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(57) Abstract: This decoding device is provided with a decoding means which
decodes compressed data of a residue signal and direction information of in-
tra-screen prediction of a target block, a prediction signal generation means
which generates an intra-screen prediction signal from said direction informa-
tion and an already-reproduced reference sample of an adjacent block, a residue
signal restoring means which restores a reproduced residue signal of the target
block, and a block storage means which restores and stores the pixel signal of
the target block, wherein the prediction signal generation means acquires a ref-
erence sample from an already-reproduced block in the periphery of the stored
target block, selects two or more key reference samples, interpolates between
the key reference samples in order to generate an interpolated reference sample,
and generates the intra-screen prediction by extrapolating the interpolated refer-
ence sample on the basis of the direction of the intra-screen prediction.
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DESCRIPTION

-Title of the Invention

VIDEO PREDICTION ENCODING DEVICE, VIDEO PREDICTION
ENCODING METHOD, VIDEO PREDICTION DECODING DEVICE
AND VIDEO PREDICTION DECODING METHOD

Technical Field

[0001] The present invention relates to a moving picture prediction
encoding device and method, and a moving picture prediction decoding
device and method, and more particularly to filter processing of
neighbouring samples for use in intra-picture prediction.

Background Art

[0002] Compression encoding technologies are used to efficiently
transmit and accumulate moving picture data. MPEG-1 to 4 and
H.261 to H.264 are widely used video coding technologies.

[0003] In such video coding technologies, encoding processing and
decoding processing are carried out after an image to be encoded is
divided into a plurality of blocks. In intra-picture prediction encoding,
a prediction signal is generated using a previously reconstructed
neighbouring image signal (obtained by restoring compressed image
data) located within the current picture where a target block is included,
and thereafter a differential signal is obtained by subtracting the
prediction signal from the signal of the target block and encoded. In
inter-picture prediction encoding, referring to a previously reconstructed
image signal within a picture different from the picture within which the
target block is included, motion compensation is catried out, and a

prediction signal is generated. The prediction signal is subtracted from
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the signal of the target block to generate a differential signal, and the
differential signal is encoded.

[0004] Ordinarily, in inter-picture prediction (inter prediction)
encoding, a prediction signal is generated by searching previously
reconstructed pictures for a signal resembling the pixel signal of a block
to be encoded. @A motion vector that represents the spatial
displacement amount between the target block and the region formed by
the signal searched for, and the residual signal between the pixel signal
of the target block and the prediction signal are encoded. The
technique of searching respective bocks for the motion vector in this

way is called block matching.

'[0005] Fig. 10 is a schematic diagram for explaining the block

matching process. Here, the procedure for generating a prediction
signal is described with an example in which a picture 701 includes a
target block 702 to be encoded. A reference picture 703 has previously
been reconstructed. A region 704 is located at the spatially same
position as the target block 702 is located. In the block matching
process, a search region 705 neighbouring the region 704 is defined, and
from the pixel signals in the search region, a region 706 is to be detected
that has the lowest sum of the absolute differences from the pixel
signals of the target block 702. The signal of the region 706 becomes a
prediction signal, and the displacement amount from the region 704 to
the region 706 is detected as a motion vector 707. Furthermore, a
method is commonly used in which a plurality of reference pictures 703
is identified for each target block, a reference picture is selected on

which the block matching is performed, and reference picture selection
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information is generated. In H.264, in order to cope with local feature
changes in images, a plurality of prediction types are provided Which
are used with different block sizes each for encoding a motion vector.
The prediction types of H.264 are described, for example, in Patent
Literature 2.

[0006] H264 also perform intra-picture prediction (intra prediction)
encoding in which a prediction signal is generated by extrapolating, in
predetermined directions, the values of the previously reconstructed
pixels adjacent to a block to be encoded. Fig. 11 is a schematic
diagram for explaining the intra-picture prediction used in ITU H.264.
In Fig. 11(A), a target block 802 is a block to be encoded, and a pixel
group (reference sample group) 801 is from an adjacent region which
includes image signal previously reconstructed in previous processing,
and the group includes pixels A to M adjacent to the boundary of the
target block 802.

[0007] In this case, a prediction signal is generated by extending the
pixel group (reference sample group) 801 of adjacent pixels
immediately above the target block 802 in the downward direction. In
Fig. 11(B), a prediction signal is generated by extending the previously
reconstructed pixels (I to L) located on the left of a target block 804 in
the rightward direction. A detailed explanation for generating a
prediction signal is given, for example, in Patent Literature 1. The
difference from the pixel signal of the target block is calculated for each
of the nine prediction signals generated as shown in Figs. 11(A) -11(B).
The prediction signal having the smallest difference value is selected as

the optimum prediction signal. As described above, prediction signals
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(intra prediction samples) can be generated by extrapolating the pixels.
The description above is provided in Patent Literature 1 below.

[0008] The intra-picture prediction shown in Non Patent Literature 1
provides 25 types of prediction signal generation methods all performed
in different directions of extending reference samples, in addition to the
9 types described above (a total of 34 types).

[0009] In Non Patent Literature 1, in order to suppress distortions in
reference samples, the reference samples are subjected to a low pass
filter before a prediction signal is generated. Specifically, a 121 filter
having weight coefficients of 1 : 2 : 1 is applied to the reference samples
before the extrapolation prediction. This processing is called intra
smoothing.

[0010] With reference to Fig. 7 and Fig. 8, the intra-picture prediction
in Non Patent Literature 1 is described. Fig. 7 shows an example of
block division. Five blocks 220, 230, 240, 250, and 260 adjacent to a
target block 210, which has a block size of NxN samples, have
previously been reconstructed. For intra prediction of the target block
210, reference samples denoted as ref]x] (x = 0 to 4N) are used. Fig. 8
shows the process flow of the intra prediction. First, in step 310,
reference samples ref[x] (x = 0 to 4N) are derived from a memory into
which a prediction signal generator for carrying out the intra-picture
prediction prot:ess stores reconstructed pixels. In the step, some of the
adjacent blocks may not have been reconstructed because of the
encoding order, and all the 4N+1 samples ref[x] may not be derived. If
it is the case, the missing samples are substituted with samples

generated by a padding process (the values of the neighbouring samples
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are copied), whereby 4N+1 reference samples are prepared. The details of the padding
process are described in Non Patent Literature 1. Next, in step 320, the prediction signal
generator performs the smoothing process on the reference samples using the 121 filter.
Finally, in step 330, the prediction signal generator predicts a signal in the target block by
extrapolations (in the directions of intra-picture prediction) and generates a prediction signal

(i.e., intra prediction samples).

Citation List

Patent Literature

[0011] Patent Literature 1: United States Patent No. 6765964
Patent Literature 2: United States Patent No. 7003035

Non Patent Literature

[0012] Non Patent Literature 1: B. Bross et al., "High efficiency video coding (HEVC) text
specification draft 8", Joint Collaborative Team on Video Coding (JCT-VC) of ITU-T SG16
WP3 and ISO/IEC JTC1/SC29/WG11, JCTVC-J1003, 10th Meeting: Stockholm, Sweden,
11-20 July, 2012.

[0013] Fig. 9 shows an example of a signal representing a flat region in which pixel values
are similar. When the original pixel values (original sample values) 410 are encoded by
coarse quantization, reconstructed values (reconstructed sample values) 420 in the block take
a constant value, and a step-like distortion appears at a block boundary 430. This distortion is
known as block noise and is usually removed by applying a block noise removing filter to the
reconstructed image. However, the reference sample used in intra-picture prediction is a
signal prepared previously to the application of the filter process for removing block noise, so
that the block noise remaining in the reference sample at the block boundary propagates to the
prediction signal (intra prediction samples) of the target block through intra-picture
prediction. The block noise that has propagated to the prediction signal cannot be removed by
a block noise removal process for a reconstructed signal and therefore propagates directly to

the reference sample group for the next target block.

P137034/10898194
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[0014] In Non Patent Literature 1, 34 different types of extrapolation directions are prepared
in the extrapolation method of intra-picture prediction (in the directions of intra-picture
prediction), so that block noise propagates while changing directions. As a result, a plurality
of contouring artifacts are produced in the reconstructed signal of a flat region in an image. In
particular, when noise propagates to a block of a large size, contouring artifacts run across the

large block, giving an unpleasant visual effect.

[0015] The 121 filter described in Background Art can effectively removes noise within
reference samples but cannot remove step-like noise as illustrated in Fig. 9 because of a short

tap number.
Summary

[0015A] It is an object of the present disclosure to substantially overcome, or at least
ameliorate, one or more disadvantages of existing arrangements or to offer a useful

alternative.

[0016] An aspect of the present disclosure provides suppression of artificial noise such as the

contouring artifacts described above.

[0017] A moving picture prediction encoding device according to an aspect of the present
disclosure includes block division means for dividing an input image into a plurality of
blocks, prediction signal generation means for generating, using previously reconstructed
reference samples located adjacent to a target block to be encoded among the divided blocks
from the block division means, an intra-picture prediction signal of a block having a higher
correlation with the target block. The moving picture prediction encoding device further
includes residual signal generation means for generating a residual signal between the
prediction signal of the target block and the pixel signal of the target block, residual signal
compression means for compressing the residual signal generated by the residual signal
generation means, residual signal restoration means for generating a reconstructed residual
signal by restoring the compressed residual signal, encoding means for encoding the
compression data of the residual signal, and block storage means for restoring the pixel signal
of the target block by adding the prediction signal to the reconstructed residual signal, and
storing the reconstructed pixel signal of the target block to be used as reference samples. The
prediction signal generation means derives reference samples from previously reconstructed
blocks, stored in the block storage means, which neighbour the target block, selects two or
more key reference samples from the reference samples, performs an interpolation process

P137034/10898194
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between the key reference samples for generating interpolated reference samples, determines
a direction of intra-picture prediction, and generates the intra-picture prediction signal by
extrapolating the interpolated reference samples based on the determined direction of the
intra-picture prediction. The encoding means encodes information of the direction of intra-

picture direction together with the compression data of the residual signal.

[0018] In the moving picture prediction encoding device described above, the prediction
signal generation means may selectively carry out the interpolation process of the reference
samples or a smoothing process of the reference samples, based on a comparison between the

key reference samples and a predetermined threshold.

[0019] In the moving picture prediction encoding device described above, the reference
samples may be such reference samples as located at the end of the reference sample group,
and the interpolation process may be a bilinear interpolation process performed on the

reference samples between the key reference samples.

[0020] A moving picture prediction decoding device according to an aspect of the present
disclosure includes decoding means for decoding, from encoded compression data for a
plurality of divided blocks, information of a direction of intra-picture prediction to be used in
intra-picture prediction of a target block to be decoded and a compressed residual signal,
prediction signal generation means for generating an intra-picture prediction signal using the
information of the direction of the intra-picture prediction and previously reconstructed
reference samples located adjacent to the target block, residual signal restoration means for
restoring a reconstructed residual signal of the target block from the compressed residual
signal, and block storage means for restoring a pixel signal of the target block by adding the
prediction signal to the reconstructed residual signal, and storing the reconstructed pixel
signal of the target block to be used as reference samples. The prediction signal generation
means derives reference samples from previously reconstructed blocks stored in the block
storage means, which neighbour the target block, selects two or more key reference samples
from the reference samples, performs an interpolation process between the key reference
samples for generating interpolated reference samples, and generates the intra-picture
prediction signal by extrapolating the interpolated reference samples based on the direction of

the intra-picture prediction.

P137034/10898194
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[0021] In the moving picture prediction decoding device described above, the prediction
signal generation means may selectively carry out an interpolation process of the reference
samples or a smoothing process of the reference samples, based on a comparison between the

key reference samples and a predetermined threshold.

[0022] In the moving picture prediction decoding device described above, the reference
samples may be such reference samples as located at the end of a reference sample group, and
the interpolation process may be a bilinear interpolation process performed on the reference

samples between the key reference samples.

[0023] The present invention may be taken as relating to a moving picture prediction
encoding method, to a moving picture prediction decoding method, to a moving picture
prediction encoding program, and to a moving picture prediction decoding program, and can

be described as follows.

[0024] A moving picture prediction encoding method according to an aspect of the present
disclosure is executed by a moving picture prediction encoding device. The moving picture
prediction encoding method includes a block division step of dividing an input image into a
plurality of blocks, a prediction signal generation step of generating, using previously
reconstructed reference samples located adjacent to a target block to be encoded among the
divided blocks from the block division step, an intra-picture prediction signal of a block
having a higher correlation with the target block, a residual signal generation step of
generating a residual signal between the prediction signal of the target block and the pixel
signal of the target block, a residual signal compression step of compressing the residual
signal generated in the residual signal generation step, a residual signal restoration step of
generating a reconstructed residual signal by restoring the compressed residual signal, an
encoding step of encoding the compressed residual signal, and a block storage step of
restoring the pixel signal of the target block by adding the prediction signal to the
reconstructed residual signal, and storing the reconstructed pixel signal of the target block to
be used as reference samples. In the prediction signal generation step, reference samples are
derived from previously reconstructed blocks, which are stored and neighbour the target
block, two or more key reference samples are selected from the reference samples, an
interpolation process is performed between the key reference samples for generating
interpolated reference samples, a direction of intra-picture prediction is determined, and the

intra-picture prediction signal is generated by extrapolating the interpolated reference samples

P137034/10898194
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based on the determined direction of the intra-picture prediction. In the encoding step,
information of the direction of the intra-picture prediction is encoded together with the

compression data of the residual signal.

[0025] A moving picture prediction decoding method according to an aspect of the present
disclosure is executed by a moving picture prediction decoding device. The moving picture
prediction decoding method includes a decoding step of decoding, from encoded compression
data for a plurality of divided blocks, information of a direction of intra-picture prediction to
be used in intra-picture prediction of a target block to be decoded and a compressed residual
signal, a prediction signal generation step of generating an intra-picture prediction signal
using the information of the direction of the intra-picture prediction and previously
reconstructed reference samples located adjacent to the target block, a residual signal
restoration step of restoring a reconstructed residual signal of the target block from the
compressed residual signal, and a block storage step of restoring a pixel signal of the target
block by adding the prediction signal to the reconstructed residual signal, and storing the
reconstructed pixel signal of the target block to be used as reference samples. In the
prediction signal generation step, reference samples are derived from previously reconstructed
blocks, which are stored and neighbour the target block, two or more key reference samples
are selected from the reference samples, an interpolation process is performed between the
key reference samples for generating interpolated reference samples, and the intra-picture
prediction signal is generated by extrapolating the interpolated reference samples based on the

direction of the intra-picture prediction.

[0026] A moving picture prediction encoding program according to an aspect of the present
disclosure causes a computer to function as block division means for dividing an input image
into a plurality of blocks, prediction signal generation means for generating, using previously
reconstructed reference samples located adjacent to a target block to be encoded among the
divided blocks from the block division means, an intra-picture prediction signal of a block
having a higher correlation with the target block, residual signal generation means for
generating a residual signal between the prediction signal of the target block and the pixel
signal of the target block, residual signal compression means for compressing the residual
signal generated by the residual signal generation means, residual signal restoration means for
generating a reconstructed residual signal by restoring the compressed residual signal,
encoding means for encoding the compression data of the residual signal, and block storage

means for restoring the pixel signal of the target block by adding the prediction signal to the

P137034/10898194



18 Jan 2016

2013319537

10

reconstructed residual signal, and storing the reconstructed pixel signal of the target block to
be used as the reference sample. The prediction signal generation means derives reference
samples from previously reconstructed blocks stored in the block storage means, which
neighbour the target block, selects two or more key reference samples from the reference
samples, performs an interpolation process between the key reference samples for generating
interpolated reference samples, determines a direction of intra-picture prediction, and
generates the intra-picture prediction signal by extrapolating the interpolated reference
samples based on the determined direction of the intra-picture prediction. The encoding
means encodes information of the direction of intra-picture direction together with the

compression data of the residual signal.

[0027] A moving picture prediction decoding program according to an aspect of the present
disclosure causes a computer to function as decoding means for decoding, from encoded
compression data for a plurality of divided blocks, information of a direction of intra-picture
prediction to be used in intra-picture prediction of a target block to be decoded and a
compressed residual signal, prediction signal generation means for generating an intra-picture
prediction signal using the information of the direction of the intra-picture prediction and
previously reconstructed reference samples located adjacent to the target block, residual
signal restoration means for restoring a reconstructed residual signal of the target block from
the compressed residual signal, and block storage means for restoring the pixel signal of the
target block by adding the prediction signal to the reconstructed residual signal, and storing
the reconstructed pixel signal of the target block to be used as reference samples. The
prediction signal generation means derives reference samples from previously reconstructed
blocks stored in the block storage means, which neighbour the target block, selects two or
more key reference samples from the reference samples, performs an interpolation process
between the key reference samples for generating interpolated reference samples, and
generates the intra-picture prediction signal by extrapolating the interpolated reference

samples based on the direction of the intra-picture prediction.

[0028] With the filter process applied on the reference samples by bilinear interpolation in
accordance with the present disclosure, the signals in the reference samples are made
gradually changed using samples at both ends of the reference samples, thereby suppressing

such artificial noise as contouring artifacts.

P137034/10898194
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[0028A] According to an aspect of the present disclosure, there is provided a moving picture
prediction encoding device comprising: block division means for dividing an input image into
a plurality of blocks; prediction signal generation means for generating an intra-picture
prediction signal of a block having high correlation with a target block to be encoded using
previously reconstructed reference samples located adjacent to the target block among the
divided blocks from the block division means; residual signal generation means for generating
a residual signal between the intra-picture prediction signal of the target block and a pixel
signal of the target block; residual signal compression means for compressing the residual
signal generated by the residual signal generation means; residual signal restoration means for
generating a reconstructed residual signal from the compressed residual signal; encoding
means for encoding the compressed residual signal; and block storage means for storing a
reconstructed pixel signal of the target block to be used as reference samples, wherein the
pixel signal of the target block is reconstructed by adding the intra-picture prediction signal
with the reconstructed residual signal, and wherein the prediction signal generation means
derives reference samples from previously reconstructed blocks, stored in the block storage
means, which neighbour the target block, performs an interpolation process between two or
more key reference samples located at predetermined positions among the reference samples
for generating interpolated reference samples, determines an intra prediction mode, and
generates the intra-picture prediction signal by extrapolating the interpolated reference
samples based on the determined intra prediction mode, and the encoding means encodes the

intra prediction mode together with the compression data of the residual signal.

[0028B] According to an aspect of the present disclosure, there is provided a moving picture
prediction decoding device comprising: decoding means for decoding, from encoded
compression data for a plurality of divided blocks, an intra prediction mode indicating an
intra-picture prediction method of a target block to be decoded, and a compressed residual
signal; prediction signal generation means for generating an intra-picture prediction signal
using the intra prediction mode and previously reconstructed reference samples located
adjacent to the target block; residual signal restoration means for restoring a reconstructed
residual signal of the target block from the compressed residual signal; and block storage
means for restoring a pixel signal of the target block by adding the prediction signal to the
reconstructed residual signal, and storing the reconstructed pixel signal of the target block to
be used as reference samples, wherein the prediction signal generation means derives

reference samples from previously reconstructed blocks, stored in the block storage means,

P137034/10898194
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which neighbour the target block, performs an interpolation process between two or more key
reference samples located at predetermined positions among the reference samples for
generating interpolated reference samples, and generates the intra-picture prediction signal by

extrapolating the interpolated reference samples based on the intra prediction mode.

[0028C] According to an aspect of the present disclosure, there is provided a moving picture
prediction encoding method executed by a moving picture prediction encoding device, the
moving picture prediction encoding method comprising: a block division step of dividing an
input image into a plurality of blocks; a prediction signal generation step of generating, using
previously reconstructed reference samples located adjacent to a target block to be encoded
among the divided blocks from the block division step, an intra-picture prediction signal of a
block having higher correlation with the target block; a residual signal generation step of
generating a residual signal between the prediction signal of the target block and a pixel
signal of the target block; a residual signal compression step of compressing the residual
signal generated in the residual signal generation step; a residual signal restoration step of
generating a reconstructed residual signal by restoring the compressed residual signal; an
encoding step of encoding the compressed residual signal; and a block storage step of
restoring the pixel signal of the target block by adding the prediction signal to the
reconstructed residual signal, and storing the reconstructed pixel signal of the target block to
be used as reference samples, wherein in the prediction signal generation step, reference
samples are derived from previously reconstructed blocks, which are stored and neighbour the
target block, an interpolation process is performed between two or more key reference
samples located at predetermined positions among the reference samples for generating
interpolated reference samples, an intra prediction mode is determined, and the intra-picture
prediction signal is generated by extrapolating the interpolated reference samples based on the
determined intra prediction mode, and in the encoding step, the intra prediction mode is

encoded together with the compressed residual signal.

[0028D] According to an aspect of the present disclosure, there is provided a moving picture
prediction decoding method executed by a moving picture prediction decoding device, the
moving picture prediction decoding method comprising: a decoding step of decoding, from
encoded compression data for a plurality of divided blocks, an intra prediction mode
indicating an intra-picture prediction method of a target block to be decoded and a
compressed residual signal; a prediction signal generation step of generating an intra-picture

prediction signal using the intra prediction mode and previously reconstructed reference

P137034/10898194



18 Jan 2016

2013319537

13

samples located adjacent to the target block; a residual signal restoration step of restoring a
reconstructed residual signal of the target block from the compressed residual signal; and a
block storage step of restoring a pixel signal of the target block by adding the prediction
signal to the reconstructed residual signal, and storing the reconstructed pixel signal of the
target block to be used as reference samples, wherein in the prediction signal generation step,
reference samples are derived from previously reconstructed blocks, which are stored and
neighbour the target block, an interpolation process is performed between two or more key
reference samples located at predetermined positions among the reference samples for
generating interpolated reference samples, and the intra-picture prediction signal is generated

by extrapolating the interpolated reference samples based on the intra prediction mode.
Brief Description of the Drawings

[0029] Fig. 1 is a block diagram showing a moving picture prediction encoding device

according to an embodiment of the present invention.

Fig. 2 is a block diagram showing a moving picture prediction decoding device

according to the embodiment of the present invention.

Fig. 3 is a flowchart showing an intra-picture prediction method according to the

embodiment of the present invention.

Fig. 4 is a flowchart showing another example of the intra-picture prediction method

according to the embodiment of the present invention.

Fig. 5 is a diagram showing a hardware configuration of a computer for executing a

program stored in a recording medium.

Fig. 6 is an overview of the computer for executing a program stored in a recording

medium.

Fig. 7 is a diagram illustrating an example of reference samples used in intra-picture

prediction.

Fig. 8 is a flowchart showing an intra-picture prediction method in a conventional

technique.
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Fig. 9 is a diagram illustrating the relation between an original signal and a

reconstructed signal in a flat region.

Fig. 10 is a schematic diagram for explaining a motion estimation process in inter-

picture prediction.
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Fig. 11 is a schematic diagram for explaining intra-picture
prediction by extrapolation of reference samples.

Fig. 12 is a diagram illustrating another example of reference
samples used in intra-picture prediction.

Fig. 13 is a flowchart illustrating a process in a prediction signal
generator 103 in Fig. 1.

Fig. 14 is a flowchart illustrating a process in a prediction signal
generator 208 in Fig. 2.

Fig. 15 is a flowchart showing a second another example of the
intra-picture prediction method according to the embodiment of the
present invention.

Fig. 16 is a block diagram showing a configuration of a moving
picture prediction encoding program.

Fig. 17 is a block diagram showing a configuration of a moving
picture prediction decoding program.

Embodiments of the Invention

[0030] Embodiments of the present invention will be described below
with reference to Fig. 1 to Fig. 7 and Fig. 13 to Fig. 17.

[0031] Fig. 1 is a block diagram showing a moving picture prediction
encoding device 100 according to an embodiment of the present
invention. As shown in Fig. 1, the moving picture prediction encoding
device 100 includes an input terminal 101, a block divider 102, a
prediction signal generator 103, a frame memory 104, a subtractor 105,
a transformer 106, a quantizer 107, an inverse quantizer 108, an inverse
transformer 109, an adder 110, an entropy encoder 111, an output

terminal 112, a block memory 113, and a loop filter 114. The
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subtractor 105, the transformer 106, and the quantizer 107 function as
"encoding means" recited in the claims. The inverse quantizer 108, the
inverse transformer 109, and the adder 110 function as "decoding
means" recited in the claims. The frame memory 104 functions as
"image storage means", and the block memory 113 functions as "block
storage means",

[0032] The operation of the moving picture prediction encoding device
100 configured as described above is described below. The signal of a
moving picture composed of a plurality of images is input to the input
terminal 101. The block divider 102 divides an image to be encoded
into a plurality of regions. In the embodiment according to the present
invention, as shown in the example in Fig. 7, the block size is not
limited. A variety of block sizes and shapes may be coincidently
defined in a picture. The block encoding order is described, for
example, in Non Patent Literature 1. Next, a prediction signal is

generated for a region to be encoded (hereinafter called "target block™).

- In the embodiment according to the present invention, two types of

prediction methods are used, namely, inter-picture prediction and
intra-picture prediction. The prediction signal generation process in
the prediction signal generator 103 is described later using Fig. 13.

[0033] The subtractor 105 subtracts a prediction signal (through a line
L103j from the signal of a target block (through a line 1.102) to generate
a residual signal. The transformer 106 discrete-cosine transforms the
residual signal.  The quantizer 107 quantizes each transform
coefficient. The entropy encoder 111 encodes the quantized transform

coefficients and outputs, to the output terminal 112, the encoded

16



10

15

20

25

FP12-0731-00

transform coefficients along with prediction information required to
generate a prediction signal.

[0034] In order to perform the intra-picture prediction or the
inter-picture prediction on the subsequent target block, the compressed
signal of the target block is inversely processed and decoded. More
specifically, the quantized transform coefficients are inverse quantized
by the inverse quantizer 108 and thereafter inversely discrete-cosine
transformed by the inverse transformer 109, whereby the residual signal
is reconstructed. The adder 110 adds the reconstructed residual signal
to the prediction signal sent through the line L103 to reproduce the
signal of the target block. The signal of the reconstructed block is
stored in the block memory 113 for intra-picture prediction. A
reconstructed image formed of the reconstructed signal is stored in the
frame memory 104 after a block noise sufferred in the reconstructed
image is removed by the loop filter 114,

[0035] With reference to Fig. 13, the prediction signal process flow
performed in the prediction signal generator 103 is explained. First, in
step S302, prediction information required for inter-picture prediction is
generated. Specifically, a reconstructed image that is previously
encoded and thereafter reconstructed is used as a reference image.
This reference image is searched for a motion vector and a reference
picture that gives a prediction signal with the smallest difference from
the target block. In this case, the target block is input through the line
L102, and the reference image is input through a line L104. A
plurality of images previously encoded and reconstructed are used as

reference images. The details thereof are the same as in H.264 which
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is the conventional technique or method shown in Non Patent Literature
L.

[0036] In step S303, prediction information required for intra-picture
prediction is generated. @ As shown in Fig. 7, the previously
reconstructed pixel values spatially adjacent to the target block are used
to generate prediction signals in a plurality of intra-prediction
directions. Then, the prediction direction (intra prediction mode) that
gives a prediction signal with the smallest difference from the target
block is selected. Here, the prediction signal generator 103 generates
an intra-picture prediction signal by acquiring the previously
reconstructed pixel signals within the same picture as reference samples

from the block memory 113 through a line L113 and extrapolating these

-signals.

[0037] Next, in step S304, a prediction method to be applied to the
target block is selected from inter-picture prediction and intra-picture
prediction. For example, one of the prediction methods that gives a
prediction value with a small difference from the target block is
selected. Alternatively, the two prediction methods may be actually
performed until the end of the encoding processing, and the one may be
selected which has a smaller evaluation value calculated from the
relation between the produced encoding amount and the sum of absolute
values of the encoded difference images. The selection information of
the selected prediction method is sent as information required to
generate a prediction signal to the entropy encoder 111 through a line
L112 for encoding and is then output from the output terminal 112 (step
S305).
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[0038] If the prediction method selected in step S306 is inter-picture
prediction, a prediction signal is generated in step S307 based on motion
information (the motion vector and the reference picture information).
The generated inter-picture prediction -signal is output to the subtractor
105 through the line 1.103. In step S308, the motion information is
sent as the information required to generate a prediction signal to the
entropy encoder 111 through the line L112 for encoding and is then
output from the output terminal 112.

[0039] If the prediction method selected in step S306 is intra-picture
prediction, a prediction signal is generated in step S309 based on the
intra prediction mode. The generated intra-picture prediction signal is
output to the subtractor 105 through the line L103. In step S310, the
intra prediction mode is sent as the information required to generate a
prediction signal to the entropy encoder 111 through the line L112 for
encoding and is then output from the output terminal 112.

[0040] The encoding method used in the entropy encoder 111 may be
arithmetic encoding or may be variable length encoding.

[0041] Fig. 2 is a block diagram of a moving picture prediction
decoding device 200 according to an embodiment of the present
invention. As shown in Fig. 2, the moving picture prediction decoding
device 200 includes an input terminal 201, a data analyzer 202, an
inverse quantizer 203, an inverse transformer 204, an adder 205, a
prediction signal generator 208, a frame memory 207, an output
terminal 206, a loop filter 209, and a block memory 215. The inverse
quantizer 203 and the inverse transformer 204 function as "decoding

means" recited in the claims. Any other means may be used as the
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decoding means. The inverse transformer 204 may be omitted. The
frame memory 207 functions as "image storage means", and the block
memory 215 functions as "block storage means".

[0042] The operation of the moving picture prediction decoding device
200 configured as described above is described below.  The
compressed data that is compression encoded by the method described
above is input from the input terminal 201. The compressed data
includes a residual signal obtained by predicting and encoding a target
block of a plurality of blocks from a divided image, as well as the
information required to generate a prediction signal. As shown in the
example in Fig. 7, the block size is not limited. A variety of block
sizes and shapes may be coincidently defined in a picture. The block
decoding order is described, for example, in Non Patent Literature 1.
The information required to generate a prediction signal includes the
prediction method selection information and the motion information (for

inter-picture prediction) or the intra prediction mode (for intra-picture

prediction).

[0043] The data analyzer 202 decodes the residual signal of the target
block, the information required to generate a prediction signal, and the
quantization parameter from the compressed data. The inverse
quantizer 203 inversely quantizes the decoded residual signal of the
target block based on the quantization parameter (through a line L.202).
The inverse transformer 204 further inversely discrete-cosine transforms
the inversely quantized residual signal. As a result, the residual signal
is reconstructed. Next, the information required to genecrate a

prediction signal is sent to the prediction signal generator 208 through a
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line L206. The prediction signal generator 208 generates a prediction
signal of the target block based on the information required to generate
a prediction signal. A process of generating a prediction signal in the
prediction signal generator 208 is described later using Fig. 14. The
generated prediction signal is sent to the adder 205 through a line 1.208
and is added to the reconstructed residual signal. The target block
signal is thus reconstructed and output to the loop filter 209 through a
line 1.205 and, at the same time, stored into the block memory 215 to be
used for intra-picture prediction of subsequent blocks. The loop filter
209 removes a block noise from the reconstructed signal input through
the line 1.205. The reconstructed image having a block noise removed
is stored into the frame memory 207 as a reconstructed image to be used
for decoding and reproducing subsequent images.

[0044] The prediction signal processing flow performed in the
prediction signal generator 208 is described using Fig. 14. First, in
step S402, the prediction method decoded by the data analyzer 202 is
derived.

[0045] If the decoded prediction method is inter-picture prediction (step
S403), the motion information (the motion vector and the reference
picture information) decoded by the data analyzer 202 is derived (step
S404). The frame memory 207 is accessed based on the motion
information to derive a reference signal from a plurality of reference
images, and a prediction signal is generated (step S405).

[0046] If the decoded prediction method is intra-picture prediction (step
S403), the intra prediction mode decoded by the data analyzer 202 is
derived (step S406). The block memory 215 is accessed to derive
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previously reconstructed pixel signals located adjacent to the target
block as reference samples, and a prediction signal is generated based
on the intra prediction mode (step S407). The generated prediction
signal is output to the adder 205 through L.208.

[0047] The decoding method used in the data analyzer 202 may be
arithmetic decoding or may be variable length decoding.

[0048] Next, the intra-picture prediction method in the embodiment of
the present invention is described using Fig. 3 and Fig. 7.  Specifically,
the details of step S309 in Fig. 13 and step S407 in Fig. 14 are
described, which include a method of estimating the intra prediction
samples in a target block by extrapolation based on the intra prediction
mode using the reference samples derived from the block memory 113
in Fig. 1 or the block memory 215 in Fig. 2.

[0049] In the present invention, in order to suppress noise such as
contouring artifacts described previously in the Technical Problem
section, a bilinear interpolation process is applied to a group of
reference samples used in the intra-picture prediction with respect to the
block that suffers contouring artifacts. An appearance of step-like
noise at the block boundary of the reference sample group is suppressed
by making the signal of the reference sample group smoothly change.
[0050] The bilinear interpolation process applied to the reference
sample group is described using Fig. 7. When a target block 210 has a
block size of NxN samples, the neighbouring reference sample group
270 of 4N+1 reference samples (ref[x] (x = 0 to 4N)) is formed with the
previously reconstructed signals belonging to five previously

reconstructed blocks 220, 230, 240, 250, and 260. In the present

22



10

15

20

25

FP12-0731-00

embodiment, three reference samples located at the ends of the
reference sample group 270, namely, the bottom-left reference sample
BL =ref[0] and the above-right reference sample AR = ref{4N], and the
above-left reference sample AL = ref[2N] located at the center of the
reference sample group 270 and upper left of the target block are
defined as key reference samples of bilinear interpolation. Here, the
4N+1 reference samples are interpolated as follows.

ref’[0] = ref[ 0] (1)

ref’[i]]=BL+ (i*(AL-BL)+N)/2N (i=1to2N-1) (2)
ref’[2N] =ref[2N]  (3)

ref 2N +i]=AL + (i*(AR-AL)+N)/2N (i=1to2N-1) (4)
ref’[4N] =ref[4AN]  (5)

where, ref’[x] (x = 0 to 4N) represents the values of the interpolated
reference samples. Equations (2) and (4) may be transformed to
.Equation (2)’ and (4)’, respectively.

ref’[i] = (N -1)*BL +i*AL+N)/2N (i=1to2N-1) (2¥
ref’[2N +i] = (N - i)*AL+i1*AR+N)/2N (i=1t02N-1) . (4)’
[0051] The reference sample values between BL and AL are generated
with key reference samples BL and AL by bilinear interpolation, and the
reference sample values between Al and AR are generated with key
reference samples AL and AR by bilinear interpolation, resulting in that
the levels of the interpolated reference samples values are made
smoothly changed. As a result, propagation of block noise to the
prediction signal can be suppressed.

[0052] Next, the criteria for determining whether the bilinear

interpolation should be applied to the reference samples are described

23



10

15

20

25

FP12-0731-00

using Fig. 7. In the present embodiment, the determination is made
using the three key reference samples and two reference samples at the
block boundary, and two thresholds. THRESHOLD ABOVE and
THRESHOLD LEFT are thresholds used in determining whether the
bilinear interpolation should be applied to the reference samples ref[x]
(x =2N + 1 to 4N — 1) on the upper position and the reference samples
ref[x] (x = 1 to 2N — 1) on the left position, respectively, with respect to
the target block. The bilinear interpolation is applied to the reference
sample that satisfies the determination criteria.

[0053] In the present embodiment, the determination criteria below are
used. Interpolate Above and Interpolate Left in the two equations
below are Boolean values. When the right side is satisfied, true (1)
holds, and the bilinear interpolation is applied. When the right side is

not satisfied, false (0) holds, and intra smoothing by the conventional

- 121 fiiter is applied.

Interpolate Left = abs(BL. + AL — 2*ref[N]) < THRESHOLD LEFT

(6)

Interpolate Above = abs(AL + AR - 2*ef[3N]) <
THRESHOLD ABOVE (7)

When the values of BL, AL, and ref[3N] are on a straight line,
the value of BL + AL — 2*ref[N] is zero. Similarly, when the values of
AL, AR, and ref[3N] are on a straight line, the value of AL + AR —
2*ref[3N] is also zero. In other words, the two equations above
compare the magnitude of deviation of ref[N] from the straight line
connecting BL and AL and the magnitude of deviation of ref[3N] from
the straight line connecting AL and AR, with the respective thresholds.
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If the calculated two deviations are smaller than the corresponding
threshold THRESHOLD ABOVE or THRESHOLD LEFT, the
Boolean value (Interpolate Above or Interpolate Left) is true, and the
bilinear interpolation is applied to the reference sample. In Equations
5 (6) and (7), abs{x) calculates the absolute value of x.
[0054] The values of the two thresholds (THRESHOLD ABOVE and
THRESHOLD LEFT) may be preset to fixed values, or may be
encoded for each frame or for eac;h slice having a plurality of blocks
together, and decoded by the decoder. The values of the two
10 thresholds may be encoded for each block and decoded by the decoder.
In Fig. 2, the two thresholds are decoded by the data analyzer 202 and
output to the prediction signal generator 208 for use in generating an
intra-picture prediction signal detailed below in Fig. 3 and Fig. 4.
[0055] Fig. 3 shows a flowchart of a process of estimating the intra
15 prediction samples by extrapolation (in the directions of intra-picture
prediction). First, in step S510, the prediction signal generator (103 or
208, the reference numeral is hereinafter omitted) derives the reference
samples ref[x] (x = 0 to 4N} as shown in the pixel group 270 in Fig. 7
from the block memory (113 or 215, the reference numeral is
20 hereinafter omitted). If the neighbouring blocks have not yet been
reconstructed because of the encoding order or other reasons, and all of
the 4N+1 samples cannot be derived, the missing samples are
substituted by the padding process (the values of the neighbouring
samples are copied), whereby 4N+1 reference samples are prepared.
25 The details of the padding process are described in Non Patent

Literature 1. Next, in step 560, two Boolean values Interpolate_Above
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and Interpolate Lefi are calculated with Equations (6) and (7).

[0056] Next, in step 520, the prediction signal generator determines
whether the target block satisfies the determination criteria for applying
the bilinear interpolation. Specifically, it is determined whether the
size of the target block is greater than a predetermined M, and it is also
determined  whether the calculated Interpolate Above and
Interpolate Left are both true. The reason why the block size is set as
a determination criterion is because the problem of contouring artifacts
is likely to occur in a block of a large size. The test for determining
whether the size of a block is larger than the large value M helps avoid
performing unnecessary changes to the reference samples.

[0057] If the two determination criteria are satisfied (block size >= M
and Interpolate Above = frue and Interpolate Left = true), the
process proceeds to step 530. If not satisfied, the process proceeds to
step 540. In step 530, the bilinear interpolation process shown by
Equations (1) to (5) is applied to the reference samples ref[x] (x = 0 to
4N) to generate the interpolated reference samples ref’[x] (x = 0 to 4N).
In step 540, according to Equations (8) and (9), intra smoothing by the
121 filter is applied to the reference samples ref[x] (x = 0 to 4N).

ref’[i] =ref[i] (1= 0 and 4N) (8)

ref’[i] = (ref[i — 1] + 2%ref[i] +ref[i+ 1] +2)/4 (i=1t04N-1) (9)
, where ref’[x] ( x = 0 to 4N) represents the values of the smoothed
reference samples.

[0058] Finally, in step 550, the intra prediction samples of the target
block are estimated by extrapolation (in the direction of intra-picture

prediction) using the already determined intra prediction mode and the
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interpolated or smoothed reference samples ref’[x] (x = 0 to 4N).

[0059] Fig. 4 further illustrates the details of Fig. 3 and shows a
flowchart of a process of estimating the intra prediction sample by
extrapolation {in the direction of intra-picture prediction) in a case
where the switching between the bilinear interpolation and the 121 filter
is carried out separately and independently for the left reference samples
(ref[x], x = 0 to 2N) and the upper reference samples (reflx], x = 2N to
4N). First, in step 610, the prediction signal generator (103 or 208, the
reference numeral is hereinafter omitted) derives reference samples
ref[x] (x = 0 to 4N) as shown in the pixel group 270 in Fig. 7 from the
block memory (113 or 215, the reference numeral is hereinafter
omitted). If the neighbouring blocks have not yet been reconstructed
because of the enco.ding order or other reasons, and all the 4N+1
reference samples cannot be derived, the missing samples are
substituted by the padding process (the values of the neighbouring
samples are copied), whereby 4N+1 reference samples are prepared.
The details of the padding process are described in Non Patent
Literature 1.

[0060] Next, in step 680, the two Boolean values Interpolate Above
and Interpolate Left are calculated with Equations (6) and (7).

[0061] Next, in step 620, the prediction signal generator determines
whether the target block satisfies the criteria for applying the bilinear
interpolation. Specifically, it is determined whether the size of the
target block is greater than the predetermined value M, and it is also
determined whether at least one of the calculated Interpolate Above and

Interpolate Left is true. If these two determination criteria are
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satisfied (block size >= M and Interpolate Above == true or
Interpolate Left, == true), the process proceeds to step 625. If not
satisfied, the process proceeds to step 660. In step 660, intra
smoothing by the 121 filter is applied to the reference sample group
with Equations (8) and (9).

[0062] In step 625, it is determined whether the determination criterion,
as shown in Equation (6), for applying the bilinear interpolation for the
left reference samples is satisfied. Specifically, if Interpolate Left is
true (1), the process proceeds to step 630, and the bilinear interpolation
process shown in Equations (1) and (2) is applied to the reference
samples ref[x] (x = 0 to 2N) to generate the interpolated reference
samples ref’[x] (x = 0 to 2N). If the determination criterion in
Equation (6) is not satisfied, the process proceeds to step 635, and intra
smoothing by the 121 filter is applied to the left reference samples ref[x]
(x = 0 to 2N) with Equations (10) and (11).

ref’[0] = ref[0] (10)
ref’[i] = (ref[i — 1] + 2%*ref[i] + ref[i+ 1]+ 2)/4 (i=1to 2N - 1)
(11)

, where ref’[x] (x = 0 to 2N) represents the values of the smoothed
reference samples.

[0063] Next, in step 640, it is determined whether the determination
criterion, as shown in Equation (7), for applying the bilinear
interpolation for the upper reference samples is satisfied. Specifically,
if Interpolate Above is true (1), the process proceeds to step 650, and
the bilinear interpolation process is applied to the upper reference

samples refli] (i = 2N + 1 to 4N) with Equations (3), (4), and (5). If
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the determination criterion in Equation (7) is not satisfied, the process
proceeds to step 655, and intra smoothing by the 121 filter is applied to
the upper reference samples ref[x] (x = 2N + 1 to 4N) based on
Equations (12), (13), and (14).
ref’[2N] =ref[2N]  (12)
ref’[i] = (vef[i — 1] + 2¥reffi] +ref[i + 1] +2) /4 (1=2N+1t0o 4N - 1)
(13)
ref’[4N] =ref[4N]  (14)
, where ref’[x] (x = 2N + 1 to 4N) represents the values of the smoothed
reference values.
[0064] Finally, in step 670, the intra prediction samples of the target
block are estimated by extrapolation (in the direction of intra-picture
prediction) using the already determined intra prediction mode and the
interpolated or smoothed reference samples ref’[x] (x =0 to 4N). For
extrapolation, when a line is projected in the direction of intra prediction
toward the interpolated or smoothed reference samples from the
position of the sample in the target block to be extrapolated, the
interpolated or smoothed reference samples that are located close to the
projected line are used.
[0065] A moving picture prediction encoding program for causing a
computer to function as the moving picture prediction encoding device
100 described above can be provided in a recording medium.
Similarly, a moving picture prediction decoding program for causing a
computer to function as the moving picture prediction decoding device
200 described above can be provided in a recording medium.

Examples of the recording medium include a recording medium such as
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a USB memory, a flexible disk, a CD-ROM, a DVD, or a ROM, and a
semiconductor memory.

[0066] For example, as shown in Fig. 16, a moving picture prediction
encoding program P100 includes a block division module P10I, a
prediction signal generation module P102, a residual signal generation
module P103, a residual signal compression module P104, a residual
signal restoration module P105, an encoding module P106, and a block
storage module P107.

[0067] For example, as shown in Fig. 17, a moving picture prediction
decoding program P200 includes a decoding module P201, a prediction
signal generation module P202, a residual signal restoration module
P203, and a block storage module P204.

[0068] The moving picture prediction encoding program P100 or the
moving picture prediction decoding program P200 configured in this
manner is stored in a recording medium 10 shown in Fig. 5 and Fig. 6
described later and is executed by a computer described later.

[0069] Fig. 5 is a diagram showing a hardware configuration of a
computer 30 for executing a program stored in a recording medium, and
Fig. 6 is an overview of the computer 30 for executing a program stored
in a recording medium. The computer 30 referred to here broadly
includes a DVD player, a set-top box, a mobile phone, and the like,
which are equipped with a CPU for performing information processing
or control by software.

[0070] As shown in Fig. 6, the computer 30 includes a reader 12 such
as a flexible disk drive, a CD-ROM drive, or a DVD drive, a working
memory (RAM) 14 having a resident Operating System, a memory 16
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for storing a program stored in the recording medium 10, a display
device 18 such as a display, a mouse 20 and a keyboard 22 serving as
input devices, a communication device 24 for transmitting/receiving
data, and a CPU 26 for controlling execution of a program. When the
recording medium 10 is inserted to the reader 12, the computer 30 can
access the moving picture prediction encoding program stored in the
recording medium 10 from the reader 12 and can operate as the moving
picture prediction encoding device 100 described above with the
moving picture prediction encoding program. Similarly, when the
recording medium 10 is inserted to the reader 12, the computer 30 can
access the moving picture prediction decoding program stored in the
recording medium 10 from the reader 12 and can operate as the moving
picture prediction decoding device 200 described above with the
moving picture prediction decoding program.
[0071] The present invention may take the following modifications:
[0072] (A) Determination Criteria for Applying Bilinear Interpolation
The determination criteria for applying the bilinear interpolation
are not limited to the method discussed in the foregoing embodiment.
For example, supposing that the result of determination for applying
interpolation is always frue, steps 520,- 620, 625, and 640 may be
omitted. In this case, the interpolation process is always applied in
place of the smoothing process by the 121 filter.
[0073] The intra prediction mode may be added to the determination
criteria. For example, contouring artifacts at the block boundary are
alleviated by a block noise removing process, and therefore, the result

of determination for applying the interpolation process may be always
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false when the prediction direction of the extrapolation process is
vertical or horizontal.

[0074] The block size test may be eliminated from the determination
criteria. The correlation of block size between the target block and the
neighbouring block may be used as a determination criterion in place of
the block size of the target block. In the example in Fig. 7, the block
size of the block 260 located adjacent on the left of the target block 210
is larger than the target block 210. In this case, a block noise does not
occur around ref[N]. When the block size of the neighbouring block is
larger than the target block in this manner, the determination criterion
for applying interpolation may be false irrespective of the result in
Equation (6) or (7). On the other hand, the blocks 230, 240, and 250
located adjacent above the target block 210 are smaller than the targef
block 210. In this case, interpolation application is determined
depending on the result of Equation (6) or (7) because it is possible that
a block noise occurs around ref[3N] or ref]2N + N/2].  The correlation
in block size between the target block and the neighbouring block may
be used as a determination criterion together with the block size of the
target block.

[0075] The thresholds (THRESHOLD ABOVE and
THRESHOLD LEFT) in Equations (6) and (7) may be defined
separately for different block sizes and block shapes (differences in
block vertical and horizontal sizes) or different intra prediction modes
and encoded, and reconstrucfed by the decoder. Alternatively, the
values of THRESHOLD ABOVE and THRESHOLD LEFT may be

set to the same value, only one of which is encoded and decoded by the
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decoder. In the decoder, the threshold reconstructed by the data
analyzer 202 in Fig. 2 is input to the prediction signal generator 208.
In the prediction signal generator 208, the values of Interpolate Above
and Interpolate Left are calculated based on the input threshold (step
560 in Fig. 3 or step 680 in Fig. 4).

{0076] Instead of providing the determination criteria in steps 520, 620,

6235, and 640, the determination result may be included in the bit stream
to be encoded and decoded by the decoder. In this case, in the
prediction signal generator 103 in Fig. 1, the values (0 or 1) of
Interpolate_Above and Interpolate Left, the two values, are obtained
based on the size of the target block and the results in Equation {(6) and
(7) and are encoded as prediction information necessary to predict each
block or each block group consisting of a plurality of blocks. In other
words, those values are sent to the entropy encoder 111 through the line
L112 for encoding and then output from the output terminal 112.
When the values (0 or 1) of Interpolate Above and Interpolate Left are
derived, the correlation of block size between the target block and the
neighbouring block and the size of the target block, and the intra
prediction mode as described above may be used.

[0077] In the data analyzer 202 in Fig. 2, the wvalues of
Interpolate Above and Interpolate Left are decoded for each block or
for each block group consisting of a plurality of blocks and are input to
the prediction signal generator 208. Those two values may be
separately encoded and decoded, or the two values may be encoded and

decoded as a set.

{0078] The process of the intra-picture prediction method performed in
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the prediction signal generator 208 in Fig. 2 is described using Fig. 15.
In this case, Flg 15 replaces Fig. 4. In Fig. 14, in step S406, the
values of Interpolate Above and Interpolate Left decoded together with
the intra prediction mode are derived. First, in step 710, the prediction
signal generator (103 or 208, the reference numeral is hereinafter.
omitted) derives the reference samples ref[x] (x = 0 to 4N), as shown in
the pixel group 270 in Fig. 7, from the block memory (113 or 215, the
reference numeral is hereinafter omitted). If the neighbouring blocks
have not yet been reconstructed because of the encoding order or other
reasons, and all the 4N+1 reference samples cannot be derived, the
missing samples are substituted through the padding process (the values
of the neighbouring samples are copied), whereby 4N+1 reference
samples are prepared. The details of the padding process are described
in Non Patent Literature 1.

[0079] Next, in step. 790, the values of Interpolate Above and
Interpolate Left are. derived. In step 720, the prediction signal

generator determines whether-either Interpolate Above or the value of

Interpolate Left takes a value “1”. If either takes a value “1”, the
process proceeds to step 725. If not satisfied, the process proceeds to
step 760. In step 760, intra smoothing by the 121 filter is applied to
the reference sample group with Equations (8) and (9).

[0080] In step 725, if the value of Interpolate Left is “1”, the process

proceeds to step 730, and the bilinear interpolation process shown in

. Equations (1) and (2) is applied to the reference samples ref[x] (x =0 to

2N) to generate the interpolated reference samples ref’[x] (x =0 to 2N).
If the value of Interpolate Left is “0”, the process proceeds to step 735,
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and intra smoothing by the 121 filter is applied to the left reference
samples ref[x] (x = 0 to 2N) with Equations (10) and (11).
[0081] Next, in step 740, if the value of Interpolate Above is “1”, the
process proceeds to step 750, and the bilinear interpolation process is
applied to the upper reference samples ref[i] (i = 2N + 1 to 4N) with
Equations (3), (4), and (5). If the value of Interpolate Above is “0”,
the process proceeds to step 755, and intra smoothing by the 121 filter is
applied to the left reference samples ref[x] (x = 2N + 1 to 4N) with
Equations (12), (13), and (14).
[0082] Finally, in step 770, the intra prediction samples of the target
block are estimated by extrapolation (in the direction of intra-picture
prediction) using the decoded intra prediction mode and the interpolated
or smoothed reference samples ref’[x] (x = 0 to 4N).
[0083] (B) Interpolation Process

In the description above, the bilinear interpolation is used in the
interpolation process. However, another interpolation process may be
used as long as a noise at the block boundary can be removed. For
example, all the reference samples may be replaced with the mean value
of the key reference samples. The interpolation process method may
be changed according to the block size or the intra-picture prediction
type The interpolation process method to be applied may be included
in the bit stream to be encoded and decoded.
[0084] (C) Process Flow of Intra-Picture Prediction of Reference
Samples

The flow of the process of estimating the intra prediction

samples by extrapolation (in the direction of intra-picture prediction) is
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not limited to the procedure in Fig. 4. For example, steps 625, 630,
and 635 and steps 640, 650, and 655 may be switched in their order.
Equation (3) and Equation (12) may be carried out not in steps 650 and
655 but in steps 630 and 635. Since the process results of Equations
(1), (3), and (5) and Equations (10), (12), and (14) are the same, they
may be carried out together immediately before step 625 (between steps
620 and 625) or immediately after steps 650 and 655 (between step 650
or 655 and step 670).
[0085] The determination criteria in step 620 may only include the
block size. In this case, Equation (12) may be replaced with Equations
(15) and (16) because the process result is the same as that of Fig. 4.
ref’[2N] = ref[2N]
if Interpolate_ Above ==true || Interpolate Left=true (15)
ref’[2N] = (ref[2N — 1]+ 2*ref[2N] + ref[2N + 1] + 2) / 4
others  (16)
, where ref’[2N] represents the values of the smoothed reference
sample.
[0086] (D) Block Size

In the description above, the target block is a square block.
The interpolation process for the reference samples according to the
present invention can be applied to a non-square block. An example of

a target block 290 of a block size of Nx2N is shown in Fig. 12. In this

case, the number of ref[x] is 3N + 1.
[0087] (E) Key Reference Sample
In the description above, the three key reference samples are

located at the ends and the center of the reference sample group.
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However, the number and the position are not limited thereto. For
example, the number or position may be changed according to the size
of the reference block or the correlation between the reference block
and the neighbouring block. The number and position of the key
reference samples may also be included in the bitstream to be encoded
and decoded. The three key reference samples at the ends and the
center of the reference sample group may be set as defaults, and
whether to use the defaults or other key reference samples may be
encoded as instruction information and decoded. In the data analyzer
202 in Fig. 2, the key reference samples are updated. As the key
reference samples to be updated, ref[N + N/2] and ref[2N + N/2] may
be added in Fig. 7 or may be used in place of ref[2N]. Alternatively,
ref{N/2] and ref[3N + N/2] may be used in place of ref[0] and ref[4N],
and the 121 filter may be applied to ref]1] to ref[N/2 — 1] and ref[3N +
N/2] to ref[4N — 1]. '
[0088] (F) Equations of Determination Criteria

The determination equations used in steps 520, 620, 625,and
640 are not limited to Equations (6) and (7). For example, ref[N + 1]
and ref[3N + 1] may be used in place of ref[N] and ref[3N] in Fig. 7.
List of Reference Signs
[0089] 100: moving picture prediction encoding device; 101: input
terminal; 102: block divider; 103: prediction signal generator; 104:
frame memory; 105: subtractor; 106: transformer; 107: quantizer; 108:
inverse quantizer; 109: inverse transformer; 110: adder; 111: entropy
encoder; 112: output terminal; 113: block memory; 114: loop filter; 200:

moving picture prediction decoding device; 201: input terminal; 202:
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data analyzer; 203: inverse quantizer; 204: inverse transformer; 205:
adder; 206: output terminal; 207: frame memory; 208: prediction signal

generator; 209: loop filter; 215: block memory.
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CLAIMS:
1. A moving picture prediction encoding device comprising:

block division means for dividing an input image into a plurality of blocks;

prediction signal generation means for generating an intra-picture prediction signal
of a block having high correlation with a target block to be encoded using previously
reconstructed reference samples located adjacent to the target block among the divided
blocks from the block division means;

residual signal generation means for generating a residual signal between the
intra-picture prediction signal of the target block and a pixel signal of the target block;

residual signal compression means for compressing the residual signal generated by
the residual signal generation means;

residual signal restoration means for generating a reconstructed residual signal from
the compressed residual signal;

encoding means for encoding the compressed residual signal; and

block storage means for storing a reconstructed pixel signal of the target block to be
used as reference samples, wherein the pixel signal of the target block is reconstructed by
adding the intra-picture prediction signal with the reconstructed residual signal, and

wherein the prediction signal generation means derives reference samples from
previously reconstructed blocks, stored in the block storage means, which neighbour the
target block, performs an interpolation process between two or more key reference samples
located at predetermined positions among the reference samples for generating interpolated
reference samples, determines an intra prediction mode, and generates the intra-picture
prediction signal by extrapolating the interpolated reference samples based on the determined
intra prediction mode, and

the encoding means encodes the intra prediction mode together with the

compression data of the residual signal.

2. The moving picture prediction encoding device according to claim 1, wherein the

P137034/10897806
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key reference samples are three reference samples as located at an end and a center of a
reference sample group, and the interpolation process is a bilinear interpolation process

performed on the reference samples between the key reference samples.

3. A moving picture prediction decoding device comprising:

decoding means for decoding, from encoded compression data for a plurality of
divided blocks, an intra prediction mode indicating an intra-picture prediction method of a
target block to be decoded, and a compressed residual signal;

prediction signal generation means for generating an intra-picture prediction signal
using the intra prediction mode and previously reconstructed reference samples located
adjacent to the target block;

residual signal restoration means for restoring a reconstructed residual signal of the
target block from the compressed residual signal; and

block storage means for restoring a pixel signal of the target block by adding the
prediction signal to the reconstructed residual signal, and storing the reconstructed pixel
signal of the target block to be used as reference samples, wherein

the prediction signal generation means derives reference samples {from previously
reconstructed blocks, stored in the block storage means, which neighbour the target block,
performs an interpolation process between two or more key reference samples located at
predetermined positions among the reference samples for generating interpolated reference
samples, and generates the intra-picture prediction signal by extrapolating the interpolated

reference samples based on the intra prediction mode.

4. The moving picture prediction decoding device according to claim 3, wherein the
key reference samples are three reference samples as located at an end and a center of a
reference sample group, and the interpolation process is a bilinear interpolation process

performed on the reference samples between the key reference samples.

P137034/10897806
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5. A moving picture prediction encoding method executed by a moving picture
prediction encoding device, the moving picture prediction encoding method comprising:

a block division step of dividing an input image into a plurality of blocks;

a prediction signal generation step of generating, using previously reconstructed
reference samples located adjacent to a target block to be encoded among the divided blocks
from the block division step, an intra-picture prediction signal of a block having higher
correlation with the target block;

a residual signal generation step of generating a residual signal between the
prediction signal of the target block and a pixel signal of the target block;

a residual signal compression step of compressing the residual signal generated in
the residual signal generation step;

a residual signal restoration step of generating a reconstructed residual signal by
restoring the compressed residual signal;

an encoding step of encoding the compressed residual signal; and

a block storage step of restoring the pixel signal of the target block by adding the
prediction signal to the reconstructed residual signal, and storing the reconstructed pixel
signal of the target block to be used as reference samples, wherein

in the prediction signal generation step, reference samples are derived from
previously reconstructed blocks, which are stored and neighbour the target block, an
interpolation process is performed between two or more key reference samples located at
predetermined positions among the reference samples for generating interpolated reference
samples, an intra prediction mode is determined, and the intra-picture prediction signal is
generated by extrapolating the interpolated reference samples based on the determined intra
prediction mode, and

in the encoding step, the intra prediction mode is encoded together with the

compressed residual signal.

6. A moving picture prediction decoding method executed by a moving picture

P137034/10897806
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prediction decoding device, the moving picture prediction decoding method comprising:

a decoding step of decoding, from encoded compression data for a plurality of
divided blocks, an intra prediction mode indicating an intra-picture prediction method of a
target block to be decoded and a compressed residual signal;

a prediction signal generation step of generating an intra-picture prediction signal
using the intra prediction mode and previously reconstructed reference samples located
adjacent to the target block;

a residual signal restoration step of restoring a reconstructed residual signal of the
target block from the compressed residual signal; and

a block storage step of restoring a pixel signal of the target block by adding the
prediction signal to the reconstructed residual signal, and storing the reconstructed pixel
signal of the target block to be used as reference samples, wherein

in the prediction signal generation step, reference samples are derived from
previously reconstructed blocks, which are stored and neighbour the target block, an
interpolation process is performed between two or more key reference samples located at
predetermined positions among the reference samples for generating interpolated reference
samples, and the intra-picture prediction signal is generated by extrapolating the interpolated

reference samples based on the intra prediction mode.

NTT DOCOMO, INC.

Patent Attorneys for the Applicant

SPRUSON & FERGUSON

P137034/10897806



FP12-0731-00

117

NV.._ il Ve
NI EIR B | Avowaw
*| 4001 N IETTNE N \monﬁwmwu
\ Gl YOLT| NOILDIGTYd
an <
| Avowaw N
N 1 M00714 g
0L~ )« dqoi i 7 A3
clLl
6011
50 |~ HFNHOISNVYL N ?
ISHIANI oL
3017~ O 1
coL 1
| yFzinvne
801 " 3gdanni
Y —
MMMMWHM < | HIZLLNVNO k¢ s HIWHOISNVHL +
f 2017 J 9011 f GOl col AV A
LLL £0L a0l

_—€0l

101
¥3ang
%0074
f LOL1
c0l

LBi4



FP12-0731-00

2117

L0¢
\
| AHOWIW . »
ToFWvdd |\ T|HOLYHENED
1027 TYNDIS
NOLLOIa3¥d
AHOWINW g |_—80¢
plologis N
a gLeT
Gle
——60¢1 —80¢1 90¢1—
902 | vz 10T
muA SETNE R P (£ HAWHOASNYYL Y3ZILINVYND| YIZATYNY
) do01 | ISgIN 3ASYIAANI [ viva
60¢1 S0 €0cl c0¢1 1021
f 502 ! ) )
60Z v0c €0z c0c

Z'bi4



FP12-0731-00

317

Fig.3
{ START )

BY PADDING PROCESS)

DERIVE REFERENCE SAMPLES reflx]  |__54q
(MISSING PIXELS ARE SUBSTITUTED

CALCULATE VALUES OF

Interpolate_Above AND Interpolate_Left

—— 560

TWO CONDITIONS
ARE SATISFIED?
-BLOCK SIZE>= M
- Interpolate_Above==true &&
Interpolate_Left==true

_YES

520

530 540
Y ~ Y ~
APPLY BILINEAR INTERPOLATION APPLY INTRA SMOOTHING
PROCESS TO PROCESS TO
REFERENCE SAMPLES ref[x] REFERENCE SAMPLES ref[x]
ESTIMATE INTRA PREDICTION —— 550

SAMPLES BY EXTRAPQOLATION

END




FP12-0731-00

A7

aN=

049
)

NOILVICdYd1X3 A9 SFT1dNVS
NOILDIGZHd VELINI A1IVINILLSH

(L-N¥ o1 L+Nz=1)[1] 18!
STTHNVYS ONTYISTY OL
$S3004d ONIHLOONS

(1-NZ o1 L=h[I+Nz] 10!
ST1dNVS IDONFHI4TY OL
SS300Yd NOILYT1OdYALNI

I

(L-N¥ 03 L.=1)[1] Jou
SITdINVS IONIFHIJTH OL
SSID0Ud ONIHLOONS VHLINI AlddY

2, enil ==ya1 e1ejodisiy]
|| ennj==on0qQy 9)e|odiaLi]-
LN =< 3ZIS A0 -

029 989

ueT orejodiaiu] ANV 8A0qY  Slejodisiu|
40 SANTVA ILVINDIVD

(853004d ONIAAVd Ad
a3.LN1ILSANS FHY STIXId ONISSIN)
[xlja! S3TdNYS IONIHI4TH FAIKIA

VHLNI ATddY
~

GG%

HVANITIE A1ddV
%

0469

(SNf)==
aA0qy ajejodiaiul)
¢SNOILIANOD NOULY10dY3LINI

ON

HYINIIG AJSILYS STTdWVS
JONIYH 4T ddddN

-
o

(1-Nz o3 L=h 1] you [1)eu
ST 14AVYS IONIY34IH OL
$S300Hd DONIHLOOWS

(1-Nz 01 L=1)[1] you [I]o4
ST TdINYS IONTHIATH OL
SS3008d NOILY1OdHd3LNI

VHLNI ATddY
%

Ge9

YvANITIE AlddV
~

0e9

{an] ==
ua7 sejodiap))
¢SNOILIANOD NOILLYTOdH3LNI

ON

HYANITIE A4SILYS STTdNVS
JONIHF43Y 14d]

GC9

0L9

7

AIE



FP12-0731-00

5/17
Fig.5
30
CPU ~—26
WORKING
14~ MEMORY
DISPLAY 18
16— MEMORY
MOUSE 20
RECORDING
10—  MEDIUM
KEYBOARD  [~22
READER
\ COMMUNICATION |
DEVICE [ 24

12




FFR12-0731-00

617

Fig.6

2S2
ﬁmf;

20



FP12-0731-00

77

+~—09¢

0G¢ —

@ (0] Jo!
®
®
@
~—0.

® Z
®
@
®

~— al

oLzt ” [NI4
®
NXN .
@
®
@
IN¥] @}-000000000/0.0.000_0/

[NElJau [NZ] Jo

} ]
( {
0¥z 0€2
N
02z

YAIE]



FP12-0731-00

8/17
Fig.8

{ START )

DERIVE REFERENCE SAMPLES refix]
(MISSING PIXELS ARE SUBSTITUTED
BY PADDING PROCESS)

—310

APPLY INTRA SMOOTHING PROCESS
TO REFERENCE SAMPLES ref[x]

—~—320

PREDICT INTRA PREDICTION SAMPLES
BY EXTRAPOLATIONS

—~ 330

END



FP12-0731-00

917

0cy -

. 5 U S

0Lv

0cy

Y
sonjeA sjdweg

6614



FP12-0731-00

10/17

¢0L—

074

90.

)

(AIN) 202

/

GOL

/

€0.

(V)

oL61d4



FP12-0731-00

11/17

1= =2

Hlol4]2|alolglv

f (dn-jejuozioy) g
L8

= =[x

FIBRIEIEI I RIEIR

f (uBLi-|eoiuan) g
LLg

///// 1
/// M
T
908 //,,VV .
|
I

cmms_

Hol4{3]alolalv
\ (0a)z
G08

@ﬁ@l\l/ /// /z/. N

N

AR ANAN N
AN

[H[o]a]|3|a|olalv

§—i“>!_|

f (Yo|-|eDIHaA) £
GLg

FIRIEIEl:

§—|—3¥_||

J:r_m:-cgon |eucBelp

608

Ly

4

Hlol4[3|alolalV

=1 —J|>¢|..JJ

\ (1ewuozuoy) |
£08

(H)

()

AR

n\;/ NI
NN
%y//

vi8

MBIEIEIREIEIY

2——;55__1|

/ (umop-|euoziioy)
€L8

808—"

9

FBIEIEIRIBRIEIR

Sl—im N

ﬂtm_-ca,o_u [euoBelp) ¢

108

N
AN
AN

S
LA

EIBIEIEIEIBRIEIL

=[=[>lx(]

) (leonsen)
108

(@)

()

LLBI4



FP12-0731-00

12117

~09¢

0.2 18—[0] Jo1
®
®
@
®
@
®
o [N]
[ @—[N] Ja
062 ®
® ]
@
NN | @
@
®
@
ﬁeoo@ & [Ng] el
[NE] so1 ™
g v [2/N-+Nzl sl
A ﬁ
ove 0ee
—
022

ZL b4



FP12-0731-00

13/17

Fig.13
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