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SPECIFICATION
TITLE OF THE INVENTION
MOVING IMAGE ENCODING DEVICE, MOVING IMAGE DECODING DEVICE,
MOVENG IMAGE ENCODING METHOD, ANB-MOVING IMAGE DECODING METHOD,

AND IMAGE PREDICTION DEVICE

FIELD OF THE INVENTION
[0001]

The present invention relates to a—mewimrg an image
encoding device for and s—weving an image encoding method of
encoding a—meving an image with a high degree of efficiency,
and-amoving an image decoding device for and amewing an image

decoding method of decoding an encoded meving image with a high

BACKGROUND OF THE INVENTION

[0002]

For example, in accordance with an international standard
video encoding method, such as MPEG (Moving Picture Experts
Group) or "ITU-T H.26x", an inputted video frame is divided into
rectangular blocks (coding blocks), a prediction process using
an already-encoded image signal is carried out on each coding
block to generate a prediction image, and orthogonal
transformation and a quantization process are carried out on
a prediction error signal which is the difference between the
coding block and the prediction image in units of a block in

order to compress the information about the inputted video

frame.
[0003]

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

pixels or a motion-compensated prediction process between
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as shown in Fig. 15 matches the prediction direction, and the
signal value in the block is kept constant along the prediction
direction.

Related art document

Nonpatent reference

[0007]

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

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0008]

Because the conventional moving image encoding device is
constructed as above, the conventional moving image encoding
device can predict a frame image with a high degree of accuracy
by using a directional prediction when the direction of a
boundary (edge) of an object in the target block to be predicted
matches the prediction direction, and the signal value in the
target block to be predicted i1s kept constant along the
prediction direction. A problem is, however, that when the
signal value varies along the prediction direction, as shown in
Fig. 16, even if the direction of a boundary (edge) of an object
in the target block to be predicted matches the prediction
direction, the prediction error becomes large.

[0009]

The present invention 1s made in order to solve the
above-mentioned problem, and it is therefore an object of the
present invention to provide emeving an image encoding device,

method, anrd—a—meving an image decoding method, and an image

prediction device capable of implementing a high-accuracy

prediction even when the signal value varies
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along the prediction direction, thereby being able to improve the image
quality.
MEANS FOR SOLVING THE PROBLEM
[0010]

In accordance with the present invention, there is provided =&
moving an image encoding device in which when an intra-frame prediction

processetatimeof generating e predietionimageds parameter indicates

a horizontal eme prediction process, an intra prediction unit adds a

value proportional to a change in a horizontal direction of the luminance

is a unit for prediction process of a coding block, to the luminance

value of a pixel adjacent to the left of the predietion block to determine
set the result of the addition as a predicted value of £he a prediction

image, whereas when the intra—fzaeme prediction precess—at-the-time—of

generating-the -predictionimage—is parameter indicates a vertical ene

prediction process, the intra prediction unit adds a value proportional
to a change in a vertical direction of the luminance values of pixels
adjacent to the left of the predietien block to the luminance value of
the pixel adjacent to the top of the predietion block to determine set
the result of the addition as a predicted value of the prediction image.
ADVANTAGES OF THE INVENTION
[(0011]

Because the mewving image encoding device according to the present
invention is constructed in such a way that, when the intra—frame

prediction

parameter indicates a horizontal eme prediction process, the intra

prediction unit adds a value proportional to a change in the horizontal
direction of the luminance values of the pixels adjacent to the top of

each predietion block to the luminance value of the pixel
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adjacent to the left of the prediectien block to determine set
the result of the addition as a predicted value of the prediction
image, whereas when the intra-frame prediction precess—at—the
time-of-generating-the-predictionimage+s parameter indicates

a vertical eme prediction process, the intra prediction unit

adds a value proportional to a change in the vertical direction
of the luminance values of pixels adjacent to the left of the
predietion block to the luminance value of the pixel adjacent

to the top of the

+ block to determine set the result
of the addition as a predicted value of the prediction image,
there is provided an advantage of being able to implement a
high-accuracy prediction, thereby improving the image quality,
even when the signal value varies along the prediction
direction.

BRIEF DESCRIPTION OF THE FIGURES

[0012]

[Fig. 1] Fig. 1 isablockdiagram showing a moving image encoding
device in accordance with Embodiment 1 of the present invention;
[Fig. 2] Fig. 2 is a flow chart showing a process (moving image
coding method) carried out by the moving image encoding device
in accordance with Embodiment 1 of the present invention;
[Fig. 3] Fig. 3 is ablock diagram showing a moving image decoding
device in accordance with Embodiment 1 of the present invention;
(Fig. 4] Fig. 4 is a flow chart showing a process (moving image
decoding method) carried out by the moving image decoding device
in accordance with Embodiment 1 of the present invention;
[Fig. 5] Fig. 5 is an explanatory drawing showing an example
in which each largest coding block is divided hierarchically
into a plurality of coding blocks;

[Fig. 6] Fig. 6(a) 1is an explanatory drawing showing a

distribution of coding blocks and prediction blocks into which
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CLAIMS

[1] A moving image decoding device comprising an intra

variable—length—decodedcodingblockis5ﬂlintraencodingm9gé,
carrying out an intra-frame prediction process correspgﬁaing
to an intra prediction parameter on each block, w@iéh is a
unit for prediction process of the coding block shgWn by said
intra encoding mode, said intra prediction paramefer being used
for said each block, to generate a predictiqg’image, wherein
when the intra-frame prediction process iﬁéwn by said intra
predictionparameterisiahorizontalonjyéaidintraprediction
unit adds a value proportional to a hange in a horizontal
direction of luminance values of p%;éls adjacent to top of said
each block to a luminance value/of a pixel adjacent to left
of said each block to determine a result of the addition as
a predicted value of said grediction image.

[2] A moving image de,oding device comprising an intra
prediction unit for,)yéén an encoding mode associated with a

variable-length-degbded coding block is an intra encoding mode,

carrying out an tra-frame prediction process corresponding

to an intra prefliction parameter on each block, which is a unit
for prediction process of the coding block shown by said intra

encoding siode, said intra prediction parameter being used for

said edch block, to generate a prediction image, wherein when

the/ intra-frame prediction process shown by said intra
ediction parameter is a vertical one, said intra prediction
unit adds a value proportional to a change in a vertical
direction of luminance values of pixels adjacent to left of said

each block to a luminance value of a pixel adjacent to top of

said each block to determine a result of the addition as a

7
i

prediction unit for, when an encoding mode associated with a/
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predicted value of said prediction image.
[3] The moving image decoding device according to claim 1,

wherein when the intra-frame prediction process shown by th

intra prediction parameter is a horizontal one, the infgra
prediction unit adds a value calculated by multiplyi the
change in the horizontal direction of the luminance vAlues of
the pixels adjacent to the top of said each block b

V:
value set for each row of said each block to the %yﬁinance value

a scaling

/

of the pixel adjacent to the left of said each block to determine
/7

the result of the addition as the preiiyfed value of said

prediction image. /

[4] The moving image decoding deviceg according to claim 3,

wherein the scaling value associateg'with each row which is used
when the intra prediction un%g/;arries out the horizontal
prediction process is set to % a smaller value with distance
from the pixels adjacent té/ihe top of said each block.

[5] The moving image d@ébding device according to claim 3,

wherein the variable length decoding unit

variable-length~de¢odes information for defining the scaling
value set for each row of said each block.
[6] The movi image decoding device according to claim 1,
wherein when the intra-frame prediction process shown by the
intra prediction parameter is a horizontal one, for each of a
predetférmined number of rows extending horizontally, the rows
beiyg numbered from the one at an upper end of said each block,
he intra prediction unit adds the value proportional to the
change in the horizontal direction of the luminance values of
the pixels adjacent to the top of said each block to the luminance
value of the pixel adjacent to the left of said each block to

determine the result of the addition as the predicted value of
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said prediction image, and, for each of remaining rows in said

each block, the intra prediction unit determines the luminance

value of the pixel adjacent to the left of said each block asg/

the predicted value of said prediction image. 3
[7] The moving image decoding device according to cl iﬁ 6,
wherein the variable length decoding//)% unit
variable-length-decodes intra-block informagion for
specifying the rows for each of which the result:qj/iie addition
of the value proportional to the change ir’éhe horizontal
direction of the luminance values of the pigéizfadjacent to the
top of said each block and the luminange value of the pixel

adjacent to the left of said eachliipék is determined as the

predicted value.

[8] The moving image decoding device according to claim 1,

wherein when the intra-frame prediction process shown by the

intra prediction parameter/is a horizontal one and said each
4

block has a block size smﬁa/fl_ler than a predetermined block size,

the intra prediction yﬁit adds the value proportional to the

change in the horizgntal direction of the luminance values of

the pixels adjacext to the top of said each block to the luminance
value of the pixel adjacent to the left of said each block to
determine tHe result of the addition as a predicted value of
said preddction image, whereas when the intra-frame prediction
proc§;é/shown by the intra prediction parameter indicates is
a horizontal one and said each block has a block size equal to
of larger than the predetermined block size, determines the

" luminance value of the pixel adjacent to the left of said each
block as a predicted value of said prediction image.

[9] The moving image decoding device according to claim 1,

,/// 30 wherein when the intra-frame prediction process shown by the

[l
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intra prediction parameter is a horizontal one, the intra
prediction unit uses a value which is acquired by right shifting

the change in the horizontal direction of the luminance values

of the pixels adjacent to the top of said each block by one
as the value proportional to the change in the horigontal
direction of the luminance values of the pixels adjacept to the
top of said each block.

[10] The moving image decoding device accordi to claim 1,
wherein when the intra-frame prediction procgss shown by the
intra prediction parameter is a horizontal giie, and coordinates
of a pixel at an upper left corner of said each block are set

to be a point of origin (0, 0) and cobrdinates of each pixel

for which a predicted value is calcylated are expressed as (x,
y), the intra prediction unit se a luminance value of a pixel
at coordinates (-1, y) as t luminance value of the pixel
adjacent to the left of saigfeach block, and sets a value which
is acquired by subtracting a luminance value of a pixel at
coordinates (-1, -1)

coordinates

[11] A moving image encoding device comprising an intra
predictign unit for, when an intra encoding mode 1is selected
as an gncoding mode corresponding to a coding block, carrying
outsan intra-frame prediction process corresponding to an intra
ediction parameter on each block, which is a unit for
prediction process of the coding block shown by said intra
encoding mode, said intra prediction parameter being used for

said each block, to generate a prediction image, wherein when

the intra-frame prediction process shown by said intra
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prediction parameter is a horizontal one, said intra prediction

unit adds a value proportional to a change in a horizontal /’

direction of luminance values of pixels adjacent to top of saig/
/
each block to a luminance value of a pixel adjacent to lef}/of
"5

5 said each block to determine a result of the additiog’as a

Vd
predicted value of said prediction image. ,/

[12] A moving image encoding device comprisiqgran intra
/
prediction unit for, when an intra encoding mggé is selected

as an encoding mode corresponding to a coding/block, carrying

10 out an intra-frame prediction process corregponding to an intra

prediction parameter on each block, hich -is a unit for
prediction process of the coding bldck shown by said intra
encoding mode, said intra predictign parameter being used for
said each block, to generate a pfediction image, wherein when
15 the intra-frame prediction /process shown by said intra
prediction parameter is a rtical one, said intra prediction
unit adds a value progdétional to a change in a vertical
direction of luminance/values of pixels adjacent to left of said
each block to a luminance value of a pixel adjacent to top of
20 said each block/to determine a result of the addition as a
predicted valyde of said prediction image.
[13] The m@gving image encoding device according to claim 11,
wherein when the intra-frame prediction process shown by said
intra /prediction parameter is a horizontal one, the intra
25 prediction unit adds a value calculated by multiplying the
hange in the horizontal direction of the luminance values of
the pixels adjacent to the top of said each block by a scaling
value set for each row of said each block to the luminance value
of the pixel adjacent to the left of said each block to determine

the result of the addition as the predicted value of said
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prediction image.

[14] The moving image encoding device according to claim 13,

wherein the scaling value associated with each row which is use/z;lf/

when the intra prediction unit carries out the horizogfél
5 prediction process is set to be a smaller value with digfénce

from the pixels adjacent to the top of said each b%ﬁék.

[15] The moving image encoding device according tg claim 13,

wherein the variable length encgiing unit

variable-length-encodes information for defiriing the scaling
10 value set for each row of said each block,/ and generates the
bitstream into which encoded data of 4aid information for
defining said scaling value , the encogéd data of the compressed
data, and the encoded data of the encdding mode are multiplexed.
[16] The moving image encoding device according to claim 11,
15 wherein when the intra-frame frediction process shown by the
intra prediction parameter/is a horizontal one, for each of a
predetermined number of Yows extending horizontally, the rows
being numbered from t one at an upper end of said each block,

the intra predictigm unit adds the value proportional to the
20 change in the hoyizontal direction of the luminance values of

the pixels adj#cent to the top of said each block to the luminance

value of t pixel adjacent to the left of said each block to

25 block, the intra prediction unit determines the luminance
Alue of the pixel adjacent to the left of said each block as
the predicted value of said prediction image.

[17] The moving image encoding device according to claim 16,
wherein the variable length encoding unit

30 variable-length-encodes intra-block information for
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specifying the rows for each of which the result of the addition
of the value proportional to the change in the horizontal
direction of the luminance values of the pixels adjacent to the
top of said each block and the luminance value of the pigel

5 adjacent to the left of said each block is determined the
predicted value, and generates the bitstream into which/encoded
data of said intra-block information, the encoded data of the
compressed data, and the encoded data of the encoding mode are
multiplexed.

10 [18] The moving image encoding device accofding to claim 11,
wherein when the intra-frame prediction/process shown by the
intra prediction parameter is a horizbéntal one and said each
block has a block size smaller than @ predetermined block size,
the intra prediction unit adds e value proportional to the

15 change in the horizontal diregtion of the luminance values of
the pixels adjacent to the top of said each block to the luminance
value of the pixel adjacgnt to the left of said each block to
determine the result ¢f the addition as a predicted value of
said prediction image, whereas when the intra-frame prediction

20 process shown by/the intra prediction parameter indicates is
a horizontal orfle and said each block has a block size equal to
or larger tHan the predetermined block size, determines the
luminanceg’ value of the pixel adjacent to the left of said each
block /s a predicted value of said prediction image.

25 [19) The moving image encoding device according to claim 11,

Hherein when the intra-frame prediction process shown by the

intra prediction parameter is a horizontal one, the intra

prediction unit uses a value which is acquired by right shifting
the change in the horizontal direction of the luminance values

of the pixels adjacent to the top of said each block by one bit
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as the value proportional to the change in the horizontal
direction of the luminance values of the pixels adjacent to the

top of said each block. /f

[20] The moving image encoding device according to claim_lﬁ,

i

5 wherein when the intra-frame prediction process shown p§ the

intrapredictionparameterjj;ahorizontalone,andcoe;ﬁinates

of a pixel at an upper left corner of said each blgctk are set

to be a point of origin (0, 0) and coordinates #f each pixel
for which a predicted value is calculated are xpressed as (x,

10 vy), the intra prediction unit sets a lumina é; value of a pixel
at coordinates (-1, y) as the luminangg}

/
adjacent to the left of said each block, and sets a value which

value of the pixel

is acquired by subtracting a lumirance value of a pixel at
coordinates (-1, -1) from a lgminance value of a pixel at
15 coordinates (x, -1) as the c@;ﬁée in the horizontal direction
of the luminance values of’{he pixels adjacent to the top of
said each block. ////
[21] A moving imagi/éncoding method comprising an intra
prediction proceii}ﬁg step of, when an intra encoding mode is
20 selected as an entoding mode corresponding to a coding block,
anintrapredi¢{f;nunitcarryingcnn:anintra—frameprediction

process copfesponding to an intra prediction parameter on

each blotk, which is a unit for prediction process of the

coding/block shown by said intra encoding mode, to generate a
25 prediction image, wherein said intra prediction processing step
ificludes a step of, when the intra-frame prediction process
shown by said intra prediction parameter is a horizontal one,
adding a value proportional to a change in a horizontal
direction of luminance values of pixels adjacent to top of said

each block to a luminance value of a pixel adjacent to left
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of said each block to determine a result of the addition as
a predicted value of said prediction image. ///
[22] A moving image encoding method comprising an intra
prediction processing step of, when an intra encoding mode/is
5 selected as an encoding mode corresponding to a coding block,
an intra prediction unit carrying out an intra-frame prédiction
process corresponding to an intra prediction.paramgfér on each
block, which is a unit for prediction process of thé coding block
shown by said intra encoding mode, to gene;ﬁ{g a prediction
10 image, wherein said intra prediction.procgﬁéing step includes
a step of, when the intra-frame predictiof process shown by said
intra prediction parameter is a vert¥cal one, adding a value
proportional to a change in a vert}ﬁal direction of luminance
values of pixels adjacent to é%t of said each block to a
15  luminance value of a pixel adféient to top of said each block
to determine a result of Epé/;ddition as a predicted value of
said prediction image.f//
[23] A moving imag%/%ecoding method comprising an intra
predictionprocess;é;stepof,vﬂmxlanencodingmodeassociated

20 with a wvariabl Z/length—decoded coding block i1s an intra
encoding :mo%94/?an intra prediction unit carrying out an

/

intra-frame’/ prediction process corresponding to an intra

predicz}on parameter on each block, which is a unit for

predigtion process of the coding block shown by said intra

25  encgdding mode, to generate a prediction image, wherein said
tra prediction processing step includes a step of, when the
intra-frame prediction process shown by said intra prediction
parameter is a horizontal one, adding a value proportional to
a change in a horizontal direction of luminance values of pixels

30 adjacent to top of said each block to a luminance value of a




pixel adjacent to left of said each block to determine a result
of the addition as a predicted value of said prediction image.
[24] A moving image decoding method comprising an intra
prediction processing step of, whenenlencodingnmdeassoc%iped
5 with a wvariable-length-decoded coding block 1is an./intra

encoding mode, an intra prediction unit carryi;g/but an

intra-frame prediction process corresponding tg/ an intra

prediction parameter on each block, which is a unit for

prediction process of the coding block showd by said intra
10 encoding mode, to generate a prediction iplage, wherein said
intra prediction processing step includ a step of, when the
intra-frame prediction process shown Py said intra prediction
parameter is a vertical one, adding’a value proportional to a
change in a vertical direction ¢f luminance values of pixels
15 adjacent to left of said each block to a luminance value of a
pixel adjacent to top of sajyd each block to determine a result
of the addition as a predifcted value of said prediction image.
[25] A moving image /decoding device comprising an intra
prediction unit fo when an encoding mode associated with a
20 variable-length-decoded codingblock is an intra encoding mode,

carrying out intra-frame prediction process to generate a

prediction Amage.
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CLAIMS

[1] An image decoding device comprising an intra prediction unit
for, when an encoding mode associated with a coding block is
an intra encoding mode, carrying out an intra-frame prediction
process on each block to generate a prediction image, said block
being a unit for prediction process of said coding block, said
intra prediction unit, when an intra prediction parameter
indicates a horizontal prediction process, adding a value to
a luminance value of a pixel adjacent to left of said each block
and setting a result of the addition as a predicted value of
said prediction image, the value being proportional to a change
in a horizontal direction of luminance value of pixels adjacent
to top of said each block.

[2] The image decoding device according to claim 1, wherein when
said intra prediction parameter indicates a horizontal ere
prediction process, and coordinates of a pixel at an upper left
corner of said each block are set to be a point of origin (O,
0) and coordinates of each pixel for which a predicted value
is calculated are expressed as (X, y), said intra prediction
unit sets a luminance value of a pixel at coordinates (-1, y)
as the luminance value of the pixel adjacent to the left of said
each block, and sets a value which is acquired by subtracting
a2 luminance value of a pixel at coordinates (-1, -1) from a
luminance value of a pixel at coordinates (x, —-1) as the change
in the horizontal direction of the luminance values of the
pixels adjacent to the top of said each block.

[3] An image encoding device comprising an intra prediction unit
for, when an encoding mode corresponding to a coding block is
an intra encoding mode, carrying out an intra-frame prediction

process on each block to generate a prediction image, said block
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being a unit for prediction process of said coding block, said
intra prediction unit, when an intra prediction parameter
indicates a horizontal prediction process, adding a value to
a luminance value of a pixel adjacent to left of said each block
and setting a result of the addition as a predicted value of
said prediction image, the value being proportional to a change
in a horizontal direction of luminance value of pixels adjacent
to top of said each block.

[4] The image encoding device according to claim 11, wherein
when said intra prediction parameter indicates a horizontal
prediction process, and coordinates of a pixel at an upper left
corner of said each block are set to be a point of origin (0,
0) and coordinates of each pixel for which a predicted value
is calculated are expressed as (%X, y), said intra prediction
unit sets a luminance value of a pixel at coordinates (-1, y)
as the luminance value of the pixel adjacent to the left of said
each block, and sets a value which is acquired by subtracting
a luminance value of a pixel at coordinates (-1, -1) from a
luminance value of a pixel at coordinates (x, -1) as the change
in the horizontal direction of the luminance values of the
pixels adjacent to the top of said each block.

[5] An image encoding method comprising an intra prediction
processing step of, when an encoding mode—associated with a
coding block is an intra encoding mode, an intra prediction unit
carrying out an intra-frame prediction process on each block
to generate a prediction image, said block being a unit for
prediction process of said coding block, when an intra
prediction parameter indicates a horizontal prediction
process, adding a value to a luminance value of a pixel adjacent

to left of said each block and setting a result of the addition
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as a predicted value of said prediction image, the value being
proportional to a change in a horizontal direction of luminance
values of pixels adjacent to top of said each block.

[6] An image decoding method comprising an intra prediction
processing step of, when an encoding mode associated with a
variable-length-decoded coding block is an intra encoding mode,
an intra prediction unit carrying out an intra-frame prediction
process on each block to generate a prediction image, said block
being a unit for prediction process of said coding block when
an intra prediction parameter indicates a horizontal prediction
process, adding a value to a luminance value of a pixel adjacent
to left of said each block and setting a result of the addition
as a predicted value of said prediction image, the value being
proportional to a change in a horizontal direction of luminance
values of pixels adjacent to top of said each block.

[7] An image decoding device comprising an intra prediction unit
for carrying out an intra-frame prediction process to generate

a prediction image.



