of a picture structure including a CRA picture;

[Fig. 24] Fig. 24 is an explanatory drawing of a coded bitstream
showing a process of disabling adaptation parameter sets in a
decoding process starting from an IDR picture or a CRA picture;
[Fig. 25] Fig. 25 is an explanatory drawing showing a truncated
unary code in a case in which the range of symbols to be encoded
extends from 0 to 5;

[Fig. 26] Fig. 26 is an explanatory drawing showing a unary code;
[Fig. 27] Fig. 27 is an explanatory drawing showing an example
of the gyntax of an adaptation parameter set; and

[Fig. 28] Fig. 28 is an explanatory drawing a case in which the
order of data in the coded bitstream of Fig. 24 inputted to a

decoding side is changed.
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EMBODIMENTS OF THE INVENTION
[0016]

Hereafter, in order to explain this invention in greater
detail, the preferred embodiments of the present invention will
be described with reference to the accompanying drawings.
Embodiment 1.

Fig. 1 is a block diagram showing a video encoding device
in accordance with Embodiment 1 of the present invention.
Referring to Fig. 1, a slice partitioning unit 14 carries out
a process of , when receiving a video signal as an inputted image,
partitioning the inputted image into one or more part images,
which are referred to as "slices", according to slice
partitioning information determined by an encoding controlling
unit 2. FEach slice partitioned can be further partitioned into
coding blocks which will be mentioned below. The slice
partitioning unit 14 constructs a slice partitioner.

[0017]

Ablock partitioningunit 1 carries out a process of, every
time when receiving a slice partitioned by the slice
partitioning unit 14, partitioning the slice into largest
coding blocks each of which is a coding block having a largest
size determined by the encoding controlling unit 2, and further
partitioning each of the largest coding blocks into coding
blocks hierarchically until the number of hierarchies reaches
an upper limit on the number of hierarchies, the upper limit
being determined by the encoding controlling unit 2. More
specifically, the block partitioning unit 1 carries out a
process of partitioning each slice into coding blocks according
to partitioning which is determined by the encoding controlling

unit 2, and outputting each of the coding blocks. Each of the
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coding blocks is further partitioned into one or more prediction
blocks each of which is aunit for prediction process. The block
partitioning unit 1 constructs a block partitioner.

[0018]

The encoding controlling unit 2 carries out a process of
determining the largest size of each of the coding blocks which
is a unit to be processed at the time when a prediction process
is carried out, and also determining the upper limit on the
number of hierarchies at the time that each of the coding blocks
having the largest size is hierarchically partitioned into
blocks to determine the size of each of the coding blocks. The
encoding controlling unit 2 also carries out a process of
selecting a coding mode which is applied to each coding block
outputted from the block partitioning unit 1 from one or more
selectable coding modes (one or more intra coding modes in which
the sizes or the like of prediction blocks each representing
a unit for prediction process differ from one another, and one
or more inter coding modes in which the sizes or the like of
prediction blocks differ from one another). As an example of
the selecting method, there is a method of selecting a coding
mode having the highest coding efficiency for the coding block
outputted from the block partitioning unit 1 from the one or
more selectable coding modes.

[0019]

The encoding controlling unit 2 further carries out a
process of, when the coding mode having the highest coding
efficiency is an intra coding mode, determining an intra
prediction parameter which is used when carrying out an intra
prediction process on the coding block in the intra coding mode

for each prediction block which is a unit for prediction process,
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which is shown by the above-mentioned intra coding mode, and,
when the coding mode having the highest coding efficiency is
an inter coding mode, determining an inter prediction parameter
which is used when carrying out an inter prediction process on
the coding block in the inter coding mode for each prediction
block which is a unit for prediction process, which is shown
by the above-mentioned inter coding mode. The encoding
controlling unit 2 further carries out a process of determining
prediction difference coding parameters which the encoding
controlling unit provides for a transformation/quantization
unit 7 and an inverse quantization/inverse transformation unit
8. The prediction difference coding parameters include
orthogonal transformation block partitioning information
showing information about partitioning into orthogonal
transformation blocks each of which is a unit for orthogonal
transformation process in the coding block, and a quantization
parameter defining a quantization step size at the time of
quantizing transform coefficients. The encoding controlling
unit 2 constructs a coding parameter determinator.

[0020]

A select switch 3 carries out a process of, when the coding
mode determined by the encoding controlling unit 2 is an intra
coding mode, outputting the coding block outputted from the
block partitioning unit 1 to an intra prediction unit 4, and,
when the coding mode determined by the encoding controllingunit
2 is an inter coding mode, outputting the coding block outputted
from the block partitioning unit 1 to a motion-compensated
prediction unit 5.

[0021]

The intra prediction unit 4 carries out a process of, when
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an intra coding mode is selected by the encoding controlling
unit 2 as the coding mode corresponding to the coding block
outputted from the select sgwitch 3, performing an intra
prediction process (intra-frame prediction process) using the
intra prediction parameter determined by the encoding
controlling unit 2 on each prediction block, which is a unit
for prediction process at the time of performing a prediction
process on the coding block, while referring to a local decoded
image which is stored in a memory 10 for intra prediction, so
as to generate an intra prediction image.

[0022]

The motion-compensated prediction unit 5 carries out a
process of, when an inter coding mode is selected by the encoding
controlling unit 2 as the coding mode corresponding to the
coding block outputted from the select switch 3, comparing the
coding block with one or more frames of local decoded images
stored in a motion-compensated prediction frame memory 12 for
each prediction block which is a unit for prediction process
so as to search for a motion vector, and carrying out an inter
prediction process (motion-compensated prediction process) on
each prediction block in the coding block by using both the
motion vector and the inter prediction parameter, such as the
number of a frame to be referred to, which is determined by the
encoding controlling unit 2 so as to generate an inter
prediction image. A predictor is comprised of the intra
prediction unit 4, the memory 10 for intra prediction, the
motion-compensated prediction unit 5, and the
motion-compensated prediction frame memory 12.

[0023]

A subtracting unit 6 carries out a process of subtracting
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the intra prediction image generated by the intra prediction
unit 4 or the inter prediction image generated by the
motion-compensated prediction unit 5 from the coding block
outputted from the block partitioning unit 1, and outputting
a prediction difference signal showing a difference image which
is the result of the subtraction to the
transformation/quantization unit 7. The subtracting unit 6
constructs a difference image generator. The
transformation/quantization unit 7 carries out a process of
carrying out an orthogonal transformation process (e.g., a DCT
(discrete cosine transform), a DST (discrete sgine transform),
or an orthogonal transformation process, such as a KL transform,
in which bases are designed for a specific learning sequence
in advance) on each of the orthogonal transformation blocks in
the prediction difference signal outputted from the subtracting
unit 6 by referring to the orthogonal transformation block
partitioning information included in the prediction difference
coding parameters determined by the encoding controlling unit
2 so as to calculate transformcoefficients, and also quantizing
the transform coefficients of each of the orthogonal
transformation blocks by referring to the gquantization
parameter included in the prediction difference coding
parameters and then outputting compressed data which are the
transform coefficients quantized thereby to the inverse
guantization/inverse transformation unit 8 and a variable
length encoding unit 13. The transformation/quantizationunit
7 constructs an image compressor.
[0024]

When quantizing the transform coefficients, the

transformation/quantization unit 7 can carry out the process
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of quantizing the transform coefficients by using a
guantization matrix for scaling the quantization step size
determined from the above-mentioned quantization parameter for
each of the transform coefficients. Fig. 10 is an explanatory
drawing showing an example of the quantization matrix of an 8x8
DCT. Numerals shown in the figure represent scaling values for
the quantization step sizes of the transform coefficients.
Because a coefficient whose scaling value 1is 0 has a
guantization step size of 0, the coefficient is eguivalent to
"no quantization." For example, by performing the scaling in
such a way that a transform coefficient in a higher frequency
band have a larger quantization step size in order to suppress
the coding bit rate, as shown in Fig. 10, transform coefficients
in high frequency bands which occur in a complicated image area
or the like are reduced, thereby suppressing the code amount,
while the encoding can be carried out without reducing
information about coefficients in a low frequency band which
exert a great influence upon the subjective quality. When it
is desirable to control the quantization step size for each
transform coefficient, what i1s necessary 1is just to use a
quantization matrix.

[0025]

Further, as the quantization matrix, a matrix which is
independent for each chrominance signal and for each coding mode
(intra coding or inter coding) at each orthogonal
transformation size can be used, and whether or not to select,
as an initial value of the quantizationmatrix, one quantization
matrix from quantization matrices which are prepared in advance
and in common between the video encoding device and the video

decoding device and already-encoded quantization matrices, or
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whether or not to use, as an initial value of the quantization
matrix, a new quantization matrix can be selected. Therefore,

the transformation/quantization unit 7 sets, as a quantization
matrix parameter to be encoded, flag information showing
whether or not to use the new quantization matrix for each
orthogonal transformation size for each chrominance signal or
for each coding mode. In addition, when the new quantization
matrix is used, each of the gcaling values in the guantization
matrix as shown in Fig. 10 is set as a quantization matrix
parameter to be encoded. In contrast, when the newquantization
matrix is not used, an index specifying a matrix to be used from
the quantization matrix prepared, as an initial wvalue, in
advance and in common between the video encoding device and the
video decoding device and the already-encoded quantization
matrices is set as a quantization matrix parameter to be encoded.
However, when no already-encoded quantization matrix which can
be referred to exists, only the gquantization matrix prepared
in advance and in common between the video encoding device and
the wvideo decoding device can be selected. The
transformation/quantization unit 7 then outputs the set
guantization matrix parameters to the variable length encoding
unit 13 as a part of an adaptation parameter set.

[0026]

The inverse quantization/inverse transformation unit 8
carries out a process of inverse-quantizing the compressed data
outputted from the transformation/quantization unit 7 and also
carrying out an inverse orthogonal transformation process on
the transform coefficients which are the compressed data
inverse-quantized thereby for each of the orthogonal

transformation blocks by referring to the quantization
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parameter and the orthogonal transformation block partitioning
information which are included in the prediction difference
coding parameters determined by the encoding controlling unit
2 so as to calculate a local decoded prediction difference
signal corresponding to the prediction difference signal
outputted from the subtracting unit 6. Also when carrying out
the quantizing process by using the quantization matrix, the
transformation/quantization unit 7 carries out a corresponding
inverse quantization process by referring to the quantization
matrix also at the time of carrying out an inverse quantization
process. An adding unit 9 carries out a process of adding the
local decoded prediction difference signal calculated by the
inverse quantization/inverse transformation unit 8 and the
intra prediction image generated by the intra prediction unit
4 or the inter ©prediction image generated by the
motion-compensated prediction unit 5 so as to calculate a local
decoded image corresponding to the coding block outputted from
the block partitioning unit 1. A local decoded image generator
is comprised of the inverse quantization/inverse
trangsformation unit 8 and the adding unit 9.

(0027]

The memory 10 for intra prediction is a recording medium
for storing the local decoded image calculated by the adding
unit 9. A loop filter unit 11 carries out a process of
performing a predetermined filtering process on the local
decoded image calculated by the adding unit 9 so as to output
the local decoded image on which the filtering process is
carried out. Concretely, the loop filter unit performs a
filtering (deblocking filtering) process of reducing a

distortion occurring at a boundary Dbetween orthogonal
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transformation blocks and a distortion occurring at a boundary
between prediction blocks, a process (pixel adaptive offset
process) of adaptively adding an offset on a per pixel basis,
an adaptive filtering process of adaptively switching among
linear filters, such as Wiener filters, so as to perform the
filtering process, and so on.

[0028]

The loop filter unit 11 determines whether or not to carry
out the process for each of the above-mentioned filtering
processes including the deblocking filtering process, the pixel
adaptive offset process, and the adaptive filtering process,
and outputs an enable flag of each of the processes, as a part
of the adaptation parameter set to be encoded and a part of a
slice level header, to the variable length encoding unit 13.
When using two or more of the above-mentioned filtering
processes, the loop filter unit carries out the two or more
filtering processes in order. Fig. 11 shows an example of the
structure of the loop filter unit 11 in the case of using a
plurality of filtering processes. In general, while the image
quality is improved with increase in the number of types of
filtering processes used, the processing load is increased with
increase in the number of types of filtering processes used.
More specifically, there is a trade-off between the image
quality and the processing load. Further, an improvement
effect of the image quality which is produced by each of the
filtering processes differs depending upon the characteristics
of the image which is the target for the filtering process.
Therefore, what is necessary is just to determine the filtering
processes to be used according to the processing load acceptable

in the video encoding device and the characteristics of the
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image which is the target for the filtering process. The loop
filter unit 11 constructs a filter.
[0029]

In the deblocking filtering process, various parameters
used for the selection of the intensity of a filter to be applied
to a block boundary can be changed from their initial values.
When changing a parameter, the parameter is outputted to the
variable length encoding unit 13 ag a part of the adaptation
parameter set to be encoded. 1In the pixel adaptive offset
process, the image is partitioned into a plurality of blocks
first, a case of not carrying out the offset process is defined
as one class classifying method for each of the coding blocks,
and one clags classifying method is selected from among a
plurality of class classifying methods which are prepared in
advance. Next, by using the selected class classifyingmethod,
each pixel included in the block is classified into one of
classes, and an offset value for compensating for a coding
distortion is calculated for each of the classes. Finally, a
process of adding the offset value to the brightness value of
the local decoded image is carried out, thereby improving the
image quality of the local decoded image. Therefore, in the
pixel adaptive offset process, the Dblock partitioning
information, an index indicating the class classifying method
selected for each block, and offset information specifying the
offset value calculated for each class determined on a per block
basis are outputted to the variable length encoding unit 13 as
a part of the adaptation parameter set to be encoded. 1In the
pixel adaptive offset process, for example, the image can be
always partitioned into blocks each having a fixed size, such

as largest coding blocks, and a class classifying method can



10

15

20

25

30

20

be selected for each of the blocks and the adaptive offset
process for each class can be carried out. 1In this case, the
above-mentioned block partitioning information becomes
unnecessary, and the code amount can be reduced by the code
amount required for the block partitioning information.
[0030]

In the adaptive filtering process, a class classification
is carried out on the local decoded image by using a
predetermined method, a filter for compensating for a
distortion piggybacked on the image is designed for each area
(local decoded image) belonging to each class, and the filtering
process of filtering the local decoded image is carried out by
using the filter. The filter designed for each class is then
outputted to the variable length encoding unit 13 as a part of
the adaptation parameter set to be encoded. As the class
classifying method, there are a simple method of partitioning
the image into equal parts spatially and a method of performing
a clagsification on a per block basis according to the local
characteristics (a variance and so on) of the image. Further,
the number of clagses used in the adaptive filtering process
can be preset as a value common between the video encoding device
and the video decoding device, or can be preset as a part of
the adaptation parameter set to be encoded. The improvement
effect of the image quality in the latter case is enhanced
because the number of classes used in the latter case can be
set freely as compared with that in the former case, while the
code amount 1is increased by that required for the number of
classes because the number of classes is encoded.
[0031]

In addition, the class classification for the adaptive
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filtering process, and the filter design and the filtering

process can be carried out on, instead of the entire image, each
block having a fixed size, e.g., each largest coding block.

More specifically, the class classification can be carried out

on each set of plural small blocks, into which each block having

a fixed size 1s partitioned, according to the 1local

characteristics (a variance and so on) of the image and filter
design and the filtering process can be carried out for each
class, the filter of each class can be encoded, as a part of

the adaptation parameter set, for each block having a fixed size.
By doing this way, a high-accuracy filtering process according
to the local characteristics can be implemented as compared with
the case of carrying out the class classification, the filter
design, and the filtering process on the entire image. Because
it is necessary for the loop filter unit 11 to refer to the video
signal when carrying out the pixel adaptive offset process and
the adaptive filtering process, it is necessary to modify the
video encoding device shown in Fig. 1 in such a way that the
video signal is inputted to the loop filter unit 11.

[0032]

The motion-compensated prediction frame memory 12 is a
recording medium that stores the local decoded image on which
the filtering process is carried out by the loop filter unit
11. The variable length encoding unit 13
variable-length-encodes the compressed data ocutputted thereto
from the transformaticn/quantization unit 7, the output signal
of the encoding controlling unit 2 (the block partitioning
information about the partitioning of each largest coding block,
the coding mode, the prediction difference coding parameters,

and the intra prediction parameter or the inter prediction
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parameter), and the motion vector outputted from the
motion-compensated prediction unit 5 (when the coding mode is
an inter coding mode) so as togenerate coded data. Thevariable
length encoding unit 13 also encodes segquence level headers,
picture level headers, and adaptation parameter sets, as the
header information of the coded bitstream, as illustrated in
Fig. 15, so as to generate the coded bitstreamas well as picture
data. The variable length encoding unit 13 constructs a
variable length encoding unit.

[0033]

Picture data consists of one or more slice data, and each
glice data is a combination of a slice level header and coded
data as mentioned above in the corresponding slice. A sequence
level header is a combination of pieces of header information
which are typically common on a per sequence basis, the pieces
of header information including the image size, the chrominance
gignal format, the bit depths of the signal values of the
luminance signal and the color difference signals, and the
enable flag information about each of the filtering processes
(the adaptive filtering process, the pixel adaptive offset
process, and the deblocking filtering procesgs) which are
carried out on a per sequence basis by the loop filter unit 11.
A picture level header is a combination of pieces of header
information which are set on a per picture basis, the pieces
of header information including an index indicating a sequence
level header to be referred to, the number of reference pictures
at the time of motion compensation, and a probability table
initialization flag for entropy encoding.

(0034]

A gslice level header is a combination of parameters which
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are set on a per slice basis, the parameters including position
information showing at which position of the picture the
corresponding slice exists, an index indicating which picture
level header is to be referred to, the coding type of the slice
{all intra coding, inter coding, or the 1like), an index
indicating the adaptation parameter set which is used by the
corresponding slice, and the flag information showing whether
or not to carry out each of the filtering processes (the adaptive
filtering process, the pixel adaptive offset process, and the
deblocking filtering process) in the loop filter unit 11 using
the adaptation parameter set indicated by the above-mentioned
index. The adaptation parameter set has flags showing whether
or not parameters (filter parameters) associated with the
adaptive filtering process, the pixel adaptive offset process,
and the deblocking filtering process and a parameter
(quantization matrix parameter) agssociated with the
quantization matrix exist respectively, and has parameters
corresponding to only the parameters whose flags mentioned
above are "enable." The adaptation parameter set also has
indexes (aps_id) for identifying a plurality of adaptation
parameter sets, which are multiplexed into the coded bitstream,
respectively.

[0035]

In this case, when encoding a new sequence level header
{(sequence level header 2) at the time of a sequence change, as
shown in Fig. 18, the variable length encoding unit 13 disables
all the adaptation parameter sets which have been encoded before
this sequence level header is encoded. Therefore, in the
example shown in Fig. 18, a reference to any adaptation

parameter set over a sequence level header, such as a reference
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to an adaptation parameter set 2 for encoding of picture data
30, is prohibited. More specifically, when a parameter in an
adaptation parameter set is used for a picture to be processed
after a new sequence level header (sequence level header 2) is
encoded, it 1is necessary to encode the parameter as a new
adaptation parameter set. Therefore, an adaptation parameter
set which is encoded newly when a past adaptation parameter set
cannot be used at all because the disabling process of disabling
the above-mentioned adaptation parameter set or the like is
carried out is the one in which a parameter, such as a
quantization matrix, does not refer to the past adaptation
parameter set, and all the parameters can be decoded by using
only the adaptation parameter set in question. By initializing
an adaptation parameter set by using a sequence level header
at the time of a sequence change this way, when an error occurs
in the coded bitstream before a new sequence level header is
decoded, the video decoding device can avoid a decoding error
caused by a reference to an adaptation parameter set in the
stream and therefore can improve the error resistance. As an
alternative, a sequence level header can be constructed in such
a way as to have an initialization flag aps reset flag for an
adaptation parameter set, thereby improving the error
resistance. Concretely, only when the initialization flag
aps_reset flag is set to "enable", the adaptation parameter set
is 1initialized, whereas when the initialization flag
aps_reset flag is set to "disable", the adaptation parameter
set 1s not initialized. By providing an initialization flag
for an adaptation parameter set as one of the parameters of a
sequence level header this way, an adaptive initializing

process can be carried out, and by carrying out the
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initialization only when it is necessary to improve the error
resistance, reduction in the coding efficiency due to the
initialization of an adaptation parameter set can be prevented.
[0036]

In addition, as special pictures that guarantee the video
decoding device to carry out a random access process of being
able to correctly perform an image playback of a predetermined
picture and subsequent pictures even if the video decoding
device starts decoding from some midpoint in the coded bitstream,
not from the head of the coded bitstream, there are IDR
{(instantaneous decoding refresh) pictures and CRA (clean random
access) pictures. Fig. 22 shows an example of the picture
structure including an IDR picture. 1In the example shown in
Fig. 22, initial values showing the display order and the coding
(decoding) order are set to 0. An IDR picture is an intra coded
picture, and is the one which makes it possible to, even when
the decoding is started from the IDR picture, always and
correctly decode the IDR picture and pictures to be decoded
after the IDR picture by imposing a limitation of reference
pictures at the time of motion compensation shown in Fig. 22
on pictures (pictures gray-colored in Fig. 22) to be encoded
after the IDR picture. Next, Fig. 23 shows an example of the
pilcture structure including a CRApicture. In the example shown
in Fig. 23, initial values showing the display order and the
coding (decoding) order are set to 0. A CRA picture is an intra
coded picture, and is the one which makes it possible to, even
when the decoding is started from the CRA picture, always and
correctly decode the CRA picture and pictures to be displayed
after the CRA picture by imposing a limitation of reference

pictures at the time of motion compensation shown in Fig. 23
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on pictures (pictures gray-colored in Fig. 23) to be encoded
after the CRA picture and to be displayed in order after the
CRA picture, and by further prohibiting the existence of a
picture to be encoded before the CRA picture and to be displayed
in order after the CRA picture.

[0037]

In this case, there is a possibility that, when random
access according to an IDR picture or a CRA picture is carried
out, a picture, which is assumed, as mentioned above, to be able
to be correctly decoded according to the IDR picture or the CRA
picture, cannot be correctly decoded (because there is a
possibility that a picture which is assumed to be able to be
correctly decoded refers to an adaptation parameter set which
is encoded before the IDR picture or the CRA picture) when all
the adaptation parameter sets encoded before the
above-mentioned picture are not provided. Therefore, as the
length of the part of the coded bitstream preceding the coded
data about an IDR picture or a CRA picture increases, a larger
number of adaptation parameter sets have to be decoded, and a
reduction of the error resistance occurs, for example, an
adaptation parameter set cannot be decoded due to an error
occurring in the part of the coded bitstream preceding the coded
data about the IDR picture or the CRA picture and hence a picture
cannot be decoded correctly. To solve this problem, as a part
of the parameters of each adaptation parameter set, a flag
previous aps clear flag for disabling already-encoded
adaptation parameter sets is provided. When a
previous aps clear flagis set to "enable", the variable length
encoding unit 13 disables the adaptation parameter sets encoded

before the adaptation parameter set, whereas when a
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previous aps clear flag is set to "disable", the variable
length encoding unit 13 does not carry out the above-mentioned
disabling process.

[0038]

Fig. 24 shows an example of the coded bitstream showing
the disabling process of disabling some adaptation parameter
sets. It is assumed that for picture data 31 shown in Fig. 24,
an encoding (decoding) process is carried out by referring to
a sequence level header 2, a picture level header 3, and an
adaptation parameter set 21. In general, a unit for picture
access which is a combination of picture data and the header
information associated with the picture data, which is formed
in the above-mentioned way, is referred to as an access unit.
The adaptation parameter sets 1 to 20, which are included in
the adaptation parameter sets shown in Fig. 24, are disabled
by setting the flag previous aps clear flag of only the
adaptation parameter set 21 to "enable", a reference to any of
the adaptation parameter sets 1 to 20 cannot be made for pictures
to be encoded in order after the IDR picture or the CRA picture.
Therefore, when carrying out random access according to the IDR
picture or the CRA picture, what is necessary is just to carry
out decoding from the sequence level header 2 shown in Fig. 24.
On the other hand, when a high-speed decoding process at the
time of random access and a high degree of error resistance are
not required, what is necessary is just to always set the flag
previous_aps clear flag to "disable" so as not to disable the
adaptation parameter sets. Therefore, an adaptive process of
disabling adaptation parameter sets by using a flag
previous aps clear_ flag can be implemented.

[0039]
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In the above-mentioned example, an adaptive process of
disabling adaptation parameter sets for random access 1is
implemented by using the flag previous aps clear flag in an
adaptation parameter set. As an alternative, an adaptive
process of disabling adaptation parameter sets for random
access can be implemented by providing a flag
part _aps clear flag for disabling some adaptation parameter
sets when encoding (decoding) an IDR picture or a CRA picture
in a sequence level header or a unit referred to as a NAL unit.
ANALunit is the one inwhich slice data, a sequence level header,
picture level headers, adaptive parameter headers, or the like
as shown in Fig. 15 1is stored, and has identification
information for identifying whether data stored therein is
slice data or header information. Ina case inwhichdata stored
in a NAL unit is slice data, it can also be identified from this
identification information that the picture is an IDR one or
a CRA one.

[0040]

Concretely, 1f a flag part aps clear flag is set to
"enable" when encoding an IDR picture or a CRA picture, the
variable length encoding unit 13 implements an adaptive
disabling process of disabling adaptation parameter sets for
random access, which is the same as that in the case of using
a flag previous aps clear flag, by disabling the adaptation
parameter sets preceding the picture data about the picture
immediately preceding the IDR picture or the CRA picture. More
specifically, in the example shown in Fig. 24, by setting the
flag part _aps clear flag in the sequence level header 2 or the
NAL unit of the picture data 31 to "enable", the adaptation

parameter sets preceding the picture data 30 which is the one
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immediately preceding the picture data 31 are disabled when
encoding the picture data 31. Therefore, for pictures to be
encoded in order after the IDR picture or the CRA picture, a
reference to any one of the adaptation parameter sets 1 to 20
cannot be made. More specifically, the adaptation parameter
sets preceding the access unit including the picture data about
the IDR picture or the CRA picture are disabled, and no reference
can be made. Therefore, when carrying out random access
according to the IDR picture or the CRA picture, what is
necessary is just to carry out decoding from the sequence level
header 2 shown in Fig. 24.

[0041]

In the above-mentioned explanation, the disabling
process of disabling adaptation parameter sets is carried out
when a flag part aps clear flag is set to "enable." As an
alternative, instead of disposing a flag as mentioned above,
the disabling process of disabling adaptation parameter sets
can be always carried out when encoding an IDR picture or a CRA
picture. By doing this way, the code amount is reduced by the
code amount required to encode a flag as mentioned above.
Further, the process of referring to a flag as mentioned above
when performing the encoding process becomes unnecessary, and
the video encoding device is simplified.

[0042]

In addition, as another method of implementing the
disabling process of disabling adaptation parameter sets
according to an IDR picture or a CRA picture, there can be
provided a method of constructing a video encoding device that
provides a parameter aps_group id in each adaptation parameter

set. In the above-mentioned video encoding device, as shown
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in Fig. 27, the above-mentioned parameter is disposed in each
adaptation parameter set, and, when encoding an IDR picture or
a CRA picture, the variable length encoding unit 13 disables
an adaptation parameter set having aps_group_ id whose value
differs from that of aps group id which another adaptation
parameter set has, the other adaptation parameter set being
referred to by the IDR picture or the CRA picture. For example,
in the case ghown in Fig. 24, by setting the parameters
aps_group_ id of the adaptation parameter sets 1 to 20 to zero,
and also setting the parameters aps_group_ id of the adaptation
parameter set 21 and subsequent adaptation parameter sets to
one, the variable length encoding unit disables the adaptation
parameter sets 1 to 20 whose parameters aps_group id (=0) differ
from the parameter aps group id (=1) of the adaptation
parameter set 21 when the adaptation parameter set 21 is
referred to by the picture data 31 about the IDR picture or the
CRA picture. Therefore, the adaptation parameter sets 1 to 20
are not referred to by the picture data 31 and subsequent picture
data.

[0043]

By thus carrying out the encoding in such a way as to change
the value of the parameter aps group id of an adaptation
parameter set according to an IDR picture or a CRA picture, the
reference to adaptation parameter sets is limited, and the video
decoding device is enabled to correctly decode a predetermined
picture and subsequent pictures when starting the decoding from
an access unit including the picture data about the IDR picture
or the CRA picture. aps group_ id can be alternatively a flag
having only a value of 0 or 1. In this case, a similar disabling

process of disabling adaptation parameter sets can be



10

15

20

25

30

31

implemented by switching the value of the above-mentioned flag
which an adaptation parameter set has according to an IDR
picture or a CRA picture from 0 to 1 or from 1 to 0.

[0044]

By using a method of introducing aps group id as
mentioned above, the decoding can be carried out correctly even
when the order of data in the coded bitstream which is received
by the video decoding device has changed from the order of the
data encoded by the video encoding device from the reason for
transmitting the coded bitstream while distributing the coded
bitstream among a plurality of lines, or the like. Concretely,
even in a case in which the coded bitstream in which the data
are encoded in the order of Fig. 24 has been changed to the one
inwhich the adaptation parameter sets 21 and 22 are to be decoded
before the picture data 30 when reaching the video decoding
device, as shown in Fig. 28, the adaptation parameter sets 1
to 20 whose parameters aps _group id (=0) differ from that of
the adaptation parameter set 21 can be disabled appropriately
when the adaptation parameter set 21 is referred to by the
picture data 31 about the IDR picture or the CRA picture. In
accordance with the method of introducing aps group id as
mentioned above, when a higher priority is given to the coding
efficiency than to the error resistance, the reduction in the
coding efficiency due to restrictions imposed on adaptation
parameter sets which can be referred to can be prevented because
adaptation parameter sets do not need to be disabled by carrying
out the encoding in such a way that the values of the parameters
aps_group id of the adaptation parameter sets are not changed
according to an IDR picture or a CRApicture. Further, the video

encoding device that has a parameter aps group id in each
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adaptation parameter set can be constructed in such a way as
to disable an adaptation parameter set whose parameter
aps_group_id has a value different from that of a parameter
aps _group_ idwhich is to be referred to also when a picture other
than IDR pictures and CRA pictures is decoded. By doing this
way, the video encoding device can carry out an adaptive
disabling process of disabling adaptation parameter sets by
arbitrarily setting the timing with which to change the
parameter aps group_id of an adaptation parameter set, and can
implement an adaptive process having error resistance.
[0045]

In addition, the video encoding device can be constructed
in such a way that when encoding an IDR picture or a CRA picture,
the variable length encoding unit 13 disables the adaptation
parameter sets having indexes smaller than the index (aps_id)
of an adaptation parameter which is to be referred to by the
IDR picture or the CRA picture, as another method of
implementing the disabling process of disabling adaptation
parameter sets according to an IDR picture or a CRA picture.
More specifically, in a case in which indexes are assigned to
adaptation parameter sets in the order in which these adaptation
parameter sets are encoded in the examples of Figs. 24 and 28,
when the adaptation parameter set 21 is referred to by the
picture data 31 about an IDR picture or a CRA picture, the
adaptation parameter sets 1 to 20 having indexes smaller than
the index of the adaptation parameter set 21 are disabled.
Therefore, the adaptation parameter sets 1 to 20 are not
referred to by the picture data 31 and subsequent picture data,
and the video decoding device can always and correctly decode

a predetermined picture and subsequent pictures when starting
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the decoding from the access unit including the picture data
31 about the IDR picture or the CRA picture.
[0046]

In addition, the variable length encoding unit 13 can be
can be constructed in such a way as to, instead of encoding the
quantization matrix parameter as an adaptation parameter set,
encode the gquantization matrix parameter in a picture level
header as a parameter which can be changed on a per picture basis.
By doing this way, the variable length encoding unit can encode
the quantization matrix parameter and the filter parameters in
independent units zrespectively. In this case, the same
processes as the adaptation parameter set initializing process
using a sequence level header and the disabling process of
disabling adaptation parameter sets according to an IDR or CRA
picture, which are explained above, are carried out also on the
quantization matrix parameter.

[0047]

Further, the variable length encoding unit 13 can be
constructed in such a way as to, instead of encoding the filter
parameters which are used in the loop filter unit 11 as an
adaptation parameter set, encode the filter parameters which
are used on a per slice basis by directly using the slice data
about a slice level header or the like. By doing this way,
because it becomes unnecessary to encode indexes each
indicating an adaptation parameter set which is to be referred
to at the time of the decoding process on each slice which is
one slice level header for the filter parameters which are used
in the loop filter unit 11 when no redundant filter parameters
exist between slices, the code amount of the indexes can be

reduced and the coding efficiency can be improved.
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[0048]

In the example shown in Fig. 1, the block partitioning
unit 1, the encoding controlling unit 2, the select switch 3,
the intra predictionunit 4, the motion-compensated prediction
unit 5, the subtractingunit 6, the transformation/quantization
unit 7, the inverse quantization/inverse transformation unit
8, the adding unit 9, the memory 10 for intra prediction, the
loop filter unit 11, the motion-compensated prediction frame
memory 12, and the variable length encoding unit 13, which are
the components of the video encoding device, can consist of
pieces of hardware for exclusive use (e.g., semiconductor
integrated circuits in each of which a CPU is mounted, one chip
microcomputers, or the like), respectively. As an alternative,
the video encoding device can consist of a computer, and a
program in which the processes carried out by the block
partitioningunit 1, the encoding controllingunit 2, the select
switch 3, the intra prediction unit 4, the motion-compensated
prediction unit 5, the subtracting unit 6, the
transformation/quantization unit 7, the inverse
guantization/inverse transformation unit 8, the adding unit 9,
the loop filter unit 11, and the variable length encoding unit
13 are described can be stored in a memory of the computer and
the CPU of the computer can be made to execute the program stored
in the memory. Fig. 2 is a flow chart showing the processing
(video encoding method) carried out by the video encoding device
in accordance with Embodiment 1 of the present invention.
[0049]

Fig. 3 is ablock diagram showing the video decoding device
in accordance with Embodiment 1 of the present invention.

Referring to Fig. 3, when receiving the bitstream generated by
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the video encoding device shown in Fig. 1, a variable length
decoding unit 31 decodes each of the pieces of header
information, such as sequence level headers, picture level
headers, adaptation parameter sets, and slice level headers,
from the bitstream, and also variable-length-decodes the block
partitioning information showing the partitioning state of each
of coding blocks partitioned hierarchically from the bitstream.
At this time, from the gquantization matrix parameter in each
adaptation parameter set variable-length-decoded by the
variable length decoding unit 31, the video decoding device
specifies the quantization matrix of the adaptation parameter
gset.. Concretely, for each of the chrominance signals and for
each coding mode at each orthogonal transformation size, the
video decoding device specifies the quantization matrix for
which the quantization matrix parameter is prepared, as an
initial wvalue, in advance and in common between the wvideo
encoding device and the video decoding device. As an
alternative, when the quantization matrix parameter shows that
the quantization matrix is an already-decoded one (the
quantization matrix is not a new one), the video decoding device
gpecifies the quantization matrix by referring to the index
information specifying which quantization matrix in the
above-mentioned matrices included in the above-mentioned
adaptation parameter set is the quantization matrix, and, when
the quantization matrix parameter shows that a new quantization
matrix is used, specifies, as a quantization matrix to be used,
the quantization matrix included in the quantization matrix
parameter. The variable length decoding unit 31 also carries
out a process of referring to each header information to specify

each largest decoding block included in slice data (a block
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corresponding to each "largest coding block" in the wvideo
encoding device of Fig. 1), referring to the block partitioning
information to specify each decoding block which is one of units
into which each largest decoding block is hierarchically
partitioned and on which the video decoding device carries out
a decoding process (a block corresponding to each "coding block™
in the video encoding device of Fig. 1), and
variable-length-decoding the compressed data, the coding mode,
the intra prediction parameter (when the coding mode ig an intra
coding mode), the inter prediction parameter (when the coding
mode is an inter coding mode), the prediction difference coding
parameters, and the motion vector (when the coding mode is an
inter coding mode), which are associated with each decoding
block. The wvariable length decoding unit 31 constructs a
variable length decoder.

[0050]

An inverse quantization/inverse transformation unit 32
carries out a process of inverse-gquantizing the compressed data
variable-length-decoded by the variable length decoding unit
31 for each orthogonal transformation block by referring to the
quantization parameter and the orthogonal transformation block
partitioning information which are included in the prediction
difference coding parameters variable-length-decoded by the
variable length decoding unit 31, and also performing an inverse
orthogonal transformation process on the transform
coefficients which are the compressed data inverse-guantized
thereby to calculate a decoded prediction difference signal
which is the same as the local decoded prediction difference
signal outputted from the inverse gquantization/inverse

transformation unit 8 shown in Fig. 1. The inverse
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guantization/inverse transformation unit 32 constructs a
difference image generator.
[0051]

In this case, when each header information
variable-length-decoded by the variable length decoding unit
31 shows that the inverse quantization process is carried out
on the slice currently being processed by using the quantization
matrix, the inverse quantization/inverse transformation unit
carries out the inverse quantization process by using the
gquantization matrix. Concretely, the inverse
quantization/inverse transformation unit carries out the
inverse quantization process by using the quantization matrix
of the adaptation parameter set which is specified from each
header information and which ig referred to by the slice
currently being processed.

[0052]

A select switch 33 carries out a process of, when the
coding mode variable-length-decoded by the wvariable length
decoding unit 31 is an intra coding mode, outputting the intra
prediction parameter variable-length-decoded by the variable
length decoding unit 31 to an intra prediction unit 34, and,
when the coding mode variable-length-decoded by the variable
length decoding unit 31 is an inter coding mode, outputting the
inter prediction parameter and the motion vector which are
variable-length-decoded by the variable length decoding unit
31 to a motion compensation unit 35.

[0053]

The intra prediction unit 34 carries out a process of,

when the coding mode associated with the decoding block

specified from the block partitioning information
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variable-length-decoded by the variable length decoding unit
31 is an intra coding mode, performing an intra prediction
process (intra-frame prediction process) using the intra
prediction parameter outputted from the select switch 33 on each
prediction block, which is a unit for prediction process at the
time of carrying out the prediction process on the decoding
block, while referring to a decoded image stored in a memory
37 for intra prediction so as to generate an intra prediction
image.

[0054]

The motion compensation unit 35 carries out a process of,
when the coding mode associated with the decoding block
specified from the block partitioning information
variable-length-decoded by the variable length decoding unit
31 is an inter coding mode, performing an inter prediction
process (motion-compensated prediction process) using the
motion vector and the inter prediction parameter which are
outputted from the gselect switch 33 on each prediction block,
which ig a unit for prediction process at the time of carrying
out the prediction process on the above-mentioned decoding
block, while referring to a decoded image stored in a
motion-compensated prediction frame memory 39 so as to generate
an inter prediction image. A predictor is comprised of the
intra prediction unit 34, the memory 37 for intra prediction,
the motion compensation unit 35, and the motion-compensated
prediction frame memory 39.

[0055]

An adding unit 36 carries out a processgs of adding the

decoded prediction difference signal calculated by the inverse

guantization/inverse transformation unit 32 and the intra
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the inter prediction image generated by the motion compensation
part 35 so as to calculate the same decoded image as the local
decoded image outputted from the adding unit 9 shown in Fig.
1. The adding unit 36 constructs a decoded image generator.
[0056]

The memory 37 for intra prediction is a recording medium
for storing the decoded image calculated by the adding unit 36.
A loop filter unit 38 carries out a process of performing a
predetermined filtering process on the decoded image calculated
by the adding unit 36 so as to output the decoded image on which
the filtering process is carried out. Concretely, the loop
filter unit performs a filtering (deblocking filtering) process
of reducing a distortion occurring at a boundary between
orthogonal transformation blocks and a distortion occurring at
a boundary between prediction blocks, a process (pixel adaptive
offset process) of adaptively adding an offset on a per pixel
basis, an adaptive filtering process of adaptively switching
among linear filters, such as Wiener filters, to perform the
filtering process, and so on. However, for each of the
above-mentioned filtering processes including the deblocking
filtering process, the pixel adaptive offset process, and the
adaptive filtering process, the loop filter unit 38 specifies
whether or not to carry out the process on the slice currently
being processed by referring to each header information
variable-length-decoded by the variable length decoding unit
31. In the case in which the video encoding device of Fig. 1
encodes the filter parameters which are used on a per slice basis
by directly using slice data, instead of encoding the filter

parameters which are used by the loop filter unit 38 as a part
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of an adaptation parameter set which is one piece of header
information, the variable length decoding unit 31 decodes the
filter parameters which are used by the loop filter unit 38 from
the slice data. At this time, in the case in which the loop
filter unit 11 of the video encoding device is constructed as
shown in Fig. 11, the loop filter unit 38 is constructed as shown
in Fig. 12 in the case of carrying out two or more filtering
processes. The loop filter unit 38 constructs a filter.
[0057]

In the deblocking filtering process, when referring to
the adaptation parameter set which is to be referred to by the
slice currently being processed, and there exists change
information for changing the various parameters used for the
selection of the intensity of a filter applied to a block
boundary from their initial values, the loop filter unit carries
out the deblocking filtering process on the basis of the change
information. When no change information exists, the loop
filter unit carries out the deblocking filtering process
according to a predetermined method.

[0058]

In the pixel adaptive offset process, the loop filter unit
refers to the adaptation parameter set which is to be referred
to by the slice currently being processed, partitions the
decoded image into blocks on the basis of the block partitioning
information included in the adaptation parameter set, refers
to the index included in the adaptation parameter set and
indicating the class classifying method of each of the blocks
on a per block basig, and, when the index does not show "does
not carry out the offset process", carries out a class

classification on each pixel in each of the blocks according
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to the <class classifying method indicated Dby the
above-mentioned index on a per block basis. As candidates for
the class classifying method, class classifying methods which
are the same as candidates for the class classifying method of
the pixel adaptive offset process carried out by the loop filter
unit 11 are prepared in advance. The loop filter unit then
refers to the offset information specifying the offset value
calculated for each class determined on a per block basis
(offset information included in the adaptation parameter set),
and carries out a process of adding the offset to the brightness
value of the decoded image.

[0059]

However, in a case in which the pixel adaptive offset
process carried out by the loop filter unit 11 of the video
encoding device is constructed in such a way as to always
partition the image into blocks each having a fixed size (e.g.,
largest coding blocks) without encoding the block partitioning
information, select a class classifying method for each of the
blocks, and carry out the adaptive offset process for each class
the loop filter unit 38 also carries out the pixel adaptive
offset process on each block having the same fixed size as that
processed by the loop filter unit 11.

[0060]

In the adaptive filtering process, the loop filter unit
refers to the adaptation parameter set which is to be referred
to by the slice currently being processed, and, after carrying
out a class clagsification according to the same method as that
used by the video encoding device of Fig. 1, carries out the
filtering process by using the filter for each class included

in the adaptation parameter set on the basis of information
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about the class classification. However, in a case in which
in the adaptive filtering process carried out by the loop filter
unit 11 of the video encoding device, the above-mentioned class
classification, and the filter design and the filtering process
are constructed in such a way as to be carried out on, instead
of the entire image, each block having a fixed size, e.g., each
largest coding block, the loop filter unit 38 also decodes the
filter used for each class and carries out the above-mentioned
class classification and the above-mentioned filtering process
on each block having a fixed size which is the same as that
processed by the loop filter unit 11.
[0061]

When a new sequence level header (sequence level header
2) is inserted into some midpoint in the coded bitstream because
of a sequence change, as shown in Fig. 18, the variable length
decoding unit 31 disables all the adaptation parameter sets
already decoded when decoding the new sequence level header.
Therefore, in the example shown in Fig. 18, a reference to an
adaptation parameter set over a sequence level header, such as
a reference to an adaptation parameter set 2 at the time of
decoding picture data 30, 1is not made. In addition, an
adaptation parameter set which is decoded when past adaptation
parameter sets cannot be used at all through the above-mentioned
disabling process of disabling adaptation parameter sets or the
like is the one in which parameters including a guantization
matrix do not refer to a past adaptation parameter set and which
makes it possible to decode all the parameters by using only
the adaptation parameter set in question. This restriction can
prevent a decoding error from occurring as a result of, when

an error occurs in a part of the coded bitstream preceding the
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set in the part of the bitstream, thereby being able to improve
the error resistance. However, in the case in which the video
encoding device ig constructed in such a way as to have an
initialization flag aps reset flag for each adaptation
parameter set in a sequence level header, each adaptation
parameter set is initialized only when its flag aps reset flag
decoded by the wvariable length decoding unit 31 is set to
"enable", whereas each adaptation parameter set 1s not
initialized when its flag aps_reset flag is set to "disable."
By doing this way, the video decoding device can correctly
decode the stream generated by the video encoding device that
carries out the adaptive initializing process using the
initialization flag aps reset flag for each adaptation
parameter set.

[0062]

Inaddition, in the case in which the video encoding device
is constructed in such a way as to have, as a part of the
parameters of each adaptation parameter set, a flag
previous aps_clear flag for disabling already-decoded
adaptation parameter sets, when a previous aps clear flag
decoded by the variable length decoding unit 31 is set to
"enable", the variable length decoding unit 31 disables the
adaptation parameter sets decoded before the adaptation
parameter set, whereas when the previous_aps_clear flag is set
to "disable", the variable length decoding unit does not carry
out the above-mentioned disabling process. More specifically,
in the example of the coded bitstream shown in Fig. 24, when
the variable length encoding unit 13 of the video encoding

device has encoded the flag previous aps clear flag of the
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adaptation parameter set 21 as "enable", the adaptation
parameter sets 1 to 20 are disabled and no reference to the
adaptation parameter sets 1 to 20 is made for pictures to be
encoded in order after an IDR picture or a CRA picture.
Therefore, random access according to the IDR picture or the
CRA picture can be implemented in the decoding from the sequence
level header 2 which is the head of the access unit including
the picture data 31 about the IDR picture or the CRA picture.
[0063]

Ag an alternative, in the case in which the video encoding
device is constructed in such a way as to implement the disabling
process of disabling adaptation parameter sets for random
access by providing a flag part aps clear_flag for disabling
some adaptation parameter sets when decoding an IDR picture or
a CRA picture in a sequence level header or a NAL unit, when
a flag part aps clear flag decoded by the wvariable length
decoding unit 31 at the time of decoding an IDR picture or a
CRA picture is set to "enable", the variable length decoding
unit 31 disables the adaptation parameter sets preceding the
picture data about the picture immediately preceding the IDR
picture or the CRA picture. More specifically, in the example
shown in Fig. 24, when the variable length encoding unit 13 of
the video encoding device has encoded the flag
part aps clear_flag in the sequence level header 2 or the NAL
unit of the picture data 31 as "enable", the adaptation
parameter sets preceding the picture data 30 which is the
picture data immediately preceding the picture data 31 are
disabled when decoding the picture data 31. Therefore, no
reference to the adaptation parameter sets 1 to 20 is made for

the pictures to be decoded in order after the IDR picture or
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the CRA picture, and random access according to the IDR picture
or the CRA picture can be implemented in the decoding from the
sequence level header 2. However, in the case inwhich the video
encoding device is constructed in such a way as to always carry
out the disabling process of disabling adaptation parameter
sets when encoding an IDR picture or a CRA picture without
providing such a flag as above, the video decoding device can
be constructed in such a way that the variable length decoding
unit 31 always carries out the above-mentioned disabling
process of disabling adaptation parameter sets when decoding
the IDR picture or the CRA picture, thereby being able to
correctly decode the coded bitstream generated by the
above-mentioned video encoding device.

[0064]

Inaddition, in the case in which the video encoding device
is constructed in such a way as to have a parameter referred
to as aps_group 1id in each adaptation parameter set as a method
of implementing the disabling process of disabling adaptation
parameter sets according to an IDR picture or a CRA picture,
when decoding the IDR picture or the CRA picture, the variable
length decoding unit 31 of the video decoding device disables
an adaptation parameter set having aps group_ id whose value
differs from that of aps group id which another adaptation
parameter set has, the other adaptation parameter set being
referred to by the IDR picture or the CRA picture. For example,
in the case shown in Fig. 24, when the video encoding device
encodes the adaptation parameter sets in such a way as to set
the parameters aps_group_id of the adaptation parameter sets
1 to 20 to zero and also set the parameters aps group id of the

adaptation parameter set 21 and subsequent adaptation parameter
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sets to one, the variable length decoding unit 31 of the video
decoding device disables the adaptation parameter sets 1 to 20
having parameters aps_group id (=0) different from the
parameter aps_group id (=1) of the adaptation parameter set 21
when the picture data 31 about the IDR picture or the CRA picture
refers to the adaptation parameter set 21. Therefore, the
adaptation parameter sets 1 to 20 are not referred to by the
picture data 31 and subsequent picture data, and the video
decoding device can always and correctly decode a predetermined
picture and subsequent pictures by starting the decoding from
the sequence level header 2 which is the head of the access unit
including the picture data 31 about the IDR picture or the CRA
picture.

[0065]

In accordance with the method of introducing an
aps_group_id as mentioned above, when the video encoding device
carries out the encoding in such a way as not to change the values
of the parameters aps group_id of the adaptation parameter sets
according to an IDR picture or a CRA picture while giving a higher
priority to the coding efficiency than to the error resistance,
the video decoding device can also decode the adaptation
parameter sets correctly without the adaptation parameter sets
being disabled because, when the picture data about the IDR
pilcture or the CRA picture refers to an adaptation parameter
set, there exigtg no adaptation parameter set having a parameter
aps_group_id whose value differs from that of the parameter
aps_group_id of the adaptation parameter set which is referred
to by the picture data. Further, in the case in which the video
encoding device is constructed in such a way as to disable an

adaptation parameter set having a parameter aps group id whose
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value differs from that of the parameter aps group id which is
referred to also when decoding a picture other than IDR pictures
or CRA pictures, the variable length decoding unit 31 of the
video decoding device disables an adaptation parameter set
having a parameter aps_group_id whose value differs from that
of the parameter aps_group_id which is referred to when decoding
a picture. By doing in this way, the video decoding device can
correctly decode the stream generated by the video encoding
device that implements the adaptive disabling process of
disabling adaptation parameter sets by arbitrarily setting the
timing with which to change the parameter aps group id of an
adaptation parameter set.

[0066]

In addition, in the case in which the variable length
encoding unit 13 of the video encoding device is constructed
in such a way as to, when encoding an IDR picture or a CRA picture,
carry out the disabling process of disabling adaptation
parameter sets according to the IDR picture or the CRA picture
by using the index (aps_id) of each adaptation parameter set,
as another method of implementing the disabling process of
disabling adaptation parameter sets according to an IDR picture
or a CRA picture, the variable length decoding unit 31 of the
video decoding device disables the adaptation parameter sets
having indexes smaller than the index (aps_id) of the adaptation
parameter set in question when referring to the adaptation
parameter set which is referred to by the IDR picture or the
CRA picture. More gpecifically, in the case in which indexes
are assigned to adaptation parameter sets in the order in which
these adaptation parameter sets are encoded in the examples of

Figs. 24 and 28, when the adaptation parameter set 21 is referred
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to by the picture data 31 about an IDR picture or a CRA picture,
the adaptation parameter sets 1 to 20 having indexes smallexr
than the index of the adaptation parameter set 21 are disabled.
Therefore, the adaptation parameter sets 1 to 20 are not
referred to by the picture data 31 and subsequent picture data,
and the video decoding device can always and correctly decode
a predetermined picture and subsequent pictures when starting
the decoding from the access unit including the picture data
31 of the IDR picture or the CRA picture.

[0067]

Inaddition, in the case in which the video encoding device
is constructed in such a way as to, instead of encoding the
quantization matrix parameter as an adaptation parameter set,
encode the quantization matrix parameter in a picture level
header as a parameter which can be changed on a per picture basis,
the same processes as the adaptation parameter set initializing
process using a sequence level header and the disabling process
of disabling adaptation parameter sets according to an IDR or
CRA picture, which are explained above, are carried out also
on the quantization matrix parameter. The motion-compensated
prediction frame memory 39 is a recording medium that stores
the decoded image on which the filtering process is carried out
by the loop filter unit 38. In general, a profile and a level
may be defined in the video decoding device as information
showing a constraint for defining circuit scales including a
memory amount. The profile defines the specifications of the
video decoding device (descriptions showing the structures of
the variable length decoding unit, the inverse
quantization/inverse transformation unit, the intra

prediction unit, the motion compensation unit, the loop filter
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unit, etc.), and the level imposes restrictions on settings,
gsuch as a maximum input image size, the number of frame memories,
and a motion vector range which the motion vector can have, which
affect the required memory amount and the amount of computation
of the video decoding device. On the other hand, because an
optimal number of offsets per picture of the pixel adaptive
offset process in the loop filter unit 38 and an optimal number
of filters per picture of the adaptive filtering process
increase with increase in the space resolution of the image,
a maximum number of offsets per picture of the pixel adaptive
offset process and a maximum number of filters per picture of
the adaptive filtering process can be defined according to the
maximum input image size defined by the level. By doing in this
way, an appropriate maximum number of offsets and an appropriate
maximum number of filters can be defined adaptively.

[0068]

In the example gshown in Fig. 3, the variable length
decoding unit 31, the inverse quantization/inverse
transformation unit 32, the select switch 33, the intra
prediction unit 34, the motion compensation unit 35, the adding
unit 36, the memory 37 for intra prediction, the loop filter
unit 38, and the motion-compensated prediction frame memory 39,
which are the components of the video decoding device, can
consist of pieces of hardware for exclusive use (e.g.,
semiconductor integrated circuits in each of which a CPU is
mounted, one chip microcomputers, or the like), respectively.
As an alternative, the video decoding device can consist of a
computer, and a program in which the processes carried out by
the wvariable 1length decoding wunit 31, the inverse

quantization/inverse transformation unit 32, the select switch
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33, the intra prediction unit 34, the motion compensation unit
35, the adding unit 36, and the loop filter unit 38 are described
can be stored in a memory of the computer and the CPU of the
computer can be made to execute the program stored in the memory.
Fig. 4 is a flow chart showing the processing (video decoding
method) carried out by the video decoding device in accordance
with Embodiment 1 of the present invention.

[0069]

Next, the operations of the video encoding and decoding
devices will be explained. Inthisg Embodiment 1, a case inwhich
the video encoding device receives each frame image of a video
as an inputted image, carries out an intra prediction from
already-encoded neighborhood pixels or a motion-compensated
prediction between adjacent frames, and performs a compression
process with orthogonal transformation and quantization on an
acquired prediction difference signal, and, after that, carries
out variable length encoding so as to generate a coded bitstream
and the video decoding device decodes the coded bitstream
outputted from the video encoding device will be explained.
[0070]

The video encoding device shown in Fig. 1 is characterized
in that the video encoding device is adapted for local changes
in a space direction and in a time direction of a video signal,
divides the video signal into blocks having various sizes, and
carries out intra-frame and inter-frame adaptive encoding. In
general, the video signal has a characteristic of its complexity
locally varying in space and time. There can be a case in which
apattern having a uniform signal characteristic inarelatively
large image region, such as a sky image or a wall image, or a

pattern having a complicated texture pattern in a small image
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region, such as a person image or a picture including a fine
texture, alsoc coexists on a certain video frame from the
viewpoint of space. Also fromthe viewpoint of time, a sky image
and a wall image have a small local change in a time direction
in their patterns, while an image of a moving person or object
has a larger temporal change because its outline has a movement
of a rigid body and a movement of a non-rigid body with respect
to time.

[0071]

Although a process of generating a prediction difference
signal having small signal power and small entropy by using a
temporal and spatial prediction, thereby reducing the whole
code amount, is carried out in the encoding process, the code
amount of parameters used for the prediction can be reduced as
long as the parameters can be applied uniformly to as large an
image signal region as possible. On the other hand, because
the amount of errors occurring in the prediction increases when
the same prediction parameter is applied to a large image region
in an image signal pattern having a large change in time and
space, the code amount of the prediction difference signal
increases. Therefore, 1t is desirable to apply the same
prediction parameter to an image region having a large change
in time and space to reduce the block size of a block which is
subjected to the prediction process, thereby increasing the
data volume of the parameter which is used for the prediction
and reducing the electric power and entropy of the prediction
difference signal.

[0072]
In this Embodiment 1, a structure of, in order to carry

out encoding which i1s adapted for such the typical
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characteristics of a video signal, starting the prediction
process and so on from a predetermined largest block size first,
hierarchically partitioning each region of the video signal
into blocks, and adapting the prediction process and the
encoding process of encoding the prediction difference to each
of the blocks partitioned is provided.

[0073]

A video signal having a format which is to be processed
by the video encoding device shown in Fig. 1 can be a YUV signal
which consists of a luminance signal and two color difference
signals or a color video image signal in arbitrary color space,
such as an RGB signal, outputted from a digital image sensor,
or an arbitrary video signal, such as a monochrome image signal
or an infrared image signal, in which each video frame consists
of a series of digital samples (pixels) in two dimensions,
horizontal and vertical. The gradation of each pixel can be
an 8-bit, 10-bit, or 12-bit one.

[0074]

In the following explanation, for convenience' sake, a
case in which the video signal of the inputted image is a YUV
signal unless otherwise specified, and the two color difference
components U and V which are signals having a 4:2:0 format which
are subsampled with respect to the luminance component Y are
handled will be described. Further, a data unit to be processed
which corresponds to each frame of the video signal is referred
to as a '"picture.™ In this Embodiment 1, although an
explanation will be made in which a "picture" is a video frame
signal on which progressive scanning is carried out, a "picture"
can be alternatively a field image signal which is a unit which

constructs a video frame when the video signal is an interlaced
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[0075]

First, the processing carried out by the video encoding
device shown in Fig. 1 will be explained. First, the encoding
controlling unit 2 determines the slice partitioning state of
a picture (current picture) which is the target to be encoded,
and also determines the size of each largest coding block which
is used for the encoding of the picture and the upper limit on
the number of hierarchiesg at the time when each largest coding
block is hierarchically partitioned into blocks (step ST1 of
Fig. 2). As a method of determining the size of each largest
coding block, for example, there can be a method of determining
the same size for all the pictures according to the resolution
of the video signal of the inputted image, and a method of
quantifying a variation in the complexity of a local movement
of the video signal of the inputted image as a parameter and
then determining a small gize for a picture having a large and
vigorous movement while determining a large size for a picture
having a smaller movement.

[0076]

As a method of determining the upper limit on the number
of hierarchies of the partitioning, for example, there can be
a method of determining the same number of hierarchies for all
the pictures according to the resolution of the video signal
of the inputted image, and a method of increasing the number
of hierarchies to make it possible to detect a finer movement
as the video signal of the inputted image has a larger and more
vigorous movement, or decreasing the number of hierarchies as
the video signal of the inputted image has a smaller movement.

The encoding controlling unit can encode the above-mentioned
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size of each largest coding block, and the upper limit on the
number of hierarchies at the time when each largest coding block
ig hierarchically partitioned into blocks to include the coded
data in the sequence level header or the 1like. As analternative,
the wvideo decoding device can also carry out the same
determination process without the size and the upper limit being
encoded. 1In the former case, because while the code amount of
the header information increases, the video decoding device
does not have to carry out the above-mentioned determination
process, the processing load on the video decoding device can
be reduced and the video encoding device can also search for
their optimal values and send these values to the video decoding
device. In the latter case, on the contrary, because the video
decoding device carries out the above-mentioned determination
process, while the processing load on the video decoding device
increases, the code amount of the header information does not
increase.

[0077]

The encoding controlling unit 2 also selects a coding mode
corresponding to each of the coding blocks into which the
inputted image is hierarchically partitioned from one or more
available coding modes (step ST2). More specifically, the
encoding controlling unit 2 hierarchically partitions each
image region having the largest coding block size into coding
blocks each having a coding block size until the number of
hierarchies of the partitioning reaches the upper limit on the
number of hierarchies which is determined in advance, and
determines a coding mode for each of the coding blocks. The
coding mode can be one of one or more intra coding modes

(generically referred to as "INTRA") and one or more inter
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coding modes (generically referred to as "INTER"), and the
encoding controlling unit 2 selects a coding mode corresponding
to each of the coding blocks from among all the coding modes
available in the picture currently being processed or a subset
of the coding modes.

[0078]

Each of the coding blocks into which the inputted image
is hierarchically partitioned by the block partitioning unit
1, which will be mentioned below, is further partitioned into
one or more prediction blocks each of which is a unit on which
a prediction process is to be carried out, and the state of the
partitioning into the one or more prediction blocks is also
included as information in the coding mode information. More
specifically, the coding mode information is an index
identifying either an intra coding mode or an inter coding mode
and what type of partitioning into prediction blocks the coding
mode has. Although a detailed explanation of a selectionmethod
of selecting a coding mode for use in the encoding controlling
unit 2 will be omitted hereafter because the selection method
is a known technique, for example, there is a method of carrying
out an encoding process on each coding block by using arbitrary
available coding modes to examine the coding efficiency, and
selecting a coding mode having the highest degree of coding
efficiency from among the plurality of available coding modes.
[0079]

The encoding controlling unit 2 further determines a
guantization parameter and an orthogonal transformation block
partitioning state, which are used when a difference image is
compressed, for each coding block, and also determines a

prediction parameter (an intra prediction parameter or an inter
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prediction parameter) which is used when a prediction process
is carried out. When each coding block is further partitioned
into prediction blocks on each of which the prediction process
is carried out, the encoding controlling unit can select a
prediction parameter (an intra prediction parameter or an inter
prediction parameter) for each of the prediction blocks. 1In
addition, because when an intra prediction process is carried
out on each prediction block in a coding block whose coding mode
is an intra coding mode, already-encoded pixels adjacent to the
prediction block are used, as will be described in detail, it
is necessary to carry out encoding on a per prediction block
basis, and therefore selectable transformation block sizes are
limited to the size of the prediction block or less.

[0080]

The encoding controlling unit 2 outputs the prediction
difference coding parameters including the quantization
parameter and the transformation block size to the
transformation/quantization unit 7, the inverse
gquantization/inverse transformation unit 8, and the variable
length encoding unit 13. The encoding controlling unit 2 also
outputs the intra prediction parameter to the intra prediction
unit 4 as needed. The encoding controlling unit 2 further
outputs the inter prediction parameter to the
motion-compensated prediction unit 5 as needed.

[0081]

When receiving the video signal as the inputted image,
the slice partitioning unit 14 partitions the inputted image
into one or more slices which are part images according to the
slice partitioning information determined by the encoding

controlling unit 2. Every time when receiving each of the
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slices from the slice partitioning unit 14, the Dblock
partitioningunit 1 partitions the slice into coding blocks each
having the largest coding block size determined by the encoding
controlling unit 2, and further partitions each of the largest
coding blocks, into which the inputted image is partitioned,
into coding blocks hierarchically, these coding blocks being
determined by the encoding controlling unit 2, and outputs each
of the coding blocks.

[0082]

Fig. 5 is an explanatory drawing showing an example in
which each largest coding block is hierarchically partitioned
into a plurality of coding blocks. Referring to Fig. 5, each
largest coding block is a coding block whose luminance component,
which is shown by "0-th hierarchical layer", has a size of (LO,
M0) . By carrying out the hierarchical partitioning with each
largest coding block being set as a starting point until the
depth of the hierarchy reaches a predetermined depth which is
set separately according to a quadtree structure, the coding
blocks can be acquired. At the depth of n, each coding block
is an image region having a size of (L7, M?). 1In this example,
although L» can be the same as or differ from M?, the case of
In=M" is shown in Fig. 5.

[0083]

Hereafter, the coding block size determined by the
encoding controlling unit 2 is defined as the size of (L», M")
in the luminance component of each coding block. Because
quadtree partitioning is carried out, (L»+t, M~+1)=(Ln/2, M7/2)
is always established. 1In the case of a color video image signal
(4:4:4 format) in which all the color components have the same

sample number, such as an RGB signal, all the color components
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have a size of (L", M"), while in the case of handling a 4:2:0
format, a corresponding color difference component has a coding
block size of (Ln/2, Mr/2).

(0084]

Hereafter, each coding block in the nth hierarchical
layer is expressed as B?, and a coding mode selectable for each
coding block B" is expressed as m(B"). In the case of a color
video signal which consists of a plurality of color components,
the coding mode m(B®) can be configured in such a way that an
individual mode i1s used for each color component, or can be
configured in such a way that a common mode is used for all the
color components. Hereafter, an explanation will be made by
assuming that the coding mode indicates the one for the
luminance component of the coding block having a 4:2:0 format
in a YUV signal unless otherwise specified.

[0085]

Each coding block B" is partitioned into one or more
prediction blocks each showing a prediction unit by the block
partitioning unit 1, as shown in Fig. 5. Hereafter, each
prediction block belonging to each coding block B® is expressed
as Pi® (1 shows a prediction block number in the nth hierarchical
layer). An example of P00 and P10 is shown in Fig. 5. How the
partitioning of each coding block B into prediction blocks is
carried out is included as information in the coding mode m (B") .
While a prediction process is carried out on each of all the
prediction blocks P;® according to the coding mode m(B"), an
individual prediction parameter (an intra prediction parameter
or an inter prediction parameter) can be selected for each
prediction block P;™.

[0086]
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The encoding controlling unit 2 generates such a block
partitioning state as shown in, for example, Fig. 6 for each
largest coding block, and then specifies coding blocks. Each
rectangle enclosed by a dotted line of Fig. 6(a) shows a coding
block, and each block filled with hatch lines in each coding
block shows the partitioning state of each prediction block.
Fig. 6 (b) shows a situation where a coding mode m(B") is assigned
to each node through the hierarchical partitioning in the
example of Fig. 6(a) is shown by using a quadtree graph. Each
node enclosed by [ shown in Fig. 6 (b) is a node {(coding block)
to which a coding mode m(Bn) is assigned. Information about
this quadtree graph is outputted from the encoding controlling
unit 2 to the variable length encoding unit 13 together with
the coding mode m(Bn), and is multiplexed into a bitstream.
[0087]

When the coding mode m(B?) determined by the encoding
controlling unit 2 is an intra coding mode (in the case of m(B")
€ INTRAZA), the select switch 3 outputs the coding block B®
outputted from the block partitioning unit 1 to the intra
prediction unit 4. In contrast, when the coding mode m(B")
determined by the encoding controlling unit 2 ig an inter coding
mode (in the case of m(Bm) EINTER), the select switch outputs
the coding block Br outputted from the block partitioning unit
1 to the motion-compensated prediction unit 5.

[0088]

When the coding mode m(B") determined by the encoding
controlling unit 2 is an intra coding mode (in the case of m(Bn)
EINTRA), and the intra prediction unit 4 receives the coding
block B» from the select switch 3 (step ST3), the intra

prediction unit 4 carries out the intra prediction process on
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each prediction block Pi® in the coding block B by using the
intra prediction parameter determined by the encoding
controlling unit 2 while referring to the local decoded image
stored in the memory 10 for intra prediction so as to generate
an intra prediction image Piyrrai® (Step ST4) . Because the video
decoding device needs to generate an intra prediction image
which is completely the same as the intra prediction image Pinrrai®,
the intra prediction parameter used for the generation of the
intra prediction image Piytrai™ 18 outputted from the encoding
controlling unit 2 to the variable length encoding unit 13 and
is multiplexed into the bitstream. The details of the
processing carried out by the intra prediction unit 4 will be
mentioned below.

[0089]

When the coding mode m(B"?) determined by the encoding
controlling unit 2 is an inter coding mode (in the case of m(B")
€ INTER) , and the motion-compensated prediction unit 5 receives
the coding block B" from the select switch 3 (step ST3), the
motion-compensated prediction unit 5 compares each prediction
block P;i" in the coding block B" with the local decoded image
which is stored in the motion-compensated prediction frame
memory 12 and on which the filtering process is performed to
search for a motion vector, and carries out the intexr prediction
process on each prediction block P;® in the coding block B" by
using both the motion vector and the inter prediction parameter
determined by the encoding controlling unit 2 so as to generate
an inter prediction image Pryreri® (step ST5) . Because the video
decoding device needs to generate an inter prediction image
which is completely the same as the inter prediction image Piyreri®,

the inter prediction parameter used for the generation of the
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inter prediction image Pryperi® 18 outputted from the encoding
controlling unit 2 to the variable length encoding unit 13 and
is multiplexed into the bitstream. The motion vector which is
searched for by the motion-compensated predictionunit 5 is also
outputted to the variable length encoding unit 13 and is
multiplexed into the bitstream.

[0090]

When receiving the coding block B* from the block
partitioning unit 1, the subtracting unit 6 subtracts the intra
prediction image Piyreai™ generated by the intra prediction unit
4 or the inter prediction image Piyreri® denerated by the
motion-compensated prediction unit 5 from the prediction block
P;" in the coding block B", and outputs a prediction difference
signal e;® showing a difference image which is the result of
the subtraction to the transformation/quantizationunit 7 (step
ST6) .

[0091]

When receiving the prediction difference signal e;® from
the subtracting unit 6, the transformation/quantization unit
7 refers to the orthogonal transformation block partitioning
information included in the prediction difference coding
parameters determined by the encoding controlling unit 2, and
carries out an orthogonal transformation process (e.g., a DCT
(discrete cosine transform), a DST (discrete sine transform),
or an orthogonal transformation process, such as a KL transform,
in which bases are designed for a specific learning sequence
in advance) on each orthogonal transformation block of the
prediction difference signal e;® so as to calculates transform
coefficients. The transformation/quantization unit 7 also

refers to the quantization parameter included in the prediction
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difference coding parameters to gquantize the transform
coefficients of each orthogonal transformation block, and
outputs compressed data which are the transform coefficients
guantized thereby to the inverse quantization/inverse
transformation unit 8 and the variable length encoding unit 13
(step ST7). At this time, the transformation/quantization
unit can carry out the quantization process by using a
guantization matrix for carrying out scaling on the
gquantization step size calculated from the above-mentioned
guantization parameter for each transform coefficient.
[0092]

As the quantization matrix, a matrix which is independent
for each of the chrominance signals and for each coding mode
(intra encoding or inter encoding) at each orthogonal
transformation size can be used, and whether or not to select,
as an initial value of the quantizationmatrix, one quantization
matrix from a quantization matrix which is prepared in advance
and in common between the video encoding device and the video
decoding device and an already-encoded quantization matrix, or
whether or not to use, as an initial value of the quantization
matrix, a new quantization matrix can be selected. Therefore,
the transformation/quantization unit 7 sets, as the
quantization matrix parameter to be encoded, flag information
showing whether or not to use a new quantization matrix for each
chrominance signal and for each coding mode at each orthogonal
transformation size. In addition, when a new quantization
matrix is used, each of the scaling values in a quantization
matrix as shown in Fig. 10 is set as a quantization matrix
parameter to be encoded. In contrast, when no new quantization

matrix is used, an index specifying a matrix to be used, as an
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and in common between the video encoding device and the video
decoding device and the already-encoded quantizing matrix is
set as a quantization matrix parameter to be encoded. However,
when no already-encoded gquantization matrix which can be
referred to exists, only the quantization matrix prepared in
advance and in common between the video encoding device and the
video decoding device can be selected. The
transformation/quantization unit 7 then outputs the set
quantization matrix parameters to the variable length encoding
unit 13 as a part of an adaptation parameter set.

[0093]

When receiving the compressed data from the
transformation/quantization unit 7, the inverse
quantization/inverse transformation unit 8 refers to the
quantization parameter and the orthogonal transformation block
partitioning information which are included in the prediction
difference coding parameters determined by the encoding
controllingunit 2 so as to inverse-quantize the compressed data
about each orthogonal transformation block. When the
transformation/quantization unit 7 uses a quantization matrix
for the quantization process, the inverse quantization/inverse
transformation unit carries out a corresponding inverse
quantization process by referring to the quantization matrix
also at the time of the inverse quantization process. The
inverse quantization/inverse transformation unit 8 also
carries out an inverse orthogonal transformation process (e.g.,
an inverse DCT, an inverse DST, an inverse KL transform, or the
like) on the transform coefficients which are the compressed

data inverse-quantized for each orthogonal transformation
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block, and calculates a local decoded prediction difference
signal corresponding to the prediction difference signal e;"
outputted from the subtracting unit 6 and outputs the local
decoded prediction difference signal to the adding unit 9 (step
ST8) .
[0094]

When receiving the local decoded prediction difference
gsignal from the inverse quantization/inverse transformation
unit 8, the adding unit 9 calculates a local decoded image by
adding the local decoded prediction difference signal and
either the intra prediction image Pryrrai™ generated by the intra
prediction unit 4 or the inter prediction image Piyreri® generated
by the motion-compensated prediction unit 5 (step ST9). The
adding unit 9 outputs the local decoded image to the loop filter
unit 11 while storing the local decoded image in the memory 10
for intra prediction. This local decoded image is an encoded
image signal which is used at the time of subsequent intra
prediction processes.

[0095]

When receiving the local decoded image from the adding
unit 9, the loop filter unit 11 carries out the predetermined
filtering process on the local decoded image, and stores the
local decoded image filtering-processed thereby in the
motion-compensated prediction frame memory 12 (step ST10) .
Concretely, the loop filter unit carries out a filtering
(deblocking filtering) process of reducing a distortion
occurring at a boundary between orthogonal transformation
blocks and a distortion occurring at a boundary between
prediction blocks, a process (pixel adaptive offset process)

of adaptively adding an offset to each pixel, an adaptive



10

15

20

25

30

65

filtering process of adaptively switching among linear filters,
such as Wiener filters, and performing the filtering process,
and so omn.

[0096]

The loop filter unit 11 determines whether or not to carry
out the process for each of the above-mentioned filtering
processes including the deblocking filtering process, the pixel
adaptive offset process, and the adaptive filtering process,
and outputs the enable flag of each of the processes, as a part
of the adaptation parameter set to be encoded and a part of the
slice level header, to the variable length encoding unit 13.
When using two or more of the above-mentioned filtering
processes, the loop filter unit carries out the filtering
processes in order. Fig. 11 shows an example of the structure
of the loop filter unit 11 in the case of using a plurality of
filtering processes. In general, while the image quality is
improved with increase in the number of types of filtering
processes used, the processing load is increased with increase
in the number of types of filtering processes used. More
specifically, there is a trade-off between the image quality
and the processing load. Further, an improvement effect of the
image quality which 1is produced by each of the filtering
processes differs depending upon the characteristics of the
image which is the target for the filteringprocess. Therefore,
what is necessary 1s just to determine a filtering process to
be used according to the processing load acceptable in the video
encoding device and the characteristics of the image which is
the target for the filtering process.

[0097]

In the deblocking filtering process, various parameters
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used for the selection of the intensity of a filter to be applied
to a block boundary can be changed from their initial values.
When changing a parameter, the parameter is outputted to the
variable length encoding unit 13 as a part of the adaptation
parameter set to be encoded.

[0098]

In the pixel adaptive offset process, the image 1is
partitioned into a plurality of blocks first, a case of not
carrying out the offset process is defined as one class
classifying method for each of the coding blocks, and one class
classifying method is selected from among a plurality of class
classifying methods which are prepared in advance. Next, by
using the selected class classifying method, each pixel
included in the block is classified into one of classes, and
an offset value for compensating for a coding distortion is
calculated for each of the classes. Finally, a process of
adding the offset value to the brightness value of the local
decoded image 1s carried out, thereby improving the image
quality of the local decoded image.

[0099]

As the method of carrying out the class classification,
there are a method (referred to as a BO method) of classifying
each pixel into one of classes according to the brightness value
of the local decoded image, and a method (referred to as an EO
method) of classgifying each pixel into one of classes according
to the state of a neighboring region around the pixel (e.g.,
whether or not the neighboring region is an edge portion) for
each of the directions of edges. These methods are prepared
in common between the video encoding device and the video

decoding device. As shown in Fig. 16, the case of not carrying
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out the offset process is defined as one class classifying
method, and an index showing which one of these methods is to
be used to carry out the class classification is selected for
each of the above-mentioned blocks.
[0100]

Fig. 13 is an explanatory drawing showing the BO method.
In accordance with the BO method, the range of brightness values
which the local decoded image can have is divided into Mg equal
groups first. Mgy is a constant which is an integral submultiple
of ((the largest one of the brightness values) - (the smallest
one of the brightness values)+1), and Mgo=32 in the example shown
in Fig. 13. Next, each pixel in the block is classified into
a corresponding one of the Mzo groups according to the brightness
value of the pixel in question. In order to then determine the
class which is the group to which the offset is to be added,
bo start position showing the start position of the classes is
determined. As shown in Fig. 13, the classes are determined
as class 0, class 1, class 2, .., and class Lgo-1 starting from
the group shown by bo_start_position. However, Lps 1s a
constant showing the number of classes, and Lgo=4 in the example
shown in Fig. 13.
[0101]

bo start position is a part of the adaptation parameter
set which is to be encoded, and is determined together with the
offset value which is to be added to each pixel belonging to
each class in such a way that the image quality improvement
effect is enhanced to maximum. While the larger constant Mgo,
the further-enhanced image quality improvement effect is
provided because the offset can be set for each finer unit, the

code amount required to encode bo start position increases
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because the range of values which bo start position can have
becomes large. While the larger constant Lo, the
further-enhanced image quality improvement effect is provided
because the number of offsets increases, the code amount
required to code the offsets increases. Therefore, the values
of the constants Mps and Lpy are preset to appropriate values
in common between the video encoding device and the video
decoding device in consideration of a trade-off between the
image quality improvement effect and the code amount. As an
alternative, the values of the constants Mgy and Lpo can be set
as a part of the adaptation parameter set which is to be encoded,
instead of being prepared in advance and in common between the
video encoding device and the video decoding device. 1In this
case, while the image quality improvement effect is enhanced
because the constants Mg and Lgy can be set up adaptively, the
code amount increases because the information to be encoded
increases.

[0102]

Next, Fig. 14 is an explanatory drawing showing the EO
method. In Fig. 14, ¢ shows a pixel which is the target for
offset process, and a and b show pixels adjacent to the pixel
c. As shown in Fig. 14, four types of class classifying methods
are provided according to directions in each of which the pixels
a, b, and ¢ are aligned in a line. The methods in the order
of starting from the one 1 correspond to EO methods 1 to 4 shown
in Fig. 16 respectively. Each of the classification methods
classifies each pixel in the block into one of five types of
classes according to class classification criteria shown in Fig.
14 to determine the offset value which is to be added to the

pixel belonging to the class.
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[0103]

The offset value which is to be added to each pixel
belonging to each class is determined, as illustrated in Fig.
17, by preparing a table in which the offset value calculated
for each class is prepared in advance and in common between the
video encoding device and the video decoding device, and
selecting an index indicating a combination of offset values
to be used asg offset information. By doing this way, although
the range of values which each offset can have is limited, a
high-accuracy distortion compensation process can be
implemented while the code amount required to encode the offset
information can be reduced as compared with the case of encoding
the offset value just as it is by appropriately setting up the
combination of offset values for each class which is prepared
in the above-mentioned table. By using, as a method of encoding
the above-mentioned index which the variable length encoding
unit 13 uses, a binarization method taking into consideration
the range of values of a symbol to be encoded, such as a truncated
unary code shown in Fig. 25, because the range of values which
the index can have can be seen from the table prepared in advance,
encoding having a high degree of efficiency can be carried out.
Fig. 25 1is an example in a case in which the range of wvalues
which the symbol to be encoded has is set to the one from 0 to
5.

[0104]

At this time, the table which is prepared in advance can
be common among all the class classifying methods, or can be
different according to the class classifying methods. For
example, because the processes completely differ between the

BO method and the EO method, an adaptive image quality
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improvement can be implemented by separately preparing
different tables for the BO and EO methods. In addition,
because the distances among the pixels a, b, and cdiffer between
the EO methods 1 and 2 and the EO methods 3 and 4 in the case
of using the EO method, an adaptive image quality improvement
can be implemented by separately preparing a table for the EO
methods 1 and 2 and a table for the EO methods 3 and 4. However,
the amount of memory required to hold the tables increases with
increase in the number of tables prepared. Therefore, the
number of tables which can be prepared is limited by the amount
of memory which can be prepared in the video encoding device
and the amount of memory which can be prepared in the video
decoding device.

[0105]

Further, although a high-accuracy image quality
improvement can be implemented by increasing the number of
indexes which each table has (the number of combinations of
offsets for each class), the code amount required to encode the
indexes increases with increase in the number of indexes
selectable in the table. Therefore, the number of indexes is
set up in advance and in common between the video encoding device
and the video decoding device in consideration of the trade-off
between the image quality improvement effect and the code amount.
The table prepared in advance can be prepared for each
chrominance signal. By doing in thig way, an appropriate table
can prepared for each of the chrominance signals having
different signal <characteristics, and the image quality
improvement effect can be enhanced.

[0106]

In addition, instead of making a table reference to all



10

15

20

25

30

71

the offsets, for example, a table reference can be made to
offsets according to only the EO method in the above-mentioned
way, while the values themselves of offsets according to the
BOmethod can be encoded. Ingeneral, according to the EOmethod,
there is provided an effect of removing a slight noise in an
edge portion, and an optimal offset value is easily biased
toward a small value. On the other hand, according to the BO
method, there is provided an effect of correcting a DC component
of a signal falling within a certain brightness range, and an
optimal offset value is not necessarily biased toward a small
value. Therefore, a table reference is made only for a class
classifying method in which an optimal offset value is biased,
while an offset value itself is encoded for a class classifying
method in which an optimal offset value is not biased, so that
a greater image quality improvement effect is acquired.
According to an encoding method of encoding the above-mentioned
offset value which the variable length encoding unit 13 uses,
by setting up the range of values which the offset can have in
advance and in common between the video encoding device and the
video decoding device, high-efficiency encoding can be carried
out by using a Dbinarization method which takes into
consideration the range of values which a symbol to be encoded,
such as a truncated unary code shown in Fig. 25, has. In
contrast, when the range of values which the offset can have
is not set up in advance, a code which can be binarized without
taking into consideration the range of values of a symbol to
be encoded, such as a unary code shown in Fig. 26, is used.
[0107]

Further, switching between tables can be carried out by

using the bit depth of the signal value of the luminance signal
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or each color difference signal at the time of carrying out the
encoding process. An offset value in the case of 9 bits
corresponding to an offset value of 1 in the case of 8 bits is
2. However, there is a possibility that even when an optimal
offset value in the case of 8 bits is 1, the optimal offset value
in the case of 9 bits is not 2, but 1 or another value. Therefore
the image quality i1mprovement effect can be enhanced by
preparing a table for each bit depth of the signal value as shown
in Fig. 19. 1In addition, as illustrated in Fig. 20, by using
only a single table, and providing, as a choice, only an index
of 0 (0 bits) in the case of 8 bits, providing, as a choice,
indexes of 0 and 1 (1 bit) in the case of 9 bits, and providing,
as a choice, indexes of 0 to 4 (2 bits) in the case of 10 bits,
the number of tables prepared can be reduced and the amount of
memory for holding the tables can be reduced. In the examples
shown in Figs. 19 and 20, because only the index of 0 is provided
in the case of 8 bits, it is not necessary to encode the index.
By doing in this way, the coding efficiency can be improved by
a degree corresponding to the code amount required to encode
the indexes.

[0108]

In the pixel adaptive offset process, an optimal class
classifying method and an optimal offset value are selected from
the above-mentioned plurality of class classifying methods and
from the combination of optimal offset wvalues, so that an
optimal distortion compensation process can be implemented.
[01009]

As a result, in the pixel adaptive offset process, the
block partitioning information, the index indicating the class

classifying method for each block, and the offset information
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about each block are outputted to the variable length encoding
unit 13 as a part of the adaptation parameter set to be encoded.
In addition, in the pixel adaptive offset process, when the
index indicating the class classifying method for each of the
blocks shows the BOmethod, bo_start position showing the start
position of the classes is also outputted to the variable length
encoding unit 13 as a part of the adaptation parameter set to
be encoded. In the above-mentioned pixel adaptive offset
process, for example, the image can be always partitioned into
blocks each having a fixed size, such as largest coding blocks,
and a class classifying method can be selected for each of the
blocks and the adaptive offset process for each class can be
carried out. In this case, the above-mentioned block
partitioning information becomes unnecessary, and the code
amount can be reduced by the code amount required for the block
partitioning information.

[0110]

Further, in the adaptive filtering process, a class
classification is carried out on the local decoded image by
using a predetermined method, a filter for compensating for a
distortion piggybacked on the image is designed for each region
(local decoded image) belonging to each classg, and the filtering
process of filtering this local decoded image is carried out
by using the filter. The filter designed for each class is then
outputted to the variable length encoding unit 13 as a part of
the adaptation parameter set to be encoded. As the class
classifying method, there are a simple method of partitioning
the image into equal parts spatially and a method of performing
a classification on a per block basis according to the local

characteristics (a variance and so on) of the image. Further,
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the number of classes used in the adaptive filtering process
can be preset as a value common between the video encoding device
and the video decoding device, or can be preset as a part of
the adaptation parameter set to be encoded. The improvement
effect of the image quality in the latter case is enhanced
because the number of classes used in the latter case can be
set freely as compared with that in the former case, while the
code amount 1s increased by that required for the number of
classes because the number of classes 1is encoded.

[0111]

In addition, the class classification for the adaptive
filtering process, and the filter design and the filtering
process can be carried out on, instead of the entire image, each
block having a fixed size, e.g., each largest coding block.
More specifically, the class classification can be carried out
on each set of plural small blocks, into which each block having
a fixed size 1s partitioned, according to the local
characteristics (a variance and so on) of the image and filter
design and the filtering process can be carried out for each
class, the filter of each class can be encoded, as a part of
the adaptation parameter set, for each block having a fixed size.
By doing this way, a high-accuracy filtering process according
to the local characteristics can be implemented as compared with
the case of carrying out the class classification, the filter
design, and the filtering process on the entire image.
[0112]

The video encoding device repeatedly carries out the
processes of steps ST3 to ST9 until the video encoding device
completes the processing on all the coding blocks B® into which

the inputted image is partitioned hierarchically, and, when
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completing the processing on all the coding blocks B®, shifts
to a process of step ST13 (steps ST11l and ST12).
[0113]

The variable length encoding unit 13 entropy-encodes the
compressed data outputted thereto from the
transformation/quantization unit 7, the block partitioning
information about the partitioning of each largest coding block
into blocks, which is outputted from the encoding controlling
unit 2 (the quadtree information which is shown in Fig. 6 (b)
as an example), the coding mode m(B?) and the prediction
difference coding parameters, the intra prediction parameter
(when the coding mode is an intra coding mode) or the inter
prediction parameter (when the coding mode is an inter coding
mode) outputted from the encoding controlling unit 2, and the
motion vector cutputted from the motion-compensated prediction
unit 5 (when the coding mode is an inter coding mode), and
generates coded data showing those encoded results (step ST13).
[0114]

The variable length encoding unit 13 also encodes, as the
header information of a coded bitstream, the sequence level
header, the picture level headers, and the adaptation parameter
sets so as to generate a coded bitstream together with picture
data, as illustrated in Fig. 15. Each picture data consists
of one or more slice data, and each slice data is a combination
of a slice level header and coded data as mentioned above in
the corresponding slice.

[0115]

The sequence level header is a combination of pieces of

header information which are typically common on a per sequence

basis, the pieces of header information including the image size,
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the chrominance signal format, the bit depths of the signal
values of the luminance gignal and the color difference signals,
and the enable flag information about each of the filtering
processes (the adaptive filtering process, the pixel adaptive
offset process, and the deblocking filtering process) which are
carried out on a per sequence basis by the loop filter unit 11.
Each picture level header is a combination of pieces of header
information which are set on a per picture basis, the pieces
of header information including an index indicating a sequence
level header to be referred to, the number of reference pictures
at the time of motion compensation, and a probability table
initialization flag for entropy encoding. Each slice level
header is a combination of parameters which are set on a per
slice basis, the parameters including position information
showing at which position of the picture the corresponding slice
exists, an index indicating which picture level header is to
be referred to, the coding type of the slice (all intra coding,
inter coding, or the like), an index indicating the adaptation
parameter set which is used by the corresponding slice, and the
flag information showing whether or not to carry out each of
the filtering processes (the adaptive filtering process, the
pixel adaptive offset process, and the deblocking filtering
process) in the loop filter unit 11 using the adaptation
parameter set indicated by the above-mentioned index.

[0116]

Each adaptation parameter set has parameters (filter
parameters) associatedwith the adaptive filtering process, the
pixel adaptive offset process, and the deblocking filtering
process and a parameter (quantization matrix parameter)

associated with the quantization matrix, and also has an index
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(aps_1id) which makes it possible for each of a plurality of
adaptation parameter sets which are multiplexed into the coded
bitstream to be identified from others. Each adaptation
parameter set also has flags (present flag) showing whether
filter parameters resgpectively associated with the adaptive
filtering process, the pixel adaptive offset process, and the
deblocking filtering process and the gquantization matrix
parameter exist, respectively, and, when each present flag
shows "enable", has the parameter corresponding to this present
flag. Therefore, whether or not each parameter exists can be
set up freely in each adaptation parameter set. Each slice has
at least one index (aps_1id) in its slice level header, the index
indicating an adaptation parameter set which is to be referred
to at the time of carrying out the decoding process on the slice.
The quantization process and the inverse quantization process,
and the loop filtering process are carried out on each slice
by referring to the corresponding adaptation parameter set.
[0117]

Further, when encoding an adaptation parameter set and
multiplexing this encoded adaptation parameter set into the
coded bitstream, 1f an adaptation parameter set having the same
index (aps_id) already exists in the coded bitstream, this
adaptation parameter set having the index is replaced by the
above-mentioned adaptation parameter set which is the target
to be encoded. Therefore, if an already-encoded adaptation
parameter set is unnecessary when encoding a new adaptation
parameter set, by encoding the index indicating the unnecessary
adaptation parameter set, overwriting and updating of the
adaptation parameter set can be carried out. Because it is not

necessary to increase the number of adaptation parameter sets
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which must be stored, the amount of memory used can be reduced.
[0118]

In addition, when encoding a new sequence level header
(sequence level headexr 2) at the time of a sequence change, as
shown in Fig. 18, the variable length encoding unit 13 disables
all the adaptation parameter sets which have been encoded before
this sequence level header is encoded. Therefore, in the
example shown in Fig. 18, a reference to any adaptation
parameter set over a sequence level header, such as a reference
to an adaptation parameter set 2 for encoding of picture data
30, is prohibited. More specifically, when a parameter in an
adaptation parameter set is used for a picture to be processed
after a new sequence level header (sequence level header 2) is
encoded, it 1s necessary to encode the parameter as a new
adaptation parameter set. Therefore, an adaptation parameter
set which is encoded newly when a past adaptation parameter set
cannot be used at all because the disabling process of disabling
the above-mentioned adaptation parameter set or the like is
carried out 1is the one in which a parameter, such as a
guantization matrix, does not refer to the past adaptation
parameter set, and all the parameters can be decoded by using
only the adaptation parameter set in question. By initializing
an adaptation parameter set by using a sequence level header
at the time of a sequence change this way, when an error occurs
in the coded bitstream before a new sequence level header is
decoded, the video decoding device can avoid a decoding error
caused by a reference to an adaptation parameter set in the
stream and therefore can improve the error resistance.
[0119]

As an alternative, a sequence level header can be
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constructed in such a way as to have an initialization flag
aps_reset flag for an adaptation parameter set, thereby
improving the error resistance. Concretely, only when the
initialization flag aps_reset flag is set to "enable", the
adaptation parameter set 1s initialized, whereas when the
initialization flag aps_reset_flag is set to "disable", the
adaptation parameter set isg not initialized. By providing an
initialization flag for an adaptation parameter set as one of
the parameters of a sequence level header this way, an adaptive
initializing process can be carried out, and by carrying out
the initialization only when it is necessary to improve the
error resistance, reduction in the coding efficiency due to the
initialization of an adaptation parameter set can be prevented.
[0120]

In addition, when random access according to an IDR
picture or a CRA picture is carried out, in order to implement
a speedup of the decoding process and provide an improvement
in the error resistance, a flag previous aps clear_flag for
disabling already-encoded adaptation parameter sets is
provided as a part of the parameters of each adaptation
parameter set. When a flag previous aps clear flag is set to
tenable", the variable length encoding unit 13 disables the
adaptation parameter sets encoded before the adaptation
parameter set, whereas when a flag previous aps clear flag is
set to "disable", the variable length encoding unit 13 does not
carry out the above-mentioned disabling process.

[0121]

Fig. 24 shows an example of the coded bitstream showing

the disabling process of disabling some adaptation parameter

sets. It is assumed that for picture data 31 shown in Fig. 24,
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an encoding (decoding) process is carried out by referring to
a sequence level header 2, a picture level header 3, and an
adaptation parameter set 21. In general, a unit for picture
access which is a combination of picture data and the header
information associated with the picture data, which is formed
in the above-mentioned way, 1s referred to as an access unit.
The adaptation parameter sets 1 to 20, which are included in
the adaptation parameter sets shown in Fig. 24, are disabled
by setting the flag previous aps clear flag of only the
adaptation parameter set 21 to "enable", a reference to any of
the adaptation parameter sets 1 to 20 cannot be made for pictures
to be encoded in order after the IDR picture or the CRA picture.
Therefore, when carrying out random access according to the IDR
picture or the CRA picture, what is necessary is just to carry
out decoding from the sequence level header 2 shown in Fig. 24.
On the other hand, when a high-speed decoding process at the
time of random access and a high degree of error resistance are
not required, what is necessary is just to always set the flag
previous aps clear flag to "disable" so as not to disable the
adaptation parameter sets. Therefore, an adaptive process of
disabling adaptation parameter sets by using a flag
previous aps clear_flag can be implemented.

[0122]

In the above-mentioned example, an adaptive process of
disabling adaptation parameter sets for random access 1is
implemented by using the flag previous_aps clear flag in an
adaptation parameter set. As an alternative, an adaptive
process of disabling adaptation parameter sets for random
access can be implemented by providing a flag

part_aps clear_ flag for disabling some adaptation parameter
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sets when encoding (decoding) an IDR picture or a CRA picture
in a sequence level header or a NAL unit. Concretely, if a flag
part aps clear flag is set to "enable" when encoding an IDR
picture or a CRA picture, the variable length encoding unit 13
implements an adaptive disabling process of disabling
adaptation parameter sets for random access, which is the same
as that in the case of using a flag previous_ aps clear flag,
by disabling the adaptation parameter sets preceding the
picture data about the picture immediately preceding the IDR
picture or the CRA picture. More specifically, in the example
shown in Fig. 24, by setting the flag part aps clear flag in
the sequence level header 2 or the NAL unit of the picture data
31 to "enable", the adaptation parameter sets preceding the
picture data 30 which is the one immediately preceding the
picture data 31 are disabled when encoding the picture data 31.
Therefore, for pictures to be encoded in order after the IDR
picture or the CRA picture, a reference to any one of the
adaptation parameter sets 1 to 20 cannot be made. More
specifically, the adaptation parameter sets preceding the
access unit including the picture data about the IDR picture
or the CRA picture are disabled, and no reference can be made.
Therefore, when carrying out random access according to the IDR
picture or the CRA picture, what is necessary is just to carry
out decoding from the sequence level header 2 shown in Fig. 24.
[0123]

In the above-mentioned explanation, the disabling
process of disabling adaptation parameter sets is carried out
when a flag part aps clear flag is set to "enable." As an
alternative, instead of disposing a flag as mentioned above,

the disabling process of disabling adaptation parameter sets
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can be always carried out when encoding an IDR picture or a CRA
picture. By doing this way, the code amount is reduced by the
code amount required to encode a flag as mentioned above.
Further, the process of referring to a flag as mentioned above
when performing the encoding process becomes unnecessary, and
the video encoding device is simplified.

[0124]

In addition, as another method of implementing the
disabling process of disabling adaptation parameter sets
according to an IDR picture or a CRA picture, there can be
provided a method of constructing a video encoding device that
provides a parameter aps group_id in each adaptation parameter
set. In the above-mentioned video encoding device, as shown
in Fig. 27, the above-mentioned parameter is disposed in each
adaptation parameter set, and, when encoding an IDR picture or
a CRA picture, the variable length encoding unit 13 disables
an adaptation parameter set having aps_group_id whose value
differs from that of aps group id which another adaptation
parameter set has, the other adaptation parameter set being
referred to by the IDR picture or the CRA picture. For example,
in the case shown in Fig. 24, by setting the parameters
aps_group_1id of the adaptation parameter sets 1 to 20 to zero,
and also setting the parameters aps group id of the adaptation
parameter set 21 and subsequent adaptation parameter sets to
one, the variable length encoding unit disables the adaptation
parameter sets 1 to 20 whose parameters aps_group_id (=0) differ
from the parameter aps group id (=1) of the adaptation
parameter set 21 when the adaptation parameter set 21 1is
referred to by the picture data 31 about the IDR picture or the

CRA picture. Therefore, the adaptation parameter sets 1 to 20
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are not referred to by the picture data 31 and subsequent picture
data.
[0125]

By thus carrying out the encoding in such a way as to change
the value of the parameter aps group id of an adaptation
parameter set according to an IDR picture or a CRA picture, the
reference to adaptation parameter sets is limited, and the video
decoding device is enabled to correctly decode a predetermined
picture and subsequent pictures when starting the decoding from
an access unit including the picture data about the IDR picture
or the CRA picture. Aps group id can be alternatively a flag
having only a value of 0 or 1. In this case, a similar disabling
process of disabling adaptation parameter sets can be
implemented by switching the value of the above-mentioned flag
which an adaptation parameter set has according to an IDR
picture or a CRA picture from 0 to 1 or from 1 to 0.

[0126]

By using a method of introducing aps _group id as
mentioned above, the decoding can be carried out correctly even
when the order of data in the coded bitstream which is received
by the video decoding device has changed from the order of the
data encoded by the video encoding device from the reason for
transmitting the coded bitstream while distributing the coded
bitstream among a plurality of lines, or the like. Concretely,
even in a case in which the coded bitstream in which the data
are encoded in the order of Fig. 24 has been changed to the cne
inwhich the adaptation parameter sets 21 and 22 are to be decoded
before the picture data 30 when reaching the video decoding
device, as shown in Fig. 28, the adaptation parameter sets 1

to 20 whose parameters aps _group_ id (=0) differ from that of
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the adaptation parameter set 21 can be disabled appropriately
when the adaptation parameter set 21 is referred to by the
picture data 31 about the IDR picture or the CRA picture. In
accordance with the method of introducing aps group id as
mentioned above, when a higher priority is given to the coding
efficiency than to the error resistance, the reduction in the
coding efficiency due to restrictions imposed on adaptation
parameter sets which can be referred to can be prevented because
adaptation parameter sets do not need to be disabled by carrying
out the encoding in such a way that the values of the parameters
aps_group_1id of the adaptation parameter sets are not changed
according to an IDR picture or a CRApicture. Further, the video
encoding device that has a parameter aps group id in each
adaptation parameter set can be constructed in such a way as
to disable an adaptation parameter set whose parameter
aps_group_id has a value different from that of a parameter
aps_group_idwhich is tobe referred to also when a picture other
than IDR pictures and CRA pictures is decoded. By doing this
way, the video encoding device can carry out an adaptive
disabling process of disabling adaptation parameter sets by
arbitrarily setting the timing with which to change the
parameter aps group_id of an adaptation parameter set, and can
implement an adaptive process having error resistance.
[0127]

In addition, the video encoding device can be constructed
in such a way that when encoding an IDR picture or a CRA picture,
the variable length encoding unit 13 disables the adaptation
parameter sets having indexes smaller than the index (aps_id)
of an adaptation parameter which is to be referred to by the

IDR picture or the CRA picture, as another method of
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implementing the disabling process of disabling adaptation
parameter sets according to an IDR picture or a CRA picture.
More gpecifically, in a case in which indexes are assigned to
adaptation parameter sets in the order in which these adaptation
parameter sets are encoded in the examples of Figs. 24 and 28,
when the adaptation parameter set 21 is referred to by the
picture data 31 about an IDR picture or a CRA picture, the
adaptation parameter sets 1 to 20 having indexes smaller than
the index of the adaptation parameter get 21 are disabled.
Therefore, the adaptation parameter sets 1 to 20 are not
referred to by the picture data 31 and subsequent picture data,
and the video decoding device can always and correctly decode
a predetermined picture and subsequent pictures when starting
the decoding from the access unit including the picture data
31 about the IDR picture or the CRA picture.

[0128]

In addition, the variable length encoding unit 13 can be
can be constructed in such a way as to, instead of encoding the
quantization matrix parameter as an adaptation parameter set,
encode the quantization matrix parameter in a picture level
header ag a parameter which can be changed on a per picture basis.
By doing this way, the variable length encoding unit can encode
the quantization matrix parameter and the filter parameters in
independent units respectively. In this case, the same
processes as the adaptation parameter set initializing process
using a sequence level header and the disabling process of
disabling adaptation parameter sets according to an IDR or CRA
picture, which are explained above, are carried out also on the
quantization matrix parameter.

[0129]
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Further, the variable length encoding unit 13 can be
constructed in such a way as to, instead of encoding the filter
parameters which are used in the loop filter unit 11 as an
adaptation parameter set, encode the filter parameters which
are used on a per slice basis by directly using the slice data
about a slice level header or the like. By doing this way,
because it becomes unnecessary to encode indexes each
indicating an adaptation parameter set which is to be referred
to at the time of the decoding process on each slice which is
one slice level header for the filter parameters which are used
in the loop filter unit 11 when no redundant filter parameters
exist between slices, the code amount of the indexes can be
reduced and the coding efficiency can be improved.

[0130]

Next, the processing carried out by the intra prediction
unit 4 will be explained in detail. Fig. 7 is an explanatory
drawing showing an example of intra prediction modes each of
which is an intra prediction parameter which can be selected
for each prediction block Pi® in the coding block B2. In the
figure, NI shows the number of intra prediction modes. In Fig.
7, the index values of the intra prediction modes and prediction
direction vectors represented by each of the intra prediction
modes are shown. In the example of Fig. 7, it is designed that
a relative angle between prediction direction vectors becomes
small with increase in the number of selectable intra prediction
modes.

[0131]

The intra prediction unit 4 carries out the intra

prediction process on each prediction block P;® by referring

to the intra prediction parameter of the prediction block P;=®
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to generate an intra prediction image Piyrrai®, a8 mentioned above.
Hereafter, an intra process of generating an intra prediction
signal of a prediction block P;® in the luminance signal will
be explained.

[0132]

It is assumed that the size of the prediction block P;n
is 1i°xm;" pixels. Fig. 8 is an explanatory drawing showing an
example of pixels which are used when generating a predicted
value of each pixel in the prediction block P;® in the case of
1i7=m;"=4. Although (2x1;"+1) already-encoded pixels located
above the prediction block P;? and (2xm;") already-encoded pixels
located to the left of the prediction block Pi® are set as the
pixels used for prediction in the example of Fig. 8, a larger
or smallex number of pixels than the pixels shown in Fig. 8 can
be used for prediction. Further, although one row or column
of pixels adjacent to the prediction block P;i® are used for
prediction in the example shown in Fig. 8, two or more rows or
columns of pixels adjacent to the prediction block P;® can be
alternatively used for prediction.

[0133]

When the index value indicating the intra prediction mode
for the prediction block P;? is 0 (planar prediction), the intra
prediction unit uses already-encoded pixels adjacent to the top
of the prediction block Pi® and already-encoded pixels adjacent
to the left of the prediction block P;® so as to determine a
value interpolated according to the distance between these
pixels and the target pixel to be predicted in the prediction
block P;® as a predicted value and generate a prediction image.
Further, when the index value indicating the intra prediction

mode for the prediction block Pi"is 2 (average (DC) prediction),
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the intra prediction unit determines the average of the
already-encoded pixels adjacent to the top of the prediction
block P;® and the already-encoded pixels adjacent to the left
of the prediction block P;? as the predicted value of each pixel
in the prediction block P;"” so as to generate a prediction image.
[0134]

When the index value indicating the intra prediction mode
is other than 0 (planar prediction) and 2 (average prediction),
the intra prediction unit generates a predicted value of each
pixel in the prediction block P;® on the basis of a prediction
direction vector vp= (dx, dy) shown by the index value. As shown
in Fig. 9, when the relative coordinates of each pixel in the
prediction block P;™ are expressed as (x, y) with the pixel at
the upper left corner of the prediction block Pi® being defined
as the point of origin, each reference pixel which is used for
prediction is located at a point of intersection of L shown below

and an adjacent pixel.

X
I,:[ ]+kup
4 (1)

where k is a negative scalar value.
[0135]

When a reference pixel is at an integer pixel position,
the value of the corresponding integer pixel is determined as
the predicted value of the target pixel to be predicted, whereas
when a reference pixel is not at an integer pixel position, the
value of an interpolation pixel generated from the integer
pixels which are adjacent to the reference pixel is determined
as the predicted value of the target pixel to be predicted. 1In

the example shown in Fig. 8, because a reference pixel is not
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located at an integer pixel position, the predicted value is
interpolated from the values of two pixels adjacent to the
reference pixel. The intra prediction unit can use not only
the adjacent two pixels but also one or more adjacent pixels
to generate an interpolation pixel and determine the value of
this interpolation pixel as the predicted value. While the
increase in the number of pixels used for the interpolation
process provides an advantage of improving the accuracy of
interpolation of an interpolation pixel, because the degree of
complexity of computations required for the interpolation
process increases with the increase in the number of pixels used
for the interpolation process, it is preferable to generate an
interpolation pixel from a larger number of pixels in a case
in which the wvideo encoding device requires high coding
performance even i1f the arithmetic load is large.

[0136]

Through the process described above, the intra prediction
unit generates prediction pixels for all the pixels of the
luminance signal in the prediction block P, and outputs an
intra prediction image Piyrrai®- The intra prediction parameter
(intra prediction mode) used for the generation of the intra
prediction image Piyrra;® 18 outputted to the variable length
encoding unit 13 in order to multiplex the intra prediction
parameter into the bitstream.

[0137]

Like in the case of performing a smoothing process on a
reference image at the time of carrying out an intra prediction
on an 8x8-pixel block in an image which complies with MPEG-4
AVC/H.264 explained previously, even in a case in which an

already-encoded pixel adjacent to the prediction block Pi® on
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which a smoothing process 1s carried out is provided as the
reference pixel at the time of generating an intermediate
prediction image of the prediction block P;®, the intra
prediction unit 4 can carry out the filtering process which is
the same as the above-mentioned example on the intermediate
prediction image.

[0138]

The intra prediction unit also carries out an intra
prediction process based on the intra prediction parameter
(intra prediction mode) on each of the color difference signals
of the prediction block P;? according to the same procedure as
that accerding to which the intra prediction unit carries out
the intra prediction process on the luminance signal, and
outputs the intra prediction parameter used for the generation
of the intra prediction image to the variable length encoding
unit 13. However, selectable intra prediction parameters
(intra prediction modes) for each of the color difference
signals can differ from those for the luminance signal. For
example, in the case of a YUV 4:2:0 format, each of the color
difference signals (Uand V signals) is the one whose resolution
is reduced to one-half that of the luminance signal (Y signal)
both in a horizontal direction and in a vertical direction, and
the complexity of each of the color difference signals is lower
than that of the luminance signal and hence a prediction can
be carried out on each of the color difference signals more
easily than on the luminance signal. Therefore, by reducing
the number of selectable intra prediction parameters (intra
prediction modes) for each of the color difference signals to
be smaller than that for the luminance signal, a reduction in

the code amount required to encode the intra prediction
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parameter (intra prediction mode) and a reduction in the amount
of computations required to carry out the prediction process
can be implemented.

[0139]

Next, the processing carried out by the video decoding
device shown in Fig. 3 will be explained concretely. When
receiving the bitstream generated by the video encoding device
shown in Fig. 1, the variable length decoding unit 31 carries
out a variable length decoding process on the bitstream (step
ST21 of Fig. 4) and decodes the header information (sequence
level header) about each sequence consisting of one or more
frames of pictures, such as the information about the frame gize,
the header information about each picture (picture level
header), and the filter parameters for use in the loop filtexr
unit 38 and the quantizationmatrix parameter, which are encoded
as an adaptation parameter set. At this time, from the
quantization matrix parameter in each adaptation parameter set
variable-length-decoded by the variable length decoding unit
31, the video decoding device specifies the quantization matrix
of the adaptation parameter set. Concretely, for each of the
chrominance gignals and for each coding mode at each orthogonal
transformation size, the video decoding device specifies the
quantizationmatrix for which the quantizationmatrix parameter
is prepared, as an initial value, in advance and in common
between the video encoding device and the video decoding device.
As an alternative, when the quantization matrix parameter shows
that the quantization matrix is an already-decoded one (the
quantization matrix is not a new one), the video decoding device
specifies the gquantization matrix by referring to the index

information specifying which quantization matrix 1in the
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above-mentioned matrices included in the above-mentioned
adaptation parameter set is the quantization matrix, and, when
the quantization matrix parameter shows that a new quantization
matrix is used, specifies, as a quantization matrix to be used,
the quantization matrix included in the quantization matrix
parameter. The video decoding device then decodes the header
information (slice level header) about each slice, such as the
slice partitioning information, from each slice data which
constructs the data about each picture, and decodes the coded
data about each slice. At this time, the video decoding device
specifies the adaptation parameter set which is to be used for
each slice by referring to the index (aps_id) of the adaptation
parameter set existing in the slice level header. In the case
in which the video encoding device shown in Fig. 1 encodes the
filter parameters which are used on a per slice basis by directly
using slice data, instead of encoding the filter parameters
which are used by the loop filter unit 38 as an adaptation
parameter sget, the video decoding device decodes the filter
parameters which are used by the loop filter unit 38 from the
slice data.

[0140]

The variable length decoding unit 31 also determines the
largest coding block size and the upper limit on the number of
hierarchies of the partitioning which are determined by the
encoding controlling unit 2 of the video encoding device shown
in Fig. 1 according to the same procedure as that according to
which the video encoding device does (step ST22). For example,
when the largest coding block size and the upper limit on the
number of hierarchies of the partitioning are determined

according to the resolution of the video signal, the variable
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on the bagis of the decoded frame size information and according
to the same procedure as that according to which the video
encoding device does. When the largest coding block size and
the upper limit on the number of hierarchies of the partitioning
are multiplexed into the seguence level header by the video
encoding device, the variable length decoding unit uses the
values decoded from the above-mentioned header. Hereafter,
the above-mentioned largest coding block size is referred to
as the largest decoding block size, and a largest coding block
is referred to as a largest decoding block in the video decoding
device. The variable length decoding unit 31 decodes the
partitioning state of a largest decoding block as shown in Fig.
6 for each determined largest decoding block. The variable
length decoding unit hierarchically specifies decoding blocks
(i.e., blocks corresponding to "coding blocks" which are
processed by the video encoding device shown in Fig. 1) on the
basis of the decoded partitioning state (step ST23).

[0141]

The variable length decoding unit 31 then decodes the
coding mode assigned to each decoding block. The variable
length decoding unit partitions each decoding block into one
or more prediction blocks each of which is a unit for prediction
process on the basis of the information included in the decoded
coding mode, and decodes the prediction parameter assigned to
each of the one or more prediction blocks (step ST24).
[0142]

More specifically, when the coding mode assigned to a
decoding block is an intra coding mode, the variable length

decoding unit 31 decodes the intra prediction parameter for each
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of the one or more prediction blocks which are included in the
decoding block and each of which is aunit for prediction process.
In contrast, when the coding mode assigned to a decoding block
is an inter coding mode, the variable length decoding unit
decodes the inner prediction parameter and the motion vector
for each of the one or more prediction blocks which are included
in the decoding block and each of which is a unit for prediction
process (step ST24).

[0143]

The variable length decoding unit 31 further decodes the
compressed data (transformed and quantized transform
coefficients) of each orthogonal transformation block on the
basis of the orthogonal transformation block partitioning
information included in the prediction difference coding
parameters (step ST24).

[0144]

When the coding mode m(B") variable-length-decoded by the
variable length decoding unit 31 is an intra coding mode (when
m(B") EINTRA), the select switch 33 outputs the intra prediction
parameter of each prediction block, which is
variable-length-decoded by the variable length decoding unit
31, to the intra prediction unit 34. In contrast, when the
coding mode m(B") variable-length-decoded by the wvariable
length decoding unit 31 is an inter coding mode (when m(B")
€ INTER), the select switch outputs the inter prediction
parameter and the motion vector of each prediction block, which
are variable-length-decoded by the variable length decoding
unit 31, to the motion compensation unit 35.

[0145]

When the coding mode m(B?) variable-length-decoded by the
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variable length decoding unit 31 is an intra coding mode (m(Br)
& INTRA) (step ST25), the intra prediction unit 34 receives the
intra prediction parameter of each prediction block outputted
from the select switch 33, and carries out an intra prediction
process on each prediction block P;® in the decoding block Bn
using the above-mentioned intra prediction parameter while
referring to the decoded image stored in the memory 37 for intra
prediction to generate an intra prediction image Piyrrai®
according to the game procedure as that which the intra
prediction unit 4 shown in Fig. 1 uses (step ST26) .

[0146]

When the coding mode m (B") variable-length-decoded by the
variable length decoding unit 31 is an inter coding mode (m(Bn)
EINTER) (step ST25), the motion compensation unit 35 receives
the motion vector and the inter prediction parameter of each
prediction block which are outputted from the select switch 33,
and carries out an inter prediction process on each prediction
block P;im in the decoding block B" using the above-mentioned
motion vector and the above-mentioned inter prediction
parameter while referring to the decoded image stored in the
motion-compensated prediction frame memory 39 and on which the
filtering process is carried out to generate an inter prediction
image Pryperi® (step ST27) .

[0147]

When receiving the compressed data and the prediction
difference coding parameters from the variable length decoding
unit 31, the inverse quantization/inverse transformation unit
32 inverse-quantizes the compressed data about each orthogonal
transformation block by referring to the quantization parametexr

and the orthogonal transformation block partitioning
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information which are included in the prediction difference
coding parameters according to the same procedure as that
according to which the inverse quantization/inverse
transformation unit 8 shown in Fig. 1 does. At this time, the
inverse quantization/inverse transformation unit refers to
each header information variable-length-decoded by the
variable length decoding unit 31, and, when this header
information shows that the inverse quantization process 1is
carried out on the corresponding slice by using the quantization
matrix, carries out the inverse quantization process by using
the quantization matrix.

[0148]

At this time, the inverse quantization/inverse
transformation unit specifies the quantization matrix which is
to be used for each of the chrominance signals and for each coding
mode (intra encoding or inter encoding) at each orthogonal
transformation size by referring to each header information
variable-length-decoded by the variable length decoding unit
31. Concretely, the quantization matrix, which is specified
from the slice level header, for the adaptation parameter set
which is referred to by the slice currently being processed is
set as the quantization matrix to be used for the slice. The
inverse quantization/inverse transformation unit 32 also
carries out an inverse orthogonal transformation process on the
transform coefficients of each orthogonal transformation block
which are the compressed data which the inverse
quantization/inverse transformation unit inverse-quantizes to
calculate a decoded prediction difference signal which is the
same as the local decoded prediction difference signal

outputted from the inverse gquantization/inverse
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transformation unit 8 shown in Fig. 1 (step ST28).
[0149]

The adding unit 36 adds the decoded prediction difference
signal calculated by the inverse quantization/inverse
transformation unit 32 and either the intra prediction image
Pintrai™ generated by the intra prediction unit 34 or the inter
prediction image Pryreri® generated by the motion compensation
unit 35 to calculate a decoded image and output the decoded image
to the loop filter unit 38, and also stores the decoded image
in the memory 37 for intra prediction (step ST29). This decoded
image is a decoded image signal which is used at the time of
subsequent intra prediction processes.

[0150]

When completing the processes of steps ST23 to ST29 on
all the decoding blocks B (step ST30), the loop filter unit
38 carries out a predetermined filtering process on the decoded
image outputted from the adding unit 36, and stores the decoded
image filtering-processed thereby in the motion-compensated
prediction frame memory 39 (step ST31). Concretely, the loop
filter unit carries out a filtering (deblocking filtering)
process of reducing a distortion occurring at a boundary between
orthogonal transformation blocks and a distortion occurring at
a boundary between prediction blocks, a process (pixel adaptive
offset process) of adaptively adding an offset to each pixel,
an adaptive filtering process of adaptively switching among
linear filters, such as Wiener filters, and performing the
filtering process, and so on. However, for each of the
above-mentioned filtering processes including the deblocking
filtering process, the pixel adaptive offset process, and the

adaptive filtering process, the loop filter unit 38 specifies
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whether or not to carry out the process on the slice currently
being processed by referring to each header information
variable-length-decoded by the variable length decoding unit
31. At this time, in the case in which the loop filter unit
11 of the video encoding device is constructed as shown in Fig.
11, the loop filter unit 38 is constructed as shown in Fig. 12
in the case of carrying out two or more filtering processes.
[0151]

In the deblocking filtering process, when referring to
the adaptation parameter set which is to be referred to by the
slice currently being processed, and there exists change
information for changing the various parameters used for the
selection of the intensity of a filter applied to a block
boundary from their initial values, the loop filter unit carries
out the deblocking filtering process on the basis of the change
information. When no change information exists, the loop
filter unit carries out the deblocking filtering process
according to a predetermined method.

[0152]

In the pixel adaptive offset process, the loop filter unit
refers to the adaptation parameter set which is to be referred
to by the slice currently being processed, partitions the
decoded image into blocks on the basis of the block partitioning
information included in the adaptation parameter set, refers
to the index included in the adaptation parameter set and
indicating the class classifying method of each of the blocks
on a per block basis, and, when the index does not show "does
not carry out the offset process", carries out a class
classification on each pixel in each of the blocks according

to the «class <classifying wmethod indicated Dby the
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above-mentioned index on a per block basis. As candidates for
the class classifying method, class classifying methods which
are the same as candidates for the class classifying method of
the pixel adaptive offset process carried out by the loop filter
unit 11 are prepared in advance.

[0153]

The loop filter unit 38 then refers to the offset
information specifying the offset calculated for each class
determined on a per block basis and included in the adaptation
parameter set, and carries out a process of adding the offset
to the brightness value of the decoded image. However, in a
case in which the pixel adaptive offset process carried out by
the loop filter unit 11 of the video encoding device 1is
constructed in such a way as to always partition the image into
blocks each having a fixed size (e.g., largest coding blocks)
without encoding the block partitioning information, select a
class classifying method for each of the blocks, and carry out
the adaptive offset process for each class, the loop filter unit
38 also carries out the pixel adaptive offset process on each
block having the same fixed size as that processed by the loop
filter unit 11.

[0154]

In the adaptive filtering process, the loop filter unit
refers to the adaptation parameter set which is to be referred
to by the slice currently being processed, and, after carrying
out a class classification according to the same method as that
used by the video encoding device of Fig. 1, carries out the
filtering process by using the filter for each class included
in the adaptation parameter set on the basis of information

about the class classification. However, in a case in which
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in the adaptive filtering process carried out by the loop filter
unit 11 of the video encoding device, the above-mentioned class
clagsification, and the filter design and the filtering process
are constructed in such a way as to be carried out on, instead
of the entire image, each block having a fixed size, e.g., each
largest coding block, the loop filter unit 38 also decodes the
filter used for each class and carries out the above-mentioned
class classification and the above-mentioned filtering process
on each block having a fixed size which is the same as that
processed by the loop filterunit 11. The decoded image on which
the filtering process is carried out by this loop filter unit
38 is a reference image for motion-compensated prediction, and
is also a reproduced image.
[0155]

When a new sequence level header (sequence level header
2) ig inserted into some midpoint in the coded bitstream because
of a sequence change, as shown in Fig. 18, the variable length
decoding unit 31 disables all the adaptation parameter sets
already decoded when decoding the new sequence level header.
Therefore, in the example shown in Fig. 18, a reference to an
adaptation parameter set over a sequence level headex, such as
a reference to an adaptation parameter set 2 at the time of
decoding picture data 30, is not made. In addition, an
adaptation parameter set which is decoded when past adaptation
parameter sets cannot be used at all through the above-mentioned
disabling process of disabling adaptation parameter sets or the
like is the one in which parameters including a quantization
matrix do not refer to a past adaptation parameter set and which
makes it possible to decode all the parameters by using only

the adaptation parameter set in question. This restriction can



10

15

20

25

30

101

prevent a decoding error from occurring as a result of, when
an error occurs in a part of the coded bitstream preceding the
new sequence level header, referring to an adaptation parameter
set in the part of the bitstream, thereby being able to improve
the error resistance. However, in the case in which the video
encoding device is constructed in such a way as to have an
initialization flag aps_reset flag for each adaptation
parameter set in a sequence level header, each adaptation
parameter set is initialized only when its flag aps_reset flag
decoded by the variable length decoding unit 31 is set to
"enable", whereas each adaptation parameter set 1is not
initialized when its flag aps_reset_flag is set to "disable."
By doing this way, the video decoding device can correctly
decode the stream generated by the video encoding device that
carries out the adaptive initializing process using the
initialization flag aps _reset flag for each adaptation
parameter set.

[0156]

Inaddition, in the case inwhich the video encoding device
is constructed in such a way as to have, as a part of the
parameters of each adaptation parameter set, a flag
previous aps_clear flag for disabling already-decoded
adaptation parameter sets, when a previous aps_clear flag
decoded by the variable length decoding unit 31 is set to
"enable", the variable length decoding unit 31 disables the
adaptation parameter sets decoded before the adaptation
parameter set, whereas when the previous aps clear flag is set
to "disable", the variable length decoding unit does not carry
out the above-mentioned disabling process. More specifically,

in the example of the coded bitstream shown in Fig. 24, when
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the variable length encoding unit 13 of the wvideo encoding
device has encoded the flag previous aps clear flag of the
adaptation parameter sget 21 as "enable", the adaptation
parameter sets 1 to 20 are disabled and no reference to the
adaptation parameter sets 1 to 20 is made for pictures to be
encoded in order after an IDR picture or a CRA picture.
Therefore, random access according to the IDR picture or the
CRA picture can be implemented in the decoding from the sequence
level header 2 which is the head of the access unit including
the picture data 31 about the IDR picture or the CRA picture.
[0157]

As an alternative, in the case in which the video encoding
device is constructed in such a way as to implement the disabling
process of disabling adaptation parameter sets for random
access by providing a flag part aps clear flag for disabling
some adaptation parameter sets when decoding an IDR picture or
a CRA picture in a sequence level header or a NAL unit, when
a flag part aps clear_ flag decoded by the variable length
decoding unit 31 at the time of decoding an IDR picture or a
CRA picture is set to "enable", the variable length decoding
unit 31 disables the adaptation parameter sets preceding the
picture data about the picture immediately preceding the IDR
picture or the CRA picture. More specifically, in the example
shown in Fig. 24, when the variable length encoding unit 13 of
the video encoding device has encoded the flag
part _aps clear flag in the sequence level header 2 or the NAL
unit of the picture data 31 as "enable", the adaptation
parameter sets preceding the picture data 30 which is the
picture data immediately preceding the picture data 31 are

disabled when decoding the picture data 31. Therefore, no
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reference to the adaptation parameter sets 1 to 20 is made for
the pictures to be decoded in order after the IDR picture or
the CRA picture, and random access according to the IDR picture
or the CRA picture can be implemented in the decoding from the
sequence level header 2. However, in the case in which the video
encoding device is constructed in such a way as to always carry
out the disabling process of disabling adaptation parameter
sets when encoding an IDR picture or a CRA picture without
providing such a flag as above, the video decoding device can
be constructed in such a way that the variable length decoding
unit 31 always carries out the above-mentioned disabling
process of disabling adaptation parameter sets when decoding
the IDR picture or the CRA picture, thereby being able to
correctly decode the coded Dbitstream generated by the
above-mentioned video encoding device.

[0158]

In addition, in the case in which the video encoding device
is constructed in such a way as to have a parameter referred
to as aps_group_id in each adaptation parameter set as a method
of implementing the disabling process of disabling adaptation
parameter sets according to an IDR picture or a CRA picture,
when decoding the IDR picture or the CRA picture, the variable
length decoding unit 31 of the video decoding device disables
an adaptation parameter set having aps group id whose value
differs from that of aps group id which another adaptation
parameter set has, the other adaptation parameter set being
referred to by the IDR picture or the CRA picture. For example,
in the case shown in Fig. 24, when the video encoding device
encodes the adaptation parameter sets in such a way as to set

the parameters aps group_id of the adaptation parameter sets
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1 to 20 to zero and also set the parameters aps group 1id of the
adaptation parameter set 21 and subsequent adaptation parameter
sets to one, the variable length decoding unit 31 of the video
decoding device disables the adaptation parameter sets 1 to 20
having parameters aps group id (=0) different from the
parameter aps_group id (=1) of the adaptation parameter set 21
when the picture data 31 about the IDR picture or the CRA picture
refers to the adaptation parameter set 21. Therefore, the
adaptation parameter sets 1 to 20 are not referred to by the
picture data 31 and subsequent picture data, and the video
decoding device can always and correctly decode a predetermined
picture and subsequent pictures by starting the decoding from
the sequence level header 2 which is the head of the access unit
including the picture data 31 about the IDR picture or the CRA
picture.

[0159]

In accordance with the method of introducing an
aps_group_id as mentioned above, when the video encoding device
carries out the encoding in such a way as not to change the values
of the parameters aps_group_ id of the adaptation parameter sets
according to an IDR picture or a CRApicture while giving a higher
priority to the coding efficiency than to the error resistance,
the video decoding device can also decode the adaptation
parameter sets correctly without the adaptation parameter sets
being disabled because, when the picture data about the IDR
picture or the CRA picture refers to an adaptation parameter
set, there exists no adaptation parameter set having a parameter
aps _group_id whose value differs from that of the parameter
aps_group_id of the adaptation parameter set which is referred

to by the picture data. Further, in the case in which the video
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encoding device is constructed in such a way as to disable an
adaptation parameter set having a parameter aps_group_id whose
value differs from that of the parameter aps group id which is
referred to also when decoding a picture other than IDR pictures
or CRA pictures, the variable length decoding unit 31 of the
video decoding device disables an adaptation parameter set
having a parameter aps group id whose value differs from that
of the parameter aps _group idwhich is referred to when decoding
a picture. By doing in this way, the video decoding device can
correctly decode the stream generated by the video encoding
device that implements the adaptive disabling process of
disabling adaptation parameter sets by arbitrarily setting the
timing with which to change the parameter aps group id of an
adaptation parameter set.

[0160]

In addition, in the case in which the wvariable length
encoding unit 13 of the video encoding device is constructed
in such a way as to, when encoding an IDR picture or a CRA picture,
carry out the disabling process of disabling adaptation
parameter sets according to the IDR picture or the CRA picture
by using the index (aps_id) of each adaptation parameter set,
as another method of implementing the disabling process of
disabling adaptation parameter sets according to an IDR picture
or a CRA picture, the variable length decoding unit 31 of the
video decoding device disables the adaptation parameter sets
having indexes smaller than the index (aps_id) of the adaptation
parameter set in question when referring to the adaptation
parameter set which is referred to by the IDR picture or the
CRA picture. More specifically, in the case in which indexes

are assigned to adaptation parameter sets in the order in which
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these adaptation parameter sets are encoded in the examples of
Figs. 24 and 28, when the adaptation parameter set 21 is referred
to by the picture data 31 about an IDR picture or a CRA picture,
the adaptation parameter sets 1 to 20 having indexes smaller
than the index of the adaptation parameter set 21 are disabled.
Therefore, the adaptation parameter sets 1 to 20 are not
referred to by the picture data 31 and subsequent picture data,
and the video decoding device can always and correctly decode
a predetermined picture and subsequent pictures when starting
the decoding from the access unit including the picture data
31 of the IDR picture or the CRA picture.

[0161]

Inaddition, in the case in which the video encoding device
ig constructed in such a way as to, instead of encoding the
quantization matrix parameter as an adaptation parameter set,
encode the quantization matrix parameter in a picture level
header as a parameter which can be changed on a per picture basis,
the same processes as the adaptation parameter set initializing
process using a sequence level header and the disabling process
of disabling adaptation parameter sets according to an IDR or
CRA picture, which are explained above, are carried out also
on the quantization matrix parameter.

[0162]

As can be seen from the above description, because the
video encoding device according to this Embodiment 1 1is
constructed in such a way that the loop filter unit 11 partitions
the local decoded image into a plurality of blocks, selects a
classification method of carrying out a class classification
on a per block basis, carries out a class classification on each

pixel within a block currently being processed by using the
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classification method, and also refers to the table showing the
indexes respectively corresponding to the combinations of
offset values respectively calculated for classes so as to
specify the index corresponding to the combination of offset
values one of which is to be added to the pixel value of each
pixel on which the class classification is carried out while
carrying out the pixel adaptive offset process of adding the
offset value to the above-mentioned pixel wvalue, and the
variable length encoding unit 13 encodes the index indicating
the «c¢laggification wmethod of <carrying out a class
clagsgsification on a per block basis, which is selected by the
loop filter unit 11, and the index corresponding to the
combination of offset values specified by the loop filter unit
11 as filter parameters, there is provided an advantage of being
able to implement a high-accuracy distortion compensation
process while reducing the code amount required to encode the
offset information.

[0163]

Further, because the video decoding device according to
this Embodiment 1 has the table for specifying an offset value
for each class of the pixel adaptive offset process carried out
by the loop filter unit 38 thereof, and specifies the offset
value from the decoded table index information and the
above-mentioned table, there is provided an advantage of being
able to correctly decode the bitstream encoded by the video
encoding device in which the offset value for each class of the
pixel adaptive offset process carried out by the loop filter
unit 11 is tablized.

[0164]

Embodiment 2.
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Although the high-accuracy distortion compensation
process of reducing the code amount required to encode the
offset information by tablizing the combination of offsets
calculated respectively for the classes of the pixel adaptive
offset process carried out by the loop filter unit 11 is
explained in above-mentioned Embodiment 1, a method of reducing
the code amount required to encode the offset information
without using any table will be explained in this Embodiment
2.

[0165]

Because this Embodiment 2 differs from Embodiment 1 only
in a method of calculating an offset to be added to each pixel
belonging to each class in the pixel adaptive offset processes
carried out by the loop filter unit 11 and the loop filter unit
38 according to above-mentioned Embodiment 1, and offset
information to be encoded, only the difference will be
explained.

[0166]
An offset calculation process for each class according

to an EO method is defined as follows.

OFFSET, = 0
OFFSET; = X
OFFSET, = [X/2]
OFFSET; = -[X/2]
OFFSET, = -X

where OFFSET, shows an offset value for a class z, X shows a
parameter determining the offset value, and [n] shows the
integral part of a real number n.

[0167]

By defining the offset calculation process this way, it
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is not necessary to encode the offset value for each class, and
what 1s necessary is just to encode the parameter X as offset
information. Therefore, the code amount can be reduced. In
addition, there is an advantage of eliminating the necessity
to provide a memory required to store the table as compared with
the case, as shown in above-mentioned Embodiment 1, of using
the table showing the combinations of offsets calculated
respectively for classes. Also for a BO method, an offset for
each class can be similarly defined by using one parameter. An
example of getting the number Lps of classes to three will be
shown below.

OFFSET, = [Y/2]

OFFSET; = Y

OFFSET; = [Y/2]
where Y shows a parameter determining an offset value, and [n]
shows the integral part of a real number n. At this time,
according to an encoding method of encoding the above-mentioned
parameters X and Y which the variable length encoding unit 13
uses, by setting up the range of values which each of the
parameters can have in advance and in common between the video
encoding device and the video decoding device, high-efficiency
encoding can be carried out by using a binarization method which
takes into consideration the range of values which a symbol to
be encoded, such as a truncated unary code shown in Fig. 25,
has. In contrast, when the range of values which each of the
parameters can have is not set up in advance, a code which can
be binarized without taking into consideration the range of
values of a symbol to be encoded, such as a unary code shown
in Fig. 26, i1s used.

[0168]
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Although the offset for each clasg is defined by using
only one parameter for both the EO method and the BO method in
the above-mentioned example, the offset itself for each class
can be encoded as offset information for either one of the
methods. At this time, according to an encoding method of
encoding the above-mentioned offset value which the variable
length encoding unit 13 uses, by setting up the range of values
which the offset can have in advance and in common between the
video encoding device and the wvideo decoding device,
high-efficiency encoding can be carried out by using a
binarization method which takes into consideration the range
of values which a symbol to be encoded, such as a truncated unary
code shown in Fig. 25, has. In contrast, when the range of
values which the offset can have is not set up in advance, a
code which can be binarized without taking into consideration
the range of values of a symbol to be encoded, such as a unary
code shown in Fig. 26, is used. In general, while the EO method
has an effect of smoothing noise occurring in an edge portion
of the image, and has a high correlation between the offset
values for classes on the basis of a relationship among pixels
a, b, and ¢ of each clasgs, the BO method does not have a clear
correlation between classes which is substantially the same as
that which the EO method has. Therefore, there i1s a case in
which it is more appropriate to define an offset by using the
parameter X only for the EO method, while encoding the offset
value itself for each class as offset information for the BO
method because a high image quality improvement effect is
acquired while the code amount required to encode the offset
information increases. A  calculation expression for

calculating an offset for each class can be prepared for each
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of the chrominance signals. By doing this way, an appropriate
calculation expression for calculating an offset for each class
can be prepared for each of the chrominance signal signals
having different signal characteristics, and the image quality
improvement effect can be enhanced.

[0169]

Further, candidates for the above-mentioned parameters
X and Y can be prepared by using a table. By doing this way,
the range of values which each of the parameters X and Y can
have is limited. However, when candidate values prepared in
the table can be set up appropriately, a high-accuracy
distortion compensation process can be implemented while the
code amount required to encode the parameters X and Y is reduced.
In addition, the methods according to both the embodiments can
be combined. For example, the EOmethod is applied to the offset
calculation method and the encoding according to
above-mentioned Embodiment 1, while the BO method is applied
to the offset calculation method and the encoding according to
above-mentioned Embodiment 2 (as an alternative, the EO method
is applied to the offset calculation method and the encoding
according to above-mentioned Embodiment 2, while the BO method
is applied to the offset calculation method and the encoding
according to above-mentioned Embodiment 1) .

[0170]

As can be seen from the above description, because the
video encoding device according to this Embodiment 2 is
constructed in such a way that the loop filter unit 11 partitions
the local decoded image into a plurality of blocks, selects a
classification method of carrying out a class classification

on a per block basis, carries out a class classification on each
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pixel within a block currently being processed by using the
classification method, and also determines a parameter for
calculating an offset value to be added to the pixel value of
each pixel on which the class classification is carried out
while calculating the offset wvalue from the parameter and
carrying out the pixel adaptive offset process of adding the
offset value to the above-mentioned pixel value, and the
variable length encoding unit 13 encodes the index indicating
the «classification method of carrying out a class
classification on a per block basgis, which is selected by the
loop filter unit 11, and the parameter for calculating an cffset
value, which is determined by the loop filter unit 11, as filter
parameters, there is provided an advantage of being able to
implement a high-accuracy distortion compensation process
while reducing the code amount required to encode the offset
information.

[0171]

Further, because the video decoding device according to
this Embodiment 2 specifies the offset value for each class of
the pixel adaptive offset process carried out by the loop filter
unit 38 thereof from the single parameter, there is provided
an advantage of being able to correctly decode the bitstream
encoded by the video encoding device in which the offset value
for each class of the pixel adaptive offset process carried out
by the loop filter unit 11 is defined by the single parameter.
[0172]

While the invention has been described in its preferred
embodiments, 1t 1is to be understood that an arbitrary
combination of two or more of the above-mentioned embodiments

can be made, various changes can be made in an arbitrary
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component in accordance with any one of the above-mentioned
embodiments, and an arbitrary component in accordance with any
one of the above-mentioned embodiments can be omitted within
the scope of the invention.

INDUSTRIAL APPLICABILITY

[0173]

The present invention is suitable for a system that needs
to implement a high-accuracy distortion compensation process
while reducing the code amount required to encode the offset
information.

EXPLANATIONS OF REFERENCE NUMERALS
[0174]

1 block partitioningunit (block partitioner), 2 encoding
controlling unit (coding parameter determinator), 3 select
switch, 4 intra prediction unit (predictor), 5
motion-compensated prediction unit (predictor), 6 subtracting
unit (difference image generator) , 7
transformation/quantization wunit (image compressor), 8
inverse quantization/inverse transformation unit (local
decoded image generator), 9 adding unit (local decoded image
generator), 10 memory for intra prediction (predictor), 11 loop
filter unit (filter), 12 motion-compensated prediction frame
memory (predictor), 13 variable length encoding unit (variable
length encoder), 14 slice dividing unit (slice partitioner),
31 variable length decoding unit (variable length decoder), 32
inverse quantization/inverse transformation unit (difference
image generator), 33 select switch, 34 intra prediction unit
(predictor), 35 motion compensationunit (predictor), 36 adding
unit (decoded image generator), 37 memory for intra prediction

(predictor), 38 loop filter unit (filter), 39
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motion-compensated prediction frame memory (predictor), 101
block partitioning unit, 102 prediction unit, 103 compressing
unit, 104 local decodingunit, 105 addingunit, 106 loop filter,

107 memory, 108 wvariable length encoding unit.
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CLAIMS
1. Animage encoding device comprising:

an image compressor that carries out a transformation process on a difference
image between an inputted image and a prediction image, quantizes transform
coefficients of the difference image, and outputs the quantized transform coefficients
as compressed data;

a filter that carries out a filtering process on a local decoded image which is a
result of addition of the difference image decoded from the compressed data and the
prediction image; and

a variable length encoder that variable-length-encodes the compressed data,
an adaptation parameter set and a filter parameter used when the filtering process is
carried out by the filter and generates a coded bitstream into which coded data of the
compressed data and coded data of the filter parameter are multiplexed,

wherein the filter determines a classification method of a class on each coding
block having a largest size, carries out a classification on each pixe] within each coding
block having the largest size by using the classification method, calculates an offset
value for each class for each coding block having the largest size, and carries out a
pixel adaptive offset process by which the offset value is added to a pixel value of a
pixel belonging to a corresponding class, and

the variable length encoder variable-length-encodes a parameter associated
with a quantization matrix for generating a quantization matrix used when the
transform coefficients are quantized by the image compressor and an index indicating
the classification method of a class on each coding block having the largest size, the
classification method being determined by the filter, and variable-length-encodes a
parameter of the offset value for each class on a basis of a binarization process using a
truncated unary code, and

the adaptation parameter set includes a flag showing that the parameter
associated with the quantization matrix exists and the parameter associated with the

quantization matrix.
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2. Animage decoding device comprising:

a variable length decoder that variable-length-decodes compressed data, a
filter parameter and an adaptation parameter set from coded data multiplexed into a
coded bitstream;

a difference image gencrator that inverse-quantizes transform coefficients of a
block obtained {rom the compressed data by using a parameter associated with a
quantization matrix included in the adaptation parameter set which is
variable-length-decoded by the variable length decoder and inversetransforms the
inverse-quantized transform coefficients to generate a difference image;

a decoded image generator that adds the difference image and a prediction
image to gencrate a decoded image; and

a filter that carries out a filtering process on the decoded image decoded from
the compressed data by using the filter parameter,

wherein the variable length decoder variable-length-decodes, as a filter
parameter, an index indicating a classification method of a class on each coding block
having a largest size from the coded data, and variable-length-decodes a parameter of
an offset value for each class on which a binarization process using a truncated unary
code is performed, and

the filter specifies the classification method of a class on each coding block
having the largest size by using the index, carries out a classification on each pixel by
using the classification method, and carries out a pixel adaptive offset process by
which the offset value is added to a pixel value of a pixel belonging to a corresponding
class, and

the adaptation parameter sct includes a flag showing that the parameter
associated with the quantization matrix exists and the parameter associated with the

quantization matrix.

3. Animage encoding method comprising:
an image compression step of an image compressor carrying out a

transformation process on a difference image between an inputted image and a
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prediction Image, quantizing transform coefficients of the difference image, and
outputting the quantized transform cocfficients as compressed data;

a filtering process step of a filter carrying out a fillering process on a local
decoded image which is a result of addition of the difference image decoded from
compressed data and the prediction image; and

a variable length encoding process step of a variable length encoder
variable-length-encoding the compressed data, an adaptation parameter set and a
filter parameter used when the filtering process is carried out in the filtering process
step and generating a coded bitstrcam into which coded data of the compressed data
and coded data of the filter parameter are mulliplexed,

wherein the filtering process step includes the steps of determining a
classification method of a class on each coding block having a largest size, carrying out
a classification on each pixel within each coding block having the largest size by using
the classification method, calculating an offset value for each class, and carrying out a
pixel adaptive offset process by which the offset value i1s added to a pixel value of a
pixel belonging to a corresponding class, and

the variable length encoding process step includes the steps of
variable-length-encoding a parameter associated with a quantization matrix for
generating a quantization matrix used when the transform coefficients are quantized
in the image compression step and an index indicating the classification method of a
class on cach coding block having the largest size, the classification method being
determined in the filtering process step, and variable-length-encoding a parameter of
the offset value for each class on a basis of a binarization process using a truncated
unary code, and

the adaptation parameter set includes a flag showing that the parameter

associated with the quantization matrix exists and the parameter associated with the

quantization matrix.

4. An image decoding method comprising:
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a variable length decoding process step of a variable length decoder
variable-length-decoding compressed data, a {ilter paramecter and an adaptation
parameter sct from coded data multiplexed into a coded bitstream;

a difference image generation step of a difference 1image generator
inverse-quantizing transform coefficients of a block obtained from the compressed data
by using a parameter associated with a quantization matrix included in the adaptation
parameter set which is variable-length-decoded in the variable length decoding process
step and inverse-transforming the inverse-quantized transform coefficients to generate
a difference image;

a decoded image generation step of a decoded image generator adding the
difference image and a prediction image to gencrate a decoded image; and

a filtering process step of a filter carrying out a filtering process on the
decoded image decoded from the compressed data by using the filter parameter,

wherein the variable length decoding process step includes the steps of
variable-length-decoding, as a filter paramecter, an index indicailing a classification
method of a class on each coding block having a largest size from the coded data, and
variable-length-decoding a parameter of an offset value for each class on which a
binarization process using a truncated unary code is performed, and

the filtering process step includes the steps of specifying the classification
method of a class on each coding block having the largest size by using the index,
carrying out a classification on each pixel by using the classification method, and
carrying out a pixel adaptive offset process by which the offset value is added to a pixel
value of a pixel belonging to a corresponding class, and

the adaptation parameter set includes a flag showing that the parameter
associated with the quantization matrix exists and the parameter associated with the

quantization matrix.

5. Acomputer-readable storage medium storing a bitstream having coded data, the

coded data comprising:
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variable-length-encoded data obtained by carrying out a transformation
process on a difference image data between an inputted image and a prediction image,
quantizing transform cocfficients of the difference image and variable-length-encoding
the quantized transform coefficients as compressed data;

variable-length-encoded data of a filter parameter used when a filtering
process is carried oul on a local decoded image which 1s a result of addition of the
difference image decoded from the compressed data and the prediction image; and

variable-length-encoded data of an adaptation parameter set

wherein the filtering process includes

determining a classification method of a class on each coding block having a
largest size,

carrying out a classification on each pixel within each coding block having the
largest size by using the classification method,

calculating an offset value for each class, and

carrying out a pixel adaptive offset process by which the offset value is added
to a pixel value of a pixel belonging to a corresponding class,

wherein the variable-length-encoded data include

variable-length-encoded data of a parameter associated with a quantization
matrix for generating a quantization matrix used when the transform coefficients of

the difference image are quantized,

variable-length-encoded data of an index indicating the classification method,

and

variable-length-encoded data of a parameter of the offset value for each class
on a basis of a binarization process using a truncated unary code, and

the adaptation parameter set includes a flag showing that the parameter

associated with the quantization matrix exists and the parameter associated with the

quantization matrix.




