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SPECIFICATION
TITLE OF THE INVENTION
MOVING IMAGE ENCODING DEVICE, MOVING IMAGE DECODING DEVICE,
MOVING IMAGE ENCODING METHOD, AND MOVING IMAGE DECODING METHOD
FIELD OF THE INVENTION
foceol)

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

BACKGROUND OF THE INVENTION
[0002]

For example, in accordance with an internaticnal standard
video encoding method, such as MPEG (Moving Picture Experts
Group) or "ITU-TH.26x", an inputted video frame is divided into
rectangular blocks (encoding target Dblocks), a prediction
process using an already-encoded image signal is carried out
on each encoding target block to generate a prediction image,
and crthogonal transformation and a guantization process is
carried out on a prediction error signal which is the difference
between the encoding target block and the prediction image in
units of a block, so that information compression is carried
out on the inputted videc frame.

[0003]

For example, in the case of MPEG-4 AVC/H.264 (ISO/IEC
14496-10|ITU-TH.264) which is an international standard method,
an intra predicticn process from already-encoded adjacent

pixels or a motion-compensated prediction process between
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adjacent frames is carried out {for example, refer to nonpatent
reference 1) . In the case of MPEG-4 AVC/H.264, one prediction
mode can be selected from a plurality of prediction modes for
each block in an intra prediction mode of luminance. Fig. 10
is an explanatory drawing showing intra predicticn modes in the
case of a 4x4 pixel block size for luminance. In Fig. 10, each
white circle shows a pixel in a coding block, and each black
circle shows a pixel that is used for prediction, and that exists
in an already-enccded adjacent block.

[0004]

In the example shown in Fig. 16, nine modes 0 to 8 are
prepared as intra prediction modes, and the mode 2 isg the one
in which an average prediction is carried out in such a way that
each pixel in the target coding block is predicted by using the
average of adjacent pixelg existing in the upper and left blocks.
The modes other than the mode 2 are intra prediction modes in
each of which a directional prediction is carried out. The mode
0 is the one in which a vertical prediction is carried out in
such a way that adjacent pixels in the upper block are repeatedly
replicated to create plural rows of pixels along a vertical
direction togenerate a prediction image. For example, the mode
0 is selected when the target coding block is a vertically
striped pattern. The mode 1 is the one in which a horizontal
prediction ig carried out in such a way that adjacent pixels
in the left block are repeatedly replicated to create plural
columns of pixels along a horizontal direction to generate a
prediction image. For example, the mode 1 is selected when the
target coding block is a horizontally striped pattern. In each
of the modes 3 to 8, interpolation pixels running in a

predetermined direction {(i.e., a direction shown by arrows} are
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generated by using the adjacent pixels in the upper block or
the left block to generate a prediction image.
[0005]

In this cage, the block size for luminance to which an
intra prediction is applied can be selected from 4x4 pixels,
8x8 pixels, and 16x16 pixels. In the case of 8x8 pixels, nine
intra prediction modes are defined, like in the case of 4x4
pixels. In contrast with this, in the case of 16x16 pixels,
four intra prediction modes which are called plane predictions
are defined in addition to intra prediction modes associated
with an average prediction, a vertical prediction, and a
horizontal prediction. Each intra prediction associated with
a plane prediction is a mode in which pixels created by carrying
out an interpolation in a diagonal direction on the adjacent
pixels in the upper block and the adjacent pixels in the left
block are provided as predicted values.
foooe]

In an intra prediction mode in which a directional
prediction is carried out, because predicted values are
generated along a direction predetermined by the mode, e.g.,
a direction of 45 degrees, the prediction efficiency increases
and the code amount can be reduced when the direction of a
boundary {edge) of an object in a block matches the direction
shown by the prediction mode. However, a slight displacement
may occur between the direction of an edge and the direction
shown by the prediction mods, and, even if the direction of an
edge in the encoding target block does not match the direction
shown by the prediction mode, a large prediction error may cccur
locally for the simple reason that the edge is slightly

distorted (swung, bent, or the like). As a regult, the
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prediction efficiency may drop extremely. In order to prevent
such a reduction in the prediction efficiency, when performing
an 8x8-pixel directicnal prediction, a prediction process is
carried out to generate a smoothed prediction image by using
already-encoded adjacent pixels on which a smoothing process
has been carried out, thereby reducing any slight displacement
in the prediction direction and prediction errors which occur
when a slight distortion occure in an edge.

RELATED ART DOCUMENT

NONPATENT REFERENCE

[0007]

Nonpatent reference 1i: MPEG-4 AVC (ISQO/TEC 14496-10)/ITU-T
H.264 standards

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0008]

Becauge the conventiocnal 1image encoding device is
constructed as above, the generation of a smoothed prediction
image can reduce prediction errors cccurring even if a slight
displacement occurs in the prediction direction or a slight
distortion cccurs in an edge. However, according to the
technigue disclosed in nonpatent reference 1, no smoothing
process is carried out on blocks other than 8§x=8-pixel blocks,
and only one possible smoothing process is carried out on even
8x8-pixel blocks. A problem is that alsc in a block having a
size other than 8x8 pixels, a large prediction error actually
occurs locally due to a slight mismatch in an edge even when
the prediction image has a pattern similar to that of the image
to be encoded, and therefore a large reducticn occurs in the

prediction efficiency. Another problem 1is that when a
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gquantization parameter which 1ig used when guantizing a
prediction error signal, the position of each pixel in a block,
the prediction mode, or the like differs between blocks having
the same size, a process suitable for reducing local prediction
errors differs between the blocks, but only one possible
smoothing process is prepared, and therefore prediction errors
cannot be sufficiently reduced. A further problem ig that when
carrying cut an average prediction, a prediction signal for a
pixel Jlocated at a boundary of a block easily becomes
discontinuous with those for adjacent encoded pixels because
the average of pixels adjacent to the block is defined as each
of all the predicted values in the block, while because the image
signal generally has a high spatial correlation, a prediction
error easily occurs at the block boundary due to the
above-mentioned discontinuity.

[0009]

The present invention is made in order to solve the
above-mentioned problems, and it is therefore an object of the
present invention to provide a moving image encceding device,
a moving image decoeding device, a moving image encoding method,
and a moving image decoding method capable of reducing
prediction errors which occcur locally, thereby being able to
improve the image gquality.

MEANS FOR SOLVING THE PROBLEM
[00190]

In accordance with the present invention, there is
provided a moving image encoding device in which when carrying
out an intra-frame prediction procegs to generate a prediction
image by using an already-encoded image signal in a frame, an

intra prediction unit selects a filter fxrom one or more filters
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which are prepared in advance according to the states of various
parameters associated with the encoding of a target block to
be filtered, carriesa filtering process on the prediction image
by using the filter, and cutputs the prediction image which the
intra prediction unit has carried out the filtering process to
a difference image generating unit.

ADVANTAGES OF THE INVENTION

[0011]

Because the moving image encoding device in accordance
with the present invention is constructed in such a way that
when carrying out an intra-frame prediction process to generate
a prediction image by using an already-encoded image signal in
a frame, the intra prediction unit selects a filter from one
or more filters which are prepared in advance accoerding to the
states of various parameters associated with the encoding of
a target block to be filtered, carries a filtering process on
a prediction image by using the filter, and outputs the
prediction image which the intra prediction unit has carried
out the filtering process to the difference image generating
unit, there is provided an advantage of being able to reduce
prediction errors occurring locally, thereby being able to
improve the image gquality.

BRIEY DESCRIPTION CF THE FIGURES

f0012]

{Fig. 1] Fig. 1 is a block diagram showing a moving image encoding
device in accordance with Embodiment 1 of the present invention;
[Fig. 2] Fig. 2 is ablock diagram showing a moving image decoding
device in accordance with Embodiment 1 of the present invention;
[Fig. 3] Fig. 3 ig a flow chart showing processing carried out

by the moving image encoding device in accordance with



Embodiment 1 of the pregent invention;

[Fig. 4] Fig. 4 is a flow chart showing processing carried out
by the moving image decoding device in accordance with
Embodiment 1 of the present invention;

[Fig. 5] Fig. 5 is an explanatory drawing showing a state in
which each coding block having a maximum size is hierarchically
divided into a plurality of coding blocks;

[Fig. 6] Fig. s6{a) is an explanatory drawing showing a
distribution of partitions into which a block to encoded is
divided, and Fig. 6{b) is an explanatory drawing showing a state
in which a coding mode m(B") is asgigned to each of the partitions
after a hierarchical layer division is performed by using a
quadtree graph;

[Fig. 7] Fig. 7 is an explanatory drawing showing an example
of intra prediction parameters {(intra prediction modes) which
can be selected for each partition 2" in a coding blcck RY;
(Fig. 8] Fig. 8 is an explanatory drawing showing an example
of pixels which are used when genervating a predicted value of
each pixel in a partition ;" in the case of 1;%=m;"=4;

[Fig. 2] Fig. 9 is an explanatory drawing showing an example
of the arrangement of reference pixels in the case of N=5;
[Fig. 10] Fig. 10 is an explanatory drawing showing intra
prediction modes described in nonpatent reference 1 in the case
of a 4»4 pixel block size for luminance;

[Fig. 11) Fig. 11 is an explanatory drawing showing an example
of the distances between already-encoded pixels in a frame which
are used when generating a prediction image, and each target
pixel to be filtered;

[Fig. 12] Fig. 12 is an explanatory drawing showing a concrete

arrangement of reference pixels to be referred to by a filter;
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[Fig. 13] Fig. 13 is an explanatory drawing showing an example
of a table for determining which filter is to be used for each
combination of an intra prediction mode index and a partition
size;

[Fig. 14] Fig. 14 is an explanatory drawing showing an example
of sgimplification of a filtering process when an average
prediction is carried out;

[Fig. 15] Fig. 15 is an explanatory drawing showing an example
of a bitstream in which a filter selection table index is added
to & sequence level header;

[Fig. 16} Fig. 16 is an explanatory drawing showing an example
of a bitstream in which a filter selection table index is added
to a picture level header;

[Fig. 171 Fig. 17 is an explanatory drawing showing an example
of a bitstream in which a filter selection table index is added
to a slice header;

[Fig. 18] Fig. 18 is an explanatory drawing showing an example
of a bitstream in which a filter selection table index is added
to a reference block header;

[Fig. 19] Fig. 19 is an explanatory drawing showing another
example of the table, which differs from that shown in Fig. 13,
for determining which filter is to be used for each combination
of an intra prediction mode index and a partition size; and
[Fig. 20] Fig. 20 is an explanatory drawing showing an example
of a table for determining whether or not to carry out a smoothing
process on reference pixels at the time of generating an
intermediate prediction image for each combination of an intra
prediction mode index and a partition size.

EMBODIMENTS OF THE INVENTION

[0013]
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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.

In this Embodiment 1, a moving image encoding device that
inputs each frame image of a video, carries out an intra
prediction process from already-encoded adjacent pixels or a
moticn-compensated prediction process between adjacent frames
to generate a prediction image, carries out a compression
process according to orthogonal transformation and
gquantization on a prediction error signal which is a difference
image between the prediction image and a frame image, and, after
that, carries out wvariable length encoeding to generate a
bitstream, and a moving image decoding device that decodes the
pitstream outputted from the moving image encoding device will
be explained.

[0014]

The moving image encoding device in accordance with this
Embodiment 1 is characterized in that the moving image encoding
device adapts itself to a local change of a video gignal in space
and time directions to divide the video signal into regions of
various sizes, and carries out intra-frame and inter-frame
adaptive encoding. In general, a wvideo signal has a
characteristic of its complexity varying locally in space and
time. There can be a case in which a pattern having a uniform
signal characteristic in a relatively large image region, such
as a sky image or a wall image, or a pattern having a complicated
texture pattern in a small image region, such as a person image
or apicture including a fine texture, also coexists on a certain

video frame from the viewpoint of space. Also from the
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viewpolint of time, a relatively large image area, such as a sky
image or a wall image, has a small local change in a time
direction in its pattern, 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 te time.

[0015]

Although a process of generating a prediction error
signal having small signal power and small entropy by using
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 asg 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 parameters are applied to an image signal
pattern having a large change in time and space, the code amount
of the predicticn error signal cannot be reduced. Therefore,
it is desirable to reduce the size of a region which is subjected
to the prediction process when performing the prediction
process on an image signal pattern having a large change in time
and space, thereby reducing the electric power and entropy of
the prediction error signal even though the data volume of the
parameters which are used for the prediction ig increaged. 1In
order to carry out encoding which is adapted for such the typical
characteristics of a video signal, the moving image enceding
device in accordance with this Bmbodiment 1 hierarchically
divides each regiocn having a predetermined maximum block size
of the video signal into blocks, and carries cut the prediction

process and the encoding process of encoding a prediction error
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on each of the blocks into which each region is divided.
[0C16]

Avideo signal which is to be processed by the moving image
encoding device in accordance with this Embediment 1 can be an
arbitrary video signal in which each video frame consists of
a series of digital samples (pixels) in two dimensions,
horizontal and vertical, such as a YUV gignal which consists
of a luminance signal and two color difference signals, a coloer
video image signal in arbitrary color space, such as an RGR
signal, ocutputted from a digital image sensor, a monochrome
image signal, or an infrared image signal. The gradation of
each pixel can be an 8-bit, 10-bit, or 12-bit cne. In the
following explanation, the inputted video signal is a YUV signal
unless otherwise gpecified. It is further assumed that the two
color difference components U and V are signals having a 4:2:0
format which are subsampled with respect teo the luminance
component ¥. A data unit to be processed which corresponds to
each frame of the videc signal is referred to ags a "picture."
In thisg Embodiment 1, a "picture" is explained as a video frame
signal onwhich progregsive scanning has been carriedout. When
the video gignal is an interlaced signal, a "picture" can be
alternatively a field image signal which is a unit which
constructs a video frame.

[o017]

Fig. 1 is a block diagram showing a moving image encoding
device in acgordance with Embodiment 1 of the present invention.
Referring to Fig. 1, an encoding contrelling part 1 carrieg out
a process of determining a maximum size of each of coding blocks
which is aunit to be processed at a time when an intra prediction

Process {(intra-frame prediction process) or a
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motion-compensated prediction process (inter-frame prediction
process) i1s carried out, and also determining an upper limit
on the number of hierarchical layers, i.e., a maximum hierarchy
depth in a hierarchy in which each of the coding blocks having
the maximum size is hierarchically divided into blocks. The
encoding controlling part 1 also carries out a process of
selecting a coding mode suitable for each of the coding blocks
into which each coding block having the maximum size is divided
hierarchically from one or more availablie coding mcdes (one or
more intra coding modes and one or more inter coding modes) .
The encoding controlling part 1 further carries ocut a process
of determining a gquantization parameter and a transform block
size which are used when a difference image is compreszsged for
each coding bklcock, and also determining intra prediction
parameters or inter prediction parameters which are used when
a prediction process is carried out for each coding block. The
guantization parameter and the transform block size are
included in prediction error encoding parameters, and these
prediction error encoding parameters are outputted to a
transformation/quantization part 7, an inverse
guantization/inverse transformation part 8, a variable length
encoding part 13, and so on. The encoding controlling part 1
constructs an encoding contrelling unit.

t0018]

A bleck dividing part 2 carries out a procesg of, when
receiving a video signal showing an inputted image, dividing
the inputted image shown by the video gsignal into coding blocks
each having the maximum size determined by the encoding
controlling part 1, and alsc dividing each of the coding blocks

into blocks hierarchically until the number of hierarchical
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layers reaches the upper limit on the number of hierarchical
layers which is determined by the encoding controlling part 1.
The block dividing part 2 constructs a block dividing unit. A
selection switch 3 carries out a process of, when the coding
mode selected by the encoding controlling part 1 for the coding
bleck, which is generated through the division by the block
dividing part 2, is an intra coding mode, outputiting the coding
block to an intra prediction part 4, and, when the coding mode
selected by the enceding centrolling part 1 for the coding block,
which is generated through the division by the block dividing
part 2, is an inter coding mode, outputting the coding block
to a metion-compensated prediction part 5.
[oc19l

The intra prediction part 4 carries out a process of, when
receiving the coding block, which is generated through the
division by the block dividing part 2, from the selection switch
3, carrying out an intra prediction process con the coding block
to generate a prediction image for each partition by using an
already-encoded image gignal in the frame on the basis of the
intra prediction parameter cutputted thereto from the encoding
controlling part 1. After generating the above-wmentioned
prediction image, the intra prediction part 4 selects a filter
from one or more filters which are prepared in advance according
to the states of the various parameters which must be known when
the moving image decoding device generates the same prediction
image as the above-mentioned prediction image, carries out a
filtering process on the above-mentioned prediction image by
using the filter, and outputs the prediction image on which the
intra prediction part has carried out the filtering process to

a subtracting part 6 and an adding part 9. Concretely, the intra
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prediction part uniquely determines a filter according to the
state of at least one of the following four parameters which
are provided as the above-mentioned various parameters:
Parameter (1)
The block size of the above-mentioned prediction image
Parameter (2]}
The guantization parameter determined by the encoding
controlling part 1
Parameter (3)
The distance between the already-encoded image signal in the
frame which is used when generating the prediction image and
a target pixel to be filtered
Parameter (4)
The intra prediction parameter determined by the encoding
contrelling part 1
An intra prediction unit is comprised of the selection switch
3 and the intra prediction part 4.
[0020]

The moticn-compensated prediction part 5 carries out a
process of , when an inter coding mode is selected by the encoding
controlling part 1 as a coding mode suitable for the coding block,
which is generated through the division by the block dividing
part 2, performing a motion-compengated prediction process on
the coding block to generate a prediction image by using one
or  more frames of refersnce images stored in  a
motion-compensated prediction frame memcory 12 on the basis of
the inter prediction parameters outputted thereto from the
encoding controlling part 1. A motion-compensated prediction
unit is comprised of the selection switch 3 and the

motion-compensated prediction part 5.
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[0021)

The subtracting part 6 carries out a process of
subtracting the prediction image generated by the intra
prediction part 4 or the motion-compensated prediction part 5
from the coding block, which is generated through the division
by the block dividing part 2, to generate a difference image
(= the coding bleck - the prediction image). The subtracting
part 6 congtructs a difference image generating unit. The
transformation/guantization part 7 carries out a procegs of
performing a transformation process {(e.g., a DCT (discrete
cosine transform) or an orthogonal transformation process, such
as a KL transform, in which bases are designed for a specific
learning sequence in advance) on the difference signal
generated by the subtracting part 6 in units of a block having
a transformblock size included in the prediction error encoding
parameters outputted thereto from the encoding controlling part
1, and also qguantizing the transform coefficients of the
difference image by using a quantization parameter included in
the prediction error encoding parameters to output the
transform coefficients quantized thereby as compressed data of
the difference image. The transformation/quantization part 7
constructs an image compression unit.

[0022]

The inverse guantization/inverse transformation part 8
carries out a process of invergse-quantizing the compressed data
ocutputted thereto from the transformation/quantization part 7
by uging the quantization parameter included in the prediction
error encoding parameters outputted thereto from the encoding
controlling part 1, and performing an inverse transformation

process f{(e.g., an inverse DCT (inverse discrete cosine
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transform) or an inverse transformation process such as an
inverse KL transform) on the compressed data inverse-guantized
thereby in units of a block having the transform block size
included in the prediction error encoding parameters to output
the compressed data on which the inverse quantization/inverse
transformation part has carried out the inverse transformation
process ag a iocal decoded prediction error signal.

[0023)

The adding part 9 carries out a precess of adding the local
decoded prediction error signal outputted theretc from the
inverse guantization/inverse transformation part 8 and the
prediction signal showing the prediction image generated by the
intra prediction part 4 or the motion-compensated prediction
part 5 to generate a local decoded image signal showing a local
deccoded image. A memory 10 for intra prediction is a recording
medium, such as a RAM, for storing the local decoded image shown
by the local decoded image signal generated by the adding part
9 as an image which the intra prediction part 4 will use when
performing the intra prediction process the next time.
[0024]

Aloop filter part 11 carries out a process of compensating
for an encoding distortion included in the local decoded image
signal generated by the adding part 9, and outputting the local
decoded image shown by the local decoded image signal on which
the loop filter part has carried out the encoding distortion
compensation to a motion-compensated prediction frame memory
12 as a reference image. The motion-compensated prediction
frame memory 12 is a recording medium, such as a RAM, for storing
the local decoded image on which the loop filter part 11 has

carried out the filtering process as a reference image which
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the motion-compensated prediction part 5 will use when
performing the motion-compensated prediction process the next
time.
[0025]

The variable length encoding part 13 carries cut a process
of wvariable-length-encoding the compressed data outputted
thereto fromthe transformation/quantizationpart 7, the coding
mode and the prediction error encoding parameters which are
outputted thereto from the encoding controlling part 1, and the
intra prediction parameters outputted therete from the intra
prediction part 4 or the inter prediction parameters outputted
thereto from the motion-compensated prediction part 5 to
generate a bitstream into which encoded data of the compressed
data, enccded data of the coding mode, encoded data of the
prediction error encoding parameters, and encoded data of the
intra prediction parameters or the inter prediction parameters
are multiplexed. The wvariable length encoding part 13
constructs a variable length encoding unit.

[0026]

Fig. 2 is a block diagram showing the moving image decoding
device in accordance with Embodiment 1 of the present invention.
Referring te Fig. 2, a variable length decoding part 51 carries
out a process of variable-length-decoding the encoded data
multiplexed into the bitstream to acquire the compregsed data,
the coding mode, the prediction error encoding parameters, and
the intra prediction parameters or the inter prediction
parameters, which are agssociated with each coding block into
which each frame of the video ig hiervarchically divided, and
outputting the compressed data and the prediction error

encoding parameters to an inverse qguantization/inverse
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transgformation part 55, and algso cutputting the coding mode and
the intra prediction parameters or the inter prediction
parameters to a selection switch 52. The wvariable length
decoding part 51 constructs a variable length decoding unit.
[0027]

The selection switch 52 carries out a preocess of, when
the coding mode associated with the coding block, which is
outputted from the variable length decoding part 51, ig an intra
coding mode, outputting the intra prediction parameters
outputted thereto from the variable length decoding part 51 to
an intra prediction part 53, and, when the coding mode is an
inter coding mode, outputting the inter prediction parameters
outputted thereto from the variable length decoding part 51 to
a motion-compensated prediction part 54.

[0028]

The intra prediction part 53 carries out a process of
performing an intra-frame prediction process on the coding
block to generate a prediction image for each partition by using
an already-decoded image sgignal in the frame on the basis of
the intra prediction parameter outputted therete from the
selection switch 52. After generating the above-mentioned
predicticn image, the intra prediction part 53 selects a filter
from one or more filters which are prepared in advance according
to the states of the various parameters which are known when
generating the above-mentioned prediction image, carries out
a filtering process on the abovewmentioned&prédiction_imageﬁby
using the filter, and outputs the prediction image on which the
intra prediction part has carried out the filtering process to
an adding part 56. Concretely, the intra prediction part

uniguely determines a filter according to the state of at least
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one of the following four parameters which are provided as the
above-mentioned various parameters. The intrapredictionpart
predetermines one or more parameters to be used which are the
same as the previocusly-mentioned one or more parameters which
are used by the moving image encoding device. More specifically,
the parameters which the moving image encoeding device uses and
those which the moving image decoding device ugseg are made to
be the same as each other in such a way that when the intra
prediction part 4 carries out the filtering process by using
the parameters (1) and (4) in the moving image encoding device,
the intra prediction part 53 similarly carries out the filtering
by using the parameters (1) and {(4) in the moving image decoding
device, for example.

Parameter (1)
The block size of the above-mentioned prediction image

Parameter (2)
The guantization parameter wvariable-length-decoded by the
variable length decoding part 51

Parameter (3)
The distance between the already-deccded image signal in the
frame which is used when generating the prediction image and
a target pixel to be filtered

Parameter (4)
The intra prediction parameter variable-length-decoded by the
variable length decoding part 51
An intra prediction unit is comprised of the selection switch
52 and the intra prediction part 53.
[0029]

The motion-compensated prediction part 54 carries out a

process of performing a motion-compensated prediction process
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on the coding block to generate a prediction image by using one
cr  more frames of reference images stored in a
motion-compensated prediction frame memory 59 on the basis of
the inter prediction parameters outputted thereto from the
selection gswitch 52. A motion-compensated prediction unit is
comprised of the selection switch 52 and the motion-compensated
prediction part 54.

[0030]

The inverse quantizaticon/inverse transformation part 55
carries out a process of inverse-guantizing the compressed data
asscciated with the coding block, which ig cutputted thereto
from the wvariable length decoding part 51, by using the
quantization parameter included in the prediction error
encoding parameters outputted thereto from the variable length
decoding part 51, and performing an inverse transformation
process (e.g., an inverse DCT (inverse discrete cosine
transform) or an inverse transformation process such as an
inverse KL transform} on the compressed data inverse-quantized
thereby in units of a klock having the transform block size
included in the prediction error encoding parameters, and
outputting the compressed data on which the inverse
gquantization/inverse transformation part has carried out the
inverse transformation process as a decoded prediction errvor
signal {signal showing a pre-compressed difference image).
The inverse guantization/inverge trangformation part 55
constructs a difference image generating unit.

0031}

The adding part 56 carries out a process of adding the

decoded prediction error gignal outputted thereto from the

inverse guantization/inverse transformation part 55 and the
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prediction signal showing the prediction image generated by the
intra prediction part 53 or the motion-compensated prediction
part 54 to generate a decoded image signal showing a decoded
image. The adding part 56 constructs a decoded image generating
unit. A memory 57 for intra prediction is a recording medium,
such as a RAM, for storing the decoded image shown by the decoded
image gignal generated by the adding part 56 as an image which
the intra prediction part 53 will use when performing the intra
prediction process the next time.

[0032]

Aloop filter part 58 carries out a process of compensating
for an encoding distortion included in the decoded image signal
generated by the adding part 56, and outputting the decoded
image shown by the decoded image signal on which the loop filter
part performs the encoding distortion compensation to a
motion-compensated predicticn frame memory 59 as a reference
image. The motion-compensated prediction frame memory 59 is
a recording medium, such as a RAM, for storing the decoded image
on which the loop filter part 58 performs the filtering process
as a reference image which the motion-compensated prediction
part 54 will use when performing the moticn-compensated
prediction process the next time,

[0033]

In the example shown in Fig. 1, the encoding controlling
part 1, the block dividing part 2, the selection switch 3, the
intrapredictionpart 4, the moticn-compensated predictionpart
5, the subtracting part 6, the transformation/quantizationpart
7, the inversge quantization/inverse transformation part 8, the
adding part 9, the loop filter part 11, and the variable length

encoding part 13, which are the components of the moving image
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encoding device, can consist of pieces of hardware for exclusive
use (e.g., integrated ¢ircuits in each of which a CPU is mounted,
one chip microcomputers, or the like), respectively. As an
alternative, the moving image encoding device can consist of
a computer, and a program in which the processeg carried out
by the encoding controlling part 1, the bleck dividing part 2,
the gelection gwitch 3, the intra prediction part 4, the
motion-compensated prediction part 5, the subtracting part 6,
the transformation/guantization part 7, the inverse
guantization/inversge transformation part 8, the adding part 9,
the loop filter part 11, and the variable length encoding part
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. 3 is a flow chart showing the processing
carried out by the moving image encoding device in accordance
with Embodiment 1 of the present invention.

l0034]

In the example shown in Fig. 2, the variable length
decoding part 51, the selection switch 52, the intra prediction
part 53, the motion-compensated prediction part 54, the inverse
gquantization/inverse transformation part 55, the adding part
56, and the loop filter part 58, which are the components of
the woving image deccding device, can consist of pieces of
hardware for exclusive use (e.g., integrated circuits in each
of which a CPU is mounted, one chip microcomputers, or the like),
respectively. As an alternative, the moving image decoding
device can consist of a computer, and a program in which the
processes carried out by the variable length decoding part 51,
the selection switch 52, the intra prediction part 53, the

motion-compensated  prediction  part 54, the inverse
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guantization/inverse transformation part 55, the adding part
56, and the loop filter part 58 are described can be stored in
a menory 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 carried out by the moving image
decoding device in accordance with Embodiment 1 of the present
invention.,

[0035]

Next, the operation of the moving image encoding device
and that of the moving image decoding device will be explained.
First, the processing carried out by the moving image encoding
device shown in Fig. 1 will be explained. First, the encoding
controlling part 1 determines a maximum size of each of coding
blocks which is a unit to be processed at a time when an intra
prediction process (intra-frame prediction process) or a
motion-compensated prediction process (inter-frame prediction
process) is carried out, and also determines an uppexr limit on
the number of hierarchical layers in a hierarchy in which each
of the coding blocks having the maximum size 18 hierarchically
dgivided into blocks (step STl of Fig. 3}).

[0036]

As a method of determining the maximum size of each of
coding blocks, for example, there is considered a method of
determining a maximum size for all the pictures according to
the resolution of the inputted image. Further, there can be
considered a method of quantifying a variation in the complexity
of a local movement of the inputted image as a parameter and
then determining a small size for a picture having a large and
vigorous movement while determining a large size for a picture

having a small movement. As a method of determining the upper
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limit on the number of hierarchical layers, for example, there
can be considered a method of increasing the depth of the
hierarchy, i.e., the number of hierarchical lavers to make it
possible to detect a finer movement as the inputted image has
a larger and more vigorous movement, or decreasing the depth
of the hierarchy, i.e., the number of hierarchical layers as
the inputted Image has a smaller movement.

[00327]

The encoding controlling part 1 also selects a coding mode
suitable for each of the coding blocks into which each coding
block having the maximum size is divided hievarchically from
one or meore available coding modes (M intra coding modes and
N inter coding modes) (step ST2). Although a detailed
explanation of the selection method of selecting a coding mode
for use in the encoding controlling part 1 will be omitted
because the selection method is a known technigue, there is a
method of carrying cut an encoding process on the coding block
by using an arbitrary available coding wmode to examine the
encoding efficiency and select a coding mode having the highest
level of encoding efficiency fromamong a plurality of available
coding modes, for example.

[0038]

The encoding controlling part 1 further determines a
quantization parameter and a transformblock gize which are used
when a difference image is compressed for each coding block,
and alsc determines intra prediction parameters or inter
prediction parameters which are used when a predicticn process
is carried out. The encoding controlling part 1 outputs
prediction error encoding parameters including the

gquantization parameter and the transform blcock size to the
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transformation/quantization part 7, the inverse
cquantization/inverge transformation part 8, and the variable
length encoding part 13. The encoding controlling part also
outputs the prediction error encoding parameters to the intra
prediction part 4 as needed.

[0039]

When receiving the video signal showing the inputted
image, the block dividing part 2 divides the inputted image
shown by the video signal into coding blocks each having the
maximum size determined by the encoding controlling part 1, and
also divides each o0of the coding blocks intoe blocks
hierarchically until the number of hierarchical layers reaches
the upper limit on the number of hierarchical lavers which is
determined by the encoding controlling part 1. Fig. 5 is an
explanatory drawing showing a state in which each coding block
having the maximum size is hierarchically divided into a
plurality of coding blocks. 1In the example of Fig. 5, each
coding block having the maximum size is a coding block BY in
the 0th hierarchical laver, and its luminance component has a
size of (L°, M%) . Further, in the example of Fig. 5, by carrying
out the hierarchical division with this coding block B having
the maximum size being set as a starting point until the depth
of the hierarchy reaches a predetermined depth which is set
separately according to a gquadtree structure, coding blocks B”
can be acguired.

[0040]

At the depth of n, each coding block B" is an image region
having a size of (L", M"). Although L" can be the same as or
differ from M", the case of 1,'=M" is shown in the example of Fig.

5. Hereafter, the size of each coding block B" is defined as
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the gize of (L7, M’) in the luminance component of the coding
block B".
[0041]

Recause the block dividing part 2 carries out a quadtree
division, (1™, M) =(1"/2, M*/2) is always established. Inthe
case of a color videc image signal (4:4:4 format) in which all
the color components have the same sample number, such as an
RCE signal, all the color components have a size of (L", M"),
while in the case of handliing a 4:2:0 format, a corresponding
color difference component has a coding block size of (1°/2,
M'/2}. Hereafter, a coding mode selectable for each coding
block B" in the nth hierarchical layer is expresgssed as m(R").
[0042]

In the case of a color video gignal which consistsg of a
plurality of color components, the coding mode m{B"} can be
formed in such a way that an individual mode is used for each
color component. Hereafter, an explanation will be made by
assuming that the coding mode m(B") indicates the cone for the
luminance component of each coding block having a 4:2:0 format
in a YUV signal unless otherwise specified. The coding mode
m{B"} can be one of one or more intra coding modes (genevically
referred to ags "INTRA") or one or more inter coding modes
(generically referred to as "INTER"), and the encoding
controlling part 1 selects, as the coding mode m(B"), a coding
mode with the highest degree of encoding efficiency for each
coding block B" from among all the coding modes available in
the picture currently being processed or a subset cof these
coding modeg, as mentiloned above.

[0043]

Each coding block B" is further divided into one or more
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prediction units (partitions} by the block dividing part, as
shown in Fig. 5. Hereafter, each partition belonging to each
coding block B” is expressed as P;" {1 shows a partition number
in the nth hierarchical layer). How the division of each coding
block B" into partitions Py" belonging to the coding block B
is carried out is included as information in the coding mode
m(B") . While the prediction process is carried out on each of

N

all the partitions P;" according to the coding mode m(B®), an
individual prediction parameter can be selected for each
partition P;".

[0044]

The encoding controlling part 1 produces such a block
divisicn state as shown in, for example, Fig. 6 for a coding
block having the maximum size, and then determines coding blocks
B”. Hatched portions shown in Fig. 6(a) show a distribution
of partitions into which the ceding block having the maximum
size ig divided, and Fig. 6{b) shows a situation in which coding
modes w(B") are respectively assigned to the partitions
generated through the hierarchical layer division by using a
quadtree graph. Each node enclosed by a square symbol shown
in Fig. 6{b) is the one (coding block B") to which a coding mode
m(B") is assigned.

[6cas]

When the encoding controlling part 1 selects an optimal
coding mode m{B"} for each partition P;" of each coding block
B", and the coding mode m(B") is an intra coding mode (step ST3),
the selection switch 3 cutputs the partition P;" of the coding
block B*, which is generated through the division by the block
dividing part 2, to the intra prediction part 4. In contrast,

when the coding mede m{B"} is an inter coding mode (step ST3),
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the gelection switch outputs the partition P;" of the coding
block B", which ig generated through the division by the block
dividing part 2, to the motion-compensated prediction part 5.
[0046]

When recelving the partition P;" of the coding block B"
from the selection switch 2, the intra prediction part 4 carries
cout an intra prediction process on the partition P;” of the coding
block B" to generate an intra prediction image P;” by using an
already-encoded image signal in the frame on the basis of the
intra prediction parameter outputted thereteo from the encoding
controlling part 1 ({step S8T4). After generating the
above-mentioned intra prediction image P;%, the intra
prediction part 4 selects a filter from the ocne or more filters
which are prepared in advance according to the states of the
various parameters which must be known when the moving image
decoding device generateg the same prediction image as the
above-mentioned intra prediction image P;"°, and carries out a
filtering process on the intra prediction image P;" by using
the filter. After carrying out the filtering process on the
intra prediction image P;", the intra prediction part 4 ocutputs
the intra prediction image P;" on which the intra prediction
part has carried out the filtering process to the subtracting
part ¢ and the adding part 9. In order to enable the moving
image decoding device shown in Fig. 2 to also be able to generate
the same intra prediction image P;i", the intra prediction part
ocutputs the intra prediction parameters to the variable length
enceoding part 13. The outline of the process carried out by
the intra prediction part 4 ig as mentioned above, and the
details of this process will be mentioned below.

[0047]
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When receiving the partition P;° of the coding block B"
from the selection switch 3, the motion-compensated prediction
part 5 carries out a motion-compengated predicition process on
the partition ;" of the coding block B" to generate an inter
prediction image P;" by using one or mcere frames of reference
images stored in the motion-compensated prediction frame memory
12 on the basis of the inter prediction parameters outputted
thereto from the encoding controlling part 1 (step 8TE).
Because a technology of carrying out a motion-compensated
prediction process to generate a prediction image is known, the
detalled explanation of this technology will be omitted
hereafter.

[0048]

After the intra prediction part 4 or the
motion-compensated prediction part 5 generates the prediction
image (an intra prediction image P;"” or an inter prediction image
P;") , the subtracting part 6 subtracts the prediction image (the
intra prediction image P;" or the inter prediction image P;"}
generated by the intra prediction part 4 or the
motion-compensated prediction part 5 from the partition P;" of
the coding block B", which is generated through the division
by the block dividing part 2, to generate a difference imags,
and outputs a prediction error signal e;” showing the difference
image to the transformation/quantization part 7 (step STE) .
(co49]

When receiving the prediction error signal e;” showing
the difference 1image from the subtracting part &, the
transformation/quantization part 7 carries out a
transformation process (e.g., a DCT {discrete cosine transform)

or an orthogonal transformation process, such as a KL transfornm,
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in which bases are designed for a specific learning sequence
in advance) on the difference image in units of a block having
the transform block size included in the prediction error
encoding parameters outputted thereto from the encoding
controlling part 1, and guantizes the transform coefficients
of the difference image by using the guantization parameter
included in the prediction error encoding parameters and
outputs the transform coefficients quantized thereby to the
inverse quantization/inverse transformation part 8 and the
variable length encoding part 13 as compressed data of the
difference image (step ST7).
(00501

When receiving the compressed data of the difference
image from the transformation/quantizaticn part 7, the inverse
gquantization/inverse transformation part 8 inverse-gquantizes
the compressed data of the difference image by using the
guantization parameter included in the prediction error
encoding parameters outputted thereto from the encoding
controlling part 1, performs an inverse transformation process
(e.g., an inverge DCT (inverse discrete cosine transform} or
an inverse transformation process such as an inverse KL
transform) on the compressed data inverse-quantized thereby in
unite of a block having the trangform block size included in
the prediction error encoding parameters, and outputs the
compressed data on which the inverse guantization/inverse
transformaticon part has carried out the inverse transformation
process to the adding part 9 as a leocal decoded prediction error
signal e;" hat (""" attached to an alphabetical letter is
expressed by hat for reasons of the restrictions on electronic

applications) (step ST8).
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When receiving the local decoded prediction error signal
e;" hat from the inverse guantization/inverse transformation
part 8, the adding part 9 adds the local decoded prediction error
signal e;" hat and the prediction signal showing the prediction
image (the intra prediction image P;” or the inter prediction
image P;") generated by the intra prediction part 4 or the
motion-compensated prediction part 5 to generate a local
decoded image which is a local deccded partition image P;" hat
or a local decoded coding block image which is a group of local
decoded partition images (step S5T9). After generating the
local decoded image, the adding part 9 stores a local decoded
image signal showing the local decoded image in the memory 10
for intra prediction and also outputs the local deccded image
signal to the loop filter part 11.
oos2]

The moving image encoding device repeatedly carries out
the processes of steps ST3 to STY until the moving image encoding
device completes the processing on all the coding blocks B” into
which the inputted image ig divided hierarchically, and, when
completing the processing on all the coding blocks B, shifts
to a process of step ST12 (steps ST10 and STL11).

[6053]

The variable length encoding part 13 entropy-encodes the
compressed data outputted thereto Lrom the
transformation/quantization part 7, the coding mode (including
the information showing the state of the division into the
coding blocks) and the prediction error encoding parameters,
which are ocutputted thereto from the encoding controlling part

1, and the intra prediction parameters outputted thereto from
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the intra prediction part 4 or the inter prediction parameters
outputted thereto from the motion-compensated prediction part
5. The variable length encoding part 13 multiplexes encoded
data which are the encoded regsulte of the entropy encoeding of
the compressed data, the coding mode, the prediction error
encoding parameters, and the intra prediction parameters or the
inter prediction parameters to generate a bitstream {(step
ST1iz2) .

(0054}

When receiving the local decoded image signal from the
adding part 9, the loop filter part 11 compensates for an
encoding distortion included in the local decoded image signal,
and storeg the local deccoded image shown by the local decoded
image signal on which the loop filter part performs the encoding
distortion compensation in the motion-compensated prediction
frame memory 12 as a reference image (step ST13). The lcop
filter part 11 can carry out the fililtering process for each
coding block having the maximum size of the local decoded image
signal cutputted thereto from the adding part 9 or for each
coding bilock of the local decoded image signal, or for each unit
which is a combination of a plurality of coding blccks each
having the maximum size. As an alternative, alfter one picture
of local decoded image signals is outputted, the loop filter
part can carry out the filtering process on the picture of local

decoded image signals at a Time.

Next, the process carried out by the intra predictionunit
4 will be explained indetail. Fig. 7 is an explanatory drawing
showing an example of the intra prediction parameters (intra

prediction modes) which can be selected for each partition Pi"



)

50

an
by

in the coding block B®. 1In the example shown in Fig. 7, intra
prediction modeg and prediction direction vectors represented
by each of the intra prediction wmedes are shown, and it is
designed that a relative angle between prediction direction
vectors becomes small with increase in the number of gselectable
intra predicticon modes.

[0058]

The intra prediction part 4 carries out an intra
prediction process on the partition P;” on the basis of the intra
prediction parameter for the partition P;" and a selection
parameter for a filter which the intra prediction part uses for
the generation of an intra prediction image P;". Hereafter, an
intra procegs of generating an intra prediction signal of the
luminance signal on the basis of the intra prediction parameter
{intra prediction mode) for the luminance signal of the
partition P;" will be explained.

[0057]

Hereafter, the partition P, is assumed to have a size
of 1;"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 partition P;" in the case of 1;"=m;"=4.
Although the (2x1;°+1) pixels in the already-encoded upper
partition which is adjacent to the partition P;" and the (2xmy")
pixels in the already-encoded left partition which is adjacent
to the partition P;" are defined as the pixels used for prediction
in the example of Fig. 8, a larger or smaller 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
partition are used for prediction in the example shown in Fig.

8, two cr more rows or columng of pixels adjacent tothepartition
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When the index value indicating the intra prediction mode
for the partition P;" is 2 (average prediction), the intra
prediction part generates an intermediate prediction image by
uging the average of the adjacent pixels in the upper partition
and the adjacent pixels in the left partition as each cf the
predicted values of all the pixels in the partition P;". When
the index value indicating the intra prediction moede is other
than 2 (average prediction), the intra prediction part
generates the predicted value of each pixel in the partition
P;" on the basis of a prediction direction vector vp=(dx, dy)
shown by the index value. In this case, the relative coordinate
of the pixel (the pixel at the upper left corner of the partition
is defined as the peoint of origin) for which the predicted value
is to be generated (target pixel for prediction) in the
partition P;" is expressed as (x, y). Eachreference pixel which
is used for prediction is located at a point of intersection

of A shown below and an adiacent pixel.

X
Ai(‘]+k%5
y

Where k is a negative scalar value.

[0059]

When a reference pixel is located at an integer pixel
pesition, the integer pixel is defined as the predicted value
cf the target pixel for prediction. In contrast, when a
reference pixel is not located at an integer pixel position,

an interpolation pixel which is generated from an integer pixel
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adijacent to the reference pixel is defined as the predicted
value of the target pixel for prediction. In the example shown
in Fig. 8, because a reference pixel is not located at an integer
pixel position, the predicted value is interpolated from the
values of two pixels adijacent to the reference pixel. However,
the interpolaticn of the predicted value is not limited to the
one from the values of two adjacent pixels, and an interpolation
pixel can be generated from two or more adjacent pixels and the
value of thig interpolation pixel can be defined as the
predicted value.

[0060]

The intra prediction part then carries out a filtering
process, which will be mentioned below, on the intermediate
prediction image which congists of the predicted valuesg in the
partition P;" generated according to the above-mentioned
procedure to acquire a final intra prediction image P;", and
cutputs the intra prediction image P;" to the subtracting part
6 and the adding part 2. The intra prediction part also ocutputs
the intra prediction parameter used for the generation of the
intra prediction image P:;" to the variable length encoding part
13 in order tomultiplex them into a bitstream. Hereafter, the
filtering process will he explained concretely.

[0061]

The intra prediction part selects a filter to be used from
one or more filters which are prepared in advance by using a
method which will be mentioned below, and carries out a
filtering process on each pixel of the intermediate prediction

image according to the following egquation (1).

S(py) = as(p ) +as(p))ttay s(py Y ray (1)
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[0062]

In the eguation (1)}, an (n=0, 1, ., N} ig filter
coefficients which consgist of coefficients (as, ai, .., ap.i)
associatedwuithtﬂmareference]ﬁixels, and an offset coefficient
ag. Pn (n=0, 1, .., N-1) shows the reference pixels of the filter
including the target pixel po to be filtered. N is an arbitrary
number of reference pixels. s{p,) shows the luminance value
of each reference pixel, and s hat (py) shows the luminance value
of the target pixel p sto be filtered on which the filtering
process has been carried cut. The filter coefficients can be
formed so as not to include the of fset coefficient ay. Further,
the luminance value of each pixel of the intermediate prediction
image can be defined ag the luminance wvalue s({p,) of each
reference pixel located in the partition P;". Asanalternative,
the filtered luminance value can be defined as the luminance
value s{p,} only at the position of each pixel on which the
filtering process has been carried out. An encoded luminance
value {luminance value to be decoded) ig get ag the luminance
value s{p,) of each reference pixel located outside the
partition P;” when the pixel is in an already-encoded region,
while a signal value to be used in place of the luminance value
s{pn) 1g selected from the Iluminance wvalue s{p,) of each
reference pixel located in the partition P, which is defined
in the above-mentioned way, and the encoded luminance value in
the already-encoded area according to a predetermined procedure
(for example, the signal value of apixel at: the nearest position
is selected from among those of pixels which are candidates)
when the pixel is in a vet-to-be-encoeded region. Fig. 2 is an
explanatory drawing showing an example of the arrangement of

the reference pixels in the case of N=5.
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[0063]

When carrying out the above-mentiocned filtering process,
a nonlinear edge or the like occurg in the inputted image more
easily and hence a displacement from the prediction direction
of the intermediate prediction image occurs more easily with
increase in the size (1i"xny") of the partition P;". Therefore,
it is preferable to smooth the intermediate prediction image.
In addition, the larger quantized value a prediction error has,
the larger gquantization distortion cccurs in the decoded image
and hence the lower degree of prediction accuracy the
intermediate prediction image generated from already-encoded
pixels which are adjacent to the partition P;” has. Therefore,
it is preferable to prepare a smoothed prediction image which
roughly expresses the partition P;”. Further, even a pixel in
the same partition P;" has a displacement, such as an edge,
occurring between the intermediate prediction image and the
inputted image more easily with distance from the

" which are

already-encoded pixels adjacent to the partition B;
used for the generation of the intermediate prediction image.
Therefore, it is preferable to smooth the prediction image to
suppress the rapid increase in the prediction error which is
caused when a displacement ocours.

0064 ]

Further, the intra prediction at the time of generating
the intermediate prediction image is configured in such a way
as to use either of the two following different methods: an
average prediction method of making all the predicted values
in a prediction block be equal to one another, and a prediction

method using the prediction direction vector v,. In addition,

also in the case of the prediction using the prediction
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direction vector vy, a pixel not located at an integer pixel
pogition is generated through interpolation on both a pixel for
which the value of a reference pixel at an integer pixel pesition
is set as its predicted value just as it is, and at least two
reference pixels, the location in the prediction block of a
pixel having the value of the generated pixel as its predicted
value differs according to the direction of the prediction
direction vector v,. Therefore, because the prediction image
has a property different according te the intra prediction mode,
and the optimal filtering process also changes according to the
intra prediction mode, it is preferable to also change the
intensity of the filter, the number of reference pixels to be
referred to by the filter, the arrangement of the reference
pixels, etc. according to the index value showing the intra
predic¢tion mode.

[00B5]

Therefore, the filter selecting process is configured in
such a way as to select a filter in consideration of the four
following parameters (1) to (4).

(1) The size of the partition P;" (1;"xm")

(2) The quantization parameter included in the prediction error
encoding parameters

(3} The distance between the group of already-encoeded pixels
("pixels which are used for prediction” shown in Fig. 8) which
are used at the time of generating the intermediate prediction
image, and the target pixel to be filtered

{4) The index value indicating the intra prediction mode at the
time of generating the intermediate prediction image

i0066]

More specifically, the filter gselecting process is



95

b

configured in such a way as to use a filter having a higher degree
of smoothing intensity or a filter having a larger number of
reference pixels with increase in the size (1:">m;") of the
partition Pi", with increase in the quantized value determined
by the quantization parameter, and with distance between the
target pixel to be filtered and the group of already-enccded
pixels which are located on the left side and on the upper side
of the partition P;". An example of the distance between the
target pixel to be filtered and the group of already-encoded
pixels which are located on the left side and on the upper side
of the partition P;” is listed in Fig. 11. Further, the filter
selecting process is configured in such a way as to also change
the intensity of the filter, the number of reference pixels to
be referred to by the filter, the arrangement of the reference
pixels, etc. according to the index value showing the intra
prediction mode. More specifically, an adaptive gelection of
a filter according to the above-mentioned parameters is
implemented by bringing an appropriate filter selected from
among the group of filters which are prepared in advance into
correspoendence with each of combinations of the above-mentioned
parameters. Further, for example, when combining the
parameters (3) and (4}, the definition of the "distance between
the target pixel to be filtered and the group of already-encoded
pixels" of the parameter (3) can be changed adaptively according
to the "intra prediction mode" of the parameter (4). More
specifically, the definition of the distance between the target
pixel to be filtered and the group of already-encoded pixels
is not limited to the one fixed ag shown in Fig. 11, and can
be a distance depending upon the prediction direction, such ag

the distance froma "reference pixel' shown in Fig. 8. By doing
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in this way, the intra prediction part can implement an adaptive
filtering procegs which alsoc takes into consideration a
relationship between the plurality of parameters such as the
parametersg (3) and (4). Further, acombination for not carrying
out any filtering process can be prepared as one of combinations
of these parameters while being brought intc correspondence
with "no filtering process." In addition, as a definition of
the intensity of the filter, the weakest filter can be defined
ags "no filtering process." Further, because the four
parameters (1) to (4) are known in the moving image decoding
device, no additional information to be encoded required to
carry out the akbove-mentioned filtering process is generated,
Ag previously explained, by preparing a necessary number of
filters in advance and adaptively selecting one of them, the
intra prediction part switches among the filters. As an
alternative, by defining a function of the above-mentioned
filter selection parameters as each filter in such a way that
a filter 1s c¢omputed according to the wvalues of the
above-mentioned filter gelection parameters, the intra
prediction part can implement switching among the filters.
[0067]

Although the example of selecting a filter in

above explanation, a filter can be alternatively selected in
consideration of at least one of the four parameters (1) to (4).
Hereafter, an example of the configuration of the filtering
process of adaptively selecting a filter by bringing an
appropriate filter included in a filter group prepared in
advance into correspondence with each of combinations of the

parameters will be shown by taking a case of using the parameters



(1) and (4} as an example.
[0068]

Filters which are used in the above-mentioned example of
the filtering procegs are defined as follows:

Filter of filter index of 1 {the number of reference pixels

N=3)

ag=3/4, a1=1/8, a,=1/8

Filter of filter index of 2 {the number of reference pixels
N=3)

ag=1/2, a;=1/4, a,=1/4

Filter of filter index of 3 {the number of reference pixels
N=3)

ag=1/4, a,=3/8, az;=3/8

Filter of filter index of 4 {the number of reference pixels
N=5)

ae=1/4, a:=3/16, a:=3/16, ay=3/16, a,=3/16
In this cage, it is assumed that the filtering procegs is based
on the equation (1) from which the offset coefficient ay is
eliminated {(ay=0), three types of filters are used, and each
of these filters has such an arrvangement of reference pixels
to be referred tc thereby as shown in Fig. 12.
[0089]

Fig. 13 is an explanatory drawing showing an example of
a table showing filters which are used in each intra prediction
mode for each size of the partition ;. In this example, it
is assumed that the partition P;" has one of possible sizes of
4x4 pixels, 8x8 pixels, 16x16 pixels, 32x32 pixels, and 64x64
pixels, and there is a correspondence, as shown in Fig. 7,
between index values each showing an intra prediction mode and

intra prediction directions. Further, the filter index of 0
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shows that no filtering process is carried out. Tn general,
because there are tendencies as will be shown below when using
a directional prediction or an average prediction, by bringing
which filter ig to be used into correspondence with each
combination of the parameters (1) and {4) in the table in
consideration of the characteristics of the image in intra
predictions, as shown in the table sheown in Fig. 13, the intra
prediction part can implement the selection of an appropriate
filter by referring to the table.

[0070]

Because a horizontal or vertical edge existing in an
artifact, such as a building, is generally linear shaped and
clear in many cases, a high-accurate prediction can be carried
out by using a horizontal or vertical prediction in many cases.
Therefore, it is preferable not to carry out any swmoothing
process when carrying out a horizontal or vertical prediction.

Because an image signal generally has high spatial
continuity, it is preferable to carry out a smocthing process
on pixels located in the vicinity of the block boundaries on
the left and upper sides of the partition Pi", thereby improving
the continuity, when using an average prediction which impairs
the continuity between the partition P;” and already-encoded
pixels adijacent to the partition P;".

" Because in a region having diagonal directivity, an edge
or the like is distorted and has a nonlinear shape in many cases
with increase in the area of the region, it is preferable to,
when using a diagonal prediction, apply a filter having a higher
degree of smoothing intensity and a larger number of reference

pixels with increase in the partition size.

In general, when the partition size becomes too large, a
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spatial change of the signal value in the partition becomes
diversified, so that the use of a directional prediction or an
average prediction results in a very rough prediction, and hence
a region where it ig difficult to carry out a high-accurate
prediction ingcreases. Because no improvement in the
prediction efficiency can be expected by simply carrying out
a smoothing process to make the image become blurred in such
aregion, it ispreferable not to carry out any filtering process
in the case of such a large partition size because it is not
necessary  to increase the computational complexity
unnecessarily (for example, in the table shown in Fig. 13, there
is a setting not to carry out any filtering process in the case
of a partition size of 32x32 pixels or more).

[0071]

In addition, in a case in which the luminance value of
the intermediate prediction image ig used as the luminance value
of each reference pixel when each reference pixel at the time
that a filtering process 1lg carried out is a pixel in the
partition P;®, there is a case in which the filtering process
can be simplified. For example, when the intra prediction mode
is an average prediction, the filtering process on the partition
P;" can be simplified to the following filtering process for
each region shown in Flg. 14.

" Region A (pixel at the upper left corner of the partition Py")

Filter of filter index of 1 (no change):

ap=3/4, a;=1/8, a,=1/8 (the number of reference pixels

Filter of filter index of 2 (no change):

ag=1/2, ai;=1/4, az=1/4 (the number of reference pixels
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N=3)

Filter of filter index of 3 (no change) :

as=1/4, a1=3/8, a;=3/8 (the number of reference pixels

Filter of filter index of 4:

ag=5/8, a;=3/16, a,=3/16 ((the number of reference pixels

" Region B (pixels at the upper end of the partition P;® other

than the region A)

Filter of filter index of 1:
ag=7/8, az=1/8 {(the number of reference pixels N=2)
Filter of filter index of 2:
ag=3/4, ap=1/4 (the number of reference pixels N=2)
Filter of filter index of 3:
ap=5/8, a;=3/8 (the number of reference pixels N=2)
Filter of filter index of 4:

ap=13/16, a;=3/16 (the number of reference pixels N=2)

" Region C (pixels at the leflt end of the partition P;” other

A, B,

ven

than the region A)

Filter of filter index of 1:
ag="7/8, a:=1/8 (the number of reference pixels N=2)
Filter of filter index of 2:
ag=3/4, a;=1/4 (the number of reference pixels N=2)
Filter of filter index of 3:
ac=5/8, a@;=3/8 (the number of reference pixels N=2)
Filter of filter index of 4:

ag=13/16, a;=3/16 {(the number of reference pixels N=2)

" Region D (pixels in the partition P;” other than the regions

ana )
Filters of all filter indexes: no filtering process

if the filtering process is simplified in the
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above-mentioned way, the results of the filtering process are
the same as those of the filtering process yet to be simplified.
By removing the redundant parts of the actual process in this
way, the filtering process can be speeded up.

[0072]

Although the table shown in Fig. 13 is used in the
above-mentioned example, another table can be alternatively
used. TFor example, when greatey importance is placed on a
reduction in the computational complexity caused by the
filtering process than on the degree of improvement in the
encoding performance, a table shown in Fig. 19 can be used
instead of the table shown in Fig. 13. Because the intra
prediction unit carries out the filtering process only on the
average prediction of the partition P;" whose gize is 4x4 pixels,
8x8 pixels, or 16x16 pixels Iin the cage of using this table,
the number of prediction modes in each of which the filtering
process is carried out is less than that in the case of using
the table shown in Fig. 13, and therefore the increase in the
computational complexity caused by the filtering process can
be reduced. At this time, by using a simplification of the
filtering process in the case in which the above-menticned intra
prediction mode is an average prediction, the filtering process
can be implemented with very low computational complexity. In
addition, when importance 1is placed on the ease of
implementation, the intra prediction unit can carry out the
filtering process only on the average prediction, like in the
case of carrying out the above-mentioned filtering process, and
can use the same filter (e.g., the filter of filter index of
2) at all times without not having to change the filter to be

used according to the size of the partition P;". In that case,
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while the degree of lmprovement in the encoding performance
using the filter is reduced by a degree corresponding to the
elimination of the process according to the size of the
partition P;®, the circuit scale of the intra prediction unit
installed in the device {the number of lines in the code in the
case of implementing the intra prediction unit via zoftware)
can be reduced. Thisg filtering process is simplified to a
filter which takes into consideration only the parvameter (4)
among the four parameters (1) to (4).
foc73]

The filtering process does not have to be implemented in
a form in which a filter having a corregponding filter index
is selected through reference to the table, and can be
alternatively implemented in a form in which the filter is
installed directly in the intra prediction part. For example,
the filtering process is implemented in a form in which a
filtering process to be carried out for each of the possible
sizes of the partition P;" is incorporated directly intc the
intra prediction part, or a filtering process to be carried out
for each pixel position in each of the possibkble sizes of the
partition P;" is incorporated directly into the intra prediction
part. As long as the prediction image which is acquired as the
result of carrying out the filtering process without referring
to the table in this way is equivalent to that acquired as the
result of carrying out the filtering process by referring to
the table, the form of the implementation is not an issue.
[0074]

Further, although the method of using only one table for
switching among the filters is explained in the example

mentioned above, two or more tables as mentioned above can be
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prepared, and the moving image encoding device c¢an be
constructed in such a way as to encode a filter selection table
index 100 ag header information in such a form as shown in eithexr
of Figs. 15 te 18, and switch among the filter selection tables
for each predetermined unit. For example, by adding the filter
selecticn table index 100 to a sequence level header, as shown
in Fig. 1%, the moving image encoding device can carry out a
filtering process more suitable for the characteristics of the
sequence as compared with the case of using only a single table.
[cC751

Even in a case in which the intra prediction part 4 is
constructed in such a way as to set already-encoded pixels
adiacent to the partition Pi" on which the intra prediction part
has carried out the smoothing process as the reference pixels
at the time of generating an intermediate prediction image of
the partition P;”, like in a case in which a smcothing process
is carried out on a reference image at the time of an intra
prediction on an 8x8-pixel block in MPEG-4 AVC/H.264 explained
previously, the intra prediction part 4 can carry out the
filtering process on an intermediate prediction image similar
to that shown in the above-mentioned example. On the other hand
because there igs an overlap between the effect of the smocthing
process on the reference pixels at the time of generating an
intermediate prediction image and that of the filtering process
on the intermediate prediction image, there is a case in which
even if both the processes are used simultaneously, only a very
small performance improvement is produced as compared with a
case in which one of the processes is carried out. Therefore,
in a case in which importance is placed on reduction in the

computaticnal complexity, the intra prediction part can be
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constructed in such a way as not to carry out the filtering
process on the intermediate prediction image of the partition
P;" for which the intra prediction part has carried out the
smoothing process on the reference pixels at the time of
generating the intermediate predicticn image. For example,
there can be a case in which when carrying out the filtering
process on the intermediate prediction image, the intra
prediction part carries out the filtering process only on an
average prediction, ag shown in the table of Fig. 19, while when
carrying out the smoothing process on the reference pixels at
the time of generating the intermediate prediction image, Lhe
intra prediction part carries out the smoothing process by
referring to the table, as shown in Fig. 20, showing that only
specific directional predictions are subjected to the smoothing
process. In Fig. 20, '1' shows that the smoothing process is
carried out and '0' shows that the smoothing process is not
éarried out.

[0076]

The intra prediction part ocutputs the intra predicticn
parameter used for the generation of the intra prediction image
Pi to the variable length encoding part 13 in order tomultiplex
them into a bitstream. The intra prediction part also carries
ocut an intra prediction process bhased on the intra prediction
parameter (intra predicticn mode) on each of the c¢olor
difference signals of the partition P;" according to the same
procedure as that according to which the intra prediction part
carries out the intra prediction process on the luminance signal
and outputs the intra prediction parameters used for the
generation of the intra prediction image to the variable length

enceding part 13. The intra prediction part can be constructed
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in such a way as to carry out the above-explained filtering
process for the intra prediction of each of the color difference
signals in the same way that the intra prediction part does for
the luminance signal, or not to carry out the above-explained
filtering process for the intra prediction of each of the color
difference signals.

[(0077]

Next, the processing carried ocut by the moving image
decoding device shown in Fig. 2 will be explained. When
receiving the bitstream outputted theretc from the image
encoding device of Fig. 1, the variable length decoding part
51 carries out a variable length deccding process on the
bitstream to decode information having a frame size in units
of a segquence which consists of one or more frames of pictures
or in units of a picture (step 8T21 of Fig. 4). The variable
length decoding part 51 determines a maximum size of each of
coding blocks which is a unit to be processed at a time when
an intra prediction process (intra-frame prediction process)
or a motion-compensated prediction process (inter-frame
prediction process) is carried out according to the same
procedure as that which the encoding controlling part 1 shown
in Fig. 1 useg, and also determines an upper limit on the number
of hierarchical layers in a hierarchy in which each of the coding
blocks having the maximum size is hierarchically divided into
blocks (step 8ST22) . For example, when the maximum size of each
of coding blocks ig determined according to the resoclution of
the inputted image in the image encoding device, the variable
length decoding part determines the maximum size of each of the
coding blocks on the basis of the frame size informaticn which

the variable length decoding part has decoded previously. When
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information showing beth the maximum size of each of the coding
blocks and the upper limit on the number of hierarchical layers
is multiplexed into the bitstream, the variable length decoding
part refers to the information which is acquired by decoding
the bitstream.

[0078]

Because the information showing the state of the division
of each of the coding blecks B’ having the maximum size is
included in the coding mode m(BY) of the coding block:Bojhaving
the maximum size which is multiplexed into the bitstream, the
variable length decoding part 51 specifies each of the coding
klocks B into which the image is divided hierarchically by
decoding the bitstream to acguire the coding mode m{B°) of the
coding block B’ having the maximum size which is multiplexed
into the bitstream (step 3T23). After specifying each of the
coding blocks B?, the variable length decoding part 51 decodes
the bitstream to acquire the coding mode m(B") of the coding
block B” to gpecify each partition P;i® belonging to the coding
block B® on the basis of the information about the partition
P;” belonging to the coding mode m{(B") . After specifying each
partition P;" belonging to the coding block B?, the variable
length decoding part 51 decodes the encoded data to acquire the
compressed data, the coding mode, the prediction error encoding
parameters, and the intra prediction parameter/inter
prediction parameter for each partition P:" (step 85T24).
[0079]

More specifically, when the coding mode m(B") assigned
to the coding block B" is an intra coding mode, the variable
length decoding part decodes the encoded data to acguire the

intra predicticn parameter for each partition P, belonging to
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the coding block. In contrast, when the coding mode m{B")
agsigned to the coding block B" ig an inter coding mode, the
variable length decoding part decodes the encoeded data to
acguire the inter prediction parameters for each partition p;”
belonging to the coding block. The variable length decoding
part further divides each partition which is a prediction unit
inte one or more partitions which is a transformation process
unit on the basgis of the transform block size information
included in the prediction error encoding parameters, and
decodes the encoded data of each of the one or more partitions
which is a transformation process unit to acquire the compressed
data (transform coefficients on which transformation and
guantization are carried out) of the partition.

[oos0]

When the coding mode m(B") of the partition P;" belonging
to the coding block B?, which is specified by the variable length
decoding part 51, 18 an intra coding mede (step S8T25), the
selection switch 52 outputrs the intra prediction parameters
outputted thereto from the variable length deceding part 51 to
the intra prediction part 3. Incontrast, when the coding mode
m(R"} of the partition P;” is an inter coding mode {step ST25),
the selection switch cutputs the inter prediction parameters
outputted thereto from the variable length decoding part 51 to
the motion-compensated prediction part 54.

[0081]

When receiving the intra prediction parameter from the
selection switch 52, the intra prediction part 53 carries out
an intra-frame prediction process on the partition ;" of the
coding block B” to generate an intra prediction image Pi" by using

an already-decoded image signal in the frame on the basis of
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the intra prediction parameter (atep 85T26), like the intra
prediction part 4 shown in Fig. 1. After generating the
above-mentioned intra prediction image Py, the intra
prediction part 53 gelects a filter from one or more filterg,
which are prepared in advance, according to the states of the
variocus parameters which are known at the time of generating
the above-mentioned intra prediction image P;" by uging the same
methed as that which the intra prediction part 4 shown in Fig.
1 uses, and carries cut a filtering process on the intra
prediction image P;" by uging the filter and sets the intra
prediction image P;” on which the intra prediction part has
carried out the filtering process as a final intra prediction
image. More specifically, the intra prediction part selects
a filter by using the game parameters as those which the intra
prediction part 4 uses for the filter selection and by using
the gsame method as the filter selection method which the intra
prediction part 4 uses, and carries out the filtering process
on the intra prediction image. For example, in a case in which
the intra prediction part 4 brings the case of not carrying out
the filtering processg into correspondence with the filter index
of 0, and further brings four filters which are prepared in
advance into correspondence with filter indexes of 1 to 4
respectively, and carries out the filtering process by
referring to the table ghown in Fig. 13, the intra prediction
part 53 is constructed in such a way as to also define the same
filters and filter indexes asg those for use in the intra
prediction part 4, and carry out a filter selection according
to the size of the partition Py" and the index showing an intra
prediction mode which is an intra prediction parameter hy

referring to the table shown in Fig. 13 and carry out the
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filtering process.
foogz]

Further, in a case in which a table for defining a filter
which is used for each combinaticn of parameters is prepared,
and the intra prediction part implements switching among
filters by referring to the table, as shown in the
above-mentioned example, the intra prediction part is
constructed in such a way ag to decode the filter selection table
index 100 as header information in a form as shown in either
of Figs. 15 to 18, select the table shown by the decoded filter
selection table index 100 from the same table group as that which
the meving image encoding device uses, the table group being
prepared in advance, and select a filter by referring to the
table.

[0083]

When receiving the inter prediction parameters from the
selection switch 52, the motion-compensated prediction part 54
carries out an motion-compensated prediction process on the
partition P¢" of the coding block B" to generate an inter
prediction image P:" by using one or more frames of reference
images stored in the metion-compensated prediction frame memory
59 on the bagis of the inter prediction parameters (step ST27).
[0084]

The inverse quantization/inverse transformation part 55
inverse-guantizes the compressed data associated with the
coding block, which are outputted thereto from the variable
length decoding part 51, by using the quantization parameter
included in the prediction error encoding parameters outputted
thereto from the variable length decoding part 51, and carries

cut an inverse transformation process (e.g., an inverge DCT
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{inverse discrete cosine transform) or an inverse
transformation process such as an inverse Kl transform) on the
compressed data inverse-guantized thereby in units of a block
having the transformblock size inciuded in the prediction error
encoding parameters, and outputs the compregsed data on which
the inverse guantization/inverse transformation part has
carried out the inverse transformation process to the adding
part 56 as a decoded prediction error signal {(signal showing
a pre-compressed difference image) (step ST28) .

[0085]

When receiving the decoded prediction error signal from
the inverse quantization/inverse transformation part 55, the
adding part 56 generateg a decoded image by adding the decoded
prediction error signal and the prediction signal showing the
prediction image generated by the intra prediction part 53 or
the motion-compensated prediction part 54 and stores a decoded
image signal showing the decoded image in the memory 57 for intra
predicticn, and alsc ocutputs the decoded image signal to the
loop filter part 58 (step 8T29).

[0086]

The moving image decoding device repeatedly carries out
the processes of steps ST23 to 8T29 until the moving image
decoding device completes the processing on all the coding
blocks B” into which the image is divided hierarchically (step
ST30) . When receiving the decoded image signal from the adding
part 56, the leoop filter part 58 compensates for an encoding
distortion inciuded in the decoded image signal, and stores the
decoded image shown by the decoded image signal on which the
Loop filter part performs the encoding distorticon compensation

in the motion-compensated prediction frame memory 5% as a
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reference image (step ST31). The loop filter part 58 can carry
out the filtering process for each coding block having the
maximum size of the local decoded image signal cutputted thereto
from the adding part 56 or each coding block. As an alternative,
after the local decoded image signal corregponding to all the
macroblocks of cne screen is outputted, the loop filter part
can carry out the filtering process on all the macroblocks of
the one screen at a time.

[0087]

As can be seen from the above description, because the
intra prediction part 4 of the moving image encoding device in
accordance with this Embodiment 1 is constructed in such a way
as to, when carrying out an intra-frame prediction process to
generate an intra prediction image by using an already-enceded
image signal in a frame, gselect a filter from one or more filters
which are prepared in advance according to the states of varicus
parameters assoclated with the encoding of a target block to
be filtered, and carry out a filtering process on a prediction
image by using the filter, there is provided an advantage of
being able to reduce prediction errors which occur locally,
thereby being able to improve the image guality.

[00883]

Further, because the intra prediction part 4 in
accordance with this Embodiment 1 is constructed in such a way
as to select a filter in consideration of at least one of the
following parameters: (1) the size of the partition P:" (1;%m”);
(2} the quantization parameter included in the prediction error
encoding parameters; (3) the distance between the group of
already-encoded pixels which are used at the time of generating

the intermediate prediction image, and the target pixel to be
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filtered; and (4) the index wvalue indicating the intra
prediction mode at the time of generating the intermediate
prediction image, there is provided an advantage of preventing
a local prediction error from occurring when, for example, an
edge of the image tc be encoded becomes distorted slightly in
a nonlinear shape or a slight displacement occurs in the angle
of an edge in the image to be encoded when carrying out a
directional prediction, and preventing a prediction error from
occurring at a boundary between blocks due to a logs of the
continuity with the signal of an already-encoded pixel adjacent
to the partiticon when carrying out an average prediction,
thereby being able to improve the prediction efficiency.
[0089]

Recause the intra prediction part 53 of the moving image
decoding device in accordance with this Embodiment 1 ig
constructed in such a way as to, when carrying out an intra-frame
prediction process to generate an intra prediction image by
using an already-decoded image signal in a frame, select a
filter from one or more filters which are prepared in advance
according to the states of various parameters associated with
the decoding of a target block to be filtered, and carry out
a filtering process on a prediction image by using the filter,
there ig provided an advantage of reducing prediction errors
which occur lcocally while making it possible for the moving
image decoding device to alse generate the same intra prediction
image as that generated by the moving image encoding device.
[00SC]

Ffurther, because the intra prediction part 53 in
accordance with this Embodiment 1 is constructed in such a way

as to select a filter in consideration of at least one of the
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following parameters: (1) the size of the pavtition Py (1) ;
(2) the guantization parameter included in the prediction error
encoding parameters; {3} the distance between the group of
already-encoded pixels which are used at the time of generating
the intermediate prediction image, and the target pixel to be
filtered; and (4} the index wvalue indicating the intra
prediction mode at the time of generating the intermediate
prediction image, there are provided an advantage of preventing
a local prediction error from cccurring when, for example, an
edge of the image to be enccecded becomes distorted slightly in
a nonlinear shape or a slight displacement occurs in the angle
of an edge in the image to be encoded when carrying out a
directiocnal prediction, and preventing a prediction error from
ogccurring at a boundary between blocks due to a loss of the
continulty with the signal of an already-encoded pixel adjacent
to the partition when carrying cut an average prediction, and
another advantage of making it possible for the moving image
decoding device to alsogenerate the same intra prediction image
as that generated by the moving image encoding device.
[0091]
Embodiment 2.

Although the example in which the intra prediction part
4 selects a filter according to the states of various parameters
associated with the encoding of a target block to be filtered
from one or more filterg which are prepared in advance, and
carries out a filtering process on a prediction image by using
the filter when carrying out an intra-£frame prediction process
to generate an intra predicticn image by using an
already-encoded image signal 1in a frame 1s shown in

above-mentioned Embodiment 1, as an alternative, a Wiener
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filter which minimizes the sum of sqguared errors between a
coding biock and a prediction image can be designed, and, when
the use of this Wiener filter increases the degree of reduction
inprediction errcrs as comparedwith the use of the filter which
has been selected from the one cr more filters which are prepared
in advance, the filtering process can be carried out on the
prediction image by using the above-mentioned Wiener filter,
instead of the filter which has been selected. Hereafter,
processes will be explained concretely.

[0092]

Rach of the intra prediction parts 4 and 53 in accordance
with above-mentioned Embodiment 1 is constructed in such a way
as to select a filter fromone or more filters which are prepared
in advance according tc the states of wvarious parameters
associated with the encoding of a target block to be filtered.
While each of the intra prediction parts can select an
appropriate filter from the one or more selection candidates
in consideration of the four parameters (1) to (4), each of the
intra prediction parts cannot carry out "optimal filtering"
when an optimal filter other than the one or more selection
candidategs exists. This Embodiment 2 ig characterized in that
while a moving image encoding device designs an optimal filter
on a per picture basis and carriegs cut a £iltering preocess, and
also encodes the filter coefficients of the filter, and so on,
a moving image decoding device decodes the filter coefficients
and so on, and carries out a filtering process by uging the
filter.
foos3]

An intra prediction part 4 of the moving image encoding

device carries out an intra-frame prediction process on each
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partivion P;" of each coding block B" to generate an intra
prediction image P;", like that according to above-mentioned
Embodiment 1. The intra prediction part 4 also selects a filter
fromone or more filters which are prepared in advance according
to the states of various parameters assoclated with the encoding
of a target block to be filtered by using the game method as
that the intra prediction part according to above-mentioned
Embodiment 1 uses, and carries out a filtering process on the
intra prediction image P;" by using this filter. After
determining intra prediction parameters for each of all coding
blocks B" in the picture, for each area in which an identical
filter is used within the picture {each area having the same
filter index}, the intra prediction part 4 designs a Wiener
filter which minimizes the sum of squared errors between the
inputted image in the area and the intra prediction image (mean
sguared error in the target area).

[0094]

The filter coefficients w of the Wiener filter can be
determined from an autocorrelation matrix Rg. of an
intermediate prediction image signal s', and a c¢ross
correlation matrix R.s: 0f the inputted image signal g and the
intermediate prediction image signal g' according to the
following egquation {4}. The gize of the matrices Ry, and Ra.
corresponds to the number of filter taps determined.

w=R. R {4)

sy

[0C95]
After designing the Wiener filter, the intra prediction
part 4 expresses the sum of sguared errors in the target area

for filter design in the case of carryingout a filtering process
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uging the Wiener filter as D1, the code amount at the time of
encoding information {(e.g., filter coefficients) associated
with the Wiener filter as R1, and the sum of squared errors in
the target area for filter design in the case of carrying cut
a filtering process using a filter which is gelected by using
the same methoed as that shown in above-mentioned Embodiment 1
as D2, and then checks to see whether or not the following
equation (5) is established.

DL+ARL < D2 (5)
Where A 1s a constant.
(0096

When the eguation (5) 1is established, the intra
prediction part 4 carries out a filtering process by using the
Wiener filter instead of a filter which is selected by using
the same method as that shown in above-mentioned Embodiment 1.
In contrast, when the equation (5) ig not established, the intra
prediction part carries out a filtering process by uging a
filter which the intra prediction part selects by using the same
method as that shown in above-mentioned Embodiment 1. Although
the intra prediction part carries out the evaluation by using
the sums of squared errcrs D1 and D2, this embodiment ig not
limited to this example. The intra prediction part can
alternatively carry cut the evaluation by using measures
showing other prediction distortion valuesg, such ags the sums
of the absclute values of errors, instead of the sums of squared
errors D1 and D2,
[0097]

When carrying out a filtering process by ugsing the Wiener
Filter, the intra prediction part 4 reguires filter update

information showing the filter coefficients of the Wiener
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filter and indexes each indicating a corresponding filter which
ig replaced by the Wiener filtexr. More specifically, when the
number of filters selectable in the filtering process using
filter selection parameters is expressed as L, and indexes
ranging from zero to L-1 are assigned to the filters,
respectively, when the designed Wiener filter is used for each
index, a value of "1" needs to be encoded for the index as the
filter update information, whereas when a prepared filter ig
used for each index, a value of "0" needs to be encoded for the
index as the filter update information. A wvariable length
encoding part 13 variable-length-encodes the filter update
information outputted thereto from the intra prediction part
4, and multiplexes encoded data of the filter update information
into a bitstream.

[0098]

Although the example of designing a Wiener filter which
minimizes the mean sguared error between the inputted image and
a prediction image in each area for which an identical filter
isusedwithinapicture for the area 1s shown in this embodiment,
a Wiener filter which minimizes the mean squared error between
the inputted image and a prediction image in each area for which
an identical filter is used can be designed for each of other
specific areas each of which is not a plcture. TFor example,
the above-mentioned design of a Wiener filter can be carried
out only for a certain specific picture or cnly when a specific
condition ig satisfied {e.g., only for apicture towhicha scene
change detection function is added and in which a scene change
is detected) .

[0099]

A variable length decoding part 51 of a moving image
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decoding device wvariable-length-decodes the encoded data
multiplexed into the bitstream to acguire the filter update
information. An intra prediction part 53 carrieg out an
intra-frame prediction process on each partition P;" of each
coding block B" to generate a intra prediction image Py, like
that according to above-mentioned Emboediment 1. When
receiving the filter update information from the wvariable
length decoding part 51, the intra prediction part 53 refers
to the filter update information to check to see whether or not
there is an update to the filter indicated by the corresponding
index.

[C100]

When determining from the result of the check that the
filter for a certain area is replaced by a Wiener filter, the
intra prediction part 53 reads the filter coefficients of the
Wiener filter which are included in the filter update
information to specify the Wiener filter, and carries out a
filtering process on the intra prediction image P;" by using
the Wiener filter. In contrast, for an area in which no £ilter
is replaced by a Wiener filter, the intra prediction part
selects a filter by using the same method as that which the intra
prediction part according to above-mentioned Embodiment 1 uses,
and carries out a filtering process on the intra prediction
image ;" by using the filter.

[0101]

Ag can be seen from the above description, because the
moving image encoding device in accordance with this Embodiment
2 is constructed in such a way as to design a Wiener filter which
minimizes the gum of squared errors between a coding block and

a prediction image, and, when the use of this Wiener filter
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increases the degree of reduction in prediction errors as
compared with the use of a filter which 1s selected from one
or more filters which are prepared in advance, carry out a
filtering process on the prediction image by using the Wiener
fTilter, instead of the selected filter, there ig provided an
advantage of being able to further reduce prediction errors
which occur lecally as compared with above-mentioned Embodiment
1.

[0102]

While the invention has been described in its preferred
embodiments, it 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
component according to any one of the above-mentioned
embodiments, and an arbitrary component according te any one
of the above-mentioned embodiments can be omitted within the
scope of the invention.

INDUSTRIAL APPLICABILITY
[0103]

The present invention is suitable for a moving image
encoding device that needs to encede a moving image with a high
degree of efficiency, and is also suitable for a moving image
decoding device that needs to decode a moving image encoded with
a high degree of efficiency.

EXPLANATTIONSE OF REFERENCE NUMERALS
[0104]

1 encoding controlling part (enceding controlling unit),
2 bleock dividing part (block dividing unit), 3 selection switch
(intra prediction unit and motion-compensated prediction unit),

4 intra prediction part (intra prediction unit), 5
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motion-compensated prediction part (motion-compensated
prediction unit), 6 subtracting part (difference image
generating unit}, 7 transformation/cuantization part (image
compression unit), 8 inverse guantization/inverse
transformation part, 9 adding part, 10 memory for intra
prediction, 11 loop filtering part, 12 motion-compensated
prediction frame memory, 13 variable length encoding part
{(variable length encoding unit}, 31 variable length decoding
part {(variable length decoding unit), 52 selection switch

{intra prediction unit and motion-compensated predictionunit),

53 1intra prediction part {intra prediction unit}, 54
motion-compensated predicticn  part (motion-~compengated
prediction unit), 55 inverge gquantization/inverse

transformation part (difference image generating unit), 56
adding part (deccded image generating unit), 57 memory for intra
prediction, 58 loop filtering part, 12 motion-compensated

prediction frawme memory, 100 filter selection table index.
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CLATIMS
[1] A moving image encoding device comprising:

an encoding controlling unit for determining a maximum
size of a coding block which is a unit to be processed at a time
when a prediction process is carried out, and also determining
a maximum hierarchy depth at a time when a ceding block having
the maximum gize ig divided hierarchically, and for selecting
a coding mode which determines an encoding method of each coding
block from one or more avallable coding modes;

a block dividing unit for dividing an inputted image into
coding blocks each having a predetermined size, and also
dividing each of gaid ccding blocks hierarchically until its
hierarchy number reaches the maximum hierarchy depth determined
by sgaid encoding contrclling unit;

an intra prediction unit for, when an intra coding mode
is selected by said encoding controlling unit as a coding mode
corresponding to cne of the coding blocks into which the
inputted image is divided by said block dividing unit, carrying
out an intra-frame prediction process to generate a prediction
image by using an already-encoded image signal in a frame;

a difference image generating unit for generating a
difference image between the one of the coding blocks inte which
the inputted image is divided by said bleock dividing unit, and
the prediction image generated by said intra prediction unit;

an image compression unit for compressing the difference
image generated by sald difference image generating unit, and
outputting compressed data of said difference image; and

a variable length encceding unit for
variable-length-encoding the compressed data outputted Lrom

sald image compressionunit and the coding mode selected by said
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encoding controlling unit fo generate a bitstream into which
encoded data of saild compressed data and encoded data of said
coding mode are multiplexed, wherein

when generating the prediction image, said intra
prediction unit selects a predetermined filter from one more
filters which are prepared in advance, carries out a filtering
process on sald prediction image by using said filter, and
outputs the prediction image on which saild intra prediction unit
has carried out the filtering process to said difference image
generating unit.
[2] The moving image encoding device according to claim 1,
wherein saild moving image encoding device includes a
motion-compensated prediction unit for, when an inter coding
mode is selected by said encoding controlling unit as the coding
mode corresponding to the cne of the coding blocks into which
the inputted image is divided by said block dividing unit,
carrying out a motion-compensated prediction process on said
coding block to generate a prediction image by using a reference
image, and the difference image generating unit generates a
difference image between the one of the coding blocks into which
the inputted image is divided by said block dividing unit, and
the prediction image generated by said intra prediction unit
or said motion-compensated prediction unit.
[31] The moving image encoding device according to claim 2,
wherein the encoding controlling unit determines a
quantization parameter and a transformblock size which are used
when the difference image is compressed for each of the coding
blocks, and also determines intra prediction parameiers or
inter prediction parameters which are used when the prediction

process ig carried out for each of the coding blocks, the image
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compression unit carries out a transformation process on the
difference image generated by the difference image generating
unit in units of a block having the transform block gize
determined by said encoding controlling unit and also quantizes
trangform ceoefficients of said difference image by using the
quantizaticn parameter determined by said encoding controlling
unit to output the transform coefficients gquantized thereby ag
the compressed data of said difference image, and, when
variakle-length-encoding the compressed data outputted from
said image compression unit and the coding mode selected by said
encoding controlling unit, the variable length encoding unit
variable-length-encodes the intra prediction parameters or the
inter prediction parameters which are determined by said
encoding controlling unit, and the quantization parameter and
the transform block size to genervate a bitstream into which the
encoded data of said compressed data, the encoded data of said
coding mode, encoded data of said intra prediction parameters
or said inter prediction parameters, encoded data of said
quantization parameter, and encoded data of said transform
block size are multiplexed.

(4] The moving image encoding device according to claim 3,
wherein the intra prediction unit selects a filter which ig used
for the filtering process in consideration of at least one of
a size of the block on which the intra prediction unit carries
out the intraprediction, the gquantization parameter determined
by the encoding controlling unit, a distance between the
already-encoded image signal in the frame which is used when
generating the prediction image and a target pixel to be
filtered, and the intra prediction parameters determined by

said encoding controlling unit.
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(5] The moving image encoding device according to claim 4,
wherein when the intra prediction parameters determined by the
encoding controlling unit show an average prediction, the intra
prediction unit carries out the filtering process on the
prediction image generated thereby.

[6] The moving image encoding device according to claim 4,
wherein a table for filter selection showing the filter which
ig uged for the filtering process is prepared for each
combinaticn, which is taken into consideration when the intra
prediction unit selects a filter, of two or more of the size
of the block onr which the intra prediction unit carries out the
intra prediction, the quantization parameter determined by said
encoding controlling unit, the distance Dbetwesen the
already-encoded image signal in the frame which is used when
generating the prediction image and the target pixel to be
filtered, and the intra predicticn parameters determined by
said encoding controlling unit, and the intra prediction unit
selects a filter which is used for the filtering process by
referring to said table.

[7] The moving image encoding device according to claim 6,
wherein when plural types of tables for filter selection are
prepared, the encoding controlling unit outputs a filter
selection table index showing a table to which the intra
predictionunit refers when selectinga filter, and the variable
length encoding unit includes the filter selection table index
outputted thereto from said encoding controlling unit in a
header of the bitstream.

[8] The moving image encoding device according to claim 1,
wherein the intra prediction unit designs a Wiener filter which

minimizes a sum of sguared errors between the one of the coding
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blocks into which the inputted image is divided by said block
dividing unit, and the prediction image, and, when use of said
Wiener filter increases a degree of reduction in prediction
errcrs as compared with use of the filter selected from the one
or mere filters which are prepared in advance, carries out the
filtering process on the prediction image by using said Wiener
filter, instead of the filter which the intra prediction unit
has selected, and outputs the prediction image on which said
intra prediction unit has carried out the filtering process to
the difference image generating unit, and the variable length
encoding unit variable-length-encodes filter coefficients of
the Wiener filter designed by said intra prediction unit and
multiplexes encoded data of said filter coefficients into the
bitstream.

[2] A moving image decoding device comprising:

a variable length decoding unit for
variable-length-decoding encoded data multiplexed into a
bitstream to acguire compressed data and a coding mode which
are assoclated with each of coding blocks into which an image
is hierarchically divided;

an intra prediction unit for, when a ceding mode
associatedwith a coding block which is variable-length-decoded
by said variable length deceoding unit is an intra coding mede,
carrying cut an intra-frame prediction process to generate a
prediction image by using an already-decoded image signal in
a frame;

a difference image generating unit for generating a
pre-compregsed difference image from the compressed data
associated with the coding block variable-length-decoded by

said variable length decoding unit; and
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a decoded image generating unit for adding the difference
image generated by said difference image generating unit and
the prediction image generated by said intra predicticn unit
to generate a decoded image, wherein

when generating the prediction image, saild intra
predicticon unit selects a predetermined filter from one more
filters which are prepared in advance, carries ocut a filtering
process on sald prediction image by using saild filter, and
cutputs the prediction image onwhich said intra predictionunit
has carried out the filtering process to saild decoded image
generating unit.

[10] The moving image deccding device according to claim 9,
wherein said moving image encoding device includes a
motion-compensated prediction unit for, when the coding mode
associated with the coding block, which is
variable-length-decoded by the variable length decoding unit,
ig an inter coding mode, carrying out a motion-compensated
prediction process on said coding block to generate a prediction
image by using a reference image, and the decoded image
generating unit adds the difference image generated by the
difference image generating unit and the prediction image
gerierated by the intra prediction unit oY said
metion-compensated predictionunit to generate a decodead image .
[11]  The moving image decoding device according to claim 10,
wherein the variable length decoding unit
variable-length-decodes the encoded data multiplexed into the
bitstream to acguire compressed data, a coding mode, intra
prediction parameters or inter prediction parameters, a
gquantization parameter, and a transform block size which are

associated with each of the coding blocks, and the difference
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image generating unit inverse-guantizes the compressed data
associated with the coding block which is
variable-Jlength-decoded by said variable length decoding unit
by using the quantization parameter associated with said coding
block and carries out an inverse transformation process on the
compressed data inverse-quantized thereby in units of a block
having said transform block size to generate a pre-compressed
difference image.

[12] The moving image decoding device according to claim 11,
wherein the intra prediction unit selects a filter which ig used
for the filtering process in consideration of at least one of
a size of the block on which the intra prediction unit carries
cut the intra prediction, the quantization parameter
variable-length-decoded by the variable length decoding unit,
a distance between the already-decoded image signal in the frame
which is used when generating the prediction image and a target
pixel to be filtered, and the intra prediction parameters
variable-length-decoded by said variable length decoding unit .
[131 The moving image decocding device according to c¢laim 12,
wherein when the intra prediction parameters
variable-length-decoded by the variable length decoding unit
show an average prediction, the intra prediction unit carries
out the filtering process on the prediction image generated
thereby.

[14] The moving image decoding device according to claim 12,
wherein a table for filter selection showing the filter which
igs used for the filtering process is prepared for each
combination, which i1s taken into consideration when the intra
prediction unit selects a filter, of two or more of the size

of the block on which the intra predicticon unit carries out the
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intra prediction, the guantization parameter
variable-length-decoded by the variable length decoding unit,
the distance between the already-decoded image gignal in the
frame which is used when generating the prediction image and
the target pixel to be filtered, and the intra prediction
parameters variable-length-decoded by said variable length
decoding unit, and the intra prediction unit selects a filter
which ig used for the filtering process by referring to said
table.
[15] The moving image decoding device according to claim 14,
wherein when plural types of tables for filter selection are
prepared, the intra prediction unit selects a filter which is
used for the filtering procegs by referring toa table for filter
selection which ig shown by a filter selection table index
variable-length-decoded by the variable length decoding unit.
f1e] The moving image decoding device according to claim 9,
wherein when the variable length decoding unit
variable-length-decodes the encoded data multiplexed into the
bitstream to acquire filter coefficients of a Wiener filter,
the intra prediction unit carries out the filtering process on
the prediction image by using said Wiener filter instead of the
filter which the intra prediction unit has selected from the
one or more filters which are prepared in advance, and cutputs
the prediction image on which the intra prediction unit has
carried out the filtering process to the decoded image
generating unit.
[17] An moving image encoding method comprising:

an encoding control processing step of an encoding
controlling unit determining a maximum size of a coding block

which is a unit to be processed at a time when a prediction
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process is carried out and also determining a maximum hierarchy
depth at a time when a coding block having the maximum size is
divided hierarchically, and selecting a coding mode which
determines an encoding method of encoding each coding block from
one or more available coding modes;

a block divisicn processing step of a block dividing unit
dividing an inputted image intc coding blocks each having a
predetermined size, and also dividing each of said coding blocks
hierarchically until its hierarchy number reachesg the maximum
hierarchy depth determined in sald encoding control processing
step;

an intra prediction processing step of, when an intra
coding mode is selected in said enceding control processing step
as a coding mede corresponding to one of the coding blocks into
which the inputted image ig divided in said block division
processing step, an intra prediction unit carrying out an
intra-frame prediction process to generate a prediction image
by using an already-encoded image signal in a frame;

a difference image generation processing step of a
difference image generating unit generating a difference image
between the one of the coding blocks into which the inputted
image is divided in said block division processing step, and
the prediction image generated in said intra prediction
processing step;

an image compression processing step of an  image
compression unit compressing the difference image generated in
said difference image generation processing step, and
outputting compressed data of said difference image; and

a variable length encoding processing step of a variable

length encoding unit variable-length-encoding the compressed
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data outputted in said image compression processing step and
the coeding mode selected in said encoding control processing
step to generate a bitstream into which encoded data of said
compressed data and encoded data of said coding moede are
multiplexed,

wherein when generating the prediction image in said
intra prediction process step, a predetermined filter is
selected fromone or more filters which are prepared in advance,
a filtering process is carried out on said prediction image by
using said filter, and the prediction image onn which the
filtering process has been carried out is outputted to said
difference image generating unit.
[18] The moving image encoding method according to c¢laim 17,
wherein in the intra prediction processing step, a filter which
is used for the filtering process ig selected in consideration
of at least one of a size of the block on which the intra
prediction unit carrieg out the intra prediction, the
guantization parameter determined in the encoding control
proceéssing step, a distance between the already-encoded image
signal in the frame which is used when generating the prediction
image and a target pixel tobe filtered, and the intra prediction
parameters determined in said encoding contrel processing step.
[19] The moving image encoding method according to c¢laim 18,
wherein in the intra prediction processing step, the £filtering
process is carried out on the generated prediction image when
the intra prediction parameters determined in the encoding
control processing step show an average prediction.
[20] A wmoving image decoding method comprising:

a variable length decoding processing step of a variable

length decoding unit variable-length-decoding encoded data
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multiplexed into a bitstream to acquire compregssed data and a
coding mode which are associated with each of coding blocks into
which an image is hierarchically divided;

an intra prediction processing step of , when a coding mode
associatedwith a coding block which isvariable-length-decoded
in said variable length decoding processing step is an intra
coding mode, an intra prediction unit carrying out an
intra-frame prediction process to generate a prediction image
by using an already-decoded image sgignal in a frame;

a difference image generation processing step of a
difference image generating unit generating a pre-compressed
difference image from the compregsed data associated with the
coding block variable-length-decoded in gald variable length
decoding processing step; and

a decoded image generaticon processing step of a decoded
image generating unit adding the difference image generated in
said difference image generation processing step and the
prediction image generated in said intra prediction processing
step to generate a decoded image, wherein

when generating the prediction image in said intra
prediction processing step, a predetermined filter is selected
from one or more filters which are prepared in advance, a
filtering process ig carried out on said prediction image by
using said filter, and the prediction image on which the
filtering process has been carried out is outputted to szaid
decoded image generating unit.

[21] The moving image decoding method according te claim 20,
wherein in the intra prediction procesgsing step, a filter which
is used for the filtering process is selected in consideration

of at least one of a size of the block on which the intra
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prediction unit carries out the intra prediction, the
gquantization parameter variable-length-decoded in the
variable length decoding processing step, a distance between
the already-deccded image signal in the frame which is used when
generating the prediction image and a target pixel to be
filtered, and intra prediction parameters
variable-length-decoded in said wvariable length decoding
processing step.

[22] The moving image decoding method according to claim 21,
wherein in the intra prediction processing step, the filtering
process is carried out on the generated prediction image when
the intra prediction parameters variable-length-decoded in the
variable length decoding procegsing step show an average

prediction.



