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SPECIFICATION
TITLE OF THE INVEWNTICH
MOVING TMAGE ENCODING DEVICE, MOVING IMAGE DECODING DEVICE, MOVING

IMAGE CODING METHOD, AND MOVING IMAGE BPECODING METHOD

FIELD OF THE INVENTION
[0001]

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 decoding
device for and amoving image decoding method of decoding an encoded
moving image with a high degree of efficiency.

BACKEROUND OF THE INVENTION
[0002]

For example, in accordance with an internaticnal standard

video encoding method, such as MPEG (Moving Picture Experts Group)

or "ITU-T H.26x", an inputted video frame is divided into

-

ectangular blocks (encoding target blocks), a prediction process
using an already-encoded image signal is carried ocut on each
encoding target klock to generate a prediction image, and
orthogonal transformation and a quantization process is carried
out on a prediction error signal which is the difference betwsen
the encoding target block and the prediction image in units of
a block, so that information compression is carried out on the
inputted video frame.
[0003]

For example, in the case of AVC/H.264 (ISO/IEC
14496-10|ITU-T H.264) which is an international standard method,

an intra prediction 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 prediction 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 1is used for prediction, and that exists in an
already-encoded adjacent block.

[0004]

In the example shown in Fig. 10, ninemodes 0 to 8 are prepared
as intra prediction modes, and the mode 2 is 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 pixels 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 to generate
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 is 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 codingblock is a horizontally striped
pattern. In each of themodes 3 to 8, interpolation pixels running
in a predetermined direction (i.e., a direction shown by arrows)

are
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In a directional prediction mode in the case of a block size

of dx4d pixels or 8x8 pixe because adicted values are generated

along a dire to the mode, e.g., a

direction of 45 degrees, the prediction efficiency incre s and
the code amcount can be reduced when the directicn of a boundary

ledge) of an object in a block matches the direction shown by the

ver,
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slight displacement may occur between
the direction of an edge and the dirvection shown by the prediction

mode, and, even if the direction of an edge in the encoding ta
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block does not match the direction shown by the prediction mode,
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adiction error may occur locally for the simple reason

'22
f:'*

that the edge is slightly distorted (swung, bent, or the like}.

~esult, the

=
:
o

b
;



10

15

20

30

prediction efficiency may drop extremely. In order to prevent
such a reduction in the prediction efficiency, when performing
an 8x8-pixel directional prediction, a smoothed prediction image
is generated by setting encoded adjacent pixels which are filtered
by a smoothing filter as reference images which are used at the
time of generating a prediction image, thereby reducing any slight
displacement in the prediction direction and prediction errors
which occur when a slight distortion occurs in an edge.
Related art document

Nonpatent reference

[0007]

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

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0008]

Because the conventional 1image encoding device 1is
constructed as above, carrying out a filtering process to generate
a smoothed prediction image can reduce prediction errors occurring
even if a slight displacement occurs in the prediction direction
or a slight distortion occurs in an edge. However, according to
the technique disclosed in nonpatent reference 1, no filtering
process is carried out on blocks other than 8x8-pixel blocks, and
only one possible filter used for 8x8-pixel blocks is provided.
A problem is that also 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 reduction occurs in
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the prediction efficiency. A further preblem is that when a
quantization parameter which is used when gquantizing a prediction
error signal, the position of sach pixel, or the like differs batween
blocks having the same size, a filter suitable for reducing local

prediction errors differs between the blocks, but only one posaible

filter is prepared, and therefore predicticon errcors cannot be

[0G03%]

The present invention is made in order to solve the
above-mentioned problemns, and it is therefore an object of the present
invention to provide a moving image encoding device, a moving image
decoding device, a moving image encoding method, and a moving image
decoding method capable of reducing prediction errors which cccur
locally, thereby being able to inprove the image guality.

MEANS FOR S5OLVING THE PROBLEM

In accordance with the present invention, there is provided
a moving image decoding device including an intra prediction unit
for, when an encoding mode, associated with a coding block is an intra
encoding mode, carrving out an intra-frame prediction process on each
block which is a unit for prediction process of the coding block,
in which the intra prediction unit generates an intermediate
predicted walue form reference samples according to an intra
prediction perimeter, sets a value which is obtained by filtering

the intermediate predicted value as a final predicted value only

)..

specific positions in the block, and cted

L]

the intermediate prec

p.

value as a final predicted value at any other positions in the block.

ADVANTAGES OF THE INVENTION

[0011]
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BRIEF DESCRIPTIOHN OF THE FIGURES

[Fig. 1] Fig. 1 is a bl oWing a

ck diagram

invention;

accordance with Embodiment 1 of the pr

[Fig. 2] Fig. 2 is a block diagram showing a moving image

ocrdance with Embodiment 1 invention;

[Fig. 3] Fig. 3 is a flow chart showing processing carried out by the moving
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> in accordance with Embodiment 1 of the present invention:

image encoding devic

£,
o
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that, carries out variable length encoding to generate a
bitstream, and a moving image decoding device that decodes the
bitstream 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 signal 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 video 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 area, such as
a sky image or a wall image, or a pattern having a complicated
texture pattern in a small image area, such as a person image or
a picture including a fine texture, also coexists on a certain
video frame from the viewpoint of space. Also from the viewpoint
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 to time.
[0015]

Although a process of generating a prediction error signal
having small signal power and small entropy by using a temporal
and spatial prediction, thereby reducing the whole code amount,
is carried out in the encoding process, the code amount of

parameters used for the prediction can be reduced as
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following explanation, the inputted video signal is a YUV signal

unless otherwise specified. 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 to the luminance
component Y. A data unit to be processed which corresponds to
each frame of the video signal is referred to as a "picture.” 1In
this Embodiment 1, a "picture" is explained as a video frame signal
on which progressive scanning has been carried out. When the video
signal is an interlaced signal, a "picture" can be alternatively
a field image signal which is a unit which constructs a video frame.
[0017]

Fig. 1 is a block diagram showing a moving image encoding
device in accordance with Embodiment 1 of the present invention.
Referring to Fig. 1, an encoding controlling part 1 carries out
a process of determining 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 determining 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. The encoding controllingpart 1l alsocarries out a process
of selecting an encoding mode suitable for each of the coding blocks
into which each coding block having the maximum size is divided
hierarchically from one or more available encoding modes (one or
more intra encoding modes and one or more inter encoding modes) .
The encoding controlling part 1 further carries out a process of
determining a quantization parameter and a transformation block

size which
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[0019]

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 on the coding block
to generate a prediction image by using an already-encoded image
signal in the frame on the basis of the intra prediction parameters
outputted thereto from the encoding controlling part 1. After
generating the above-mentioned 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 associated with the encoding of the target block to
be filtered, 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. The intra prediction part selects the above-mentioned
filter in consideration of at least one of the following four
parameters:

Parameter (1)
The block size of the above-mentioned prediction image
Parameter (2)

The quantization 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 parameters determined by the
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a transformation block size included in the prediction error
encoding parameters outputted thereto from the encoding
controllingpart 1l, andalso quantizing 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 quantization/inverse transformation part 8
carries out a process of inverse-quantizing the compressed data
outputted thereto from the transformation/quantization part 7 by
using the quantization parameter included in the prediction error
encoding parameters outputted thereto from the encoding
controlling part 1, 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 block having the transformation 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 as a local decoded prediction error signal.

[0023]

The adding part 9 carries out a process of adding the local
deccded prediction error signal outputted thereto from the inverse
gquantization/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
decoded image. A memory 10 for intra prediction is a recording
medium, such as a RAM, for storing the local decoded image shown
sy the local decoded image signal generated by the adding part
9 as an image which the intra prediction part 4 will use when

rforming the intra prediction process the next time.

re}
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A loop filter part 11 carries out a process of compensating
for an enceoding distortion included in the local decoded image

signal generated by the adding part 9, and outputting the local

jo N
)

2coded image shown by the local decoded image signal on which
the loop filter part has carried out the encoding distorticon
compensation fo 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
cut the filtering process as a reference image which the
moticon-compensated prediction part 5 will use when performing the

motion-compensated prediction process the next time.

[0025]

The variable length encoding part 13 carries out a process
of variable-length-encoding the compressed data cutputted thereto
from the transformation/quantization part 7, the encoding mode
and the prediction error encoding parameters which are outputted
thereto from the encoding contreolling part 1, and the intra
prediction parameters outputted thereto from the intra predicticon
part 4 or the inter prediction parameters outputted thereto from

the motion-compensated prediction part 5 to generate a bitstr
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into which encoded data of the
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compressed data, encoded data of the encoding mode, encoded data
of the prediction error encoding parameters, and encoded data of
the intraprediction parameters or the inter prediction parameters
aremultiplexed. The variable 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 to Fig. 2, a variable length decoding part 51 carries
out a process of variable-length-decoding the encoded data
multiplexed into the bitstream to obtain the compressed data, the
encoding mode, the prediction error encoding parameters, and the
intra prediction parameters or the inter prediction parameters,
which are associated with each coding block into which each frame
of the video is hierarchically divided, and outputting the
compressed data and the prediction error encoding parameters to
an inverse quantization/inverse transformation part 55, and also
outputting the encoding mode and the intra prediction parameters
or the inter prediction parameters to a selection switch 52. The
variable length decoding part 51 constructs a variable length
decoding unit.

[0027]

The selection switch 52 carries out a process of, when the
encoding mode associated with the coding block, which is outputted
from the variable length decoding part 51, is an intra encoding
mode, outputting the intra prediction parameters outputted
thereto from the variable length decoding part 51 to an intra
prediction part 53, and, when the encodingmode is an inter encoding
mode, outputting the inter prediction parameters outputted

thereto from the variable length decoding part 51 to
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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 on
the coding block to generate a prediction image by using one or
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 switch 52. A
motion-compensated prediction unit is comprised of the selection
switch 52 and the motion-compensated prediction part 54.
[0030]

The inverse quantization/inverse transformation part 55
carries out a process of inverse-quantizing the compressed data
associated with the coding block, which is 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
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 block
having the transformation block size included in the prediction
error encoding parameters, and outputting the compressed data on
which the inverse quantization/inverse transformation part has
carried out the inverse transformation process as a decoded
prediction error signal (signal showing a pre-compressed
difference image) . The inverse quantization/inverse

transformation part 55



10

[\
P}

[

}—;
f-r
I_l
e
-
=
=
s

constructs a difference image gener

[0031]
The adding part 5¢ carries ocut a process of adding the
ol

coded prediction error signal cutputted thereto fromthe inverse
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quantization/inverse transformation part 55 and the prediction
gignal 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
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adding part 5¢ ructs a decoded image generating unit. A

K

memory 57 for intra prediction is a recording medium, such as a

RAM, for storing the decoded image shown by the decoded image signal
generated by thse adding part 56 as an image which the intra
prediction part 53 will use when performing the intra prediction

process the next time.

Lt

[0032]

A loow 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 ocutputting the decoded image
shown by the decoded image signal on which the loop filter part
performs the encoding distortion compensation to
motion-compensated prediction frame memory 59 as a reference

image The motion-compensated prediction frame nemory 59 is a

r

recording medium, such as a RABM, for storing the deceded image

on which the loop filter part 58 performs the filtering process

reference image which the motion-compensated prediction part
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will use when performing the motion-compensated prediction
process the next time.
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In the example shown in Fig. 1, the encoding controlling

part 1, the block dividing part 2, the selection switch 3, the
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intra prediction part 4, the motion-compensated prediction part
5, the subtracting part 6, the transformation/quantization part
7, the inverse 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
encoding 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 encoding device can consist of a
computer, and a program in which the processes carried out by the
encoding controlling part 1, the block dividing part 2, the
selection switch 3, the intra prediction part 4, the
motion-compensated prediction part 5, the subtracting part 6, the
transformation/quantization part 7, the inverse
quantization/inverse 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.
[0034]

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
guantization/inverse transformation part 55, the adding part 56,
and the loop filter part 58, which are the components of the moving
image decoding 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),
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[0035]

xt, the operaticn of the noving image encoding device and
the operation of the moving image decoding device will be

explainsd. First, the processing carried out by the moving image

shown in Fig. 1 will be explained. First, the

controlling part 1 determines a maximum size
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the number of hievavrchical layers in a hierarchyv in which each
of the coding klocks having the maximum size is hierarchicall

divided inte blocks {step 3Tl of Fig. 3.
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[0036]

As amethod of determining the maximum size of each of coding

ka, for example, there is considered a method of determining

a maximum size for
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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 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 layers 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.

[0037]

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

[0038]
The encoding controlling part 1 further determines a

quantization parameter and a transformation block size which
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[0040]

I

At the depth of n, each coding block B" is an image area
having a size of (L7, M"). Although L® can be the same as or differ
from M", the case of Lr=M" is shown in the example of Fig. 5.
Hereafter, the size of each coding block B? is defined as the size
of (L®, M?)} in the luminance component of the coding block B@.
[0041]

Because the block dividing part 2 carries out a guadtres
division, (Lrtt, MYy =(Ln/2, M%/2) is always established. In the
case of a color video image signal (4:4:4 feormat) in which all
the color components have the same sample number, such as an RGB
signal, all the color components have a size of (Lr, M®), while
in the case ¢f handling a 4:2:0 format, a corresponding color
difference compconent has an encoding block size of (Ln/2, M»/2).
Hereafter, an encoding mode selectable for each coding block B®
in the nth hierarchical laver is expressed as m(B").

[0042]

In the case of a color video signal which consists of a
plurality of color compeonents, the encoding 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 ths

b

encoding mode m(B"} indicates the one for the luminance
component of each codingblock havinga 4:2:0 format ina YUV signal
unless otherwise specified. The encoding mode m(B"} can be one
of one or more intra encoding modes (generically referred to as
"INTRA") or one or more inter encoding modes (generically referread
te as "INTER"), and the encoding controlling part 1 selects, as

the encoding mode m(B"), an
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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 prediction process
is carried out. The encoding controlling part 1 outputs
prediction error encoding parameters including the quantization
parameter and the transformation block size to the
transformation/quantization part 7, the inverse
quantization/inverse 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 of the coding blocks into blocks hierarchically until the
number of hierarchical layers reaches the upper limit on the number
of hierarchical layers 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 Oth hierarchical layer, and its luminance
component has a size of (LY, M%) . Further, in the example of Fig.
5, by carrying out the hierarchical division with this coding block
Bo 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 quadtree structure, coding blocks

Bn
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encoding mode m(B") for each partition P;®* of each coding block
B", and the encoding mode m(B") is an intra encoding mode (step
ST3), the selection switch 3 outputs the partition Pi® of the coding
block B", which is generated through the division by the block
dividing part 2, to the intra prediction part 4. 1In contrast,
when the encoding mode m (B") is an inter encoding mode (step ST3),
the selection switch outputs the partition P;®* of the coding block
Br, which is generated through the division by the block dividing
part 2, to the motion-compensated prediction part 5.

[0046]

When receiving the partition Pi® of the coding block B® from
the selection switch 3, the intra prediction part 4 carries out
an intra prediction process on the partition Pi® of the coding block
B to generate an intra prediction image P;i® by using an
already-encoded image signal in the frame on the basis of the intra
prediction parameters outputted thereto from the encoding
controlling part 1 (step ST4). After generating the
above-mentioned intra prediction image Pi®*, 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
associated with the encoding of the target block to be filtered,
and carries out a filtering process on the intra prediction image
Pi®» by using the filter. After carrying out the filtering process
on the intra prediction image P;i®", the intra prediction part 4
outputs the intra prediction image Pi” on which the intra prediction
part has carried out the filtering process to the subtracting part
6 and the adding part 9. 1In order to enable the moving image
decoding device shown in Fig. 2 to also be able to generate the

same intra prediction image
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[0049]

When receiving the prediction error signal ei® showing the
difference image from the subtracting part 6, 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 transform, in which bases
are designed for a specific learning sequence in advance) on the
difference image in units of a block having the transformation
block size included in the prediction error encoding parameters
outputted thereto from the encoding controlling part 1, and
gquantizes the transform coefficients of the difference image by
using the quantization 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).

[0050]

When receiving the compressed data of the difference image
from the transformation/quantization part 7, the inverse
quantization/inverse transformation part 8 inverse—-quantizes the
compressed data of the difference image by using the quantization
parameter included in the prediction error encoding parameters
outputted thereto from the encoding controlling part 1, performs
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 Dblock having the
transformation block size included in the prediction error

encoding parameters, and outputs the
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The variable length encoding part 13 entropy-encodes the
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compressed data outputted thereto from the
transformation/quantization part 7, the encoding mode (including
the information showing the state of the division into the coding
blocks) and the prediction error encoding parameters, which are
outputted thereto from the encoding controlling part 1, and the
intra prediction parameters outputted thereto from 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 results of the entropy encoding of the compressed
data, the encoding mode, the prediction error encoding parameters,
and the intra prediction parameters or the inter prediction
parameters to generate a bitstream (step ST12).

[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 stores
the local decoded 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 loop filter part 11 can
carry out the filtering process for each coding block having the
maximum size of the local decoded image signal outputted thereto
from the adding part 9 or for each coding block of the local decoded
image signal, or for each unit which is a combination of a plurality
of coding blocks each having the maximum size. As an alternative,
after one picture of local decoded image signals is outputted,
the loop filter part can carry out the filtering process on the

picture of local
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adjacent to the partition P;? are set 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 or more rows or columns of pixels adjacent to the partition
can be alternatively used for prediction.

[0058]

When the index value indicating the intra prediction mode
for the partition Pi®* is 2 (average prediction), the intra
prediction part generates an intermediate prediction image by
using the average of the adjacent pixels in the upper partition
and the adjacent pixels in the left partition as the predicted
value of each pixel in the partition Pi®. When the index value
indicating the intra prediction mode is other than 2 (average
prediction), the intra prediction part generates the predicted
value of each pixel in the partition Pi" on the basis of a prediction
direction vector ve=(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 set as the point of origin) for
which the predicted value is to be generated (target pixel for
prediction) in the partition P;® is expressed as (x, y). Each
reference pixel which is used for prediction is located at a point

of intersection of A shown below and an adjacent pixel.

I. = (A] +ko,
y

where k is a positive scalar value.

[0059]

When a reference pixel is located at an integer pixel
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coefficients which consist of coefficients (ao, ai, .., an-1)
associated with the reference pixels, and an offset coefficient
an. Pn (n=0, 1, .., N-1) shows the reference pixels of the filter
including the target pixel po to be filtered. s(pan) shows the
luminance value of each reference pixel, and s hat (po) shows the
luminance value of the target pixel po to be filtered on which
the filtering process has been carried out. The filter
coefficients can be formed so as not to include the offset
coefficient ay. Further, N is an arbitrary number of reference
pixels. Fig. 9 is an explanatory drawing showing an example of
the arrangement of the reference pixels in the case of N=b5.
[0063]

When carrying out the above-mentioned filtering process,
a nonlinear edge or the like occurs 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;®Xm;?) of the partition P;i®. Therefore, it is
preferable to smooth the intermediate prediction image. In
addition, the larger quantized value a prediction error has, the
larger quantization distortion occurs 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;i®. 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 already-encoded pixels adjacent to the
partition Pi" which are used for the generation of the intermediate

prediction image.
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on the upper side of the partition Pi? and which are used at the
time of generating the intermediate prediction image, and the
filer has a degree of filter intensity which is determined in
consideration of the prediction direction in the intra prediction
mode and the reference pixels are arranged in consideration of
the prediction direction in the intra prediction mode. More
specifically, an adaptive selection 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 correspondence with each of
combinations of the above-mentioned parameters. However, any
number of selectable degrees of filter intensity can be provided
as long as the number is two or more, and a filtering process
equivalent to no filtering can be defined as an expression of a
filter having the lowest degree of smoothing intensity.
Therefore, the filtering process can be configured in such a way
that the filtering process is carried out only on specific pixels
in the intermediate prediction image, but a filtering process
having the lowest degree of smoothing intensity, i.e., no
filtering is carried out on any other pixels. Although the above
explanation is made on the assumption that a necessary number of
filters are prepared in advance, a filter can be alternatively
defined as a function of the above-mentioned filter selection
parameters in such a way that the filter is determined according
to the values of the above-mentioned filter selection parameters.
[0066]

Although the example of selecting a filter in consideration
of the four parameters (1) to (4) is shown in the above explanation,

a filter can be alternatively selected in
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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.
[0068]

Next, the processing carried out by the moving image
decoding device shown in Fig. 2 will be explained. When receiving
the bitstream outputted thereto from the image encoding device
of Fig. 1, the wvariable length decoding part 51 carries out a
variable length decoding process on the bitstream to decode
information having a frame size in units of a sequence which
consists of one or more frames of pictures or in units of a picture
{step ST21 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 uses, 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
hierarchicallydivided intoblocks (step ST22). For example, when
the maximum size of each of coding blocks is determined according
te the resolution 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
information which the variable length decoding part has decoded
previously. When information showing both the maximum size of

each of the coding
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to the encoding mode m{B"). After
specifying each partition P;® belonging to the coding block B,
20 the variable length decoding part 51 decodes the encoded data to
obtain the compressed data, the encoding mode, the prediction
error encoding parameters, and the intra prediction

parameters/inter prediction parameters for each partition P

More specifically, when the encoding mode mi{B?) assigned
to the coding block B" is an intra encoding mode, the wvariable
length decoding part decodes the encoded data to obtain the intra
prediction parameters for each partition Pi® belonging to the

coding block. In contrast, when the encoding mode mi(B")
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assigned to the coding block B" is an inter encoding mode, the
variable length decoding part decodes the encoded data to obtain
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 into one or more
partitions which is a transformation process unit on the basis
of the transformation 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 obtain the compressed data (transformcoefficients
on which transformation and quantization are carried out) of the
partition.

[0071]

When the encoding mode m(B") of the partition P;® belonging
to the coding block B", which is specified by the variable length
decoding part 51, 1is an intra encoding mode (step ST25), the
selection switch 52 outputs the intra prediction parameters
outputted thereto from the variable length decoding part 51 to
the intra prediction part 53. In contrast, when the encoding mode
m(B?) of the partition Pi® is an inter encoding mode (step ST25),
the selection switch outputs the inter prediction parameters
outputted thereto from the variable length decoding part 51 to
the motion-compensated prediction part 54.

[0072)

When receiving the intra prediction parameters from the
selection switch 52, the intra prediction part 53 carries out an
intra-frame prediction process on the partition Pi"® 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 the intra
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The inverse quantization/inverse transformation part 55
inverse-quantizes 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 out 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 block having the transformation block size
included in the prediction error encoding parameters, and outputs
the compressed data on which the inverse quantization/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).
[0075]

When receiving the decoded prediction error signal from the
inverse quantization/inverse transformation part 55, the adding
part 56 generates 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
prediction, and also outputs the decoded image signal to the loop
filter part 58 (step ST29).

[0076]

The moving image decoding device repeatedly carries out the

processes of steps ST23 to ST29 until the moving image decoding

device completes the processing on all the coding
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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 Pi® (1:;®*Xm");
(2) the gquantization 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 value 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 a slight displacement occurs between
the direction of an edge in the image to be encoded and the
prediction direction or a slight distortion exists in an edge in
the intermediate prediction image having a high correlation with
the image to be encoded, thereby being able to improve the
prediction efficiency.

[0079]

Because the intra prediction part 53 of the moving image
decoding 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-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 is provided an
advantage of reducing prediction errors which occur locally while
making it possible for the moving image decoding device to also
generate the same intra prediction image as that generated by the

moving image encoding device.
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[0080]

Further, 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 following
parameters: (1) the size of the partition Pi® (1i"Xmi®); (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 filtered; and (4)
the index value 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
occurring when a slight displacement occurs between the direction
of an edge in the image to be encoded and the prediction direction
or a slight distortion exists in an edge in the intermediate
prediction image having a high correlation with the image to be
encoded, and another advantage of making it possible for the moving
image decoding device to also generate the same intra prediction
image as that generated by the moving image encoding device.
[0081]

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 filters 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 prediction image by using an already-encoded image signal

in a frame is shown in
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above-mentioned Embodiment 1, as an alternative, a Wiener filter
which minimizes the sum of squared errors between a coding block
and a prediction image can be designed, and, when the use of this
Wiener filter increases the degree of reduction in prediction
errors as compared with the use of the filter which has been
selected from the one ormore 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.

[0082]

Each 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 from one or more filters which are prepared
in advance according to 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 candidates exists. This
Embodiment 2 is characterized in that while a moving image encoding
device designs an optimal filter on a per picture basis and carries
out a filtering process, 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 using the filter.

[0083]

An intra prediction part 4 of the moving image encoding
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for filter design in the case of carrying out a filtering process
using the Wiener filter as D1, the code amount at the time of
encoding information (e.qg., 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 out a filtering
process using a filter which is selected by using the same method
as that shown in above-mentioned Embodiment 1 as D2, and then checks
to see whether or not the following equation (5) is established.

D1+A'R1<D2 (5)

where A is a constant.
(0086]

When the equation (5) is 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) is not established, the intra prediction part
carries out a filtering process by using 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 errors
D1 and D2, this embodiment is not limited to this example. The
intra prediction part can alternatively carry out the evaluation
by using measures showing other predictiondistortion values, such
as the sums of the absolute values of errors, instead of the sums
of squared errors D1 and D2.

[0087]
When carrying out a filtering process by using the Wiener

filter, the intra prediction part 4 requires filter update
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information showing the filter coefficients of the Wiener filter
and indexes each indicating a corresponding filter which is
replaced by the Wiener filter. 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 is used for each index, a value
of "O" needs to be encoded for the index as the filter update
information. A variable 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.

[0088]

Although the example of designing 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 within a picture for the area is 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 picture. For example, the
above-mentioned design of a Wiener filter can be carried out only
for a certain specific picture or only when a specific condition
is satisfied (e.g., only for a picture to which a scene change
detection function is added and in which a scene change is
detected) .

[0089]




10

30

50

A variable length deceoding part 51 of amoving image decoding
device variable-length-decodes the encoded data multiplexed into
the bitstream to obtain the filter update information. An intra
prediction part 53 carries out an intra-frame prediction process
on each partition Pi* of each coding block B" to generate a intra
prediction image P;?, like that according to above-mentioned
Embodiment 1. When receiving the filter update information from
the variable 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.

[0090]

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 Pi" by using the Wiener filter. 1In
contrast, for an area in which no filter 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 Pi® by using the filter.
(0091]

As 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 sum of squared errors between a coding block and
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a filtering process on a prediction image by using the filter,
and output the prediction image on which the filtering process
has been carried out to a difference image generating unit, the
moving image encoding device and the moving image encoding method
are suiltable for use as a moving image encoding device for and
a moving image encoding method of encoding a moving image with
a high degree of efficiency, and the moving image decoding device
and the moving image decoding method are suitable for use as a
moving image decoding device for and a moving image decoding method
of decoding an encoded moving image with a high degree of
efficiency.

EXPANATIONS OF REFERENCE NUMERALS

[0094]

1 encoding controlling part (encoding controlling unit), 2 block
dividing part (block dividing unit), 3 selection switch (intra

prediction unit and motion-compensated prediction unit), 4 intra

prediction part (intra prediction unit), 5 motion-compensated
prediction part (motion-compensated prediction unit}, 6
subtracting part (difference image generating unit), 7

transformation/quantization part (image compression unit), 8
inverse quantization/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 unit (variable length encoding unit), 31 variable length
decoding part (variable length decodingunit), 52 selection switch
{intra prediction unit and motion-compensated prediction unit),
53 intra prediction part (intra prediction unit), 54
motion-compensated prediction part (motion-compensated

prediction unit), 55 inverse quantization/inverse
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transformation part {(difference image generating unit), 56 adding
part (decoded image generating unit), 57 memory for intra

prediction, 58 loop filtering part, 59 motion-compensated

prediction frame memory.
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3. An image encoding method comprising:

an intra prediction processing step of carrying out an
intra-frame prediction process on a block which is a unit
for a prediction process of a coding block obtained by
dividing an input image to generate a prediction image when
a coding mede for said coding block is an intra coding mods;

wherein said intra prediction processing step includes
a process of generating an intermediate prediction wvalue
from reference samples acccording to an intra prediction
parameter indicating a type of intra prediction, said intr
prediction processing step including providing a value which
is obtained by filtering said intermediate prediction value
as a final prediction value for a pixel in a predetermined
position in said block and providing said intermediate
prediction value as a final prediction value for a pixel in

another position in said block.

4. An image decoding method comprising:

an intra prediction processing step of carrving out an
intra-frame prediction process on a block which is a unit
for a prediction process of a coding block to generate a
prediction image when a coding mode for said coding block is
an intra coding mode;

wherein saild intra prediction processing step includes

]

a process of generating an intermediate prediction wvalue

¢

from reference samples according to an intra prediction



parameter indicating a type of intra prediction, said intra
prediction processing step including providing a value which
is obtained by filtering said intermediate prediction wvalue
as a final prediction value for a pixel in a predetermined
position in said block and providing said intermediate
prediction value as a final prediction value for a pixel in

another position in said block.



