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(57) Abstract: A linear interpolation filter used for intra-prediction is applied to not only a luminance signal, but also a chrominance
signal. A noise like contouring, which may occur in the chrominance signal, is reduced by performing control independently on the
chrominance signal. Also, only a square block has been supported in related art. However, a rectangular block is also supported. Ac-
cordingly, 4:2:2 can be applied.
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Description

Title of Invention: IMAGE CODING DEVICE, IMAGE CODING
METHOD, PROGRAM THEREOF, IMAGE DECODING
DEVICE, IMAGE DECODING METHOD, AND PROGRAM

[0001]

[0002]

[0003]

[0004]

THEREOF
Technical Field

The present invention relates to an image coding device, an image coding method, a
program thereof, an image decoding device, an image decoding method, and a program
thereof. In particular, the invention relates to a coding method and a decoding method
each of which performs linear-interpolation processing on a pixel which is referenced

during intra-prediction of a chrominance signal.

Background Art

In recent years, working on promoting international standardization of a highly
efficient coding scheme as a successor to H.264/MPEG-4 Part 10 Advanced Video
Coding (H.264/MPEG-4 AVC, hereinafter, called H.264) has been started. Owing to
this, Joint Collaborative Team on Video Coding (JCT-VC) has been established
between International Organization for Standardization (ISO)/ International Elec-
trotechnical Commission (IEC) and International Telecommunication Union Telecom-
munication Standardization Sector (ITU-T). JCT-VC advances standardization of High
Efficiency Video Coding scheme (hereinafter, called HEVC).

For standardization of HEVC, various coding tools have been developed, and high
coding efficiencies have been provided. In particular, HEVC provides coding on the
large block basis, such as a block of 32x32 pixels, as compared with conventional
H.264. Hence, HEVC can markedly improve the coding efficiency. In HEVC, the
number of modes for intra-prediction is increased, and further highly efficient coding
can be performed. For reference pixels of the intra-prediction, to improve the coding
efficiency, three-tap filter processing may be performed on the reference pixels, as
reference-pixel correction processing, in accordance with the prediction mode.

However, since the size of processing block is large, a new problem arises in which
propagation of a noise such as contouring may become noticeable in a flat portion of
an intra-coding frame. To address this problem, reference-pixel linear-interpolation
processing in which coding is performed on a unit of large block such as a 32x32 block
has been proposed (See NPL 1). That is, if coded or decoded neighboring luminance
pixel values of a block being coded does not have a large gap in pixel values, linear-

interpolation processing is performed as the reference-pixel correction processing to
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[0005]

[0006]

[0007]

obtain a smooth monotone gradient. Accordingly, the block being coded is predicted
with reference to the pixel value with the monotone gradient. The linear-interpolation
processing is described in detail in NPL 1. Referring to NPL 1, a change in pixel value
is judged by using 1x65 pixels in an upper portion and 65x1 pixels in a left portion of
the 32x32 block of the luminance signal. If a rapid change is not present as the result of
judgment, pixel values at both ends of 1x65 pixels or both ends of 65x1 pixels are
used, weighted average values are calculated in accordance with the distance between
the pixel values, and the calculated values serves as pixel values of 63 pixels in-
between. With this linear-interpolation processing, the luminance decoded pixel values

have a smooth gradient, and a noise such as contouring can be reduced.
Referring to NPL 2, the reference-pixel linear-interpolation processing is applied

only to the luminance signal. Also, a condition, in which the block size of the
luminance signal is 32x32 or larger, is added to the criterion for application of the
reference-pixel linear-interpolation processing. At this time, a block with a smooth
gradient is reproduced by the reference-pixel linear-interpolation processing for the
luminance; however, a noise such as contouring remains in chrominance. Hence,
degradation in image quality occurs. Also, Main profile defined in NPL 1 supports an
image with luminance and chrominance signals being 4:2:0. Hence, in case of
expansion to 4:4:4 or the like, the luminance and chrominance signals have the same
block size. However, since the processing is applied only to the luminance, a noise
such as contouring may become noticeable. Further, with H.264, in addition to the
combination of luminance and chrominance signals, three primary colors of red, green,
blue (RGB) may be used as appropriate signals and may be coded. When a similar
function is provided by HEVC, the reference-pixel linear-interpolation processing is
performed on only one of the three primary colors. Hence, the processed color does not
match other two colors. Also, in case of 4:2:2, the chrominance signal may form a
rectangular block, and hence the reference-pixel linear-interpolation processing may
not be performed since the processing only supports a square.
Citation List
Non Patent Literature
NPL 1: JCT-VC, contributed article, JCTVC-K0139.doc, Internet
<http://phenix.int-evry.fr/jct/doc_end_user/documents/11_Shanghai/wgl1/>
NPL 2: JCT-VC, contributed article, JCTVC-K1003_v9.doc, Internet
<http://phenix.int-evry.fr/jct/doc_end_user/documents/11_Shanghai/wgl1/>
Summary of Invention

To address the above-described problems, the invention provides an image decoding

device configured to decode coded data, which is generated by predicting a pixel value
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[0009]

[0010]

of a block being decoded from a pixel in the neighbor of the block being decoded, and
coding the pixel value. The image decoding device includes a decoding unit configured
to decode the coded data and reproduce a prediction error; a chrominance interpolation
unit configured to perform linear-interpolation processing on a chrominance signal of a
decoded pixel in the neighbor of the block being decoded; a chrominance interpolation
enable/disable information generating unit configured to generate chrominance inter-
polation enable/disable information representing whether or not the linear-interpolation
processing is performed on the decoded chrominance signal on the block basis; a
control unit configured to control the chrominance interpolation unit in accordance
with the chrominance interpolation enable/disable information; a chrominance-signal
predicting unit configured to predict a chrominance signal of the block being decoded
from a chrominance signal output from the chrominance interpolation unit or a
chrominance signal of the decoded pixel in the neighbor without the linear-in-
terpolation processing; and a reproducing unit configured to reproduce a pixel value of
the block being decoded from a result of the prediction for the chrominance signal and

the prediction error.
The invention also provides an image coding device configured to predict a pixel

value of a block being coded from a pixel in the neighbor of the block being coded,
and code the pixel value. The image coding device includes a chrominance inter-
polation unit configured to perform linear-interpolation processing on a coded
chrominance signal in the neighbor of the block being coded; a chrominance inter-
polation enable/disable information generating unit configured to generate
chrominance interpolation enable/disable information representing whether or not the
linear-interpolation processing is performed based on the coded chrominance signal on
the block basis; a control unit configured to control the chrominance interpolation unit
in accordance with the chrominance interpolation enable/disable information; a
chrominance-signal predicting unit configured to predict a chrominance signal of a
pixel of the block being coded from a chrominance signal output from the chrominance
interpolation unit or a coded chrominance signal in the neighbor without the linear-
interpolation processing; a calculating unit configured to calculate a prediction error
from a result of the prediction of the chrominance signal and a pixel value of the block
being coded; and a coding unit configured to code the prediction error and generate
coded data.

Further features of the present invention will become apparent from the following de-

scription of exemplary embodiments with reference to the attached drawings.
Brief Description of Drawings

[fig.1]Fig. 1 is a block diagram showing a configuration of an image coding device
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according to a first embodiment.

[fig.2]Fig. 2 is an illustration representing an example of a coding data format
according to the first embodiment.

[fig.3]Fig. 3 is a detailed block diagram of an intra-prediction unit in the image coding
device according to the first embodiment.

[fig.4A]Fig. 4A is an illustration representing a state of pixels used for reference-pixel
linear-interpolation according to the first embodiment.

[fig.4B]Fig. 4B is an illustration representing a state of pixels used for reference-pixel
linear-interpolation according to the first embodiment.

[fig.5]Fig. 5 is a flowchart representing a coding operation in the image coding device
according to the first embodiment.

[fig.6]Fig. 6 is a flowchart representing intra-prediction processing in the image coding
device according to the first embodiment.

[fig.7]Fig. 7 is a detailed block diagram of a modification of the intra-prediction unit in
the image coding device according to the first embodiment.

[fig.8]Fig. 8 is a block diagram showing a configuration of an image decoding device
according to a second embodiment.

[fig.9]Fig. 9 is a detailed block diagram of an intra-prediction unit in the image
decoding device according to the second embodiment.

[fig.10]Fig. 10 is a flowchart representing a decoding operation in the image decoding
device according to the second embodiment.

[fig.11A]Fig. 11A is a flowchart representing intra-prediction processing in the image
decoding device according to the second embodiment.

[fig.11B]Fig. 11B is the flowchart representing the intra-prediction processing in the
image decoding device according to the second embodiment.

[fig.12]Fig. 12 is an illustration representing an example of a coding data format
according to a third embodiment.

[fig.13]Fig. 13 is a detailed block diagram of an intra-prediction unit in an image
coding device according to the third embodiment.

[fig.14A]Fig. 14A is an illustration representing a state of pixels used for reference-
pixel linear-interpolation according to the third embodiment.

[fig.14B]Fig. 14B is an illustration representing a state of pixels used for reference-
pixel linear-interpolation according to the third embodiment.

[fig.15]Fig. 15 is a flowchart representing a coding operation in the image coding
device according to the third embodiment.

[fig.16]Fig. 16 is a flowchart representing intra-prediction processing in the image
coding device according to the third embodiment.

[fig.17]Fig. 17 is a detailed block diagram of an intra-prediction unit in an image
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decoding device according to a fourth embodiment.

[fig.18]Fig. 18 is a flowchart representing a decoding operation in the image decoding
device according to the fourth embodiment.

[fig.19]Fig. 19 is a flowchart representing intra-prediction processing in the image
decoding device according to the fourth embodiment.

[fig.20]Fig. 20 is an illustration representing an example of a coding data format
according to a fifth embodiment.

[fig.21]Fig. 21 is a detailed block diagram of an intra-prediction unit in an image
decoding device according to the fifth embodiment.

[fig.22]Fig. 22 is a flowchart representing a coding operation in the image coding
device according to the fifth embodiment.

[fig.23A]Fig. 23A is a flowchart representing intra-prediction processing in the image
coding device according to the fifth embodiment.

[fig.23B]Fig. 23B is the flowchart representing the intra-prediction processing in the
image coding device according to the fifth embodiment.

[fig.24]Fig. 24 is a detailed block diagram of an intra-prediction unit in an image
decoding device according to a sixth embodiment.

[fig.25]Fig. 25 is a flowchart representing a decoding operation in the image decoding
device according to the sixth embodiment.

[fig.26A]Fig. 26A is a flowchart representing intra-prediction processing in the image
decoding device according to the sixth embodiment.

[fig.26B]Fig. 26B is the flowchart representing the intra-prediction processing in the
image decoding device according to the sixth embodiment.

[fig.27]Fig. 27 is an illustration representing an example of a coding data format
according to a seventh embodiment.

[fig.28]Fig. 28 is a detailed block diagram of an intra-prediction unit in an image
coding device according to the seventh embodiment.

[fig.29]Fig. 29 is a flowchart representing a coding operation in the image coding
device according to the seventh embodiment.

[fig.30A]Fig. 30A is a flowchart representing intra-prediction processing in the image
coding device according to the seventh embodiment.

[fig.30B]Fig. 30B is the flowchart representing the intra-prediction processing in the
image coding device according to the seventh embodiment.

[fig.31]Fig. 31 is a detailed block diagram of an intra-prediction unit in an image
decoding device according to an eighth embodiment.

[fig.32]Fig. 32 is a flowchart representing a decoding operation in the image decoding
device according to the eighth embodiment.

[fig.33A]Fig. 33A is a flowchart representing intra-prediction processing in the image
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decoding device according to the eighth embodiment.
[fig.33B]Fig. 33B is the flowchart representing the intra-prediction processing in the
image decoding device according to the eighth embodiment.
[fig.34]Fig. 34 is an illustration representing an example of a coding data format
according to a ninth embodiment.
[fig.35]Fig. 35 is a detailed block diagram of an intra-prediction unit in an image
coding device according to the ninth embodiment.
[fig.36]Fig. 36 is a flowchart representing a coding operation in the image coding
device according to the ninth embodiment.
[fig.37]Fig. 37 is a detailed block diagram of an intra-prediction unit in an image
decoding device according to a tenth embodiment.
[fig.38]Fig. 38 is a flowchart representing a decoding operation in the image decoding
device according to the tenth embodiment.
[fig.39A]Fig. 39A is a flowchart representing intra-prediction processing in the image
decoding device according to the tenth embodiment.
[fig.39B]Fig. 39B is the flowchart representing the intra-prediction processing in the
image decoding device according to the tenth embodiment.
[fig.40]Fig. 40 is a detailed block diagram of an intra-prediction unit in an image
coding device according to an eleventh embodiment.
[fig.41A]Fig. 41A is a flowchart representing intra-prediction processing in the image
coding device according to the eleventh embodiment.
[fig.41B]Fig. 41B is the flowchart representing the intra-prediction processing in the
image coding device according to the eleventh embodiment.
[fig.42]Fig. 42 is a detailed block diagram of an intra-prediction unit in an image
decoding device according to a twelfth embodiment.
[fig.43A]Fig. 43A is a flowchart representing intra-prediction processing in the image
decoding device according to the twelfth embodiment.
[fig.43B]Fig. 43B is the flowchart representing the intra-prediction processing in the
image decoding device according to the twelfth embodiment.
[fig.44]Fig. 44 is a block diagram showing a hardware configuration example of a
computer that can be applied to an image coding device or an image decoding device
according to the invention.
Description of Embodiments

The invention of the subject application is described in detail below based on proper
embodiments with reference to the accompanying drawings. It is to be noted that con-
figurations described in the following embodiments are merely examples, and the

invention is not limited to the illustrated configurations.
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[0013]

First Embodiment

An embodiment of the invention is described below with reference to the drawings.
Fig. 1 is a block diagram showing an image coding device according to this em-
bodiment. In Fig. 1, an image input unit 101 reads image data from an external device.
In this embodiment, the image data is described as an image with luminance and
chrominance signals being 4:2:0. However, it is not limited thereto. A block dividing
unit 102 divides the read image data into blocks. In HEVC, the image data is first
divided into blocks each having 64x64 pixels, and, if required, each of the blocks is
divided into smaller blocks. A linear-interpolation enable/disable determining unit 103
sets whether reference-pixel linear-interpolation processing is enabled or disabled with
a luminance signal or a chrominance signal for a sequence, which is set by a user (not
shown) with use of this image coding device. Information representing whether the
reference-pixel linear-interpolation processing with the luminance signal is enabled or
disabled for the sequence to be coded is named luminance interpolation enable/disable
information. Also, information representing whether the reference-pixel linear-
interpolation processing with the chrominance signal is enabled or disabled is named
chrominance interpolation enable/disable information. A header coding unit 104
generates coded data of a header of a sequence and coded data of a header of each
frame. An intra-prediction unit 105 performs intra-prediction based on input block data
and coded data of pixels. An inter-prediction unit 106 performs inter-prediction using
motion compensation, based on input block data and coded data of pixels of a frame.

A prediction determining unit 107 determines whether the intra-prediction is
performed or the inter-prediction is performed from the result of the intra-prediction
unit 105 and the inter-prediction unit 106, and sets the determined prediction as a
coding mode. Further, in case of an intra-prediction coding mode, the prediction de-
termining unit 107 outputs a selected prediction mode and a prediction error. In case of
an inter-prediction coding mode, the prediction determining unit 107 outputs reference
information such as a motion vector, and a prediction error. A transforming/quantizing
unit 108 performs orthogonal transformation for the input prediction error to obtain an
orthogonal transformation coefficient, and quantizes the orthogonal transformation co-
efficient to calculate a quantization coefficient. An entropy coding unit 109 codes the
input prediction mode and reference information, and codes the quantization co-
efficient. The coding method is not particularly limited. For example, Huffman coding,
arithmetic coding, or Golomb coding may be used. A dequantizing/
inverse-transforming unit 112 performs an inverse operation of the transforming/
quantizing unit 108. That is, the dequantizing/inverse-transforming unit 112 receives
the quantization coefficient, performs dequantization to reproduce the orthogonal

transformation coefficient, and performs inverse orthogonal transformation to
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[0015]

[0016]

[0017]

reproduce the prediction error. A pixel reproducing unit 113 generates a prediction
pixel value with reference to the coded image based on the coding mode, the prediction
mode, and the like, adds the reproduced prediction error to the prediction pixel value,
and hence reproduces a pixel value of a decoded image. A frame memory 114 stores
the reproduced pixel value. An integrating unit 110 integrates the coded data output
from the header coding unit 104 and the coded data output from the entropy coding
unit 109 in accordance with a coding data format, and hence generates a bit stream. An
output unit 111 outputs the bit stream to an external device.

A coding operation of an image in the image coding device is described below. First,
before coding an image, the user (not shown) sets luminance interpolation enable/
disable information and chrominance interpolation enable/disable information with use
of the linear-interpolation enable/disable determining unit 103. The set luminance in-
terpolation enable/disable information and the set chrominance interpolation enable/
disable information are input to the header coding unit 104 and the intra-prediction unit
105. The header coding unit 104 codes attributes such as the type and size of the image
to be input, a coding profile, the luminance interpolation enable/disable information,
and the chrominance interpolation enable/disable information. The header coding unit
104 performs coding in accordance with the format of a sequence parameter set
including the above information, and generates a bit stream as shown in Fig. 2. The
luminance interpolation enable/disable information is coded as
strong_intra_smoothing_enable_flag. The chrominance interpolation enable/disable in-
formation is coded as strong_intra_smoothing_chroma_enable_flag. The coded data of
the header is input to the integrating unit 110, and is output from the output unit 111
before coding the image.

Then, coding for the image is performed. Image data is input from the image input
unit 101. The image data may be a still image or a video. In case of a still image, only
intra-prediction is performed, and the inter-prediction unit 106 is not operated. The
input image data is input to the block dividing unit 102 on the frame basis. The block
dividing unit 102 first divides the image data into blocks each having 64x64 pixels,
and, if required, divides each of the blocks into smaller blocks. The divided block and
the block size are input to the intra-prediction unit 105 and the inter-prediction unit
106.

The intra-prediction unit 105 performs intra-prediction with reference to a coded
neighboring pixel, and outputs an optimal intra-prediction mode, and a prediction error
which is the error as the result of the intra-prediction. Fig. 3 shows a detailed block
diagram of the intra-prediction unit 105.

In Fig. 3, an input unit 301 receives a luminance block size nT of a block to be coded

from the block dividing unit 102 in Fig. 1. An input unit 302 receives the luminance
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interpolation enable/disable information from the linear-interpolation enable/disable
determining unit 103 in Fig. 1. An input unit 303 receives coded pixel value to be
referenced for predicting a pixel of the block being coded, from the frame memory 114
in Fig. 1. Regarding the input reference-pixel value, a luminance signal is stored in a
memory 306, a first chrominance signal (Cb) is stored in a memory 307, and a second
chrominance signal (Cr) is stored in a memory 308. An input unit 304 receives the
chrominance interpolation enable/disable information. An input unit 305 receives a
pixel value of the block being coded from the block dividing unit 102 in Fig. 1.
Regarding the input pixel value of the block being coded, the luminance signal is
stored in a memory 325, the first chrominance signal (Cb) is stored in a memory 326,
and the second chrominance signal (Cr) is stored in a memory 327.

First, intra-prediction processing is described. A luminance reference-pixel
generation-method selecting unit 309 judges whether or not reference-pixel correction
processing is performed every intra-prediction mode based on the input block size nT
of the luminance signal. The relationship between the block size nT and the direction
of the intra-prediction may employ a method described in chapter 8.4.4.2.3 of NPL 2.
That is, if each intra-prediction mode is intraPredMode, a smaller one of an absolute
value obtained by subtracting 26 from intraPredMode and an absolute value obtained
by subtracting 10 from intraPredMode is calculated as minDistVerHor. This
minDistVerHor is compared with intraHorVerDistThresh[nT] defined in Table 1. If
minDistVerHor is larger than intraHorVerDistThresh[nT] shown in Table 1, the
reference-pixel correction processing of the luminance signal is performed. It is
assumed that a flag representing whether the reference-pixel correction processing of
each intra-prediction mode intraPredMode is performed or not is a reference-pixel
correction-processing enable/disable flag filterFlag[intraPredMode]. In this case, it is
assumed that the reference-pixel correction-processing enable/disable flag
filterFlag[Intra_DC] is O. If this value is 1 in each mode, the reference-pixel correction

processing of the luminance signal is performed. If this value is O, the processing is not

performed.
[Table 1]
nT=8 nT=16 nT=32
intraHorVerDistThresh[nT] 7 1 0

A luminance linear-interpolation enable/disable judging unit 310 receives whether
reference-pixel linear-interpolation processing of the luminance signal is enabled or
disabled, which is determined on the sequence basis, from the input unit 302. Also, the
luminance linear-interpolation enable/disable judging unit 310 receives the block size
nT of the luminance signal of the block being coded from the input unit 301 and a

pixel value of the luminance signal in the neighbor to be referenced from the memory
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306. For the luminance signal, the luminance linear-interpolation enable/disable
judging unit 310 determines whether the reference-pixel linear-interpolation processing
of the luminance signal of the block being coded is performed or not from the
luminance interpolation enable/disable information and the pixel value of the reference
pixel of the luminance signal of the block being coded. It is assumed that information
representing whether the reference-pixel linear-interpolation processing of the
luminance signal on the block basis is performed or not is a luminance linear-
interpolation processing flag bilntFlag. The value of the luminance linear-interpolation
processing flag is 1 if the reference-pixel linear-interpolation processing is performed
on the luminance signal, and the value is O if the processing is not performed. For
judgment with the pixel value of the reference pixel of the luminance signal of the
block being coded may employ a judgment method described in NPL 2. That is, if a
coordinate of an upper left corner of the block being coded is an origin (0, 0), the
luminance signal of a neighboring pixel to be referenced is Yp(x, y). Fig. 4A shows an
arrangement example of pixels of a luminance signal. Each block represents a pixel,
and a block of 32x32 pixels serves as a block being coded. At this time, if the
luminance interpolation enable/disable information represents the enable state, if the
block size nT of the luminance signal is 32, and if the following conditions are true,
Yp(-1, -1) + Yp(2*nT-1, -1) - 2*Yp(nT-1, -1) < Thl, and

Yp(-1, -1) + Yp(-1, 2*nT-1) - 2*Yp(-1, nT-1) < Th2 ... (1),

the luminance-signal linear-interpolation processing is performed, and the luminance
linear-interpolation processing flag bilntFlag is set at 1. When Th1 and Th2 are
thresholds and By is a bit depth of luminance, the following expressions are es-
tablished,

Thl =1 << (By-5), and

Th2 =1 << (By-35) ... (2),

where the thresholds Th1 and Th2 in this embodiment are each 8§, and a sign <<
represents a bit shift to the left.

If the luminance interpolation enable/disable information indicates the disable state,
if the block size nT of the luminance signal is other than 32, or if at least one of Ex-
pressions (1) is false, the linear-interpolation processing of the luminance signal is not
performed. At this time, the luminance linear-interpolation processing flag bilntFlag is
set at 0. The luminance linear-interpolation processing flag bilntFlag is input to a
selector 313.

A linear-interpolation unit 311 reads luminance neighboring reference pixel values of
the block being coded from the memory 306. If a read pixel value is Yp(x, y) and if a
pixel value after the linear-interpolation processing is Yp'(X, y), the values are obtained

as follows:
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Yp'(-1,-1) = Yp(-1, -1),
Yp'(63,-1)=Yp(63, -1),

Yp'(-1, 63) = Yp(-1, 63),

Yp'(x,-1) =Yp(-1, -1) + (x+1D)(Yp(63, -1) - Yp(-1, -1) + 32)>> 6 (where x =0 to 62),
and

Yp'(-1,y) =Yp(-1, -1) + (y+D(Yp(-1, 63) - Yp(-1, -1) + 32) >> 6 (where, y = 0 to 62)
-3,

where a sign >> represents a bit shift to the right.

A filter unit 312 reads the reference pixel value of the luminance signal in the
neighbor of the block being coded from the memory 306, performs three-tap filter
processing, and hence corrects the reference pixel value. The three-tap filter is
expressed as follows:

Yp'(63,-1) =Yp(63, -1),

Yp'(-1,63) = Yp(-1, 63),

Yp'(-1,-1) =(Yp(-1, 0) + 2*Yp(-1,-1) + Yp(0, -1) + 2) >> 2,

Yp'(x, -1) = (Yp(x-1, -1) + 2*Yp(x, -1) + Yp(x+1, -1) + 2) >> 2, and

Yp'(-1,y) = (Yp(-1, y+1) + 2*Yp(-1, y) + Yp(-1, y-1) + 2) >>2 ... (4).

The luminance signal after the linear-interpolation processing and the luminance
signal after the filter processing are input to the selector 313. If the luminance linear-
interpolation processing flag bilntFlag is 1, the selector 313 outputs the luminance
signal after the linear-interpolation processing by the linear-interpolation unit 311. In
contrast, if 0, the selector 313 outputs the luminance signal after the filter processing
by the filter unit 312. The reference pixel of the luminance signal after either of these
corrections is input to a luminance-signal prediction-mode determining unit 314.

The luminance-signal prediction-mode determining unit 314 receives the reference
pixel value of the luminance signal with the correction processing performed, from the
selector 313, and the reference pixel value without the correction processing, from the
memory 306. Also, the luminance-signal prediction-mode determining unit 314
receives filterFlag[0.. 34], which represents whether or not the reference-pixel
correction processing of the luminance signal is performed every prediction mode,
from the luminance reference-pixel generation-method selecting unit 309. Further, the
luminance-signal prediction-mode determining unit 314 receives the pixel value of the
luminance signal of the block being coded from the memory 325.

The luminance-signal prediction-mode determining unit 314 first calculates a
prediction error every intra-prediction mode. To calculate the prediction error, the
luminance-signal prediction-mode determining unit 314 selects whether the reference
pixel value with the reference-pixel correction processing performed is used or the

pixel value without the processing is used, as the reference pixel of the luminance
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signal, in accordance with filterFlag[0.. 34]. With use of the selected reference pixel
value of the luminance signal, a luminance-signal prediction pixel value is calculated
by using the reference pixel value according to the intra-prediction mode. The
calculated luminance-signal prediction pixel value is compared with the pixel value of
the block being coded, and the prediction error of the luminance signal is calculated.
Further, prediction errors of the luminance signal of respective intra-prediction modes
are compared, and a prediction mode that provides the smallest prediction error is used
as the intra-prediction mode of the luminance signal of the block being coded. The
intra-prediction mode of the luminance signal is input to the prediction determining
unit 107 in Fig. 1 through an output unit 315. Also, the smallest prediction error of the
luminance signal is output to the prediction determining unit 107 in Fig. 1 through an
output unit 316.

Intra-prediction processing of the chrominance signal is performed in parallel to the
intra-prediction processing of the luminance signal. A chrominance reference-pixel
generation-method selecting unit 317 judges whether or not reference-pixel correction
processing is performed every intra-prediction mode of the chrominance signal based
on the input block size nT of the luminance signal. In this embodiment, since the signal
is 4:2:0, the chrominance signal is a block of (nT/2)x(nT/2) pixels. That is, if each
intra-prediction mode of the chrominance signal is intraPredModeC, a smaller one of
an absolute value obtained by subtracting 26 from intraPredModeC and an absolute
value obtained by subtracting 10 from intraPredModeC is calculated as
minDistVerHor. This minDistVerHor is compared with intraHorVerDistThreshC[nT]
defined in Table 2. If minDistVerHor is larger than intraHorVerDistThreshC[nT]
shown in Table 2, the reference-pixel correction processing of the chrominance signal
is performed. It is assumed that a flag representing whether the reference-pixel
correction processing of the chrominance signal of each intra-prediction mode in-
traPredModeC is performed or not is a chrominance reference-pixel correction
processing enable/disable flag filterFlagC[intraPredModeC]. If the value of each intra-
prediction mode is 1, the reference-pixel correction processing of the chrominance
signal is performed. If this value is 0, the processing is not performed.

[Table 2]

nT=8 nT=16 nT=32
intraHorVerDistThreshClnT] 10 7 1

A chrominance linear-interpolation enable/disable judging unit 318 receives
chrominance interpolation enable/disable information determined on the sequence
basis from the input unit 304. Also, the chrominance linear-interpolation enable/disable
judging unit 318 receives the block size nT of the luminance signal of the block being

coded from the input unit 301. Further, the chrominance linear-interpolation enable/
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disable judging unit 318 receives a pixel value of a chrominance signal (Cb) in the
neighbor to be referenced, from the memory 307, and a pixel value of a chrominance
signal (Cr) in the neighbor to be referenced, from the memory 308. For the
chrominance signal, the chrominance linear-interpolation enable/disable judging unit
318 determines whether the reference-pixel linear-interpolation processing of the
chrominance signal of the block being coded is performed or not from the chrominance
interpolation enable/disable information and the pixel value of the reference pixel of
the chrominance signal of the block being coded. It is assumed that information rep-
resenting whether the reference-pixel linear-interpolation processing of the
chrominance signal on the block basis is performed or not is a chrominance linear-
interpolation processing flag bilntFlagC. Judgment by the pixel value of the reference
pixel of the chrominance signal of the block being coded is described below. If a co-
ordinate of an upper left corner of the block being coded is an origin (0, 0), the
chrominance signal (Cb) of a neighboring pixel to be referenced is Cbp(x, y), and the
chrominance signal (Cr) of the neighboring pixel to be referenced is Crp(x, y). Fig. 4B
shows an arrangement example of pixels of a chrominance signal. Each block
represents a pixel, and a block of 16x16 pixels serves as a block being coded. At this
time, if the chrominance interpolation enable/disable information represents the enable
state, if the block size nT of the luminance signal is 32, and if all following conditions
are true,

Cbp(-1, -1) + Cbp(nT-1, -1) - 2*Cbp((nT/2-1), -1) < Thel,

Cbp(-1, -1) + Cbp(-1, nT-1) - 2*Cbp(-1, (nT/2-1)) < Thc2,

Crp(-1, -1) + Crp(nT-1, -1) - 2*Crp((nT/2-1), -1) < Thcl, and

Crp(-1, -1) + Crp(-1, nT-1) - 2*Crp(-1, (nT/2-1)) < The2 ... (5),

the chrominance signal (Cb, Cr) reference-pixel linear-interpolation processing is
performed, and the chrominance linear-interpolation processing flag bilntFlagC is set
at 1. When Th1l and Th2 are thresholds, and Bc is a bit depth of chrominance, the
following expressions are established,

Thel =1 << (Bc-5), and

The2 =1 << (Bc-95) ... (6),

where the thresholds Thcl and The?2 in this embodiment are each 8.

If the chrominance interpolation enable/disable information indicates the disable
state, if the block size nT of the luminance signal is other than 32, or at least one of Ex-
pressions (5) is false, the linear-interpolation processing of the chrominance signal is
not performed. At this time, the chrominance linear-interpolation processing flag bi-
IntFlagC is set at 0. The chrominance linear-interpolation processing flag bilntFlagC is
input to selectors 323 and 324.

A linear-interpolation unit 319 reads a reference pixel value of a chrominance signal
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(Cb) in the neighbor of the block being coded from the memory 307. If the read pixel
value is Cbp(x, y) and the pixel value after the linear-interpolation processing is
Cbp'(x, y), the values are obtained as follows:

Cbp'(-1, -1) =Cbp(-1, -1),

Cbp'(31, -1) =Cbp(31, -1),

Cbp'(-1, 31) = Cbp(-1, 31),

Cbp'(x, -1) = Cbp(-1, -1) + (x+1)(Cbp(31, -1) - Cbp(-1, -1) + 16) >> 5 (where, x =0 to
30), and

Cbp'(-1, y) = Cbp(-1, -1) + (y+1)(Cbp(-1, 31) - Cbp(-1, -1) + 16) >> 5 (where, y =0 to
30) ... (7).

Similarly, a linear-interpolation unit 320 reads a reference pixel value of a
chrominance signal (Cr) in the neighbor of the block being coded from the memory
308. If the read pixel value is Crp(x, y) and the pixel value after the linear-interpolation
processing is Crp'(x, y), the values are obtained as follows:

Crp'(-1, -1) =Crp(-1, -1),

Crp'(31, -1) =Crp(31, -1),

Crp'(-1, 31) = Crp(-1, 31),

Crp'(x, -1) = Crp(-1, -1) + (x+1)(Crp(31, -1) - Crp(-1, -1) + 16) >> 5 (where x =0 to
30), and

Crp'(-1, y) = Crp(-1, -1) + (y+1)(Crp(-1, 31) - Crp(-1, -1) + 16) >> S(where y =0 to
30) ... (8).

A filter unit 321 reads the reference pixel value of the chrominance signal (Cb) in the
neighbor of the block being coded from the memory 307, performs three-tap filter
processing, and hence corrects the reference pixel value of the chrominance signal
(Cb). Similarly, a filter unit 322 reads the reference pixel value of the chrominance
signal (Cr) in the neighbor of the block being coded from the memory 308, performs
three-tap filter processing, and hence corrects the reference pixel value of the
chrominance signal (Cr).

The chrominance signal (Cb) after the linear-interpolation processing and the
chrominance signal (Cb) after the filter processing are input to the selector 323. If the
chrominance linear-interpolation processing flag bilntFlagC is 1, the selector 323
outputs the chrominance signal (Cb) after the linear-interpolation processing by the
linear-interpolation unit 319. In contrast, if 0, the selector 323 outputs the chrominance
signal (Cb) after the filter processing by the filter unit 321. The reference pixel of the
chrominance signal (Cb) after either of these corrections is input to a chrominance-
signal prediction-mode determining unit 328. Similarly, the chrominance signal (Cr)
after the linear-interpolation processing and the chrominance signal (Cr) after the filter

processing are input to the selector 324. If the chrominance linear-interpolation
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processing flag bilntFlagC is 1, the selector 324 outputs the chrominance signal (Cr)
after the linear-interpolation processing by the linear-interpolation unit 320. In
contrast, if 0, the selector 324 outputs the chrominance signal (Cr) after the filter
processing by the filter unit 322. The reference pixel of the chrominance signal (Cr)
after either of these corrections is input to the chrominance-signal prediction-mode de-
termining unit 328.

The chrominance-signal prediction-mode determining unit 328 receives the reference
pixel value of the chrominance signal (Cb) with the correction processing performed,
from the selector 323, and the reference pixel value of the chrominance signal (Cb)
without the correction processing, from the memory 307. The chrominance-signal
prediction-mode determining unit 328 receives the reference pixel value of the
chrominance signal (Cr) with the correction processing performed, from the selector
324, and the reference pixel value of the chrominance signal (Cr) without the
correction processing, from the memory 308. Also, the chrominance-signal prediction-
mode determining unit 328 receives filterFlagC[0.. 34], which represents whether or
not the reference-pixel correction processing of the chrominance signal is performed
every prediction mode, from the chrominance reference-pixel generation-method
selecting unit 317. Further, the chrominance-signal prediction-mode determining unit
328 receives the pixel value of the chrominance signal (Cb) of the block being coded
from the memory 326, and the pixel value of the chrominance signal (Cr) of the block
being coded from the memory 327.

The chrominance-signal prediction-mode determining unit 328 first calculates a
prediction error every intra-prediction mode. To calculate the prediction error, the
chrominance-signal prediction-mode determining unit 328 selects whether the
reference pixel values with the reference-pixel correction processing performed are
used or the pixel values without the processing are used, as the reference pixels of the
chrominance signal (Cb) and the chrominance signal (Cr), in accordance with fil-
terFlagC[0.. 34]. By using the selected reference pixel values of the chrominance
signal (Cb) and the chrominance signal (Cr), the chrominance-signal prediction-mode
determining unit 328 calculates a prediction pixel value of the chrominance signal (Cb)
and a prediction pixel value of the chrominance signal (Cr) according to the intra-
prediction mode. The calculated prediction pixel value of the chrominance signal (Cb)
and the calculated prediction pixel value of the chrominance signal (Cr) are compared,
and a prediction mode that provides the smallest prediction errors are used as the intra-
prediction mode of the chrominance signal of the block being coded. The comparing
method is not particularly limited; however, the sums of absolute values of the
prediction errors of the chrominance signal (Cb) and the prediction errors of the

chrominance signal (Cr) in the respective intra-prediction modes may be compared.
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The intra-prediction mode of the chrominance signal is input to the prediction de-
termining unit 107 in Fig. 1 through an output unit 329. Also, the smallest prediction
errors of the chrominance signal (Cb) and the chrominance signal (Cr) are output to the
prediction determining unit 107 in Fig. 1 through an output unit 330.

Referring back to Fig. 1, the calculated prediction errors of the luminance signal and
the respective chrominance signals are input to the prediction determining unit 107.
Also, the inter-prediction unit 106 reads the pixel value of the block being coded and
the coded pixel value from the frame memory 114, and obtains a prediction error if the
inter-prediction is performed by the motion compensation, and reference information,
such as a motion vector and reference frame information. These are also input to the
prediction determining unit 107.

The prediction determining unit 107 determines a coding mode in accordance with
the information such as the prediction error input from the intra-prediction unit 105
and the inter-prediction unit 106, and outputs the coding mode to the entropy coding
unit 109. The coding mode includes information required for prediction. That is, an
intra-prediction coding mode includes an intra-prediction mode, and an inter-prediction
coding mode includes reference information. Also, a prediction error of the selected
coding mode is selected, and is output to the transforming/quantizing unit 108. The
transforming/quantizing unit 108 performs orthogonal transformation on the input
prediction errors of the respective signals and performs quantization to calculate quan-
tization coefficients of the respective signals. The calculated quantization coefficients
are input to the entropy coding unit 109 and the dequantizing/inverse-transforming unit
112. The entropy coding unit 109 codes information relating to the input block size of
the block being coded, and the coding mode, codes the quantization coefficients of the
prediction errors, and hence obtains coded data. The obtained coded data is input to the
integrating unit 110, is integrated in accordance with the coding data format, and
generates a bit stream. The generated bit stream is output from the output unit 111.

Meanwhile, the quantization coefficients input to the dequantizing/
inverse-transforming unit 112 reproduce the prediction errors of the respective signals
through dequantization and inverse-transformation. The reproduced prediction errors
of the respective signals are input to the pixel reproducing unit 113. The pixel re-
producing unit 113 generates prediction pixel values of the respective signals with
reference to images of the coded respective signals based on the coding mode. The
generated prediction pixel values of the respective signals are added to the reproduced
prediction errors of the respective signals, and pixel values of a decoded image are re-
produced. The reproduced image data is stored in the frame memory 114.

Fig. 5 is a flowchart representing coding processing in the image coding device

according to the first embodiment.
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In step S501, the linear-interpolation enable/disable determining unit 103 sets
luminance interpolation enable/disable information. In step S502, the linear-in-
terpolation enable/disable determining unit 103 sets chrominance interpolation enable/
disable information. In step S503, the header coding unit 104 codes a sequence header.
At this time, luminance interpolation enable/disable information
strong_intra_smoothing_enable_flag is coded. Then, chrominance interpolation
enable/disable information strong_intra_smoothing_chroma_enable_flag is coded. In
step S504, the coding device inputs a single frame of image data to be coded. In step
S505, the block dividing unit 102 first divides the input image data into blocks of
64x64 pixels, and, if required, further divides each of the blocks into smaller blocks.

In step S506, the intra-prediction unit 105 performs intra-prediction processing. Fig.
6 is a flowchart expressing a detailed operation of the intra-prediction processing.

First, processing for a luminance signal is performed. In step S601, the luminance
reference-pixel generation-method selecting unit 309 determines a reference-pixel
correction-processing enable/disable flag filterFlag[O .. 34] of the luminance signal ex-
pressing whether reference-pixel correction processing of each prediction mode of the
luminance signal is enabled or disabled. The reference-pixel correction-processing
enable/disable flag of the luminance signal is determined on the basis of the block size
nT of the luminance signal of the block being coded.

In step S602, the luminance linear-interpolation enable/disable judging unit 310
judges the luminance interpolation enable/disable information of the block being coded
set in step SS01. If the luminance interpolation enable/disable information is set at the
enable state, the process advances to step S603, and if not, the process advances to step
S5607. In step S603, the luminance linear-interpolation enable/disable judging unit 310
judges whether or not the block size nT of the luminance signal of the block being
coded is 32, if 32, the process advances to step S604, and if not, the process advances
to step S607. In step S604, the luminance linear-interpolation enable/disable judging
unit 310 judges whether or not luminance-signal linear-interpolation processing is
performed in accordance with Expressions (1) using the luminance signal in the
neighbor, which is a reference pixel of the luminance signal of the block being coded.
If Expressions (1) are true, the process advances to step S605, and if not, the process
advances to step S607.

In step S605, the luminance linear-interpolation enable/disable judging unit 310 sets
a luminance linear-interpolation processing flag bilntFlag at 1 to perform reference-
pixel linear-interpolation processing. In step S606, the linear-interpolation unit 311
performs the reference-pixel linear-interpolation processing on the pixel value in the
neighbor for performing intra-prediction of the luminance signal of the block being
coded.
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In step S607, the luminance linear-interpolation enable/disable judging unit 310 sets
the luminance linear-interpolation processing flag bilntFlag at O not to perform the
reference-pixel linear-interpolation processing. In step S608, the filter unit 312
performs the filter processing on the pixel value in the neighbor for performing the
intra-prediction of the luminance signal of the block being coded.

In step S609, the luminance-signal prediction-mode determining unit 314 calculates
prediction errors of a luminance signal in respective prediction modes. In step S610,
the luminance-signal prediction-mode determining unit 314 compares the prediction
errors of the luminance signal in the respective intra-prediction modes, and determines
an intra-prediction mode with the smallest prediction error as an intra-prediction mode
of the luminance signal of the block being coded. Also, the smallest prediction error is
used as the prediction error of the luminance signal of the block being coded.

Then, processing for a chrominance signal is performed. In step S611, the
chrominance reference-pixel generation-method selecting unit 317 determines a
chrominance reference-pixel correction-processing enable/disable flag filterFlagC[O ..
34] of the chrominance signal expressing whether reference-pixel correction
processing of each intra-prediction mode of the chrominance signal is enabled or
disabled. The chrominance reference-pixel correction-processing enable/disable flag of
the chrominance signal is determined on the basis of the block size nT of the
luminance signal of the block being coded.

In step S612, the chrominance linear-interpolation enable/disable judging unit 318
judges the chrominance interpolation enable/disable information set in step S502. If the
chrominance interpolation enable/disable information is set at the enable state, the
process advances to step S613, and if not, the process advances to step S617. In step
5613, the chrominance linear-interpolation enable/disable judging unit 318 judges
whether or not the block size nT of the luminance signal of the block being coded is
32, if 32, the process advances to step S614, and if not, the process advances to step
S617. In step S614, the chrominance linear-interpolation enable/disable judging unit
318 judges whether or not reference-pixel linear-interpolation processing of the
chrominance signal is performed in accordance with Expressions (5) using the
chrominance signal in the neighbor, which is a reference pixel of the chrominance
signal of the block being coded. If all Expressions (5) are true, the process advances to
step S615, and if not, the process advances to step S617.

In step S615, the chrominance linear-interpolation enable/disable judging unit 318
sets a chrominance linear-interpolation processing flag bilntFlagC at 1 to perform the
reference-pixel linear-interpolation processing of the chrominance signal. In step S616,
the linear-interpolation unit 319 and the linear-interpolation unit 320 perform the

linear-interpolation processing on the pixel value in the neighbor for performing intra-
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prediction of the chrominance signal of the block being coded.

In step S617, the chrominance linear-interpolation enable/disable judging unit 318
sets the chrominance linear-interpolation processing flag bilntFlagC at O not to
perform the reference-pixel linear-interpolation processing of the chrominance signal.
In step S618, the filter unit 321 and the filter unit 322 perform the filter processing on
the pixel values in the neighbor for performing the intra-prediction of the chrominance
signal of the block being coded.

In step S619, the chrominance-signal prediction-mode determining unit 328
calculates prediction errors of the chrominance signal in respective prediction modes.
In step S620, the chrominance-signal prediction-mode determining unit 328 compares
the prediction errors of the chrominance signal in the respective intra-prediction
modes, and determines an intra-prediction mode with the smallest prediction error as
an intra-prediction mode of the chrominance signal of the block being coded. Also, the
smallest prediction error is used as the prediction error of the chrominance signal of the
block being coded.

Referring back to Fig. 5, in step S507, the inter-prediction unit 106 performs motion
compensation on the block being coded with reference to image data of other frame,
and performs inter-prediction. In step S508, the prediction determining unit 107 de-
termines the coding mode based on the result of the intra-prediction in step S506 and
the result of the inter-prediction in step S507. In step S509, the entropy coding unit 109
codes the coding mode. In step S510, the transforming/quantizing unit 108 performs
orthogonal transformation and quantization on the prediction error when the coding
mode is selected, to calculate a quantization coefficient. In step S511, the entropy
coding unit 109 performs entropy coding on the obtained quantization coefficient of
each signal. In step S512, the integrating unit 110 integrates respective pieces of the
coded data, generates a bit stream, and outputs the bit stream. In step S513, the de-
quantizing/inverse-transforming unit 112 dequantizes the quantization coefficient
calculated in step S510, performs inverse transformation, and reproduces the prediction
error. In step S514, the pixel reproducing unit 113 performs prediction based on the
coding mode determined in step S508, obtains a prediction image, reproduces an image
in accordance with the prediction error reproduced in step S513, and outputs the image
to the frame memory 114. In step S515, the coding device judges whether or not the
coding processing is completed for all divided blocks. If processing on all blocks is
completed, the process advances to step S516. If not, the next block is input in step
S505. In step S516, the coding device judges whether or not the coding processing is
completed for all frames. If the coding processing on all frames is not completed,
image data of the next frame is input in step S504. If the coding processing on all

frames is completed, the coding processing is ended.
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With the above-described configurations and operations, in the image coding, the
linear-interpolation processing can be performed on the reference pixel of the intra-
prediction of the chrominance signal in addition to the luminance signal. A noise like
contouring in chrominance is reduced. Since it can be determined whether the
reference-pixel linear-interpolation processing of the chrominance signal is enabled or
disabled, regardless of the enable/disable state of the reference-pixel linear-in-
terpolation processing of the luminance signal, a noise generated only in chrominance
can be reduced.

This embodiment is described that an image signal is 4:2:0, and a pixel includes 8
bits. However, it is not limited thereto. For example, an image signal may be 4:2:2 or
4:4:4, and a pixel of image data may include 10 bits. Also, this embodiment is
described that the maximum size of a divided block is 64x64 pixels, and the block size
for performing the linear-interpolation processing is 32x32 pixels. However, it is not
limited thereto. Also, the block is not limited to a square block, and may be a
rectangular block.

Also, the luminance linear-interpolation processing flag bilntFlag and the
chrominance linear-interpolation processing flag bilntFlagC are each a one-bit signal.
However, it is not limited thereto. As shown in Fig. 7, the signal may be a signal for
switching a plurality of linear-interpolation units. That is, a luminance linear-in-
terpolation enable/disable judging unit 710 may make judgment to select one of the
linear-interpolation unit 311 and an interpolation unit 711 with a different method of
interpolation processing, as the linear-interpolation processing of the luminance signal.
A selector 713 selects one of inputs of the filter unit 312, the linear-interpolation unit
311, and the interpolation unit 711, and inputs the selected input to the luminance-
signal prediction-mode determining unit 314. This is similarly applied to chrominance.
A chrominance linear-interpolation enable/disable judging unit 718 may make
judgment to select one of the linear-interpolation unit 319 and an interpolation unit 719
with a different method of interpolation processing, and one of the linear-interpolation
unit 320 and an interpolation unit 720 with a different method of interpolation
processing. A selector 723 selects one of inputs of the filter unit 321, the linear-
interpolation unit 319, and the interpolation unit 719, and inputs the selected input to
the chrominance-signal prediction-mode determining unit 328. A selector 724 selects
one of inputs of the filter unit 322, the linear-interpolation unit 320, and the inter-
polation unit 720, and inputs the selected input to the chrominance-signal prediction-
mode determining unit 328. Accordingly, optimal linear interpolation can be applied.

In this embodiment, intraHorVerDistThreshC[nT] of the chrominance signal is de-
termined in accordance with the block size nT of the luminance signal, as shown in
Table 2. However, it is not limited thereto, and intraHorVerDistThreshC[nT] of the
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chrominance signal may be determined by using the block size of the chrominance
signal.
Second Embodiment

Fig. 8 is a block diagram showing a configuration of an image decoding device
according to a second embodiment of the invention. In this embodiment, decoding of
the coded data generated in the first embodiment is described as an example.

An input unit 801 reads the bit stream generated in the first embodiment. A
separating unit 802 separates coded data of a header and coded data of each block from
the input bit stream. A header decoding unit 803 decodes the separated coded data of
the header, and decodes information required for decoding, such as the size of an
image. Also, the header decoding unit 803 decodes
strong_intra_smoothing_enable_flag representing the luminance interpolation enable/
disable information. Further, the header decoding unit 803 decodes
strong_intra_smoothing_chroma_enable_flag representing the chrominance inter-
polation enable/disable information.

A linear-interpolation enable/disable setting unit 804 sets whether linear-inter-
polation processing is enabled or disabled in the entire sequence of each signal from
these pieces of information. An entropy decoding unit 805 decodes coded data on the
block basis. The entropy decoding unit 805 decodes a coding mode and information
required for prediction, and decodes a quantization coefficient of a prediction error of
each signal. An intra-prediction unit 806 performs intra-prediction by using decoded
neighboring pixel value from the obtained intra-prediction mode of the luminance
signal and the obtained intra-prediction mode of the chrominance signal, and calculates
a prediction pixel value. An inter-prediction unit 807 performs prediction through
motion compensation by using the decoded pixel value of a frame from reference in-
formation, such as a motion vector and reference frame information, obtained through
decoding, and calculates a prediction pixel value of the luminance signal and a
prediction pixel value of the chrominance signal. A dequantizing/inverse-transforming
unit 808 receives the quantization coefficient, performs dequantization to reproduce an
orthogonal transformation coefficient, and performs inverse orthogonal transformation
to reproduce a prediction error of the luminance signal and a prediction error of the
chrominance signal. A pixel reproducing unit 809 adds the input prediction pixel value
of the luminance signal to the reproduced prediction error of the luminance signal to
reproduce a pixel value of the luminance signal of a decoded image. Simultaneously,
the pixel reproducing unit 809 adds the input prediction pixel value of the chrominance
signal to the reproduced prediction error of the chrominance signal to reproduce a pixel
value of the chrominance signal of the decoded image. The reproduced pixel values of

each block are output to a frame memory 811 and a block integrating unit 8§10. The
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frame memory 811 stores reproduced image data as reference pixels for prediction.
The block integrating unit 810 collects decoded image data on the block basis, and
generates an image on the frame basis. The frame memory 811 holds the decoded
image data, and provides the decoded image data as reference pixels for calculation of
various prediction pixel values. An image output unit 812 outputs the decoded and re-
produced image data to an external device.

A decoding operation of an image in the image decoding device is described below.
The input unit 801 receives a bit stream and inputs the bit stream to the separating unit
802. The separating unit 802 first separates coded data of a header of the bit stream,
and inputs the coded data to the header decoding unit 803. The header decoding unit
803 decodes attributes such as the type and size of an image to be decoded, a coding
profile, luminance interpolation enable/disable information, and chrominance inter-
polation enable/disable information. The luminance interpolation enable/disable in-
formation is the decoded result of strong_intra_smoothing_enable_flag shown in Fig.
2. The chrominance interpolation enable/disable information is the decoded result of
strong_intra_smoothing_chroma_enable_flag shown in Fig. 2. The luminance inter-
polation enable/disable information and the chrominance interpolation enable/disable
information are input to and held in the linear-interpolation enable/disable setting unit
804.

Then, the separating unit 802 inputs the coded data on the block basis to the entropy
decoding unit 805. The entropy decoding unit 805 decodes a coding mode, information
required for prediction, and information relating to the block size. Further, the entropy
decoding unit 805 decodes a quantization coefficient of a prediction error. The in-
formation required for prediction is input to the intra-prediction unit 806 and the inter-
prediction unit 807. Also, the quantization coefficient of the prediction error is input to
the dequantizing/inverse-transforming unit 808. The quantization coefficient input to
the dequantizing/inverse-transforming unit 808 reproduces a prediction error of each
signal through dequantization and inverse-transformation.

Meanwhile, the intra-prediction unit 806 receives the information required for
prediction, and performs intra-prediction. Fig. 9 shows a detailed block diagram of the
intra-prediction unit 806. An input unit 901 receives an intra-prediction mode in-
traPredMode of the luminance signal, which is information required for intra-
prediction of the luminance signal, from the entropy decoding unit 805 in Fig. 8. An
input unit 902 receives the luminance interpolation enable/disable information from the
linear-interpolation enable/disable setting unit 804 in Fig. 8. An input unit 903 receives
the block size of a block to be decoded from the entropy decoding unit 805 in Fig. 8.
An input unit 904 receives a pixel value to be referenced for predicting a pixel, which

is a decoded pixel and which is a pixel of a block being decoded, from the frame
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memory 811 in Fig. 8. An input unit 905 receives an intra-prediction mode in-
traPredModeC of the chrominance signal, which is information required for intra-
prediction of the chrominance signal, from the entropy decoding unit 805 in Fig. 8. An
input unit 906 receives the chrominance interpolation enable/disable information from
the linear-interpolation enable/disable setting unit 804 in Fig. 8. Memories 907, 908,
and 909 each receive a pixel value to be referenced for predicting a pixel, which is a
decoded pixel and which is a pixel of the block being decoded, from the frame memory
811 in Fig. 8. The memory 907 holds a pixel value of the luminance signal. The
memory 908 holds a pixel value of the chrominance signal (Cb). The memory 909
holds a pixel value of the chrominance signal (Cr).

A luminance linear-interpolation enable/disable judging unit 910 provides a function
similar to the function of the luminance linear-interpolation enable/disable judging unit
310 shown in Fig. 3. For the luminance signal, the luminance linear-interpolation
enable/disable judging unit 910 determines a luminance linear-interpolation processing
flag bilntFlag of the block being decoded from the luminance interpolation enable/
disable information and a pixel value of a reference pixel of the luminance signal of
the block being decoded. A linear-interpolation unit 911 functions similarly to the
linear-interpolation unit 311 in Fig. 3. A filter unit 912 functions similarly to the filter
unit 312 in Fig. 3. A selector 913 selects an input target in accordance with the
luminance linear-interpolation processing flag bilntFlag similarly to the selector 313
shown in Fig. 3. A luminance-signal predicting unit 914 generates a prediction pixel
value by using the intra-prediction mode intraPredMode of the luminance signal input
from the input unit 901, the output of the selector 913, and the output of the memory
907. An output unit 915 outputs the generated prediction pixel value of the luminance
signal to the pixel reproducing unit 809 in Fig. 8.

The chrominance linear-interpolation enable/disable judging unit 916 provides a
function similar to the function of the chrominance linear-interpolation enable/disable
judging unit 318 shown in Fig. 3. For the chrominance signal, the chrominance linear-
interpolation enable/disable judging unit 916 determines a chrominance linear-
interpolation processing flag bilntFlagC of the block being decoded from the
chrominance interpolation enable/disable information and a pixel value of a reference
pixel of the chrominance signal of the block being decoded. For the chrominance
signal (Cb), a linear-interpolation unit 917 functions similarly to the linear-in-
terpolation unit 319 in Fig. 3, and a filter unit 919 functions similarly to the filter unit
321 in Fig. 3. A selector 921 selects an input target in accordance with the
chrominance linear-interpolation processing flag bilntFlagC similarly to the selector
323 shown in Fig. 3. For the chrominance signal (Cr), a linear-interpolation unit 918

functions similarly to the linear-interpolation unit 320 in Fig. 3, and a filter unit 920
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functions similarly to the filter unit 322 in Fig. 3. A selector 922 selects an input target
in accordance with the chrominance linear-interpolation processing flag bilntFlagC
similarly to the selector 324 shown in Fig. 3. A chrominance-signal predicting unit 923
generates prediction pixel values of the chrominance signal (Cb) and the chrominance
signal (Cr) by using the intra-prediction mode of the chrominance signal input from the
input unit 905, the outputs of the selectors 921 and 922, and the outputs of the
memories 908 and 909. An output unit 924 outputs the generated prediction pixel
values of the chrominance signal (Cb) and the chrominance signal (Cr) to the pixel re-
producing unit 809 in Fig. 8.

With the above configuration, the luminance linear-interpolation enable/disable
judging unit 910 receives the luminance interpolation enable/disable information input
from the input unit 902, the block size input from the input unit 903, and the reference
pixel value of the luminance signal in the neighbor of the block being decoded input
from the memory 907. By using these values, the luminance linear-interpolation
enable/disable judging unit 910 calculates the luminance linear-interpolation
processing flag bilntFlag similarly to the luminance linear-interpolation enable/disable
judging unit 310. The linear-interpolation unit 911 reads the reference pixel value of
the luminance signal in the neighbor of the block being decoded from the memory 907,
and calculates the reference pixel value of the luminance signal after the linear-
interpolation processing by Expressions (3) similarly to the linear-interpolation unit
311. The filter unit 912 performs three-tap filter processing and corrects the reference
pixel value similarly to the filter unit 312. If the luminance linear-interpolation
processing flag bilntFlag is 1, the selector 913 outputs the luminance signal after the
linear-interpolation processing by the linear-interpolation unit 911. In contrast, if O, the
selector 913 outputs the luminance signal after the filter processing by the filter unit
912. The reference pixel of the luminance signal after either of these corrections is
input to the luminance-signal predicting unit 914.

The luminance-signal predicting unit 914 receives the reference pixel value of the
luminance signal after the reference-pixel correction processing input from the selector
913. Further the luminance-signal predicting unit 914 receives the intra-prediction
mode intraPredMode of the luminance signal input from the memory 907, and the
block size nT of the luminance signal of the block being decoded from the input unit
903. The luminance-signal predicting unit 914 first calculates minDistVerHor from the
input intraPredMode, similarly to the luminance reference-pixel generation-method
selecting unit 309. The luminance-signal predicting unit 914 compares the block size
nT of the luminance signal with intraHorVerDistThresh[nT] obtained from Table 1. If
minDistVerHor is larger than intraHorVerDistThresh[nT], the luminance-signal

predicting unit 914 performs the reference-pixel correction processing of the
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luminance signal, and performs intra-prediction in accordance with intraPredMode,
which is the output from the selector 913 and input as the reference pixel value.
Otherwise, the luminance-signal predicting unit 914 performs intra-prediction in ac-
cordance with intraPredMode by using the reference pixel value read from the memory
907. The prediction pixel value of the block being decoded obtained by the intra-
prediction is output from the output unit 915.

The chrominance linear-interpolation enable/disable judging unit 916 receives the
chrominance interpolation enable/disable information input from the input unit 906,
the block size input from the input unit 903, and the reference pixel values of the
chrominance signal in the neighbor of the block being decoded input from the
memories 908 and 909. By using these values, the chrominance linear-interpolation
enable/disable judging unit 916 calculates the chrominance linear-interpolation
processing flag bilntFlagC similarly to the chrominance linear-interpolation enable/
disable judging unit 318. The linear-interpolation unit 917 reads the reference pixel
value of the chrominance signal (Cb) in the neighbor of the block being decoded from
the memory 908, and calculates the reference pixel value of the chrominance signal
(Cb) after the linear-interpolation processing by Expressions (7) similarly to the linear-
interpolation unit 319.

The filter unit 919 performs three-tap filter processing and corrects the reference
pixel value of the chrominance signal (Cb) similarly to the filter unit 321. If the
chrominance linear-interpolation processing flag bilntFlagC is 1, the selector 921
outputs the chrominance signal (Cb) after the linear-interpolation processing by the
linear-interpolation unit 917. In contrast, if 0, the selector 921 outputs the chrominance
signal (Cb) after the filter processing by the filter unit 919. The reference pixel of the
chrominance signal (Cb) after either of these corrections is input to the chrominance-
signal predicting unit 923. Simultaneously, the linear-interpolation unit 918 reads the
reference pixel value of the chrominance signal (Cr) in the neighbor of the block being
decoded from the memory 909, and calculates the reference pixel value of the
chrominance signal (Cr) after the linear-interpolation processing by Expressions (8)
similarly to the linear-interpolation unit 320. The filter unit 920 performs three-tap
filter processing and corrects the reference pixel value of the chrominance signal (Cr)
similarly to the filter unit 322. If the chrominance linear-interpolation processing flag
bilntFlagC is 1, the selector 922 outputs the chrominance signal (Cr) after the linear-
interpolation processing by the linear-interpolation unit 918. In contrast, if O, the
selector 922 outputs the chrominance signal (Cr) after the filter processing by the filter
unit 920. The reference pixel of the chrominance signal (Cr) after either of these cor-
rections is input to the chrominance-signal predicting unit 923.

The chrominance-signal predicting unit 923 receives the reference pixel of the
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chrominance signal (Cb) after the reference-pixel correction processing input from the
selector 921, and the reference pixel of the chrominance signal (Cr) after the reference-
pixel correction processing input from the selector 922. Further the chrominance-signal
predicting unit 923 receives the intra-prediction mode intraPredModeC of the
chrominance signal input from the input unit 905, and the block size nT of the
chrominance signal of the block being decoded from the input unit 903. The
chrominance-signal predicting unit 923 calculates minDistVerHor from the input in-
traPredModeC and compares the block size nT with intraHorVerDistThreshC[nT]
obtained from Table 2, similarly to the chrominance-signal prediction-mode de-
termining unit 328. If minDistVerHor is larger than intraHorVerDistThreshC[nT], the
reference-pixel correction processing of the chrominance signal is performed. For the
chrominance signal (Cb), intra-prediction is performed in accordance with in-
traPredModeC, which is the output from the selector 921 and the input as the reference
pixel value. If minDistVerHor is small, the intra-prediction is performed in accordance
with intraPredModeC by using the reference pixel value read from the memory 908.
For the chrominance signal (Cr), similarly to the chrominance signal (Cb), if
minDistVerHor is larger than intraHorVerDistThreshC[nT], the chrominance-signal
predicting unit 923 performs intra-prediction in accordance with intraPredModeC,
which is the output from the selector 922 and input as the reference pixel value. If
minDistVerHor is small, intra-prediction is performed in accordance with in-
traPredModeC by using the reference pixel value read from the memory 909. The
prediction pixel value of the chrominance signal (Cb) and the prediction pixel value of
the chrominance signal (Cr) of the block being decoded obtained by the intra-
prediction are output from the output unit 924.

Referring back to Fig. 8, the calculated prediction pixel values of the luminance
signal and the respective chrominance signals are input to the pixel reproducing unit
809. Also, the inter-prediction unit 807 receives the reference information, such as the
motion vector and the reference frame information, obtained through decoding by the
entropy decoding unit 805. Also, the inter-prediction unit 807 receives the decoded
pixel value of the frame from the frame memory §11. The inter-prediction unit 8§07
performs prediction by using these pieces of information, calculates the prediction
pixel value of the luminance signal and the prediction pixel values of the chrominance
signals, and inputs the calculated values to the pixel reproducing unit 809. The pixel
reproducing unit 809 uses the prediction pixel value of the intra-prediction unit 806 for
pixel reproduction if the coding mode is the intra-prediction coding mode, according to
the coding mode decoded by the entropy decoding unit 805. Also, if the coding mode
is the inter-prediction coding mode, the pixel reproducing unit 809 uses the prediction

pixel value of the inter-prediction unit 807 for pixel reproduction. The pixel re-
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producing unit 809 reproduces the pixel value by using the input prediction pixel
values of the respective signals and the prediction errors of the respective signals re-
produced by the dequantizing/inverse-transforming unit 808. The reproduced pixel
values are input to the frame memory 811 and the block integrating unit 8§10. The
frame memory 811 stores reproduced image data as reference pixels for prediction.
The block integrating unit 810 generates image data on the frame basis from the image
data on the block basis, and outputs the image data to an external device.

Fig. 10 is a flowchart representing decoding processing in the image decoding device
according to the second embodiment.

In step S1001, the separating unit 802 separates coded data of a header, and the
header decoding unit decodes the coded data of the header. The header decoding unit
decodes strong_intra_smoothing_enable_flag representing the luminance interpolation
enable/disable information from among the coded data. Also, the header decoding unit
decodes strong_intra_smoothing_chroma_enable_flag representing the chrominance
interpolation enable/disable information.

In step S1002, the input unit 801 receives coded data on the frame basis. In step
S1003, the separating unit 802 extracts coded data on the block basis. In step S1004,
the entropy decoding unit 805 generates a block size of a luminance signal of a block
being decoded. In step S1003, the entropy decoding unit 805 decodes a coding mode
of the block being decoded. At this time, the entropy decoding unit 805 decodes the
intra-prediction mode if the coding mode is the intra-prediction coding mode, and
decodes reference information, such as a motion vector of each signal and reference
frame information, if the coding mode is the inter-prediction coding mode. In step
S1006, the entropy decoding unit 805 generates a quantization coefficient of each
signal of the block being decoded. In step S1007, the dequantizing/
inverse-transforming unit 808 performs dequantization on the quantization coefficient
generated in step S1006 to reproduce an orthogonal transformation coefficient, and
performs inverse orthogonal transformation to reproduce a prediction error of the
luminance signal and prediction errors of the chrominance signals.

In step S1008, the pixel reproducing unit 809 judges whether the coding mode
obtained in step S1005 is the intra-prediction coding mode or the inter-prediction
coding mode. If the coding mode is the intra-prediction coding mode, the process
advances to step S1010, and if not, the process advances to step S1009. In step S1009,
the inter-prediction unit 807 performs motion compensation prediction by using the
motion vector, the reference frame information, etc., decoded in step S1005, and
calculates a prediction pixel value.

In step S1010, the intra-prediction unit 806 performs intra-prediction with the

decoded intra-prediction mode or the like, and calculates a prediction pixel value. Figs.
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11A and 11B show a detailed flowchart of intra-prediction in decoding processing. In
Figs. 11A and 11B, the same numerals are applied to blocks having the same functions
as those in Fig. 6, and the description is omitted. In step S1101, a reference-pixel
correction-processing enable/disable flag filterFlag[intraPredMode] of the luminance
signal is determined. The luminance-signal predicting unit 914 makes determination
based on the decoded intra-prediction mode intraPredMode of the luminance signal
and the decoded block size of the luminance signal. The luminance linear-interpolation
processing flag bilntFlag is determined in step S605 or step S607 in accordance with
the judgment from step S602 to step S604. If bilntFlag is 1, the reference pixel value of
the block being decoded is the value as the result of reference-pixel correction
processing by the linear-interpolation processing in step S606. If bilntFlag is 0, the
reference pixel value of the block being decoded is the value as the result of reference-
pixel correction processing by the filter processing in step S608.

In step S1102, if the reference-pixel correction-processing enable/disable flag
filterFlag[intraPredMode] of the luminance signal is 1, the process advances to step
S1103, and if not, the process advances to step S1104. In step S1103, the luminance-
signal predicting unit 914 uses the reference pixel value of the luminance signal
generated by the reference-pixel correction processing in step S606 or step S608 and
performed with the reference-pixel correction processing. The intra-prediction of the
luminance signal is performed in accordance with the intra-prediction mode in-
traPredMode, and the prediction pixel value of the luminance signal is generated. In
step S1104, the luminance-signal predicting unit 914 does not perform the reference-
pixel correction processing of the luminance signal, performs the intra-prediction of
the luminance signal in accordance with the intra-prediction mode intraPredMode by
using the input reference pixel value of the luminance signal, and generates the
prediction pixel value of the luminance signal.

In step S1111, the chrominance-signal predicting unit 923 determines a chrominance
reference-pixel correction-processing enable/disable flag filterFlagC[intraPredModeC]
of the chrominance signal. The determination is made based on the decoded intra-
prediction mode intraPredModeC of the chrominance signal and the decoded block
size of the chrominance signal. The chrominance linear-interpolation processing flag
bilntFlagC is determined in step S615 or step S617 in accordance with the judgment
from step S612 to step S614. If bilntFlagC is 1, the reference pixel value of the block
being decoded is the value as the result of reference-pixel correction processing by the
linear-interpolation processing in step S616. If bilntFlagC is 0, the reference pixel
value of the block being decoded is the value as the result of reference-pixel correction
processing by the filter processing in step S618.

In step S1105, if the chrominance reference-pixel correction-processing enable/
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disable flag filterFlagC[intraPredModeC] of the chrominance signal is 1, the process
advances to step S1106, and if not, the process advances to step S1107. In step S1106,
the chrominance-signal predicting unit 923 uses the reference pixel value of the
chrominance signal generated by the reference-pixel correction processing in step S616
or step S618. The intra-prediction of the chrominance signal is performed in ac-
cordance with the intra-prediction mode intraPredModeC, and the prediction pixel
value of the chrominance signal is generated. In step S1107, the chrominance-signal
predicting unit 923 does not perform the reference-pixel correction processing of the
chrominance signal, performs the intra-prediction of the chrominance signal in ac-
cordance with the intra-prediction mode intraPredModeC by using the input reference
pixel value of the chrominance signal, and generates the prediction pixel value of the
chrominance signal.

Referring back to Fig. 10, in step S1011, the pixel reproducing unit 809 adds the
prediction pixel value of each signal generated in accordance with the coding mode
judged in step S1008 to the reproduced prediction error of the corresponding signal, to
reproduce the pixel value of each signal of the decoded image.

In step S1012, the decoding device judges whether or not the decoding processing is
completed for all coded data on the block basis. If decoding processing on all blocks is
completed, the process advances to step S1013. If not, coded data of the next block is
extracted in step S1003. In step S1013, the decoding device judges whether or not the
decoding processing is completed for all frames. If the decoding processing on all
frames is not completed, coded data of the next frame is input in step S1002.
Otherwise, the decoding processing is ended.

With the above-described configurations and operations, in the image decoding, the
linear-interpolation processing can be performed on the reference pixel of the
chrominance signal in addition to the luminance signal. A noise like contouring in
chrominance is reduced. Since it can be determined whether the linear-interpolation
processing of the chrominance signal is enabled or disabled, regardless of the enable/
disable state of the linear-interpolation processing of the luminance signal, a noise
generated only in chrominance can be reduced.

This embodiment is described that an image signal is 4:2:0, and a pixel includes 8
bits. However, it is not limited thereto. For example, an image signal may be 4:2:2 or
4:4:4, and a pixel of image data may include 10 bits. Also, this embodiment is
described that the maximum size of a divided block is 64x64 pixels, and the block size
for performing the linear-interpolation processing is 32x32 pixels. However, it is not
limited thereto. Also, the block is not limited to a square block, and may be a
rectangular block.

Also, in the first embodiment, decoding of coded data in a manner that the luminance
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linear-interpolation processing flag bilntFlag and the chrominance linear-interpolation
processing flag bilntFlagC are signals obtained by switching a plurality of linear-
interpolation units as shown in Fig. 7. This may be realized by selecting a signal from a
corresponding interpolation unit as the input of one of the selectors 913, 921, and 922
in Fig. 9.

Third Embodiment

An image coding device according to a third embodiment of the invention is
described below. A general configuration of the coding device is similar to the block
diagram in Fig. 1. In this embodiment, the image data is described as an image with
luminance and chrominance signals being 4:2:2. However, it is not limited thereto.
This embodiment differs from the first embodiment mainly for the configurations and
operations of the header coding unit 104 and the intra-prediction unit 105.

The block dividing unit 102 divides the read image data into blocks. However, unlike
the first embodiment, it is assumed that a luminance signal in this embodiment has a
block of 64x64 pixels, and a chrominance signal accompanying the luminance signal
has a block of 32x64 pixels. The block size is not limited thereto. Further, if required,
the inside of the block is divided into smaller blocks.

The linear-interpolation enable/disable determining unit 103 recognizes information
representing whether reference-pixel linear-interpolation processing is enabled or
disabled simultaneously for both luminance and chrominance signals, for a sequence to
be coded by a user (not shown) with the image coding device, as interpolation enable/
disable information, unlike the first embodiment. The header coding unit 104 generates
coded data of a header of a sequence and coded data of a header of each frame;
however, unlike the first embodiment, codes the interpolation enable/disable in-
formation. Also, the intra-prediction unit 105 is controlled in accordance with the inter-
polation enable/disable information.

A coding operation of an image in the image coding device is described below. First,
before coding the image, the user (not shown) sets interpolation enable/disable in-
formation with use of the linear-interpolation enable/disable determining unit 103. The
set interpolation enable/disable information is input to the header coding unit 104 and
the intra-prediction unit 105. The header coding unit 104 codes attributes such as the
type and size of an image to be input, a coding profile, and the interpolation enable/
disable information input similarly to the first embodiment. The header coding unit
104 performs coding in accordance with the format of a sequence parameter set
including the above information, and generates a bit stream as shown in Fig. 12. The
interpolation enable/disable information is coded as
strong_intra_smoothing_enable_flag. The coded data of the header is input to the in-

tegrating unit 110, and is output from the output unit 111 before coding the image.
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Then, coding for an image is performed. The input image data is input to the block
dividing unit 102 on the frame basis. The block dividing unit 102 first divides the
luminance signal into a block of 64x64 pixels and divides the chrominance signal into
a block of 32x64 pixels. Further, if required, the block dividing unit 102 divides each
of the blocks into smaller blocks by quadtree segmentation in accordance with features
in the block. The divided block and the block size are input to the intra-prediction unit
105 and the inter-prediction unit 106.

Fig. 13 shows a detailed block diagram of the intra-prediction unit 105 according to
this embodiment. In Fig. 13, the same numeral is applied to a block having the same
function as that of the intra-prediction unit in Fig. 3 of the first embodiment, and the
description is omitted. An input unit 1302 receives the interpolation enable/disable in-
formation from the linear-interpolation enable/disable determining unit 103 in Fig. 1.
A linear-interpolation enable/disable judging unit 1310 determines whether reference-
pixel linear-interpolation processing for a luminance signal and chrominance signals of
a block being coded is performed or not. The linear-interpolation enable/disable
judging unit 1310 makes judgment from the interpolation enable/disable information
and a pixel value of a reference pixel of the luminance signal of the block being coded
by using the luminance signal. It is assumed that information representing whether
reference-pixel linear-interpolation processing of the luminance signal and the
chrominance signals on the block basis are performed or not is linear-interpolation
processing flag bilntFlag. The value of the linear-interpolation processing flag is 1 if
the reference-pixel linear-interpolation processing is performed on the luminance
signal and the chrominance signals, and the value is O if the processing is not
performed. It is assumed that the judgment for pixel values of reference pixels of the
luminance signal and the chrominance signals of the block being coded may use
judgment with the luminance signal described in the first embodiment. That is, if the
interpolation enable/disable information indicates the enable state, if the block size nT
of the luminance signal is 32, and if all Expressions (1) are true, the reference-pixel
linear-interpolation processing for the luminance signal and the chrominance signals is
performed, and the linear-interpolation processing flag bilntFlag is set at 1. If the inter-
polation enable/disable information indicates the disable state, if the block size nT of
the luminance signal is other than 32, or if at least one of Expressions (1) is false, the
linear-interpolation processing of the luminance signal and the chrominance signals is
not performed. At this time, the linear-interpolation processing flag bilntFlag is set at
0. The linear-interpolation processing flag bilntFlag is input to selectors 313, 1323, and
1324. In parallel to this, like the first embodiment, the linear-interpolation unit 311
performs the linear-interpolation processing of the reference pixel of the luminance

signal, and the filter unit 312 performs filter processing of the reference pixel of the
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luminance signal.

A chrominance reference-pixel generation-method selecting unit 1317 judges
whether or not reference-pixel correction processing is performed every intra-
prediction mode of the chrominance signal based on the input block size nT of the
luminance signal. In this embodiment, since the signal is 4:2:2, the chrominance signal
is a block of (nT/2)x(nT) pixels. Like the first embodiment, it is assumed that each
intra-prediction mode of the chrominance signal is intraPredModeC, and
minDistVerHor is calculated. This minDistVerHor is compared with intra-
HorVerDistThreshC[nT] defined in Table 3.

[Table 3]

nT=8 nT=16 nT=32
intraHorVerDistThreshC[nT] 7 1 0]

If minDistVerHor is larger than intraHorVerDistThreshC[nT] shown in Table 3, the

reference-pixel correction processing of the chrominance signal is performed. Like the

first embodiment, a chrominance reference-pixel correction processing enable/disable
flag filterFlagC[intraPredModeC] is determined.

In parallel to this, like the first embodiment, for a chrominance signal (Cb), a linear-
interpolation unit 1319 performs the linear-interpolation processing of the reference
pixel, and the filter unit 321 performs filter processing of the reference pixel. The
linear-interpolation unit 1319 reads a reference pixel value of the chrominance signal
(Cb) in the neighbor of the block being coded from the memory 307. If the read pixel
value is Cbp(x, y) and the pixel value after the linear-interpolation processing is
Cbp'(x, y), the values are obtained as follows:

Cbp'(-1, -1) = Cbp(-1, -1),

Cbp'(31, -1) = Cbp(31, -1),

Cbp'(-1, 63) = Cbp(-1, 63),

Cbp'(x, -1) = Cbp(-1, -1) + (x+1)(Cbp(31, -1) - Cbp(-1, -1) + 16) >> 5 (where, x =0
to 30), and

Cbp'(-1, y) = Cbp(-1, -1) + (y+1)(Cbp(-1, 63) - Cbp(-1, -1) + 32) >> 6 (where, y =0
to 62) ... (9).

Fig. 14B represents an example arrangement of the chrominance signal, and a block
having 16x32 pixels serves as a block being coded.

The chrominance signal (Cb) after the linear-interpolation processing and the
chrominance signal (Cb) after the filter processing are input to the selector 1323. If the
linear-interpolation processing flag bilntFlag is 1, the selector 1323 outputs the
chrominance signal (Cb) after the linear-interpolation processing by the linear-
interpolation unit 1319. In contrast, if 0, the selector 1323 outputs the chrominance

signal (Cb) after the filter processing by the filter unit 321. The reference pixel of the
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chrominance signal (Cb) after either of these corrections is input to the chrominance-
signal prediction-mode determining unit 328.

Like the first embodiment, for a chrominance signal (Cr), a linear-interpolation unit
1320 performs the linear-interpolation processing of the reference pixel, and the filter
unit 322 performs filter processing of the reference pixel. The linear-interpolation unit
1320 reads a reference pixel value of the chrominance signal (Cr) in the neighbor of
the block being coded from the memory 308. If the read pixel value is Crp(x, y) and
the pixel value after the linear-interpolation processing is Crp'(x, y), the values are
obtained as follows:

Crp'(-1, -1) = Crp(-1, -1),

Crp'(31, -1) =Crp(31, -1),

Crp'(-1, 63) = Crp(-1, 63),

Crp'(x, -1) = Crp(-1, -1) + (x+1)(Crp(31, -1) - Crp(-1, -1) + 16) >> 5 (where, x =0to
30), and

Crp'(-1, y) = Crp(-1, -1) + (y+D)(Crp(-1, 63) - Crp(-1, -1) + 32) >> 6 (where, y =0 to
62) ... (10).

Similarly to the chrominance signal Cb, the chrominance signal (Cr) after the linear-
interpolation processing and the chrominance signal (Cr) after the filter processing are
input to the selector 1324. If the linear-interpolation processing flag bilntFlag is 1, the
selector 1324 outputs the chrominance signal (Cr) after the linear-interpolation
processing by the linear-interpolation unit 1320. In contrast, if O, the selector 1324
outputs the chrominance signal (Cr) after the filter processing by the filter unit 322.
The reference pixel of the chrominance signal (Cr) after either of these corrections is
input to the chrominance-signal prediction-mode determining unit 328.

For the succeeding process, the luminance-signal prediction-mode determining unit
314 and the chrominance-signal prediction-mode determining unit 328 function
similarly to the first embodiment. That is, the intra-prediction mode of the luminance
signal is output from the output unit 315, and the prediction error thereof is output
from the output unit 316 to an external device. The intra-prediction modes of the
chrominance signals are output from the output unit 329, and the respective prediction
errors thereof are output from the output unit 330 to an external device.

Referring back to Fig. 1, as described in the first embodiment, the prediction de-
termining unit 107 determines the coding mode from information such as the
prediction errors input from the intra-prediction unit 105 and the inter-prediction unit
106, and the entropy coding unit 109 codes the coding mode.

Fig. 15 is a flowchart representing coding processing in the image coding device
according to the third embodiment. In the same figure, the same numerals are applied

to blocks having the same functions as those in Fig. 5, and the description is omitted.
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In step S1501, the linear-interpolation enable/disable determining unit 103 sets inter-
polation enable/disable information. In step S1503, the header coding unit 104 codes a
sequence header. At this time, interpolation enable/disable information
strong_intra_smoothing_enable_flag is coded. In step S1506, the intra-prediction unit
105 performs intra-prediction processing. Fig. 16 is a flowchart expressing a detailed
operation of the intra-prediction processing. In the same figure, the same numerals are
applied to blocks having the same functions as those in Fig. 6, and the description is
omitted. In step S1602, the linear-interpolation enable/disable judging unit 1310 judges
the interpolation enable/disable information of the block being coded set in step S1501.
If the interpolation enable/disable information is set at the enable state, the process
advances to step S603, and if not, the process advances to step S1607. In step S1605,
the linear-interpolation enable/disable judging unit 1310 sets a linear-interpolation
processing flag bilntFlag at 1 to perform linear-interpolation processing. In step S1607,
the linear-interpolation enable/disable judging unit 1310 sets the linear-interpolation
processing flag bilntFlag at O not to perform linear-interpolation processing. In step
S1613, the linear-interpolation enable/disable judging unit 1310 judges whether the
linear-interpolation processing flag bilntFlag set in step S1605 or step S1606 is 1 or
not. If the value is 1, the process advances to step S616, and if not, the process
advances to step S618.

Referring back to Fig. 15, like the first embodiment, inter-prediction, determination
and coding of a coding mode, and coding of a prediction error are performed.

With the above-described configurations and operations, in the image coding, the
linear-interpolation processing can be performed on the reference pixel of the
chrominance signal in addition to the luminance signal. A noise like contouring in
chrominance is reduced. Since the enable/disable state of the linear-interpolation
processing of the chrominance signal is determined in association with the enable/
disable state of the linear-interpolation processing of the luminance signal, the amount
of processing for judgment can be reduced. Further, mismatching, in which the linear-
interpolation is performed only for the luminance signal but is not performed for the
chrominance signal, does not occur. A noise can be further reduced in a decoded
image. Also, a noise like contouring can be reduced not only for a square block of
4:2:0, but also for a rectangular block of 4:2:2.

In this embodiment, the block of chrominance has 32x64 pixels; however, it is not
limited thereto. The block of chrominance may be horizontally long of 64x32 pixels, or
may have other block size and shape.

Table 3 is used for the calculation of intraHorVerDistThreshC[nT]; however, Table 2
may be used, or other condition may be used. Also, in Fig. 16, step S611 may be

omitted, and a reference-pixel correction-processing enable/disable flag filterFlag[O..
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34] of the luminance signal may be directly used for a reference-pixel correction-
processing enable/disable flag filterFlagC[O0.. 34] of the chrominance signal.

Also, in this embodiment, the linear-interpolation enable/disable judging unit 1310
makes the linear-interpolation enable/disable judgment of the chrominance signal;
however, it is not limited thereto. As shown in Fig. 3, the chrominance linear-
interpolation enable/disable judging unit 318 may be provided, and the chrominance
linear-interpolation enable/disable judging unit 318 may use the linear-interpolation
enable/disable information input from the input unit 302 instead of the chrominance in-
terpolation enable/disable information from the input unit 304.

Fourth Embodiment

An image decoding device according to a fourth embodiment of the invention is
described below. In this embodiment, decoding of the coded data generated in the third
embodiment is described as an example. A general configuration of the image
decoding device is similar to the block diagram in Fig. 8.

The input unit 801 reads the bit stream generated in the third embodiment. The
separating unit 802 separates coded data of a header and coded data of each block from
the input bit stream. The header decoding unit 803 decodes
strong_intra_smoothing_enable_flag representing interpolation enable/disable in-
formation, and reproduces the interpolation enable/disable information.

The intra-prediction unit 806 performs intra-prediction. Fig. 17 shows a detailed
block diagram of the intra-prediction unit 806. In the same figure, the same numerals
are applied to blocks having the same functions as those in Fig. 9, and the description
is omitted. An input unit 1702 receives the interpolation enable/disable information
from the linear-interpolation enable/disable setting unit 804 in Fig. 8. The input inter-
polation enable/disable information is input to a linear-interpolation enable/disable
judging unit 1710. The linear-interpolation enable/disable judging unit 1710 functions
similarly to the linear-interpolation enable/disable judging unit 1310 shown in Fig. 13,
and determines a linear-interpolation processing flag bilntFlag from the interpolation
enable/disable information and a pixel value of a reference pixel of the luminance
signal of the block being decoded by using the luminance signal. The linear-in-
terpolation processing flag bilntFlag is input to selectors 913, 1721, and 1722. In
parallel to this, like the third embodiment, the linear-interpolation unit 911 performs
linear-interpolation processing of the reference pixel of the luminance signal, and the
filter unit 912 performs filter processing of the reference pixel. If the linear-in-
terpolation processing flag bilntFlag is 1, the selector 913 outputs the luminance signal
after the linear-interpolation processing by the linear-interpolation unit 911. In
contrast, if 0, the selector 913 outputs the luminance signal after the filter processing
by the filter unit 912.
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In parallel to this, prediction of the chrominance signal is performed. A linear-
interpolation unit 1717 reads a reference pixel value of a chrominance signal (Cb) in
the neighbor of the block being decoded from the memory 908, and calculates a
reference pixel value of the chrominance signal (Cb) after the linear-interpolation
processing by Expressions (9) similarly to the linear-interpolation unit 1319. Also, a
linear-interpolation unit 1718 reads a reference pixel value of a chrominance signal
(Cr) in the neighbor of the block being decoded from the memory 909, and calculates a
reference pixel value of the chrominance signal (Cr) after the linear-interpolation
processing by Expressions (10) similarly to the linear-interpolation unit 1320. The
chrominance signal (Cb) after the linear-interpolation processing and the chrominance
signal (Cb) after the filter processing are input to the selector 1721. If the linear-
interpolation processing flag bilntFlag is 1, the selector 1721 outputs the chrominance
signal (Cb) after the linear-interpolation processing by the linear-interpolation unit
1717. In contrast, if 0, the selector 1721 outputs the chrominance signal (Cb) after the
filter processing by the filter unit 919. The reference pixel of the chrominance signal
(Cb) after either of these corrections is input to a chrominance-signal predicting unit
1723. Similarly, the chrominance signal (Cr) after the linear-interpolation processing
and the chrominance signal (Cr) after the filter processing are input to the selector
1722. If the linear-interpolation processing flag bilntFlag is 1, the selector 1722
outputs the chrominance signal (Cr) after the linear-interpolation processing by the
linear-interpolation unit 1718. In contrast, if 0, the selector 1722 outputs the
chrominance signal (Cr) after the filter processing by the filter unit 920. The reference
pixel of the chrominance signal (Cr) after either of these corrections is input to the
chrominance-signal predicting unit 1723. The chrominance-signal predicting unit 1723
performs prediction of the chrominance signal of 4:2:2. Like the second embodiment,
the prediction pixel value of the luminance signal is output from the output unit 915,
and the prediction error value of each chrominance signal is output from the output
unit 924. Referring back to Fig. 8, as described in the second embodiment, a decoded
image is reproduced from the prediction error reproduced by the pixel reproducing unit
809 and the calculated prediction pixel value.

Fig. 18 is a flowchart representing decoding processing in the image decoding device
according to the fourth embodiment. In the same figure, the same numerals are applied
to blocks having the same functions as those in Fig. 10, and the description is omitted.
In step S1801, the separating unit 802 separates coded data of a header, and the header
decoding unit 803 decodes the coded data of the header. The header decoding unit 803
decodes strong_intra_smoothing_enable_flag representing the interpolation enable/
disable information from among the coded data. In step S1002 to step S1007, re-

production of a block size, decoding of a coding mode, and reproduction of a
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prediction error are performed. In step S1810, the intra-prediction unit 806 performs
intra-prediction with the decoded intra-prediction mode or the like, and calculates a
prediction pixel value. Fig. 19 shows a detailed flowchart of intra-prediction in
decoding processing. In Fig. 19, the same numerals are applied to blocks having the
same functions as those in Figs. 11A and 11B, and the description is omitted.

In step S1901, the linear-interpolation enable/disable judging unit 1710 judges the in-
terpolation enable/disable information of the block being decoded set in step S1801. If
the interpolation enable/disable information indicates the enable state, the process
advances to step S603, and if not, the process advances to step S1607. In step S1912,
the linear-interpolation enable/disable judging unit 1710 judges the interpolation
enable/disable information of the block being decoded set in step S1801. If the inter-
polation enable/disable information indicates the enable state, the process advances to
step S1106, and if not, the process advances to step S1107.

Referring back to Fig. 18, in step S1011, the pixel reproducing unit 809 adds the
prediction pixel value of each signal generated in accordance with the coding mode
judged in step S1008 to the reproduced prediction error of the corresponding signal, to
reproduce the pixel value of each signal of the decoded image.

With the above-described configurations and operations, in the image decoding, the
linear-interpolation processing can be performed on the reference pixel of the
chrominance signal in addition to the luminance signal. A noise like contouring in
chrominance is reduced. Since the enable/disable state of the linear-interpolation
processing of the chrominance signal is determined in association with the enable/
disable state of the linear-interpolation processing of the luminance signal, the amount
of processing for judgment can be reduced. Also, a noise like contouring can be
reduced not only for a square block of 4:2:0, but also for a rectangular block of 4:2:2.
Fifth Embodiment

An image coding device according to a fifth embodiment of the invention is
described below. A general configuration of the coding device is similar to the block
diagram in Fig. 1. In this embodiment, the image data is described as an image with
luminance and chrominance signals being 4:2:0. However, it is not limited thereto.
This embodiment differs from the first embodiment mainly for the configurations and
operations of the linear-interpolation enable/disable determining unit 103, the header
coding unit 104, and the intra-prediction unit 105.

The linear-interpolation enable/disable determining unit 103 determines luminance
interpolation enable/disable information and chrominance interpolation enable/disable
information. It is to be noted that the enable/disable state of the chrominance inter-
polation enable/disable information can be selected only if the luminance interpolation

enable/disable information indicates the enable state. If the luminance interpolation



38

WO 2014/103292 PCT/JP2013/007563

[0117]

[0118]

[0119]

[0120]

enable/disable information indicates the disable state, the chrominance interpolation
enable/disable information indicates the disable state without exception.

The header coding unit 104 codes attributes such as the type and size of an image to
be input, a coding profile, the luminance interpolation enable/disable information, and
the chrominance interpolation enable/disable information. The header coding unit 104
performs coding in accordance with the format of a sequence parameter set including
the above information, and generates a bit stream as shown in Fig. 20. The luminance
interpolation enable/disable information is coded as
strong_intra_smoothing_enable_flag. The chrominance interpolation enable/disable in-
formation is coded as strong_intra_smoothing_chroma_enable_flag only if the
luminance interpolation enable/disable information indicates the enable state. It is to be
noted that if strong_intra_smoothing_enable_flag is 0, the value of
strong_intra_smoothing_chroma_enable_flag is set at 0, and this information is not
coded. Similarly to the first embodiment, the coded data of the header is input to the
integrating unit 110, and is output from the output unit 111 before coding the image.

Then, coding for an image is performed. The block dividing unit 102 performs block
division like the first embodiment, and inputs the pixel values and block size of the
block to the intra-prediction unit 105.

The intra-prediction unit 105 performs intra-prediction with reference to a coded
neighboring pixel, and outputs an optimal intra-prediction mode, and a prediction error
as the result of the intra-prediction. Fig. 21 shows a detailed block diagram of the intra-
prediction unit 105. In Fig. 21, the same numeral is applied to a block having the same
function as that of the intra-prediction unit in Fig. 3 of the first embodiment, and the
description is omitted.

A chrominance linear-interpolation enable/disable judging unit 2118 differs from the
chrominance linear-interpolation enable/disable judging unit 318 in Fig. 3 in that a
luminance linear-interpolation processing flag bilntFlag is input from the luminance
linear-interpolation enable/disable judging unit 310. In addition, the chrominance
linear-interpolation enable/disable judging unit 2118 receives the chrominance inter-
polation enable/disable information from the input unit 304, and the block size nT of
the luminance signal from the input unit 301. Further, the chrominance linear-
interpolation enable/disable judging unit 2118 receives a pixel value of a chrominance
signal (Cb) in the neighbor to be referenced, from the memory 307, and a pixel value
of a chrominance signal (Cr) in the neighbor to be referenced, from the memory 308.
The chrominance linear-interpolation enable/disable judging unit 2118 determines
whether reference-pixel linear-interpolation processing for a chrominance signal of a
block being coded is performed or not. The chrominance linear-interpolation enable/

disable judging unit 2118 makes determination from the chrominance interpolation
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enable/disable information, the luminance linear-interpolation processing flag
bilntFlag, the pixel value of the reference pixel of the chrominance signal of the block
being coded, and the block size nT. If the luminance linear-interpolation processing
flag bilntFlag is 1, if the chrominance interpolation enable/disable information
indicates the enable state, if the block size nT of the luminance signal is 32, and if all
Expressions (5) are true, chrominance-signal (Cb, Cr) reference-pixel linear-in-
terpolation processing is performed. At this time, the chrominance linear-interpolation
processing flag bilntFlagC is set at 1. If the chrominance interpolation enable/disable
information indicates the disable state, if the luminance linear-interpolation processing
flag bilntFlag is O, if the block size nT of the luminance signal is other than 32, or if at
least one of Expressions (5) is false, the linear-interpolation processing of the
chrominance signal is not performed. At this time, the chrominance linear-interpolation
processing flag bilntFlagC is set at 0. The chrominance linear-interpolation processing
flag bilntFlagC thus determined is input to the selectors 323 and 324, and an input
target is selected similarly to the first embodiment.

Fig. 22 is a flowchart representing coding processing in the image coding device
according to the fifth embodiment. In the same figure, the same numerals are applied
to blocks having functions similar to those in Fig. 5 of the first embodiment, and the
description is omitted. In step S2201, if the linear-interpolation enable/disable de-
termining unit 103 determines that the luminance interpolation enable/disable in-
formation indicates the enable state in step S501, the process advances to step S502.
Otherwise, the process advances to step $2202. In step S502 and step S503, the header
coding unit 104 codes the luminance interpolation enable/disable information and the
chrominance interpolation enable/disable information. The luminance interpolation
enable/disable information is coded as strong_intra_smoothing_enable_flag, and the
chrominance interpolation enable/disable information is coded as
strong_intra_smoothing_chroma_enable_flag. In step S2202, the linear-interpolation
enable/disable determining unit 103 sets the chrominance interpolation enable/disable
information at the disable state. In step S2203, the header coding unit 104 codes only
strong_intra_smoothing_enable_flag, but does not code
strong_intra_smoothing_chroma_enable_flag. In step S2206, the intra-prediction unit
105 performs intra-prediction processing. Figs. 23A and 23B are a flowchart ex-
pressing a detailed operation of the intra-prediction processing. In the same figure, the
same numerals are applied to blocks having the same functions as those in Fig. 6 of the
first embodiment, and the description is omitted. In step S2301, the chrominance
linear-interpolation enable/disable judging unit 2118 judges the input luminance linear-
interpolation processing flag bilntFlag, if the value is 1, the process advances to step

5613, and if not, the process advances to step S617. Then, intra-prediction of the
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chrominance signal is performed, and a prediction error of the chrominance signal is
calculated, similarly to the first embodiment. Referring back to Fig. 22, coding is
performed similarly to the first embodiment.

With the above-described configurations and operations, in the image coding, the
linear-interpolation processing can be performed on the reference pixel of the
chrominance signal in addition to the luminance signal. A noise like contouring in
chrominance is reduced. Also, since the enable/disable state of the linear-interpolation
processing of the chrominance signal is determined in association with the enable/
disable state of the linear-interpolation processing of the luminance signal, a noise like
contouring of which is dominant in image quality, the amount of processing for
judgment can be reduced without a noticeable difference in image quality.

Also, in this embodiment, the judgment on the enable/disable state of the linear-
interpolation of the chrominance signal is performed only if the luminance linear-
interpolation enable/disable judging unit 310 indicates the enable state; however, it is
not limited thereto, and a configuration similar to the configuration in Fig. 3 may be
employed. In this case, since the operation of the chrominance linear-interpolation
enable/disable judging unit 2118 is controlled in accordance with the chrominance in-
terpolation enable/disable information input from the input unit 304, even though
linear-interpolation is not performed with the luminance signal, an operation
performed for the chrominance signal can be provided.

Sixth Embodiment

An image decoding device according to a sixth embodiment of the invention is
described below. In this embodiment, decoding of the coded data generated in the fifth
embodiment is described as an example. A general configuration of the image
decoding device is similar to the block diagram in Fig. 8 of the second embodiment.
This embodiment differs from the second embodiment mainly for the configurations
and operations of the header decoding unit 803 and the intra-prediction unit 8§06.

Also, the header decoding unit 803 decodes strong_intra_smoothing_enable_flag
representing the luminance interpolation enable/disable information. Then, the linear-
interpolation enable/disable setting unit 804 reproduces the luminance interpolation
enable/disable information in accordance with the value. If the value of
strong_intra_smoothing_enable_flag is 1, the linear-interpolation enable/disable setting
unit 804 further decodes strong_intra_smoothing_chroma_enable_flag which is the
chrominance interpolation enable/disable information. Then, the linear-interpolation
enable/disable setting unit 804 stores the chrominance interpolation enable/disable in-
formation in accordance with the value. Also, if the value of
strong_intra_smoothing_enable_flag is 0, the value of

intra_smoothing_chroma_enable_flag is set at 0. The linear-interpolation enable/



41

WO 2014/103292 PCT/JP2013/007563

[0126]

[0127]

[0128]

disable setting unit 804 sets the chrominance interpolation enable/disable information
at the disable state.

The intra-prediction unit 806 performs intra-prediction. Fig. 24 shows a detailed
block diagram of the intra-prediction unit 806. In the same figure, the same numerals
are applied to blocks having the same functions as those in Fig. 9 of the second em-
bodiment, and the description is omitted.

A chrominance linear-interpolation enable/disable judging unit 2416 differs from the
chrominance linear-interpolation enable/disable judging unit 916 in Fig. 9 in that a
luminance linear-interpolation processing flag bilntFlag is input from the luminance
linear-interpolation enable/disable judging unit 910. The chrominance linear-in-
terpolation enable/disable judging unit 2416 receives the chrominance interpolation
enable/disable information from the input unit 906, and the block size nT of the
luminance signal from the input unit 903. Also, the chrominance linear-interpolation
enable/disable judging unit 2416 receives a pixel value of a chrominance signal (Cb) in
the neighbor to be referenced, from the memory 908, and a pixel value of a
chrominance signal (Cr) in the neighbor to be referenced, from the memory 909. The
chrominance linear-interpolation enable/disable judging unit 2416 determines whether
reference-pixel linear-interpolation processing for a chrominance signal of a block
being coded is performed or not. For the chrominance signal, the chrominance linear-
interpolation enable/disable judging unit 2416 makes determination based on the
chrominance interpolation enable/disable information, the luminance linear-in-
terpolation processing flag bilntFlag, and the pixel value of the reference pixel of the
chrominance signal of the block being coded. If the luminance linear-interpolation
processing flag bilntFlag is 1, if the chrominance interpolation enable/disable in-
formation indicates the enable state, if the block size nT of the luminance signal is 32,
and if all Expressions (5) are true, chrominance-signal (Cb, Cr) reference-pixel linear-
interpolation processing is performed. At this time, the chrominance linear-in-
terpolation processing flag bilntFlagC is set at 1. If the chrominance interpolation
enable/disable information indicates the disable state, if the luminance linear-in-
terpolation processing flag bilntFlag is 0, if the block size nT of the luminance signal is
other than 32, or if at least one of Expressions (5) is false, the linear-interpolation
processing of the chrominance signal is not performed. At this time, the chrominance
linear-interpolation processing flag bilntFlagC is set at 0. The chrominance linear-
interpolation processing flag bilntFlagC thus determined is input to the selectors 921
and 922, and an input target is selected similarly to the second embodiment.

Fig. 25 is a flowchart representing decoding processing in the image decoding device
according to the sixth embodiment. In the same figure, the same numerals are applied

to blocks having the same functions as those in Fig. 18 of the fourth embodiment, and
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the description is omitted. In step S2501, the header decoding unit 803 determines the
luminance interpolation enable/disable information decoded in step S1801, if the
luminance interpolation enable/disable information indicates the enable state, the
process advances to step $2502, and if not, the process advances to step S2503. In step
52502, the header decoding unit 803 decodes
strong_intra_smoothing_chroma_enable_flag, and reproduces the chrominance inter-
polation enable/disable information. In step S2503, the linear-interpolation enable/
disable setting unit 804 sets the chrominance interpolation enable/disable information
at the disable state.

Also, in step S2510, the intra-prediction unit 806 performs intra-prediction
processing. Figs. 26A and 26B are a flowchart expressing a detailed operation of the
intra-prediction processing. In the same figure, the same numerals are applied to blocks
having the same functions as those in Figs. 11A and 11B of the second embodiment,
and the description is omitted. In step S2601, the chrominance linear-interpolation
enable/disable judging unit 2118 judges the input luminance linear-interpolation
processing flag bilntFlag, if the value is 1, the process advances to step S613, and if
not, the process advances to step S617. Then, intra-prediction of the chrominance
signal is performed, and a prediction error of the chrominance signal is calculated,
similarly to the first embodiment. Referring back to Fig. 25, decoding is performed
similarly to the second embodiment.

With the above-described configurations and operations, in the image decoding, the
linear-interpolation processing can be performed on the reference pixel of the
chrominance signal in addition to the luminance signal. A noise like contouring in
chrominance is reduced. Also, the enable/disable state of the linear-interpolation
processing of the chrominance signal is determined in association with the enable/
disable state of the linear-interpolation processing of the luminance signal, a noise like
contouring of which is dominant in image quality. Accordingly, mismatching, in which
the linear-interpolation is performed only for the chrominance signal but is not
performed for the luminance signal, does not occur. A noise can be further reduced in a
decoded image.

Seventh Embodiment

An image coding device according to a seventh embodiment of the invention is
described below. A general configuration of the coding device is similar to the block
diagram in Fig. 1. This embodiment differs from the first embodiment mainly for the
configurations and operations of the linear-interpolation enable/disable determining
unit 103, the header coding unit 104, and the intra-prediction unit 105.

In this embodiment, chrominance interpolation enable/disable information is set

every chrominance signal. That is, the chrominance interpolation enable/disable in-
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formation is separated into chrominance (Cb) interpolation enable/disable information
and chrominance (Cr) interpolation enable/disable information. The chrominance (Cb)
interpolation enable/disable information serves as
strong_intra_smoothing_cb_enable_flag. The chrominance (Cr) interpolation enable/
disable information serves as strong_intra_smoothing_cr_enable_flag. The linear-
interpolation enable/disable determining unit 103 determines the luminance inter-
polation enable/disable information, the chrominance (Cb) interpolation enable/disable
information, and the chrominance (Cr) interpolation enable/disable information. It is to
be noted that the enable/disable state of the chrominance (Cb) interpolation enable/
disable information and the enable/disable state of the chrominance (Cr) interpolation
enable/disable information can be selected only if the luminance interpolation enable/
disable information indicates the enable state. If the luminance interpolation enable/
disable information indicates the disable state, the chrominance (Cb) interpolation
enable/disable information and the chrominance (Cr) interpolation enable/disable in-
formation indicate the disable state without exception. The header coding unit 104
codes attributes such as the type and size of an image to be input, a coding profile, the
luminance interpolation enable/disable information, the chrominance (Cb) inter-
polation enable/disable information, and the chrominance (Cr) interpolation enable/
disable information. The header coding unit 104 performs coding in accordance with
the format of a sequence parameter set including the above information, and generates
a bit stream as shown in Fig. 27. The luminance interpolation enable/disable in-
formation is coded as strong_intra_smoothing_enable_flag. The chrominance (Cb) in-
terpolation enable/disable information is coded as
strong_intra_smoothing_cb_enable_flag only if the luminance interpolation enable/
disable information indicates the enable state. It is to be noted that if
strong_intra_smoothing_enable_flag is 0, the value of
strong_intra_smoothing_cb_enable_flag is set at 0, and this information is not coded.
Similarly, the chrominance (Cr) interpolation enable/disable information is coded as
strong_intra_smoothing_cr_enable_flag only if the luminance interpolation enable/
disable information indicates the enable state. It is to be noted that if
strong_intra_smoothing_enable_flag is 0, the value of
strong_intra_smoothing_cr_enable_flag is set at 0, and this information is not coded.
Similarly to the first embodiment, the coded data of the header is input to the in-
tegrating unit 110, and is output from the output unit 111 before coding the image.

Then, coding for an image is performed. The block dividing unit 102 performs block
division like the first embodiment, and inputs the pixel values and block size of the
block to the intra-prediction unit 105.

The intra-prediction unit 105 performs intra-prediction with reference to a coded
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neighboring pixel, and outputs an optimal intra-prediction mode, and a prediction error
as the result of the intra-prediction. Fig. 28 shows a detailed block diagram of the intra-
prediction unit 105. In Fig. 28, the same numeral is applied to a block having the same
function as that of the intra-prediction unit in Fig. 3 of the first embodiment, and the
description is omitted. An input unit 2801 receives the chrominance (Cb) interpolation
enable/disable information. An input unit 2802 receives the chrominance (Cr) inter-
polation enable/disable information.

A chrominance linear-interpolation enable/disable judging unit 2818 differs from the
chrominance linear-interpolation enable/disable judging unit 318 in Fig. 3 in that the
chrominance linear-interpolation enable/disable judging unit 2818 receives the
chrominance (Cb) interpolation enable/disable information and the chrominance (Cr)
interpolation enable/disable information instead of the chrominance interpolation
enable/disable information. Also, the difference is that outputs are individually given
to the selectors 323 and 324. The chrominance linear-interpolation enable/disable
judging unit 2818 receives the chrominance (Cb) interpolation enable/disable in-
formation from the input unit 2801, the chrominance (Cr) interpolation enable/disable
information from the input unit 2802, and the block size nT of the luminance signal
from the input unit 301. Further, the chrominance linear-interpolation enable/disable
judging unit 2818 receives a pixel value of a chrominance signal (Cb) in the neighbor
to be referenced, from the memory 307, and a pixel value of a chrominance signal (Cr)
in the neighbor to be referenced, from the memory 308. The chrominance linear-
interpolation enable/disable judging unit 2818 determines whether reference-pixel
linear-interpolation processing for a chrominance signal of a block being coded is
performed or not. The chrominance linear-interpolation enable/disable judging unit
2818 makes determination based on the chrominance (Cb) interpolation enable/disable
information, the chrominance (Cr) interpolation enable/disable information, the pixel
value of the reference pixel of the chrominance signal of the block being coded, and
the block size nT of the luminance signal.

If the chrominance (Cb) interpolation enable/disable information indicates the enable
state, if the block size nT of the luminance signal is 32, and if both two expressions
relating to the chrominance signal (Cb) in Expressions (5) are true, reference-pixel
linear-interpolation processing of the chrominance signal (Cb) is performed. At this
time, the chrominance (Cb) linear-interpolation processing flag bilntFlagCb is set at 1.
If the chrominance (Cb) interpolation enable/disable information indicates the disable
state, if the block size nT of the luminance signal is other than 32, or if at least one of
the two expressions relating to the chrominance signal (Cb) in Expressions (5) is false,
linear-interpolation processing of the chrominance signal (Cb) is not performed. At this

time, the chrominance (Cb) linear-interpolation processing flag bilntFlagCb is set at 0.



45

WO 2014/103292 PCT/JP2013/007563

[0137]

[0138]

[0139]

[0140]

The chrominance (Cb) linear-interpolation processing flag bilntFlagCb is input to the
selector 323.

Similarly, if the chrominance (Cr) interpolation enable/disable information indicates
the enable state, if the block size nT of the luminance signal is 32, and if both two ex-
pressions relating to the chrominance signal (Cr) in Expressions (5) are true, reference-
pixel linear-interpolation processing of the chrominance signal (Cr) is performed. At
this time, the chrominance (Cr) linear-interpolation processing flag bilntFlagCer is set at
1. If the chrominance (Cr) interpolation enable/disable information indicates the
disable state, if the block size nT of the luminance signal is other than 32, or if at least
one of the two expressions relating to the chrominance signal (Cr) in Expressions (5) is
false, linear-interpolation processing of the chrominance signal (Cr) is not performed.
At this time, the chrominance (Cr) linear-interpolation processing flag bilntFlagCr is
set at 0. The chrominance (Cr) linear-interpolation processing flag bilntFlagCr is input
to the selector 324.

If the chrominance (Cb) linear-interpolation processing flag bilntFlagCb is 1, the
selector 323 outputs the chrominance signal (Cb) after the linear-interpolation
processing by the linear-interpolation unit 319. In contrast, if 0, the selector 323
outputs the chrominance signal (Cb) after the filter processing by the filter unit 321.
The reference pixel of the chrominance signal (Cb) after either of these corrections is
input to the chrominance-signal prediction-mode determining unit 328. If the
chrominance (Cr) linear-interpolation processing flag bilntFlagCr is 1, the selector 324
outputs the chrominance signal (Cr) after the linear-interpolation processing by the
linear-interpolation unit 320. In contrast, if 0, the selector 324 outputs the chrominance
signal (Cr) after the filter processing by the filter unit 322. The reference pixel of the
chrominance signal (Cr) after either of these corrections is input to the chrominance-
signal prediction-mode determining unit 328.

Fig. 29 is a flowchart representing coding processing in the image coding device
according to the seventh embodiment. In the same figure, the same numerals are
applied to blocks having the same functions as those in Fig. 5 of the first embodiment,
and the description is omitted.

In step S2901, if the linear-interpolation enable/disable determining unit 103 de-
termines that the luminance interpolation enable/disable information indicates the
enable state in step S501, the process advances to step S2904. Otherwise, the process
advances to step S2902. In step $2902, the linear-interpolation enable/disable de-
termining unit 103 sets both the chrominance (Cb) interpolation enable/disable in-
formation and the chrominance (Cr) interpolation enable/disable information at the
disable states. In step S2903, only strong_intra_smoothing_enable_flag is coded.

However, strong_intra_smoothing_cb_enable_flag and
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strong_intra_smoothing_cr_enable_flag are not coded. In step S2904, the linear-
interpolation enable/disable determining unit 103 sets both the chrominance (Cb) inter-
polation enable/disable information and the chrominance (Cr) interpolation enable/
disable information. In step S2905, the header coding unit 104 codes a sequence
header. At this time, luminance interpolation enable/disable information
strong_intra_smoothing_enable_flag is coded. Then, chrominance (Cb) interpolation
enable/disable information strong_intra_smoothing_cb_enable_flag is coded. Further,
chrominance (Cr) interpolation enable/disable information
strong_intra_smoothing_cr_enable_flag is coded.

Also, in step S2906, the intra-prediction unit 105 performs intra-prediction
processing. Figs. 30A and 30B are a flowchart expressing a detailed operation of the
intra-prediction processing. In the same figure, the same numerals are applied to blocks
having the same functions as those in Fig. 6 of the first embodiment, and the de-
scription is omitted.

In step S3012, the chrominance linear-interpolation enable/disable judging unit 2818
judges the chrominance (Cb) interpolation enable/disable information set in step S2902
or step S2904. If the chrominance (Cb) interpolation enable/disable information is set
at the enable state, the process advances to step S3013, and if not, the process advances
to step S3017. In step S3013, the chrominance linear-interpolation enable/disable
judging unit 2818 judges whether or not the block size nT of the luminance signal of
the block being coded is 32, if 32, the process advances to step S3014, and if not, the
process advances to step S3017. In step S3014, the chrominance linear-interpolation
enable/disable judging unit 2818 judges whether or not chrominance (Cb) linear-
interpolation processing is performed in accordance with two expressions relating to
the chrominance signal (Cb) in Expressions (5) using the chrominance signal (Cb) in
the neighbor, which is a reference pixel of the chrominance signal (Cb) of the block
being coded. If all the two expressions in Expressions (5) are true, the process
advances to step S3015, and if not, the process advances to step S3017. In step S3015,
the chrominance linear-interpolation enable/disable judging unit 2818 sets a
chrominance (Cb) linear-interpolation processing flag bilntFlagCb at 1 to perform
chrominance (Cb) linear-interpolation processing. In step S3016, the linear-in-
terpolation unit 319 performs linear-interpolation processing on the pixel value in the
neighbor for performing intra-prediction of the chrominance signal (Cb) of the block
being coded. In step S3017, the chrominance linear-interpolation enable/disable
judging unit 2818 sets the chrominance (Cb) linear-interpolation processing flag bi-
IntFlagCb at O not to perform the chrominance (Cb) linear-interpolation processing. In
step S3018, the filter unit 321 performs the filter processing on the pixel value in the

neighbor for performing the intra-prediction of the chrominance signal (Cb) of the
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2818 judges the chrominance (Cr) interpolation enable/disable information set in step
52904. If the chrominance (Cr) interpolation enable/disable information is set at the
enable state, the process advances to step S3019-2, and if not, the process advances to
step S3022. In step S3019-2, the chrominance linear-interpolation enable/disable
judging unit 2818 judges whether or not the block size nT of the luminance signal of
the block being coded is 32, if 32, the process advances to step S3019-3, and if not, the
process advances to step S3022. In step S3019-3, the chrominance linear-interpolation
enable/disable judging unit 2818 judges whether or not chrominance-signal (Cr) linear-
interpolation processing is performed in accordance with two expressions relating to
the chrominance signal (Cr) in Expressions (5) using the chrominance signal (Cr) in
the neighbor, which is a reference pixel of the chrominance signal (Cr) of the block
being coded. If all the two expressions in Expressions (5) are true, the process
advances to step S3020, and if not, the process advances to step S3022. In step S3020,
the chrominance linear-interpolation enable/disable judging unit 2818 sets a
chrominance (Cr) linear-interpolation processing flag bilntFlagCr at 1 to perform
chrominance (Cr) linear-interpolation processing. In step S3021, the linear-in-
terpolation unit 320 performs linear-interpolation processing on the pixel value in the
neighbor for performing intra-prediction of the chrominance signal (Cr) of the block
being coded. In step S3022, the chrominance linear-interpolation enable/disable
judging unit 2818 sets the chrominance (Cr) linear-interpolation processing flag bi-
IntFlagCr at O not to perform the chrominance (Cr) linear-interpolation processing. In
step S3023, the filter unit 322 performs the filter processing on the pixel value in the
neighbor for performing the intra-prediction of the chrominance signal (Cr) of the
block being coded. Then, an intra-prediction mode of the chrominance signal is de-
termined, and a prediction error of each chrominance signal is calculated, similarly to
the first embodiment. Referring back to Fig. 29, coding is performed similarly to the
first embodiment.

With the above-described configurations and operations, in the image coding, the
linear-interpolation processing can be performed individually on the reference pixels of
the chrominance signals in addition to the luminance signal. A noise like contouring in
chrominance is further reduced. For example, if the chrominance signal is expanded to
4:4:4, the three primary colors of RGB may be directly treated as Cr, Y, and Cb instead
of the chrominance signal, like H.264. At this time, a noise can be removed only from
a color dominant in noise. At this time, the processing may be performed not for all
colors, and hence the amount of processing can be reduced.

In this embodiment, the chrominance linear-interpolation enable/disable judging unit
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2818 is described to collectively perform the judgment on the enable/disable state of
the linear-interpolation processing of the chrominance signal (Cb) and the chrominance
signal (Cr). However, it is not limited thereto. A linear-interpolation enable/disable
judging unit for the chrominance signal (Cb) and a linear-interpolation enable/disable
judging unit for the chrominance signal (Cr) may be separately configured.

Eighth Embodiment

An image decoding device according to an eighth embodiment of the invention is
described below. In this embodiment, decoding of the coded data generated in the
seventh embodiment is described as an example. A general configuration of the image
decoding device is similar to the block diagram in Fig. 8 of the second embodiment.
This embodiment differs from the second embodiment mainly for the configurations
and operations of the header decoding unit 803, the linear-interpolation enable/disable
setting unit 804, and the intra-prediction unit 806.

The header decoding unit 803 decodes strong_intra_smoothing _enable_flag rep-
resenting luminance interpolation enable/disable information, and reproduces the
luminance interpolation enable/disable information. The linear-interpolation enable/
disable setting unit 804 holds the luminance interpolation enable/disable information.
If the value of strong_intra_smoothing_enable_flag is 1, that is, if the luminance inter-
polation enable/disable information indicates the enable state,
strong_intra_smoothing_cb_enable_flag is decoded. Chrominance (Cb) interpolation
enable/disable information, which is the result of decoding, is held in the linear-
interpolation enable/disable setting unit 804. Similarly,
strong_intra_smoothing_cr_enable_flag is decoded. Chrominance (Cr) interpolation
enable/disable information, which is the result of decoding, is held in the linear-
interpolation enable/disable setting unit 804. Also, if the value of
strong_intra_smoothing_enable_flag is 0, the value of
intra_smoothing_cb_enable_flag is set at 0. That is, the chrominance (Cb) interpolation
enable/disable information indicates the disable state. Similarly, the value of
intra_smoothing_cr_enable_flag is set at 0. That is, the chrominance (Cr) interpolation
enable/disable information indicates the disable state. The linear-interpolation enable/
disable setting unit 804 holds these pieces of information.

The intra-prediction unit 806 performs intra-prediction. Fig. 31 shows a detailed
block diagram of the intra-prediction unit 806. In the same figure, the same numerals
are applied to blocks having the same functions as those in Fig. 9 of the second em-
bodiment, and the description is omitted. An input unit 3101 receives the chrominance
(Cb) interpolation enable/disable information from the linear-interpolation enable/
disable setting unit 804 in Fig. 8. An input unit 3102 receives the chrominance (Cr) in-

terpolation enable/disable information from the linear-interpolation enable/disable
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setting unit 804 in Fig. 8.

A chrominance (Cb) linear-interpolation enable/disable judging unit 3103 determines
whether reference-pixel linear-interpolation processing for a chrominance signal (Cb)
is performed or not. The chrominance (Cb) linear-interpolation enable/disable judging
unit 3103 receives the chrominance (Cb) interpolation enable/disable information from
the input unit 3101, and the block size nT of the luminance signal from the input unit
903. Also, the chrominance (Cb) linear-interpolation enable/disable judging unit 3103
receives a pixel value of the chrominance signal (Cb) in the neighbor to be referenced,
from the memory 908. The linear-interpolation enable/disable judging unit 3103 de-
termines whether reference-pixel linear-interpolation processing for a chrominance
signal (Cb) of a block being coded is performed or not. For the chrominance signal
(Cb), the linear-interpolation enable/disable judging unit 3103 makes determination
based on the chrominance (Cb) interpolation enable/disable information, the block size
of the block being decoded, and the pixel value of the reference pixel of the
chrominance signal of the block being decoded. If the chrominance (Cb) interpolation
enable/disable information indicates the enable state, if the block size nT of the
luminance signal is 32, and if two expressions relating to the chrominance signal (Cb)
in Expressions (5) are true, reference-pixel linear-interpolation processing of the
chrominance signal (Cb) is performed. At this time, the chrominance (Cb) linear-
interpolation processing flag bilntFlag(Cb is set at 1. If the chrominance (Cb) inter-
polation enable/disable information indicates the disable state, if the block size nT of
the luminance signal is other than 32, or if at least one of the two expressions relating
to the chrominance signal (Cb) in Expressions (5) is false, linear-interpolation
processing of the chrominance signal (Cb) is not performed. At this time, the
chrominance (Cb) linear-interpolation processing flag bilntFlagCb is set at 0. The
chrominance (Cb) linear-interpolation processing flag bilntFlagCb thus determined is
input to the selector 921, and an input target is selected similarly to the second em-
bodiment.

A chrominance (Cr) linear-interpolation enable/disable judging unit 3104 determines
whether reference-pixel linear-interpolation processing for a chrominance signal (Cr)
is performed or not. The chrominance (Cr) linear-interpolation enable/disable judging
unit 3104 receives the chrominance (Cr) interpolation enable/disable information from
the input unit 3102, and the block size nT of the luminance signal from the input unit
903. Also, the chrominance (Cr) linear-interpolation enable/disable judging unit 3104
receives a pixel value of the chrominance signal (Cb) in the neighbor to be referenced,
from the memory 909. The linear-interpolation enable/disable judging unit 3104 de-
termines whether reference-pixel linear-interpolation processing for a chrominance

signal (Cr) of a block being decoded is performed or not. For the chrominance signal
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(Cr), the linear-interpolation enable/disable judging unit 3104 makes determination
based on the chrominance (Cr) interpolation enable/disable information, the block size
of the block being decoded, and the pixel value of the reference pixel of the
chrominance signal of the block being decoded. If the chrominance (Cr) interpolation
enable/disable information indicates the enable state, if the block size nT of the
luminance signal is 32, and if two expressions relating to the chrominance signal (Cr)
in Expressions (5) are true, reference-pixel linear-interpolation processing of the
chrominance signal (Cr) is performed. At this time, the chrominance (Cr) linear-
interpolation processing flag bilntFlagCr is set at 1. If the chrominance (Cr) inter-
polation enable/disable information indicates the disable state, if the block size nT of
the luminance signal is other than 32, or if at least one of the two expressions relating
to the chrominance signal (Cr) in Expressions (5) is false, linear-interpolation
processing of the chrominance signal (Cr) is not performed. At this time, the
chrominance (Cr) linear-interpolation processing flag bilntFlagCr is set at 0. The
chrominance (Cr) linear-interpolation processing flag bilntFlagCr thus determined is
input to the selector 922, and an input target is selected similarly to the second em-
bodiment. Decoding processing and intra-prediction are performed similarly to the
eighth embodiment, and the decoded image is reproduced.

[0151]  Fig. 32 is a flowchart representing decoding processing in the image decoding device
according to the eighth embodiment. In the same figure, the same numerals are applied
to blocks having the same functions as those in Fig. 18 of the fourth embodiment, and
the description is omitted. In step S3201, if the luminance interpolation enable/disable
information indicates the enable state in step S1801, the process advances to step
S$3202. Otherwise, the process advances to step $3203. In step S3202, the header
decoding unit 803 decodes strong_intra_smoothing_cb_enable_flag. Then, the linear-
interpolation enable/disable setting unit 804 sets the chrominance (Cb) interpolation
enable/disable information in accordance with the value. Further, the header decoding
unit 803 decodes strong_intra_smoothing_cr_enable_flag. Then, the linear-in-
terpolation enable/disable setting unit 804 sets the chrominance (Cr) interpolation
enable/disable information in accordance with the value. In step S3203, the linear-
interpolation enable/disable setting unit 804 sets both the chrominance (Cb) inter-
polation enable/disable information and the chrominance (Cr) interpolation enable/
disable information at the disable states.

[0152]  Also, in step S3210, the intra-prediction unit 806 performs intra-prediction
processing. Figs. 33A and 33B are a flowchart expressing a detailed operation of the
intra-prediction processing. In the same figure, the same numerals are applied to blocks
having the same functions as those in Figs. 11A and 11B of the second embodiment,

and the description is omitted.
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In step S3301, the chrominance (Cb) linear-interpolation enable/disable judging unit
3103 judges the chrominance (Cb) interpolation enable/disable information. If the
chrominance (Cb) interpolation enable/disable information indicates the enable state,
the process advances to step $3302, and if not, the process advances to step S3306. In
step S3302, the chrominance (Cb) linear-interpolation enable/disable judging unit 3103
judges whether the block size nT of the luminance signal is 32 or not. If the block size
nT of the luminance signal is 32, the process advances to step S3303, and if not, the
process advances to step S3306.

In step S3303, if the chrominance signal (Cb) of the reference pixel satisfies both the
two expressions relating to the chrominance signal (Cb) in Expressions (5), the process
advances to step S3304, and if not, the process advances to step S3306. In step S3304,
the chrominance (Cb) linear-interpolation processing flag bilntFlagCb is set at 1. In
step S3305, linear-interpolation processing is performed as reference-pixel correction
processing of the chrominance signal (Cb). Actually, the selector 921 selects the output
of the linear-interpolation unit 917. In step S3306, the chrominance (Cb) linear-
interpolation processing flag bilntFlag(Cb is set at 0. In step S3307, filter processing is
performed as reference-pixel correction processing of the chrominance signal (Cb).
Actually, the selector 921 selects the output of the filter unit 919. In step S3308, the
chrominance-signal predicting unit 923 judges whether filterFlagC[interPredModeC]
obtained in accordance with the decoded interPredModeC determined in step S1111 is
1 or not. If the filterFlagC[interPredModeC] indicates the enable state, the process
advances to step S3309, and if not, the process advances to step S3310.

In step S3309, the chrominance-signal predicting unit 923 performs intra-prediction
without the reference pixel value of the chrominance signal (Cb) with the correction
processing performed, and generates a prediction pixel value. In step S3310, the
chrominance-signal predicting unit 923 performs intra-prediction by using the
reference pixel value of the chrominance signal (Cb) with the correction processing
performed, and generates a prediction pixel value of the chrominance signal (Cb).

In step S3311, the chrominance (Cr) linear-interpolation enable/disable judging unit
3104 judges the chrominance (Cr) interpolation enable/disable information. If the
chrominance (Cr) interpolation enable/disable information indicates the enable state,
the process advances to step $3312, and if not, the process advances to step S3313.

In step S3312, the chrominance (Cr) linear-interpolation enable/disable judging unit
3104 judges whether the block size nT of the luminance signal is 32 or not. If the block
size nT is 32, the process advances to step S3313, and if not, the process advances to
step S3316.

In step S3313, if the chrominance signal (Cr) of the reference pixel satisfies both the

two expressions relating to the chrominance signal (Cr) in Expressions (5), the process
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advances to step S3314, and if not, the process advances to step S3316. In step S3314,
the chrominance (Cr) linear-interpolation processing flag bilntFlagCr is set at 1. In step
S3315, linear-interpolation processing is performed as reference-pixel correction
processing of the chrominance signal (Cr). Actually, the selector 922 selects the output
of the linear-interpolation unit 918. In step S3316, the chrominance (Cr) linear-
interpolation processing flag bilntFlagCr is set at 0. In step S3317, filter processing is
performed as reference-pixel correction processing of the chrominance signal (Cr).
Actually, the selector 922 selects the output of the filter unit 920. In step S3318, the
chrominance-signal predicting unit 923 judges whether filterFlagC[interPredModeC]
obtained in accordance with the decoded interPredModeC determined in step S1111 is
1 or not. If the filterFlagC[interPredModeC] indicates the enable state, the process
advances to step S3319, and if not, the process advances to step S3320.

In step S3319, the chrominance-signal predicting unit 923 performs intra-prediction
without the reference pixel value of the chrominance signal (Cr) with the correction
processing performed, and generates a prediction pixel value of the chrominance signal
(Cr). In step S3320, the chrominance-signal predicting unit 923 performs intra-
prediction without the reference pixel value of the chrominance signal (Cr) with the
correction processing performed, and generates a prediction pixel value of the
chrominance signal (Cr).

Then, intra-prediction of each chrominance signal is performed, and a prediction
error of each chrominance signal is calculated, similarly to the second embodiment.
Referring back to Fig. 32, decoding is performed similarly to the second embodiment.

With the above-described configurations and operations, in the image decoding, the
linear-interpolation processing can be performed on the reference pixel of the
chrominance signal in addition to the luminance signal. A noise like contouring in
chrominance is reduced. Also, the enable/disable state of the linear-interpolation
processing of the chrominance signal is determined in association with the enable/
disable state of the linear-interpolation processing of the luminance signal, a noise like
contouring of which is dominant in image quality. The linear-interpolation processing
is performed only on the luminance signal. Accordingly, mismatching, in which the
linear-interpolation processing is not performed for the chrominance signal, does not
occur. A noise can be further reduced in a decoded image. For example, if the
chrominance signal is expanded to 4:4:4, the three primary colors of RGB may be
directly treated as Cr, Y, and Cb instead of the chrominance signal, like H.264. At this
time, a noise can be removed only from a color dominant in noise.

Ninth Embodiment
An image coding device according to a ninth embodiment of the invention is

described below. A general configuration of the coding device is similar to the block
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diagram in Fig. 1. In this embodiment, the image data is described as an image with
luminance and chrominance signals being 4:4:4. However, it is not limited thereto.
This embodiment differs from the first embodiment mainly for the configurations and
operations of the linear-interpolation enable/disable determining unit 103, the header
coding unit 104, and the intra-prediction unit 105. In this embodiment, chrominance
interpolation (Cb) enable/disable information and chrominance (Cr) interpolation
enable/disable information are provided, similarly to the seventh embodiment. Also,
strong_intra_smoothing_cb_enable_flag and strong_intra_smoothing_cr_enable_flag
are used as codes indicative of these pieces of information. The linear-interpolation
enable/disable determining unit 103 determines the luminance interpolation enable/
disable information, the chrominance (Cb) interpolation enable/disable information,
and the chrominance (Cr) interpolation enable/disable information, similarly to the
seventh embodiment. In this case, it is assumed that the luminance interpolation
enable/disable information, the chrominance (Cb) interpolation enable/disable in-
formation, and the chrominance (Cr) interpolation enable/disable information can be
individually selected. The header coding unit 104 codes attributes such as the type and
size of an image to be input, a coding profile, the luminance interpolation enable/
disable information, the chrominance (Cb) interpolation enable/disable information,
and the chrominance (Cr) interpolation enable/disable information. The header coding
unit 104 performs coding in accordance with the format of a sequence parameter set
including the above information, and generates a bit stream as shown in Fig. 34. The
luminance interpolation enable/disable information is coded as
strong_intra_smoothing_enable_flag. Then, the chrominance (Cb) interpolation
enable/disable information is coded as strong_intra_smoothing_cb_enable_flag.
Further, the chrominance (Cr) interpolation enable/disable information is coded as
strong_intra_smoothing_cr_enable_flag. Similarly to the first embodiment, the coded
data of the header is input to the integrating unit 110, and is output from the output unit
111 before coding the image.

Then, coding for an image is performed. The block dividing unit 102 performs block
division like the first embodiment, and inputs the pixel values and block size of the
block to the intra-prediction unit 105. The intra-prediction unit 105 performs intra-
prediction with reference to a coded neighboring pixel, and outputs an optimal intra-
prediction mode, and a prediction error as the result of the intra-prediction. Fig. 35
shows a detailed block diagram of the intra-prediction unit 105. In Fig. 35, the same
numeral is applied to a block having the same function as that of the intra-prediction
unit in Fig. 28 of the seventh embodiment, and the description is omitted.

A chrominance (Cb) linear-interpolation enable/disable judging unit 3501 receives

chrominance (Cb) interpolation enable/disable information, and a reference pixel of the
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chrominance signal (Cb) from the memory 307. A chrominance (Cb) linear-in-
terpolation processing flag bilntFlagCb is determined from these pieces of information
and the block size. Similarly, if the chrominance (Cb) interpolation enable/disable in-
formation indicates the enable state, if the block size nT of the luminance signal is 32,
and if both two expressions relating to the chrominance signal (Cb) in Expressions (5)
are true, reference-pixel linear-interpolation processing of the chrominance signal (Cb)
is performed. At this time, the chrominance (Cb) linear-interpolation processing flag
bilntFlagCb is set at 1. If the chrominance interpolation enable/disable information
indicates the disable state, if the block size nT of the luminance signal is other than 32,
or if at least one of the two expressions relating to the chrominance signal (Cb) in Ex-
pressions (5) is false, linear-interpolation processing of the chrominance signal (Cb) is
not performed. At this time, the chrominance (Cb) linear-interpolation processing flag
bilntFlagCb is set at 0. The chrominance (Cb) linear-interpolation processing flag bi-
IntFlagCb is input to the selector 323.

Also, a chrominance (Cr) linear-interpolation enable/disable judging unit 3502
receives chrominance (Cr) interpolation enable/disable information, and a reference
pixel of the chrominance signal (Cr) from the memory 308. A chrominance (Cr) linear-
interpolation processing flag bilntFlagCr is determined from these pieces of in-
formation and the block size. If the chrominance (Cr) interpolation enable/disable in-
formation indicates the enable state, if the block size nT of the luminance signal is 32,
and if both two expressions relating to the chrominance signal (Cr) in Expressions (5)
are true, reference-pixel linear-interpolation processing of the chrominance signal (Cr)
is performed. At this time, the chrominance (Cr) linear-interpolation processing flag
bilntFlagCr is set at 1. If the chrominance interpolation enable/disable information
indicates the disable state, if the block size nT of the luminance signal is other than 32,
or if at least one of the two expressions relating to the chrominance signal (Cr) in Ex-
pressions (5) is false, linear-interpolation processing of the chrominance signal (Cr) is
not performed. At this time, the chrominance (Cr) linear-interpolation processing flag
bilntFlagCr is set at 0. The chrominance (Cr) linear-interpolation processing flag bi-
IntFlagCr is input to the selector 324. The selector 323 and the selector 324 are
operated similarly to the seventh embodiment. The output of the selector 323 is input
to a chrominance-signal (Cb) prediction-mode determining unit 3503, and the output of
the selector 324 is input to a chrominance-signal (Cr) prediction-mode determining
unit 3504.

The chrominance-signal (Cb) prediction-mode determining unit 3503 differs from
the chrominance-signal prediction-mode determining unit 328 in the seventh em-
bodiment in that the chrominance-signal (Cb) prediction-mode determining unit 3503

determines an intra-prediction mode and calculates a prediction error only for the
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chrominance signal (Cb). The chrominance-signal (Cb) prediction-mode determining
unit 3503 receives the reference pixel value of the chrominance signal (Cb) with the
correction processing performed, from the selector 323, and the reference pixel value
of the chrominance signal (Cb) without the correction processing, from the memory
307. Also, the chrominance-signal (Cb) prediction-mode determining unit 3503
receives filterFlagC[0.. 34], which represents whether or not the reference-pixel
correction processing of the chrominance signal is performed every prediction mode,
from the chrominance reference-pixel generation-method selecting unit 317. Further,
the chrominance-signal (Cb) prediction-mode determining unit 3503 receives the pixel
value of the chrominance signal (Cb) of the block being coded from the memory 326.
The chrominance-signal (Cb) prediction-mode determining unit 3503 calculates a
prediction error every intra-prediction mode. To calculate the prediction error, the
chrominance-signal (Cb) prediction-mode determining unit 3503 selects whether the
reference pixel value with the reference-pixel correction processing performed is used
or the pixel value without the processing is used, as the reference pixel of the
chrominance signal (Cb), in accordance with filterFlagC[0.. 34]. With use of the
selected reference pixel value of the chrominance signal (Cb), a prediction pixel value
of the chrominance signal (Cb) is calculated by using the reference pixel value
according to the intra-prediction mode. Calculated prediction pixel values of the
chrominance signal (Cb) are compared, and an intra-prediction mode that provides the
smallest prediction error is used as the intra-prediction mode of the chrominance signal
(Cb) of the block being coded. The intra-prediction mode of the chrominance signal
(Cb) is output to the prediction determining unit 107 in Fig. 1 through an output unit
3505. The smallest prediction error of the chrominance signal (Cb) is output to the
prediction determining unit 107 in Fig. 1 through an output unit 3506.

The chrominance-signal (Cr) prediction-mode determining unit 3504 differs from the
chrominance-signal prediction-mode determining unit 328 in the seventh embodiment
in that the chrominance-signal (Cr) prediction-mode determining unit 3504 determines
an intra-prediction mode and calculates a prediction error only for the chrominance
signal (Cr). The chrominance-signal (Cr) prediction-mode determining unit 3504
receives the reference pixel value of the chrominance signal (Cr) with the correction
processing performed, from the selector 324, and the reference pixel value of the
chrominance signal (Cr) without the correction processing, from the memory 308.
Also, the chrominance-signal (Cr) prediction-mode determining unit 3504 receives fil-
terFlagC[0.. 34], which represents whether or not the reference-pixel correction
processing of the chrominance signal is performed every prediction mode, from the
chrominance reference-pixel generation-method selecting unit 317. Further, the

prediction-mode determining unit 3504 receives the pixel value of the chrominance
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signal (Cr) of the block being coded from the memory 327. The chrominance-signal
(Cr) prediction-mode determining unit 3504 calculates a prediction error every intra-
prediction mode. To calculate the prediction error, the chrominance-signal (Cr)
prediction-mode determining unit 3504 selects whether the reference pixel value with
the reference-pixel correction processing performed is used or the pixel value without
the processing is used, as the reference pixel of the chrominance signal (Cr), in ac-
cordance with filterFlagC[0.. 34]. With use of the selected reference pixel value of the
chrominance signal (Cr), a prediction pixel value of the chrominance signal (Cr) is
calculated by using the reference pixel value according to the intra-prediction mode.
Calculated prediction pixel values of the chrominance signal (Cr) are compared, and an
intra-prediction mode that provides the smallest prediction error is used as the intra-
prediction mode of the chrominance signal (Cr) of the block being coded. The intra-
prediction mode of the chrominance signal (Cr) is output to the prediction determining
unit 107 in Fig. 1 through an output unit 3507. The smallest prediction error of the
chrominance signal (Cr) is output to the prediction determining unit 107 in Fig. 1
through an output unit 3508. If the prediction determining unit 107 causes the coding
mode to be the intra-coding mode, the entropy coding unit 109 codes the intra-
prediction mode of the chrominance signal (Cb) and the intra-prediction mode of the
chrominance signal (Cr) instead of the chrominance intra-prediction mode unlike the
first embodiment.

Fig. 36 is a flowchart representing coding processing in the image coding device
according to the ninth embodiment. In the same figure, the same numerals are applied
to blocks having the same functions as those in Fig. 29 of the seventh embodiment, and
the description is omitted. In step S3601, the linear-interpolation enable/disable de-
termining unit 103 determines the enable/disable state of reference-pixel linear-
interpolation processing of the chrominance signal (Cb). In step S3602, the linear-
interpolation enable/disable determining unit 103 determines the enable/disable state of
reference-pixel linear-interpolation processing of the chrominance signal (Cr). In step
S3603, the header coding unit 104 codes strong_intra_smoothing_enable_flag. Then,
the header coding unit 104 codes strong_intra_smoothing_cb_enable_flag and
strong_intra_smoothing_cr_enable_flag.

Also, in step S2906, the intra-prediction unit 105 performs intra-prediction
processing. The operation of the intra-prediction in this embodiment is similar to the
seventh embodiment, and hence the description is omitted. Coding is performed like
the first embodiment.

With the above-described configurations and operations, in the image coding, the
linear-interpolation processing can be individually performed on the reference pixels of

the luminance signal and the respective chrominance signals. A noise is efficiently
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reduced in a signal, which is likely affected by a noise like contouring.

In this embodiment, the intra-prediction mode of the chrominance signal is coded for
each of the chrominance signal (Cb) and the chrominance signal (Cr); however, it is
not limited thereto. For example, the intra-prediction mode of the chrominance signal
as shown in Fig. 28 may be commonly used.

Tenth Embodiment

An image decoding device according to a tenth embodiment of the invention is
described below. In this embodiment, decoding of the coded data generated in the
ninth embodiment is described as an example. A general configuration of the image
decoding device is similar to the block diagram in Fig. 8 of the second embodiment.
This embodiment differs from the second embodiment mainly for the configurations
and operations of the header decoding unit 803, the linear-interpolation enable/disable
setting unit 804, the entropy decoding unit 805, and the intra-prediction unit 806.

The header decoding unit 803 decodes strong_intra_smoothing _enable_flag rep-
resenting luminance interpolation enable/disable information, and reproduces the
luminance interpolation enable/disable information. The linear-interpolation enable/
disable setting unit 804 holds the luminance interpolation enable/disable information.
Then, the header decoding unit 803 decodes strong_intra_smoothing_cb_enable_flag
representing chrominance (Cb) interpolation enable/disable information, and re-
produces the chrominance (Cb) interpolation enable/disable information. The linear-
interpolation enable/disable setting unit 804 holds the chrominance (Cb) interpolation
enable/disable information. Further, the header decoding unit 803 decodes
strong_intra_smoothing cr enable_flag representing chrominance (Cr) interpolation
enable/disable information, and reproduces the chrominance (Cr) interpolation enable/
disable information. The linear-interpolation enable/disable setting unit 804 holds the
chrominance (Cr) interpolation enable/disable information.

The entropy decoding unit 805 decodes and reproduces the intra-prediction mode of
the chrominance signal (Cb) and the intra-prediction mode of the chrominance signal
(Cr) if the coding mode of a block being decoded is an intra-prediction mode.

The intra-prediction unit 806 performs intra-prediction. Fig. 37 shows a detailed
block diagram of the intra-prediction unit 806. In the same figure, the same numerals
are applied to blocks having the same functions as those in Fig. 31 of the eighth em-
bodiment, and the description is omitted. An input unit 3701 receives an intra-
prediction mode of the chrominance signal (Cb) reproduced by the entropy decoding
unit 805. An input unit 3702 receives an intra-prediction mode of the chrominance
signal (Cr) reproduced by the entropy decoding unit 805.

A chrominance-signal (Cb) predicting unit 3703 receives the block size nT from the

input unit 903, and an intra-prediction mode intraPredModeCb of the chrominance
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signal (Cb) from the input unit 3701. Further, the chrominance-signal (Cb) predicting
unit 3703 receives a reference pixel with the reference-pixel correction processing of
the chrominance signal (Cb) performed, from the selector 921, and the decoded
reference pixel value of the chrominance signal (Cb) in the neighbor of the block being
decoded, from the memory 908. The chrominance-signal (Cb) predicting unit 3703
calculates minDistVerHor from the input intraPredModeCb and compares the block
size nT with intraHorVerDistThreshC[nT] obtained from Table 2. If minDistVerHor is
larger than intraHorVerDistThreshC[nT], the reference-pixel correction processing of
the chrominance signal is performed. For the chrominance signal (Cb), intra-prediction
is performed in accordance with intraPredModeCb, which is the output from the
selector 921 and the input as the reference pixel value. If minDistVerHor is small, the
intra-prediction is performed in accordance with intraPredModeCb by using the
reference pixel value read from the memory 908. The prediction pixel value of the
chrominance signal (Cb) obtained by the intra-prediction is output from an output unit
3705 to the pixel reproducing unit 809 in Fig. 8.

Similarly, a chrominance-signal (Cr) predicting unit 3704 receives the block size nT
from the input unit 903, and an intra-prediction mode intraPredModeCr of the
chrominance signal (Cr) from the input unit 3702. Further, the chrominance-signal (Cr)
predicting unit 3704 receives the reference pixel with the reference-pixel correction
processing of the chrominance signal (Cr) performed, from the selector 922, and the
decoded reference pixel value of the chrominance signal (Cr) in the neighbor of the
block being decoded, from the memory 909. The chrominance-signal (Cr) predicting
unit 3704 calculates minDistVerHor from the input intraPredModeCr and compares the
block size nT with intraHorVerDistThreshC[nT] obtained from Table 2. If
minDistVerHor is larger than intraHorVerDistThreshC[nT], the reference-pixel
correction processing of the chrominance signal is performed. For the chrominance
signal (Cr), the chrominance-signal (Cr) predicting unit 3704 performs intra-prediction
in accordance with intraPredModeCr, which is the output from the selector 921 and
input as the reference pixel value. If minDistVerHor is small, intra-prediction is
performed in accordance with intraPredModeCr by using the reference pixel value read
from the memory 909. The prediction pixel value of the chrominance signal (Cr)
obtained by the intra-prediction is output from an output unit 3706 to the pixel re-
producing unit 809 in Fig. 8. Decoding processing is performed similarly to the eighth
embodiment, and the decoded image is reproduced.

Fig. 38 is a flowchart representing decoding processing in the image decoding device
according to the tenth embodiment. In the same figure, the same numerals are applied
to blocks having the same functions as those in Fig. 18 of the fourth embodiment, and

the description is omitted. In step S3802, the header decoding unit 803 decodes
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strong_intra_smoothing_enable_flag. Then, the header decoding unit 803 decodes
strong_intra_smoothing_cb_enable_flag representing chrominance (Cb) interpolation
enable/disable information. Further, the header decoding unit 803 decodes
strong_intra_smoothing cr enable_flag representing chrominance (Cr) interpolation
enable/disable information.

Also, in step S3810, the intra-prediction unit 806 performs intra-prediction
processing. Figs. 39A and 39B are a flowchart expressing a detailed operation of the
intra-prediction processing. In the same figure, the same numerals are applied to blocks
having the same functions as those in Figs. 33A and 33B of the eighth embodiment,
and the description is omitted. In step S3901, the predicting unit 3703 calculates fil-
terFlagCb[interPredModeCb] from interPredModeCb and the block size nT by using
Table 2. In step $3902, the predicting unit 3704 calculates fil-
terFlagCr[interPredModeCr] from interPredModeCr and the block size nT by using
Table 2.

In step S3903, if filterFlagCb[interPredModeCb] obtained in step S3901 is 1, the
process advances to step $3904, and if not, the process advances to step S3905. In step
S$3904, the prediction unit 3703 performs intra-prediction in accordance with an intra-
prediction mode interPredModeCb of the chrominance signal (Cb) by using the
reference pixel with the reference-pixel correction processing of the chrominance
signal (Cb) performed. In step S3905, the prediction unit 3703 performs intra-
prediction in accordance with an intra-prediction mode interPredModeCb of the
chrominance signal (Cb) by using the reference pixel value without the reference-pixel
correction processing of the chrominance signal (Cb).

In step S3906, if filterFlagCr[interPredModeCr] obtained in step S3902 is 1, the
process advances to step S3907, and if not, the process advances to step S3908. In step
S$3907, the prediction unit 3704 performs intra-prediction in accordance with an intra-
prediction mode interPredModeCr of the chrominance signal (Cr) by using the
reference pixel with the reference-pixel correction processing of the chrominance
signal (Cr) performed. In step S3908, the prediction unit 3704 performs intra-
prediction in accordance with an intra-prediction mode interPredModeCr of the
chrominance signal (Cr) by using the reference pixel value without the reference-pixel
correction processing of the chrominance signal (Cr). Referring back to Fig. 38,
decoding is performed similarly to the second embodiment.

With the above-described configurations and operations, in the image decoding, the
linear-interpolation processing can be individually performed on the reference pixels of
the luminance signal and the respective chrominance signals. A noise is efficiently
reduced in a signal, which is likely affected by a noise like contouring.

Eleventh Embodiment
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An image coding device according to an eleventh embodiment of the invention is
described below. A general configuration of the coding device is similar to the block
diagram in Fig. 1. In this embodiment, the image data is described as an image with
luminance and chrominance signals being 4:4:4. However, it is not limited thereto.
This embodiment differs from the first embodiment mainly for the configurations and
operations of the linear-interpolation enable/disable determining unit 103, the header
coding unit 104, and the intra-prediction unit 105. In this embodiment, information
representing whether reference-pixel linear-interpolation processing is enabled/
disabled simultaneously for both a luminance signal and chrominance signals serves as
interpolation enable/disable information, similarly to the third embodiment. Also, the
code representing the interpolation enable/disable information is
strong_intra_smoothing_enable_flag, similarly to the third embodiment. The linear-
interpolation enable/disable determining unit 103 determines the interpolation enable/
disable information similarly to the third embodiment. The header coding unit 104
codes attributes such as the type and size of an image to be input, a coding profile, and
the interpolation enable/disable information. The header coding unit 104 performs
coding in accordance with the format of a sequence parameter set including the above
information, and generates a bit stream as shown in Fig. 12. The interpolation enable/
disable information is coded as strong_intra_smoothing_enable_flag. Similarly to the
first embodiment, the coded data of the header is input to the integrating unit 110, and
is output from the output unit 111 before coding an image.

Then, coding for an image is performed. The block dividing unit 102 performs block
division like the first embodiment, and inputs the pixel values and block size of the
block to the intra-prediction unit 105.

The intra-prediction unit 105 performs intra-prediction with reference to a coded
neighboring pixel, and outputs an optimal intra-prediction mode, and a prediction error
as the result of the intra-prediction. Fig. 40 shows a detailed block diagram of the intra-
prediction unit 105. In Fig. 40, the same numeral is applied to a block having the same
function as that of the intra-prediction unit in Fig. 35 of the ninth embodiment, and the
description is omitted.

A chrominance (Cb) linear-interpolation enable/disable judging unit 4101 receives
interpolation enable/disable information input from the input unit 1302, and a reference
pixel of the chrominance signal (Cb) from the memory 307. A chrominance (Cb)
linear-interpolation processing flag bilntFlagCb is determined from these pieces of in-
formation and the block size. If the interpolation enable/disable information indicates
the enable state, if the block size nT of the chrominance signal is 32, and if both two
expressions relating to the chrominance signal (Cb) in Expressions (5) are true,

reference-pixel linear-interpolation processing of the chrominance signal (Cb) is



61

WO 2014/103292 PCT/JP2013/007563

[0185]

[0186]

[0187]

performed. At this time, the chrominance (Cb) linear-interpolation processing flag bi-
IntFlagCb is set at 1. If the interpolation enable/disable information indicates the
disable state, if the block size nT of the chrominance signal (Cb) is other than 32, or if
at least one of the two expressions relating to the chrominance signal (Cb) in Ex-
pressions (5) is false, linear-interpolation processing of the chrominance signal (Cb) is
not performed. At this time, the chrominance (Cb) linear-interpolation processing flag
bilntFlagCb is set at 0. The chrominance (Cb) linear-interpolation processing flag bi-
IntFlagCb is input to the selector 323.

A chrominance (Cr) linear-interpolation enable/disable judging unit 4102 receives in-
terpolation enable/disable information input from the input unit 1302, and a reference
pixel of the chrominance signal (Cr) from the memory 308. A chrominance (Cr) linear-
interpolation processing flag bilntFlagCr is determined from these pieces of in-
formation and the block size. If the interpolation enable/disable information indicates
the enable state, if the block size nT of the chrominance signal is 32, and if both two
expressions relating to the chrominance signal (Cr) in Expressions (5) are true,
reference-pixel linear-interpolation processing of the chrominance signal (Cr) is
performed. At this time, the chrominance (Cr) linear-interpolation processing flag bi-
IntFlagCr is set at 1. If the interpolation enable/disable information indicates the
disable state, if the block size nT of the chrominance signal (Cr) is other than 32, or if
at least one of the two expressions relating to the chrominance signal (Cr) in Ex-
pressions (5) is false, linear-interpolation processing of the chrominance signal (Cr) is
not performed. At this time, the chrominance (Cr) linear-interpolation processing flag
bilntFlagCr is set at 0. The chrominance (Cr) linear-interpolation processing flag bi-
IntFlagCr is input to the selector 324.

The selector 323 and the selector 324 are operated similarly to the ninth embodiment.
The output of the selector 323 is input to the chrominance-signal (Cb) prediction-mode
determining unit 3503, and the output of the selector 324 is input to the chrominance-
signal (Cr) prediction-mode determining unit 3504.

A chrominance (Cb) reference-pixel generation-method selecting unit 4103 judges
whether or not reference-pixel correction processing is performed every intra-
prediction mode based on the input block size nT of the chrominance signal (Cb). A
chrominance (Cr) reference-pixel generation-method selecting unit 4104 judges
whether or not reference-pixel correction processing is performed every intra-
prediction mode based on the input block size nT of the chrominance signal (Cr). The
relationship between the block size nT and the direction of the intra-prediction may
employ a method described in chapter §8.4.4.2.3 of NPL 2. Similarly to the
chrominance signal (Cb), the chrominance (Cr) reference-pixel generation-method

selecting unit 4104 judges whether or not reference-pixel correction processing is
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performed every intra-prediction mode based on the input block size nT of the
chrominance signal (Cr).

The chrominance-signal (Cb) prediction-mode determining unit 3503 determines an
intra-prediction mode and calculates a prediction error only for the chrominance signal
(Cb) similarly to the ninth embodiment. Also, the chrominance-signal (Cr) prediction-
mode determining unit 3504 determines an intra-prediction mode and calculates a
prediction error only for the chrominance signal (Cr) similarly to the ninth em-
bodiment.

A flowchart of coding processing in the image coding device according to the
eleventh embodiment is similar to Fig. 15 of the third embodiment. A different point is
the content of processing of intra-prediction in step S1506. Figs. 41A and 41B are a
flowchart expressing a detailed operation of the intra-prediction processing. In the
same figure, the same numerals are applied to blocks having the same functions as
those in Figs. 30A and 30B of the ninth embodiment, and the description is omitted.

In step S4101, the luminance linear-interpolation enable/disable judging unit 310
judges the interpolation enable/disable information of the block being coded set in step
S1501. If the interpolation enable/disable information is set at the enable state, the
process advances to step S603, and if not, the process advances to step S607. In step
54102, the chrominance (Cb) linear-interpolation enable/disable judging unit 4101
judges the interpolation enable/disable information of the block being coded set in step
S1501. If the interpolation enable/disable information is set at the enable state, the
process advances to step S3013, and if not, the process advances to step S3017. In step
54103, the chrominance (Cr) linear-interpolation enable/disable judging unit 4102
judges the interpolation enable/disable information of the block being coded set in step
S1501. If the interpolation enable/disable information is set at the enable state, the
process advances to step S3019-2, and if not, the process advances to step S3022.

With the above-described configurations and operations, in the image coding, the
judgment on the enable/disable state can be collectively performed for the luminance
signal and the respective chrominance signals. Accordingly, codes can be switched in
accordance with the presence of the function of linear-interpolation at the decoding
side. Further, the judgment on whether the linear-interpolation is performed or not is
made individually for the luminance signal and the respective chrominance signals.
Accordingly, the linear-interpolation processing can be performed on a reference pixel
every signal. That is, coded data with a noise appropriately reduced can be generated
for a signal, which is likely affected by a noise like contouring in each signal.

In this embodiment, the intra-prediction mode of the chrominance signal is coded for
each of the chrominance signal (Cb) and the chrominance signal (Cr); however, it is

not limited thereto. For example, the intra-prediction mode of the chrominance signal
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may be commonly used like the chrominance-signal prediction-mode determining unit
328 shown in Fig. 28.

In this embodiment, the interpolation enable/disable information is coded while
being included in a sequence parameter set; however, it is not limited thereto. The in-
terpolation enable/disable information may be included in coded data of a header, such
as a picture parameter set or a slice header.

This embodiment is described based on an example of 4:4:4. Hence, the luminance
signal and the chrominance signal have the same block size. At this time, the output of
the luminance reference-pixel generation-method selecting unit 309 may be input to
the chrominance-signal (Cb) prediction-mode determining unit 3503 instead of the
output of the chrominance (Cb) reference-image generation-method selecting unit
4103. Similarly, the output of the luminance reference-pixel generation-method
selecting unit 309 may be input to the chrominance-signal (Cr) prediction-mode de-
termining unit 3504 instead of the output of the chrominance (Cr) reference-image
generation-method selecting unit 4104.

In Figs. 41A and 41B, the processing of step S3901 and step S3902 is performed
before step S3301; however, it is not limited thereto. The processing of step S3901 is
only required to be performed before step S3303, and may be performed after step
S$3302. The processing of step S3902 is only required to be performed before step
S3313, and may be performed after step S3312.

This embodiment is described that an image signal is 4:4:4. However, it is not limited
thereto. For example, an image signal may be 4:2:0, or 4:2:2. And the three primary
colors of RGB may be directly treated as Cr, Y, and Cb instead of the chrominance
signal, like H.264. Furthermore, color space of input image signal is not limited there
to. For example, color space of XYZ, L*a*b* or L*u*v* may also be used. Also, this
embodiment is described that the maximum size of a divided block is 64x64 pixels,
and the block size for performing the linear-interpolation processing is 32x32 pixels.
However, it is not limited thereto. Also, the block is not limited to a square block, and
may be a rectangular block.

Also, the luminance linear-interpolation processing flag bilntFlag and the respective
chrominance linear-interpolation processing flags bilntFlagCb and bilntFlagCr are
each a one-bit signal. However, it is not limited thereto. A multi-bit signal may be
used, and a plurality of linear-interpolation units may be switched. Alternatively, a
signal indicative of not performing interpolation may be used.

Twelfth Embodiment

An image decoding device according to a twelfth embodiment of the invention is

described below. In this embodiment, decoding of the coded data generated in the

eleventh embodiment is described as an example. In this embodiment, the image data



64

WO 2014/103292 PCT/JP2013/007563

[0199]

[0200]

[0201]

[0202]

is described as an image with luminance and chrominance signals being 4:4:4.
However, it is not limited thereto. A general configuration of the image decoding
device is similar to the block diagram in Fig. 8 of the second embodiment. This em-
bodiment differs from the second embodiment mainly for the configurations and op-
erations of the header decoding unit 803, the linear-interpolation enable/disable setting
unit 804, the entropy decoding unit 805, and the intra-prediction unit 806.

The header decoding unit 803 decodes strong_intra_smoothing _enable_flag rep-
resenting interpolation enable/disable information, and reproduces the interpolation
enable/disable information. The linear-interpolation enable/disable setting unit 804
holds the luminance interpolation enable/disable information.

The entropy decoding unit 805 decodes and reproduces intra-prediction modes of the
luminance signal, the chrominance signal (Cb), and the chrominance signal (Cr) if the
coding mode of a block being decoded is an intra-prediction mode.

The intra-prediction unit 806 performs intra-prediction. Fig. 42 shows a detailed
block diagram of the intra-prediction unit 806. In the same figure, the same numerals
are applied to blocks having the same functions as those in Fig. 37 of the tenth em-
bodiment, and the description is omitted. An input unit 4302 receives interpolation
enable/disable information from the linear-interpolation enable/disable setting unit 804
in Fig. 8 similarly to the input unit 1702 in Fig. 17 according to the fourth em-
bodiment. The input interpolation enable/disable information is input to the luminance
linear-interpolation enable/disable judging unit 910, a chrominance (Cb) linear-
interpolation enable/disable judging unit 4303, and a chrominance (Cr) linear-
interpolation enable/disable judging unit 4304.

The chrominance (Cb) linear-interpolation enable/disable judging unit 4303 receives
the interpolation enable/disable information input from the input unit 4302, the block
size input from the input unit 903, and the reference pixel value of the chrominance
signal (Cb) in the neighbor of the block being decoded input from the memory 908. By
using these values, the chrominance (Cb) linear-interpolation enable/disable judging
unit 4303 calculates the chrominance linear-interpolation processing flag bilntFlagCb
similarly to the chrominance (Cb) linear-interpolation enable/disable judging unit 4101
of the eleventh embodiment. If the chrominance interpolation enable/disable in-
formation indicates the enable state, if the block sizes nT of the luminance signal and
the chrominance signal are 32, and if both two expressions relating to the chrominance
signal (Cb) in Expressions (5) are true, the chrominance (Cb) linear-interpolation
processing flag bilntFlagCb is set at 1 for the chrominance signal (Cb). Hence,
reference-pixel linear-interpolation processing is performed with the chrominance
signal (Cb). Otherwise, bilntFlagCb is set at 0, and reference-pixel linear-interpolation

processing is not performed with the chrominance signal (Cb).
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Similarly, the chrominance (Cr) linear-interpolation enable/disable judging unit 4304
receives the interpolation enable/disable information input from the input unit 4302,
the block size input from the input unit 903, and the reference pixel value of the
chrominance signal (Cr) in the neighbor of the block being decoded input from the
memory 909. By using these pieces of information, the value of the chrominance (Cr)
linear-interpolation processing flag bilntFlagCr is calculated.

The selector 913 selects an input target in accordance with the luminance linear-
interpolation processing flag bilntFlag similarly to the selector 313 shown in Fig. 40.
That is, if the luminance linear-interpolation processing flag bilntFlag is 1, the output
of the linear-interpolation unit 911 is selected as an input target, and if O, the filter unit
912 is selected as an input target. The selector 921 selects an input target in accordance
with the chrominance (Cb) linear-interpolation processing flag bilntFlagCb similarly to
the selector 921 shown in Fig. 37. That is, if the chrominance (Cb) linear-interpolation
processing flag bilntFlagCb is 1, the output of the linear-interpolation unit 917 is
selected as an input target, and if O, the filter unit 919 is selected as an input target. The
selector 922 selects an input target in accordance with the chrominance (Cr) linear-
interpolation processing flag bilntFlagCr similarly to the selector 922 shown in Fig. 37.
That is, if the chrominance (Cr) linear-interpolation processing flag bilntFlagCr is 1,
the output of the linear-interpolation unit 918 is selected as an input target, and if O, the
filter unit 920 is selected as an input target.

The luminance-signal predicting unit 914 generates a prediction pixel value by using
the intra-prediction mode intraPredMode of the luminance signal input from the input
unit 901, the output of the selector 913, and the output of the memory 907. The output
unit 915 outputs the generated prediction pixel value of the luminance signal to the
pixel reproducing unit 809 in Fig. 8. The chrominance-signal (Cb) predicting unit 3703
receives the block size nT from the input unit 903, and an intra-prediction mode in-
traPredModeCb of the chrominance signal (Cb) from the input unit 3701. Further, the
chrominance-signal (Cb) predicting unit 3703 receives the reference pixel with the
reference-pixel correction processing of the chrominance signal (Cb) performed, from
the selector 921, and the decoded reference pixel value of the chrominance signal (Cb)
in the vicinity of the block being decoded, from the memory 908. The intra-prediction
is performed in accordance with the intra-prediction mode intraPredModeCb, and the
prediction pixel value of the chrominance signal (Cb) is output from the output unit
3705 to the pixel reproducing unit 809 in Fig. 8. The chrominance-signal (Cr)
predicting unit 3704 receives the block size nT from the input unit 903, and an intra-
prediction mode intraPredModeCr of the chrominance signal (Cr) from the input unit
3702. Further, the chrominance-signal (Cr) predicting unit 3704 receives the reference

pixel with the reference-pixel correction processing of the chrominance signal (Cr)
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performed, from the selector 922, and the decoded reference pixel value of the
chrominance signal (Cr) in the neighbor of the block being decoded, from the memory
909. The intra-prediction is performed in accordance with the intra-prediction mode in-
traPredModeCr, and the prediction pixel value of the chrominance signal (Cr) is output
from the output unit 3706 to the pixel reproducing unit 809 in Fig. 8.

A flowchart of decoding processing in the image decoding device according to the
twelfth embodiment is similar to Fig. 18 of the fourth embodiment. A different point is
the content of processing of intra-prediction in step S1810. Figs. 43A and 43B are a
flowchart expressing a detailed operation of the intra-prediction processing. In the
same figure, the same numerals are applied to blocks having the same functions as
those in Figs. 39A and 39B, and the description is omitted. In step S4301, the
luminance linear-interpolation enable/disable judging unit 910 judges the interpolation
enable/disable information of the block being decoded set in step S1801. If the inter-
polation enable/disable information is set at the enable state, the process advances to
step S603, and if not, the process advances to step S607. In step S4302, the
chrominance (Cb) linear-interpolation enable/disable judging unit 4303 judges the in-
terpolation enable/disable information of the block being decoded set in step S1801. If
the interpolation enable/disable information is set at the enable state, the process
advances to step S3302, and if not, the process advances to step S3306. In step S4303,
the chrominance (Cr) linear-interpolation enable/disable judging unit 4304 judges the
interpolation enable/disable information of the block being decoded set in step S1801.
If the interpolation enable/disable information is set at the enable state, the process
advances to step S3312, and if not, the process advances to step S3316.

With the above-described configurations and operations, in the image decoding, the
judgment on the enable/disable state can be collectively performed for the luminance
signal and the respective chrominance signals. Accordingly, codes can be switched in
accordance with the presence of the function of linear-interpolation at the decoding
side. The judgment on whether the linear-interpolation is performed or not is made in-
dividually for each of the luminance signal and the respective chrominance signals.
Accordingly, the linear-interpolation processing can be performed on a reference pixel
every signal. That is, a noise can be appropriately reduced for a signal, which is likely
affected by a noise like contouring in each signal.

In this embodiment, the interpolation enable/disable information is coded while
being included in a sequence parameter set; however, it is not limited thereto. The in-
terpolation enable/disable information may be included in a picture parameter set or
coded data of a header, such as a slice header, may be decoded.

In Figs. 43A and 43B, the processing of step S3901 and step S3902 is performed
before step S3301; however, it is not limited thereto. The processing of step S3901 is
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only required to be performed before step S3303, and may be performed after step
S$3302. The processing of step S3902 is only required to be performed before step
S3313, and may be performed after step S3312.

This embodiment is described that an image signal is 4:4:4. However, it is not limited
thereto. For example, an image signal may be 4:2:0, or 4:2:2. And the three primary
colors of RGB may be directly treated as Cr, Y, and Cb instead of the chrominance
signal, like H.264. Furthermore, color space of input image signal is not limited there
to. For example, color space of XYZ, L*a*b* or L*u*v* may also be used. Also, this
embodiment is described that the maximum size of a divided block is 64x64 pixels,
and the block size for performing the linear-interpolation processing is 32x32 pixels.
However, it is not limited thereto. Also, the block is not limited to a square block, and
may be a rectangular block.

Also, the luminance linear-interpolation processing flag bilntFlag and the respective
chrominance linear-interpolation processing flags bilntFlagCb and bilntFlagCr are
each a one-bit signal. However, it is not limited thereto. A multi-bit signal may be
used, and a plurality of linear-interpolation units may be switched. Alternatively, a
signal indicative of not performing interpolation may be used.

In this embodiment, the coded intra-prediction mode of the chrominance signal (Cb)
and the coded intra-prediction mode of the chrominance signal (Cr) are separately
decoded. However, it is not limited thereto. For example, the common intra-prediction
mode of the chrominance signal may be used like the chrominance-signal predicting
unit 923 in Fig. 31.

Thirteenth Embodiment

In the first to twelfth embodiments, the processing unit shown in Figs. 1, 3,7, 8,9,
13,17, 21, 24, 28, 31, 35, 37, 40, and 42 are each formed of hardware. However,
processing that is performed by each of the processing units shown in these figures
may be formed of a computer program.

Fig. 44 is a block diagram showing a configuration example of hardware of a
computer that can be applied to any of the image coding devices and the image
decoding devices according to the first to tenth embodiments (hereinafter, referred to
as image processing apparatus).

A central processing unit (CPU) 4001 controls the entire computer by using
computer programs and data stored in a random-access memory (RAM) 4002 and a
read-only memory (ROM) 4003. Also, the CPU 4001 executes the above-described
processing that is performed by any of image processing apparatuses according to the
first to fifth embodiments. That is, the CPU 4001 functions as each of the processing
units shown in Figs. 1, 3,7, 8,9, 13, 17, 21, 24, 28, 31, 35, 37, 40, and 42.

The RAM 4002 has an area for temporarily storing computer programs and data
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loaded from an external storage 4006, and data such as data acquired from an external
device through an interface (I/F) 4007. Further, the RAM 4002 has a work area that is
used when the CPU 4001 executes various kinds of processing. That is, for example,
the RAM 4002 can assign an area as a frame memory, or provide other areas appro-
priately.

The ROM 4003 stores setting data, a boot program, etc., of the computer.

An operation unit 4004 includes, for example, a keyboard and a mouse. The
operation unit 4004 can input various kinds of instructions to the CPU 4001 when
being operated by a user. An output unit 4005 displays a processing result by the CPU
4001. Also, the output unit 4005 is formed of, for example, a liquid crystal display.

The external storage 4006 is a mass information storage. The external storage 4006
stores an operating system (OS), and a computer program that allows the CPU 4001 to
execute the functions of the respective units shown in Figs. 1 and 6. Further, the
external storage 4006 may store images as processing subjects.

The computer program and data stored in the external storage 4006 are loaded to the
RAM 4002 in accordance with the control by the CPU 4001, and become processing
subjects for the CPU 4001.

The I/F 4007 can be connected with networks, such as a local-area network (LAN)
and the Internet, and other devices, such as a projector and a display. The computer can
acquire and send various pieces of information through the I/F 4007.

A Bus 4008 connects the above-described respective units with each other.

Operation with the above-described configuration, which is described with the
above-described flowcharts, is mainly controlled by the CPU 4001.

Also, the invention is implemented by executing the following processing. That is,
the processing supplies software (program) that provides the functions of the above-
described embodiments to a system or an apparatus through a network or any of
various kinds of storage media, and allows a computer (or CPU, MPU, etc.) of the
system or the apparatus to read and execute the software.

With the invention, a noise like contouring in a chrominance signal is reduced by
performing reference-pixel linear-interpolation processing even on a chrominance
signal. Also, particularly in a chrominance signal of 4:4:4, a noise like contouring is
reduced. Further, since reference-pixel linear-interpolation processing of a luminance
signal and reference-pixel linear-interpolation processing of a chrominance signal are
performed in an associated manner, regions to be processed are matched with each
other. Accordingly, noise feeling can be reduced. Also, if an RGB signal is used with
4:4:4, reference-pixel linear-interpolation processing can be performed with a color
signal assigned to a chrominance signal regardless of a color signal assigned to a

luminance signal. Further, the configuration may be applied to a rectangular block of a
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chrominance signal with 4:2:2.

[0226]  While the present invention has been described with reference to exemplary em-
bodiments, it is to be understood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims is to be accorded the
broadest interpretation so as to encompass all such modifications and equivalent
structures and functions.

[0227]  This application claims the benefit of Japanese Patent Application No. 2012-287786,
filed December 28, 2012 and No. 2013-213990 filed October 11, 2013, which are

hereby incorporated by reference herein in their entirety.
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Claims

An image decoding device configured to decode coded data, which is
generated by predicting a pixel value of a block being decoded from a
pixel in the neighbor of the block being decoded, and coding the pixel
value, the device comprising:

a decoding unit configured to decode the coded data and reproduce a
prediction error;

a chrominance interpolation unit configured to perform linear-
interpolation processing on a chrominance signal of a decoded pixel in
the neighbor of the block being decoded;

a chrominance interpolation enable/disable information generating unit
configured to generate chrominance interpolation enable/disable in-
formation representing whether or not the linear-interpolation
processing is performed on the decoded chrominance signal on the
block basis;

a control unit configured to control the chrominance interpolation unit
in accordance with the chrominance interpolation enable/disable in-
formation;

a chrominance-signal predicting unit configured to predict a
chrominance signal of the block being decoded from a chrominance
signal output from the chrominance interpolation unit or a chrominance
signal of the decoded pixel in the neighbor without the linear-in-
terpolation processing; and

a reproducing unit configured to reproduce a pixel value of the block
being decoded from a result of the prediction for the chrominance
signal and the prediction error.

The image decoding device according to claim 1, further comprising:

a plurality of the chrominance interpolation units, the chrominance in-
terpolation enable/disable information including information, with
which one of the plurality of chrominance interpolation units is
selected, in addition to an enable/disable state of the linear interpolation
processing; and

a chrominance-signal predicting unit configured to predict a
chrominance signal of a pixel of the block being decoded from a
chrominance signal output from the selected chrominance interpolation
unit.

The image decoding device according to claim 2, further comprising:
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a luminance interpolation unit configured to perform the linear-
interpolation processing on a decoded luminance signal in the neighbor
of the block being decoded; and

a luminance interpolation enable/disable information generating unit
configured to generate luminance interpolation enable/disable in-
formation representing whether or not the linear-interpolation
processing is performed on the luminance signal of the decoded pixel,
wherein the control unit includes a unit configured to control the
chrominance interpolation enable/disable information based on the
luminance interpolation enable/disable information.

An image coding device configured to predict a pixel value of a block
being coded from a pixel in the neighbor of the block being coded, and
code the pixel value, the device comprising:

a chrominance interpolation unit configured to perform linear-
interpolation processing on a coded chrominance signal in the neighbor
of the block being coded;

a chrominance interpolation enable/disable information generating unit
configured to generate chrominance interpolation enable/disable in-
formation representing whether or not the linear-interpolation
processing is performed based on the coded chrominance signal on the
block basis;

a control unit configured to control the chrominance interpolation unit
in accordance with the chrominance interpolation enable/disable in-
formation;

a chrominance-signal predicting unit configured to predict a
chrominance signal of a pixel of the block being coded from a
chrominance signal output from the chrominance interpolation unit or a
coded chrominance signal in the neighbor without the linear-in-
terpolation processing;

a calculating unit configured to calculate a prediction error from a
result of the prediction of the chrominance signal and a pixel value of
the block being coded; and

a coding unit configured to code the prediction error and generate
coded data.

The image coding device according to claim 4, further comprising:

a plurality of the chrominance interpolation units, the chrominance in-
terpolation enable/disable information including information, with

which one of the plurality of chrominance interpolation units is
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selected, in addition to an enable/disable state of the linear interpolation
processing; and

a chrominance-signal predicting unit configured to predict a
chrominance signal of the pixel of the block being coded from a
chrominance signal output from the selected chrominance interpolation
unit.

The image coding device according to claim 4, further comprising:

a luminance interpolation unit configured to perform the linear-
interpolation processing on a luminance signal of the coded pixel in the
neighbor of the block being coded; and

a unit configured to generate luminance interpolation enable/disable in-
formation representing whether or not the linear-interpolation
processing is performed on the luminance signal of the coded pixel,
wherein the control unit includes a unit configured to control the
chrominance interpolation enable/disable information based on the
luminance interpolation enable/disable information.

An image decoding method of decoding coded data, which is generated
by predicting a pixel value of a block being decoded from a pixel in the
neighbor of the block being decoded, and coding the pixel value, the
method comprising:

a decoding step of decoding the coded data and reproducing a
prediction error;

a chrominance interpolation step of performing linear-interpolation
processing on a chrominance signal of a decoded pixel in the neighbor
of the block being decoded;

a chrominance interpolation enable/disable information generating step
of generating chrominance interpolation enable/disable information
representing whether or not the linear-interpolation processing is
performed on the decoded chrominance signal on the block basis;

a control step of controlling the chrominance interpolation step in ac-
cordance with the chrominance interpolation enable/disable in-
formation;

a chrominance-signal predicting step of predicting a chrominance
signal of the block being decoded from a chrominance signal output
from the chrominance interpolation step or a chrominance signal of the
decoded pixel in the neighbor without the linear-interpolation
processing; and

a reproducing step of reproducing a pixel value of the block being
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decoded from a result of the prediction for the chrominance signal and
the prediction error.

An image coding method of predicting a pixel value of a block being
coded from a pixel in the neighbor of the block being coded, and
coding the pixel value, the method comprising:

a chrominance interpolation step of performing linear-interpolation
processing on a coded chrominance signal in the neighbor of the block
being coded;

a chrominance interpolation enable/disable information generating step
of generating chrominance interpolation enable/disable information
representing whether or not the linear-interpolation processing is
performed based on the coded chrominance signal on the block basis;
a control step of controlling the chrominance interpolation in ac-
cordance with the chrominance interpolation enable/disable in-
formation;

a chrominance-signal predicting step of predicting a chrominance
signal of a pixel of the block being coded from a chrominance signal
output from the chrominance interpolation step or a coded chrominance
signal in the neighbor without the linear-interpolation processing;

a calculating step of calculating a prediction error from a result of the
prediction of the chrominance signal and a pixel value of the block
being coded; and

a coding step of coding the prediction error and generating coded data.
A program configured to cause a computer to function as the image
decoding device according to claim 1 when the program is read and
executed by the computer.

A program configured to cause a computer to function as the image
coding device according to claim 4 when the program is read and

executed by the computer.
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seq_parameter_set_rbsp( ) { Descriptor
video_parameter_set_id u(4)
sps_max_sub_layers_minus1 u(3)
sps_temporal_id_nesting_flag u(1)
sps_reserved_zero_bit u(1)

profile_tier_level( 1, sps_max_sub_layers_minus1)

seq_parameter_set_id ue(v)
chroma_format_idc ue(v)
if( chroma_format_idc == 3)

separate_colour_plane_flag u(1)
strong_intra_smoothing_enable_flag u(1)
strong_intra_smoothing_chroma_enable_flag u(1)
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[Fig. 3]
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[Fig. 5]
(" STARTCODNG )
v
SET ENABLE/DISABLE OF LUMINANCE INTERPOLATION PROCESSING |~ S501
v
SET ENABLE/DISABLE OF CHROMINANCE INTERPOLATION PROCESSING |~ $502
v
CODE HEADER,
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seq_parameter_set_rbsp( ) { Descriptor
video_parameter_set_id u(4)
sps_max_sub_layers_minus1 u(3)
sps_temporal_id_nesting_flag u(1)
sps_reserved_zero_bit u(1)
profile_tier_level( 1, sps_max_sub_layers_minus1)
seq_parameter_set_id ue(v)
chroma_format_idc ue(v)
if( chroma_format_idc == 3)

separate_colour_plane_flag u(1)

log2_min_luma_coding_block_size_minus3 ue(v)
log2_diff_max_min_luma_coding_block_size ue(v)
strong_intra_smoothing_enable_flag u(1)

}
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seq_parameter_set_rbsp( ) { Descriptor

video_parameter_set_id u(4)
sps_max_sub_layers_minus1 u(3)
sps_temporal_id_nesting_flag u(1)
sps_reserved_zero_bit u(1)
profile_tier_level( 1, sps_max_sub_layers_minus1 )

seq_parameter_set_id ue(v)
chroma_format_idc ue(v)

if( chroma_format_idc == 3)

separate_colour_plane_flag

strong_intra_smoothing_enable_flag

if( strong_intra_smoothing_enabel_flag== 1)

strong_intra_smoothing_chroma_enable_flag

else

strong_intra_smoothing_chroma_enable_flag=0
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