
1      Title of Invention IMAGE ENCODING METHOD AND IMAGE DECODING METHOD 5
Technical Field        Embodiments described herein relate generally to an
image encoding method and an image decoding method. Background Art
10Recently, a moving image coding method in which a encoding efficiency is
largely improved is recommended as ITU-T Rec. H.264 and ISO/IEC 14496-10
(hereinafter referred to as H.264) by ITU-T and ISO/IEC. In H.264,
prediction processing, transform processing, and 15entropy coding
processing are performed in rectangular block units (for example, a
16-by-16 pixel block unit and an 8-by-8 pixel block unit). In the
prediction processing, motion compensation is performed to a rectangular
block of an encoding target (hereinafter 



20referred to as an encoding target block). In the motion compensation, a
prediction in a temporal direction is performed by referring to an already-
encoded frame (hereinafter referred to as a reference frame). In the motion
compensation, it is necessary to 25encode and transmit motion information
including a motion vector to a decoding side. The motion vector is
information on a spatial shift between the encoding target block and a
block referred to in the reference  2 frame. In the case that the motion
compensation is performed using a plurality of reference frames, it is
necessary to encode a reference frame number in addition to the motion
information. Therefore, an code 5amount related to the motion information
and the reference frame number may increase.       A direct mode, in which
the motion vector to be allocated to the encoding target block is derived
from the motion vectors allocated to the already-encoded 10blocks and the
predicted image is generated based on the derived motion vector, is cited
as an example of a method for evaluating the motion vector in motion
compensation prediction (see JP-B 4020789 and United States Patent NO.
7233621). In the direct mode, 15because the motion vector is not encoded,
the code 



amount of the motion information can be reduced. For example, the direct
mode is adopted in H.264/AVC. Citation List Patent Literature 20Patent
Literature 1: Jpn. Pat. No. 4020789       Patent Literature 2: United
States Patent No. 7233621 Summary of invention Technical Problem 25In the
direct mode, the motion vector of the encoding target block is predicted
and generated by a fixed method for calculating the motion vector from a  3
median of the motion vectors of the already-encoded blocks adjacent to the
encoding target block. Therefore, the motion vector calculation has a low
degree of freedom. 5A method for selecting one already-encoded block from
the already-encoded blocks to allocate the motion vector to the encoding
target block has been proposed in order to enhance the degree of freedom of
the motion vector calculation. In the method, it is necessary to 10always
transmit selection information identifying the 



selected block to the decoding side such that the decoding side can
identify the selected already-encoded block. Accordingly, the code amount
related to the selection information increases in the case that the
15motion vector to be allocated to the encoding target block is decided by
selecting one already-encoded block from the already-encoded blocks. In
view of the foregoing, an object of the invention is to provide image
encoding and image 20decoding methods having a high encoding efficiency.
Solution to Problem       In general, according to one embodiment, an image
encoding method includes a first step of selecting a motion reference block
from an already-encoded pixel 25block to which an inter prediction is
applied, the motion reference block including a first motion reference
block that is spatially adjacent to an  4 encoding target block in an
upward direction and a second motion reference block that is spatially
adjacent to the encoding target block in a left direction. The image
encoding method includes a second 5step of selecting one or more available
blocks from the 



motion reference block, the available blocks each including a candidate of
motion information applied to the encoding target block and different
motion information. The image encoding method includes a 10third step of
selecting a selection block from the available blocks. The image encoding
method includes a fourth step of generating a predicted image of the
encoding target block using motion information of the selection block. The
image encoding method includes a 15fifth step of encoding a prediction
error between the predicted image and an original image. The image encoding
method includes a sixth step of encoding selection information specifying
the selection block by referring to a code table decided according to a
number 20of the available blocks.       In general, according to another
embodiment, an image decoding method includes a first step of selecting a
motion reference block from an already-decoded pixel block to which an
inter prediction is 25applied, the motion reference block including a first
motion reference block that is spatially adjacent to an decoding target
block in an upward direction and a  5 second motion reference block that is
spatially adjacent to the decoding target block in a left direction. The
image decoding method includes a second step of selecting one or more
available blocks from the 5motion reference block, the available blocks
each including a candidate of motion information applied to the decoding
target block and different motion information. The image decoding method
includes a third step of selecting a selection block from the 10available
blocks. The image decoding method includes a fourth step of generating a
predicted image of the decoding target block using motion information of
the selection block. The image decoding method includes a fifth step of
decoding a prediction error between the 



15predicted image and an original image. The image decoding method includes
a sixth step of decoding selection information specifying the selection
block by referring to a code table decided according to a number of the
available blocks. 20Brief Description of Drawings       FIG. 1 is a block
diagram schematically illustrating an image encoding apparatus according to
a first embodiment;                FIG. 2A is a view illustrating an
example of a 25size of a coding tree unit;       FIG. 2B is a view
illustrating another example of the size of the coding tree unit;  6
FIG. 20 is a view illustrating still another example of the size of the
coding tree unit;        FIG. 2D is a view illustrating still another
example of the size of the coding tree unit; 5FIG. 2E is a view
illustrating still another example of the size of the coding tree unit;
FIG. 2F is a view illustrating still another example of the size of the
coding tree unit; FIG. 3A is a view illustrating an example of the 10coding
tree unit; FIG. 3B is a view illustrating a state of quadtree 



segmentation of the coding tree unit in FIG. 3A;        FIG. 3C is a view
illustrating another example of the coding tree unit; 15FIG. 3D is a view
illustrating a state of the quadtree segmentation of the coding tree unit
in FIG. 3C;        FIG. 4 is a view illustrating a predictive encoding
procedure of a pixel block; 20FIG. 5A is a view illustrating an example of
a prediction unit;        FIG. 5B is a view illustrating another example of
the prediction unit;                  FIG. 50 is a view illustrating still
another 25example of the prediction unit;        FIG. 5D is a view
illustrating still another exam-01e of the prediction unit;  7        FIG.
5E is a view illustrating still another example of the prediction unit;
FIG. 5F is a view illustrating still another example of the prediction
unit; 5FIG. 5G is a view illustrating still another example of the
prediction unit; 



FIG. 5H is a view illustrating still another example of the prediction
unit;                 FIG. 51 is a view illustrating still another
10example of the prediction unit;        FIG. 6A is a view illustrating an
example of a motion information memory in FIG. 1;        FIG. 6B is a view
illustrating another example of the motion information memory in FIG. 1;
15FIG. 7 is a block diagram illustrating detail of variable length encoder
in FIG. 1;        FIG. 8A is a view illustrating an example of inter
prediction processing performed by the image encoding apparatus in FIG. 1;
20FIG. 8B is a view illustrating another example of the inter prediction
processing performed by the image encoding apparatus in FIG. 1;        FIG.
9A is a view illustrating an example of a position of a motion reference
block; 25FIG. 9B is a view illustrating a relative position of the motion
reference block in FIG. 9A with respect to an encoding target block;  8
FIG. 90 is a view illustrating another example of the position of the
motion reference block; FIG. 9D is a view illustrating the relative 



position of the motion reference block in FIG. 90 with 5respect to the
encoding target block;        FIG. 10 is a view illustrating detail of
predictor in FIG. 1;        FIG. 11 is a view illustrating detail of first
predictor in FIG. 10; 10FIG. 12 is a view illustrating detail of second
predictor in FIG. 10;        FIG. 13 is a view illustrating processing of
interpolating available few-pixel accuracy in motion compensation
processing performed by a motion 15compensator in FIGS. 10 and 12;
FIG. 14 is a flowchart illustrating an example of an operation of the
predictor in FIG. 1;        FIG. 15 is a view illustrating a syntax
structure of the first embodiment; 20FIG. 16 is a view illustrating an
example of a sequence parameter set syntax of the first embodiment; FIG. 17
is a view illustrating an example of a slice head syntax of the first
embodiment; FIG. 18 is a view illustrating an example of a 25coding tree
unit syntax of the first embodiment; FIG. 19 is a view illustrating an
example of a prediction unit syntax of the first embodiment; 



9       FIG. 20 is a view illustrating another example of the coding tree
unit syntax of the first embodiment;       FIG. 21 is a view illustrating
an example of a prediction unit syntax according to a second 5embodiment;
FIG. 22 is a block diagram schematically illustrating an image decoding
apparatus according to a third embodiment;               FIG. 23 is a block
diagram illustrating detail of 10an encoding sequence decoder in FIG. 22;
FIG. 24 is a block diagram illustrating detail of a predictor in FIG. 22;
FIG. 25 is a block diagram illustrating detail of a first predictor in FIG.
24; and 15FIG. 26 is a block diagram illustrating detail of a second
predictor in FIG. 24. Brief Description of Embodiments Hereinafter, image
encoding methods and image decoding methods according to embodiments will
be 20described with reference to the drawings. In the following
description, a term of "image" can appropriately be replaced with terms,
such as "video picture", "pixel", "image signal", and "image data". In the
embodiments, like reference numbers denote like 



25elements, and duplicated explanations will be avoided. (First Embodiment)
FIG. 1 schematically illustrates an image encoding  10 apparatus according
to a first embodiment. As illustrated in FIG. 1, the image encoding
apparatus includes an image encoder 100, an encoding Controller 150, and an
output buffer 110. The image encoding 5apparatus in FIG. 1 may be realized
by hardware, such as an LSI chip, or realized by causing a computer to
execute an image encoding program.       For example, an input image signal
10 of a moving image or a still image is input to the image encoder 10100
in a unit of each of the pixel blocks into which an original image is
divided. The image encoder 100 performs compression encoding of the input
image signal 10 to generate encoded data 14. The generated encoded data 14
is temporarily stored in the output buffer 110, 15and transmitted to a
storage system (a storage media, not illustrated) or a transmission system
(a communication line, not illustrated) at an output timing managed by the
encoding controller 150. The encoding controller 150 controls the entire
20encoding processing of the image encoder 100, namely, 



feedback control of a generated code amount, quantization control,
prediction mode control, and entropy encoding control. Specifically, the
encoding controller 150 provides encoding control information 50 25to the
image encoder 100, and properly receives feedback information 51 from the
image encoder 100. The encoding control information 50 includes prediction
11 information, motion information 18, and quantization parameter
information. The prediction information includes prediction mode
information and block size information. The motion information 18 includes
a 5motion vector, a reference frame number, and a prediction direction (a
unidirectional prediction and a bidirectional prediction). The quantization
parameter information includes a quantization parameter, such as a
quantization width (or a quantization step size), and 10a quantization
matrix. The feedback information 51 includes the generated code amount by
the image encoder 100. For example, the feedback information 51 is used to
decide the quantization parameter. The image encoder 100 encodes the input
image 15 signal 10 in pixel block units (for example, a coding tree unit, a
macroblock, a sub-block, and one pixel). Therefore, the input image signal
10 is sequentially input to the image coding unit 100 in units of pixel
blocks into which the original image is divided. In 20the present
embodiment, by way of example, a processing unit for encoding is the coding
tree unit, and the coding tree unit that is of an encoding target is
referred to as an encoding target block. 



The processing unit for encoding is not limited to 25the coding tree unit,
but the macroblock, the sub- block, or one pixel may be used as the
processing unit for encoding. In the following description, the coding  12
tree unit can be replaced with the macroblock, the sub-block, or one pixel.
In the first embodiment, an image frame including the encoding target
block, namely the image frame of the encoding target is referred to as an
5encoding target frame. Typically, the coding tree unit is a l28-by-128-
pixel block in FIG. 2A, a 64-by-64-pixel block in FIG. 2B, a 32-by-32-pixel
block in FIG. 20, a 16-by-l6- pixel block in FIG. 2D, an 8-by-8-pixel block
in 10FIG. 2E, and a 4-by-4-pixel block in FIG. 2F.       The coding tree
unit is not limited to the pixel blocks in FIGS. 2A to 2F, and the coding
tree unit may be a pixel block larger than the 128-by-128-pixel block or
the pixel block smaller than the 4-by-4-pixel block. 15A shape of the
coding tree unit is not limited to a square in FIGS. 2A to 2F, and the
coding tree unit may be set to any shape, such as a rectangular pixel block
(an N-by-M-pixel block) of a 32-by-16-pixel block. FIGS. 3A to 3D
illustrate specific examples of the 



20coding tree unit. FIG. 3A illustrates a 64-by-64-pixel coding tree unit
CUo. In the present embodiment, the size of the coding tree unit is defined
as 2N x 2N pixels. N indicates the size of the coding tree unit that is of
a reference. N = 32 in the coding tree unit 25CU0 in FIG. 3A. The coding
tree unit CU0 has a quadtree structure, and the coding tree unit CU0 can be
divided into  13 four pixel blocks each of which has N x N pixels. In the
case that the coding tree unit is divided, an index is provided to the four
pixel blocks in the Z-scan order. FIG. 3B illustrates an example of
quadtree 5segmentation of the 64-by-64-pixel block in FIG. 3A. Numbers of 0
to 3 in FIG. 3B indicate the order of the Z-scan. In the coding tree unit,
the quadtree segmentation of the pixel block obtained by the quadtree
segmentation can recursively be performed. In  10 the present embodiment, a
depth of the segmentation is defined by Depth. The coding tree unit CU0 in
FIG. 3A has Depth = 0.       FIG. 30 illustrates a coding tree unit CUl
having Depth = 1. The size of the coding tree unit CUl is 1532 x 32 pixels
(N = 16). In the case of the quadtree segmentation of the coding tree unit
CUl, the coding tree unit CUl is divided into four pixel blocks each of
which has 16 x 16 pixels as illustrated in FIG. 3D. Similarly, the coding
tree unit (not illustrated) of 20Depth = 2 has the size of 16 x 16 pixels
(N = 8), and 



can be divided into the four 8-by-8-pixel pixel blocks. The size of coding
tree unit decreases with increasing depth Depth of the division. The
largest unit of the coding tree unit is 25referred to as a large coding
tree unit, and the input image signal 10 is sequentially input and encoded
in this unit. In a typical example, the size of the large  14 coding tree
unit is set to 64 x 64 pixels (N = 32), the size of the minimum coding tree
unit is set to 8 x 8 pixels (N = 4), and the quadtree segmentation of the
coding tree unit is recursively performed. Each of 5the large coding tree
unit and the minimum coding tree unit may have any size as long as the size
of the large coding tree unit is greater than or equal to that of the
minimum coding tree unit. The sizes of the large coding tree unit and the
minimum coding tree unit may 10be changed in each sequence, picture, slice,
and region in the slice. The sizes of the large coding tree unit and the
minimum coding tree unit may adaptively be switched according to slice
types, such as an I-slice, a B-slice, and a P-slice. 15The encoding
processing may be performed to each coding tree unit in the encoding target
frame in any order. In the present embodiment, for the sake of convenience,
it is assumed that, as illustrated in FIG. 4, the encoding processing is
performed from the 20coding tree unit of the upper left of the encoding
target frame toward the coding tree unit of the lower right, namely, in the
raster-scan order. 



The image encoder 100 of the present embodiment can perform prediction
processing in a pixel block unit 25called a prediction unit. Typically, the
prediction unit is the same pixel block as the coding tree unit or each of
the pixel blocks into which the coding tree  15 unit is divided.       The
prediction unit may be a pixel block having a shape different from that of
the coding tree unit. The prediction unit may be a pixel block having a
size 5larger than that of the coding tree unit. FIGS. 5A to 51 illustrate
specific examples of the prediction unit. FIGS. 5A to 51 illustrate the
prediction unit having a pixel block PUx (x = 0, 1, 2, and 3). FIG. 5A
illustrates an example in which the 10size of the prediction unit is equal
to that of the coding tree unit. In this case, one prediction unit PUO
exists in the coding tree unit.        FIGS. 5B to 51 illustrate examples
in each of which a plurality of prediction units exist in the 15coding tree
unit. In FIGS. 5B and 5C, two prediction units PU0 and PUI exist in the
coding tree unit. In FIG. 5B, the prediction units PU0 and PUI are two
pixel blocks into which the coding tree unit is vertically divided. In FIG.
5C, the prediction units PUo and PU1 20are two pixel blocks into which the
coding tree unit is 



horizontally divided. FIG. 5D illustrates an example in which the
prediction units are the four pixel blocks into which the coding tree unit
is divided. The block sizes of the prediction units existing 25in the
coding tree unit may be different from each other as illustrated in FIGS.
5E, 5F, and 5G. As illustrated in FIGS. 5H and 51, the prediction unit may
16 be a pixel block that is obtained by dividing the coding tree unit into
line segments or curves, such as arcs.              The image encoder 100
in FIG. 1 will be described 5in detail.       The image encoder 100 in FIG.
1 includes a predictor 101, a subtractor 102, a transform/quantization
module 103, a variable length encoder 104, an
inverse-quantization/inverse-transform 10module 105, an adder 106, a frame
memory 107, a motion information memory 108, and an available-block
acquiring module 109.       In the image encoder 100, the input image
signal 10 is provided to the predictor 101 and the subtractor 15102. The
subtractor 102 receives the input image signal 10, and receives a predicted
image signal 11 from the predictor 101. The subtractor 102 calculates a
difference between the input image signal 10 and the predicted image signal
11 to generate a prediction 20error image signal 12.       The
transform/auantization module 103 receives the prediction error image
signal 12 from the subtractor 102, and performs transform processing to the
received prediction error image signal 12 to generate a 



25transform coefficient. For example, the transform processing is an
orthogonal transform, such as a discrete cosine transform (DCT).
Alternatively, the  17 transform/quantization module 103 may generate the
transform coefficient using techniques, such as a wavelet transform and an
independent component analysis, instead of the discrete cosine transform.
5Then the transform/quantization module 103 quantizes the generated
transform coefficient based on the quantization parameter provided by the
encoding controller 150. The quantized transform coefficient (also called
transform coefficient information) 13 is 10transmitted to the variable
length encoder 104 and the inverse-quantization/inverse-transform module
105.       The inverse-quantization/inverse-transform module 105 inversely
quantizes the quantized transform coefficient 13 based on the quantization
parameter 15provided by the encoding controller 150, namely, the
quantization parameter that is identical to that of the
transform/quantization module 103. Then the
inversequantization/inverse-transform module 105 performs an inverse
transform to the inversely-quantized transform 20coefficient to generate a
decoded prediction error signal 15. The inverse transform processing
performed by the inverse-quantization/inverse-transform module 105 is
matched with the inverse transform processing of the transform processing
performed by the 25transform/quantization module 103. For example, when 



the DOT is the transform processing performed by the transform/quantization
module 103, an inverse discrete  18 cosine transform (IDCT) is the inverse
transform processing performed by the inversequantization/inverse-transform
module 105. When the wavelet transform is the transform processing
performed 5by the transform/quantization module 103, an inverse wavelet
transform is the inverse transform processing performed by the
inverse-quantization/inverse-transform module 105. The adder 106 receives
the decoded prediction 10error signal 15 from the
inverse-quantization/inverse- transform module 105, and receives the
predicted image signal 11 from the predictor 101. The.adder 106 adds the
decoded prediction error signal 15 and the predicted image signal 11 to
generate a locally-decoded 15image signal 16. The generated locally-decoded
image signal 16 is stored as a reference image signal 17 in the frame
memory 107. The reference image signal 17 stored in the frame memory 107 is
read and referred to by the predictor 101 in encoding the encoding target
20block.       The predictor 101 receives the reference image signal 17
from the frame memory 107, and receives the available block information 20
from the available-block acquiring module 109. The predictor 101 receives
25reference motion information 19 from the motion information memory 108.
The predictor 101 generates the predicted image signal 11, the motion
information 



19 18, selection block information 21, and prediction switching information
22 based on the reference image signal 17, the reference motion information
19, and the available block information 20. The predicted image 5signal 11
is transmitted to the subtractor 102 and the adder 106. The motion
information 18 is transmitted to the variable length encoder 104, and
stored in the motion information memory 108 for the purpose of the
prediction processing performed to the subsequent 10encoding target block.
The selection block information 21 and the prediction switching information
22 are transmitted to the variable length encoder 104. The predictor 101 is
described in detail later. The motion information 18 is temporarily stored
as 15the reference motion information 19 in the motion information memory
108. FIG. 6A illustrates an example of the motion information memory 108.
As illustrated in FIG. 6A, the pieces of reference motion information 19
are retained in frames in the motion information 20memory 108, and form a
motion information frame 25. FIG. 6A also illustrates an example of the
motion information frame 25 of the encoding target frame, wherein the
pieces of motion information 18 of the already-encoded coding tree unit and
the prediction 25unit are stored as the pieces of reference motion
information 19. FIG. 6B illustrates another example of the motion 



20 information memory 108. In FIG. 6B, only the pieces of reference motion
information 19 of the pixel blocks adjacent to the encoding target block
are retained. In the case that only the pieces of reference motion
5information 19 of the pixel blocks adjacent to the encoding target block
are retained, a capacity of memory can be reduced compared with the case
that the pieces of reference motion information 19 of all the
already-encoded pixel blocks are retained as 10illustrated in FIG. 6A.
The pieces of reference motion information 19 are retained in the motion
information frame 25 in a unit of a predetermined region (for example, in a
unit of 4- by-4-pixel block). The reference motion information 19
15includes information indicating whether the region is encoded by an inter
prediction or an intra prediction. Like a skip mode and a direct mode,
which are defined in H.264, the motion information on the coding tree unit
(or the prediction unit) is retained as the 20reference motion information
19 even in the case that the inter prediction of the coding tree unit (or
the prediction unit) is performed without encoding a value of the motion
vector using the motion information predicted from the already-encoded
region. 25The motion information memory 108 is not limited to the example
in which the pieces of reference motion information 19 are retained in a
unit of 4-by-4-pixel  



21 block, and the pieces of reference motion information 19 may be retained
in another pixel block unit. For example, the unit of the pixel block in
which the reference motion information 19 is retained may be one 5pixel or
a 2-by-2-pixel block. The shape of the pixel block in which the reference
motion information 19 is retained is not limited to the square, and the
pixel block may have any shape. The variable length encoder 104 in FIG. 1
receives 10the transform coefficient information 13 from the
transform/quantization module 103, receives the motion information 18, the
selection block information 21, and the prediction switching information 22
from the predictor 101, receives the prediction information and 15encoding
parameters, such as the quantization parameter, from the encoding
controller 150, and receives the available block information 20 from the
available-block acquiring module 109. The variable length encoder 104
performs entropy encoding (for 20example, fixed length coding, Huffman
coding, and arithmetic coding) to the transform coefficient information 13,
the motion information 18, the selection block information 21, the
prediction switching information 22, and the encoding parameters, 25and
multiplexes them to generate the encoded data 14. Specifically, as
illustrated in FIG. 7, the 



variable length encoder 104 includes a parameter  22 encoder 701, a
transform coefficient encoder 702, a selection block information/prediction
switching information encoder 703, a motion information encoder 704, and a
multiplexer 705. The parameter encoder 701 5encodes the encoding parameters
received from the encoding controller 150, and generates encoded data 14A.
The transform coefficient encoder 702 encodes the transform coefficient
information 13 received from the transform/quantization module 103, and
generates 10encoded data 14B.       Based on the available block
information 20 received from the available-block acquiring module 109, the
selection block information/prediction switching information encoder 703
encodes the selection block 15information 21 and the prediction switching
information 22, which are received from the predictor 101, and generates
encoded data 14C. Based on the prediction switching information 22 received
from the predictor 101, the motion information encoder 704 encodes the
20motion information 18 received from the predictor 101, and generates
encoded data 14D.       The multiplexer 705 multiplexes the pieces of
encoded data 14A, 14B, 14C, and 14D to generate the encoded data 14. In
addition to the selection block 25information 21, the prediction switching
information 



22, and the prediction information, the generated encoded data 14 includes
all parameters, such as  23 information on the transform coefficient and
information on the quantization, which are necessary for the decoding. The
encoded data 14 is temporarily stored in the output buffer 110 and then
transmitted to 5the storage system (not illustrated) or the transmission
system (not illustrated).       The motion information encoder 704 is not
used when a first predictor 1001 (illustrated in FIG. 10) performs the
prediction processing. The selection 10block information/prediction
switching information encoder 703 is not used when a second predictor 1002
(illustrated in FIG. 10) performs the prediction processing.
The Prediction processing of the image encoder 100 15will be described
below.       A plurality of prediction modes are prepared in the image
encoder 100 in FIG. 1, and the prediction modes differ from each other in a
method for generating the predicted image signal 11 and a motion
compensation 20block size. Specifically, the method by which the predictor
101 generates the predicted image signal 11 is divided into the intra
prediction (also called intra-frame prediction) that generates a prediction
image using the reference image signal 17 of the 



25encoding target frame (or a field) and the inter prediction (also called
inter-frame prediction) that generates a Prediction image using the
reference image  24 signal 17 of at least one already-encoded reference
frame (or a reference field). The predictor 101 selectively switches
between the intra prediction and the inter prediction to generate the
predicted image 5signal 11 of the encoding target block. FIG. 8A
illustrates an example of the inter prediction. Typically, the inter
prediction is performed in prediction units, and different pieces of motion
information 18 can be possessed in prediction 10units. As illustrated in
FIG. 8A, in the inter prediction, the predicted image signal 11 is
generated using the reference image signal 17 of a block 24 in the position
that is spatially shifted from a block 23 according to the motion vector
included in the motion 15information 18, wherein the block 23 is of a pixel
block in the already-encoded reference frame (for example, the
already-encoded frame in one frame earlier) and is located in the same
position as the prediction unit of the encoding target. That is, the
20reference image signal 17 of the block 24 in the reference frame, which
is specified by the position (a coordinate) of the encoding target block
and the motion vector included in the motion information 18, is used in
generating the predicted image signal 11. 25In the inter prediction, motion
compensation of 



decimal pixel accuracy (for example, 1/2 pixel accuracy or 1/4 pixel
accuracy) can be performed, and a value of  25 an interpolation pixel is
generated by performing filtering processing to the reference image signal
17. For example, in H.264, interpolation processing can be performed to a
luminance signal up to the 1/4 pixel 5accuracy. In the case of the motion
compensation of the 1/4 pixel accuracy, an information amount of the motion
information 18 is quadruple of that of the integer pixel accuracy. The
interpolation processing can be performed using arbitrary filtering instead
of 10the filtering defined in H.264.       The inter prediction is not
limited to the example in which the reference frame in the preceding frame
is used as illustrated in FIG. 8A, and any already-encoded reference frame
may be used as illustrated in FIG. 8B. 15In the case that the reference
image signals 17 of the multiple reference frames having different temporal
positions are retained, the information indicating where the predicted
image signal 11 is generated from the reference image signal 17 in the
temporal position 20is expressed by the reference frame number. The
reference frame number is included in the motion information 18. The
reference frame number can be changed in region units (such as picture
units and block units). That is, a different reference frame can 25be used
in each prediction unit. For example, in the case that the reference frame
in the first preceding already-encoded frame is used in the prediction, the



26 reference frame number in this region is set to 0. In the case that the
reference frame in the second preceding already-encoded frame is used in
the prediction, the reference frame number in this region 5is set to 1. For
example, in the case that the reference image signal 17 only for one frame
is retained in the frame memory 107 (only one reference frame is retained),
the reference frame number is always set to 0. 10In the inter prediction,
the size suitable for the encoding target block can be selected from the
previously-prepared sizes of the prediction units. For example, as
illustrated in FIGS. 5A to 5I, the motion compensation can be performed in
each prediction unit 15that is obtained by dividing the coding tree unit.
As described above, the motion information 18 on the already-encoded pixel
block (for example, 4-by-4- pixel block) in the encoding target frame used
for the inter prediction is retained as the reference motion 20information
19, so that the shape, the motion vector, and the reference frame number of
the optimum motion compensation block can be used according to a local
property of the input image signal 10. The coding tree unit and the
prediction unit can arbitrarily be 25combined. In the case that the coding
tree unit is the 64-by-64-pixel block, the ?6-by-16-pixel block can
hierarchically be used from the 64-by-64-pixel block  



27 by further dividing the four coding tree units (32-by-32-pixel blocks),
into which the 64-by-64-pixel block is divided, into four. Similarly, the
8-by-8- pixel block can hierarchically be used from the 64-by- 564-pixel
block. In the case that the prediction unit is one in which the coding tree
unit is divided into four, hierarchical motion compensation processing from
the 64-by-64-pixel block to the 4-by-4-pixel block can be performed. 10The
motion reference block and the available block will be described below.
The motion reference block is selected from the encoding target frame and
the already-encoded block in the reference frame according to the method
decided by 15both the image encoding apparatus in FIG. 1 and an image
decoding apparatus. In the present embodiment, as illustrated in FIG. 9A,
an already-encoded block A that is adjacent to an encoding target block X
in the left direction and an already-encoded block B that is 20adjacent to
the encoding target block X in the upward direction are selected as the
motion reference block from the already-encoded blocks of the encoding
target frame. Pixels a and b, which are specified by relative positions in
FIG. 9B from the upper-left pixel in the 25encoding target block, belong to
the blocks A and B, respectively. That is, the block A includes the pixel a
that is adjacent to the upper-left pixel in the  28 



encoding target block in the left direction, and the block B includes the
pixel b that is adjacent to the upper-left pixel in the encoding target
block in the upward direction. 5Each available block is selected from the
motion reference blocks by the available-block acquiring module 109. The
available block is a block to which the inter prediction is applied in the
motion reference blocks. In the case of the existence of the motion
10reference blocks, to which the inter prediction is applied and which have
the same motion information, one of the motion reference blocks is selected
as the available block. Therefore, in the case the available blocks are
selected, the available blocks have 15different motion vectors.       When
selecting the available block from the motion reference blocks, the
available-block acquiring module 109 outputs the available block
information 20 indicating the selected available block. For example, 20as
illustrated in FIG. 9A, in the case that the motion reference blocks are
the blocks A and B that are adjacent to the encoding target block, the
available-block acquiring module 109 refers to the pieces of reference
motion information 19 on the blocks A and B 25to determine whether the
blocks A and B are the available blocks, and the available-block acquiring
module 109 outputs the available block information 20  29 indicating a
determination result.       The number of motion reference blocks is not
limited to two in FIG. 9A, and the number of motion reference blocks may be
three or more. For example, in 



5addition to the blocks A and B, already-encoded adjacent blocks C and D in
FIG. 90 are used as the motion reference block. FIG. 90 illustrates an
example of the relative positions of the pixels a, b, c, and d included in
the blocks A, B, C, and D in FIG. 9D with 10respect to the upper-left pixel
in the encoding target block X. At this point, the encoding target block is
illustrated as the N-by-N-pixel block. The block C includes the pixel c in
the position that is shifted from the upper-left pixel in the encoding
target block 15X by N pixels in the right direction and by one pixel in the
upward direction, and the block D includes the pixel d in the position that
is shifted from the upper-left pixel in the encoding target block X by one
pixel in the left direction and by one pixel in the upward 20direction. In
the present embodiment, as illustrated in FIG. 9A, the example in which the
blocks A and B adjacent to the encoding target block are selected as the
motion reference block is described.                 The predictor 101 of
the first embodiment will be 25described in detail below. As illustrated in
FIG. 10, the predictor 101 includes the first predictor 1001, the second
predictor  30 1002, and a prediction method selector switch 1003. The
predictor 101 selectively switches between the first predictor 1001 and the
second predictor 1002 to generate the predicted image signal 11. 5The first
predictor 1001 generates a predicted image signal 11A according to a first
prediction method. Specifically, the first predictor 1001 selects, as a
selection block, the block, which is used for the prediction, from the
available blocks indicated 



10by the available block information 20, and generates the predicted image
signal 11A using reference motion information 19 on the selection block.
The first predictor 1001 outputs information on the selection block
(selection block information) 21. The selection 15block information (also
referred to as selection information) 21 includes information on the number
of available blocks and information identifying the selection block. The
selection block information/prediction switching information encoder 20 703
encodes the selection block information 21 using a code table that is
previously decided according to the number of available blocks indicated by
the available block information 20. FIG. 11 illustrates the first predictor
1001 in 25detail. As illustrated in FIG. 11, the first predictor 1001
includes a motion information selector 1101 and a motion compensator 1104.
The available block  31 information 20, the reference motion information
19, and the reference image signal 17 are input to the first predictor
1001, and the first predictor 1001 outputs the predicted image signal 11A,
the motion 5information 18, and the selection block information 21.
As illustrated in FIG. 11, the motion information selector 1101 includes a
motion information acquiring module 1102 and a motion information selector
switch 1103. The available block information 20 and the 10reference motion
information 19 on the motion reference block are provided to the motion
information acquiring module 1102. The motion information acquiring module 



1102 generates motion information 18A and motion information 18B. The
motion information 18A includes 15the reference motion information 19 on
the motion reference block A and the available block information 20, and
the motion information 18B includes the reference motion information 19 on
the motion reference block B and the available block information 20. In the
20present embodiment, as illustrated in FIG. 9A, the motion reference block
A is spatially adjacent to the encoding target block in the left direction,
namely, adjacent to the encoding target block in the left direction in the
encoding target frame. The motion 25reference block B is spatially adjacent
to the encoding target block in the upward direction, namely, adjacent to
the encoding target block in the upward direction in  32 the encoding
target frame.       The motion information acquiring module 1102 outputs as
many pieces of motion information as available blocks. In the case that the
two motion 5reference blocks A and B are set, as in the first embodiment,
the two pieces of motion information are output at most. For example, the
pieces of motion information 18A and 18B are output when both the motion
reference blocks A and B are selected as the available 10block, and the
motion information is not output when both the motion reference blocks A
and B are not selected as the available block. In the case that the four
motion reference blocks are set as illustrated in FIG. 90, the four pieces
of motion information are 



15output at most according to the number of available blocks.       The
motion information selector switch 1103 selects one selection block from
the available blocks to transmit one of the pieces of motion information
18A 20and 18B as the motion information 18 to the motion compensator 1104.
The motion information selector switch 1103 outputs the selection block
information 21 indicating which available block is selected as the
selection block. For example, the motion information 25 selector switch
1103 selects the available block as the selection block such that an
encoding cost derived from a cost equation indicated by the following
mathematical  33 formula (1) is minimized. J=D+AxR(1) where J indicates the
encoding cost and D 5indicates an encoding strain expressing a sum of
squared difference between the input image signai 10 and the reference
image signal 17. R indicates a code amount estimated by temporary encoding
and X indicates a Lagrange undetermined coefficient defined by the
10quantization width. The encoding cost J may be calculated using only the
code amount R or the encoding strain D instead of the mathematical formula
(1), and a cost function of the mathematical formula (1) may be produced
using a value in which the code amount R or 15the encoding strain D is
approximated. The encoding 



strain D is not limited to the sum of squared difference, and the encoding
strain D may be a sum of absolute difference (SAD). Only the code amount
related to the motion information may be used as the 20code amount R. The
selection block is not limited to the example in which the available block
minimizing the encoding cost is selected as the selection block, and one
available block having a value within a range where the encoding cost is at
least the minimum may be 25selected as the selection block.        The
motion compensator 1104 derives the position of the pixel block, in which
the reference image signal 17 is taken out as the predicted image signal,
based on  34 the reference motion information (or a reference motion
information group) on the selection block selected by the motion
information selector 1101. In the case that the reference motion
information group is input to the 5motion compensator 1104, the motion
compensator 1104 divides the pixel block taken out as the predicted image
signal by the reference image signal 17 into small pixel blocks (for
example, 4-by-4-pixel blocks), and applies the corresponding reference
motion 10information to each small pixel block to acquire the predicted
image signal 11A from the reference image signal 17. For example, as
illustrated in FIG. 8A, the position of the block in which the predicted
image signal 11A is acquired is shifted from the small pixel 15block to the
spatial direction according to the motion vector included in the reference
motion information 19. 



Thus, the motion compensator 1104 generates the predicted image signal 11A
using the reference motion information (one of pieces of reference motion
20 information 19A and 19B) from the motion information selector 1101 and
the reference image signal 17 from the frame memory 107. However, in the
case that the available block is not selected, the first predictor 1001
does not perform the prediction processing, and 25only the second predictor
1002 performs the prediction processing. The second predictor 1002 in FIG.
10 generates a  35 predicted image signal 11B of the encoding target block
according to a second prediction method, in which the motion information 18
is derived from the input image signal 10 and the reference image signal 17
to perform 5the motion compensation. As illustrated in FIG. 12, the second
predictor 1002 includes a motion information acquiring module 1201 that
generates the motion information 18 using the input image signal 10 and the
reference image signal 17 and a motion compensator 1202 10that generates
the predicted image signal 11B using the reference image signal 17 and the
motion information 18. For example, based on the input image signal 10 and
the reference image signal 17, the motion information acquiring module 1201
evaluates the motion 15information 18 including the motion vector and the
reference frame number, which should be allocated to the encoding target
block, by block matching. A value in which a difference between the input
image signal 10 and the post-matching interpolation image is 20accumulated
in each pixel can be used as a criterion of 



the matching. In the predictor 101, one of the predicted image signal 11A
from the first predictor 1001 and the predicted image signal 11B from the
second predictor 251002 is selected by the prediction method selector
switch 1003 in FIG. 10. For example, according to the mathematical formula
(1), the prediction method  36 selector switch 1003 evaluates the encoding
cost for each of the predicted image signals 11A and 11B using the input
image signal 10, and selects one of the predicted image signals 11A and 11B
such that the 5encoding cost decreases. Then the prediction method selector
switch 1003 outputs the selected predicted image signal as the predicted
image signal 11. The prediction method selector switch 1003 also outputs
the motion information 18, which is used to generate the 10predicted image
signal 11, and the prediction switching information 22 indicating which one
of the first predictor 1001 and the second predictor 1002 generates the
predicted image signal 11. The prediction method selector switch 1003
further outputs the selection 15block information 21 in the case that the
predicted image signal 11A is selected. 



The same motion compensation processing as that of H.264 can be used as the
motion compensation processing performed by the motion compensators 1104
and 1202. An 20interpolation technique of the 1/4 pixel accuracy will
specifically be described by way of example. In the interpolation of the
1/4 pixel accuracy, the motion vector points out an integral pixel position
in the case that each component of the motion vector is a 25multiple of 4.
In other cases, the motion vector points out a predicted position
corresponding to an interpolation position of fractional accuracy.  x_pos =
x + (mv_x /4) y_pos = y + (mv v / 4)       where x and y indicate indexes
in vertical and horizontal directions of a beginning position (for example,
an upper-left top) of the prediction target 5block, and x pos and y pos
indicate the corresponding predicted position of the reference image signal
17. (mv_x,mv_y) indicates the motion vector having the 1/4 pixel accuracy.
A predicted pixel is generated with respect to the determined pixel
position through 10processing of compensating or interpolating the
corresponding pixel position of the reference image signal 17. FIG. 13
illustrates an example of the predicted pixel generated according to H.264.
In FIG. 13, a square (a square drawn by oblique lines) 15indicated by a
capital letter expresses the pixel in the integral position, and a hatched
square expresses the interpolation pixel in the 1/2 pixel position. A white
square expresses the interpolation pixel corresponding to the 1/4 pixel
position. For example, 



20in FIG. 13, the processing of interpolating 1/2 pixels corresponding to
the positions of the letters b and h is calculated by the following
mathematical formula (3) . 25b = (E-5xF+ 20 x G + 20 x H-5 x I+J + 16 ) " 5
h = (A-5xC+20xG+20xM-5xR+T+16) " 5(3)        A letter (for example, b, h,
and Cl) indicated in the mathematical formulae (3) and (4) indicates the
38 value of the pixel to which the same letter is provided in FIG. 13. u>>"
indicates a right shift calculation, and ">> 5" corresponds to a division
by 32. That is, the interpolation pixel in the 1/2 pixel position is
5calculated with a six-tap FIR (Finite Impulse Response) filter (tap
coefficient: (1,-5,20,20,-5,1)/32).       In FIG. 13, the processing of
interpolating 1/4 pixels corresponding to the positions of the letters a
and d is calculated by the following 10mathematical formula (4). a =
(G+b+1)" 1 d=(G+h+1)" 1(4)       Thus, the interpolation pixel in the 1/4
pixel position is calculated with a two-tap average-value 



15filter (tap coefficient: (1/2,1/2)). The processing of interpolating 1/2
pixel corresponding to the letter j existing in the middle of the four
integral pixel positions is generated with six taps in the vertical
direction and six taps in the horizontal direction. 20For other pixel
positions, the interpolation pixel value is generated in a similar manner.
The interpolation processing is not limited to the examples of the
mathematical formulae (3) and (4), and the interpolation pixel value may be
generated using 25another interpolation coefficient. A fixed value provided
from the encoding controller 150 may be used as the interpolation
coefficient, or the interpolation  39 coefficient may be optimized in each
frame based on the encoding cost and generated using the optimized
interpolation coefficient.               An operation of the predictor 101
will be 5described with reference to FIG. 14.       In Step S1401 in FIG.
14, whether the prediction method applied to the motion reference blocks
(for example, blocks A and B in FIG. 9A) adjacent to the encoding target
block is the intra prediction or the 10inter prediction is determined, or
whether the motion 



reference blocks is the block that is located in a region out of a screen
or a pre-coding region, where the block cannot be referred to, is
determined. Because the block to which the inter prediction is 15applied
has the reference motion information 19, whether the block to which the
inter prediction is adapted can be determined by the existence or
nonexistence of the reference motion information 19. When the intra
prediction is applied to both the blocks A  20 and B in Step S1401, or when
both the blocks A and B cannot be referred to in Step S1401, the flow goes
to Step S1405, and the available block is not selected. In the case that
the available block is not selected, the first predictor 101 cannot perform
the prediction 25processing, and the flow goes to Step S1413.       In Step
S1413, the second predictor 10.02 performs the motion compensation
processing using the motion  40 information 18 that is derived by the block
matching defined in H.264. In the case that the available block is not
selected, because only the second predictor 1002 is used, it is not
necessary to encode the prediction switching information (a merge_flag) 22
switching between the first predictor 1001 and the second predictor 1002
and the selection block information (a merge left_flag) 21. When the inter
prediction is applied to one of the 10motion reference blocks A and B in
Step S1401, the flow goes to Step S1404. In Step S1404, the motion
reference block to which the inter prediction is applied is selected as the
available block. It is assumed that the available block is a block Y (Y is
A 15or B).       In Step S1407, whether the motion compensation is
performed by the first predictor 1001 is determined. Specifically, the
motion compensation that is performed by applying the reference motion
information 19 on the 



20block Y to the encoding target block and the motion compensation that is
performed by the second predictor 1002 are switched using the prediction
switching information (the merge_flag) 22. When the prediction switching
information 22 indicates the use of the first 25predictor 1001 (that is,
the merge_flag is true), the flow goes to Step S1412. In Step S1412, the
first predictor 1001 performs the motion compensation  41 processing using
the reference motion information 19 on the block Y.       When the
prediction switching information 22 indicates the use of the second
predictor 1002 (that 5is, the merge_flag is false) in Step S1407, the flow
goes to Step S1413. In Step S1413, as described above, the second predictor
1002 performs the motion compensation. For example, in the switching in
S1407, the encoding cost expressed by the mathematical formula 10(1) is
calculated, and one of the first predictor 1001 and the second predictor
1002 is selected such that the encoding cost becomes smaller.       When
the inter prediction is applied to both the motion reference blocks A and B
in Step S1401, the flow 15goes to Step S1402. In Step S1402, whether the
motion reference blocks A and B are identical to each other in the
reference motion information 19 is determined. 



When the motion reference blocks A and B are identical to each other in the
reference motion information 19, 20the flow goes to Step S1404. In Step
S1404, one of the motion reference blocks A and B is selected as the
available block Y. The pieces of processing after Step S1404 are described
above. When the motion reference blocks A and B differ 25from each other in
the reference motion information 19 in Step S1402, the flow goes to Stet)
S1403. In this case, the two available blocks are selected in Step  42
S1403. In Step S1406, whether the motion compensation is performed using
the first predictor 1002 is determined. Specifically, the motion
compensation performed by the first predictor 1002 and the motion
5compensation performed by the second predictor 1002 are switched using the
prediction switching information (merge_flag) 22. When the prediction
switching information 22 indicates the use of the second predictor 1002
(that is, the merge_flag is false), the 10flow goes to Step S1413, and the
second predictor 1002 performs the motion compensation.       When the
prediction switching information 22 indicates the use of the first
predictor 1001 (that is, the merge_flag is true) in Step S1406, the flow
goes to 15Step S1409. In Step S1409, whether the motion 



reference block A is used in the prediction processing of the first
predictor 1001 is determined. Specifically, whether the motion reference
block A or the motion reference block B is used is determined 20based on
the selection block information (the merge_left flag) 21. For example, in
the switching in S1409, the encoding cost expressed by the mathematical
formula (1) is calculated, and one of the motion reference block A and the
motion reference block B is 25selected such that the encoding cost becomes
smaller.      When the motion reference block A is used (that is, the
merge_left_flag is true), the flow goes to Step  43 S1410. In Step S1410,
the first predictor 1002 performs the motion compensation processing using
the reference motion information 19 on the motion reference block A as the
motion information 18 on the encoding 5target block. On the other hand,
when the motion reference block B is used (that is, the merge left_flag is
false), the flow goes to Step S1411. In Step S1411, the first predictor
1001 performs the motion compensation processing using the reference motion
10information 19 on the motion reference block B as the motion information
18 on the encoding target block.       The prediction methods are switched
according to the number of available blocks, and the existence or
non-existence of the encoding of each of the prediction 15switching
information and the selection block 



information is switched according to the number of available blocks, so
that an efficient prediction method can be performed with a small code
amount. A syntax used by the image encoding apparatus in 20FIG. 1 will be
described below.       A syntax indicates a structure of the encoded data
(for example, the encoded data 14 in FIG. 1) when the image encoding
apparatus encodes the moving image data. In decoding the encoded data, the
image decoding 25apparatus refers to the same syntax structure to perform a
syntax interpretation. FIG. 15 illustrates an example of a syntax 1500 used
by the image encoding  44 apparatus in FIG. 1.       The syntax 1500
includes three parts, namely, a high-level syntax 1501, a slice-level
syntax 1502, and a coding-tree-level syntax 1503. The high-level syntax
51501 includes syntax information on a layer higher than a slice. The slice
means a rectangular region or a continuous region, which is included in the
frame or the field. The slice-level syntax 1502 includes information
necessary to decode each slice. The 10coding-tree-level syntax 1503
includes information 



necessary to decode each coding tree unit. Each of the parts includes a
further detailed syntax. The high-level syntax 1501 includes sequence-level
and picture-level syntaxes, such as a sequence- 15parameter-set syntax 1504
and a picture-parameter-set syntax 1505. The slice-level syntax 1502
includes a slice header syntax 1506 and a slice data syntax 1507. The
coding-tree-level syntax 1503 includes a codingtree-unit syntax 1508 and a
prediction-unit syntax 201509.       The coding-tree-unit syntax 1508 can
have a quadtree structure. Specifically, the coding-tree-unit syntax 1508
can recursively be called as a syntax element of the coding-tree-unit
syntax 1508. That is,  25 one coding tree unit can be segmented by the
quadtree. The coding-tree-unit syntax 1508 includes a transform-unit syntax
1510 and a prediction-unit syntax 1509.  45 The pieces of information on
the inverse orthogonal transform and the quantization are described in the
transform-unit syntax 1510, and the transform-unit syntax 1510 is called in
each coding-tree-unit syntax 51508 at a tail end of the quadtree.
FIG. 16 illustrates an example of the sequenceparameter-set syntax 1504 of
the present embodiment. An inter merge flag in FIG. 16 is a syntax element
indicating whether the first prediction method of the 10present embodiment
is valid in the sequence. In the case that the inter merge flag is set to
0, the inter merge flag indicates that the first prediction 



method is invalid in the slice. In this case, only the second prediction
method becomes valid. Accordingly, 15it is not necessary to encode the
following merge flag and merge_left_flag. For example, in the case that the
inter merge flag is set to 1, the first prediction method of the present
embodiment is valid in the whole region of the slice. 20As illustrated in
FIG. 17, the inter_merge_flag may be included in the slice header syntax
1506. In this case, the inter_merge_flag is a syntax element indicating
whether the first prediction method is valid in the slice. 25FIG. 18
illustrates an example of the coding-tree- unit syntax 1508. A
split_coding_unit_flag in FIG. 18 is a flag indicating whether the coding
tree unit is  46 divided into four. In the case that the
split_coding_unit_flag is set to 1, the split_coding_unit_flag indicates
that the coding tree unit is divided into four. In this case, the syntax of
5the coding tree unit that is obtained by dividing the coding tree unit
into four is recursively called. Parameters x0, xl, yO, and yl in FIG. 18
are used to indicate the positions of the four divided coding tree units,
and a splitCodingUnitSize indicates the size of 10each of the four divided
coding tree unit.       In the case that the split_coding_unit_flag is set
to 0, the split_coding_unit_flag indicates that the coding tree unit is not
divided into four. An NumMergeCandidates indicates the number of available
15blocks that are derived in FIG. 14. In the case that the available block
exists (that is, 



NumMergeCandidates > 0), the merge_flag indicating the prediction switching
information 22 is encoded. In the case that the merge_flag is set to 1, the
merge_flag 20indicates that the first prediction method is used. In the
case that the merge_flag is set to 0, the merge_flag indicates that the
second prediction method is used. In the case that the merge flag is set to
1 (true) while the two available blocks exist (that is,  25
NumMergeCandidates > 1), the merge_left:flag that is of the selection block
information 21 indicating which one of the motion reference blocks A and B
is used as the  47 selection block is encoded. In the case that the merge
flag is set to 0, because the second prediction method is used, the
prediction-unit syntax is called to encode the prediction information (such
as the motion 5information 18) in the coding tree unit.       In the case
that the merge_flag is set to 1, it is not necessary to encode parameters
(such as the motion information 18 and the prediction unit division
information) related to the prediction in the coding 10tree unit.      As
illustrated in FIG. 19, the merge_flag and the merge_left_flag may be
included in the prediction unit syntax. In this case, the merge_flag and
the merge_left_flag have the same meanings as the 15merge_flag and
merge_left_flag in FIG. 18.      As illustrated in FIG. 9C, in the case
that the at least three motion reference blocks and three or more available
blocks exist, the selection block information (merge left flag) may be not
the flag but information 20including a plurality of symbols. 



Whether the first prediction method is valid may be switched according to
the size of the coding tree unit (encoding target block). FIG. 20
illustrates an example of the coding tree syntax in which whether the
25first prediction method is valid is switched according to the size of the
coding tree unit. A merge_available_size() in FIG. 20 is a function that
48 outputs validity/invalidity of the first prediction method in each size
(a currOodingUnitSize) of the encoding target block, namely, mode encoding
information indicating whether the prediction switching 5information (the
merge_flag) is encoded according to the size of the encoding target block.
In the case that the merge_available_size() is set to 1, the first
prediction method is valid. On the other hand, in the case that the
merge_available_size() is set to 0, the 10first prediction method is
invalid, and only the second prediction method is valid. In this case, it
is not necessary to encode the merge_flag and the merge_left_flag. The
switching information in the merge_available_size() may previously be
encoded by the 15sequence-parameter-set syntax, the picture-parameter- set
syntax, and the slice header syntax. The same switching information as the
later-described decoding apparatus may be retained. In another embodiment,
the NumMergeCandidates in FIG. 18 may always be set to 0 20instead of
setting the merge_available_size() to 0.        When the coding tree syntax
in FIG. 20 is used, the first prediction method can be invalidated in the
coding tree unit having the specific size, and the code amounts of the
prediction switching information and the 



25selection block information can be reduced.        As described above, in
the image encoding apparatus of the first embodiment, the available block
49 is selected from the plurality of motion reference blocks, the existence
or non-existence of the encoding of each of the prediction switching
information and the selection block information is switched according to
5the number of selected available blocks. Therefore, the code amount can be
reduced and the high encoding efficiency can be implemented. Additionally,
in the image encoding apparatus of the first embodiment, whether the first
prediction method is used is 10determined according to the size of the
encoding target block, and it is not necessary to encode the prediction
switching information and the selection block information when the first
prediction method is not used. Therefore, the code amount can be reduced.
15(Second Embodiment)       An image encoding apparatus according to a
second embodiment will be described below. The image encoding apparatus of
the second embodiment has a configuration similar to that of the first
embodiment in FIG. 1. A 20component and an operation, which are different
from those of the first embodiment, are mainly described in the second
embodiment. In the first embodiment, the first prediction method is applied
to the coding tree unit of the encoding target. On the other hand, in the
25second embodiment, the first prediction method is 



applied to the prediction unit of the encoding target. In the second
embodiment, the block X in FIG. 9A  50 corresponds to the prediction unit
of the encoding target, and the blocks A and B correspond to the motion
reference blocks. Additionally, for the available block and the selection
block, the coding tree unit may 5be replaced with the prediction unit in
the description related to the first prediction method of the first
embodiment.        FIG. 21 illustrates an example of a prediction-unit
syntax 1509 of the second embodiment. An
10NumPuParts(inter_partitioning_idc) in FIG. 21 is an index that defines
the method for dividing the prediction unit. Specifically, the
NumPuParts(inter_partitioning_idc) indicates the number of prediction units
into which the prediction unit is 15divided as illustrated in FIGS. 5A to
51. The NumPuParts is 2 in the example in FIG. 5B, and the NumPuParts is 4
in the example in FIG. 5D. A variable i in FIG. 21 is an index of the
divided prediction unit. An NumMergeCandidates in FIG. 21 indicates the
20number of available blocks in the prediction unit i. A merge_flag[i] and
a merge_left_flag[i] in FIG. 21 indicate the prediction switching
information and the selection block information in the prediction unit i,
respectively. The methods for deriving the 25merge_flag[i] and the
merge_left_flag[i] are identical to those of the first embodiment. 



As described above, the same effect as the first  51 embodiment can be
obtained in the image encoding apparatus of the second embodiment in which
the first prediction method is applied to the prediction unit. (Third
Embodiment) 5FIG. 22 schematically illustrates an image decoding apparatus
according to a third embodiment. As illustrated in FIG. 22, the image
decoding apparatus includes an image decoder 2200, a decoding controller
2250, and an output buffer 2208. The image decoding 10apparatus of the
third embodiment corresponds to the image encoding apparatus of the first
embodiment. That is, the decoding processing performed by the image
decoding apparatus in FIG. 22 has a complementary relationship with the
encoding processing performed by 15the image encoding processing in FIG. 1.
The image decoding apparatus in FIG. 22 may be realized by hardware, such
as an LSI chip, or realized by causing a computer to execute an image
decoding program. The image decoding apparatus in FIG. 22 includes 20the
image decoder 2200, the decoding controller 2250, and the output buffer
2208. The image decoder 2200 includes an encoded sequence decoder 2201, an
inversequantization/inverse-transform module 2202, an adder 2203, a frame
memory 2204, a predictor 2205, a motion 25information memory 2206, and an
available-block acquiring module 2207. In the image decoder 2200, encoded
data 30 from the storage system (not 



52 illustrated) or the transmission system (not illustrated) is provided to
the encoded sequence decoder 2201. For example, the encoded data 30
corresponds to the encoded data 14, which is 5transmitted from the image
encoding apparatus in FIG. 1 while multiplexed.        The image decoding
apparatus in FIG. 22 decodes the encoded data 30 by selectively switching
between the prediction method (the first prediction method) in 10which, as
illustrated in FIG. 9A, the motion compensation is performed using the
pieces of reference motion information possessed by the blocks A and B
adjacent to the decoding target block X as the motion information on the
decoding target block X and the 15prediction method (the second prediction
method) in which, like H.264, the motion compensation is performed to the
decoding target block using one motion vector.        In the present
embodiment, the pixel block (for example, the coding tree unit, the
prediction unit, the 20macroblock, and one pixel) that is of a decoding
target is referred to as a decoding target block. An image frame including
the decoding target block is referred to as a decoding target frame. In the
encoded sequence decoder 2201, the decoding 25is performed in each frame or
field by a syntax 



analysis based on the syntax. Specifically, the encoding sequence decoder
2201 sequentially performs  53 variable length decoding of an encoded
sequence of each syntax, and decodes encoding parameters related to the
decoding target block to obtain decoding parameters. The decoding
parameters include motion information 40, 5 prediction switching
information 62, selection block information 61, a transform coefficient 33,
and the pieces of prediction information, such as the block size
information and the prediction mode information. In the present embodiment,
the decoding parameters 10include the transform coefficient 33, the
selection block information 61, and the prediction information, and the
decoding parameters include all the parameters necessary to decode the
information on the transform coefficient, the information on the
quantization, and 15the like. The prediction information, the information
on the transform coefficient, and the information on the quantization are
provided as control information 71 to the decoding controller 2250. The
decoding controller 2250 provides the decoding control 20information 70,
which includes the parameters necessary to decode the prediction
information, the quantization parameter, and the like, to each module of
the image decoder 2200.               FIG. 23 illustrates the detailed
encoded sequence 25decoder 2201. As illustrated in FIG. 23, the encoded
sequence decoder 2201 includes a separator 2301, a parameter decoder 2302,
a transform coefficient decoder 



54 2303, a prediction switching information/selection block information
decoder 2304, and a motion information decoder 2305. The separator 2301
separates the encoded data 30 5in syntax units to generate encoded data 30A
including parameters related to the block size and the quantization,
encoded data 30B including the transform coefficient information, encoded
data 300 including the prediction information and the selection block
10information, and encoded data 30D including the motion information.
The-parameter decoder 2302 decodes the encoded data 30A to obtain the
parameters related to the block size information and the quantization. The
transform 15coefficient decoder 2303 decodes the encoded data 30B to obtain
the transform coefficient information 31. The prediction switching
information/selection block information decoder 2304 decodes the encoded
data 300 to obtain the selection block information 61 and the 20prediction
switching information 62. The prediction switching information/selection
block information decoder 2304 receives available block information 60
indicating the number of available blocks from the available block
acquiring module 2207, 



25 and decodes the selection block information 61 using a code table that
is previously decided according to the number of available blocks. However,
in the case that  55 the available block information 60 indicates that the
available block is not selected, it is not necessary for the prediction
switching information/selection block information decoder 2304 to decode
the encoded 5data 300 including the prediction switching information 62 and
the available block information 60.       The motion information decoder
2305 decodes the encoded data 30D to obtain the motion information 40. The
motion information decoder 2305 receives the 10prediction switching
information 62 from the prediction switching information/selection block
information decoder 2304, and refers to the prediction switching
information 62. In the case that the prediction switching information 62
indicates that the predictor 15101 in FIG. 1 uses the second prediction
method, namely, in the case that the decoding target block is encoded by
the second prediction method, it is not necessary for the prediction
switching information/selection block information decoder 2304 to ,20decode
the encoded data 300.       The transform coefficient information 31
decoded by the transform coefficient decoder 2303 is transmitted to the
inverse-quantization/inversetransform module 2202. Various pieces of
control 



25information (for example, a quantization parameter and a quantization
matrix) 71 on the quantization, which are decoded by the parameter decoder
2302, are provided  56 to the decoding controller 2250 and loaded to the
inverse-quantization/inverse-transform module 2202 during the inverse
quantization. The inversequantization/inverse-transform module 2202
inversely quantizes the transform coefficient information 31 according to
the loaded information on the quantization, and performs the inverse
transform processing (for example, the inverse discrete cosine transform)
to generate a prediction error signal 34. 10The inverse transform
processing performed by the inverse-quantization/inverse-transform module
2202 in FIG. 22 is an inverse transform of the transform processing
performed by the transform/quantization module 103 in FIG. 1. For example,
in the case that 15the image encoding apparatus in FIG. 1 performs the
wavelet transform, the inverse-quantization/inversetransform module 2202
performs the inverse quantization and the inverse wavelet transform. The
prediction error signal 34 restored by the
20inverse-quantization/inverse-transform module 2202 is transmitted to the
adder 2203. The adder 2203 generates a decoded image signal 36 by adding
the prediction error signal 34 from the inverse-
quantization/inverse-transform module 2202 and a 25predicted image signal
35 generated by the predictor 



2205. The generated decoded image signal 36 is output from the image
decoder 2200, and tentatively stored in  57 -the output buffer 2208. Then
the decoded image signal 36 is output at an output timing managed by the
decoding controller 2250. The decoded image signal 36 is also stored as a
reference image signal 37 in the 5frame memory 2204. The reference image
signal 37 is properly read in each frame or field by the predictor 2205.
The available-block acquiring module 2207 receives reference motion
information 39 from the motion 10information memory 2206, and outputs
available block information 60. Because the operation of the
available-block acquiring module 2207 is identical to that of the
available-block acquiring module 109 (shown in FIG. 1) of the first
embodiment, the description is 15omitted.        The motion information
memory 2206 receives motion information 38 from the predictor 2205, and
temporarily stores the motion information 38 as the reference motion
information 39. The motion information memory 202206 stores the reference
motion information 39 in the same manner as the motion information memory
108 in FIG. 6A. That is, the motion information memory 2206 retains the
reference motion information 39 in frame units, and the pieces of motion
information 38 on the 25already-decoded coding tree unit and the prediction



unit are stored as the reference motion information 39 in the motion
information memory 2206.  58       The motion information memory 2206 may
store the reference motion information 39 in the same manner as the motion
information memory 108 in FIG. 6B. That is, only the reference motion
information 39 on the pixel 5block adjacent to the decoding target block
may be retained.       The motion reference block and the available block
will be described below. The motion reference block is selected from the
10decoding target frame and the already-decoded block in the reference
frame according to the method decided by both the image encoding apparatus
in FIG. 1 and the image decoding apparatus in FIG. 22. In the present
embodiment, as illustrated in FIG. 9A, the already- 15decoded block A that
is adjacent to the decoding target block X in the left direction and the
already-decoded block B that is adjacent to the decoding target block X in
the upward direction are selected as the motion reference blocks from the
already-decoded blocks of the 20decoding target frame. Pixels a and b,
which are specified by the relative positions in FIG. 9B from the
upper-left pixel in the decoding target block, belong to the blocks A and
B, respectively. That is, the block A includes the pixel a that is adjacent
to the 25 upper-left pixel of the decoding target block in the left
direction, and the block B includes the pixel b that is adjacent to the
upper-left pixel of the  



59 decoding target block in the upward direction.        The number of
motion reference blocks is not limited to two in FIG. 9A, and the number of
motion reference blocks may be at least three. For example, 5in addition to
the blocks A and B, the already-decoded adjacent blocks C and D in FIG. 9C
are used as the motion reference block. FIG. 90 illustrates an example of
the relative positions of the pixels a, b, c, and d included in the blocks
A, B, C, and D in FIG. 90 with 10respect to the upper-left pixel in the
decoding target block X. At this point, the decoding target block is
illustrated as the N-by-N-pixel block. The block C includes the pixel c in
the position that is shifted from the upper-left pixel in the decoding
target block 15X by N pixels in the right direction and by one pixel in the
upward direction, and the block D includes the pixel d in the position that
is shifted from the upper-left pixel in the decoding target block X by one
pixel in the left direction and by one pixel in the upward 20direction. In
the third embodiment, the example in which the blocks A and B in FIG. 9A
are selected as the motion reference block is described.       The
available block is selected from the motion reference blocks by the
available-block acquiring 25module 2207. The available block is a block to
which the inter prediction is applied in the motion reference blocks. In
the case of the existence of a plurality of  60 



motion reference blocks, to which the inter prediction is applied and which
have the same motion information, one of the motion reference blocks is
selected as the available block. Therefore, in the case the plurality 5of
available blocks are selected, the available blocks have different motion
vectors.       When selecting the available block from the motion reference
blocks, the available-block acquiring module 2207 outputs the available
block information 60 10indicating the selected available block. For
example, as illustrated in FIG. 9A, in the case that the motion reference
blocks are the blocks A and B that are adjacent to the decoding target
block, the available-block acquiring module 2207 refers to the pieces of
15reference motion information 39 on the blocks A and B to determine
whether the blocks A and B are the available blocks, and the
available-block acquiring module 2207 outputs the available block
information 60 indicating a determination result. 20An operation of the
predictor 2205 will be described with reference to FIG. 24.       As
illustrated in FIG. 24, the predictor 2205 includes a first predictor 2401,
a second predictor 2402, and a prediction method selector switch 2403.
25The available block information 60, the selection block information 61,
the reference motion information 39, and the reference image signal 37 are
input to the  61 



first predictor 2401, and the first predictor 2401 generates a predicted
image signal 35A according to the first prediction method. Using the
reference image signal 37 and the motion information 40 from the 5encoding
sequence decoder 2201, the second predictor 2402 performs the motion
compensation prediction similarly to the second predictor 1002 of the first
embodiment, and generates a predicted image signal 35B. Based on the
prediction switching information 62, the 10prediction method selector
switch 2403 selects one of the predicted image signal 35A of the first
predictor 2401 and the predicted image signal 35B from the second predictor
2402, and outputs the selected predicted image signal as the predicted
image signal 35. At the 15 same time, the motion information selector
switch 2503 transmits the motion information, which is used by the selected
first predictor 2401 or second predictor 2402, as the motion information 38
to the motion information memory 2206. 20As illustrated in FIG. 25, the
first predictor 2401 includes a motion information selector 2501 and a
motion compensator 2504, and the motion information selector 2501 includes
a motion information acquiring module 2502 and a motion information
selector switch 252503. Basically, the first predictor 2401 has the same
configuration and function as the first predictor 1001 of the first
embodiment.  62       The available block information 60, the selection
block information 61, the reference motion information 39, and the
reference image signal 37 are input to the first predictor 2401, and the
first predictor 2401 5outputs the predicted image signal 35 and the motion
information 38. The motion information acquiring module 2502 has the same
function as the motion information acquiring module 1102 of the first
embodiment. That is, the motion information acquiring 



10module 2502 outputs motion information 38A including the reference motion
information 39 on the motion reference block A and the available block
information 60 and motion information 38B including the reference motion
information 39 on the motion reference block B 15and the available block
information 60. As illustrated in FIG. 9A, the motion reference block A is
spatially adjacent to the encoding target block in the left direction and
the motion reference block B is spatially adjacent to the encoding target
block in the upward 20direction. The motion information acquiring module
2502 outputs as many pieces of motion information as available blocks. In
the third embodiment, because the two motion reference blocks are set as
illustrated in FIG. 9A, the two pieces of motion information are 25output
at most according to the two motion reference blocks. In the case that the
four motion reference blocks are set as illustrated in FIG. 90, the  63
four pieces of motion information are output at most according to the
number of available blocks.       The motion information selector switch
2503 selects one of the pieces of motion information 38A and 538B according
to the selection block information 61, 



and transmits the selected motion information as the motion information 38
to the motion compensator 1104. Using the motion information 38 and the
reference image signal 37, the motion compensator 2504 performs the 10same
motion compensation prediction as the motion compensator 1104 to generate
the predicted image signal 35A.       As illustrated in FIG. 26, the second
predictor 2402 includes a motion compensator 2601. Using the 15reference
image signal 37 and the motion information 40 obtained by the encoding
sequence decoder 2201, the motion compensator 2601 performs the same motion
compensation prediction as the motion compensator 2504 in FIG. 25 to
generate the predicted image signal 35B. 20According to the prediction
switching information 62, the prediction method selector switch 2403 in
FIG. 24 selects one of the predicted image signal 35A of the first
predictor 2401 and the predicted image signal 355 from the second predictor
2402, and outputs 25the selected predicted image signal as the predicted
image signal 35. The prediction method selector switch 2403 also outputs
the motion information, which is used  64 to obtain the selected predicted
image signal, as the motion information 38. The motion information 38 is
transmitted to the motion information memory 2206. Because the operation of
the predictor 2205 is 



5identical to that of the predictor 101 of the first embodiment in FIG. 14,
'the description is omitted. However, in the description of the operation
of the predictor 2205, it is necessary to properly replace the encoding
with the decoding. 10A syntax used by the image decoding apparatus in FIG.
22 will be described below. The syntax indicates a structure when the image
decoding apparatus decodes the moving image data. FIG. 15 illustrates an
example of a syntax 1500 used by 15the image decoding apparatus in FIG. 22.
The syntax 1500 includes three parts, namely, a high-level syntax 1501, a
slice-level syntax 1502, and a coding-tree-level syntax 1503. The
high-level syntax 1501 includes syntax information on the layer higher
20than the slice. The slice means the rectangular region or the continuous
region, which is included in the frame or the field. The slice-level syntax
1502 includes information necessary to decode each slice. The
coding-tree-level syntax 1503 includes information 25necessary to decode
each coding tree unit. Each of the parts includes the further detailed
syntax. The high-level syntax 1501 includes  



65 sequence-level and picture-level syntaxes, such as a
sequence-parameter-set syntax 1504 and a pictureparameter-set syntax 1505.
The slice-level syntax 1502 includes a slice header syntax 1506 and a slice
data 5syntax 1507. The coding-tree-level syntax 1503 includes a
coding-tree-unit syntax 1508 and a prediction-unit syntax 1509. The
coding-tree-unit syntax 1508 can have the quadtree structure. Specifically,
the coding-tree-unit 10syntax 1508 can recursively be called as the syntax
element of the coding-tree-unit syntax 1508. That is, one coding tree unit
can be segmented by the quadtree. The coding-tree-unit syntax 1508 includes
a transform-unit syntax 1510 and the prediction-unit syntax 1509. 15The
pieces of information on the inverse orthogonal transform and the
quantization are described in the transform-unit syntax 1510, and the
transform-unit syntax 1510 is called in each coding-tree-unit syntax 1508
at the tail end of the quadtree. 20FIG. 16 illustrates an example of the
sequence- parameter-set syntax 1504 of the present embodiment. The inter
merge flag in FIG. 16 is the syntax element indicating whether the first
prediction method of the present embodiment is valid in the sequence. In
the 25case that the inter merge_flag is set to 0, the inter merge flag
indicates that the first prediction method is invalid in the slice. In this
case, only the 



66 second prediction method becomes valid. Accordingly, it is not necessary
to decode the following merge_flag and merge_left_flag. For example, in the
case that the inter merge flag is set to 1, the first prediction 5method of
the present embodiment is valid in the whole region of the slice.       As
illustrated in FIG. 17, the inter_merge_flag may be included in the slice
header syntax 1506. In this case, the inter merge flag is the syntax
element 10indicating whether the first prediction method is valid in the
slice.        FIG. 18 illustrates an example of the coding-treeunit syntax
1508. A split_coding_unit flag in FIG. 18 is the flag indicating whether
the coding tree unit is 15divided into four. In the case that the
split_coding unit_flag is set to 1, the split_coding_unit_flag indicates
that the coding tree unit is divided into four. In this case, the syntax of
the coding tree unit that is obtained by dividing the 20coding tree unit
into four is recursively called. Parameters x0, xl, yO, and yl in FIG. 18
are used to indicate the positions of the four divided coding tree units,
and the solitCodingUnitSize indicates the size of each of the four divided
coding tree units. 25In the case that the split coding_unit_flag is set to
0, the split_coding_unit_flag indicates that the coding tree unit is not
divided into four. The 



67 NumMergeCandidates indicates the number of available blocks that are
derived in FIG. 14. In the case that the available block exists (that is,
NumMergeCandidates > 0), the merge_flag indicating the 5prediction
switching information 62 is decoded. In the case that the merge_flag is set
to 1, the merge flag indicates that the first prediction method is used. In
the case that the merge_flag is set to 0, the merge_flag indicates that the
second prediction method 10is used. In the case that the merge_flag is set
to 1 (true) while the two available blocks exist (that is,
NumMergeCandidates > 1), the merge_left_flag that is of the selection block
information 61 indicating which one of the motion reference blocks A and B
is used as the 15selection block is decoded. In the case that the
merge_flag is set to 0, because the second prediction method is used, the
prediction-unit syntax is called to decode the prediction information (such
as the motion information 38) in the coding tree unit. 20In the case that
the merge_flag is set to 1, it is not necessary to decode parameters (such
as the motion information 38 and the prediction unit division information)
related to the prediction in the coding tree unit. 25As illustrated in FIG.
19, the merge_flag and the 



merge_left_flag may be included in the prediction unit syntax. In this
case, the merge_flag and the  68 merge_left_flag have the same meanings as
the merge_flag and merge_left_flag in FIG. 18.      As illustrated in FIG.
9C, in the case that the three or more motion reference blocks and at least
5three available blocks exist, the selection block information (merge_left
flag) may be not the flag but information including a plurality of symbols.
Whether the first prediction method is valid may be switched according to
the size of the coding tree 10unit (decoding target block). FIG. 20
illustrates an example of the coding tree syntax in which whether the first
prediction method is valid is switched according to the size of the coding
tree unit. The merge_available_size() in FIG. 20 is the function that 15
outputs validity/invalidity of the first prediction method in each size
(the currCodingUnitSize) of the encoding target block, namely, mode
encoding information indicating whether the prediction switching
information (the merge_flag) is encoded according to 20the size of the
encoding target block. In the case that the merge_available_size() is set
to 1, the first prediction method is valid. On the other hand, in the case
that the merge_available_size() is set to 0, the first prediction method is
invalid, and only the second 25prediction method is valid. In this case, it
is not 



necessary to decode the merge_flag and the merge_left_flag. The switching
information in the  69 merge_available_size() may previously be decoded by
the sequence-parameter-set syntax, the picture-parameterset syntax, and the
slice header syntax. The same switching information as the later-described
decoding 5apparatus may be retained. In another embodiment, the
NumMergeCandidates in FIG. 18 may always be set to 0 instead of setting the
merge available size() to 0.       When the coding tree syntax in FIG. 20
is used, the first prediction method can be invalidated in the 10 coding
tree unit having the specific size, and the code amount of the prediction
switching information and the selection block information can be reduced.
As described above, the image decoding apparatus of the third embodiment
decodes the image that is 15encoded by the image encoding apparatus of the
first embodiment. Accordingly, the image decoding apparatus of the third
embodiment can reproduce a high-quality decoded image from a relatively
small amount of encoded data. 20(Fourth Embodiment)        An image
decoding apparatus according to a fourth embodiment will be described
below. The image decoding apparatus of the fourth embodiment has a
configuration similar to that of the third embodiment in FIG. 22. A
25component and an operation, which are different from those of the third
embodiment, are mainly described in the fourth embodiment. In the third
embodiment, the 



70 first prediction method is applied to the coding tree unit of the
decoding target. On the other hand, in the fourth embodiment, the first
prediction method is applied to the prediction unit of the decoding target.
5The block X in FIG. 9A corresponds to the prediction unit of the decoding
target, and the blocks A and B correspond to the motion reference blocks.
Additionally, for the available block and the selection block, the coding
tree unit may be replaced with a 10prediction unit in the description
related to the first prediction method of the third embodiment.        FIG.
21 illustrates an example of a prediction-unit syntax 1509 of the fourth
embodiment. An NumPuParts(inter_partitioning_idc) in FIG. 21 is the 15index
that defines the method for dividing the prediction unit. Specifically, the
NumPuParts(inter_partitioning_idc) indicates the number of prediction units
into which the prediction unit is divided as illustrated in FIGS. 5A to 51.
The 20NumPuParts is 2 in the example in FIG. 5B, and the NumPuParts is 4 in
the example in FIG. 5D. The variable i in FIG. 21 is an index of the
divided prediction unit. The NumMergeCandidates in FIG. 21 indicates the
number of available blocks in the 25prediction unit i. The merge_flag[i]
and the 



merge_left_flag[i] in FIG. 21 indicate the prediction switching information
and the selection block  71 information in the prediction unit i,
respectively. The methods for deriving the merge flag[i] and the
merge_left_flag[i] are identical to those of the third embodiment. 5As
described above, the same effect as the third embodiment can be obtained in
the image decoding apparatus of the fourth embodiment in which the first
prediction method is applied to the -prediction unit. Modifications of the
embodiments will be described 10below.        In the first to fourth
embodiments, as illustrated in FIG. 4, by way of example, the frame is
divided into the rectangular blocks, such as the coding tree unit, and the
encoding and the decoding are sequentially 15performed from the upper-left
block on the screen toward the lower-right block. However, the encoding
order and the decoding order are not limited to the first to fourth
embodiments. For example, the encoding and the decoding may sequentially be
performed from the 20lower-right block toward the upper-left block, or the
encoding and the decoding may spirally be performed from the center of the
screen toward the screen end. Alternatively, the encoding and the decoding
may sequentially be performed from the upper-right block 25toward the
lower-left block, or the encoding and the decoding may spirally be
performed from the screen end toward the center of the screen. 



72       In the first to fourth embodiments, it is not necessary to unify
all the block sizes in one coding tree unit, and different block sizes may
be mixed. In the case that different block sizes are mixed in one 5coding
tree unit, the code amount necessary to encode or decode the division
information also increases with an increased number of divisions.
Therefore, desirably the block size is selected in consideration of a
balance between the code amount of the division 10information and the
quality of the locally-decoded image or the decoded image.        In the
first to fourth embodiments, for the sake of convenience, the luminance
signal and the color- difference signal are not distinguished from each
15other, but the color signal component is described in detail. However, in
the case that the luminance signal differs from the color-difference signal
in the prediction processing, an identical or different prediction method
may be adopted. In the case that the  20 different prediction methods are
used in the luminance signal and the color-difference signal, the
prediction method selected for the color-difference signal can be encoded
and decoded by the same method as the luminance signal. 25In the first to
fourth embodiments, for the sake of convenience, the luminance signal and
the color-difference signal are not distinguished from each . 



73 other, but the color signal component is described in detail. However,
in the case that the luminance signal differs from the color-difference
signal in the orthogonal transform processing, an identical 5orthogonal
transform method may be adopted or a different orthogonal transform methods
may be adopted. In the case that different orthogonal transform methods are
adopted in the luminance signal and the color-difference signal, the
orthogonal transform method 10selected for the color-difference signal can
be encoded and decoded by the same method as the luminance signal. In the
first to fourth embodiments, a syntax element that is not defined herein
can be inserted in a line space of the table indicated in the syntax
15configuration, and a description related to another conditional branching
may be included. Alternatively, the syntax table may be divided and
integrated into a plurality of tables. It is not always necessary to use an
identical term, and the term may be arbitrarily 20changed according to an
application mode.        As described above, in the first to fourth
embodiments, a high-efficiency orthogonal transform and inverse orthogonal
transform are implemented while the difficulty is reduced in the hardware
mounting and the 25software mounting. According to the first to fourth
embodiments, the encoding efficiency is improved, and therefore the
subjective image quality is improved. 



74       While certain embodiments have been described, these embodiments
have been presented by way of example only, and are not intended to limit
the scope of the inventions. Indeed, the novel embodiments described
5herein may be embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the embodiments
described herein may be made without departing from the spirit of the
inventions. The accompanying claims and their 10equivalents are intended to
cover such forms or modifications as would fall within the scope and spirit
of the inventions.        For example, a program performing the pieces of
processing of each embodiment can be provided while 15being stored in a
computer-readable storage medium. Computer-readable storage mediums having
any storage format, such as a magnetic disk, an optical disk (for example,
a CD-ROM, a CD-R, and a DVD), a magneto-optical disk (for example, an MO),
and a semiconductor 20memory, may be used as long as the program can be
stored in a computer-readable storage medium.       The program performing
the pieces of processing of each embodiment may be stored in a computer
(server) connected to a network, such as the Internet, and 25downloaded to
a computer (client) through the network.  



75 CLAIMS       1. An image encoding method characterized by comprising: a
first step of selecting a motion reference block 5from an already-encoded
pixel block to which an inter prediction is applied, the motion reference
blocks including a first motion reference block that is spatially adjacent
to an encoding target block in an upward direction and a second motion
reference block 10that is spatially adjacent to the encoding target block
in a left direction;       a second step of selecting one or more available
blocks from the motion reference block, the available blocks each including
a candidate of motion information 15applied to the encoding target block
and different motion information;       a third step of selecting a
selection block from the available blocks;            a fourth step of
generating a predicted image of 20the encoding target block using motion
information of the selection block; a fifth step of encoding a prediction
error 



between the predicted image and an original image; and a sixth step of
encoding selection information 25specifying the selection block by
referring to a code table decided according to a number of the available
blocks.  76        2. The image encoding method according to claim 1,
characterized by further comprising a seventh step of encoding prediction
switching information indicating whether the predicted image is generated
by motion compensation prediction in which the motion information of the
available block is used, wherein       the seventh step comprising
determining whether the prediction switching information is encoded,
according to a size of the encoding target block.        3. An image
decoding method characterized by comprising:       a first step of
selecting a motion reference block from an already-decoded pixel block to
which an inter prediction is applied, the motion reference block including
a first motion reference block that is spatially adjacent to an decoding
target block in an upward direction and a second motion reference block
that is spatially adjacent to the decoding target block in a left
direction;       a second step of selecting one or more available blocks
from the motion reference block, the available blocks each including a
candidate of motion information applied to the decoding target block and
different motion information;        a third step of selecting a selection
block from the available blocks; a fourth step of generating a predicted
image of  77 the decoding target block using motion information of the
selection block; 



a fifth step of decoding a prediction error between the predicted image and
an original image; and 5a sixth step of decoding selection information
specifying the selection block by referring to a code table decided
according to a number of the available blocks. 4. The image decoding method
according to 10claim 3, characterized by further comprising a seventh step
of decoding prediction switching information indicating whether the
predicted image is generated by motion compensation prediction in which the
motion information of the available block is used, wherein 15the seventh
comprising determining whether the prediction switching information is
encoded, according to a size of the decoding target block. 


