
28/08/2006  _  1  SPECIFICATION     .IMAGE CODING APPARATUS, IMAGE CODING
METHOD IMAGE DECODING APPARATUS, IMAGE DECODING METHOD,  AND DATA RECORDING
MEDIA TECHNICAL. FIELD The present invention relates to image coding
apparatuses. and image coding methods, image decoding  apparatuses and
image decoding methods, and data recording  media and, more particularly,
to a coding process and a  decoding process for performing recording or
transmission  of image signals with less bit number without degrading the
image quality, and to a recording medium containing a  program for
realizing the coding process or the decoding  process. BACKGROUND ART
Conventional image coding processes are broadly  divided into two of coding
processes performed in block  units, represented by MPEG2-based coding
methods, and  coding processes performed in pixel units, such as
differential pulse code modulation (DPCM : Differential  Pulse Code.
Modulation). 



The coding process in block units is a method in which  a single image
display region is divided into plural blocks 28/08/2006  -2 and a coding
process for an image signal that is input  (hereinafter referred to as an
input image sign al) is  performed block by block. In this case, the single
image display region corresponds to a single display s.creen in  the
MPEG2-based coding process,.and in an MPEG4-based  coding process, it
corresponds to a display region having a  shape and a size corresponding to
eac h object on a single  display screen. Further, each of the
above-mentioned  blocks -is a display region composed of a prescribed
Pumber  of pixels within the single image display region, and a  rectangle
shape which is easily processed is. used as the  shape of the block in many
cases. As described above, in the coding method in which a  coding process
for an input image signal is performed block  by block, the coding.process
for the input image signal  corresponding to a single image display region
is completed  in each block. Therefore, there is the advantage that,  even
though a transmission error occurs when a coded image  signal obtained by
performing the coding process.for the  input image signal is transmitted,
influence of the error  can be converged in each block. However, the b
loc.k-by-block coding method has the  



following drawbacks. Since the coding process for the input image signal is
completed in each block in the block-by-block coding method, 28/08/2006
-3. it is difficult to use an inter-block pixel correlation,  that is, a
correlation of pixel values which ar~e present in  different blocks, in the
coding process. Further, in a predictive coding method for an image
signal, a pixel value of a coding target pixel being a  target of coding (a
coding target pixel value) is predicted  with reference to pixel values of
plural coded pixels which  have previously been coded (coded pixel values),
and the  coding target pixel value is adaptively coded using the  predicted
pixel value. In this predictive coding method,  however, when the coding
process is performed block by  block, the coded pixel values to be.
referred to when coding  the coding target pixel value are limited
to.pixels within  each block, so that the reference coded pixel values are
small in number. Therefore, the accuracy of the predicted  value of the
coding target pixel is reduced, and the coding  efficiency is not increased
very much. On the other hand, the coding method in pixel units is  a method
in which an input image signal is; coded pixel by  pixel, and in this
coding method, it is possible to change  the coding process for the input
image signal pixel by 



pixel. Therefore, when this coding method includes a  universal coding
-process, such as adaptive arithmetic  coding in which code word's are
automatically updated pixel by pixel adaptively to the characteristics of
t,he input 28/08/2006  -4 image signal, an image signal having any
characteristic can  be coded with a significantly high coding efficiency.
.However, since, on the decoding side, a coded image signal obtained by the
pixel-by-pixel coding method  including the universal coding 'process is
subjected to a  decoding process in which code words are updated in the
same manner as on the coding side, when a transmission  error occurs when
the coded image signal is transmitted,  the state in which the decoding
process for the coded image  signal cannot be carried out accurately
because of the  influence of the transmission error on the decoding side,
continues long. By the way, the block-by-block coding method and the
pixel-by-pixel coding method can be combined, and in a  coding method in
which these coding methods are combined  (hereinafter referring to this
coding method as a  combination coding method for explanation), code words
can  .be adaptively changed for each pixel, and the influence of
transmission error can be converged in each block, whereby  a coding
process with a high coding efficiency, such as  



adaptive arithmetic coding. can be performed while  suppressing the
influence of transmission error. A description is now given of this
combination coding  method. Figure 13(a) shows the state in which a single
frame k 28/08/2006  -5 screen is divided into a plurality of rectangle
blocks, and  figure 13(b) shows arrangement of pixels in blocks,
especially in a coding target block being a target of  coding and blocks in
the vicinity of the coding target  block. Needless to say, these pixels are
arranged in  matrix along horizontal scanning lines in the single frame
screen. In the figures, FG denotes a screen corresponding to a  single
frame, Bl denotes a coded block in which a coding  process for an image s
ignal has already been performed, Bx  denotes a coding target block being a
target of coding, and  BO denotes an uncoded block in which a coding
process for  an image signal has not been performed., When no  distinction
is made between blocks, blocks are denoted by B.  BLu, BLs, BLh, and BLm
denote upper, lower, Left, and right  boundaries of the coding target block
in the single frame  screen, respectively. A solid line circle shows a c
oded  pixel whose pixel value has already been coded, and a  



dotted line circle shows an uncoded pixel whose pixel value  has not been
coded yet. Each block B is an image display  region comprising 4X4 pixels,
in the single frame screen FG. Figure 14 shows positional relationships b
etween a  coding target pixel Px to be coded and peripheral pixels  PO-P9
surrounding the coding target pixel, and the pixel  values of these
peripheral pixels PO-P9 are referred to 28/08/2006  -6 when the pixel value
of the coding target pixel Px is  predicted, so that -these pixels are
called reference pixels  hereinafter. The reference pixels P8 and P9 are
pixels which are  positioned in the same horizontal scanning line as the
coding target pixel' Px, and the reference pixels P9 and P8  are positioned
one pixel and two pixels before the coding  target pixel Px, respectively.
The positions of the  reference pixels P5 and Pl in the horizontal
direction on  the single frame screen FG correspond to the position of  the
coding target pixel Px, and the reference pixels P5 and  P1 are positioned
in a horizontal scanning line by one  pixel and two pixels upper than the
coding target pixel Px,  respectively. Further, the reference pixels P3,
P4, P6,  and P7 are pixels which are positioned in the.same  horizontal
scanning line as the reference pixel P5, the  reference pixels P4 and P3
are positioned one pixel and two  



pixels before the coding target pixel Px, respectively, and  the reference
pixels P6 and P7 are positioned one pixel and  two pixels after the coding
target pixel Px, respectively.  Further, the reference pixels PO and P2 are
pixels which  are positioned in the same. horizontal scanning line as the
reference pixel Pl, the reference pixel PO is positioned  one pixel before
the reference pixel Pl, and the reference  pixel P2 is positioned one pixel
after the reference pixel 28/08/2006  -7 P1. In the combination coding
method, initially, an image  signal corresponding to the single frame
screen FG is  divided correspondingly to plural blocks B constituting the
single frame screen as shown in figure 13(a) and figure  13(b), and a
coding process for the divided image signal is  performed block by block.
This block-by-block coding process is completed by  performing a horizontal
process in which pixel values of  pixels are successively coded from the
left to the right  along each horizontal pixel line in a block B, for all
of  the horizontal pixel lines in the block from the uppermost  line to the
lower most line. In this coding process, as shown in figure 14, the  pixel
value of the coding target pixel Px is adaptively  predicted from the pixel
values of the reference pixels  



PO-P9 positioned in the vicinity of the coding target pixel, and code words
used for the coding process of the coding  target pixel are adaptively
selected according to a  predicted value obtained by the prediction.
Therefore, in the combination coding method, the  influence of transmission
error on the decoding side can be  converged in each block, and the coding
efficiency can be  improved as compared with the' simple block-by-block
coding  process. 28/08/2006  Figure 16(a), figure 16(b), and figure 17 are
diagrams for explaining a combination decoding method corresponding  to the
above-mentioned combination coding method, and in  the figures, B' denotes
each block in a single frame, Bx'  denotes a decoding target block, Bl'
denotes an already  decoded block, BO' denotes an undecoded block, BLul,
BLs',  BLh', and Blm' denote block boundaries of the decoding  target block
Bx' at the upper, lower, left, and right sides,  respectively, and PO'-P9'
denote reference pixels  corresponding to a decoding target pixel Px'. In
this case,  the arrangement of the reference pixels PO'-P9' with respect to
the decoding target pixel Px' is identical to  that described for the
coding process shown in figure 13(a),  figure 13(b), and figure 14. In the
combination decoding method, initially, an  image signal corresponding to a
single frame screen FG' is  



divided correspondingly to plural blocks BI constituting  the single frame
screen as shown in figure 16(a) and figure  16(b), and a decoding process
for the divided image signal  is performed block by block. This
block-by-block decoding process is completed by  performing a horizontal
process in which pixel values of  pixels are successively decoded from the
left to the right  along each horizontal pixel line in a block B', for all
of  the horizontal pixel lines in the block from the uppermost 28/08/2006
-9 line to the lower most line. In this decoding process, as shown in
figure 17, the  pixel value of the decoding target pixel Px' is adaptively
predicted from the pixel values of the reference pixels  POI-P91 positioned
in the vicinity of the decoding target  pixel, and code words used for the
decoding process of the  decoding target pixel Px' are adaptively selected
according  to a predicted value obtained by the prediction. However, the
combination coding method in which the  block-by-block coding process and
the pixel-by-pixel coding  process are combined has the following
drawbacks. In this combination coding method, since the coding  process
proceeds block by block, when the coding target  pixel Px abuts the right
boundary BLm of the coding target  block Bx as shown in figure 15, the
reference pixels P2, P6,  



and P7 corresponding to the coding target pixel Px are  uncoded pixels. In
this case, when the pixel value of the coding  target pixel Px is.predicted
with reference to the pixel  values of the uncoded pixels P2, P6, and P7
and the pixel  value of the coding target pixel Px is coded using the
predicted value, a coded image signal corresponding to this  coding target
pixel Px cannot be accurately decoded on the  decoding side. More
specifically, in order to accurately decode a 28/08/2006  _10 coded image
signal which is obtained by coding the pixel  value of the coding target
pixel Px using the predicted  value, the predicted value of the decoding
target pixel Px' used in the decoding process must agree with the predicted
value of the coding target pixel Px corresponding to the  decoding target
pixel Px', used in the coding process. In  other words, on the coding side,
the reference pixel values  referred to for generating the predicted value
of the  coding target pixel Px must completely agree with the  reference
pixel va.lues referred to for generating the  predicted value of the
decoding target pixel Px'  corresponding to the coding target pixel Px. For
this reason, for example, as shown in figure 15,  when the coding process
for the coding target pixel Px is  



performed, if- the predicted value of the coding target  pixel Px is
generated with reference to the pixel values of  the uncoded. pixels P2,
P6, and P7 among the reference  pixels PO-P9 corresponding to the decoding
target pixel Px,  as shown in figure 18, when the decoding process for the
decoding target pixel Px' is performed on. the decoding side,  the
predicted value of the decoding target pixel Px' is  generated with
reference to the pixel values of the  reference pixels PO'-P9'
corresponding to the decoding  target pixel Px', -but among the reference
pixels PO'-P9',  pixel values of the undecoded pixels P2', P61, and P7' are
28/08/2006  not obtained on the decoding side, so that the pixel value of
the decoding target pixel Px' corresponding. to the  coding target pixel Px
cannot be decoded. Therefore, in the conventional combination coding
method, in order to avoid the problem that the decoding  process becomes
difficult when uncoded pixels are included  in the reference pixels PO-P9
corresponding to the coding  target pixel Px as described above, there is
taken a  countermeasure in which the predicted value of the coding  target
pixel Px is generated with the.pixel values of the  uncoded pixels being
regarded as a fixed value which has  been previously set (e.g., 0), and the
coding process for  the coding target pixel Px is performed using this
predicted value. 



Although the combination coding method with the above- mentioned
countermeasure enables the decoding process to be  accurately performed for
all of the pixels in each block  using their predicted values, since the
pixel values of the  reference pixels be.ing uncoded pixels are uniformly
replaced with a fixed value, the correlation of pixel  values between the
uncoded pixel and the coded pixel is  degraded, resulting in the problem
that the efficiency in  predicting the coding target pixel, i.e., the
accuracy of  the predicted value of the coding target pixel, is degraded.
The present invention is subjected to so Iving the 28/08/2006  -12
above-described problems, and has an object to provide an  image processing
apparatus and an image processing method,  which can combine an adaptive
pixel-by-pixel coding process  and a block-by-block coding process, without
degrading corr elation of pixel values between uncoded pixels and  coded
pixels, with avoiding that decoding of a coded image  signal becomes
difficult, and to provide a data recording  medium in which an image
processing program for realizing  the image processing method is recorded.
It is another object of the present invention to  provide an image
processing apparatus and an image  processing method, which can perform an
accurate decoding  process for a coded image signal which !has been coded,



without degrading an efficiency in predicting coding target  pixels, and to
provide a data recording medium in which an  image processing program for
realizing the image processing  method is recorded. DISCLOSURE OF THE
INVENTION An image processing apparatus according to the present  invention
(claim 1) being an image coding apparatus for  successively coding pixel
values constituting an image  signal on the basis of pixel values of plural
peripheral  pixels positioned in the vicinity of a coding target pixel,
comprises blocking means for blocking an image 'signal 28/08/2006  13
comprising plural pixel values corresponding to a single image display
region into blocks each comprising a prescribed number of pixels, and
outputting, block by block, the prescribed number of pixel values
constituting the image signal in each block; pixel value replacing means
for replacing a pixel value of an uncoded pixel. among the peripheral
pixels with a replacement pixel value that is obtained. from a pixel value
of a coded pixel among the peripheral pixels on the basis of a prescribed
rule; and coding means for receiving the image signal comprising plural
pixel values corresponding to each block, performing, for each blo'ck, a
coding process in which the respective pixel values are successively  coded
on the basis of the pixel value of the coded pixel and the  replacement
pixel value of the uncoded pixel, and outputting an coded  image signal. 



Since the image coding apparatus thus constructed is provided with the
pixel value replacing means for replacing a pixel value of an uncoded
pixel among plural peripheral pixels corresponding to a coding target
pixel with a replacement pixel value that is obtained on the basis of a
pixel value of a coded pixel among the plural peripheral pixels, when a
block-by-block coding process for an image signal corresponding to a
single image display region is performed pixel by pixel, with reference to
the pixel values of the p eripheral pixels in the vicinity of the coding
target 28/08/2006  14 pixel, even though the coding target pixel abuts on
the block boundary  and the plural reference peripheral pixels include an
uncoded pixel, a  replacement pixel value having an improved correlation
with the pixel  values of the other peripheral pixels can be referred to as
a pixel value  of the uncoded pixel. . Since this replacement pixel. value
is obtained  from a pixel value 'of a coded pixel in the vicinity of the
coding target  pix el, on the decoder side, with respect to an undecoded
pixel to be  referred to when a decoding target pixel is decoded, a
replacement  pixel value obtained from a pixel value of a decoded pixel can
be  referred to in place of its pixel value. Therefore, it is possible to
combine an adaptive pixel-by-pixel coding  process and a block-by-block
coding process without degrading  correlation of pixel values between the
uncoded pixel and the coding  target pixel, with avoiding that decoding of
a coded signal becomes  difficult on the decoding side. Thereby, influence
of transmission error can be converged block by  



block, and the coding efficiency can be improved as compared with the
simple block-by-block coding process, and further, a. decoding process  for
a coded signal which has been coded without degrading the  prediction
efficiency of the coding target pixel can be performed accurately.
28/08/2006  According to the present invention (claim 2), in the image
coding  apparatus of claim 1, the pixel value replacing means is
constructed so as to employ, as a replacement pixel value of the uncoded
pixel, a pixel  value of a coded pixel which is positioned at the shortest
spatial distance  from the uncoded pixel.. Since, in the image coding
apparatus thus' constructed, the pixel value of  the coded pixel which is
the nearest to the uncoded pixel is employed as  the replacement pixel
value of the uncoded pixel, the correlation between  the replacement pixel
value of the uncoded pixel and the pixel values of  the peripheral pixels
can be improved. According to the present invention (claim 3), in the image
coding  apparatus of. claim 1, the pixel value replacing means is
constructed so  as to employ, as a replacement pixel value of the uncoded
pixel, a pixel  value of a coded pixel which is positioned at the shortest
spatial distance  from the uncoded pixel and on the same horizontal
scanning line as the  uncoded pixel. Since, in the image coding apparatus
thus constructed, the pixel value of  the coded pixel which is the nearest
to the uncoded pixel and on the  same horizontal scanning line as the
uncoded pixel is employed as the  replacement pixel value of the uncoded
pixel, the replacement pixel value  of the uncoded pixel can be obtained by
a. simple method, such as to hold 



28/08/2006  16 the pixel value of the coded pixel for a prescribed period
of time.  According to the present invention 9claim 4), in the image coding
apparatus of claim 1, the coding means is constructed so as to  comprise a
prediction value generator for generating: a prediction  pixel value for
the coding target pixel, on the basis of the pixel  value of the coded
pixel and the replacement pixel value of the  uncoded pixel; and an encoder
for coding a difference value  between the pixel value of the coding target
pixel and the  prediction pixel value of the coding target pixel, and
outputting  the coded difference value, block by block, as a coded image
signal. Since, in the image coding apparatus thus cons tructed, the
difference value between the pixel value of the coding target pixel  and
the prediction pixel value is coded, the coding efficiency can  be
increased by reducing the code quantity required for coding  the pixel
value of the coding target pixel. According to the present invention (claim
5), in the image coding  apparatus of claim 1 or 4, the coding means is
constructed so as  to select code words for coding: the pixel value of the
coding  target pixel, on the basis of the pixel value of the coded pixel
and  the replacement pixel'value of the uncoded pixel. Since, in the image
coding apparatus thus constructed, 28/08/2006  17 



code words for coding the pixel value of the coding target pixel are
selected on the basis of the pixel value of the coded pixel and the
replacement pixel value of the uncoded pixel, in a coding process  for an
image signal, a highly efficient coding process can be  realized by
adaptively changing the code words pixel by pixel. According to the present
invention (claim 6), in the image coding  apparatus of claim 1 or 4, the
coding means is constructed so as to  select a probability table
corresponding to codes for arithmetically  coding the pixel value of the
coding target pixel, on the basis of  the pixel value of the coded pixel
and the replacement pixel value  of the uncoded pixel, and to perform an
arithmetic coding process  for the coding target pixel on the basis of the
selected probability  .table. Since, in the image coding apparatus thus
constructed, a  probability table corresponding to arithmetic codes for
coding the  coding target pixel is selected on the basis of the pixel value
of the  coded pixel and the prediction pixel value of the uncoded pixel,
and  coding of the pixel value for the coding target pixel is performed, a
highly efficient coding process can be performed by adaptively  changing
the probability table, pixel by pixel, in the arithmetic  coding process.
According to the present invention (claim 7), the 28/08/2006  18 image
coding apparatus of claim 1 further comprises local  decoding means for
decoding the pixel value of the coded pixel to  



generate a local decoded pixel value; wherein the pixel value  replacing
means is constructed so as to replace the pixel value of  the uncoded pixel
with a replacement pixel value that is obtained  from a local decoded pixel
value corresponding to the coded pixel  on the basis of a prescribed rule;
and the coding means is  constructed so as to perform a non-reversible
coding process for  the pixel value of the coding target pixel, on the
basis of the local  decoded pixel value of the coded pixel and the
replacement pixel  value of the uncoded pixel. Since, in the image
processing apparatus thus constructed, the  non-reversible coding process
for the pixel value of the coding  target pixel is performed on the basis
of the decoded pixel value  obtained by decoding the pixel value of the
coded pixel, the pixel  values of the peripheral pixels to be referred to
in the non- reversible coding process for the coding target pixel can be
identical to pixel values of peripheral pixels to be referred to in a
decoding process for a decoding target pixel, whereby a coded  image signal
obtained by the non-reversible coding on the basis of  the pixel values of
the peripheral pixels can be accurately decoded  on the decoder side.
According to the present invention (claim 8), in the 28/08/2006  image
coding apparatus of claim 7, the coding means is  constructed so as to
comprise a prediction value generator for  generating a prediction pixel
value for the coding target pixel, on the basis of the local decoded pixel
value of the coded pixel and  



the replacement pixel value of the uncoded pixel; and an encoder  for
coding a difference value between the pixel value of the  coding target
pixel and the prediction pixel value of the coding  target pixel, and
outputting the coded difference value, block by  block, as a coded image
signal. Since, in the image coding apparatus thus constructed, the
prediction pixel value for the coding target pixel is generated  from the
pixel value of the coded pixel and the replacement pixel  value of the
uncoded pixel, and the difference value between the  pixel 'value of the
coding target pixel and its prediction pixel  value is coded, the coding
efficiency can be improved by reducing  the code quantity required for
coding the pixel value of the  coding target pixel. According to the
present invention (claim 9), in the image coding  apparatus of claim 7 or
8, the coding means is constructed so as  to select code words for cod ing
-the pixel value of the coding  target pixel, on the basis of the local
decoded pixel value of the  coded pixel and the replacement pixel value of
the uncoded pixel. 28/08/2006  20 Since, in the image coding apparatus thus
constructed, code  words for coding the pixel value of the coding target
pixel are  selected on the basis of the pixel value of the coded pixel and
the  replacement pixel value of the uncoded pixel,. in a coding process
for an image signal, a highly efficient coding process can be  realized by
adaptively changing the code words pixel by pixel. 



According to the present invention (claim 10), in the image  coding
apparatus of claim 7 or 8, the coding means is  constructed so as to select
a probability table corresponding to  codes for arithmetically coding the
pixel value of the coding  target pixel, on the basis of the pixel value of
the coded pixel and  the replacement pixel value of the uncoded pixel, and
to perform  an arithmetic coding process for the coding target pixel on the
basis of the selected probability table. Since, in the image coding
apparatus thus constructed, a  probability table corresponding to
arithmetic codes for coding the  coding target pixel is selected on the
basis of the pixel value of  the coded pixel and the replacement pixel
value of the uncoded  pixel, and coding of the pixel value for the coding
target pixel is  performed, a highly efficient coding process can be
performed by  adaptively changing the probability table, pixel by pixel, in
the  arithmetic coding process. 28/08/2006  21 An image decoding apparatus
according to the present invention  (claim 11) being an image decoding
apparatus for decoding, block by  block, a coded image signal which is
obtained by performing, for  each block comprising a prescribed number of
pixels, a process in  which pixel values constituting an image signal are
successively  coded on the basis of pixel values of plural peripheral
pixels  positioned in the vicinity of a coding target pixel, comprises
pixel  value replacing means for replacing a pixel value of an undecoded  



pixel among plural peripheral pixels positioned in the vicinity of a
decoding target pixel, with a replacement pixel value that is  obtained
from a pixel value of a decoded pixel among the plural  peripheral pixels
on the basis of a prescribed rule; decoding means  for receiving the coded
image signal comprising plural pixel values  corresponding to each block,
performing, block by block, a decoding  process in which the respective
pixel values are successively  decoded on the basis of the pixel value of
the decoded pixel and the  replacement pixel value of the undecoded pixel,
and outputting a  decoded image signal corresponding to each block; and
inverse  bl ocking means for combining the decoded image signals
corresponding to the respective blocks to convert these signals to a
decoded image signal having a scanning line structur e; wherein the
decoded image signal- having a scanning line structure is output as a
28/08/2006  22 reproduced image signal corresponding to a single image
display  screen. Since the image decoding apparatus thus constructed is
provided  with the pixel value replacing means for replacing a pixel value
of an  undecoded pixel among plural peripheral pixels positioned in the
vicinity of a decoding target pixel, with a replacement pixel value that
is obtained on the basis of a pixel value of a decoded pixel among the
plural peripheral pixels, when a block-by-block decoding process for  a
coded 'Image signal corresponding to a single image display region  is
performed pixel by pixel, with reference to the pixel values of the  



peripheral pixels in the vicinity of the decoding target pixel, even
though the decoding target pixel abuts on the block boundary and  the
plural reference peripheral pixels include an undecoded pixel, a
replacement pixel value having an improved correlation with the pixel
values of the other peripheral pixel can be referred to as a pixel value
of the undecoded pixel. Therefore, it is possible to realize a decoding
method in which an  adaptive pixel-by-pixel decoding process and a
block-by-block  decoding process are combined without degrading correlation
of pixel  values between the und ecoded pixel and the decoding target
pixel.  Thereby, it is possible to accurately decode a coded image signal
that  has been coded by a coding method in which an adaptive pixel
28/08/2006  23 by-pixel coding process and a block-by-block coding process
are  combined. According to the present invention (claim 12), in the image
decoding  apparatus of claim 11, ihe'pixel value replacing means is
constructed  so as to employ, as a replacement pixel value. of the.
undeco.ded pixel, a  pixel value of a decoded pixel which is positioned at
the shortest  spatial distance from the undecoded pixel. Since, in the
image decoding apparatus thus constructed, the pixel  value of the decoded
pixel which is the nearest to the undecoded pixel  is employed as the
replacement.pixel value of the undecoded pixel, the  correlation between
the replacement pixel value of the undecoded pixel  and the pixel values of
the peripheral pixels can be improved. 



According to the present invention (claim 13), in the image decoding
apparatus of claim 11, the pixel value replacing means is constructed  so
as to employ, as a replacement pixel value of the undecoded pixel, a  pixel
value of a decoded pixel which is positioned at the shortest  spatial
distance from the undecoded pixel and on the same horizontal  scanning line
as the undecoded pixel. Since, in the image decoding apparatus thus
constructed, the pixel  value of the decoded pixel which is the nearest to
the undecoded pixel  and on the same horizontal scanning line as the
undecoded pixel is employed 28/08/2006  24 as the replacement pixel value
of the undecoded pixel, the  replacement pixel value of the undecoded pixel
can be obtained by  a simple method, such as to hold the pixel value of the
decoded  pixel for a prescribed period of time. According to the present
invention (claim 14), Jn. the image  decoding apparatus of claim 11, the
decoding means i's constructed  so as to comprise a prediction value
generator for generating a  prediction pixel value for the decoding target
pixel, on, the basis of  the pixel value of the decoded pixel and the
replacement pixel value  of the undecoded pixel; and a decoder for
generating a decoded  pixel value by decoding the pixel value of the
decoding target pixel,  and adding the prediction pixel value of the
decoding target value  to the decoded pixel value. Since"" in the image
decoding apparatus thus constructed, the  prediction pixel value of the
decoding target pixel is generated from  



the pixel value of the decoded pixel and the replacement pixel value  of
the undecoded pixel, and the prediction pixel value is added to  the
decoded pixel value of the decoding target pixel, it is possible to
accurately decode a coded 'image signal that is obtained by coding a
difference value between a pixel value of a coding target pixel. and  its
prediction pixel- value. According to the present invention (claim 15), in
the image  decoding apparatus of claim 11 or 14, the decoding means is
28/08/2006  25 constructed so as to select code words for decoding the
pixel value  of the decoding target pixel, on the basis of the pixel value
of the  decoded pixel and the replacement pixel value of the undecoded
pixel. Since, in the image decoding apparatus thus constructed, code  words
for decoding the pixel value of the decoding target pixel are  selected on
the basis of the pixel value of the decoded pixel and the  replacement
pixel value of the undecoded pixel, it is possible to  accurately decode a
coded image signal that is obtained in a highly  efficient coding process
in which the code words are adaptively  changed pixel by pixel. According
to the present invention (claim 16),.in the image decoding  apparatus of
claim .11 or 14, the decoding means is constructed so  as to select a
probability table corresponding to codes for  arithmetically decoding the
pixel value of the decoding target pixel,  on the basis of the pixel value
of the decoded pixel and the  



replacement pixel value of the undecoded pixel, and to perform an
arithmetic decoding process for the decoding target pixel on the  basis of
the selected probability table. Since, in t he image decoding apparatus
thus constructed, a probability  table corresponding- to arithmetic codes
for decoding the decoding target  pixel is selected on the basis of the
pixel value of the decoded 28/08/2006  26 pixel and the replacement pixel
value of the undecoded pixel, and  decoding of the pixel value for the
decoding target pixel is  performed, it is possible to accurately decode a
coded image  signal that is obtained in an arithmetic coding process in
which  the probability table is adaptively changed pixel by pixel. An image
coding method according to the present invention  (claim 17) is an image
coding method for performing, for each  block comprising a prescribed
number of pixels, a coding process  in which pixel values constituting an
image ' signal are  successively coded on the basis of pixel values of
plural  peripheral pixels positioned in the vicinity of a coding target
pixel, wherein with respect to a coded pixel among the plural  peripheral
pixels, its pixel value is set as a reference pixel value  and, with
respect to an uncoded pixel among the plural  peripheral pixels, a
replacement pixel value, which is obtained  from a pixel value of a coded
pixel among the peripheral pixels on  the basis of a prescribed rule, is
set as a reference pixel value;  and the pixel value of the coding target
pixel is coded on the  



basis of the reference pixel values set for the plural peripheral  pixels
-for the coding target pixel, thereby generating a coded  image signal
corresponding to the image signal. Since, in the image coding method thus
constructed, 28/08/2006  27 The image signal is blocked correspondingly to
respective blocks on  a single image display region, and the pixel value of
the coding  target pixel in each block is coded with reference to the pixel
values  of the peripheral pixels, and at this time, when the peripheral
pixel  is a coded pixel, its pixel value is referred to, and when the
peripheral pixel is an uncoded pixel, a replacement pixel value that  is
obtained from a pixel value of a coded pixel is referred to in place  of
its pixel value, in the coding process, even though the coding  target
pixel abuts on the block boundary and the plural reference  peripheral
pixels include an uncoded pixel, a replacement pixel  value having an
improved correlation with the pixel values of the  other peripheral pixels
can be referred to as a pixel. value of the  uncoded pixel. Since this
replacement pixel value is obtained from a  pixel -value of a coded pixel
in the vicinity.of the coding target value,  on the decoder side, with
respect to an undecoded pixel to be  referred to when a decoding target
pixel is decoded, a replacement  pixel value obtained from a pixel value of
a decoded pixel can be  referred to in place of its pixel value. Therefore,
it is possible to combine an adaptive pixel-by-pixel coding  process and a
block-by-block coding process without degrading correlation  



of pixel values between the uncoded pixel and the coding target pixel, with
28/08/2006  28 avoiding that decoding of a coded signal becomes difficult
on the  decoding side. Thereby, influence of transmission error can be
converged block by  block, and the coding efficiency can be improved as
compared with the  simple block-by-block coding process, and further, a
decoding process  for a coded signal without degrading the prediction
efficiency of the  coding target pixel can be performed accurately. An ima
ge decoding. method according to the present invention (claim  18) is an
image decoding method for decoding, block by block, a coded  im,age signal
which is obtained by performing, for each block  comprising a prescribed
number of pixels, a process in which pixel  values constituting an image
signal are successively coded on the basis  of pixel values of plural
peripheral pixels positioned in the vicinity of a  coding target pixel,
wherein with respect to a decoded pixel among  plural peripheral pixels,
its pixel value is set as a reference pixel value  and, with respect to an
undecoded pixel among the plural peripheral  pixels, a replacement pixel
value, which is obtained from a pixel  value of a decoded pixel among the
peripheral pixels on the basis  of a prescribed rule, is set as a reference
pixel value; and a pixel  value of a decoding target pixel is decoded on
the basis of the  reference pixel values set for the plur al peripheral
pixels for the 28/08/2006  29 



decoding target pixel, thereby generating a decoded image signal
corresponding to the coded image signal. Since, in the image decoding
method thus constructed, a process in  which the pixel value of the
decoding target pixel in each block is  successively decoded with reference
to the pixel values of the  peripheral pixels, is performed for each block
comprising plural  pixels, and at this time, when the peripheral pixel is a
decoded  pixel, its pixel value is referred to, and when the peripheral
pixel is  an undecoded pixel, a replacement pixel value that is obtained
from  a -pixel value of a decoded pixel is referred to in place of its
pixel  value, in the -decoding process, even though the decoding target
pixel abuts on the block boundary and the plural reference  peripheral
pixels include an undecoded pixel, a replacement pixel  value having an
improved correlation with the pixel values of the  other peripheral pixels
can be referred to as a pixel value of the  undecoded pixel. Therefore, it
is possible to realize a decoding method in which an  adaptive
pixel-by-pixel decoding process and a block-by-block  decoding process are
combined without degrading correlation of  pixel values between the
undecoded pixel and the decoding target  pixel. Thereby, it- is possible to
accurately dec ode a coded image  signal that has been coded by a coding
method in which an adaptive  pixel-by-pixel coding process and
a.block-by-blo'ck coding process 28/08/2006  -30 are combined. 



A data recording medium according to the present  invention (claim 19) is a
data recording medium containing  a program for performing an image signal
coding process or  decoding process, wherein the program is an image
processing program for making a computer perform processing  of an image
signal by the image coding method of claim 17  or the image decoding method
of claim 18. Employing this data recording medium, error  propagation when
a transmission error occurs can be  converged block by block, and the
coding efficiency can be  improved as compared with the simple
block-by-block coding  process, and further, it is possible to accurately
perform  a decoding process for a coded signal without degrading a
prediction efficiency of a coding target pixel, and to  accurately decode a
coded image signal that has been coded  by a coding method in which an
adaptive pixel-by-p-ixel  coding process and a block-by-block coding
process are  combined. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is a
block diagram illustrating a  construction of an image coding apparatus
according to a  first embodiment of the present invention. Figure 2 is a
flowchart sho wing process steps of 28/08/2006  -3 1 generating a pixel
value of an uncoded pixel in a coding  



process by the image coding apparatus. Figure 3 is a. block diagram
illustrating a  construction of an image coding apparatus according to a
second embodiment of the present invention. Figure 4 is a block diagram
illustrating a  construction of an image coding apparatus according to a
third embodiment of the present invention. Figure 5 is a block diagram
illustrating a  construction of an image coding apparatus according to a
fourth embodiment of the present invention. Figure 6 is a block diagram
illustrating a  construction of an image coding apparatus a ccording to a
first modification of the fourth embodiment. Figure 7 is a block diagram
illustrating a  construction of an image coding apparatus according to a
second modification of the fourth embodiment. Figure 8 is a block diagram
illustrating a  construction of an image decoding apparatus according to a
fifth embodiment of the present invention. Figure 9 is a flowchart showing
process steps of  generating a pixel value of an undecoded pixel in a
decoding. process by the image decoding apparatus. Figure 10 is a block
diagram illustrating a  construction of an image decoding apparatus
according to a 28/08/2006  -32 



sixth embodiment of the present invention.  Figure 11 is a block diagram
illustrating a  construction of an image decoding apparatus according to a
seventh embodiment of the present invention. Figure 12(a), figure 12(b),
and figure 12(c) are  diagrams showing a data recording medium containing a
program for implementing the coding process by the image  coding apparatus
or the decoding process by the image  decoding apparatus according to any
of the aforementioned  embodiments in a computer system. Figure 13(a) and
figure 13(b) are schematic diagrams  showing division of a single frame
screen into plural  blocks, in a block-by-block coding 'process Figure 14
is a schematic diagram for explaining an  adaptive pixel-by-pixel coding
process. Figure 15 is a schematic diagram for explaining  problems in a
combination coding method in which the block- by-block coding process and
the pixel-by-pixel coding  process are combined. Figure 16(a) and figure
16(b) are schematic diagram  showing division of a single frame screen into
plural  blocks, in a block-by-block decoding process. Figure 11 is a
schematic diagram for explaining an  adaptive pixel-by-pixel decoding
process. Figure .18 is a schematic diagram for explaining 28/08/2006  



-33 problems in a combination decoding method in which the  block-by-block
decoding process and the pixel-b.y-pixel  decoding process are combined.
BEST EMBODIMENTS FOR EXECUTING THE INVENTION A description is given of
respective embodiments of  the present invention using figures 1 to 12.
Embodiment 1. Figure 1 is a block diagram illustrating a  construction of
an image coding apparatus 101 according to  a first embodiment of the
present invention This image coding apparatus 101 comprises a blocking
unit 2 for dividing an input image signal Is  correspondingly to plural
blocks constituting a single  image display region (one frame), an encoder
16a for  receiving an output Bs from the blocking unit 2 and  performing
reversible coding for a pixel value of a coding  target pixel to be coded
in a coding target block to be  coded, with reference to a prediction pixel
value  (hereinafter referred to simply as a prediction value) Sp  of the
coding target pixel, and a prediction value  generation unit 110 for
generating the prediction pixel  value Sp. This prediction value generation
unit 110 includes a  mass storage main memory 4 capable of storing pixel
values 28/08/2006  



-34 of pixels constituting the input image signal by, for  example, numbers
corresponding to one frame, and first and  second auxiliary memories 6a and
6b of different hold  periods of time, for temporarily holding pixel values
M  output from the main memory 4. In this case, the main  memory 4 has a
construction in which the pixel values  corresponding to the reference
pixels PO-P9 for the coding  target pixel Px to be processed by the encoder
16a' (see  figure 14) are successively output from the stored pixel
values, during a period of time required for a coding  process of a pixel
value. The first auxiliary memory 6a  has a construction in which the pixel
values M successively  output from the main memory 4 are delayed by one
pixel, and  the second auxiliary memory 6b has a construction in which  the
pixel values M successively output from the main memory  4 are delayed by
two pixels. Further, the prediction value generation unit 110  includes a
counter 8 for receiving the input image signal  Is per frame and counting
the number of pixel values, and a  coded/uncoded decision unit 10 for
deciding whether the  pixel value being output from the main memory 4 is a
pixel  value of a coded pixel which has already been coded by the  encoder
.16a or a pixel value of an uncoded pixel which has  not been coded yet,
according to an output Cout from the  counter .8 and information BNs
relating to verti,cal and 



28/08/2006  -35 horizontal block numbers in each frame, supplied from the
outside. in this case, the decision unit 10 also performs  a process of
measuring a distance between an uncoded pixel  and a coded pixel that is on
the same horizontal scanning  line as the uncoded pixel and nearest to the
uncoded pixel,  with the number of pixels.. The counter 8 is reset when the
pixel values of all pixels constituting o ne frame have been  input.
Furthermore, the prediction value generation unit 110  includes a selector
switch 12 for selecting and outputting  one of the outputs M, Ma, and Mb
from the main memory 4,  and the first and second auxiliary memories 6a and
6b,  respectively, according to an output from the coded/uncoded  decision
unit 10, and a prediction value generator 14 for  receiving outputs Sout
from the selector switch 12 as the  pixel values of the reference pixels
PO-P9 required for  generating a prediction pixel value for the codi ng
target  pixel Px, and generating the prediction pixe 1 value Sp for  the
coding target pixel Px. In the image coding apparatus 101, the encoder 16a
performs a coding process for a difference value between  the pixel value
of the coding target pixel Px output from  the blocking unit 2 and its
prediction pixel value, and  outputs a coded difference value as a coded
pixel value  



corresponding to the coding target pixel Px. In this 28/08/2006  36 coding
process, code words for coding the pixel value of the coding  target pixel
Px are selected on the basis of the prediction pixel value  obtained from
the pixel values.of the reference pixels PO-P9. A description 'is given of
the operation. Figure 2 is a flowchart showing the coding process of the
image  coding apparatus 10 1, and the flow of the coding process will be
described briefly along this flowchart. When an image signal is input to
the image coding apparatus  101, pixel values constituting the image signal
are successively stored  in the main memory 4, and the main memory 4
outputs pixel values  of plural reference pixels (peripheral pixels) PO-P9
located in the  vicinity of a coding target pixel Px, which reference
pixels are referred  to when the coding target pixel Px is coded (step S
1). Next, the first reference pixel in the plural reference pixels obtained
by  the main memory 4 is regarded as a decision target pixel (step 82),
and the coded/unc.oded decision unit 10 decides whether the decision
target pixel is a coded pixel or not (step S3). Since in this
coded/uncoded decision unit 10 the increment of the counter output  Cout is
synchronized. with the operation of successively outputting the  pixel
values of the ten reference pixels PO-P9 from the main memory 4  according
to a reference clock, the position of the reference pixel 28/08/2006  37 



being output from the main memory 4, relative to the coding target  pixel
Px, can be detected by the counter output Cout. As the result of the
decision, when the decision target reference  pixel is a coded pixel, its
pixel value is received as a reference pixel  value by the prediction value
generator 14 (step S5), and when the  decision target reference pixel is
not a coded pixel, a reference pixel  value (replacement pixel value) of
this reference pixel is generated  from its peripheral coded pixels, and
received by the prediction  value generator 14 (step S4). Next, it is
decided whether all of the reference pixel values required  for coding the
coding target pixel are received by the prediction  value generator 14
(step S6), and when all of the reference pixel  values required are not
received, the next reference pixel in the  reference pixels obtained by the
main memory 4 is regarded as the  decision target (step S8), and the
processes in steps S3-S6 are  repeated. On the other hand, when all of the
reference pixel values  required are received by the prediction value
generator 14, a  prediction pixel value for the coding target pixel Px is
generated  according to the reference pixel values by the prediction value
generator 14 (step S7). Thereafter, the pixel value of the coding target
pixel Px is  received by the encoder 16a and, simultaneously, the
prediction pixel value of the coding target pixel Px is 28/08/2006  -38
receive.d.from the prediction value generator 14 (step S9),  



and in the encoder 16a, a coding process for the pixel  value of the coding
target pixel Px is carried out using  the prediction pixel value (step
S10). A detailed description is now given of the operation  of the image
coding apparatus 101 in the coding process for  the image signal, and the
specific operations of the  respective units in this apparatus in steps
S1-S10. When an input image signal Is is input to the image  coding
apparatus 101, plural pixels constituting the input  image signal Is are
grouped correspondingly to blocks  constituting one frame, each block
comprising plural pixels,  by the blocking unit 2, and the pixel values
corresponding  to the pixels in each block are sent to the encoder 16a and,
in the encoder 16a, a coding process in which pixel values  of coding
target pixels Px are coded pixel by pixel with  reference to reference
pixel values, is carried out block  by block. At this time, the pixel
values constituting the input  image signal Is of scanning line structure
are successively  stored in the main memory 4, and pixel values of
reference  pixels PO-P9 corresponding to the respective coding target
pixels Px are output at a fixed read cycle (step S1). An  output M from the
main memory 4 is temporarily held in the  first and second auxiliary
memories 6a and 6b. The first 28/08/2006  -39 



auxiliary memory 6a holds the output from the main memory 4  for a period
corresponding to one read cycle, and the  second auxiliary memory 6b holds
it for a period  corresponding to two read cycles. In the counter 8, with
the first pixel value in one  frame as a reference, the number of input
pixel values is  counted in accordance with the input image signal Is, and
this count value Cout is output toward the coded/uncoded  decision unit 10.
In the coded/uncoded decision unit 10,  information BNs relating to
vertical and horizontal block  numbers in one frame is input from the
outside, and a reference pixel designated by the block number information
BNs and the output from the counter 8 is regarded as a  decision target
pixel to be decided whether it is a coded  pixel or an uncoded pixel. For
example, when a coding  target pixel Px is decided as shown in figure 14,
reference  pixels PO-P9 for this coding target pixel are decided, and  the
pixel PO whose pixel value is output from the main  memory 4 first is
regarded as a decision target pixel (step  s2). At this time, the pixel
value of the reference pixel  PO is held in the first and second auxiliary
memories 6a  and 6b for one read period, and two read periods,
respectively. In the coded/uncoded decision unit 10, the  position of the
coding target pixel in the coding target 28/08/2006  



-40 block is calculated on the basis of the counter output Cout  and the
block number information BNs, and it is decided  whether the reference
pixel is a coded pixel or an uncoded  pixel (step S3) and, according to the
result of the deci sion, the selector switch 12 is controlled. Since the
reference pixel PO is a coded pixel as shown  in figure 14, as the result
of the decision by the  coded/uncoded decision unit 10 (step S3), the
selector  switch 12 is controlled by the coded/uncoded decision unit  10 to
select the output M from the main memory 4, whereby  the pixel value of the
reference pixel PO is stored, as a  reference pixel value, in the
prediction value generator 14. Thereafter, in the coded/uncoded decision
unit 10, it  is decided whether or not the pixel values o f all the
reference pixels for the coding target pixel:Px are  received by the
prediction value generator 14 (step S6).  In this case, since the reference
pixel values of all the  reference pixels PO-P9 are not received by the
prediction  value generator 14, the coded/uncoded unit 10 regards the
pixel value of the reference pixel Pl, which is ou tput from  the main
memory 4 after the pixel value of. the reference  pixel PO, as a pixel
value of a decision target pixel (step  S8). Since t he reference pixel Pl
is a coded pixel like  the reference pixel PO, the pixel value of the
reference  pixel 21 is subjected to the processes in steps S3, S5, S6, 



28/08/2006  41 and S8. Subsequently, the coded/uncoded unit 10 regards the
pixel value of  the reference pixel P2, which is output from the main
memory 4  after the pixel value of the reference pixel PI, as a pixel value
of a  decision target pixel (step S8). Since. this reference pixel P2 is an
uncoded pixel adjacent to the coded pixel, unlike the reference  pixels PO
and P1, the selector switch 12 is controlled by the  coded/uncoded decision
unit 10 to select the output Ma from the  first auxiliary memory 6'a,
whereby the pixel value of the reference  pixel Pl is stored in the
prediction value generator 14 as a  replacement pixel value of the
reference pixel P2 (step S4).  Thereafter, the processes in step. S6 and
step S8 are executed. Further, the reference pixels P3-P5 are subjected to
the processes in  steps 83, S5, S6, and S8 in the same manner as described
for the  reference pixel PO, and the reference pixel P6 is subjected to the
processes in steps S3, S4, S6, and S8 in the same manner as  described for
the reference pixel P2. Subsequently, the coded/uncoded unit 10 regards the
pixel value of  the reference pixel P7, which is output from the main
memory 4 after  the pixel value of the reference pixel P6, as a pixel value
of a.decision  target pixel (step S8). Since this reference pixel P7 is an
uncoded pixel. 28/08/2006  42 that is positioned across one pixel from the
coding target pixel Px,  



unlike the reference pixels PO-P6, the selector switch 12 is  controlled by
the coded/uncoded decision unit 10 to select the  output Mb from the second
auxiliary memory 6b, whereby the  pixel value of the reference. pixel P5 is
stored. in the prediction  value generator 14 as a replacement pixel value
of the reference  pixel P7 (step S4). Thereafter, the processes in step S6
and step  S8 are executed. Further, the reference pixels P8* and P9 are
subjected to the  processes in steps S3, S5, and S6 in the same manner as
described for the reference pixel P0. At this time, the  coded/uncoded unit
10 decides that the reference pixel values of  all the reference pixels
PO-P9 are received by the prediction value  generator 14, and the
prediction value generator 14 calculates a  prediction pixel value Sp for
the coding target pixel Px on the  basis of the reference pixel values
received (step S7). Thereafter, the pixel value of the coding target pixel
Px and the  prediction pixel value Sp are received by the encoder 16a (step
S.9), and a difference value between the pixel value of the coding  target
pixel Px and its prediction pixel value Sp is subjected to a  coding
process, and the coded difference value is output as a  coded signal of the
coding target pixel Px (step S 10). This coding .28/08/2006  -43 process
employs code words selected on the basis of the  prediction pixel value Sp.
In this way, the pixel values in the respective blocks  



in one frame are successively coded. Since the first pixel  in one frame
has no coded pixel for reference in its vicinity, its coding process is
carried out with a  prediction pixel value of 0. As described above,
according to the first embodiment  of the invention, when a pixel value of
an uncoded pixel is  referred to, since a pixel value of a coded pixel in
its  vicinity is referred to, it is possible to combine the  adaptive
pixel-by-pixel coding process and the block-by- block coding process
without degrading,correlation of pixel  values between the uncoded pixel
and the coding target  pixel, and with avoiding that decoding of a coded
~signal  becomes difficult. Thereby, influence of transmission  error can
be converged block by block, and the coding  efficiency can be improved as
compared with the simple  block-by-block coding process, and further, on
the decoding  side, it is possible to accurately perform a decoding
process for a coded signal which has been coded with no  degradation in
prediction efficiency of the coding target  pixel. More specifically, when
a coding process for a coding  target pixel has been carried out with
reference to pixel 28/08/2006  44 values of its peripheral pixels on the
coding side, a decoding process for  a decoding target pixel must be also
carried out with reference to pixel  



values of its peripheral pixel,9 on the decoding side, and further, the
pixel values referred to in the coding process must agree with the pixel
values referred to in the decoding process, in' the conventional coding
method, when the reference pixel is an  uncoded pixel, a fixed value is
used as its pixel value. In this case,  however, there is a problem that
the correlation of pixel values is  degraded. On the other hand, according
to the present invention, when the  reference pixel is an uncoded pixel, a
replacement pixel value for the  uncoded pixel is generated from coded
reference pixels, according to  a prescribed rule. For example, for the
uncoded pixels P2, P6, and  P7 shown in figure 15, their pixel values are
uniquely decided from  the pixel values of the coded pixels PO, Pl, P3, P4,
P5, P8, and P9.  The easiest manner is to use a pixel value of a coded
pixel  positioned on the same horizontal scanning line as and nearest to
the uncoded pixel, as the replacement pixel value for the uncoded  pixel.
In this case, the pixel value of the uncoded pixel P2 is  replaced with the
pixel value of the coded pixel Pl, and the pixel  values 'of the uncoded
pixels.P6 and P~7 are replaced with the pixel  value of the coded pixel P5.
.28./08/2006  -45 Thu-s, the correlation of pixel values between the  coded
pixel and the uncoded pixel at the block boundary is  increased, whereby a
highly efficient coding process can be  realized using the same prediction
method as used for the  



inside of block where the inter-pixel c.orrelation is great. Therefore, an
image signal can be recorded and  transmitted with less bit number, without
deteriorating the  image quality. While in the first embodiment two
auxiliary memories  6a and 6b of different hold times for holding the
output M  from the main memory 4 are provided, only one auxiliary  memory
for temporarily holding the output from the main  memory 4 may be provided,
and the time for holding the  pixel value output from the main memory 4 may
be changed by  the coded/uncoded decision unit 10 according to the
distance between the uncoded pixel and the coding target  pixel. Further,
while in the first embodiment only the  prediction pixel value of the
coding target pixel Px is  referred to in the coding process for the image
signal, the  coding process may be performed on the basis of, not only  the
prediction pixel value of the coding target pixel Px,  but also the
prediction probability that shows the accuracy  of the prediction pixel
value. In this case, when the image signal being a target of 28/08/2006
-46 the coding process is a binary shape signal, since the  prediction
pixel value is either "0" or "1", only the  prediction probability may be
referred to, with the  



prediction pixel value being fixed to either "0" or "1". Hereinafter, as a
second embodiment of the invention,  an image coding apparatus for
performing a coding process  of a binary shape signal with reference to
only a  prediction probability.in place of the prediction pixel  value will
be described, and as a third embodiment of the  invention, an image coding
apparatus for performing a  coding process of a multivalued image signal
with reference  to both the prediction pixel value and a prediction
probability will be described. Embodiment 2. Figure 3 is a block diagram
illustrating a  construction of an image coding apparatus 102 according to
a second embodiment of the present invention. In the  figure, the same
reference numerals as those shown in  figure 1 designate the same parts as
in the image coding  apparatus 101 described in the first embodiment. This
image coding apparatus 102 includes a prediction  probability generator 22
in place of the prediction value  generator 14 in the image coding
apparatus 101 according to  the first embodiment, and has such a
construction as to  perform a coding process for a binary shape signal
whose 28/08/2006  -47 pixel va-lue is either "0" or The prediction
probability generator 22 has a  



construction in which as a prediction probability, a  probability of a
pixel value of a coding target pixel Px  matching with a prediction pixel
value....is obtained from  pixel values of reference pixels PO-P9 for the
coding  target pixel Px, and then a prediction probability signal  Sk for
the coding target pixel Px is output toward the  encoder l6b. In this case,
since this image coding apparatus 102 is  for a coding process of a binary
shape signal, in the  encoder 16b, a prediction value which is subtracted
from  the pixel value of the coding target pixel Px is set at  either "0"
or "1". The encoder 16b has a construction in  which, when the prediction
probability is high, since the  probability of the pixel value of the
coding target pixel  Px matching with its prediction pixel value is high, a
difference value between the pixel value of the coding  target pixel Px and
the prediction pixel value is coded by  a coding method which increases the
coding efficiency when  the difference value is 0, and on the other hand,
when the  prediction probability is low, since the probability of the
pixel value of the coding target pixel Px matching with the  prediction
pixel value is low, a difference value between  the pixel value of the
coding target pixel Px and the 28/08/2006  -48 prediction pixel value is
coded by a coding method which  



increases the coding efficiency when the difference value  is not 0. A
description is given of the function and effect.  Here, the operation
identical to that of the image  coding apparatus according to the first
embodiment is not  described. Also in the binary shape signal coding
process by the  image coding apparatus 102 thus constructed, with respect
to uncoded pixels among the reference pixels PO-P9 for the  coding target
pixel Px, their pixel values are generated  from the pixel values of the
coded pixels as in the image  coding apparatus 101 according to t he first
embodimen t, and  the pixel values corresponding to all the reference
pixels  PO-P9 are stored in the prediction probability generator 22. In the
prediction probability generator 22, on the  basis of the pixel values of
the reference pixels PO-P9, a  prediction probability for the coding target
pixel Px is  obtained. This prediction probability information Sk is
output from the prediction probability generator 22 to the  encoder 16b,
and in the encoder 16b, a difference value  between the pixel value of the
coding target pixel Px and a  previously set prediction pixel value is
subjected to a  coding process according to the prediction probability
information Sk. 28/08/2006  -49 



As described above, according to the second embodiment  of the invention,
in the image coding apparatus 102 for  performing a coding process of a
binary shape si gnal, a  coding target pixel adjacent to the block
boundary, for  which generation of a prediction value is difficult, can be
coded while suppressing degradation in coding efficiency.  Therefore,
influence of transmission error can be converged  block by block, and the
coding efficiency can be increased  as compared with the simple
block-by-block coding process,  and further, on the decoding side, it is
possible to  accurately perform a decoding process for a coded signal
without degrading the efficiency in predicting the coding  target pixel. By
the way, a coding process based on a prediction  probability is disclosed
in, for example, International  .Standard JBIG (Joint Bi-level Image Coding
Experts Group),  but a coding method disclosed in this Standard is to
perform a pixel-by-pixel coding process (not block-by- block), so that
reference pixels are always coded pixels,  and it does not disclose the
problem when the reference  pixels are uncoded pixels in the block-by-block
coding  process, which problem is to be solved by the present  inventio-n,
and a countermeasure as to how to set pixel  values corresponding to these
uncoded pixels. Embodiment 3. 28/08/2006  



_50 Figure 4 is a block diagram illustrating a  con.struction of an image
coding apparatus 103 according to  a third embodiment of the present
invention. In the figure,  the same reference numerals as those shown in
figure 1  designate the same parts as in the image coding apparatus  101
described in the first embodiment. This image coding apparatus 103 is for
performing a  coding process for a multivalued image signal as described
above, and has a construction in which a prediction  probability generation
unit 130 includes a prediction  probability generator 22 in addition to the
prediction  value generator 14 in the image coding apparatus 101  described
in the first embodiment. Like the prediction value generator 14, the
prediction  probability generator 22 has a construction to receive  outputs
Sout from the selector switch 12, to successively  -store pixel values of
reference pixels PO-P9 for a coding  target pixel Px, and to output, on the
basis of those pixel  values, a prediction probability Sk that shows the
accuracy  of a prediction pixel value Sp which is predicted on the  basis
of the reference pixels PO-P9 in the predi ction value  generator 14. The
encoder 16c has a construction in which the pixel  .value of the coding
target pixel is coded on the basis of  the prediction pixel value Sp from
the prediction value 



28/08/2006  -51 generator 14 and the prediction probability Sk from the
prediction probability generator 22. To be specific, when the accuracy of
the prediction  pixel value is high, since the difference between the pixel
value of the coding target pixel and the prediction pixel  value is small,
the encoder 16c performs a coding process  for the pixel value of the
coding target pixel Px by a  coding method which increases the coding
efficiency when  the difference between the pixel value of the coding
target  pixel and the prediction pixel value is small. On the  other hand,
when the accuracy of the prediction value is  low, since the difference
between the pixel value of the  coding target pixel and the
prediction,pixel value is large,  the encoder 16c performs a coding process
for the pixel  value of the coding target pixel Px by a coding method
which increases the coding efficiency when the difference  between the
pixel value and the prediction pixel value is  relatively large. Also
in.the multivalued image signal coding process by  the image coding
apparatus 103 thus constructed, with  respect to uncoded pixels among the
reference pixels PO-P9  for the coding target pixel Px, their pixel values
are  generated from the pixel values of the coded pixels as in  the image
coding apparatus 101 according to the first  



embodiment, and the pixel values corresponding' to all the 28/0812006  -52
reference pixels PO-P9 are stored in the prediction  probability generator
22 and the prediction val.ue generator  14. In the prediction value
generator 14, a prediction  pixe . 1 value. of the coding target pixel Px
is obtained from  the reference pixels PO-P 9 as in the first embodiment.
Further, in the prediction probability generator 22, a  prediction
probability Sk for the coding target pixel Px is  obtained on the basis of
the pixel values of the reference  pixels PO-P9. When the prediction pixel
value Sp and the prediction  probability Sk are output to the encoder 16c,
the encoder  16c performs a coding process according to the prediction
probability Sk for a difference value betwee n the pixel  value of the
coding target pixel Px and the prediction  pixel value from the prediction
value generator 14. As described above, according to the third embodiment
of the invention, in the image coding apparatus 103 for  coding a
multivalued signal, a coding target pixel adjacent  to the block boundary,
for which generation of a prediction  value is difficult, can be coded
while suppressing  degradation in coding efficiency. Therefore, influence
of  transmission error can be converged block by block, and the  



coding efficiency can be increased as compared with the  simple
block.-by-block coding process, . and further, on the 28/08/2006  -53
decoding-side, it is possible to accurately perform a  decoding process for
a coded signal without degrading the  efficiency in predicting the coding
target pixel.  Embodiment 4. Figure 5 is a block diagram illustrating a
construction of an image coding apparatus 104 according to  a fourth
embodiment of the present invention. In the  figure, the same reference
numerals as those shown in  figure 1 designate the same parts as in the
image coding  apparatus described in the first embodiment. This image
coding apparatus 104 is different from the  image coding apparatus 101
according to the first  embodiment in that a blocked image signal Bs is
subjected  to a non-reversible coding process. More specifically, the image
coding apparatus 104  includes an encoder 16d for performing a
non-reversible  coding process including a DCT (Discrete Cosine
Transformation) process to an output Bs from the blocking  unit 2, on the
basis of a prediction pixel value from the  prediction value generator 14,
in place of the encoder 16a  for performing a reversible coding process
according to the  first embodiment. Further, a prediction value generation



unit 140 in this-image coding apparatus 104 includes a  local decoder 24
that decodes an output Cs from the encoder  16d on the basis of the
prediction pixel value Sp from the '28/08/2006  -54 prediction value
generator 14, wherein an output LDs from  the local decoder 24 is stored in
the main memory 4 as a  pixel value of a decoded pixel, and the output, LDs
is input  to the counter 8. The other construction is identical to  that of
the image coding apparatus 101 according to the  first embodiment. In the
image coding apparatus 104 so constructed, when  an input image signal Is
is coded on the basis of a  prediction pixel value Sp of a coding target
pixel Px, in  the prediction value generator 140 that generates the
prediction pixel value Sp, the local decoder 24 decodes an  output Cs from
the encoder 16d with reference to the  prediction pixel value Sp, and the
decoded pixel value is  stored in the main memory 4. Therefore, in the
image coding apparatus 104  performing a non-reversible coding process, the
decoded  pixel value is used for generating the prediction pixel  value,
whereby the coded image signal coded by this image  coding apparatus can be
decoded accurately in an image  decoding apparatus. Although in the fourth
embodiment only the prediction  



pixel value of the coding target pixel Px is referred to in  the image
signal non-reversible coding process, not only  the p rediction pixel value
of the coding target pixel Px but also the prediction probability showing t
he accuracy of 28/08/2006  -55 the pre-diction pixel value may be referred
to. In this case, when the image signal subjected to the  non-reversible
coding process is a binary shape signal,  since the prediction pixel value
is either "0" or "1", only  the prediction probability may be referred to,
while fixing  the prediction pixel value to either Ivory or 11111.
Hereinafter, a description is given of an image coding  apparatus according
to a first modification of the fourth  embodiment of the invention, which
performs a non- reversible coding process for a binary shape signal with
reference to only the prediction probability in place of  the prediction
pixel value, and an image coding apparatus  according to a second
modification of the fourth embodiment,  which performs a non-reversible
coding process for a  multivalued image signal with reference to both the
prediction pixel value and the prediction probability. Figure 6 is a block
diagram illustrating a  construction of an image coding apparatus 104a
according to  the first modification of the fourth embodiment of the
inve~ntion. In the figure, the same reference numerals as  



those shown in figure 5 designate the same parts as in the  image coding
apparatus 104 according to the fourth  embodiment. This image coding
apparatus 104a includes a prediction  probability generator 22 in place of
the prediction value 28/08/2006  -56 generator 14 in the image coding
apparatus 104 according to  the fourth embodiment, and performs a coding
process for a  binary shape signal whose pixel value is either "0" or
11111.  The prediction probability generator 22 has a con~truction in which
as a prediction probability, a  probability of a pixel value of a coding
target pixel Px  matching with a prediction pixel value is obtained from
pixel values of reference pixels PO-29 for the coding  target pixel Px, and
then the prediction probability Sk for  the coding target pixel Px is
output toward the encoder 16e  and the local decoder 24. In this case,
since this image coding apparatus is for  treating a binary shape signal as
its processing target, in  the encoder 16e, the prediction pixel value for
the coding  target pixel Px is set at either "0" or folio. Like the encoder
16b according to the second embodiment, this  encoder 16e has a
construction in which, when the  prediction probability is high, a
difference value between  the pixel value of the coding target pixel Px and
the  



prediction pixel value is coded by a coding method which  increases the
coding efficiency when the difference value  is 0, and on the other hand,
when the prediction  probability is low,. a difference value between the
pixel  value of the coding target pixel Px and the prediction  pixel value
is coded by a coding method which increases the 28/08/2006  -57 coding
efficiency when the difference value is not 0.  Further, the local decoder
24 performs a decoding  process while switching the decoding method on the
basis of  the prediction probability, like the encoder 16e. Here, the
operation identical to that of the image  coding apparatus according to the
fourth embodiment is not  described. Also in the binary shape signal coding
process by the  image coding apparatus 104a thus constructed, with respect
to uncoded pixels among the reference pixels PO-P9 for the  coding target
pixel Px, their pixel values are generated  from the pixel values of the
coded pixels as in the image  coding apparatus 104 according to t he fourth
embodiment,  and the pixel values corresponding to all the reference
pixels PO-P9 are stored in the prediction probability  generator 22. In
th.e prediction probability generator 22, on.the  basis of the pixel values
of the reference pixels PO.-P9, a  



prediction probability Sk for the coding target pixel Px is  obtained. This
prediction probability Sk is output from  the prediction probability
generator 22 to the encoder 16e  and the local decoder 24, and in the
encoder 16e, a non- reversible coding process according to the prediction
probability S k is performed for a difference. value between  the pixel
value of the coding target pixel Px and a 28/0812006  _58 previously set
prediction pixel value. At this time, the  local decoder 24 performs a
decoding process for an output  Cs from the encoder 16e according to the
prediction probability Sk, whereby the pixel value of the coding targ et
pixel Px is reproduced. This reproduced pixel value  of the coding target
pixel Px is stored in the main memory  4. As described above, according to
the first  modification of the fourth embodiment, in the image coding
apparatus 104a performing a non-reversible coding process  for a binary
shape signal, a coding target pixel adjacent  to the block boundary, for
which generation of a prediction  value is difficult, can be coded while
suppressing  degradation in coding efficiency. Therefore, influence of
transmission error can be converged block by block, and the  coding
efficiency can be increased as compared with the  simple block-by-block
coding process, and further, on the  



decoding side, it is possible to accurately perform a  decoding process for
a coded signal without degrading the  efficiency in predicting the coding
target pixel. Figure 7 is a block diagram illustrating a  construction of
an image coding apparatus 104b according to  the second modification of the
fourth embodiment of the  invention. In the figure, the same reference
numerals as  those shown in figure 4 designate the same part's as in the
28/08/2006  -59 image coding apparatus 104 according to the four.th
embodiment. This image coding' apparatus 104b is for performing a
non-reversible coding process for a multivalued image  signal as described
above, and. has a construction in which  a prediction probability
generation unit 140b includes a  prediction probability generator 22 in
addition to the  prediction value generator 14 in the image coding
apparatus  104 according to the fourth embodiment. Like the prediction
value generator 14, the prediction  probability generator 22 has-a
construction to receive  outputs Sout from the selector switch 12, to
successively  store pixel values of reference pixels PO-P9 for a coding
target pixel Px, and to output, on the basis of these pixel  values, a
prediction probability Sk that shows the accuracy  of a prediction pixel
value Sp which is predicted on the  



basis of the reference pixels PO-P9 in the prediction value  generator 14.
The encoder 16f has a construction to perform a non- reversible coding
process for the pixel value of the coding  target pixel Px on the basis of
the prediction pixel value  Sp from the prediction value generator 14 and
the  prediction probability Sk from the prediction probability  generator
22, and the specific structure thereof is  identical to that of the encoder
16c according to the third 28/08/2006  -60 embodiment.  Further, the local
decoder 24 performs a decoding  process while switching the coding method
according to the  prediction probability, like the encoder l6e. Also in the
multivalued image signal coding process by  the image coding apparatus 104b
t hus constructed, with  respect to uncoded pixels among the reference
pixels PO-P9  for the coding target pixel Px, their pixel values are
generated from the pixel values of the coded pixels- as in  the image
coding apparatus 104 according to the fourth  embodiment, and the pixel
values corresponding to all the  reference pixels PO-P9 are stored in the
prediction.  probability generator 22 and the prediction value generator
14. In the prediction value generator 14, a prediction  



pixel value of the coding target pixel Px is obtained from  the reference
pixels PO-P9 as in the fourth embodiment.  Further, in the prediction
probability generator 22, a  prediction probability Sk for the coding
target pixel Px is  obtained on the basis of the pixel values of the
reference  pixels PO-P9. The prediction pixel value Sp and the prediction
probability Sk are output to the encoder 16f and the local  decoder 24, and
in the encoder 16f, a difference value  between the pixel value of the
coding target pixel Px and a 28/08/2006  previously set prediction pixel
value is subjected to a coding process according to the prediction
probability Sk.  At this time, the local decoder 24 performs a decoding
process for an output Cs from the encoder 16f according to  the prediction
probability Sk, whereby the pixel value of  the coding target pixel Px is
reproduced. This reproduced  pixel value of the coding target pixel Px is
stored in the  main memory 4. Therefore, degradation in coding efficiency
is-avoided  with respect to an image signal for which generation of a
prediction value is difficult, and a significant increase  in coding
efficiency can be realized 'with respect to an  image signal for which a
prediction value is easy generated. As described above, according to the
second  modification of the fourth embodiment, in the image coding  



apparatus 104b performing non-reversible coding of a  multivalued signal, a
coding target pixel adjacent to the  block boundary, for which generation
of a prediction value  is difficult, can be coded while suppressing
degradation in  coding efficiency. Therefore, influence of transmission
error can be converged block by block, and the coding  efficiency can be
increased as compared with the simple  block-by-block coding process, and
further, on the decoding  side, it is possible to accurately perform a
decoding  process for a coded signal without- degrading the efficiency
28/08/2006  -62 in predicting the coding target pixel.  Embodiment 5.
Figure 8 is a block diagram illustrating a  construction of an image
decoding apparatus 105 according  to a fifth embodiment of the present
invention. The image decoding apparatus 105 according to this  fifth
embodiment reversibly decodes a coded image signal  which has been re
versibly coded by the image coding  apparatus 101 according to the first.
embodiment. This image decoding apparatus 105 includes a decoder  26a for
decoding an input coded image signal Cs for each of  plural blocks
constituting a single image display region,  more specifically, for
decoding a pixel value of a decoding  target pixel Px' being a target of a
decoding process, i.e.,  



a coded signal which is obtained by coding a pixel value of.  a coding
target pixel Px, with reference to a prediction  pixel value of the
decoding target pixel, an inverse  blocking unit 30 for combining decoded
image signals Ds  corresponding to the respective blocks output from the
decoder 26a to generate a reproduced image signal Rs having  a prescribed
scanning line structure, and a prediction  value generation unit 150 for
generating the prediction  pixel value on the basis of pixel values of
reference  pixels POI-P91 located in the vicinity of the decoding  target
pixel Px'. 28/08/2006  -63 The prediction value generation unit 150 is
similar to  the prediction value generation unit 110 included in the  image
coding apparatus 101 according to the first  embodiment. To be specific,
the generation value generation unit  150 includes a mass storage main
memory 4 capable of  storing pixel values by, for example, numbers
corresponding  to one frame, and first and second auxiliary memories 6a
and 6b of different hold periods of time, for temporarily  holding pixel
values M output from the main memory 4. In  this case, the main memory 4
has a construction in which  the pixel values corresponding to the
reference pixels  PO'-P9' for the decoding target pixel P.x1 t o be pr
ocessed  



by the decoder 26a (see figure 17) are successively output  from the stored
pixel values, during a period of time  required for a coding process of a
pixel value. The first  auxiliary memory 6a.has a construction in which the
pixel  values M successively output from the main memory 4. are  delayed by
one pixel, -and the second auxiliary memory 6b  has a construction in which
the pixel values M successively  output from the main memory 4 are delayed
by two pixels. Further, the prediction value generation unit 150  includes.
a counter 8 for receiving the decoded image signal  Ds per frame and
counting the number of pixel values, and a  decoded/undecoded decision unit
20 for deciding, whether the 28/08/2006  64 pixel value being output from
the main memory 4 is a pixel value of a  decoded pixel which has already
been decoded by the decoder 26a or  a pixel value of an undecoded pixel
which has not been decoded yet,  according to an output Cout from the
counter 8 and information BNS  relating to vertical and horizontal block
numbers in each frame, supplied from the outside. In this case, the
decision unit 20 also  perform a process of measuring a distance between an
undecoded  pixel and a decoded pixel that is on the same horizontal
scanning line as and nearest to the undecoded pixel, with the number of
pixels.  The counter 8 is reset when the pixel values of all pixels
constituting  one frame are input. Furthermore, the prediction value
generation unit 150 includes a  



selector switch 12 for selecting and outputting one of the outputs M,  Ma.
and Mb from the main memory 4, and the first and second  auxiliary memories
6a and 6b, respectively, according to an output  Scont from the decoded/
undecoded decision unit 20, and a prediction  value generator 14 for
receiving outputs Sout from the selector switch  12 as the pixel values of
the reference pixels PO'-P9'required for  generating a prediction pixel
value for the decoding target pixel Px',  and generating the prediction
pixel value Sp for the decoding target  pixel Px'. In the image decoding
apparatus 105, the decoder 26a 28/08/2006  -65 decodes a coded difference
value for the coding target  pixel Px Which is input as a coded image
signal from the  outside to generate a decoded difference value, and adds
the prediction pixel value Sp from the prediction value  gene ration unit
150 to the decoded difference value to  generate a decoded pixel value of
the decoding target pixel  and output the same to the inverse blocking unit
30. A description is given of the operation. Figure 9 is a flowchart
showing the decoding process  of the image decoding apparatus 105, and the
flow of the  decoding process will be described briefly along this
flowchart. When a coded image signal Cs is input to this image  coding
apparatus 105, the decoder 26a performs a decoding  



process for the coded image signal Cs, according to a prediction signal Sp
from the prediction value generation  unit 150. At this time, a plurality
of dec'oded pixel values  output from the decoder 26a and corresponding to
one frame  are successively stored in the main memory 4,.and the main
memory 4 outputs pixel values of plural reference pixels  (peripheral
pixels) PO'-P9' located in the' vicinity of a  decoding. target pixel Px',
which reference pixels are  referred to w hen the decoding target pixel Px'
is decoded  (step S11). 28/08/2006  66 Next, the first reference pixel
among the plural reference pixels  obtained by the main memory 4 is
regarded as a decision target  pixel 9step S12), and the decoded/ undecoded
decision unit 20  decides whether the decision target pixel is a decoded
pixel or  not (step S13). Since in this decoded/ undecoded decision unit
20 the increment of the counter output Cout is synchronized  with the
operation of successively outputting the pixel values of  the ten reference
pixels PO'-P9' from the main memory 4  according to a reference clock, the
position of the reference pixel  being output from the main memory 4,
relative to the decoding  target pixel Px', can be detected by the counter
output Cout. As the result of the decision, when the decision target
reference  pixel is a decoded pixel, its pixel value is received as a
reference  



pixel value by the prediction value generator 14 (step S15), and  when the
decision target reference pixel is not a decoded pixel, a  reference pixel
value (replacement pixel value) of this reference  pixel is generated from
its peripheral decoded pixels, and  received by the prediction value
generator 14 (step S14). Next, it is decided whether all of the reference
pixel values  required for decoding the decoding target pixel are received
by  the prediction value generator 14 (step S16), and when all of  the
reference pixel values required are not 28/08/2006  -67 received, the next
reference pixel in the reference pixels  obtained by the main memory 4 is
regarded as the decision  target (step S18), and the processes in
steps.S13-S16 are  repeated. On the other hand, when all of the reference
pixel values required are received by the prediction value  generator 14, a
prediction pixel value for the decoding  target pixel Px' is generated
according to the reference  pixel values by the prediction value generator
14 (step  S17). Thereafter, the pixel value of the decoding target  pixel
PxI is received by the decoder 26a and,  simultaneously, the prediction
pixel value of the decoding  target pixel PxI is received from t-he
prediction value  generator 14 (step S19), and in the decoder 26a, a
decoding  process for the pixel value of the decoding target pixel  



Px' is carried out using the prediction pixel value (step  S20). A detailed
description is now given of the operation  of the image decoding apparatus
105 in the decoding process  for the image signal, and the specific
operations of the  respective units in this apparatus in steps Sll-S20.
When a coded image signal Cs is input to the image  decoding apparatus 105,
the coded image signal Cs is  transmitted to the decoder 26a, and in the
decoder 26a, a  decoding process in which pixel values of decoding target
28/08/2006  -68 pixels -Px' are de'coded pixel by pixel with reference to
reference pixel values, is performed block by block. At this time, the
pixel values output from the decoder  26a and constituting one frame are
successively stored in  the main memory 4, and pixel values of-reference
pixels  POI-P91 for each decoding target pixel Px1 are output at a  fixed
read cycle (step Sll). An output M from the main  memory 4 is temporarily
held in the first and second  auxiliary memories 6a and 6b. The first
auxiliary memory  6a holds the output from the main memory 4 for a period
corresponding to one read cycle, and the second auxiliary  memory 6b holds
it for a period corresponding to t wo read  cycles. In the counter 8, with
the first pixel value in one  



frame as a reference, the number of input pixel values is  counted in
accordance with outputs Ds from the decoder 26a,  and this count value Cout
is output toward the  decoded/undecoded decision unit 20. In this
decoded/undecoded decision unit 20, information BNs  relating to vertical
and horizontal block numbers in one  frame is input from the outside, and a
reference pixel  designated by the block number information BNs and the
output from the counter 8 is regarded as a decision target  pixel to be
decided whether it is a decoded pixel or an  undecoded pixel. For example,
when a decoding target pixel 28/08/2006  -69 Px' is decided as shown in
figure 17, reference pixels  PO'-P9' for this decoding target pixel are
decided, and the  pixel POI whose pixel value is output from the main
memory  4 first is regarded as a decision target pixel (step S12) At this
time, the pixel value of the reference pixel  PO' is held in the first and
second auxiliary memories 6a  and 6b for one read period, and two read
periods,  respectively. In the decoded/undecoded decision unit 20,  the
position of the decoding target pixel in the decoding  target block is
calculated on the basis of the counter  output Cout and the block number
information BNs, it is  decided whether the reference pixel is a decoded
pixel or  an undecoded pixel, and according to the result of the  



decision, the selector switch 12 is controlled. Since this pixel PO' is a
decoded pixel as shown in  figure 17, as the result of the decision by the
decoded/undecoded decision unit 20 (step S13), the selector  switch 12 is
controlled by the decoded/undecoded decision  unit 20 to select the output
M from the main memory 4,  whereby the pixel value of the reference pixel
PO' is  stored, as a reference pixel value, in the prediction value
generator 14. Thereafter, in the decoded/undecoded decision unit 20,  it is
decided whether or not the pixel values of all the  reference pixels for
the decoding target pixel,Pxl are 28/08/2006  70 received by the prediction
value generator 14 (step S16). In this case, since the reference pixel
values of all the reference  pixels PO'-P9' are not received by the
prediction value generator  14, the decoded/ undecoded decision unit 20
regards the pixel  value of the reference pixel PV, which is output from
the main  memory 4 after the pixel value of the reference pixel PO', as a
pixel value of a decision target pixel (step S18). Since the  reference
pixel Pl' is a decoded pixel like the reference pixel PO',  the pixel value
of the reference pixel Pl' is subjected to the  processes in steps S13,
S15, S16 and S18. Subsequently, the decoded/ undecoded decision unit 20
regards  the pixel value of the reference pixel P2', which is output from  



the main memory 4 after the pixel value of the reference pixel  Pl', as a
pixel value of a decision target pixel (step S18). Since  this reference
pixel P2' is an undecoded pixel adjacent to the  decoded pixel, unlike the
reference pixels PO' and Pl', the  selector switch 12 is controlled by the
decoded/ undecoded  decision unit 20 to select the output Ma from the first
auxiliary  memory 6a, whereby the pixel value of the reference pixel Pl' is
stored in the prediction value generator 14 as a replacement  pixel value
of the reference pixel P2' (step S14). Thereafter, the processes in step
S16 and Step S18 are executed. 28/08/2006  71 Further, the reference pixels
P3'-P5' are subjected to the  processes in steps S13, S15, S16, and S18
like the reference  pixel PO', and the reference pixel P6' is subjected to
the  processes in steps S13, S14, S16 and S18 like the reference  pixel
P2'. Subsequently, the decoded/ undecoded decision unit 20 regards  the
pixel value of the reference pixel P7', which is output from  the main
memory 4 after the pixel value of the reference pixel  P6, as a pixel value
of a decision target pixel (step S18). Since  this reference pixel P7' is
an undecoded pixel that is positioned  across one pixel from the decoding
target pixel, unlike the  reference pixels PO'-P6', the selector switch 12
is controlled by  the decoded /undecoded decision unit 20 to select the
output Mb  from the second auxiliary memory 6b, whereby the pixel value of



the reference pixel P5' is stored in the prediction value  generator 14 as
a replacement pixel value of the reference pixel  PV (step S14).
Thereafter, the processes in steps S16 and step  S18 are executed. Further,
the reference pixels P8:' and P9' are subjected to the  processes in steps
S13, S15, and S16 like the reference pixel  PO. At this time, the decoded/
undecoded decision unit 20  decides that the reference pixel values of all
the reference pixels  PO'-P9' are received by the prediction va lue
generator 14, and the 28/08/2006  72 prediction value generator 14
calculates a prediction pixel value for  the decoding target pixel Px'on
the basis of the reference pixel  values received (step S 17). Thereafter,
the pixel value of the decoding target pixel Px' and the  prediction pixel
value are received by the. decoder 26a (step S 19),  and a value obtained
by adding the pixel value of the decoding  target pixel Px'and the
prediction pixel value is output as a  decoded image signal Ds of the
decoding target pixel Px' (step S20). In this way, the' pixel values in the
respective blocks in one  frame are successively decoded. Since the first
pixel in one frame  has no decoded pixel for reference, its decoding
process is carried  out with a prediction pixel value of 0. In the inverse
blocking unit 30, the decoded image signals  Ds are combined so as to
correspond to a single frame screen to  output a reproduced image signal Rs
of a scanning line structure. 



As described above, according to the fifth embodiment of the  invention,
when a pixel value of an undecoded pixel is referred to,  since a pixel
value of a coded pixel in its vicinity is referred to, the  adaptive
pixel-by-pixel decoding process and the block-by-block  decoding process
can be performed without degrading correlation  of pixel values between the
undecoded pixel and the decoding  target pixel. Thereby, it is possible to
accurately decode' a 28/08/2006  -73 coded image signal cs which has been
processed in a coding  method in which influence of tra nsmission error can
be  converged block by block and the coding efficiency can be  improved as
compared with the simple block-by-block coding  process. While in the fifth
embodiment two auxiliary memories  6a and 6b of different times for holding
the output M from  the main memory 4 are provided, only one auxiliary
memory  for temporarily holding the output from the main memory 4  may be
provided, and the time for holding the pixel value  output from the main
memory 4 may be changed by the decoded/undecoded decision unit 20 according
to the  distance between the undecoded pixel and the decoding  target
pixel. Further, while in the fifth embodiment only the  prediction pixel
value of the decoding target pixel Px' is  referred to in the decoding
process for the image signal,  



the decoding process may be performed on the basis of, not  only the
prediction pixel value of the decoding target  pixel Px1, but also the
prediction probability that shows  the accuracy of the prediction pixel
value. In this case, when the image signal being a target of  the decoding
process is a binary shape signal, since the  prediction pi xel value is
either "0" or 111", only the  prediction probability may be referred to,
with the 28/0812006  -74 prediction pixel value being fixed to either "0",
or "l"  Hereinafter, as a sixth embodiment of the invention,  an image
decoding apparatus for performing a decoding  process of a binary shape
signal with reference to only a  prediction probability in place of the
prediction pixel  value will be described, and as a seventh embodiment of
the  invention, an image decoding apparatus for performing a  decoding
process of a multivalued image signal with  reference to both the
prediction pixel value and a  prediction probability will be described.
Embodiment 6. Figure 10 is a block diagram illustrating a  construction of
an image decoding apparatus according to a  sixth embodiment of the present
invention. In the figure,  the same reference numerals as those shown in
figure 8 designate the same parts as in the image decoding apparatus  



105 according to the fifth embodiment. The image decoding apparatus 106
according to the  sixth embodiment includes a prediction- probability
generator 22 in' place of the prediction value generator 14  in the image
decoding apparatus 105 according to the fifth  embodiment, and performs a
decoding process for a binary  shape signal whose pixel value is either "0"
or "1". The prediction probability generator 22 has a  construction in
which as a prediction probability Sk, a 28/08/2006  -75 probability of a
pixel value of a decoding target pixel Px'  matching with its prediction
pixel value i s obtained from  pixel values of reference pixels PO'-P9' for
the decoding  target pixel Px1, and then the prediction probability Sk  for
the decoding target pixel Px1 is output toward the  decoder 26b. The
decoder 26b has a construction to perform a  decoding process for a coded
image signal Cs which has been  coded by the image coding apparatus 102
according to the  second embodiment. A description is given of the function
and effect.  Here, the operation identical to that of the image  coding
apparatus according to the first embodiment is not  described. Also in the
binary shape signal decoding process by  



the image decoding apparatus 105 thus constructed, with  respect to
undecoded pixels among the reference pixels  POI-P9' for the decoding
target pixel Px', their pixel  values are generated from the pixel values
of the decoded  pixels as in the image decoding apparatus 105 according to
the fifth embodiment, and the pixel values corresponding to  all the
reference pixels PO'-P9' are stored in the  predicti.on probability
generator 22. In the prediction prob . ability generator 22, on the  basis
of the pixel values of the reference pixels PO'-P9', 28/08/2006  -76 a
prediction probability Sk for the decoding target pixel  Px1 is obtained.
This prediction probability Sk is output  from the prediction probability
generator 22 to the decoder  26b, and in the decoder 26b, a difference
value between the  pixel value of the decoding target pixel Px' and a
previously set prediction pixel value is subjected to a  decoding process
according to the prediction probability Sk. As described above, according
to the sixth embodiment  of the invention, in the image decoding apparatus
106 for  decoding a coded image signal obtained by coding a binary  image
signal, it is possible to realize a decoding process  corresponding to a
coding process capable of coding a coding target pixel adjacent to the
block boundary, for  which generation of a prediction value is difficult,
while  



suppressing degradation in coding efficiency. Embodiment 7. Figure 11 is a
block diagram illustrating a  construction of an image decoding apparatus
according to a  seve~nth embodiment of the invention. In the figure, the
same reference numerals as those shown in figure 8  designate the same
parts as in the image coding apparatus  105 according to the fifth
embodiment. The-image decoding apparatus 107 according to the  seventh
embodiment is for performing a coding process for a  multivalued image
signal as described above, and has a 28/08/2006  -77 construction to
perform a decoding process for a coded  image signal Cs which has been
coded by the image coding  apparatus 103 according to the third embodiment.
More specifically, a prediction probability generation  unit 170 in the
image decoding apparatus 107 includes a  prediction probability generator
22 in addition to the  prediction value generator 14 in the image coding
apparatus 105 according to the fifth embodiment. Like the prediction value
generator 14, the prediction  probability generator 22 has a construction
to receive  outputs Sout from the selector switch 12, to successively
store pixel values of reference pixels POI-P9' for a  decoding target pixel
Px', and to output, on the basis of  



these pixel values, a prediction probability Sk that shows  the accuracy of
a prediction pixel value Sp which is  predicted on the basis of the
reference pixels PO'-P9' in  the prediction value generator 14. The decoder
26c performs a decoding process  corresponding to the coding process by the
encoder 16c  according to the third embodiment, and the decoder 26C has  a
construction in which the pixel value of the decoding  target pixel Px' is
decoded on the basis of the prediction  pixel signal Sp from the prediction
value generator 14 and  the prediction probability Sk from the prediction
probability generator 22. 28/08/2006  78 A description is given of the
function and effect. Here, the operation identical to that of the image
coding  apparatus according to the fifth embodiment is not described. Also
in the multivalued image signal decoding process by the  image decoding
apparatus 107 thus constructed, with respect to  undecoded pixels among the
reference pixels 1301-139'for the decoding  target pixel Px', their pixel
values are generated from the pixel values of  the decoded pixels as in the
image decoding apparatus 105 according to  the fifth embodiment, and the
pixel values corresponding to all the  reference pixels PO'-P9'are stored
in the prediction probability  generator 22 and the prediction value
generator 14. In the prediction value generator 14, a prediction pixel
value of  



the decoding target pixel Px'is obtained from the reference pixels  PO'-P9'
as~ in the fifth embodiment. Further, in the prediction  probability
generator 22, a prediction probability for the decoding target  pixel Px'
is obtained on the basis of the pixel values of the reference  pixels
PO'-P9. When the prediction pixel value Sp and the prediction probability
Sk are output to the decoder 26c, the decoder 26c performs a decoding
process according to tile prediction probability Sk for a value 28/08/2006
-79 obtained by adding the pixel value of the decoding target  pixel Px'
and'the prediction pixel value from the  prediction value generator 14. The
pixel value of the  decoding target pixel Px' so reproduced is stored in
the  main memory 4. As described above, according to the seventh
embodiment of the invention, in the image decoding  apparatus 107 for
decoding a coded image signal obtained by coding a multivalued image
signal, it is possible to  realize a decoding process corresponding to a
coding  process capable of coding a coding target pixel adjacent to the
block boundary, for which generation of aprediction  valu'e is difficult,
while suppressi ng degradation in coding  efficiency. Although in the
fifth, sixth and seventh embodiments,  described are image decoding
apparatuses for decoding coded  



image signals that have been reversibly coded by the image  coding
apparatuses 101, 102 and 103 according to the first,  second and third
embodiments, respectively, by constructing  the decoder 26a so as to
perform a decoding process corresponding to non-reversible codi~g, the
image decoding  apparatuses 105, 106 and 107 according to the fifth, sixth
and seventh embodiments can correspond to the image coding  apparatuses
104, 104a and 104b according to the fourth embodiment, and the first and
second modifications thereof, 28/08/2006  _80 respectively.  Further, by
recording a coding of decoding program for  implementing the construction
of the coding apparatus or  decoding apparatus according to any of the
aforementioned  embodiments on a data recording medium such as a floppy
disk, the process described in any of the embodiments can  be executed
easily in individual computer systems. Figure 12(a) is a diagram for
explaining a case where  a coding or decoding process according to any of
the  aforementioned embodiments is executed in a computer system  using a
floppy disk in which the coding or decoding program  is stored. Figure
12(b) shows a front view of a floppy disk, its  cross section, and a floppy
disk, and figure 12(a) shows an  example of a physical format of the floppy
disk as a 



recording medium body. The floppy disk FD is contained in  a case F, plural
tracks Tr are concentrically formed on the  surface of the disk from the
outer circumference toward the  inner circumference, and each track is
divided into 16 sectors Se in the angular direction. Therefore, in the
floppy disk containing the above-mentioned program, in a  region allocated
on the floppy disk FD, data as the program is recorded. Figure 12(c). shows
a structure for performing  recording/reproduction of the program on the
floppy disk FD. 28/08/2006  81 When the program is recorded on the floppy
disk FD, data as the  program from a computer system Csis is written via a
floppy disk drive.  When the above- mentioned coding or decoding apparatus
is  constructed in the computer system by the program is read from the
floppy disk by the floppy disk drive and transmitted to the computer
system. Although in the above description a floppy disk is employed as a
data recording medium, an optical disk may be employed. Further, the
recording medium is not limited to these disks, and anything may be
employed as long as a program, for example, an IC card or a ROM  cassette,
can be recorded therein. In the second and third embodiments and the first
and second  modifications of the fourth embodiment, there is described an
example  in which the coding method is changed according to the prediction



probability, and in the fifth and sixth embodiments, there is described  an
example in which the decoding method is changed according to the
prediction probability, but code word (coding table) can be changed
according to the prediction probability. Especially when coding is
performed with arithmetic code, by updating a probability table
corresponding to the arithmetic code according to the prediction
probability, the image coding apparatuses according to the second and
28/08/2006  82 Third embodiments and the first and second modifications of
the  fourth embodiment, and the image decoding apparatuses  according to
the fifth and sixth embodiments can be realized by  simple structures, and
in this case, the effect on practical use is  considerable. In the present
invention, when a prediction pixel value of a coding  target pixel is
predicted with reference to pixel values of plural  peripheral pixels
located in its vicinity, for uncoded pixels among  the peripheral pixels,
replacement pixel values are generated  using pixel values of coded pixels
among the peripheral pixels, but  according to the position of the coding
target pixel in the block, as  a group of peripheral pixels to be referred
to when generating its  prediction pixel value, peripheral pixels in
different arrangement  in the vicinity of the coding target pixel may be
employed. For example, in a specific description with reference to fitgure
14,  when the coding target pixel Px is positioned at the boundary of  the
block, only the peripheral pixels PO, P1, P3, P4, P5, P8, and  



P9 are used as reference pixels, and when the coding target pixel  Px is
not positioned at the boundary of the block, all of the  peripheral pixels
PO, P1, P2, P3, P4, P5, P6, P7, P8, and P9 are  used as reference pixels.
When the coding target pixel Px is  coded, the code word is switched
between code word constructed by 28/0812006  -83 only the peripheral pixels
PO, Pl, P3, P4, P5, P8, and P9  and code word constructed by all of the pe
ripheral pixels  PO, Pl, P2, P3, P4, P5, P6, P7, P8, and P9. In other
words, the encoder is constructed so that it  has'plural code words
corresponding to positions of the  coding target pixel Px in the block, and
the code word is  changed according to the position of the coding target
pixel Px. Even in such a construction, it can be easily known  from the
embodiments 6f the present invention that the same  effects as provided by
the image coding apparatuses are  obtained. Further, the decoder is also
c,onstructed so that it  has plural code words corresponding to positions
of the  decoding target pixel Px' in the block shown in figure 17,  and the
code word is changed according to the position of  the decoding target
pixel Px', whereby the same effects as  provided by the image decoding
apparatuses of the.  aforementioned embodiments are obtained. 



APPLICABILITY IN INDUSTRY As described above, the image coding apparatuses/
image coding methods, image decoding apparatuses, image  decoding methods,
and data recording media according to the  presen.t invention can impro ve
coding efficiency in a 28/08./2006  -84 compression process for image
signals, and are very  valuable for realizing an image coding process and
an image  decoding process in a system performing transmission or  storage
of image signals and, especially, are s.uitable for  compression and
decompression processes of moving pictures  based on standards such as
MPEG4. 28/08/2006  85 CLAIMS:  1. An image decoding apparatus for decoding,
block by block, each  block having a square form and comprising N x N
pixels, a coded image  signal obtained by performing, for each block
comprising a prescribed  number of pixels, a process in which pixel values
comprising an image  signal are successively coded on the basis of pixel
values of plural  peripheral pixels positioned in the vicinity of a coding
target pixel,  including: pixel value replacing means for replacing a pixel
value of an  undecoded pixel among plural peripheral pixels positioned in
the  vicinity of a decoding target pixel, said peripheral pixels including
at  



least three lines of pixels and the target pixel is in the third line, with
a  pseudo pixel value obtained from a pixel value of a decoded pixel among
the plural peripheral pixels; wherein the pixel value replacing means
employs, as the pseudo pixel value of the undecoded. pixel, a pixel value
of a decoded pixel which is positioned at the shortest distance from the
undecoded pixel and on the same horizontal scanning line among said  three
lines of pixels; decoding means for (a) receiving the coded image signal
comprising plural pixel values corresponding to each block, (b)
performing, block by block, a decoding process in which the respective
pixel values use the pixel values of at least one decoded pixel positioned
in each of a previously decoded block, the decoding target block, and a
28/08/2006  86 pseudo pixel value of an undecoded pixel, and wherein the
respective  pixel values are decoded on the basis of: (i) the pixel value
of a decoded pixel positioned in a previously  decoded block for the
peripheral pixel positioned in the previously  decoded block; (H) the pixel
value of a decoded pixel positioned in the decoding  target block for the
peripheral pixels positioned in the decoding target  block; and (iii) a
pseudo pixel value of an undecoded pixel for the  peripheral pixels
positioned in an undecoded block; and (c) outputting a decoded image signal
corresponding to each  block, and 



inverse blocking means for combining decoded image signals  corresponding
to the respective blocks. 2. An image decoding apparatus according to claim
1, wherein said  at least three lines of pixels the first line has at least
three pixels, the  second line has at least five pixels, and the, third
line has at least two  pixels. 3. An image decoding apparatus as defined in
claim 1 or claim 2,  wherein the decoding means selects code words for
decoding the pixel  value of the decoding target pixel, on the basis of the
pixel value of the  decoded pixel and the pseudo pixel value of the
undecoded pixel. 4. An image decoding apparatus as defined in claim 1 or
claim 2,  wherein the decoding means selects a probability table
corresponding to 28/08/2006  97 codes for arithmetically decoding the pixel
value of the decoding target  pixel, on the basis of the pixel value of the
decoded pixel and the pseudo  pixel value of the undecoded pixel, and
performs an arithmetic decoding  process for the decoding target pixel on
the basis of the selected  probability table. 5. An image coding apparatus
for successively coding, block by  block, each block including a prescribed
'number of pix els, pixel values  constituting an image signal on the basis
of pixel values of plural  peripheral pixels positioned in the vicinity or
a coding target pixel,  including: blocking values for block an image
signal comprising plural pixel  values into blocks, each block having a
square form and comprising N x  



N pixels; pixel value replacing means for replacing a pixel value of an
uncoded pixel among plural peripheral pixels positioned in the vicinity  of
a coding target pixel, said peripheral pixels including at least three
lines of pixels and the target pixel is in the third line, with a pseudo
pixel value obtained from a pixel value of a coded pixel among the plural
peripheral pixels; wherein the pixel value replacing means employs, as  the
pseudo pixel value of the uncoded pixel, a pixel value of a coded  pixel
which is positioned at the shortest distance from the uncoded  pixel and on
the same horizontal scanning line among said three lines  of pixels;
28/08/2006  coding means for (a) receiving the image signal comprising
plural pixel values corresponding to each block, (b) performing, block by
block,  a coding process in which the respective pixel values use the pixel
values of at least one coded pixel positioned in each of a previously
coded block, the coding target block, and a pseudo pixel value of an
uncoded pixel, and wherein the respective pixel values are coded on the
basis of. i) the pixel value of a coded pixel positioned in a previously
coded block for the peripheral pixel positioned in a  previously coded
block; ii) the pixel value of a coded pixel positioned in the coding
target block for the peripheral pixels positioned in the  coding target
block; and iii) a pseudo pixel value of an uncoded pixel for the peripheral



pixels positioned in an uncoded block and 0 outputting a  coded image
signal corresponding to each block. 6. An image coding apparatus according
to claim 5, wherein in said  at least three lines of pixels the first line
has at least three pixels, the  second line has at least five pixels, and
the third line has at least two  pixels. 7. An image coding apparatus for
successively coding, block by  block, each block including a prescribed
number of pixels, pixel values  constituting an image signal on the basis
of pixel values of plural 28/08/2006  89 peripheral pixels positioned in
the vicinity of a coding target pixel,  including: blocking means for block
an image signal comprising plural pixel  values into blocks, each block
having a square form and comprising N x  N pixels; pixel value replacing
means for replacing a pixel value of an  uncoded pixel among plural
peripheral pixels positioned in the vicinity  of a coding target pixel,
said peripheral pixels including at least three  lines of pixels and the
target pixel is in the third line, with a pseudo  pixel value obtained from
a pixel value of a coded pixel among the plural  peripheral pixels; wherein
the pixel value replacing means employs, as  the pseudo pixel value of the
uncoded pixel, a pixel value of a coded  pixel which is positioned at the
shortest distance from the uncoded  pixel and on the same horizontal
scanning line among said three lines  of pixels; 



coding means for (a) receiving the i mage signal comprising plural  pixel
values corresponding to each block, (b) performing, block by block,  a
coding process in which the respective pixel values use the pixel  values
of at least one coded pixel positioned in each of a previously  coded
block, the coding target block, and a pseudo pixel value of an  uncoded
pixel, and wherein the respective pixel values are coded on the  basis of.
28/08/2006  90 i) the pixel value of a coded pixel positioned in a
previously  coded block for the peripheral pixel positioned in a
previously coded block; ii) the pixel value of a coded pixel positioned in
the coding  target block for the peripheral pixels positioned in the
coding target block; and iii) a pseudo pixel value of an uncoded pixel fort
he peripheral  pixels- positioned in an uncoded block, and (c) outputting a
coded image signal corresponding to each block; wherein the coding means
selects a probability table  corresponding to codes for arithmetically
coding the pixel value of the  coding target pixel and performs an
arithmetic coding process for the  coding target pixel on the basis of the
selected probability table. 8. An image coding apparatus according to claim
7, wherein in said  at least three lines of pixels the first line has at
least three pixels, the  second line has at least five pixels, and the
third line has at least two  pixels. 



9. An image decoding apparatus for decoding, block by block, each  block
having a square form and including N x N pixels, a coded image  signal
obtained by performing, for each block comprising a prescribed  number of
pixels, a process in which pixel values comprising an image  signal are
successively coded on the basis of pixel values of plural  peripheral
pixels positioned in the vicinity of a coding target pixel,  including:
28/08/2006  91 pixel value replacing means for replacing a pixel value of
an  undecoded pixel among plural peripheral pixels positioned in the
vicinity of a decoding target pixel, said peripheral pixels including at
least three lines of pixels and the target pixels is in the third line,
with a  pseudo pixel value obtained from a pixel value of a decoded pixel
among  the plural peripheral pixels; wherein the pixel value replacing
means  employs, as the pseudo pixel value of the undecoded pixel, a pixel
value  of a decoded pixel which is positioned at the shortest distance from
the  undecoded pixel and on the same horizontal scanning line among said
lines of pixels; decoding means for (a) receiving the coded image signal
comprising plural pixel values corresponding to each block, (b)
performing, block by block, a decoding process in which the respective
pixel values use of the pixel values of at least one decoded pixel
positioned in each of a previously decoded block, the decoding target
block, and a pseudo pixel value of an undecoded pixel, and wherein the
respective pixel values are decoded on the basis of 



i) the pixel value of a decoded pixel positioned in a previously  decoded
block for the peripheral pixel positioned in a  previously decoded block;
ii) the pixel value of a decoded pixel positioned in the decoding  target
block for the peripheral pixels positioned in the  decoding target block;
and 28/08/2006  92 iii) a pseudo pixel value of an undecoded pixel - for
the  peripheral pixels positioned in an undecoded block, and (c) outputting
a decoded image signal corresponding to each  block; wherein the decoding
means selects a probability. table  corresponding to codes for
arithmetically decoding the pixel value of the  decoding target pixel and
performs an arith metic decoding process for  the decoding target pixel on
the basis of the selected probability table;  and inverse blocking means
for combining decoded image signals  corresponding to the respective
blocks. 






