
DESCRIPTION METHOD AND APPARATUS FOR ENCODING AND
DECODING IMAGE Technical Field       The present invention relates to a
method and apparatus for encoding and decoding a moving or a still
image. Background Art 10In recent years, an image encoding method the
encoding efficiency of which is considerably improved is recommended as
ITT:-T Rec.H.264 and ISO/IEC 14496-10 (to be referred to as H.264
hereinafter) in cooperation with ITU-T and ISO/EC. In an encoding
scheme such as 15ISO/IEC MPEG-1, 2, and 4, ITU-T H.261, and E.263,
infra-frame prediction in a frequency region (DC7 coefficient) after
orthogonal transformation is performed to reduce a code amount of a
transformation coefficient. In contrast to this, directional 20prediction (see
Greg Conklin, New liitra Prediction Modes", ITU-T Q.6/SG16 VCEG,
VCEG-N54, Sept. 2007) is employed to realize prediction efficiency higher
than that of intra-frame prediction in ISO/IEC MPEG-1, 2 and 4. 25In an H.
264 high profile, intra-frame prediction schemes of three types are
regulated to a Lumina-- signal, one of them can he selected in a
macroblOck   (16x16 oixelblock). The intra-frame prediction schemes of
the three types are called 4x4 pixel prediction, 3x8 pixel prediction, and
16x16 pixel prediction, respectively. 5In the 16x16 pixel prediction, -four
prediction 



modes called vertical prediction., horizontal prediction, DC prediction, and
plane prediction are regulated. In the four prediction modes, of a local
decoding signal obtained before a deblocking filter is 10applied, a pixel
value of a macroblock around a macroblock to be encoded is used as a
reference pixel value to perform prediction.        In the 4x4 pixel prediction,
a macrobloc{ is divided into 4x4 pixelblocks (sub-blocks), any one of nine
prediction modes is selected to each of the 4x4 pixelblocks. Of the nine
prediction modes, eight modes exceptthe DC prediction (mode 2) which
performs prediction by an average pixel value of available reference pixels
have prediction directions arranged at 20intervals of 22.5, respectively.
Extrapolation is performed in a prediction direction by using the reference
pixel to generate a Prediction signal. In the 8x8 pixel prediction, a
macroblock is divided into four 8x8 pixelbiocks (sub-bidcks), and any
25one of the nine prediction modes is selected to each of the 8x8
pixelblocks. The prediction mode is designed in the same framework as
that of the 4x4 pixel  3 prediction. A process or performing three-tap
filtering to encoded reference pixels and planarizing reference pixels to be
used in prediction to average encoding distortion is added 5In Kenneth K.
C. Lee et al. "Spatial Domain Contribution to a High Compression
Efficiency System" 



IWRIT2006, Jun. 2006, a method which selects two prediction modes
from the nine prediction mode candidates and calculates averages to
prediction 10signals generated according to the two selected prediction
modes in units of pixels to generate prediction signal is disclosed.
According to this method, high prediction efficiency is realized even for a
complex texture which is not assumed in normal 4x4 5pixel prediction or
normal 8x8 pixel prediction_       According to Kenneth K. C. Lee et all
"Spatial Domain Contribution to a High Compression Efficiency System"
IWA:T 2006, Jun. 2006, a prediction order of sub-blocks (4x4 pixelblocks
or 8x8 pixelblocks) in a 20macroblock is uniformly fixed. For example, in
the prediction of 4x4 pixelblocks, the 8x8 pixelblocks each obtained by
dividing the macroblock by four are considered, and extrapolating
prediction is sequentially performed to the 4x4 pfxeiblocks each obtained
by dividing the 8x8 pixelblock. The processes in units of 8x8 oixelblocks
are repeated four times to complete predictive encoding of sixteen   4x4
pixelblocks. On the other hand, in the prediction of the 8x8 pixelbloc s,
extrapolating prediction is sequentially performed to the 8x8 pixelblocks
obtained by dividing the macroblock by four. 5Disclosure of Invention
Since the H. 264 intra-frame prediction is based on extrapolating
prediction, only left and upper pixels can be referred to with respect to a
sub-block in a macroblock. Therefore, when correlation between the
10luminance of the oixels of the sub-block and the luminance of the left
and upper pixels is low, a prediction residual error increases, and
encoding efficiency consequently decreases. In Kenneth K. C. Lee et al.
"Spatial Domain 15Contribution to a High Compression Efficiency System"



TWAIT 2006, Jun. 2006, two prediction modes are always used. More
specifically, even though a sufficient result can be obtained by using a
single prediction mode, prediction is performed by using the two prediction
modes. For this reason, the system has a room for improvement in
encoding efficiency.       It is an object of the present invention to provide a
method and apparatus for Image encoding having high encoding
efficiency and decoding. 25According to one aspect of the present
invention,   ere is provided an image encoding apparatus comprising: a
first selector which selects a prediction  5 order to a olura , of sub-blocks
obtained by further  dividing a plurality of pixelblocks obtained by dividing
a frame of an input image signal from a plurality of predetermined
prediction orders; a second 5selector which selects, from a plurality of
prediction modes which regulate a manner of referring to an encoded pixel
when a first Prediction signal of each sub-block is generated for the
encoded pixel, the number of prediction modes used in prediction of the
10first prediction signal; a third selector which selects prediction modes of
the number selected prediction modes from the plurality of prediction
modes to use in prediction of the first prediction signal; a generator which
generates the first prediction signal in the 



15selected prediction order by using the number of selected prediction
modes to generate a second prediction signal corresponding to the
pixelblock; and an encoder which encodes a prediction residual error
signal expressing a difference between an image signal of the pixelblock
and the second prediction signal to generate encoded data obtained by
the predictive encoding.       According to another aspect of the present
invention, there is provided an image decoding 25 apparatus comprising:
a first selector which selects a predicLfon order of a plurality of sun-blocks
obtained by dividing the pixelblock from a plurality of  predetermined
prediction orders; a second selector which selects, from a plurality of
prediction modes which regulate a manner of referring to an encoded pixel
when a first prediction signal of each sub-block is generated for a decoded
pixel, a number of prediction modes used in prediction of the first
prediction, 1; a third selector which selects prediction modes of the
number of selected prediction modes from the plurality of prediction
modes to use in 10prediction of the first prediction signal; a generator
which generates the first prediction signal in the selected prediction order
by using the number of selected prediction modesgenerate a second
prediction signal corresponding to the pixelblock; and 15a generator which
generates a decoded image signal by using the second prediction signal.
According to still another aspect of the present invention, there is provided
a computer readable storage medium in which a program which causes a 



20computer to perform at least one of the image encoding process and
the image decoding process is stored. Brief Description of Drawings FIG.
1 is a block diagram showing an image encoding apparatus according to
an embodiment. FIG. 2A is a diagram showing an encoding target block
and an encoded block in an encoding target frame. FIG. 2B is a diagram
showing a block size of a  macroblock. FIG. 3A Is a diagram showing an
8x8 bixelblock. FIG. 32 is a diagram showing a 4x4 pixelblock. FIG. 30 is
a diagram showing 868/4x4 pixelhlooks. 5FIG. 4 is a block diagram
showing details of a predictor in FIG. I.        FIG. 5 is a block diagram
snowing details of a prediction signal generator in FIG. I.                 FIG.
6A is a diagram- showing 868 pixelblocks and 10block indexes. FIG. 62 is
a diagram showing a prediction order by sequential prediction to the
blocks in FIG. GA.        FIG. 60 is a diagram showing a change of a
prediction order by extrapolation/interpolation prediction to the blocks in
FIG. 6A. 



FIG. 60 is a diagram showing a change of another prediction order to the
blocks in FIG. 6A.        FIG. 7A is a diagram showing 464 pixelblocks and
block indexes. 20FIG. 7B is a diagram showing a prediction order by
sequential prediction to the blocks in FIG. 7A.        FIG. 70 is a diagram
showing a change of a prediction order by extrapolating/interpolating
prediction to the blocks in FIG. 7A. 25FIG. 70 is a diagram showing a
change of another prediction order to the blocks in FIG. 711. FIG. 8 is a
diagram for explaining a prediction  order table used in a prediction order
switch.         FIG. 9A is a diagram showing a prediction mode of raster
block prediction in a unidirectional predictor.        FIG. 95 is a diagram,
showing a relationship between a prediction pixel and a reference Pixel in
4x4 pixel prediction.          1G. 90 is a diagram for explaining a prediction
signal generating method in mode 0.                    FIG. 90 is a diagram for
explaining a prediction 10signal generating method in mod 4.         FIG. 10
is a diagram showing names of prediction modes and mode indexes in a
unidirectional predictor.         FIG. 11 is a diagram showing names of
prediction modes and mode indexes in a bidirectional predictor. 15FIG.
12A is a conceptual diagram of 



vertical/horizontal prediction (mode 01) in 4x4 pixel prediction.
FIG. 125 is a conceptual diagram of a vertical/diagonal-down-right
prediction (mode 04) in 20the 4x4 pixel prediction.        FIG. 13A is a
diagram for explaining an extrapolation/interpolation blotk prediction to
8x8 _.elblocks. FIG. 133 is a diagram for explaining 25extrapolation
/interpolation block prediction to 4x4 pixeiblocks. FIG. I4A is a diagram
showing a positional  9 relationship between a reference pixel and a
prediction pixel in extrapolation block prediction.        FIG. 14B is a
diagram showing a relationship between an interpolation block (I) and a
reference pixel in 4x4 pixel prediction.        FIG. 140 is a diagram showing
a relationship between an interpolation block (2) and a reference pixel in
the 4x4 pixel prediction.        FIG. 140 is a diagram showing a relationship
between an interpolation block (3) and a reference pixel in the 4x4 pixel
prediction. FIG. 15A is a diagram for explaining a prediction signal
generating method obtained when vertical prediction (mode 0) is selected
in extrapolation block prediction.       FIG. 15B is a diagram for explaining
a prediction signal generating method obtained when diagonal-downright
prediction (mode 4) is selected in the extrapolation block prediction.
20FIG. 16 is a diagram showing a prediction mode of 



interpolation block prediction in a unidirectional predictor.        FIG. 17 is a
diagram showing a prediction mode of unidirectional prediction performed
in the 25interpolation block prediction in the unidirectional predictor. FIG.
1811 is a diagram showing a prediction mode  10 which can be selected
to an interpolation block (1) in the unidirectional predictor.             FIG. 183
is a diagram showing a prediction mode which can be selected to an
interpolation block (2) in 5the unidirectional predictor.        FIG. 180 is a
diagram showing a prediction mode which can be selected to an
interpolation block (3) in the unidirectional predictor. FIG. 180 is a diagram
showing prediction modes 10which can be selected to an interpolation
block (4) in the unidirectional predictor.         FIG. 19A is a diagram for
explaining a prediction signal generating method for the interpolation block
in inverse-vertical prediction (mode 9). 15FIG. 19B is a diagram, for
explaining a prediction signal generating method for the interpolation block
(2) in inverse-vertical prediction (mode 9). 



FIG. 20A. is a diagram for explaining a prediction         signal generating
method for the interpolation block 20(1) in inverse-horizontal prediction
(mode 10). PIG. 203 is a diagram for explainin.,., a prediction signal
generating method for the interpolation block (2) in inverse-horizontal brec
otion (mode 10).                   FIG. 21A is a diagram for explaining a
prediction 25signal generating method for the interpolation block in
diagonal-left prediction mode 12). FIG. 213 is a diagram for explaining a
prediction  11 signal geierating method for the interpolation block (11 in
diagonal-left prediction (mode 12).       FIG. 21C is a diagram for
explaining a prediction signal generating method for the interpolation block
(2) in diagonal-left prediction (=de 12).       FIG. 22 is a diagram showing
names of prediction modes and mode indexes in interpolation block
prediction in a bidirectional predictor. FIG. 23 is a flow chart showing a
processing 10procedure of image encoding according to an embodiment.
FIG. 24 is a flow chart showing a part of the processing procedure in FIG.
23. 



PIG. 25 is a diagram showing an example of a syntax structure used in an
image encoder. 15FIG. 26 is a diagram showing an example of a data
ucture of a macroblock layer syntax.        FIG. 27 is a diagram showing an
example of a data structure of macroblock prediction syntax.            FIG.
26 is a diagram for explaining an equation 20for transforming a prediction
mode into an encoding index.        F:G. 29 is a diagram for explaining a
table for transforming a prediction mode into an encoding index. FIG. 30 is
a diagram showing names of prediction 25modes which can be used to
the interpolation blocks (1), (2), and (3) and the extrapolation block (4) and
mode indexes.  FIG. 31 is a diagram showing another example of the data
structure of the macroblock prediction syntax. FIG. 32 is a diagram
showing a method of deriving a prediction mode. 5FIG. 33 is a diagram
showing block positions where a prediction mode is referred to in
prediction.        FIG. 34 is a diagram showing another example of the data
structure of the macroblock prediction syntax. 



FIG. 35 is a diagram showing an example of a data structure of a
secuence parameter set syntax.        FIG. 36 is a diagram showing an
example of a data structure of a picture parameter set syntax.        FIG. 37
is a diagram showing an example of a data structure of a slice header
syntax. 15FIG. 38 is a diagram showing an example of the data structure
of the macroblock layer syntax.        FIG. 39 is a diagram showing still
another example of the macroblock prediction syntax.                FIG. 40 is
a block diagram showing an image 20decoding apparatus according to an
embodiment. FIG. 41 is a block diagram showing details of the prediction
signal generator in FTG. 40.        FIG. 42 is a diagram for explaining an
equation for inversely transforming a decoded index into a 25prediction
mode.        FIG. 43 is a diagram for explaining . table for inversely
transforming a decoded index into a  prediction mode.        FIG. 44A is a
diagram for explaining block positions where a prediction mode is referred
to in prediction of the interpolation bloc (1). 5FIG. 44B is a diagram for
explaining block 



positions where a prediction mode is referred to in prediction of the
interpolation block (2).        FIG. 440 is a diagram for explaining block
positions where a prediction mode is referred to in prediction of the
interpolation block (3).        FIG. 44D is a diagram for explaining block
positions where a prediction mode is referred to in prediction of the
interpolation block (4). Best Mode for Carrying Out the Invention 15An
embodiment of the present invention will be described below with
reference to the drawings. <About Image Encoding Apparatus>       As
shown in FIG. 1, in an image encoding apparatus according to an
embodiment of the invention, an input 20image signal 120 of a moving
image or a still image is input to an image encoder 100. The image
encoder 100 has a frame divider 101,-)redictor 102, a mode selector 103,
an orthogonal transformation/quantization unit 104, an inverse
quantization/inverse orthogonal 2;transformation unit 135, an adder 106, a
reference image memory 107, and an entropy encoder 108. An encoding
controller 110 gives encoding control  19 



information 140 to the image encoder 100 to control a whole of an
encoding process of the image encoder 100 and properly receives
feedback information 153 from the image encoder 100. The encoding
control information 5140 includes prediction mode index information
(described later), block size switching information, prediction order
switching information, prediction mode number switching information,
quantization parameter information, and the like. The quantization
parameter 10information includes a quantization width (quantization step
size), a quantization matrix, and the like. The feedback information 130
includes generated coding bits amount information in the image encoder
100 required to determine quantization parameters. 15In the image
encoder 100, the input image signal 120 is input to the frame divider 101.
In the frame divider 101, an encoding target frame of the input image
signal 120 is divided into a plurality of pixelblocks to generate a block
image signal 121. For 20example, an encoding target frame in FIG. 2A is
divided into a plurality of blocks each having a 16x16 pixel/block size as
shown in FIG. 2B. The block shown in FIG. 2B is called a maoroblock and
is a basic processing unit for encoding. More specifically, 25encoding is
performed in unit of a racroblock.        The block image signai 121 output
from the frame divider 101 is subjected to intra-frame prediction by  15 the
predictor 102 first. The intra-frame prediction is a scheme which performs
prediction closed in a frame as has been known. The predictor 102 uses a
coded pixel as a reference pixel to predict an encoding target block,
thereby generating a prediction signal. 122 in unit of a macroblock.        In
the predictor 102, a plurality of prediction modes for intra-frame prediction
are prepared, and prediction is performed according to all selectable 



10prediction modes. The predictor 102 may have a prediction mode which
performs intra-prediction of H. 264, i.e., 8x8 pixel prediction in FIG. 3A,
4x4 pixel prediction in FIG. 33, or 8x8/4x4 pixel prediction in FIG. 30 (8x8
pixel prediction and 4x4 pixel prediction 15are mixed with each other in a
macroblock). In the intra-prediction of H. 264, next prediction cannot be
performed without forming a local decoded image in the macroblock. In
this case, orthogonal transformation/quantization and inverse
20quantization/inverse orthogonal transformation may he performed in the
predictor 102.       In the 8x9 pixel prediction and 4x4 pixel prediction, each
macroblock is divided into sub-blocks constituted by 3x8 pixelblocks and
4x4 p_Lxelblocks. In 25this case, the prediction mode regulates a manner
of referring to encoded pixels used when prediction signals of the
sub-blocks are generated. The shape  6 (including a size) of the sub-block
is not limited to a specific shape. For example, shapes of 16x8 pixels,
8.y.16 pixels, 8x4 pixels, and 4x8 pixels may be used. Therefore, 8x4 pixel
prediction and 2x2 pixel prediction can be realized by the same framework
as described above. When a block size of the sub-block is reduced, i.e.,
when the number of divided macroblocks increases, an amount of code
used when block size switching information (described later) is encoded
increases. However, since intra-frame prediction having higher prediction
efficiency can be performed, a residual error is reduced. Therefore, in
consideration of a balance of the amount of coding bits for transformation
15coefficient information (described later) and a local decoding signal, a
block size may be selected. The same process as described above may
be performed to a pixel region having an arbitrary shape generated by a
region dividing method. 



20In the predictor 102, a prediction residual error signal 123 is generated
by subtracting the prediction signal 122 from the prediction signal 122 and
the block image signal 121. The prediction residual error signal 123 is
input to the orthogonal 25transformaticnIcuantization unit 104 and the
mode selector 103. In the orthogonal transformation/quantization unit 104,
orthogonal  IT transformation is performed to the prediction residual error
sidna] 123, and the transformation coefficient obtained by the orthogonal
transformation is quantized to generate quantization transformation
coefficient 6information 127.        With respect to the shape of a
transformation/quantization block which is a processing unit in the
orthogonal transformation/quantization unit 104, shapes of 8x8 pixels, 4x4
pixels, 16x8 pixels, 108x16 pixels, 8x4 pixels, and 4x8 pixels can be
selected. Alternatively, different shapes are given the
transformation/quantization blocks in one macroblock. For example, 6x6
pixelblocks and 4x4 pixelblocks may be mixed in a macroblock as shown
in FIG. 30.        In the mode selector 103, on the basis of prediction mode
information 124 (Hereafter, prediction mode index information, block size
switching information, prediction order switching information, 20and
prediction mode number switching information are called to be prediction
mode information generically) such as prediction mode index information,
block size switching information, prediction order switching information,
and the prediction =de number switching 25 information related to a
prediction mode to be input through the prediction residual error signal
123 and the predictor 1C2, an encoding cost is calculated. On  



18 the basis of this, an optimum prediction mode is selected. More
specifically, when the prediction mode    formation 124 is represented by
OH, and a sum of absolute values of prediction residual error signals is
represented by SAD, the mode selector 103 selects a prediction mode
which gives the minimum value of an encoding cost K calculated by the
following equation as an optimum mode. 10[Eauation 1] K = SADx OH(1)
where X denotes a constant which is determined on the basis of a value of
a quantization parameter. As another example of a cost calculation in the
15mode selector 103, only the prediction mode information OE or only the
Stim of absolute values SAD of the prediction residual error signals may
be used. A value obtained by Hadamard-transforming or approximating
the prediction mode information or the prediction residual 20error signal
may be used. A cost function may be formed by using a quantization width
and a quantization parameter.       As still another example of the cost
calculation, a virtual encoder is prepared, and an amount of code
25obtained by actually encoding the prediction residual error signal 123
generated in each prediction mode and a square error between a decoded
image signal_ 130  



19 obtained by locally decoding encoded data and a block image signal
121 may he used. In this case, a prediction mode which gives the
minimum value of an encoding cost J calculated by the following eguation
is 5selected as an optimum mode: [Equation 2] J(2)       where D denotes
an encoding distortion expressing the square error between the block
image signal 121 and 10the decoded image signal 130. On the other
hand, R denotes an amount of code estimated by virtual encoding.
When the encoding cost J in Equation (2) is used, virtual encoding and
local decoding (inverse 15auantization and inverse orthogonal
transformation) are necessary in each prediction mode. For this reason,
an amount of processing or a circuit scale increases. However, since the
cost J reflects an accurate amount of code and accurate encoding
distortion, a more 20optimum prediction mode can be selectedAs a result,
higher encoding efficiency can be obtained. In Equation 2), the encoding
distortion D and the amount of coding bits R are used In calculation of the
encoding cost J. However, :he encoding cost J may be 25calculated by
using any one of D and R. A cost 



function may be formed by using a value obtained by approximating C and
R.  20        From the mode selector 103, optimum prediction mode
information 125 expressing a selected prediction mode and a prediction
signal 126 corresponding to the selected prediction mode are output. The
optimum prediction mode information 125 is input to the orthogonal
transformation/quantization unit 104 together with the prediction residual
error signal 123 from the predictor 102. The orthogonal
transformation/quantization unit 104 performs 10orthogonal
transformation, for example, discrete cosine transformation (DCT) to the
prediction residual error signal 123 with reference to the optimum
prediction mode information 125. As the orthogonal transformation,
wavelet transformation, independent 15component analysis, or the like
may be used. In the orthogonal transformation/quantization unit 104, a
transformation coefficient obtained by the orthogonal transformation is
quantized to generate the guan ization transformation coefficient
information 20127. In this case, a quantization parameter such as a
quantization width required for quantization in the orthogonal
transformation/quantization unit 104 is designated by the quantization
parameter information included in the encoding control information 140
from 25the encoding controller 113.        The quantization transformation
coefficient information 121 is input to the entropy encoder 108  21
together with information related to prediction such as 



prediction mode index information 141, block size switching information
142, prediction order switching information 143, prediction mode number
switching 5information 144, and a quantization parameter which are
included in the encoding control information 140. The entropy encoder
108 performs entropy encoding such as Huffman encoding, Golomb
encoding, or arithmetic encoding to the quantization transformation
coefficient 10information 127 and the information related to prediction to
generate encoded data 146. The encoded data 146 is multiplexed by a
multiplexer 111 and transmitted through an output buffer 112 as an
encoding bit stream 147.        The quantization transformation coefficient
information 127 is also input to the inverse quantization/inverse orthogonal
transformation unit 105. The inverse quantization/inverse orthogonal
transformation unit 105 inversely cuanrizes the 20quantization
transformation coefficient information 27 according to quantization
parameter information from the encoding controller 110 and performs
inverse orthogonal transformation such as inverse discrete cosine
transformation (IDCT) to a transformation 25coefficient obtained by the
inverse quantization, thereby generating a prediction residual error signal
128 equivalent to the prediction residual error signal  22 



123 output from the predictor 102.        The prediction residual error signal
128 generated by the inverse quantization/inverse orthogonal
transformation unit 105 is added to the prediction signal 126 from the
mode selector 103 in the adder 106 to generate a local decoding signal
129. The local decoding signal 129 is accumulated in the reference image
memory 130. The local decoding signal accumulated in the reference
image memory 107 is read 10as the reference image signal 130 and
referred to when the prediction residual error signal 123 is generated by
The predictor 102. An encoding loop (in FIG. 1, predictor 102 -3
orthogonal transformation/quantization unit 104 15inverse
quantization/inverse orthogonal transformation unit 105 -* reference image
memory 130 -* predictor 102) is made when processing to all selectable
prediction modes is finished in an encoding target block. When the
processing of the encoding loop is finished to a 20 certain encoding target
block, the block image signal 121 of the next encoding target block is input
to the predictor 101 to perform encoding again. The encoding controller
110 performs control of          entire encoding such as rate control by
feedback 25control of an amount of generated coding bits or
quantizationameter control, enccdng mode control,  23 apparatus in FIG.
1 is realized by hardware such as an LSI chip or realized by execution of
an image encoding program in a computer. <About Prediction Unit 102>
The predictor 102 will he described below by using FIG. 4. The predictor
102 has a prediction signal generator 113 which generates a prediction
signal and further has an internal mode selector 114, an internal
orthogonal transformation/quantization unit 115, an 



10internal inverse quantization/inverse orthogonal transformation unit 116,
and an internal reference image memory 118 to perform prediction in units
of a plurality of small pixelblocks (called sub-blocks) obtained by further
dividing a macroblock. 13When the block Lmage signal 121 is input to the
predictor 102, the Prediction signal 122 obtained by unidirectional
prediction (described later) or bidirectional prediction (described later) is
generated by the prediction signal generator 113. In this case,
20prediction mode information including the prediction mode index
information 141, the block size switching information 142, the prediction
order switching information 143, and the prediction mode number
switching information 144 is transmitted from the 25encoding controller
110 to the prediction signal Generator 113. The encoding controller 110
transmits a plurality of prediction modes to the prediction signal  24
generator 113 to cause the prediction signal generator  113 to perform
prediction in the plurality of prediction modes. The prediction signal
generator 113 generates, in addition to the prediction signal 122 obtained
by the respective prediction modes, prediction mode information 161
corresponding to the prediction signal 122, A subtractor 119 subtracts the
prediction signal 114 from the block image signal 121 to generate the
10prediction residual error signal 123. The internal mode selector 114
selects a prediction mode on the basis of the prediction mode information
161 (including the prediction mode index information 141, the block 



size switchingormation 142, the prediction order switching information
143, and the prediction mode number switching information 144)
transmitted through the prediction signal generator 113 and the prediction
residual error signal 123 to output the prediction mode information 124
representing the selected prediction mode.       The prediction residual
error signal 123 and the Prediction mode information 124 outputted from
the internal mode selector 114 are input to the internal orthogonal
transformation/quantization unit 115. In 25the internal orthogonal
transformation/quantization unit 115, orthogonal transformation, for
example, DOT is performed to the prediction residual error signal  25 123
with reference to the prediction mode information 124. As the orthogonal
transformation, wavelet transformation, independent component analysis,
or the like may he used. In the internal orthogonal
5transformation/quantization unit 115, a transformation coefficient
obtained by orthogonal transformation is quantized to generate
quantization transformation coefficient information 163. In this case, a
quantization parameter such as a quantization width 10required for
quantization in the internal orthogonal transformation/quantization unit 115
is designated by the quantization parameter information included in the
encoding control information 140 from the encoding controller 110. 15The
quantization transformation coefficient information 163 is input to the
internal inverse quantization/inverse orthogonal transformation unit 116.
The internal inverse quantization/inverse orthogonal transformation unit
116 inversely quantizes 20the quantization transformation coefficient
information 



163 according to the quantization parameter information from the
encoding controller 110 and performs inverse orthogonal transformation
such as TDCT to a transformation coefficient obtained by the inverse  L-)
quantization, thereby generating a prediction residual error signal 164
equivalent ..the prediction residual error signal 123.  26       The prediction
residual error signal 164 generated by the internal inverse
Quantization/inverse orthogonal transformation unit 116 is added to a
prediction signal 162 from the internal mode selector 114 in an adder 117
to generate an internal decoding signal 165. The internal decoding signal
165 is accumulated in the internal reference image memory 118. A local
decoding signal accumulated in the internal reference image memory 118
is read as an 10internal reference image signal 166 and referred to when
a prediction residual error signal is generated by the prediction signal
generator 113. Upon completion of prediction in all the sub-blocks in the
predictor 102, the prediction signal 122, the prediction residual 15error
signal 123, and the prediction mode information 124 corresponding to the
macroblock are output outside the predictor 102. <About Prediction Signal
Generating Unit 113> The prediction signal generator 113 will be
20described below with reference to FIG. 5. FIG. 5 shows only a part
related to generation of the prediction signal 122 in the prediction signal
generator 113. In FIG. 5, a prediction order switch 170 switches prediction
orders of sub-blocks in the macroblock on 25the basis of the prediction
order switching information 



143 witto the block image signal 121. More  prediction order to a plurality
of sub-blocks obtained by dividing a pixelblocb (macroblook) from a
plurality of predetermined prediction orders. Block image signals the
prediction orders of which are switched by the prediction order switch 170
are input to a unidirectional predictor 171 and a bidirectional predictor 172.
The unidirectional predictor 171 and the bidirectional predictor 172 predict
a mecroblock with 10reference to encoded pixels according to the
prediction order switched and selected by the prediction order switch 170
and the prediction modes respectively selected tc generate a prediction
signal corresponding to the macroblock. 15:lore specifically, the
unidirectional predictor  171 selects one prediction mode from the plurality
of prepared prediction modes on the basis of the prediction mode index
information 141. The unidirectional predictor 171 generates prediction
20signals with reference to the internal reference image signal 166
according to the prediction mode selected as described above and the
block size switching information 142. The bidirectional predictor 172
selects two kinds of prediction modes from the 25plurality of prepared
prediction modes on the basis cM the prediction mode index information
141. The bidirectional oredictcx 172 generates prediction  28 



signals with reference to the i -carnal reference image signal 166
according to the two kinds of prediction modes selected as described
above and the block size switching information 142. The prediction signals
output from the unidirectional predictor 171 and the bidirectional predictor
172 are input to a prediction mode number switch 173. The prediction
mode number switch 173 is controlled according to the prediction mode
number 10switching information 144 to select any one of the prediction
signal generated by the unidirectional predictor 171 and the prediction
signal generated by the bidirectional predictor 172, thereby outputting a
selected prediction signal 122. In other words, the prediction mode
number switch 173 selects the number of usable prediction modes from a
plurality of predetermined prediction modes.        An operation of the
prediction order switch 170 will be described with reference to FIGS. 6R to
60, 20FIGS. 7A to 7D, and FIG. S. FIG. 6A snows an index :blk serving as
a reference of sub-blocks (8x8 pixelblocks) in a macroblock in 8x8 pixel
prediction. Similarly, FIG. 7A shows an index :blk of sub-blocks 4x4
pixelblocks) in a macrblock in 4x4 pixel 25pxediction. In FIG. 6A, 8x8
pixelblocks obtained by dividing a macroblock by four are placed in the
order such that raster block prediction and an encoding  process are
performed. In FIG. 7A, in consideration of the 8x8 pixelblocks obtained by
dividing the macroblock by four, and 4x4 pixelblocks obtained by dividing
the 8x8 pixelblock by four are placed in the order such 5that raster block
prediction and an encoding process are performed.       The prediction
order switch 170 is controlled by the prediction order switching information
143. The prediction order switch 170 transforms an the 10index :blk
serving as a reference depending on a value 



of a flag :block_order_flag (described later) representing the prediction
order switching information 143 to switch a predictionof sub-blocks. To an
order :idx of the sub-blocks, an index :order (expressing a prediction
order) of the sub-blocks in actual encoding is given by the following
equation: [Equation 3] order = blkOonv[block_order_flag][idx1(3) FIG. 8
shows an example of a concrete 20transformation table of blkCH H. When
the flag :block order flag is 0 (FASE), an index :order of a sub-block in
actual predictive encoding is an index :idx itself of a sub-block to be
encoded, and prediction of blocks and a prediction order are not
25changed (such prediction performed by the prediction order is called
raster block prediction hereinafter). FIGS. 63 and 73 Show prediction
orders obtained by  raster block prediction to FIGS. 6A and 7A. More
specifically, in FIG. 6B, the prediction order is set as an order (0 -* 12 -* 3)
depending on the index :idx. Similarly, as in FIG. 75, the prediction order
is set as an order (0 -4 1 -4 2. .-* 14 15) depending on the index :idx. On
the other hand, when the flag :block_order_fiag is 1 (TRUE), an index
:order of sub-blocks to be actually prediction-encoded exhibits a prediction
order in which one diagonal block of four sub-blocks is predicted by
extrapolation first and the three remaining blocks are predicted by
extrapolation or interpolation. The prediction performed by the prediction
order will be called extrapolation/interpolation prediction hereinafter. 



FIGS. 60 and 70 show changes in prediction order obtained by the
extrapolation/interpolation prediction corresponding to FIGS. 6A and 7A,
respectively. In FIG. OC, a sub-block of index = 3 is predicted by
20extrapolation first, sub-blocks of idx = 1 and idx = 2 are predicted, and
finally a sub-block of idx - 0 located at a diagonal position of the position of
a sub-block of idx - 3 is predicted by extrapolation. In 710. 70, prediction
orders are set to four sub-blocks 25of 4x4 pixels obtained by dividing the
8x8 pixelblock by four as in FIG. 60. As still another example, prediction
orders of  sub-blocks may be arbitrarily set as snownED and 7D
depending on properties such as a correlation between pixels in a
macroblock.       As described above, the sub-blocks the prediction orders
of which are switched by the prediction order switch 170 are input to the
unidirectional predictor 171 or the bidirectional predictor 172 to generate
prediction signals corresponding to the sub-blocks. The prediction mode
number switch 173 outputs a prediction signal obtained by the
unidirectional predictor 171 when the prediction mode number switching
information 144 represents prediction mode number "1" and Putouts a
prediction signal obtained by the bidirectional predictor 172 when the
prediction mode 15number switching information 144 represents
prediction mode number "2". A prediction signal cutout from the prediction
mode number switch 173 is extracted as an output 122 from the prediction
signal generator 113. Processes of the unidirectional predictor 171 and
20the bidirectional predictor 172 ocrrespondrno to the prediction orders
set by the flag :block order flag 



will be described below. As described above, the unidirectional predictor
171 and the bidirectional predictor 172 predict sub-blocks to be encoded
by using 25decoded pixels held in the internal reference image memory
118 shown in FIG. 4 as the internal reference image signal 166.  32
(Process of Unidirectional Prediction Unit 171 in Raster Kock Prediction)
As prediction modes of raster block prediction in the unidirectiapredictor
171, for example, nine modes, i.e., made 0 to mode 8 are present. As
shown in FIG. 9A, the eight modes except for mode 2 (modes 0, andhave
prediction directions (directions in which encoded pixels are referred to)
which are shifted at intervals of 22.5' in an image space formed by the
10image encoder 100 and are called direction prediction modes. Mode 2
is a DC prediction =de in the unidirectional predictor 171. FIG. 10 shows
names of prediction modes: modes 0 to 8 of raster block prediction in the
unidirectional predictor 171. Mode indexes expressing modes 0 to 8 are
given to the names, respectively. PIG. 913 shows a relation between
prediction pixels and reference pixels in the 4x4 pixel prediction_ In
PIG. 95, pixels A to M are reference pixels, and pixels 20a to p are
prediction pixels. A concrete prediction method will be described below by
using FIGS. 9A, 93, 90, and 911). 



In the unidirectional predictor 171, when DC          prediction in mode 2 is
selected, values of the 25prediction pixels a to p are calculated by the
following equation to generate prediction signals.  33 [Equation 4] a-p =
ave (A, B, C, 0, 1, J, K, L)(4) In this equation, ave() denotes an average
(called average pixel value) of pixel values (luminance 5values) of the
parenthetic reference pixels.       When Some of the parenthetic reference
pixels cannot be used, an average pixel value of only usable reference
pixels is calculated to generate prediction signals. When a usable
reference pixel is not present 10at all, in the prediction signal generator
113, a value (128 in case of 8 bits) which is half a maximum luminance
value of the prediction signals is set as a prediction signal.       When a
mode except for mode 2 is selected, the unidirectional predictor 171 uses
a prediction method which copies reference pixels to prediction pixels to
prediction directions shown in FIG. 9A. More specifically, a prediction
signal generating method used when mode 0 (vertical prediction) is
selected is 20given by the following equations: [Equation 5; a, e, 1, m - A 



b, f, j, n = c, 9, k, o = 25d, h, 1, p = 0(5)        This mode 0 can be selected
only when reference pixels A to 0 can he used. In mode 0, as shown in
34 FIG. 90, reference pixels A to D are directly copied to prediction pixels
arranged in a vertical direction to generate prediction signals.              On
the other hand, a prediction signal generating Rmethod used when mode
4 (diagonal-down-right prediction) is selected is given by the following
equations: [Equation 6] d = (2 + (0 << 1) v D + 2) >> 2 10c, h = (A + (E <<
1) T C + 2) >> 2 b, g, 1 = (M + (A << 1) + 2 + 2) >> 2 a, f, k, p = (1 + (M "
1) + A + 2) " 2 e, j, o = (J + (1 << 1) + M + 2) >>2 n = (K + (J << 1) +1 + 2)
>>2 15m =+ (K. <s-. Ti) + J + 2) >> 2 



Mode 4 can be used only when reference pixels A to D and I to M can be
used. In mode 4, a shown in FIG. 90, values generated by a 3-tap filter
are copied in a lower-right direction at 45 to generate 20prediction sig
With respect to a prediction mode except for modes 0, 2, and 4, the same
framework is used. More specifically, a prediction signal is generated by a
method of copying reference pixels which can be used in 25a prediction
direction to prediction pixels arranged in the prediction direction.  35
(Process of Bidirectional Prediction Unit 172 in Raster Block Prediction)
In unidirectional prediction, a prediction signal is generated on the
assumption that an in-block image has only one spatial directivity. When
the in-block image has two or more spatial directivities, the assumption
cannot be satisfied. For this reason, the number of prediction residual
error signals tends to increase when only the unidirectional prediction is
10used. Therefore, when the image has two or more spatial directivities,
two kinds of modes of the nine prediction modes (also including the DO
prediction) in the unidirectional predictor 171 are simultaneously used in
the bidirectional predictor 172 to perform 15prediction in consideration of a
plurality of spatial directivities, thereby suppressing the number of
prediction residual error signals from Increasing.                 T G.shows
mode indexes corresponding to names 



of prediction modes in the bidirectional predictor 172. 20In FIG. 11, a
prediction mode which uses two modes is present. For example, the name
and the mode index of a prediction mode which uses vertical prediction
(mode 0) and horizontal prediction(mode 1) are described as
"vertical/horizontal prediction" and "mode 01", respectively. For example,
the name and the mode index of a prediction mode which uses the vertical
prediction (mode 0) and the DC prediction (mode 2) are described  36 as
"vertical/DC prediction" and "made 02", respectively.       As an example, a
prediction signal generating method performed by vertical/horizontal
prediction 5using the vertical prediction (mode 0) and the horizontal
prediction (mode 1) will be described below. FIG. 12A shows the concept
of vertical/horizontal prediction (mode Cl) in 4/4 pixel prediction. A relation
between prediction pixels and reference pixels 10in the 4x4 pixel
prediction is the same as that in FIG.For example, in prediction pixel a, an
average pixel value of pixel A referred to in the vertical prediction and
pixel I referred to in the horizontal prediction is set as a prediction signal.
15In prediction pixel b, an average pixel value of reference pixel B in the
vertical prediction and reference pixel I in the diagonal-down-right
prediction is set as a prediction signal. With respect to the other prediction
pixels, prediction signals are 



20generated by the same method as described above.       More
specifically, a prediction pixel is calculated by using the following equation
in vertical/horizontal prediction (mode Of). [Equation T 25X(01,n) =
(X(C,P) 1 X(1,n)1) >> 1(7)        In this equation, reference symbol n
denotes an index corresponding to prediction pixels a to p shown  37 in
PIG. 96, and X(0,n) and X(1,n) denote prediction signals generated by
vertical prediction and horizontal prediction which are unidirectional
predictions. Since concrete generating methods of the prediction signals
X(0,n) and X(1,n) is the same as that expressed by Equation (5) and
Equation (6), a description thereof will be omitted.           A prediction pixel
is calculated by using the following equation in vertical/DC prediction
(mode 02). 10[Equation 8] X(02,n) = (X(0,n)X(2,n)1) >> 1(8)        A
prediction pixel is calculated by using the following equation in
vertical/diagonal-down-right prediction (mode 04). 15[Equation 9]
X(04,n)(X(0,n)X(4,n)  1) >> 1(9)       FIG. 123 shows the concept of a
prediction method in mode 04. In extrapolating prediction in a plurality of
20directions exceptthe prediction in mode 01 or 02, prediction pixels can
be similarly calculated. The extrapolating prediction in the plurality of
directions can be expressed by the following general equation: [Equation
10] 



X(UV,n) = (X (7,5,n)X(V,n)1) >> 1(10)        In this equation, X(U,n) and
X(V,are a mode "U" and a mode "V" in the unidirectional prediction, and
33 X(UV,) is a prediction signal of a mode "UV" in extrapolating prediction
of a plurality of directions.        In this manner, prediction pixels are
calculated by the unidirectional predictions of arbitrary two types in units of
pixels. A value obtained by averacdng these prediction pixels is set as a
prediction signal. For this reason, predicion can be performed at high
accuracy when a plurality of spatial directivities are present in a block, and
encoding 10efficiency can be improved. (Extrapolation/interpolation Block
Prediction)        In the extrapolation/interpolation block prediction as
described in FIG. 68, an order of sub-blocks in a macroblock is changed
from an order in the 15raster block prediction to a prediction according to
Equation (3). For example, when prediction is performed to 8x8
pixelblocks, as shown in FIG. 13A, an outside corner block is predicted as
a block (to be referred to as an extrapolation block hereinafter) 20which
can be extrapolating-predicted in advance, and the three other blocks are
predicted as blocks (interpolation blocks hereinafter) which can be
interpolating-predictedMore specifically, an extrapolation block (4) is
predicted, and then interpolation blocks (1), (2), and (3) are predicted.
When 4x4 pixelblocks are predicted, a prediction order is set such that
prediction of an extrapolation block  39 



and prediction of interpolation blocks are performed to each of the 44
pixelbiocks in units of 8x8 pixelblooks. In the prediction process, upon
completion of the 5prediction in units of 8x8 pixelblocks, prediction is
performed to the next 8x8 pixelblocks. In this manner, the prediction in
units of 8x8 pixelblocks is repeated a total of four times. (Prediction of
Extrapolation Block) 10When an extrapolation block is to be predicted, a
distance between a reference pixel and a prediction pixel is great. For this
reason, a range of the reference pixels is as shown in FIG. 14A. In FIG.
14A, pixels A to X and Z are reference pixels, and pixels a 15 to p are
prediction pixels. Although the range of the reference pixels becomes
wide, a method of generating a prediction signal by copying reference
pixels depending on prediction angles is performed in the same manner
as in the raster block prediction. 20More specifically, when DC prediction
in mode 2 is selected in an extrapolation block, prediction pixels a to p are
calculated by the following equation: [Equation 117 a-p = ave(E, F, F, F,
U, V, W, X)(11) 25In this equation, ave (C denotes an average pixel value
of the parenthetic reference pixels. When some of the parenthetic
reference pixels 



40 cannot be used, an average pixel value of only usable reference pixels
is calculated to generate prediction signalS. When a usable reference
pixel is not present at all, in the prediction signal generator 113, a value
(128 in case of 8 bits) which is half a maximum luminance value of the
prediction signals is set as a prediction signal.        When a mode except
for mode 2 is selected, the unidirectional Predictor 171 uses a prediction
method 10which copies reference pixels to prediction pixels to prediction
directions shown in FIG. 9A. More specifically, a :prediction signal
generating method used when mode 0 (vertica prediction) is selected is
given by the following equations: 15[Equation 12] a, e, i, m = E f, j, n = F c,
g, k, o = G d, h, 1, p = H(12 20This mode 0 can be selected only when
reference pixels E to H can be used. In mode 0, as shown in FIG. 15A,
reference pixels E to H are directly copied to prediction pixels arranged in
a vertical direction to generate prediction signals. 25A prediction signal
generating method used when mode 4 (diagonal-downright prediction) is
selected in an extrapolation block is given by the following  



equations: rEquation 131 d =(C << 1) + D + 2) >> 2 n = (A + (B << 1) + C
+ 2) ),> 2 Rb, g, 1 =(3 + (A << 1) + B - 2) >> 2 a, f, k, p = (Q + (Z << 1) + A
2) >> 2 e, j, o = (R + (Q << 1) + Z + 2) >> 2 n = (S + (R << 1) + Q+ 2) >> 2
= (T + (S << 1) + R + 2) >> 2 10This mode 4 can be selected only when
reference pixels A to D, Q to T, and Z can be used. In mode 4, as shown
in FIG. 155, values generated by a 3-tap filter are made prediction pixels
aligned in a lower-right direction at 45 to generate prediction signals.
With respect to the prediction modes except for modes 0, 2, and 4, a
framework which is almost the same as that described above is used.
More specifically, a method of copying a reference pixel which can be
used in a prediction direction or an interpolated value 20generated from
the reference pixel to prediction pixels arranged in the prediction direction
is used to generate a prediction signal. (Interpolation Block Prediction)
In FIGS. 13A and 135, when an interpolation block 25(2) is predicted,
prediction of the extrapolation block 



(4) is ended. For this reason, prediction which refers to pixels of an
extrapolation block (4) can be  performed. When an interpolation block (3)
is to be predicted, Prediction which refers to not only the pixels of the
extrapolation block (4) but also the pixels of the interpolation block (2) can
be performed. 5When an extrapolation block (1) is to be predicted,
prediction which refers to not only the pixels of the extrapolation block (4)
and the interpolation block (2) but also the pixels of the interpolation block
(3) can be performed. 10FIGS. 14B, 14C, and 14D show relations
between the interpolation blocks (1), (2), and (3) and reference pixels in
4x4 pixel prediction_ Pixels RA to RI are reference pixels newly added to
FIG. 14A, and pixels a to p are prediction pixels. 15(Process of
Unidirectional Prediction Unit 171 in Interpolation Block Prediction)
The unidirectional predictor 171 has a total of 17 modes of directional
prediction in an extrapolation block with respect to interpolation block
prediction and inverse extrapolation prediction which refers to reference
pixels in an encoded macroblock as shown in FIG. 16. The 17 modes
except for mode z have prediction directions shifted at intervals of 22.50.
FIG. 17 shows names of prediction modes 00 to 16 of unidirectional
prediction performed in interpolation -block prediction in the unidirectional
predictor 171. Mode indexes 00 to 16 expressing modes 0 to 16 are  43
added to the names, respectively. In FIG. 17, to a prediction mode of
extrapolation block prediction (prediction raster block prediction) shown in
FIG. 10, an inverse prediction mode is added. 5More specifically, modes
of vertical prediction, horizontal prediction, DC prediction, diagonal-down- 



left prediction, iagonal-down-rprediction, vertical-right prediction,
horizontal-lower prediction, vertical-left prediction, and horizontal-upper
10prediction are common in FIGS. 10 and 17. In FIG.. in addition to the
modes shown in FIG. 10, inverse vertical prediction (mode 9), inverse
horizontal prediction (mode 10), diagonal-upper-right prediction (mode
11), diagonal-upper-left prediction (mode 12), 15inverse-vertical-left
prediction (mode 13, inverse- horizontal-upper-prediction (mode 14),
inversevertical-right-prediction (mode 15), and inverse- horizontal-down
prediction (mode 16) are added. It is determined whether a prediction
mode can be 20selected depending on a positional relation of an
interpolation block and reference pixels and the presence/absence of
reference pixels. For example, in the interpolation block (1), reference
pixels are arranged in all the directions, i.e., left, right, Dupper, and lower.
For this reason, as shown in FIG. 18A, all modes 0 to 16 can be selected.
In the interpolation block (2), since no reference pixel is  44 arranged on
the right, mode 10, mode 14, and mode 16 cannot be selected as shown
in FIG. 188. In the interpolation block (3), since no reference pixel is
arranged on the lower side, mode 9, mode 13, and mode 



515 cannot be selected as shown in FIG. 18C.    unidirectional predictor
171, when DC prediction in 10mode 2 is selected, an average pixel value
of upper, lower, left, and right nearest reference pixels is calculated to
generate a prediction signal. More specifically, with respect to the
interpolation block (1), prediction signals are 15calculated according to the
following equation: [Equation 14] a-p = ave(A, 3, C, 0, RA, RE, RC, RD, Q,
R, 3, T, RE, RE, RG, RH)(14)                    With respect to the interpolation
block (2), a calculated according to the I -E, F, G, H, RA, RE, RC, RD)(15)
With respect to t' e interpolation block (3), a prediction signal is calculated
according to the following equation: 



45 [Equation a-p = ave(A, D, 0, D, U, V, RE, RE, RC', RH)(16)        In
Equationsand (16), ave denotes an average pixel value of the parenthetic
reference pixels.       When some of the parenthetic reference pixels
cannot be used, an average pixel value of only usable reference pixels is
calculated to generate prediction 10signals.       When a mode other than
mode 2 is selected, the unidirectional predictor 171 uses a prediction
method which copies reference pixels to prediction pixels to prediction
directions shown in FIG. 16. Description of 15calculation of prediction
pixels in mode 0 to mode 8 will be omitted because prediction is
performed at the same prediction angles as those in the extrapolation
block. With respect to mode 9 to mode 16, encoded blocks 20arranged in
a macroblock are referred to in a pixel order or a prediction order of the
encoced extrapolated block (4). More specifically, when mode 9
(inversevertical-prediction;' is selected, a prediction signal is generated
from a nearest reference pixel on the 25lower side. With respect to the
interpolation block  (1) and the interpolation block (2), prediction signals
are calculated according to the following eduations: 



[Equation 17] g JtJ,t m = RA n = P.B 46  c, g, k, o - RC 5d, h, 1, p =
RD.(17)        FIGS. 19A and 19B show methods of generating prediction
signals to the interpolation block (1) and the interpolation block (2) in
mode 9. Reference pixels RA to RD are directly copied to prediction 10
pixels arranged in a vertical direction to generate a prediction signal. With
respect to the interpolation block. (3), mode 9 cannot be used because a
reference pixel is not present on the lower side. When mode 10
(inverse-horizontal-prediction) is 15selected, a prediction signal is
generated from a nearest reference pixel on the right side. With respect to
the interpolation block (1) and the inter lation block (3), prediction signals
are calculated according to the following equations: 20_Equation 181 



a, b, c, d = RE e, f, g, h = RF j, k, h = RG m, n, o, p - RH(18) 25FIGS. 20A
and 206 show methods of generating prediction signals to the
interpolation block , the interpolation blockin mode 10. Reference  pixels
RE to RH are directly copied to prediction pixels arranged in a horizontal
direction to generate a prediction signal. With respect to the interpolation
block (2), mode 10 cannot be used because a reference 5pixel is not
present on the right side. Furthermore, when mode 12 (diagonal-upper-left
prediction) is selected, a prediction signal is calculated to the interpolation
block (1) according to the following equations: 10[Equation 19] d= (RE +
(RE << 1) + RG + 2) >> 2 c, h = (SF  (RC << 1)+ RH2) >> 2 g, I(PG + (RH
<< 1) + RI2) >> 2 <<+ RD + 2) >> 2 e" o<< 1) + RC + 2) >> 2 



n = (RD -h (RC << 1) + RE + 2) >> 2 m = (R(RE << -2)>> 2(19) With
respect to the interpolation block (2), a prediction signal is calculated
according to the following equation: [Equation 20] d, c, h, b, g, 1, a, f, k, p
= RD e, j, o = (RC + (RD << 1) H RD + 2) >> 2 n = (RH + (RC << 1) + RD
+ 2) >> 2 25m = (RA. +(RE << 1) + RC + 2) >> 2(20) With respect to the
interpolation block (3), prediction signal is calculated according to the  48
following ecuation: [Equation 211 d= (RE + (RF " 1) + PG2) " 2 



c, h = (RE + (RG << 1) + RH + 2) >> 2 b, g,RH <<RF, + 2) >> 2 a, f, k, p,
e, j, o, m = RH(21)       FIGS. 21A, 218, and 210 show methods of
generating prediction signals to the interpolation block (1), the
interpolation block (2), and the interpolation block n(3), respectively in
mode 12. A value generated by a 3-tap filter is copied on an upper-left
side at 45 to generate a prediction signal. With respect to prediction
modes (modes 12 to 16) except for the modes 2, 9, and 11, to prediction
directions shown in FIGS. 18A, 18E, 180, and 180, a prediction method
which copies prediction signal interpolated from a nearest pixel which can
be referred to is used. When no reference pixel is arranged in the
Prediction direction, the value of the nearest reference pixel may be
copied to generate a reference pixel. Alternatively, virtual reference pixels
may be generated from interpolation of a plurality of reference pixels, and
the virtual reference pixels may be used in prediction. 25(Process of
Bidirectional Prediction Unit 172 in Interpolation Kock Prediction) The
bidirectional predictor 172 simultaneous y  49 uses two modes of the 17
prediction modes (also including DC prediction) of the interpolation block
prediction performed by the unidirectional predictor 171 in the interpolation
block prediction to perform 5prediction containing a plurality of
directivities. A concrete prediction signal generating method is the same
as that givenby Equation (10). More 



specifically, a value obtained by averaging, in unit of pixels, prediction
signals obtained in the two selected 10modes (modes "U" and "V" in
Equation (10)) is used as a prediction signalthe prediction pixels.        FIG.
22 shows a mode index corresponding to a name of a prediction mode
performed in the interpolation block prediction in the bidirectional predictor
172. 15In FIG. 22, there is a prediction mode using two modes.  For
example, a namemode index of a orediction mode when vertical prediction
(mode 0) and inverse horizontal prediction (mode 10) are expressed as
"vertical/inverse-horizontal prediction" and "mode 200010", respectively.
When a number of each prediction mode is in single figure, 0 is added to
the head of the number to express the number as a two-figure number.
Mode 0 and mode 00 have the same meaning.       In this manner, in
bidirectional prediction of an interpolation block, not only simple
interpolation prediction in which prediction mode directions are opposite to
each other, but also interpolation  50 prediction which copes with a slight
chance in directivity of the block or complexity of the directivity can be
performed. Therefore, prediction residual signals can be advantageously
reduced. (Procedure of Image Encoding)       A procedure of the image
encoder 100 will be described below with reference to EIS. 23. When an
input image signal 120 of one frame is input to the image encoder 100
(step S101), a frame to be encoded of 10the input image signal 120 is
divided into a plurality of pixelblocks (macro-blocks) by the frame divider
101 to generate the block image signal 121. Encoding the block image
signal 121 is started (step 5102). The block image signal 121 is input to
the predictor 102. 



the predictor 102, it is determined on the basis of the prediction order
switching information 143 whether a prediction order of sub-blocks is
changed (step S103). When the prediction order is not changed (NO in
step S103), block_order_flag is FALSE, and the 20 prediction order switch
170 selects "raster block prediction" which predicts and encodes
sub-blocks according to an order expressed by Equation (3).        In the
raster block prediction, it is determined by the prediction mode number
switching information 144 25whether unidirectional prediction is performed
to sub- blocks (step S104). In this case, when the unidirectional prediction
is performed (YESstep  51 5104), the unidirectional predictor 171
performs prediction (step 5106). When the unidirectional prediction is not
performed (NO in step 5104), the bidirectional predictor 172 performs
prediction (step 5107).        On the other hand, when the prediction order
is changed (YES in step S103), block_order_flag is TRUE, and the
prediction order switch 170 selects "extrapolation/interpolation block
prediction" which 10predicts and encodes sub-blocks according to the
order expressed by Equation (3).        In the extrapolation/interpolation
block prediction, it is determined by the prediction mode number switching
information 144 whether unidirectional 15prediction is performed to the
sub-blocks (step 3105). In this case, when the unidirectional prediction is
performed (YES in step 3105), the unidirectional predictor 171 performs
prediction (step 5108). When the unidirectional prediction is not performed
(NO in 20step S105), the bidirectional predictor 172 performs 



prediction (step 5109).        Upon completion of the prediction in step
3106, 5107, 5108, or S109, a total cost (1), (2), (3), or4) in a maoroblock
is calculated from Equation (3) and 25Equation (4) (step S111, 5112,
S113, or 5114).The total costsculated in steps 5111, 5112, 5113, and  52
prediction method (step 3115). By using the prediction method determined
as described above, the orthogonal transformation/quantization unit 104
and the entropy' encoder 108 perform encoding to output the encoded
data 146 (step 3116).        At this time, inverse quantization and inverse
orthogonal transformation are performed to the quantization
transformation coefficient information 127 by the inverse
quantization/inverse orthogonal 10transformation unit 105 to generate the
decoded prediction residual error signal 128. The decoded prediction
residual error signal 128 and the prediction signal 126 input from the
mode selector 103 are added to each other by the adder 106 to generate
the local decoding signal 129. The local decoding signal 129 is
accumulated in the reference image memory 107.        It is determined
whether predictive encoding of one frame of the input image signal 120 is
ended (step. S117). When the predictive encoding is ended (YES in
20step S117), the input image signal 120 of the next frame is input to
perform predictive encoding again. On the other hand, the predictive
encoding of one frame is not ended (NO in step S117), the operation
returns to step 5102 to perform predictive  encoding to the 25block image
signal 121 of the next macroblock. A procedure of prediction processes in
steps S104 



and 3105 in FIG. 23will be described below with  53 reference to FIG. 24.
When the block image signal 121 is input to the predictor 102, a sub-block
expressed by blk - 0 is set in the prediction signal generator 113 (step
5201). Furthermore, a prediction mode and an encoding cost in the mode
selector 103 and the internal mode selector 114 are initialized (step
S202). For example, prediction mode :index is set to 0, and a minim=
encoding cost :min cost is set to be infinite. 10The prediction signal
generator 113 generates the prediction signal 122 by one mode which can
be selected to the sub-block expressed by blk = 0 (step S203). A
difference between the block image signal 121 and the prediction signal
122 is calculated to generate the 15prediction residual error signal 123,
and an encoding cost is calculated according to Equation (1) or Equation
(2) (step 5204).        The mode selector 103 de-ermines whether the
calculated encoding -oat is smaller than the minimum 20encoding cost
:min cost (step. S205). When the encoding cost is smaller than the
minimum encoding cost (YES in step. 5205), the minimum encoding cost
is updated with the calculated encoding cost, and prediction mode
information obtained at this time is held as a 25best mode index
representing optimum prediction mode information (step 3206). When the
calculated cost is larder than the minim= encoding cost :min cost (NO in
54 step 5205), the mode index :index is incremented, and 



it is determined whether the incremented index is larger than the last
number (MAX) of the mode (step 5207).       When the index is larger than
MAX (YES in step S207), the optimum prediction mode information 125
and the prediction residual error signal 126 are given from the mode
selector 103 to the orthogonal transformation/quantization unit 104 to
perform 10orthogonal transformation and quantization. The quantization
transformation coefficient information 127 obtained by the orthogonal
transformation/quantization unit 104 is entropy-encoded by the entropy
encoder 108 together with the prediction mode index information 141
15(step 3208). On the other hand, when the index is smaller than MAX
(NO in step S207), the operation returns to step 3203 to generate the
prediction signal 122 of a. prediction mode indicated by the next. index.
When encoding in best mode is performed, the inQuantization
transformation coefficient information 163 obtained by the internal
orthogonal transformation/quantization unit 115 is given to the internal
inverse Quantization/inverse orthogonal transformation unit 116 to
perform inverse quantization and inverse transformation. The decoded
prediction residual error signal 164 generated by the internal inverse
quantization/inverse orthogonal transformation  unit 116 is added to the
prediction signal 162 of best mode input from the internal mode selector
114 by the internal adder 117. The internal decoding signal 165 generated
by the internal adder 117 is stored in the internal reference image memory
IIF (step 5208).      The block encoding number :bik is incremented, it is
determined whether the value of the incremented blk is larger than a total
number of small blocks: ELK MAX (16 in 4x4 pixel prediction, and 4 in 8x8
pixel 10prediction) in a macroblock (step S209). When the value of the
incremented bik is larger than ELK MAX (YES in step S209), the
prediction process in the macroblock is ended. On the other hand, when
the incremented bik is smaller than the ELK MAX (NO in step 15S209),
the operation returns to step 5202 to pert= a 



prediction process of a small block indicated by the next blk. As described
above, according to the embodiment, switching of prediction orders and
switching of 20unidirectional prediction and bidirectional prediction
(switching of prediction rode numbers) are adaptively performed
depending on properties(directivity, complexity, and texture) of each
region of an image. Therefore, prediction efficiency is improved, and
25encoding efficiency is consequently improved.        In the image
encoding apparatus according to an embodiment of the present invention,
various  56 modifications can be available.        (a) In the embodiment,
intra-frame prediction related to 4x4 pixel prediction is described.
However, the same intra-frame prediction can also be performed 5in 8x8
pixel prediction or 16x16 pixel prediction or for a color-difference signal.
(b) The number of prediction modes may be reduced to suppress an
arithmetic operation cost. The intervals of the prediction directions are not
limited 10to 22.5', and angular interval may be made less or may be made
larger. 



(c) In the embodiment, prediction modes except for mode 2 of the
intra-frame prediction use a directional prediction. However, not only
directional prediction, but also interpolating prediction such as planar
prediction, bilinear interpolation, cubic convolution interpolation, or nearest
neighbor interpolation may be set as one prediction mode.        (d) In the
embodiment, an average pixel value in 20two modes prepared for a
bidirectional prediction mode selected from a plurality of prediction modes
is set as a prediction value. In place of calculation of the average pixel
value, a prediction value may be calculated by a weighted average using
a weighting factor such as 1:3 or 1:4. In this case, weighting factors of the
prediction modes may be tabled. Alternatively, a prediction pixel may be
57 calculated by using a maximum value filter, a minimum value filter, a
median filter, and a weighting table having described therein weighting
factors depending on an angle of directional prediction or the number of
5used prediction modes. Three or more prediction modes may be
selected from the plurality of prediction modes to generate a prediction
value. With respect to the number of modes selected from the plurality of
prediction modes and the weighting table, a plurality 10of candidates may
be held in units of sequences, pictures, slices, macroblocks, or pixels and
switched in these units. (d) In the embodiment, it is switched whether
prediction orders of sub-blocks are changed in units of 15macroolocks of
16x16 pixels. The switching of changes in prediction order may be
performed in units of pixel sizes such as 32x32 pixels, 64x64 pixels, or
64x32 pixels or frames. The embodiment describes a case in which sub- 



20blocks in a macroblock are sequentially predicted from an upper left
block to a lower fight block. However, the prediction order is not limited to
this order. For example, prediction may be sequentially performed from a
lower fight block to an upper left block or may be 25spirally performed
from the center of the frame. The prediction may be sequentially
performed from the upper right bloc,' to the lower left block or sequentially
performed from a Peripheral part of the frame to the central part.        (f) In
the embodiment, only-frame prediction is described as a Prediction mode.
However, inter- 5frame prediction which performs prediction by using
correlation between frames may be used. When at least one prediction
mode is selected from a plurality of prediction mode candidates, any one
of a prediction mode by intra-frame prediction and a prediction mode by
10inter-frame prediction may be selected, or both the prediction modes
may be selected. When both the prediction mode by the intra-frame
prediction and the prediction mode by the inter-frame prediction are
selected, three-dimensional prediction which uses a 15spatial correlation
and a temporal correlation between reference pixels and prediction pixels
is realized.        (g) The intra-frame prediction used in the embodiment
may be performed in an inter-frame encoding slice. In this case, switching
between the intra-frame 



20prediction and the inter-frame prediction need not be performed in units
of macroblocks. The switching may be performed in units of 8x8
pixelblocks or 8x4 oixelblocks. The same process may be performed to a
pixel region having an arbitrary shape and generated by 25a region
dividing method.        (h) In the embodiment, it is switched by an encoding
cost calculated from Equations (1) and (2)  59 whether prediction orders
are change and whether unidirectional prediction or bidirectional
prediction is performed. As the encoding cost, not only the encoding cost
calculated by Equations (1) and (2) but 5also activity information such as
a variance, a standard deviation, a frequency distribution, or a correlation
coefficient calculated by a target block or an adjacent block may be used.
On the basis of the activity information, switching of changes in prediction
order or switching between the unidirectional prediction and the
bidirectional prediction may be performed.       For example, a correlation
coefficient between a left reference pixel and an upper reference pixel is
15calculated to predetermined pixels. When the correlation coefficient is
larger than, for example, a certain threshold value, it is determined that
correlation between the prediction pixel and the left and upper reference
pixels is high not to change the 20prediction order. For example, a
variance in a target block is calculated. When the variance is larger than,
for example, a certain threshold value, it is determined that a texture in a
block is complex, and bidirectional prediction is performed. On the other
25hand, when the variance is smaller than, for example, 



the threshold value, it is determined that the texture in the block is
monotonous, and unidirectional  60 prediction is performed.        (j) In the
orthogonal transformation/quantization unit 104 and the inverse
quantization/inverse orthogonal transformation unit 105 shown in FIG. 3, a
5process need not be performed to all prediction residual error signals.
For example, some of the prediction reSidua7 error signals may be
encoded by the entropy encoder 108. Alternatively, the processes of
quantization and inverse quantization may be omitted, 10and processes of
orthogonal transformation and inverse orthogonal transformation may be
omitted. (First Example of Syntax Structure)            An outline of a syntax
structure used in the image encoder 100 will be described below with
reference to 15FIG. 25.       A syntax is constituted by three parts, i.e., a
high-level syntax 201, a slice-level syntax 204, and a macro-block-level
syntax 207. In the high-level syntax 201, syntax information of an upper
layer which is 20higher than a slice is filled. In the slice-level syntax 204,
necessary information is clearly written in units of slices. In the
macro-block-level syntax 207, a change value of a quantization
parameter, mode information, and the like required for each macroblock
25are clearly written. 



The three parts are finely constituted by plurality of syntaxes. More
specifically, the  61 high-level syntax 201 includes syntaxes of a sequence
level and a picture level., i.e., a sequence parameter set syntax 202 and a
picture parameter set syntax 203. The slice-level syntax 204 includes a
slice header syntax 205 and a slice data syntax 206. The
macroblock-level syntax 207 includes a macroblock layer syntax 208 and
a macroblock prediction syntax 209.       In the embodiment, especially
required syntax information is constituted by the macroblock layer
10syntax 208 and the macroblock prediction syntax 209. The macroblock
layer syntax 208 and the macroblock prediction syntax 209 will be
described below in detail with reference to FIGS. 26 and 27. A flag block
order flag indicated in the 15macroblock layer syntax in FIG. 26 denotes
whether switching of prediction orders is performed by a macroblock.
More specifically, FALSE of the flag :block_order_flag denotes that
switching of prediction orders is not performed by the macroblock, 20while
TRUE denotes that switching of prediction orders is performed by the
macroblock.        In the macrobiock prediction syntax in FIG. 27, prediction
mode information of each sub-block (4x4 pixelblocks or 8x8 pixelblocks) in
a macroblock is 23 clearly written. With respect to the unidirectional
prediction, prediction mode information indicating a mode used in a
plurality of prediction modes is  62 



expressed by intra4x4(8x6)_prbd_mode_10_org or
intra4x4(8x8)_pred_mode_il_org. With respect to The bidirectional
prediction, the prediction mode information includes two syntaxes. In this
case, a bprediction mode having a smaller mode index (list 0) when
prediction modes of two types are selected from the plurality of prediction
modes is expressed by intra4x4(8x8) pred mode 10 org, and a prediction
mode having a larger mode index (list I) is expressed by
10intra4x4(8x8)_pred_mode_ll_org. The prediction mode having the
larger mode index (list 0) may be expressed by intra4x (8x6) pred mode
10_org, and the prediction mode having the smaller mode index (list 2)
may be expressed by intra4x4(8x8)_pred_mode_11_org. 15A
configuration of a macroblock prediction syntax obtained when 4x4 pixel
prediction is selected will be described below with reference to FIG. 27. In
FIG. 27, bikConv[block order flag[luma4x4B1kIdx] has a 20transformation
table which performs transformation of a prediction order as shown in FIG.
8 and outputs an index of a block to be encoded. In FIG. 27, i-*
a4x4_pred_m.ode_10[block_order_flagi[order] is data 25of an index
obtained by transforming intra4x4_pred_mode_10_org[blook_order_fiag]
[order] according to  



63 modeConv[b ock order flag][ tra4xred_mode_le_org].        In FIG. 27,
intra4x4bipredflag is a flag which switches whether bidirectional prediction
is performed to the 4x4 pixelblocks. More specifically, FALSE of the flag
intra4x4_bi_pred_flag means that the 4x4 pixelblocks are the
unidirectional prediction, and TRUE means that the 4x4 pixelblocks are
the bidirectional prediction_                In FIG. 27, intra4x4_pred_mode_1l
is data of an 10index obtained by transforming intra4x4_pred
mode_i_l_org[biock order_flag][order] according to modeConv[block
order_flag][intra4x4_pred_mode_11_org]. The data
intra4x4_preg_mode_11 is encoded when intra4x4_bi_pred_flag is TRUE.
Details of the syntaxes will be described below.        Transformation is
performed to luma4x431k according to a table shown in
bikConv[block_order_flag][lurra4x4Blkidx] every 20block order flag to
calculate a block index :order Indicating a sub-block to be encoded (PIG.
8). When 4x4 pixelblocks indicated by a block index :order are to be
predicted, as shown in E-G. 28,    ,,ra4x4_pred
mode_10_erg[block_order_r,ag]lorder] is transformed into intra4x4
pred_mode_10[order]. This is a process which is performed because
usable prediction modes change depending on block order flag and  64
positions of the 4x4 pixelblocks in the macroblock. More specifically, as
shown in FIG. 29, when 



block order flag is 0 (FALSE),intra4x4 pred mode 10 org _ _ is directly
assigned to intra4x4 bred mode 10. At this time, intra4x4_pred_mode_10
is data representing a specific prediction mode used in prediction of the
4x4 pixelblocks in prediction modes of nine types of the unidirectional
prediction. On the other hand, when biock_order_flag is 1 10(TRUE:
extrapolation/interpolation block prediction), tables are switched
depending on positions of 4x4 pixelblocks in a macroblock to be encoded.
FIG. 30 shows prediction modes which can be used corresponding to the
sub-blocks interpolation blocks (1), (2), and 15(3), and extrapolation block
(4)) shown in FIG. 135 and names of the prediction modes when left,
upper, upper- right, and upper-left macroblocks adjacent to the
macroblock to be encoded can be referred to.                As is apparent
from FIG. 30, the interpolation 20block (1) can use all the 17 modes, and
the inter,olation blocks (2)(3) cannot use some of the modes. For this
reason, as shown in FIG. 28, intra4x4 pred mode 10 org[hlock order
flag][order] is _ _ transformed into intra4x4_pred_mode_10 by mode
Ccnv[i [] 25to remove an unusable prediction mode in advance, so that the
efficiency of entropy encoding (described later) is improved. As a concrete
transformation  



65 example, when a prediction rode of the interpolation block (2) is mode
15 (inverse vertical right prediction), "13" is assigned to
intra4x4_pred_mode_10. When a prediction mode of the interpolation
block (3) 5is mode 14 (inverse horizontal upper prediction), "12" is
assigned to intra4x4_pred_mode_10.        When intra4x4 bred_mode_10
is to be encoded, since the numbers of states of usable modes change
depending on block order flag and block positions, entropy 10encoding
(Huffman encoding, Golomb encoding, or arithmetic encoding) is
performed depending on positions of the 4x4 pixelblocks to be encoded.
The number of states which can be taken by concrete symbols is shown in
FIG. 30. The above is the description of 15the syntax related to encoding
of intra4x4 bred mode 10 o _ _ si         When intra4x4_bi_ored_flag is
TRUE, intr-4x4_pred_mode_ll_org is further encoded. With respect to
encoding of intra4x4_pred_mode_ii_org, a 20process which is almost the
same as that in case of intra4x4 pred mode 10 org is performed. _- 



First, intra4x4_pred_mode_11_org is transformed into intra4x1
pred_mode_11 according to mode Conv[]fl to entropy-encode intra4x4
pred mode 11 by a variable- 25length code depending on bock_order_flag
and order. Since intra4x4_pred_mode Ii snd intr-4 t_pred_mode_10
cannot have the same prediction mode, the number  66 obtained by
subtracting 1 from the number of states of intra4x4_pred_mode_10 is the
number of states of symbols which can be taken by
intra4x4_pred_mode_11. On the basis of the number of states, entropy
encoding is performed.       As another example,
intra4x4(8x8)_pred_mode_10_org and intra4x4(8x8)_pred_mode ll_org
may be entropy- encoded without being transformed by using mode
Conv[][1. The above is the details of the syntaxes. 10In this case, block
order flag and intra4x4_bi_pred_flag may be encoded, multiplexed into
encoding streams, and then transmitted. On the other hand, without
performing the multiplexing and the transmission, information of
block_order_flag and intra4x4_bi_pred_flag may be expressed by the
activity information calculated from the encoded blocks and pixels. In this
case, also on the decoding side, by using the same logic as that on the
encoding side, as the information of block order flag and
20intra4x4_bi_ored_flag, the same information as that on the encoding
side is shown.        In the 8x8 pixel prediction, as shown in FIG. 27, the
same syntax as that in the 4x4 pixel prediction is used. For this reason,
the description of the exe 25pixel prediction will be omitted. As another
example, intra4x4 ored mode 10 Ora may 



_ _ be encoded by using a correlation to  67 intra4x4_pred mode_10_org
in an adjacent block. concrete syntax configuration is shown in FIG. 31.
The configuration of the ffacroblock prediction syntax shown in FIG. 27 is
replaced with the configuration shown in FIG. 31.In FIG. 31, prey intra4x4
pred mode 10 flag[block order flag] _ _ [order] is a flag representing
whether a prediction mode ref pred mode orq of list 0 calculated from a _
_         reference block (described later) is equal to a 10prediction mode
intra4x4 bred mode 10 ora[block order flag][order] of list 0 of the block.
PIG. 32 shows a method of deriving prey intra4x4 pred mode 10 flag
[block order flag] _ _ 15[order]. In this case, ref blkA mode 10 in FIG.
denotes a prediction mode of list 0 of a nearest encoded block blkA
located on the left of the block blkA, and ref bikB mode 10 denotes a
prediction mode of list 0 of a nearest encoded block Located on the upper
20side of the block blkB. The positions of 



ref bikA mode 10 and ref blkD mode 10 change depending on block order
flag. More specifically, the positions are shown in FIGS. 33, 441k, 44B,
440, and 440. When biock_order_flad is FALSE, bLkA and bin are left and
25 upper encoded blocks adjacent to the block (FIG. 33). On the other
hand., when the flag is TRUE the blocks blkA and bikB are left and upper
encoded blocks nearest  68 to the block blkA and blkS (FIGS. 44A, 44B,
490, and 94D). When prev_intra4x4_pred_mode_10_flag block order lag]
[order 5 ] is TRUE, information of intra4x4 pred mode 10 org can _ _  be
expressed by 1 hit by using a correlation to an ad4acenL block. For this
reason, encoding efficiency is improved. On the other hand, when
10prey_intra4x4_pred_mode_10_flag[olock_order_flag] [order ] is FALSE,
as a Prediction mode of list 0 except for
prev_intra9x9_bred_mcde_10_flag [block_order_flag 5 [order j,
rem_intra4x4_pred_mode 10[block_order_flag] [order] is shown. This is
data expressing a specific 15prediction mode of prediction modes except
ref pred mode oro from 



_ _ rem antra4x4_pred_mode_10iblock_order_flag][ord-r The data is
entropy-encoded on the basis of the number of states except
ref_pred_mode org from the symbols 20which can be taken in a prediction
mode of list 0.        In the 3x8 pixel prediction, as shown in FIG. 31, the
same syntax as that in the 4x4 pixel prediction is performed. For this
reason, a description of the 8x8 Pixel prediction will be omitted. 25The
syntax structure as described above is arranged to improve encoding
efficiency even in encoding in a prediction mode.  (Second Example of
Syntax Structure)       FIG. 34 shows another example of the syntax
structure used in the image encoder 100. Necessary syntax information is
the macroblock layer syntax 208 5in FIG. 25. In this case, a configuration
of a macroblock layer syntax shown in PIG. 26 is replaced with a
configuration shown in FIG. 34. Syntaxes will be described below.
Block_order_flag which is shown in a macroblock 10layer syntax in FIG.
34 is a flag representing whether switching of prediction orders is
performed by the macrobloc . When blook_order_flag is TRUE, the
prediction orders are switched to perform extrapolation/interpolation block
prediction. On the 



other hand, when block order flag is FALSE, block prediction is performed
without switching the prediction orders. A concrete method of describing a
prediction order when block or er fLac is TRUE is shown in block ordermb
mode. Block order in mb mode ___ _ _ 20shows a prediction order as
follows.       When the prediction mode is mode 0, a prediction order of the
extrapolation/interpolation block prediction described in the first
embodiment is given. When the prediction mode is mode 1, a combination
of 25 prediction orders is converted into an index, and a prediction order is
expressed by index information. When a prediction order is to be
determined for four  70 blocks, one of 23 combinations of prediction
orders except raster block prediction from 24 combinations (= 494) is
determined for each macro:block by a permutation. More specifically,
blom_k_order_idx in 5FIG. 34 gives the block combination index. When
the prediction mode is mode 2, an order number is directly shown on each
block. With respect to 4x4 pixelblocks, the order numbers are shown on
16 block order4x4[ELK]. With respect to 8x8 pixeiblocks, the order
numbers are shown on 4 block order8x8[E1,K].        The above syntax
structure can have the following modifications.        (a) When block order
in mh mode is I, only one block which is encoded first may be shown_
15(b) Since the number of indexes of a prediction order is enormous in the
4x4 pixel Prediction, the prediction order of the 4x4 pixels shown in units
of 8x8 pixelblocks may be repeated four times to reduce the information of
the indexes. 20(c) When block prder in mh mcde is 2, _ _ _ 



block_order4,4[BLK] may be shown by an external table, or a difference
between the block order4x4[FLF] and an adjacent block_ordr4x4[] may be
expressed by a variable code length. 23(d) Since the last
blook_order4x4[15] is one remaining prediction order, hlock_order4x4[15]
need not be shown. The same is applied to the 8x8 dixelblocks.  71  In the
4x4 pixel prediction, a prediction order of tb 4x4 pixelblooks shown in units
of 8x8 bixelblocks may be repeated four times to reduce information of
block order4x4. (e) Values of information such as block order in mb mode,
block order idx, _ _ _ block order4x4, and block order8x8 may be
adaptively set in units of sequences, pictures, slices, or macroblooks.
10(Third Example of Syntax Structure) FIGS. 35, 36, 37, 38, and 39 show
still another example of the syntax structure used in the image encoder
100. The syntax information required in this example includes a sequence
parameter set syntax 702, a 15picture parameter set syntax 703, a slice
header syntax 705, and a macroblock layer syntax 708 in FIG. 25.
Syntaxes shown in FIGS. 35, 36, 37, 38, and 39 are added to the syntax
structure of the first example. 



The syntaxes will be described below. 20Block order in se flag shown in
the sequence _ _ parameter set syntax in FIG. 35 is a flag representing
whether switching of prediction orders is wade possible in a sequence.
When block order in sea flag is ?RUE, the prediction orders can be
switched in the sequence. 25 On the other hand, when block
order_in_seq_flag is FALSE, prediction orders cannot be switched in the
sequence.  72 Block order in pic flag shown in the picture _ parameter set
syntax in FIG. 36 is a flag representing whether switching of the prediction
orders is made possible in the picture. When block order in_pic_flag 5is
TRUE, the prediction orders can be switched in the picture. On the other
and, when block order in pic flag is FALSE, the prediction orders _ _
cannot be switched in the picture. Block order in_slice_flag shown in the
slice 10header syntax in FIG. 37 is a flag representing whether switching
of the prediction orders is made possible in the slice. When block order in
slice flag is TRUE, the 



_ _ prediction orders can be switched in the slice. On the other hand,
when block_order_in_slice_flag is FALSE, 15the prediction orders cannot
be switched in the slice. Block order flag shown in the rnacroblock laver
syntax in FIG. 38 is a flag representing whether switching of the prediction
orders is performed in the maoroblock. When block_order_flaq is TRUE,
the 20prediction orders are switched to perform extrapolation/interpolation
block prediction. On the other hand, when block_order_flag is FALSE, the
prediction orders are not switched to perform prediction faster block
prediction. Elock_order_flag 25is effective when block order _ in _slice
flag is TRUE and can be usedthe prediction type of the macrotdock is the
intra-frame prediction.  73       Infra_bi_pred_in_seq_flag shown in the
secuence parameter set syntax in FIG. 35 is a flag representing whether
bidirectional prediction can be performed in the sequence. When intra_bi
pred_in_seg_flag is TRUE, 5the bidirectional prediction can be performed
in the sequence. On the other hand, when intra_bi_predin_sed_flag is
FALSE, the bidirectional prediction cannot be performed in the sequence. 



Intra_bi_ored_in_pic_flag shown in the picture 10parameter set syntax in
FIG. 36 is a flag representing whether the bidirectional prediction can be
performed in the picture. When intra_bi_pred_in_pic_flag is TRUE, the
bidirectional prediction can be performed in the picture. On the other
hand, when 15intra bi pred in pic flag is FALSE, the bidirectional _ __ _
prediction cannot be performed in the picture.
Intra_bi_pred_in_slice_flag shown in the slice header syntax in FIG. 37 is
a flag showing whether the bidirectional prediction can be performed in
the slice. 20When intra_Pi pred in_slice_flag is TRUE, the bidirectional
prediction can be performed in the slice. On the other hand, when intra bi
pred in slice flag is _ __ _ FALSE, the bidirectional prediction cannot be
performed in the slice. 25intra hi ored in mb flag shown in the macroblock
__ _ _ layer syntax in FIG. 38 is a flag representing whether the
bidirectional prediction can be performed in the  74 



macroblock. When intra_bi_ pren in mb flag is TRUE, the bidirectional
prediction can be performed in the macroblock. On the other hand, when
intra_bi_pred_in_mb_fis FALSE, the bidirectional prediction cannot be
performed in the macroblook.        Intra4x4 bi_pred_flag shown in the
macroblock prediction syntax in FIG. 39 is a flag representing whether the
bidirectional prediction is performed in the prediction block. When
intra4x4_bi_pred_flag is 10TRUE, the bidirectional prediction is performed
in the prediction block. On the other hand, when intra4x4 bi pred flag is
FALSE, the bidirectional _ prediction is not performed in the macroblock.
Intra4x4_bi pred_flag is effective only when 15intra_bi_pred ln_mb_flag is
TRUE and can be used only when a prediction type of the macroblock is
the intraame prediction. An initial value of the syntax is set as FALSE.
<About Image Decoding Apparatus> 20To an image meooding apparatus
according to an embodiment of the present invention shown in FIG. 40, an
encoding bit stream 320 transmitted from an image encoding apparatus
(not- shown) (for example, the imag. encoding apparatus in FIG. 1) and
sent through a 25transmission system or a storage system is input. The
encoding bit stream 320 is temporarily stored in an input buffer 901,
separated by an inverse multiplexer 



75 302 in units of frames on the basis of a syntax, and then input to a
decoder 304. The decoder 304 has an entropy decoder 305, an inverse
quantization/inverse orthogonal transformation unit 306, an adder 307, a
reference image memory 308, and a prediction signal generator 309.
In the decoder 304, the encoding bit stream separated by the inverse
multiplexer 302 is input to an entropy decoder 303. In the entropy decoder
303, ICaccording to the syntax structure shown in FIG. 25, code strings
are entropy-decoded to a high-level syntax, a slice-level syntax, and a
macro-block-level syntax of the encoding bit stream, respectively.       In
this manner, from the entropy decoder 303, in addition to quantization
transformation coefficient information 321 and quantization parameter
information, information (the prediction mode index information, the block
size switching information, the prediction order switching information, and
the prediction mode number switching information are generally called
prediction mode information hereinafter) such as prediction mode index
information 331, block size switching information 332, prediction order
switching information 333 and Prediction mode number switching
information 334 which 25are related to prediction modes are output. The
quantization transformation coefficient information 321 is information
obtained by orthogonal-transforming and  76 quantizing a prediction
residual error signal. The quantization parameter information includes
information such as a quantization width (quantization step size) and
Quantization matrix.       The quantization transformation coefficient
information 321 is inversely quantized by the inverse quantization/inverse
orthogonal transformation unit 306 according to a decoded quantization
parameter and further subjected to inverse orthogonal transformation
10such as :DOT. In this case, the inverse orthogonal 



transformation is described. However, when wavelet transformation or the
like is performed on the encoding side, the inverse quantization/inverse
orthogonal transformation unit 306 may perform corresponding 15inverse
quantization/inverse wavelet transformation or the like. A prediction
residual error signal 322 is output from the inverse quantization/inverse
orthogonal transformation unit 306 and input to the adder 307. In 90the
adder 307, a prediction signal 323 output from the prediction signal
generator 309 and the prediction residual error signal 322 are added to
each other to generate a decoded image signal 324. The decoded image
signal 324 is input to the reference image memory 308, 25given to an
output buffer 311, and output from the output buffer 311 at a timing of
management by a decoding controller        On the other band, the
prediction mode index information 331, the block size switching
information 332, the prediction order switching information 333, and the
prediction mode number switching information 334 decoded by the
entropy decoder 305 are input to the prediction signal generator 309. To
the prediction signal generator 309, a decoded reference image signal
325 is further input from the reference image memory 308. The prediction
signal generator 309 generates the 10prediction signal 323 with reference
to the reference image signal 325 on the basis of the prediction mode
index information 331, the block size switching information 332, the
prediction order switching information 333, and the prediction mode
number 13switching information 334. The decoding controller 310
performs control of an entire decoding process of the decoder 304, for
example, control of an input buffer 301 and the output buffer 311, control
of a decoding timing, and the like. 



20<About Prediction Signal Generating Unit 309> The prediction signal
generator 309 will be described below with reference to FIG. 41. The
prediction signal generator 309 shown in FIG. 41 is basically the same as
the prediction signal generator 25113 in the image encoding apparatus
described above. In FIG. 41, a prediction order switch 370 switches
prediction orders of sub-blocks in a macroblock to the   reference image
signal 325 from the reference image memory 308 on the basis of the
prediction order switching Information 333. The image signal the
prediction order of which is switched by the prediction order switch 370 is
input to a unidirectional predictor 371 and a bidirectional predictor 372.
The unidirectional predictor 371 selects one prediction mode from a
plurality of prepared prediction modes on the basis of the prediction mode
index 10information 331 and generates a prediction signal with reference
to the reference image signal 325 according to the selected prediction
mode and the block size switching information 332. The bidirectional
predictor 372 selects two prediction modes of the plurality of prepared
prediction modes on the basis of the prediction mode index information
331 and generates a prediction signal with reference to the reference
image signal 325 according to the selected prediction modes and the
block size switching information 332. The 20prediction signals output from
the unidirectional predictor 371 and the bidirectional predictor 372 are
input to a prediction mode number switch 373. In this case, the prediction
modes regulate a manner of referring to decoded pixels when a prediction
signal of 25a sub-block is generated. 



The prediction mode number switch 373 is controlled according to the
prediction mode number  79 switching information 334 to select any one
of the prediction signal generated by the unidirectional predictor 371 and
the prediction signal generated by the bidirectional predictor 372 to output
the selected 5prediction signal 323.       The prediction order switch 370 is
controlled by the prediction order switching information 333 anr' switches
prediction orders of sub-blocks by transforming the index :blk serving as a
reference by a value of :block order flag (described later) expressing the
prediction order switching information 333. To an order :idx of sub-blocks,
an index :order (expressing a prediction order) of a sub-block in actual
encoding is as expressed in Equation (3). A transformation table 15to
transform blockConv[][] is as shown in FIG. 8. When a flag
:block_order_flag is 0 (FALSE), an index :order of a sub-block in actual
predictive encoding is an index :idx itself of a sub-block to be encoded,
and prediction of a block and a prediction 20order are not changed (such
prediction by the prediction order is called seouential prediction
hereinafter)FIGS. 68 and 78 show prediction orders obtained by
sequential predictions to FIGS. 6A and 7A, respectively. 25On the other
hand, when the flag :block order flag is 1 (TRUE), an index :order of a
sub-block in actual predictive encoding shows a prediction order in which
a 



80 diagonal block of four sub-blocks is predicted firs by extrapolation and
the three remaining blocks are predicted by extrapolation prediction or
interpolation. The prediction performed in the prediction order is called
extrapolation/interpolation prediction hereinafter. FIGS. 6C and 70 show
changes in prediction order by extrapolation/interpolation predictions to
FIGS. 6A and 7A, respectively. As described above, the sub-blocks the
prediction 10orders of which are switched by the prediction order switch
370 are input to the unidirectional predictor 371 or the bidirectional
predictor 372 to generate prediction signals corresponding to the
sub-blocks. The prediction mode number switch 373 outputs a
15prediction signal obtained by the unidirectional predictor 371 when the
prediction mode number switching information 334 indicates a prediction
mode number "11!, and outputs a prediction signal obtained by the
bidirectional predictor 372 when the prediction mode 20number switching
information 334 indicates a prediction mode number "2". The prediction
signal output from the prediction mode number switch 373 is extracted as
an output 323 from the prediction signal generator 309.       The prediction
mode number switch 373 is controlled according to the prediction mode
number switching information 334 given in units of prediction blocks
(4x4pixelbloc.s or xe pixelbiocks) to output  91 the prediction signal 323.
More specifically, in case of 4x4 pixel prediction, intra4x4_bi_pred_flag is
described in units of 4x4 pixelbIoOks,       More specifically, the prediction
mode number switch 373 selects the prediction signal obtained by the
unidirectional predictor 371 when a 



flag :intra4x4_bi_pred_flag serving as the prediction mode number
switching information 334 is FALSE, and selects the prediction signal
obtained by the 10bidirectional predictor 372 when intra4x4bipredilag _ is
TRUE.       Since concrete processes of the unidirectional predictor 371
and the bidirectional predictor 372 are the same as those in the
unidirectional predictor 171 ISand the bidirectional predictor 172 in the
image encoding apparatus, a description thereof will be omitted.       A
syntax structure is basically as shown in FIG. 19. However, a
configuration of a macroblock 20prediction syntax used when 4x4 pixel
prediction is selected will be described below with reference to FIG. 27.
BlkConv[block_order_flag;[luma4x4Elkidx1 in FIG. 27 has a
transformation table which transforms a 25prediction order as shown in
7IG. 8 and outputs an index of a block to he decoded.
Intra4x4_pred_mode_10[block_order_fla [order] is data  82 of the
decoded index. 



Intra4x4_bi_pred_flag in FIG. 27 is a flag which switches between a state
in which the bidirectional prediction is performed to the 4x4 pixelblock and
a 5state the bidirectional prediction is not performed to the 4x4 pixeiblock.
More specifically, the flag intra4x4 bi pred flag which is FALSE means that
the _ _ unidirectional prediction is performed to the 4x4 pixelblocks. The
flag which is TRUE means that the 10bidirectional prediction is performed
to the 4x4 bixelblocks.       Intra4x4_pred_mode_11 in FIG. 27 is data of a
decoded index. The data fftra4x4 pred_mode_11 decoded when intra4x4
bi pred flag is TRUE. _ _ 15Details of the syntaxes will be given below.
Luma4x431k is transformed in units of block order flag according to a
table shown in bikConv[block_order_flad][luma4x4BikIdx] to calculate a
block index :order indicating a sub-block to be encoded 20(FIG. 8).
When 4x4 pixelblocks indicated by the block index order are to be
decoded, intra4x4_pred_mode_10[block_order_flag] [order] is decoded
and inverse-transformed into 



25intra4x4 pred mode_10_org[block order flag] [order] as shown in FIG.
42. This process is performed because usable prediction modes change
depending on  83 block order flag and positions of the blocks in the
macroblock. More specifically, as shown in FIG. 43, when
block_order_flag is 0 (FALSE), a value of intra4x4_pred_mode_10 is
directly assigned to 5intra4x4_pred_mode_10_org. At this time,
intra4x4_pred_mode_10 org is data indicating a prediction mode which is
selected from the prepared prediction modes of nine types of the
unidirectional prediction and which is used in decoding of the 4x4
10pixelb-docks.       On the other hand, when block_order_flag is 1 (TRUE
:extrapolation/interpolation block prediction), tables are switched
depending on positions at which the 4x4 oixelblocks are located in a
macroblock. More  15 specifically, when intra4x4pred_mode_10[1] ]order]
decoded to the interpolation block (2) is 13, the prediction mode intra4x4
pred mode 10 crg[1][order] _ _ becomes 15 (inverse vertical right
prediction). When intra4x4 pred mode LO[1][order] decoded to the -
90hiter,00lation block (3) is 12, the -Prediction mode
intra4x4_ored_mode_10_org[1][order] becomes 14 (inverse horizontal
upper prediction). When intra4x4 bi ored flagTRUE, 



intra4x4_pred_mode_11[block order flag]is 25decoded_ The decoded
intra4x4 pred modeiO [block order ilagi[order] is transformed into  84
intra4x4_pred_mode_10 org[block_crder_flag][order] as shown in FIG. 43.
In another embodiment, information of block order flag and
intra4x4_bi_pred_flag is separated from the encoded bit stream and
decoded. However, information of block order flag and
intra4x4_bi_pred_flag may be shown by the activity information calculated
by decoded blocks and pixels. In this case, by using the same logic as
-that on the 10encoding side, the same informer-ion as that on the
encoding side is shown as information of block order flag and intra4x4 bi
pred flag. For this _ _ reason, the separation from the encoded bit stream
and the decoding process are not necessary. 15As still another example,
intra4x4_pred_mode_10_crg may be encoded by using a correlation to
intra4x4 ored mcde 10 aro in an 



_ _ adjacent block. A concrete syntax structure is shown in FIG. 31, and a
configuration of the 20macrobloek prediction syntax shown in FIG. 27 is
replaced with that in FIG. 31.
Prey_intra4x4_pred_mcde_10_flagiblock_order_[order   in FIG. 31 is a
flag representing whether a Prediction mode ref_pred_mode_org of list 0
calculated 25from a reference block (described later) is equal to a
prediction mode intra4x4 ored mode 10 c [block order 51ag]forder] of  85
list 0 of a target block.       FIG. 32 shows a method of deriving
prev_intra4x4_pred_mode_10_flag[blook order flag] (order ]. In this case,
ref_blkA_mode_10 in FIG. 32 denotes a prediction mode of list 0 of a
nearest encoded block bikA located on the left of the block blkA.
Ref_blk8_mode_10 denotes a prediction mode of list 0 of a nearest
encoded block located on the upper side of the block blk3. 10The
positions of ref_blkA_mode_10 and ref bikB mode 10 change depending
on block order flag, more specifically, are shown in FIGS. 33, 44A, 448,
440, and 440. When block_order_flag is FALSE, blkA and hikE serve as
left and upper decoded blocks adjacent to 13a target block (FIG. 33). On
the other hand, when block order flag is TRUE, ref_blkA and ref _bike
serve as left and upper decoded blocks nearest to the target block (FIGS.
44A, 44E, 440, and 44D). 



When 20prey intra4x4 pred_mode_10_flag[block_order_ flag] (order   is
TRUE, information of intra4x4_pred_mode_10_org is shown with 1 bit by
using a correlation between the target block and an adjacent block_ On
the other hand, when 23prey intra4x4_pred mode 10 flag[block_order flag]
order is FALSE, as a prediction mode of list 0 except for
prev_intra4x4_pred mode_10_flagOolock order flag] [order  86 I , rem
intra4x4 pred mode 10 [block order. flag] [order] _ _ _ is shown. Data
representing a prediction mode selected from prediction modes except
tef_pred_mode org from rem intra4x4 pred mode 10 [block order flag]
[order] is 5decoded on the basis of the number of states except
ref_pred_mode_org from symbols which can be taken according to the
prediction mode of list 0.        With respect to the 8x8 pixel prediction, the
same syntax as that used in the 4x4 pixel prediction is used 10as shown
in FIG. 27. For this reason, a description of 



the 8x8 pixel prediction will be omitted.        An image encoding apparatus
according to another embodiment will be described below with focus on
parts different from those in the above description. 15Block order flag
shown in the macroblock layer syntax in FIG. 33 is a flag representing
whether switching of prediction orders is performed. When block order flag
is TRUE, the prediction orders are switched to perform
extrapolation/interpolation block prediction. On the 20other hand, v.block
order flag is FALSE, raster block prediction is performed without switching
the prediction orders.       When block order flag is TRUE, a concrete
method of describing a prediction order is shown by 25block order in mb
Tbde. albck order in mb mode shows a _ _ __ _ _ prediction order
according to the following manner. (a) When the mode is 0, a prediction
order used  when extrapolation/ interpolation block prediction is performed
is given.        (b) When the mode is 1, a combination of prediction orders is
converted into index information, and a prediction order is shown by the
index information. When a prediction order is determined to four blocks,
one of 23 combinations of the prediction orders except the raster block
prediction from 454 - 24 combinations obtained is determined by
permutation for 10each macroblock. Specifically, block_order_idx in FIG.
33 gives the block combination index.        (c) When the mode is 2, an
order number is directly shown on each block. With respect to 4x4
pixelblocks, the order numbers are shown on 16 15block order4x4[BLK].
With respect to 8x8 pixelblocks, 



the order numbers are shown on four block orderSx8[BLK]. As another
example, when block_ordemb mode is only one block to be decoded first
may be shown. Fri 20the4 pixel prediction, the number of indexes of
prediction orders is enormous. For this reason, the order of the 4x4
pixelblocks shown in units of 8x8 oixeiblocks may be repeated four times
to reduce the information of the indexes. 25When block order in mb mode
is 2, _ _ _ block order4x4[BLK] may be shown by an external table. A
difference between block order4x4[BLK] and adjacent  88 block order4x4[]
may be calculated, and block order4x4[BLK] may be expressed by a
variable code length. Since the last block order4x4fl51 is one remaining
order, block order4x4[15] need not be shown. The same can be applied to
the 8x8 pixelblooks. In the 4x4 pixel prediction, the order of the 4x4
pixelblocks shown in units of 8x8 pixelblocks may be repeated four times
to reduce information of block order4x4. To information such as block
order in mb mode, _ _ _ 10block order idx, block order4x4, and block
order8x8, values may be adaptively set in units of sequence, pictures,
slices, and macroblocks. 



According to one embodiment of the present invention, a prediction order
is made selectable, so 15that not only extrapolation using a correlation to,
for example, a left or upper pixel, but also interpolation effectively using a
correlation to a right or lower pixel can be performed. Since the number of
usable prediction modes can be selected, for example, 20bidirectional
prediction which calculates prediction signals obtained in a plurality of
prediction modes in units of pixels is selected-to make it possible to
realize high prediction efficiency to a complex texture. Furthermore,
prediction order switching 25information or prediction mode selection
number information can be encoded such that the pieces of information
are adaptively switched in units of  09 sequences, pictures, slices,
macroblocKs, Or sub-blocks. Therefore, image encoding having high
encoding efficiency and decoding of the encoded image can be realized.
5An image encoding process and an image decoding process based on
the embodiment described above can be realized by hardware. However,
the processes can also be performed by executing software by using a
computer such as a personal computer. Therefore, according to 10this
viewpoint, an image encoding program, an ithade decoding program, or a
computer readable storage medium in which the programs are stored
which are used to cause a computer to execute at least one of the image
encoding process and the image decoding process can 



15also be provided.       The present invention is not directly limited to the
above embodiments. In an execution phase, the invention can be
embodied by changing the constituent elements without departing from
the spirit and scope of 20the invention. Various inventions can be formed
by appropriate combinations of the plurality of constituent elements
disclosed in the embodiments. For example, several constituent elements
may be removed froM all the constituent elements described in the
embodiments. Furthermore, the eonstituent-elements of the different
embodiments may be appropriately combined to each other.  90 industrial
Applicability       The prese.nt invention can be used in a high-efficiency
compression encoding/decoding technique of a moving image or a still
image.  MCSLLP 91 CLAIMS    I. An image encoding method for
performing predictive encoding for each of a plurality of pixelblocks
obtained by dividing a frame of an input image signal, comprising:
selecting a prediction order of a plurality of sub-blocks obtained by
dividing the p_ elblock from a plurality of predetermined prediction orders;
selecting, from a plurality of prediction modes 



10which regulate a manner of referring to an encoded pixel when a first
prediction signal of each sub-block (no antecedent basis) is generated for
the encoded pixel, the number of prediction modes used in prediction of
the first prediction signal; 15selecting prediction modes of the number of
selected prediction modes from the plurality of prediction modes to use in
prediction of the first prediction signal; generating the first prediction signal
in the 20selected prediction order by using the number of selected
prediction modes to generate a second prediction signal corresponding to
the pixelblock; and        encoding a prediction residual error signal
expressing a difference between an image signal of the pixelblock and the
second prediction signal to generate encoded data obtained by the
predictive encoding. 2. An image encoding. apparatus which performs
MCSLLP 92 predictive encoding for each of a plurality of pixelblocks
obtained by dividing a frame of an input image signal, comprising: a first
selector which selects a prediction order of a plurality of sub-blocks
obtained by dividing the pixelhlock from a plurality of predetermined
prediction orders;        a second selector which selects, from a plurality of
prediction modes which regulate a manner of 



10referring to an encoded pixel when a first prediction signal of each
sub-block is generated for the encoded pixel, the number of prediction
modes used in prediction of the first prediction signal;                a third
selector which selects prediction modes of 15the number selected
prediction modes from the plurality of prediction modes to use in
prediction of the first prediction signal;       a generator which generates
the second prediction signal by using the first prediction signal
70corresponding to the pixelblock in the selected prediction order by using
the number of selected prediction modes; and       an encoder which
encodes a prediction residual error signal expressing a difference
between an image signal of the pixelblock and the second prediction
signal to generate encoded data obtained by the predictive encoding.
MGSE.LP 93         . The image encoding apparatus according claim 2,
wherein        the image encoding apparatus is configured to perform the
predictive encoding by using at least one of ntra-frame prediction and
inter-frame prediction.        4. The image encoding apparatus according to
claim 2, wherein       the first selector selects the prediction order for each
of the pixeiblocks. 



105. The image encoding apparatus according to claim 2, wherein       the
first selector selects any one of a first prediction order and a second
prediction order for each of the pixelblocks. 156. The image encoding
apparatus according to claim 2, wherein the first selector is configured to
control whether the prediction orders are selected by being switched for
each of the pixelblocks. 207. The image encoding apparatus according to
claim , wherein       the first selector is configured to control for each of the
pixelhlocks whether any one of the first prediction order a- the second
prediction order is 25selected.        8. The image encoding apparatus
according to claim 2, wherein  MCSLLP 94       the encoder is configured
to encode information representing the selected prediction order to
generate the encoded data.        9. The image encoding apparatus
according to claim 2, wherein 



at least one of the prediction modes is a spatial directional prediction
mode which refers to the encoded pixel in a specific direction defined by
the input image signal. 1010. The image encoding apparatus according to
claim 2, wherein the predictor has a first predictor which predicts, when a
prediction mode is selected from the plurality of prediction modes, the
pixelblock according to the selected prediction order and the selected
prediction mode, and a second predictor which predicts, when at least two
prediction modes are selected from the plurality of prediction modes, the
pixelblock according to the selected prediction order and the at 20least
two selected prediction modes to generate a plurality of prediction signals
and the second prediction signal by combining the prediction signals for
each pixel.                11. The image encoding apparatus according to
25claim 10, wherein       the second predictor is configured to perform a
combination of the pixel units by at least one of (a) a  MOSLEY 95
weighted average, (h) a maximum value filter, (c) a minimum value filter,
(d) a median filter, and (e) an angle of the directional prediction which
refers to the encoded pixel with respect to a specific spatial 



direction defined by the input image signal or a table in which weighting
factors depending on the number of the selected prediction modes are
described.        12. The image encoding apparatus according to claim 2,
wherein 10the encoder is configured to encode information representing
the number of selected prediction modes to generate the encoded data.
13. The image encoding apparatus according to claim 2, wherein 15the
first selector is configured to select the prediction order according to
activity information of the pixelblock or adjacent pixelblocks.        14. The
image encoding apparatus according to claim 2, wherein 20the first
selector is configured to select the prediction order according to activity
information of the pixeiblock or adjacent pixeiblocks, and the encoder is
configured to also encode information representing the selected Prediction
order 25to generate the encoded data.        15. The image encoding
apparatus according to claim 2, wherein  MCSUP 96 



the second selector is configured to select the number of Prediction
modes used in prediction of the first prediction signal according to activity
information of the pixelblock or adjacent pixelblocKs.       16. The image
encoding apparatus according to claim 2, wherein       the second selector
is configured to select the number of prediction modes used in prediction
of the first prediction signal depending on activity 10information of the
pixelblook or an adjacent pixelblock, and       the encoder is configured to
also encode information representing the number of selected prediction
modes to generate the encoded data. 15 17. An image decoding method
for decoding encoded data for each of a plurality of pixelblocks obtained
by dividing a frame of an input image signal, comprising:        selecting a
prediction order of a plurality of sub-blocks obtained by dividing the
pixelblock from a 20plurality of predetermined prediction orders;
selecting, from a plurality of prediction modes which regulate a manner of
referring to an encoded pixel when a first prediction signal of each
sub-block is generated for a decoded pixel, a number or 25prediction
modes used in prediction of the first prediction signal; selecting prediction
moces of the number of  MCSLLP selected prediction modes from the
plurality of 



prediction modes to use in prediction of the first prediction signal;
oenerating the first prediction signal in the 5selected prediction order by
using the number of selected prediction modes to generate a second
prediction signal corresponding to the pixelblock; and       generating a
decoded image signal by using the second prediction signal. 1018. An
image decoding apparatus which decodes encoded data for each of a
plurality of pixelblocks obtained by dividing a frame of an input image
signal, comprising: a first selector which selects a prediction order 15of a
plurality of sub-blocks obtained by dividing the oixelblock from a plurality
of predetermined prediction orders;        a second selector which selects,
from a plurality of prediction modes which regulate a manner of
90refe-ring to an encoded pixel when a first prediction signal of each
sub-block is generated for a decoded pixel, a number of prediction modes
used in prediction of the first prediction signal;                a third selector
which selects prediction modes of 25the number of selected prediction
modes from the plurality of prediction modes to use in prediction of  the
first prediction signal; 



MCSUP 98       a generator which generates the first prediction signal in
the selected prediction order by using the number of selected prediction
modes to generate a second prediction signal corresponding to the
pixelblock; and 5a generator which generates a decoded image signal by
using the second prediction signal.        19. The image decoding
apparatus according to claim 18, wherein            the first selector selects
the prediction order for 10 each of the pixelblocks.        20. The image
decoding apparatus according to claim 18, wherein         the first selector
selects any one of a first prediction order and a second prediction order
for each of 15 the pixelblocks.        21. The image decoding apparatus
according to claim 18, wherein the first selector is configured to control
whether      the prediction orders are selected by being switched for 20
each of the pixelblocks.        22. The image decoding apparatus according
to claim 18, wherein         the first selector is configured to control for each
of the pixelblocks whether any one of the first prediction 25 order and the
second prediction order is selected.        23. The image decoding
apparatus according to claim 18, further comprising  



M CS L LP 99       a separation unit which separates first information,
included in the encoded data, representing a prediction order of a plurality
of sub-blocks obtained by dividing the pixelblock, 5wherein the first
selector is configured to select a prediction order indicated by the first
information.        24. The image decoding apparatus according to claim 18,
wherein at least one of the prediction modes is a directional 10 prediction
mode which refers to the decoded pixel in a specific spatial direction in a
space defined by the image signal.        25. The image decoding
apparatus according to claim 18, wherein 15the predictor has a first
predictor which predicts, when a prediction mode is selected from the
plurality of prediction modes, the pixelblock according to the selected
prediction order and the selected prediction mode, and a second predictor
which predicts, when at least two 20 prediction modes are selected from
the plurality of prediction modes, the pixelblock according to the selected
prediction order and the at least two selected prediction modes to
generate a plurality of prediction signals and a prediction signal
corresponding to the pixelblock by 25 combining the prediction signals in
units of pixels. 



26. The image decoding apparatus according to claim 25, wherein
MCSLLP 100      the second predictor is configured to perform a
combination of the pixel units by at least one of (a) a weighted average,
(b) a maximum value filter, (c) a minimum value filter, (d) a median filter,
and (e) an angle of the 5 directional prediction which refers to the encoded
pixel with respect to a specific direction in a space defined by the input
image signal or a table in which weighting factors depending on the
number of the selected prediction modes are described. 1027. The image
decoding apparatus according to claim 18, further comprising      a
separation unit which separates second information, included in the
encoded data, representing the number of prediction modes used in
prediction of the first prediction 15signal,      wherein the second selector
is configured to select the number of prediction modes indicated by the
second information.             28. The image decoding apparatus according
to 20 claim 18, wherein       the first selector is configured to select the
prediction order according to activity information of the pixelblock or an
adjacent pixelblock.             29. The image decoding apparatus according
to 25 claim 18, further comprising       a separation unit which separates
first information, included in the encoded data, representing a prediction 



MCSLLP 101 order of a plurality of sub-blocks obtained by dividing the
pixelblock,       wherein the first selector is configured to select the
prediction order according to at least one of the first 5 information and
activity information of the pixelblock or an adjacent pixelblock.        30. The
image decoding apparatus according to claim 18, wherein the second
selector is configured to select the number 10 of prediction modes used in
prediction of the first prediction signal according to activity information of
the pixelblock or an adjacent pixelblock.        31. The image decoding
apparatus according to claim 18, further comprising 15a separation unit
which separates second information, included in the encoded data,
representing the number of prediction modes used in prediction of the first
prediction signal, wherein the second selector is configured to select 20
the number of prediction modes used in prediction of the first prediction
signal depending on at least one of the second information and activity
information of the pixelblock or an adjacent  



MCSLLP 10? pixelblock.       32. A computer readable storage medium
having stored therein an image encoding program which causes a
computer to perform image encoding including predictive 5encoding for
each of a plurality of pixelblocks obtained by dividing a frame of an input
image signal, the program comprising:       means for causing the
computer to select a prediction order of a plurality of sub-blocks obtained
10by dividing the pixelblock from a plurality of predetermined prediction
orders;       means for causing the computer to select, from a plurality of
prediction modes which regulate a manner of referring to an encoded pixel
when a first 15prediction signal of each sub-block is generated for the
encoded pixel, the number of prediction modes used in prediction of the
first prediction signal; means for causing the computer to select prediction
modes of the number selected prediction 20modes from the plurality of
prediction modes to use in prediction of the first prediction signal;
means for causing the computer to generate the first prediction signal in
the selected prediction 



order by using the number of selected prediction modes 25to generate a
second prediction signal corresponding to the pixelblock; and means for
causing the computer to encode a  MCSLLP 103 prediction residual error
signal expressing a difference between an image signal of the pixelblock
and the second prediction signal to generate encoded data obtained by
the predictive encoding.        ). A computer readable storage medium
having stored therein an image decoding program which causes a
computer to perform image decoding including decoding of encoded data
for each of a plurality of pixelblocks obtained by dividing a frame of an
image signal, the 10program comprising:       means for causing the
computer to select a prediction order of a plurality of sub-blocks obtained
by dividing the pixelblock from a plurality of predetermined prediction
orders;       means for causing the computer to select, from a plurality of
prediction modes which regulate a manner of referring to an encoded
Pixel when a first prediction signal of the each sub-block is generated for a
decoded pixel, a number of prediction modes used 20in prediction of the
first prediction signal;       means for causing the computer to select
prediction modes of the number of the selected prediction modes from the
plurality of to use in prediction of the first prediction signal; 



25means for causing the computer tc generate the first prediction signal in
the selected prediction order by using the selected prediction modes to
MOSLP  104 generate a second prediction signal corresponding the
pixelblock; and       means for causing the computer to generate a
decoded image signal by using the second prediction signal. 










