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" IMAGE CODING APPARATUS, IMAGE CODING METHOD, IMAGE

. - DECODING METHOD, IMAGE DECODING APPARATUS,
IMAGE DATA TRANSMITTING METHOD AND RECORDING MEDIUM
Backgfound of the Invention

1. Field of the Invention

The present invention relates to an image coding apparatus
and image cbding method, image decoding apparatus, and recording
medium, and more particularly relates to the image coding apparatus
and image coding method, image d'edoding apparatus, image
transmitting method and recording medium éapable of thinning-out
{sub-sampling) and compressing an image in such a manner as to

obtain a decoded image almost identical to the original image.

2. Description of the Related Art

: Conventionally, various methods have been put forward as
wo methods for compressing images, with one of thesé methods being a
method for compressing images by thinning-out the number of
) * pixels.
- However, when an irhage compressed by this kind of
thinning-out is simply expanded by interpolation, the resolution of
_the resulting decoded image is poor.
g There are two reasons for this kind of deterioration in the
, - resolution of the decoded image. One reason is that high frequency
components included in the original image are not included in the
thinned-out image. A second reason is that the pixel values for
pixels comprising images after thinning-out are not particularly
suitable for decoding the original image. Accordingly, it would be

desirable to provide methods and apparatus which resolves such
problems.




"Summary of the Invention
As the present invention sets out to resolve these problems,
the present invention is capable of thinning-out (subsampling) and
compressing images in such a manner that decoded image; that are
identical (almost identical) to the original images can be obtained.
According to one aspect of the present im)entior_y, an image
coding apparatus includes correction means which éor_rects
c-ompressed data obtained by cbmpressing the original image data to
a fewer number of pixels and outputs corrected data: Prediction
means predicts the original image based on the corrected data and
out;;uts the prédicted value. An arithmetic means calculates a-
prediction error for the predicted value with respect to the original
image data. Determining means determines suitability of the
corrected data outputted by the correction means baéed on the |
prediction error. Outputting means outputs the corrected data as
the driginal image data coding results in accordance with
determination résults of the determining .mea‘ns. o
According to another aspect of the present invention, an _
image coding.method compresses an original image data to a fewer
number of pixels by correcting compressed data obtained by
. compressing the original image data and outpt:itting corrected data,
predicting the original image data based on the corrected data and
outputting a bredicted value and calculating a prediction error for the
predicted value with resbect to the original image data is repeatedly
carried out until the prediction error becomes less than a prescribed
. threshold value, and the corrected data is then outputted as coding
results for the original image data.
According to yet another aspect of tHe present in\)ention, in
an image decoding apparatus, coded data decoded by the decoding



3.
means is obtained when the prediction error becomes less than a

prescribed threshold value as corrected data by repeatedly
compressing an original image data to a fewer number of pixels,
correcting compres'se_d data obtained by con"\pressi.ng the original
image data ar.md outputting corrected data, predictihg the original
image data’ ‘based on the corrected data and outp_utting a predicted
value; and calculating a prediction error.for the predicted value with
respect to the original image data until the prediction error becomes
less than a prescribed threshold value.
| According to a further aspect of the present invention, a
recording medium is recorded with corrected data when a prediction
error is less than a prescribed value, obtained by repeatedly
correcting'compréssed data obtained by compressing the original
image data to a fewer number of pixels and outputting corrected
data, predicting the original image data based on the corrected data
and outputting a predicted value and calculating a prediction error
for the predicted value with respect to the original image data until
the prediction error becomes less than a prescribed threshold value.
According to another aspect of the present invention, the
image coding apparatus' includes prediction means having.adaptive
processing means for carrying out adaptive processing for obtaining
predictive coefficient for each class for calculating said predicted
values using a linear combination with the correctea data so as to -
' obtain the predicted value based on this predictive coefficient. |
According to yet another aspect of the present invention, the
image coding apparatus includes prediction means having sorting
means for sorting the corrected data into prescribed classes in

response to characteristics of the corrected data and the adaptive
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processing means carries out adaptive processing éach the
prescribed class. .

According to a further aspect of the present invention, the
image coding apparatus includes trarismitting.means for transmitting
the corrected datg outputted by the outputting meané. .

According to an aspect of the present invention,__'ghe image
‘decoding appar.atus is an image ,c;ding apparatus for decoding data
coded for an.image, which includes decoding means for decoding
the coded data, the coded data being corrected data-when a
prediction error is less than a prescribed value, obtained by
repeatedly compressing an original image data to a fewer number of
pixels, c.orrecting compressed data obtained by compress’iﬁg the
original image data and outputting corrected data, predicting the
original image data based on the corrected data and dutputting a
predicted value and calculating an estimation error for the predicted
value with respect to the original image data until the prediction
error becomes less than a prescribed threshold value. |

These and other aspects of the invention will become
apparent when considered with reference to the following

description and the accompanying drawings.

Brief Description of the Drawings

Figure 1 is a block diagram showing a configuration of an
embodiment of the present invention applied to an image processing
apparatus.

Figure 2 is a block diagram showing an example configuration
of the transmission apparatus 1 of Figure 1.
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Figure 3 is a functional block diagram of a first embodiment of
the transmission apparatus 1 of Figure 2 {excluding
transrﬁitting/recording device 16).

Figure 4 is a ﬂOV\.I chart illustrating the operation of the
transmission apparatus 1 of Figure 3.

Figure 5 is a block diagram of fhe éompressing unit 21 of each
of Figurés 3,17 and 21.

Figure 6 is a flow chart illustrating the operation of the
compressing unit 21- of Figure 5. .

Figure 7 is an illustration of the process of the thinning-out
unit 31 of Figure 5.

Figure 8 is a block diagram showing an example configuration
of the local decoder 22 of Figure 3.

Figures 9{A) and 9(B) illustrate a class classifying process.

Figures 10(A), 10(B) and 10(C) are diagrams which illustrate
the ADRC process.

Figure 11 is a flow chart illustrating the operation of the local
decoder 22 of Figure 8.
. Figure 12 is a block diagram showing an example
configuration of the error calculator 23 of Figu_r_es 3, 17 and 21.
Figure 13 is a flow chart illustrating the operation of the error
calculator 23 of Figure 12.

Figure 14 is a block diagram of the determining unit 24 of .
Figures 3 and 17. |

‘Figure 15 is a flow chart illustrating the operation of the
determining unit 24 of Figure 14. . '

Figure 16 is a block diagram of the receiving apparatus 4 of
Figure 1 for use in connection with the transmitting apparatus of
Figures 3 and the transmitting apparatus of Figure 17.
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Figure 17 is a block diagram of a transmission apparatus of a
second embodimerit of the pre.sent invention. '

Figure 18 is a block diagram of the local decoder 22’ of Figure
17.

' Figure 19 is a flow chart illustrating the operation of the local
decoder of Figure 18. | -

Figure 20 is a block diagram showing a configuration of an
embodiment of an image processing apparatus for calculating
predictive coefficients for storage in the predictive coefficients ROM
81 of Figure 18. |

Figure 21 is a block diagram of a transmission apparatus of a
third embodiment of the present invention.

Figure 22 is a flow chart illustrating the operation of the

~ transmission apparatus of Figure 21.

Figure 23 is a block diagram of a local decoder 22’ of Figure
21.

Figure 24 is a flow chart illustrating the operation of the local
decoder of Figure 23.

Figure 25 is a block diagram of a determining unit 24’ of
Figure 21.

Figure 26 is a flow chart illustratihg the "oper'ation of the
determining unit of Figure 25.

Figure 27 is a block diagram of a receiving apparatus for use
with the transmitting apparatus of Figure 21.

Detailed Déscription of the Preferred Embodiments
In order to clarify the corresponding relationship between each
of the means of the various embodiments described herein, certain

characteristics of the present invention are first briefly described
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with reference to the Figures. It is to be understood that the term

"unit" is to be interpreted in the broadest sense, including a hard
wired circuit, a main frame loaded with appropriate'software, a
programmed microprocessor or microcontroller, or a combination of
these. ' )

The image coding apparatus of the present invention includes
compreséion means (for example, the compressing unit 21 etc.
shown in Figure 3) for compreséing an original image to a fewer
number of pixels, correction means (for example, the compressi.ng
unit 21 etc. shown in Figure 3) for correcting compressed data
obtained by compressing the original image data outputting '
corrected data, prediction means (for example, the .local decoder 22
etc. shown in Figure 3) for predicting the original image data based
on the corrected data and outputting the predicted value, arithmetic
means (for example, the error calculator 23 etc. shown in Figure 3)
for calculating a prediction error for the predicted value with respect
‘to the original image, determining means (for example, the
determining unit 24 etc. shown in Figure 3) for determining
sditability of the corrected data outputted by the correction means
based on the prediction -error and outputting means (for example, the
determining unit 24 etc. shown in Figure 3) for outputting the
corrected data as the original image data coding results in
accordance with determination results of the determining means.

The foregoing is not intended to be limited to each of the
above-listed means.

Referring now to Figure 1, an image processing system is
shown. In operation, digitized image data is supplied to a
transmitting apparatus 1. The transmission apparatus 1 compresses
and codes inputted image data by thinning out {sub-sampling) this
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data (reducing the number of pixels) and records the resuiting data

on a recording medium 2 corﬁprising, for example, an optical disc,
magneto-optical disc or magnetic tape, etc., or traﬁsmits the
resultiné data via a transmission p_ath 3 of, for example, ground
waves, broadcast circuits, telephone lines or CATV networks etc.

Coded data recorded on the recording medium 2 is then:
played back at a receiving apparatus 4 or coded data tfansmittéd via
the transmission path 3 is received. This coded data is then
expanded and decoded, with the resulting deéoded image being
supplied to a display not shown in the drawings. '

The image processing system described above can be applied
to, for example, apparatus for recording/reproducing images such as
optical disc apbaratus, magneto-optical disc apparatus, magnetic
tape apparatus etc.,'and apparatus for carrying out transmission of
images such.as, for example, video phone apparatus, television
broadcast systems and CATV systems, etc. Further, the image
processing system of Figure 1 can also be applied to portable
terminals -that can be utilized on the move and that are of a low
transmission rate such as, for example, portable telephones, etc.

Referring now to Figure 2, a transmitting apparatus of a first
embodiment is shown. In operation, an I/F (interface) 11 carries out
receiving processing of image data received from outside and carries
out transmission processing of coded data for a
transmitting/recording device 16. The ROM (Read Only Memory) 12
stores a program for IPL (Initial Program Loading) use as weil as
other items. A RAM (Random Access Memory) 13 stores system
programs (OS (Opérating System)) recorded on an external storage
apparatus 15 and application programs together with data necesséry
in the operation of the CPU (Central Processing Unit) 14. The CPU
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14 loads to RAM 13 the system program and applications programs
from the external storage apparatus 15 in accordance with the IPL
prograrh stored in the ROM 12 and executes application programs
under the control of the system program so that the following coding
processing is carried out on the image data supplied from the I/F 11.
The external storage apparatus 15 is, for example, a magnetic disc
apparétus etc. that stores data necessary for the operation of the
CPU 14 in addition to the system program and a_pplications programs
executed by the CPU 14. The transmitting/recording device 16 then
records coded data supplied from the I/F 11 on the recording
medium 2 or transmits this data via the transmission path 3.

The I/F 11, ROM 12, RAM 13, CPU 14 and external storage
apparatus 15 are connected together via a bus 17.

At the transmission apparatus 1 confi'gured in this way, when
image data is supplied to the I/F 11, this image data is supplied to
the CPU 14. The CPU 14 then codes this image data and supplies
the resulting coded data to the I/F 11. The I/F 11 then receives the

coded data and supplies this data to the transmitting/recording
device 16. At the transmitting}recording device 16, coded data from
the I/F 11 is recorded on the recording medium 2 or transmitted via
the transmission path 3.

With reference now to Figures 3, 4, 5, 6, 8, 11, 12, 13, 14,
15 and 16, a first embodiment of the transmitting apparatus 1
{excluding the transmitting/recording dévice 16) and the receiving
apparatus 4 is explained. The image data (the original image data)
to be coded is supplied to a compressing unit 21, local decoder 22
and error calculator 23. The compressing unit 21 simply
compresses the image data by thinning-out the pixels and the
resulting compressed data (image data after thinning-out) is
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corrected under control from a determining unit 24. The resulting

corrected data generated by the compressing unit 21 is then
supplied to the local decoder 22 and the determining unit_ 24.

The local decoder 22 makes predictions for the original image
based on corrected data from the compressing unit 21 and supplies
these predicted values to the error calculator 23. As is described in
the following, the local decoder 22 carries out processiﬁg for
obtaining predictive coefficients for eéch class for calculating
predicted values by linear combination with the corrected data, using
the corrected data and the original image data. Then the local
decoder 22 carries out adaptive processing for obtaining the
predicted values based on these corresponding predictive
coefficients, with these predicted values being sﬁpplied to the error
calculator 23 and the predictive coefficients for each class generated
by local decoder 22 are supplied to the determining unit 24.

The error calculator 23 calculates the prediction error for the
bredicted value from the local decoder 22 with respect to the
inputted image data for the original image data (source image data).
This prediction -error is then supplied to the determining unit 24 as
error information. _

The determining unit 24 determines the ‘'suitability of taking
the corrected data outputted by the compressing unit 21 as the
coding results for the original image data based on fhe error
information from the error calculator 23. When the determining unit
24 determines that the corrected data outputted by the compressing
unit 21 is not appropriate to be taken as the coding results for the
original image data, the determining unit 24 controls the
compressing unit 21, compressed data is corrected, and the

resulting new corrected data is outputted. When the determining
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unit 24 determines that the corrected data outputted By the
compressing unit 21 is suitable to be taken as the coding results for
the original image data, the corrected data'supplied from the
compressing unit 21 is supplied to a multiplexor 25 as the optimum
corrected data (hereinafter referred to for simplicity as the "optimum
corrected data“). The predictive coefficient supplied from the local
decoder 22 is also supplied to the multip!éxor 25.

The multiplexor 25 multiplexes the optimum data (corrected
data) from the determining unit 24 and the predictive coefficients for
each class and outputs the resuits of this multihlexing to the
transmitting/recording device 16 (Figure 2) as coded data.

Next, this operation is described with reference to the flow
chart of Figure 4. When image data is supplied to the compressing
unit 21, in step S1 the compressing unit 21 performs compression
by thinning-out this image data and first outputs this image daia to
the local decoder 22 and the determining part 24 without carrying
out correction. Corrected data (initially this is compressed data
where the image data has simply been thinned-out) is locally
decoded at the local decoder 22 in step S2.

Namely, in step S2, processing for obtaiﬁing predictive
coefficients for each class for calculating predicted values for an
original image data by linear combination with corrected data from
the compressing unit 21 using the corrected data and the original
image data is carried out and adaptive processing is carried out for
obtaining predicted values based on these predictive coefficients.
The predictive values generated by the local decoder 22 are then
supplied to the error calculator 23, and the predictive coefficients

generated by local decoder 22 are supplied to the determining part
24,
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Images comprised of the predicted values outputted from the

local decoder 22 are the same as the decoded images obtained on
the side of the receiving apparatus 4 (Figure 1). "

- When predicted values for the original image data are received
from the local decoder 22, the error calculator 23 calculates-
estimation errors for the predicted values from the local decoder 22
in step S3 with respect to the original image data at_'nd supplies these
prediction errors to the determining unit 24 as error information.
When error information is received from the error calgulator 23, in
step S4, the determining unit 24 determines whether or not the
corrected data outputted by the compressing unit 21 is suitable to
be taken as the coding results for the original image data based on
this error information.

Namely, in step S4 a determination is made as to whether or
not the error information is less than the prescribed threshold value
€. When it is determined in stép S4 that the error information is not
less than the prescribed threshold value €, the corrected data
outputted by the compressing unit 21 s confirmed to be
inappropriate as the coded data for the original image data, step S5
is proceeded to and the determining unit 24 controls the
compressing unit 21 so that the compressed data is corrected. The
compressing unit 21 then changes the correction amount
(hereinafter referred to as the corrected value A) under the control of
the determining unit 24, the compressed data is corrected and the
resulting corrected data is outputted to the local decoder 22 and the
determining unit 24. Step S2 is then returned and the same process
is then repeated thereafter.

On the other hand, when it is determined in step S4 that the

error information is less than the prescribed threshold value ¢, the
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corrected data outputted by the compressing unit 21 is c.:onfirmed to
be suitable as the coding results for the original image data. The
determining unit 24 then outputs the corrected data for when error
information of less than the prescribed threshold value € is obtained
to a multiplexor 25 as the optimum compressed data together with
the predictive coefficients for each class. At the muitiplexor 25, in
step S6, the optimum compressed data from the determining unit 24
and the predictive coefficients for each class are multiplexed, the
resulting coded data is outputted and the process is complete.

As described above, corrected data corrected from the
compression data when the error information is less than the
prescribed threshold € is taken as the coded results for the original
image data. An image that is almost the same as the original image
data (source image data) can then be obtained on the side of the
receiving apparatus 4 based on this corrected data.

.Next,' an example configuration of the compressing unit 21 is
shown in Figure 5.

Here, image data to be encoded is inputted to a thinning-out
unit 31. The thinhing-out unit 31 then thins out the image data by
1/N so that compressed data compressed by 1/N is outputted from
the thinning-out unit 31. This compressed data is then supplied
from the thinning-out unit 31toa correcting unit 32.

The correcting unit 32 then provides an address to a corrected
value ROM 33 in accordance with a control signal from the
determining unit 24 (Figure 3) so that the corrected value A is read.
The correcting unit 32 then generates corrected data by, for
example, adding the corrected value A from the corrected value
ROM 33 to the compressed data from the thinning-out unit 31. This
corrected data is then supplied to the local decoder 22 and the
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determining unit 24. Combinations (for example, combinations of |
corrected values for correcting one frame portion of compressed
daté) of each of the various corrected values A are then stored by
the corrected value ROM 33 in order to correct the compressed data
outputted by the thinning-out unit 31. Combinations of the
corrected values A corresponding to addresses supplied from the
correcting unit 32 are then read and supplied to the correcting unit
32.

Next, the process for the compressing unit 21 of Figure 5 is
described with reference to Figure 6.

When, for example, one frame portion etc. of image data is
supplied to the thinning-out unit 31, the thinning-out unit 31 thins
out this image data in step S11 by 1/N and the resﬁlting compressed
data is outputted to the correcting unit 32.

As shown in Figure 7, the thinning-out unit 31 thins out the
image data by, for example, 1/9. Namely, the thinning-out unit 31
only extrécfs pixels values for pixels (portions shown by the mark @
in Figure 7) in the center of each unit, taking nine pixels arranged as
3x3 (horizontal x vertical) as one unit and other portions (shown by
the mark O in Figure 7) are eliminated. The thinning-out unit 31 then
carries out the above process in units of, for example, one frame
(field) units. Compressed data where the image data for one frame
is thinned-out by 1/9 is therefore supplied from the thinning-out unit
31 to the correcting unit 32. It is also possible for one frame of
image to be divided into several blocks and for the thinning-out
processing occurring at the thinning-out unit to be carried out in
units of these blocks.

When compressed data is received from the thinning-out unit

31, in step S12 the correcting unit 32 makes a determination as to
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whether or not a control signal has been received from the

determining unit 24 (Figure 3), and if a control signal has been
received whether the control signal has a state indicating an "end of
operation.” When \it is determined that a control signal has not been
received in step S12, step S15 is proceeded to. The correcting unit
32 then outputs compressed data from the thinnirig—out unit to the
local decoder 22 and the determining unit 24 without modification as
_ the corrected data and step S12 is returned to.

Namely, as described above, the determining unit 24 controls
the compressing unit 21 (correcting unit 32) based on the error
information. Then, directly after the compressed data has been
outputted from the thinning-out unit 31, a control signal is not
outputted from the determining unit 24 because error information
cannot be obtained (because error information is not outputted from
the error calculator 23). Therefore, directly after the compressed
data is outputted from the thinning-out unit 31, the correcting unit
32 does not correct this compressed data {correcting of adding zero
is carried out) and this data is outputted without modification to the
local decoder 22 and the determination unit 24 as corrected data.

| On the other hand, when it is determined in step S12 that a
control signal has been received from the determining unit 24, in
step S13 the correcting unit 32 outputs an address in accordance
with this control signal to the corrected value ROM 33. As a result
of this, in step S13, a combination (set) of corrected values A for
correcting one frame portion of compressed data stored at this
- address is read ffom the ROM 33 and supplied to the correcting unit
32. When a combination of corrected values A is received from the
corrected value ROM 33, in step S14 the correcting unit 32 adds

corresponding corrected values A to respective one frames of
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compressed data so as to calculate corrected data corrected for
compressed data. After this, step S15 is proceeded to, the
corrected data is outputted from the correcting unit 32 to the local
decoder 22 and the determining unit 24 and step S12 is returned to.

Whén it is determined in step S12 that a control signal having
an end of operation state has been received from the determining
unit 24, the process is returned to step S11, where the thinning-out

"unit 31 thins out this image data in step S11 by 1/N and the
‘ resulting compressed data for the following frame is processed in
accordance with this flow chart.

As described above, the compressing unit 21 repeatedly
outputs corrected data for the 'compressed data corrected to various
values under the control of the determining unit 24.

When coding.is completed for one frame of image, the .
determining unit 24 supplies a control signal indicating this point to
the compressing unit 21. When the compressing unit 21 receives
this control signal in step S12, the process for the present frame is
finished, and a process is executed in accordance with the flow

“chart of Figure 6 on the image for the following frame.

_ In the above case just pixel data (pixel valueé) for pixels at the
‘center of pixels arranged as 3 x 3 are extracted at the thinning-out
-unit 31 so as to generate compressed data. However, for example,
an average value for the 3 x 3 pixels can also be calculated and
compressed data can be generated taking this average value as the
pixel value for the pixel at the center of the 3 x 3 pixels.

Figure 8 shows an example configuration of the local decoder
22 of Figure 3. |

Corrected data from the compressing unit 21 is supplied to a
blocking unit for class classification 41 and to a blocking unit for
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predicted value calculation 42. The blocking unit for class
classification 41 then puts the corrected data into the form of blocks
for class classifying centered about the noted corrected data that are
units for classifying into prescribed classes in response to the
characteristics of the corrected data.

Namely, in Figure 7, when the top to the ith and the left to
the jth corrected data (compressed data) (or pixels) (portions shown
by the mark @ in Figure 7] is expressed as X;, the blocking unit for
class classification 41 constructs a class classifying block
comprising a total of nine pixels of the eight pixels X141, Xg1)e
Xingene Xige Xigene Xongne Xeage Xoeng+ne 1o the upper left, top,
upper right, left, right, lower left, bottom, and lower right of the
noted pixel X;, plus the noted pixel itself. This class classifying block
is then supplied to a class classifying adaptive processing circuit 43.

In this case, the class classifying block comprises a

square-shaped block of 3 x 3 pixels but the shape of the class
| classifying block does not have to be square, and can be, for
example, rectangular, cross-shaped or another arbitrary.shape. The
number of pixels comprising'the class classifyﬁng block is also by no.
means limited to a nine pixel of 3 x 3 pixels block.

The blocking unit for predicted value calculation 42 puts the
corrected data into the form of blocks for predicted value use
centered about the noted corrected data that are units for calculating
the predicted value for the original image data. Namely, in Figure 7,
taking the corrected data Xij (the portions shown by @ in Figure 7)
as the center and expressing the nine pixel values of 3 x 3 occurring
in the original image data (source picture data) as Yy, Yyq, Y
Yiare Yir Yier Y Yiuer Yye in order to calculate predicted values
for the pixels Yy, to Y, the blocking circuit for predicted value
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calculation 42 configures a square block for predicted value
calculating use comprising, for example, the twenty-five pixels of
x(i-2m‘-2)' X(i-ZNj-‘H' x(i-2)i' X(i-2)(i+l)' X(i-2)(i+2)' x(i-1)(j-2)' X(i-l)(i—ﬂ' X(i-l)j' X(i-1)(j+1)'
X(i-1'(i+2)' xi(i-le xi(i-"' Xiil Xi(i+1)' xi(i+2!' X(i+1)§i-2|' )_((ijl-_ﬂ.(i-‘ll' x(i+1li'
xli+1)(i+1)' x!i+1)li+2)' X(i+2)(i-2)' x(i+2)li-1)' x.(i+2ﬁ' xli+2)(j+1) and x(i+2)(j+2)
centered about the pixél Xij as a b x 5 matrix.

Specifically, as, for example, a block for estimation error
calculating use is configured from pixels Xy, X132/ Xy3:¢ X140 Xig0r
Xare Xaze Xagr 1 Xoges _x25'v X310 X3z xsﬁ'v Xaar Xaseo Xaarr Xage Xazer
Xaae Xass Xgie Xg2ee Xgar Xggq @and X in order to calculate predicted
values for the nine pixels Y3 to Y33y 0ccurring in the image for
the original image enclosed by the quadrilateral shape in Figure 7.

Blocks for use in predicted value calculation obtained at the
" blocking circuit for predicted value calculation 42 are supplied to the
class classifying adaptive processing circuit 43.

The number of pixels and shape of the block-for predicted
value calculation use, as with the case for the blocks for class
classifying use, is also not limited by the above. However, it is
preferable for the number of pixels comprising the block for
predicted value calculation to be greater than the number of pixels
compriéing the block for class classifying use.

When the above blocking is carried out (this is the same for
processes other than blocking processes) and there is no
corresponding pixel in the vicinity of the picture frame for the image,
processing is carried out as though, for exémple, the same pixels as
the pixels comprising the picture frame exist on the outside.

The class claésifying adaptive proceSsing unit 43 comprises
an ADRC {Adaptive Dynamic Range Coding) processing unit 44, a
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class classifying uni_t 45 and an adaptive processing unit 46 and
carries out class classifying adaptive processing.

Class classifying adaptive proéessing classifies an input signal
into a number of classes based on the characteristics of the input
signal and then executes the adaptive processing appropriate to each
~ class. Class classifying adaptive processing can therefore be largely
divided into class classifying processing and adaptive processing.

Here, a simple description is given of class classifying
processir{g and adaptive processing. .

First, class classifying processing will be described.

As shown, for example, in order to simplify the description, in
Figure 9(A), a block is configured of 2 x 2 pixels (a block for class
classifying use) using a certain noted pixel and three pixels
neighboring this noted pixel and each pixel is taken to be expressed
by one bit (of a level of either O or 1). In this case, the 2 x 2 four
pixel block is classified into 16 (=(2")%) patterns as shown in Figure
9(B) Using the distribution of each of the pixel levels. This kind of
pattern dividing is the class classifying process and is carried out by
the class classifying unit 45. .

The class classifﬁng process can be carried out in such a
manner as to take into consideration the activity (image complexity)
of the image (image within a block) (severity of change).

Usually, for example, about 8 bits are allotted to each pixel.
Further, in this erhbodiment, as described above, the class
classifying blocks comprise nine pixels of 3 x 3. Therefore, because
class classifying processing is carried out targeting this kind of block

for class classifying use, an enormous number of (2%)° classes can
be classified.



20

In this embodiment, ADRC processing is carried out on the
block for class classifying use at tﬁe ADRC processing unit 44. The
number of classes can then be reduced by making the number of
bits for the pixels comprising the blocks for class classifying use
small. '

For example, in order to simplify the description, as shown in
Figure 10(A), considering the block comprising four pixels lined-up
above the straight line, the maximum value MAX and the minimum
vélue MIN for these pixels is detected in the ADRC processing.

DR = MAX - MIN is then taken as the localized dynamic range of
the block and the pixel values of the pixels comprising this block are
requantized to K-bits based on this dynamic range bR.

Namely, the minimum value MIN is subtrécted from the values
for each of the pixels within a block and this subtracted value is
divided by DR/2* and converted to a code corresponding to the
resulting divided value. Specifically, when, for example, K=2, as
shown in Figure 10(B)}, the divided value divides the dynamic range
DR into four ( =22) equal parts and a determination is made as to
which range the pixel values belong to. When the divided value
belongs to the range of the lowermost level, the range of the second
lowermost level, the range of the third lowermost level or the range
of the uppermost level, coding is carried out into two bits of, for
example, 00B, 01B, 10B or 11B, respectively (B indicates a binary
number). As illustrated by Figure 10(B), decoding is then carried out
on the decoding side by converting the ADRC code 00B, 01B, 10B
and 11B to the center value LOO of the range for the lowermost
level, the center value LO1 for the range for the second lowermost
level, the center value L10 for the range for the third lowermost leve!

and the center value L11 for the range for the uppermost level. The
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minimum value MIN is then added to this value. This kind of ADRC

processing is referred to as non-edge matching.

" An improved non-edge matching method is illustrated by
Figure 10(C). In this improved type of non-edge matching, the
dynamic range DR is divided into four equal parts and the mean
value MIN’ for the pixel value belonging to the range of the
lowerhost level and the mean value MAX' for the pixel'Qalue
belonging to the range of the uppermost level are converted to
~ ADRC codes 00B and 11B. The levels dividing the dynamic range
DR’ (into three equal parts) defined by MAX’ - MIN’ are converted to
ADRC codes 01B and 10B so that ADRC decoding is carried out.
This is an improvement of ADRC processing.

This ADRC processing is disclosed in detail in, for example,
Japanese Laid-open Patent Publication Hei. 3-53778.

The class number can be reduced in the above way by
performing ADRC processing by requantizing at a bit number smaller
than the bit number allotted to the pixels comprising the blocks, with
this kind of ADRC processing being carried out at the ADRC
processing unit 44, _ _

In this embodiment, 6lass classifying is carried out at the class
classifying unit 45 based on the ADRC code outputted from the
ADRC processing unit 44. However, class classifying processing
can also be carried out taking as an object data on which, for
exarhple, DPCM (estimation coding), BTC {Block Truncation Coding),
VQ (Vector Quantization), DCT (Discrete Cosine Transform) and
Adamar Transform coding are performed.

Next, adaptive processing will be described.

For example, the predicted value E[y] of the pixel value y for

the original image data can be considered to be obtained using a
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linear first order coupling model defined by pixel values (in this
embodiment, corrected data, hereinafter referred to as learning data)
Xy, X5, . . . for several pixels in this vicinity and prescribed predictive

coefficients w,, w,, . . . In this case, the predicted value Ely] is
shown by the following equation.

Elyl = w;  xq + wyx, + ... (1)

In order to generalize, the matrix W that is the set for the
predictive coefficient w, the array X that is the set for the learning

data and the array Y’ that is the set for the predicted value Ely] is
then defined by:

(X Xip o Xin)
X= Xoy Xop oo X
P
(W) (En)
- Wzr’ |l
k;ﬂ.}m Lﬂyn]/

The following trial equation can then be arrived at.

XW = Y i i e (2)

A predicted value Ely] near to the pixel value y of the original

image data can be obtained by applying the least square method to



23
this trial equation. In this case, when the matrix Y that is the set for

the pixel values {referred to in the following as "teacher data") y for
the image for the original image.data and the matrix E for the set for
a remainder e for the predicted value E[y] with respect to the image
value y for the original image data are defined as

[Equation 2]

(e (%)
€, Yo

\Em) V)

the following remainder equation can be arrived at from

equation 2. ’
XW =Y +E

The predictive coefficient wi for the original image data for
obtaining the predicted value Ely] close to the pixel value y for the
original imagé data can then be obtained in such a manner as to
make a minimum error.

[Equation 3] -

Therefore, the square error differentiated by the predictive
coefficient wi becomes zero, i.e. the predictive coefficient wi

fulfilling the following equation is the most suitable value for



24

obtaining a predicted value E{y] near to the pixel value y for the
original image data.

[Equation 4]

% .65, +%n_o  (1-12..n) ()

i w; w;

Here, the following eqUation is first arrived at By
differentiating equation (3) by the predictive coefficient wi.
[Equation 5]

e, o oe;

—— Xy =Xpps eery —=X,
ow, " ow, 2

, 1=1,2,...,
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. .(B)
Equation (6) is then obtained from equation (4) and equation
(5).
[Equation 6]

m m m
3. 6%s=0.32 6%p=0, .. 3 6% =0 (6)

The following regular equation can then be obtained from
equation. (6) by considering the relationship between the learning
data x of the remainder equation (3), the predictive coefficient w,
the teacher data y, and the remainder e.

[Equation 7]
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The regular equation of equation (7) has just the same number
as the number of predictive coefficients w to be obtained. The most
suitable predictive coefficient w can then be_ obtained by solving
equation (7). Equation (7) can be solved by applying, for example, a
release method (such as the Gauss Jordan elimination method) etc.

With the above adaptive processing, the most suitable
predictive coefficients w for each class is obtained, and a predicted
value E[Y] near to the pixel value y for the original image data is
obtained from equation (1) using this predictive coefficient w. This
adaptive processing i; carried out at the adaptive processing unit 46.

Adaptive processing differs from interpolation processing ‘in
that components included in the original imagg data that are not
included in the thinned-out image are teproduéed. Namely, if just
equation (1) is utilized in adaptive processing this is the same as
interpolation processing using a so-called interpolation filter.
However, because the predictive coefficient w corresponding to the
tap number of this interpolation filter is obtained using so-called
learning using the teaching data y, components included in the
original image data can be reproduced. The adaptive processing can

be said to be a process that is an operation of reproducing the
so-called image. |
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Next, a description will be given with reference to the flow
chart of Figure 11 of the operation of the local decoder 22 of Figure
8.

First, in step S21, the local decoder 22 puts corrected data
from the compressing unit 21 into the form of blocks. Namely, at
the blocking circuit for class classification 41, the corrected data is
put into the form of 3 x 3 pixel blocks centered about the noted
corrected data for class classifying use and supplied to the class
classifying adaptive processing circuit 43. Further, at the blocking
circuit for predicted value calculation 42, the corrected data is put
into the form of 5 x 5 pixel blocks centered about the noted
corrected data for predicted value calculation and supplied to the
class classifying adaptive processing circuit 43. |

Image data for the original image data is also supplied to the
class classifying adaptive processing circuit 43 in addition to the
blocks for class classifying use and the blocks for predicted value
calculation. The blocks for class classifying use are supplied to the
ADRC processing unit 44 and the blocks for predicted value
calculation use and the image data for the original image data are
supplied to the adaptive processing unit 46. .

In step S22, when the blocks for class classifying are
received, the ADRC processing unit 44 subjects the blocks for class
classifying use to, for example, one bit ADRC (ADRC carried out
using one bit quantization) processing so that the corrected data is
converted (coded) into one bit and outputted to the class classifying
unit 45. In step S23, the class classifying unit 45 subjects the
blocks for class classifying use that have been ADRC processed to
class classifying processing. Namely, the class classifying unit 45

detects a state of distribution of each of the levels in the block and
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determines the classes that these class classifying blocks belong to.
The results of this class determination are then supplied to the
adaptive processir;g unit 46 as class information. '

In this embodiment, each of the blocks for class classifying
use belong to one of the 512 (=(21)9) classes because class
classifying dividing has been carried out on the blocks fdr class
classifying comprising 9 pixels arranged as 3 x 3 that have
undergone one-bit ADRC processing.

Step S24 is then proceeded to and adaptive processing is
performed at the adaptive processing unit 46 for each class based
on class information from the class classifying unit 45 so that
predictive coefficients for each class and predicted values for the
original image data of 1 frame can be calculated.

Namely, in this embodiment, 25 x 9 predictive coefficients for
each class are calculated using the corrected data and the original
image data for 1 frame when certain corrected data is taken as
noted data. If the total of nine pixels of the pixel corresponding to
this hoted corrected data and the eight pixels surrounding this pixel
are calculated by carrying out adaptive processing using 25 x 9
predictive coefficients and blocks for predicted value calculating use
comprising 5 x 5 pixels centered about the noted corrected data in
response to class information.

Specifically, for example, when class information C for the
block for class classifying use comprising the 3 x 3 corrected data
Xa2r Xazr Xogr Xagze Xazr Xaar Xa2'e X43” and X,, centered about the
corrected data X33 shown in Figure 7 is outputted from the class
classifying unit 45 and a block for predicted value calculating use
corresponding to the block for class classifying use,comprising
corrected data X,,", X;,', Xi3', Xq4's X45' Xp0's 'Xzz', Xas's Xaa'y Xos's
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X31" x32" X33" x34" x35" x4l" X42" x43" x44" x45"' XS‘I" x52" x53"
Xs4' and Xgg' for the 5 x 5 pixels centered about the corrected data
X33 is outputted from the blocking circuit for predicted value
calculation 42 as a block for predicted value calculating use, the

corrected data comprising this block for estimated value calculating
useis first taken as learning data, and the 3 x 3 pixel {the portion
surrounded by the quadrilateral in Figure 7) values Y33(1) to Y33(9)
centered about the corrected data X33 are taken as teacher data so
that the regular equation shown in equation (7) is fulfilled.

For example, for 1 frame, when the regular equation is also
fulfilled in the same way for other blocks for predicted value
calculating use corresponding to other blocks for class classifying
use classified by the class information C and the predictive
coefficients w1(k) to wys(k) (in this embodiment, 25 items of
learning data are used to obtain one predicted value and 25
predictive coefficients w are therefore needed) for obtaining a
predicted value E [Y;,(k)] for a predicted value Yg3(k) (where k=1, 2,
. . . 9) are calculated if at all possible to just the number for
obtaining the regular equation (the process for fulfilling the regular.
equation is carried out in step S24 until a regular equation of this
number is obtained), with respect to the class information C, the
most suitable predictive coefficients w,({k) to w,g(k) for obtaining the
predicted value E [Yg43(k)] for the pixel value Y,,(k) is calculated by
resolving this regular equation. The above processing is carried out
for each class, 25 x 9 predictive coefficienfs are calculated. The
predicted value E[Y33(k}] can then be obtained in accordance with
the following equation corresponding to the equatidn (1) using 25 x
9 predictive coefficients corresponding to class information C’ and
the 25 pixels in the block for predicted value use. |
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E[Y33(KI] = w,(KIX;; + W,{K)Xqp + WalK)Xqs
+ WK% s + Welk)Xy5 + Welk)Xy,
+W7(k)X22 + Ws(k)Xza + Ws(k)X24

+ wWiolk) X6 + Wy (kX34

+ Wik X5z + Wiglk)Xss
+Wialk) X34 + Wyg(k) X35
+WielK)Xg + Wea(KIX,,

Wik Xeg + WiglKIXee
+WyolK)X s + W (KYXg, _ =
+ Woo(k)Xga + Woa(k)X;s

+ W (K)Xgq + Wag(K)Xgs

. {8)

In step S24, after 25 x 9 predictive coefficients for each class
are calculated, 3 x 3 predicted values are calculated in units of 3 x 3
pixels centered about the noted corrécted data. Thereafter, in step
$25, the 25 x 9 predictive coefficients for each class are provided
determining unit 24, and predicted values are provided to error
calculator 23 for each 3 x 3 pixels. Step S21 is then returned to
and the same process is repeated thereafter, for exémple, for each
one frame.

Next, Figure 12 shows an exampfe configuration of the error
calculator 23 of Figure 3.

The original image data is supplied to a blocking unit 51 . The
blocking unit 51 then puts this image data into the form of a block
of 9 pixels corresponding to the predicted values for the original
image data outputted from the local decoder 22. The resulting 3 x 3
pixel blocks obtained as a result are then outputted to a square error
calculating unit 52. Predicted values for the original image data from

the local decoder 22 are alsp supplied to the square error calculating
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unit 52 in each block unit of 9 pixels- (block units of 3 x 3 pixels) in
addition to the blocks supplied from the block coding unit 51. The
square error calculating unit 52 then calculates a square error as the
prediction error for the predicted value with respect to the original
image data and supplies this to an integrator 55.

The square error calculating unit 52 comprises arithmetic units
53 and 54. The arithmetic unit 53 subtracts corresponding predicted
values from image data from the block coding unit 51 that has been
put into block form, and these subtracted values are supplied to the
arithmetic unit 54. The arithmetic unit 54 then squares the output
(the image data for the original image, together with the predicted
value and difference) of the arithmetic unit 53 and supplies this to
the integrator 55.

When the square error is received from the square error
calculating unit 52, the integrator 55 reads the values stored in the
memory 56. These stored values and the squared errors are then
added, again supplied to the memory 56 and stored, with this
process being repeated. The integrated value (error dispersion) of the
squére error is therefore obtained. When the integrator 55 then
finishes integrating square errors for a prescribed amount (for
example, one frame portion, etc.), this integrated value is read from
the memory 56 and supplied to the determining unit 24 as error
information. When the processing for one frame is com;;lete, the
memory 56 clears these stored values while storing the values
outputted by the integrator 55.

- Next, this operation will be described with reference to the
flow chart of Figure 13. At the error calculator 23, the value stored
in the memory-56 is first, for example, cleared to O in step S31 and
step S32 is proceeded to. Then, at the block coding unit 51, the
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-image data is put into the form of blocks and the resulting blocks are
supplied to the square error calculating unit 52. The square error for
the image data for the original image data comprising the blocks
supplied from the block coding unit 51 and the predicted values
supplied from the local decoder 22 are then calculated in step S33 at
the square error calculating unit 52.

Namely, in step S33, at the arithmetic circuit 53,
corresponding predicted values are subtracted from the respective
image data supplied in block form by the block coding unit 51 and
the resulting data is supplied to the arithmetic unit 54. Further, in
step S33, the output of the arithmetic unit 53 is squared at the
arithmetic unit 54 and supplied to the integrator 55.

When the square error from the square error calculating unit
52 is received, in step S34, the integrator 55 reads the values stored
in the memory 56 and obtains integrated values for the square error
by adding these stored values and the square errors. The integrated
values for the squared errors calculated at the integrator 55 are then
supplied to the memory 56 and stored by overwriting the values
stored for the previous time. -

" Next, in step S35, the integrator 55 makes a determination as
to whether or not integration of the squére errors for a prescribed
amount of, for example, one frame portion, is complete. When it is
determined in step S35 that integration of the square errors for ohe
frame portion is not complete, step S32 is returned to and the
process from step S32 onwards is repeated. Further, when it is
determined in step S35 that integration of the square errors for one
frame portion is complete, step S35 is proceeded to. The integrator
55 then reads out integration values for square errors for one frame
portion stored in the memory 56 and outputs these to the
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determining unit 24 as error information. Step S31 is then returned
to and the process is repeated from step S31 onwards.

The error information Q can then be calculated at the error
calculator 23 by carrying out arithmetic operations in accordance
with the following équation when the original image data is taken to
be Yij(k) and the predicted value is taken to be E[Yij(k)].

Q = X (Yy(k) - E[Y4{K)])?

Here, ~ means a summation with respect to one frame portion.

Figure 14 shows an example configuration of the deiérmining
unit 24 of Figure 3.

The predictive coefficient memory 61 stores predictive
coefficients supplied from the Idcal decoder 22. The corrected data
memory 62 stores corrected data from the compressing unit 21.

| When newly corrected data is supplied by the compressing
unit 21, the corrected data memory 62 stores the newly corrected
data in place of the corrected data (data corrected the previous time)
already stored. In this way a new set of predictive coefficients
corresponding to this new corrected data is outputted from the local
decoder 22 when corrected data is updated with new data in this
way. Hdwever, when these new predictive coefficients for each
class are also supplied to the predictive coefficient memory 61 these
new predictfve coefficients for each class are stored in place of the
predictive coefficients for each class (predictive coefficients for each
ciass for the previous time) already stored.

An error information memory 63 stores error information
supplied from the error calculator 23. As well as storing the error
information currently provided from the error calculator 23, the error
information memory 63 stores error information supplied the

previous time (already stored error information is held until new error



33
information is supplied even if new error information is supplied).

The error information memory 63 is then cleared every time
processing of new frames commences.

A comparator 64 compares error information for the current
time stored in the error information memory 63 and a prescribed
threshold value €, as well as com'paring error information for the
current time and error information for the previous time if necessary.

The comparison results of the comparator 64 are then supplied to a
controller 65.

The controller 65 determines whether corrected data stored in
the corrected data memory 62 is suitable {most suited) to be taken
as original image coding results based on the comparison results of
the comparator 64. When fh_e corrected data is confirmed
(determined) not to be the most appropriate, a control signal -
requesting outputting of new corrected data is supplied to the
compressing unit 21 (correcting unit 32). (Figure 5). Further, when
the predictive coefficients for each class stored in the predictive
coefficient memory 61 is confirmed to be the most suited to be
taken as coding results for the original image data, .the controller 65 -
readé out corrected data stored in the corrected data memory 62,
outputs this data to the multiplexor 25 to thereby supply to the
multiplexor 25 the most suitable corrected data. Further, in this
case, the controller 65 outputs a control signal to compressing unit
21 indicating completion of coding for one frame of image, so that
processing starts at the compressing unit 21 for the following frame
as described above.

Next, a descriptién is given with reference to Figure 15 of the
operation of the determining unit 24. At the determining unit 24,

whether or not error information has been received from the error
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calculator 23 is determined in step S41 by the comparator 64.

When it is determined that error information has not been received,
step S41 is returned to. When it is determined in step S41 that
error information has been received, i.e., that error information is
stored at the error information memory 63, step S42 is proceeded
to. The comparator 64 then compares the error information
currently stored in the error information memory 63 (the current
error information) and the prescribed threshold value & and
determines which is the larger.

When it is determined in step S42 that the error information
for the current time is equal to or greater than the prescribed
threshold value &, the comparator 64 reads out error information for
the previous time stored in the error information memory 63. The
comparator 64 then compares the error information for the previous
time and the error information for the current time in step S43 and
determihes which is larger.

When processing is then started for one frame and error
'informat_ion is first provided, the error information for the previous
‘time is not stored in the error information memory 63. Therefore, in
this case, the processing from step S$43 onwards is not carried out
at the determining unit 24. A control signal for controlling the
correcting unit 32 (Figure 5) is then outputted and a prescribed initial
address is outputted. |

When it is determined in step S43 that the current error
information is less than the error information for the previous time,
i.e., when the error information is reduced by carrying out correction
of compressed data, step S44 is proceeded to. The controller 65
then outputs a control signal indicating that a correction value A is

to be changed in the same way as for the previous time to the
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correcting unit 32 and step S41 is returned to. Further, when it is
determined in step S43 that the error information for the current
time is larger than the error information for the previous time i.e.,
when the error information is increased by carrying out correction of
compressed data, step S45 is proceeded to, the controller 65
outputs a control signal indicating that the correction value A has
been changed in a way that is the opposite of that for the previous
time to the correcting unit 32 and step S41 is returned to.

When error information that continues to be reduced rises at a
certain timing, the controller 65 outputs a control signal indicating
that the corrected value A is to be changed in a manner opposite to
that of the previous time to, for example, 1/2 the size of the case up
until that point in time.

The error information is then reduced by repeating the process
of step S41 to S45. In this way, when the error information of the
current time is determined in step S42 to be smaller than the
prescribed threshold value, step S46 is proceeded'to. The controller
65 then reads corrected data stored in the corrected data memory
62 and the predicted values for the original image data is supplied to
the multiplexor 25 as the most suitable corrected data present in the
optimum data. In step S46, the controller 65 reads predictive
coefficients for each class stored in the predictive coefficient
memory 61 and corrected data of 1 frame stored in the corrected
data memory 62, supplies this data to the multiplexor 25 and the
processing is complete. | _ |

After this, the error information for the following frame is

awaited and the process is repeated in accordance with the flow
chart shown in Figure 15.
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At the correcting unit 32, the correction for the.image data for
the original image data can also be carried out for all of the image
data for the original image data of one frame and can also be carried
out just with respect to data for this one portion. When correction is
carried out only with respect to this one portion, for example, pixels
- that strongly influence the error information are detected by the
controller 65, with correction then only being carried out for these
pixels. Pixels that strongly influence the error information can be
detected, for example, in the following way. Namely, first, error
information can be obtained by carrying out processing using the
compressed data of pixels remaining after thinning-out as is. Error
information (1) resulting from the outputting of a control signal that
causes processing that performs correction for just the same
correction value A one pixel at a time to be performed on
compressed data for pixels remaining after thinning-out, and (2)
error information obtained when the compressed data is used
without modification are compared. Pixels for which this difference
is greater than or equal to a prescribed value can then be detected
as pixels that strongly influence the error information. -

Correction of the image data for the original image data is
then repeated until the error information becomes smaller (made to
be equal to or less than) than the prescribed threshold value €. The
corrected data, when the error information becomes smaller than the
prescribed threshold value €, is then outputted as the optimum
corrected data. It is therefore possible to obtain a decoded image at
the receiving apparatus 4 (Figure 1) that is the same as (almost the
same as) the source image data using this optimum corrected data,

i.e. just the corrected data for the value that is the most suited to
decoding the image for the original image data.
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In addition to compression by thinning-out, the image is
compressed by ADRC processing and class classifying adaptive
processing etc. and coded data of an extremely high compression
rate can therefore be obtained. The above coding processing
occurring at the transmission apparatus 1 achieve highly efficient
compression by using so-called organic combining of compression
coding using thinning-out and class classifying adaptive processing,
with this being referred to as combined code processing.

With reference now to Figure 16, a first embodiment of a
decoder is explained in detail. ,

At the receiving/reproducing device 71, coded data recorded
on the recording medium 2 is played-back or coded data transmitted
via a transmission path 3 is received and supplied to a divider 72.
The divider 72 then divides the coded data into corrected data and
predictive coefficients for each class. The corrected data is then
supplied to a blocking unit for class classification 73 and a blocking
unit 77 for predicted value calculation 77 and the predictive
coefficients for each class are supplied to the predicting unit 76 and
then are stored in a memory (not shown) for example.

The blocking unit for class classification 73, an ADRC
processing unit 74, a class classifying unit 75'and a blocking unit for
predicted value calculation 77 have the same configuration as the
blocking unit for class classificatioh 41, the ADRC processing unit
44, the class classifying unit 45 and a blocking unit for predicted
value calculation 42. The same processes as for the case in Figure
8 are therefore carried out on these blocks so that blocks for
predicted value calculation are outputted from the blocking unit for
predictive value calculation 77 and class information is 6utputted

from the class classifying unit 75. The blocks for predicted value
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calculation and the class information is then supplied to the
predicting unit 76.

3 x 3 predicted values are calculated at the predicting unit 76
in accordance with equation (1) using predictive coefficients
corresponding to the class information and corrected data
comprising 5 x 5 pixel Blocks for predicted value calculation supplied
from the blocking unit for predicted value calculation 77. Images for
one frame comprised using these kind of predicted values are then
outputted as the decoded image.

On the receiving side, a decoded image can be obtained by
carrying out usual interpolation without using predii:tive coefficients
even without the receiving apparatus 4 shown in Figure 16 by using
a apparatus-that decodes by performing simple interpolation of the
thinned-out image. However, the picture quality (resolution) of
decoded images obtained in this case is inferior.

In the above case, predictive coefficients are obtained at the
local decoder 22 of Figure 3 and are used to obtain predicted values.
However, it is also possible to calculate predicted values at the local
decoder 22 withoﬁt obtaining predictive coefficients.

With reference now to Figures 4, 5, 6, 12, 13, 14, 15, 16,
17, 18, 19 and 20, a second embodiment of a transmission
apparatus 1 (excluding the transmitting/recording device 16) and a
receiving apparatus 4 is explained. Referring now to Figure 17, such
Figure 17 illustrates a second embodiment of a trar;smission
‘apparatus. In contrast to the transmission apparatus of Figure 3, the
transmission apparatus of Figure 17 utilizes a different local decoder.
More specifically, the local decoder 22 of Figure 3 is replaced with a
local decoder 22’ as shown in Figure 18. In further detail, Figure 18
is a block diagram of the local decoder 22’ of Figure 17. In Figure
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18, portions that correspond to portions in local decoder 22 of
Figure 8 are given the same numerals. This is to say that other than
predictive coefficients ROM 81 and a predicting unit 82 being
pfovided in place of the adaptive processing unit 46, the
configuration of the local decoder 22’ of Figure 18 is the same as
the local decoder 22 of Figure 8.
The predictive coefficients ROM 81 stores predictive

coefficients for each class that have. already been obtained by
,. learning (to be described later), receives class information outputted
by the ADRC processing unit 44, reads predictive coefficients stored
in addresses corresponding to this class information, and supplies
this data to the predicting unit 82. Predictive coefficients ROM 81
also outputs to determining unit 24 (of Figure 17) predictive
coefficients for each class

At the prédicting unit 82 the linear first—ordef equétion shown
in equation (1) (specifically, for example, 'eqdation (8)) using 5 x 5
pixel blocks for predicted value calculation from the blocking unit for
predicted value calculation 42 and predictive coefficients from the
predictive coefficients ROM 81, predicted values for the original
image data can be calculated. :

Therefore, acc'ording to the class classif;ling adaptive
processing circuit 43 of Figure 18, these predictive values can be
calculated without using original image data. [t is possible to store
the mean values of the pixel values comprising the teaching blocks
at addresses corresponding to each class at the predictive
coefficients ROM 81 rather than storing the actual predictive
coefficients. In this case, when the class information is considered,
pixel values corresponding to this class are outputted. The local

decoder 22 of Figure 18 in such an embodiment does not include the
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~ blocking unit for predicted value calculation 42 nor the predicting
unit 82.

Referring now to Figure 19, the operation of local decoder 22’
of Figure 18 is explained in further detail. As with the local decoder
of Figure 8, in step S21, the local decoder 22’ puts corrected data
from the compressing unit 21 into the form of blocks. Namely, at
the blocking circuit for class classification 41, the corrected data is
put into the form of 3 x 3 pixel blocks centered about the noted
corrected data for class classifying use and supplied to the class
classifying adaptive processing circuit 43. Further, at the blocking
unit for predicted value calculation 42, the corrected data is put into
the form of a 5 x 5 pixels block centered about the noted corrected
data for predicted value calculation and supplied to the class
classifying adaptive processing circuit 43

The blocks for class classifying use are supplied to the ADRC
processing unit 44 and the blocks for predicted value calculation are
supplied to the predicting unit 82.

In step S22, when the blocks for class classification are
received, the ADRC procéssing unit 44 subjects the blocks for class
classification use to, for example, one bit ADRC (ADRC carried out
using one bit quantization) processing so that the corrected data is
converted {coded) into one bit and outputted to the class classifying
unit 45. In step S23, the class classifying unit 45 subjects the
blocks for class classification that have been ADRC processed to
class classifying processing. Namely, the class classifying unit 45
detects a state of distribution of each of the levels in the block and
determines the classes that these class classifying blocks belong to.
The results of this class determination are then supplied to the
adaptive processing unit 46 as class information.
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In this embodiment, each of the blocks for class classificatioﬁ
belong to one of the 512 (=(21)9) classes because class classifying
dividing has been carried out on the blocks for class classification
comprising 9 pixels arranged as 3 x 3 that have undergone one-bit
ADRC processing. |

- Step S24’ is then proceeded to and at such step.predictive
coefficients are read for each class. At step S25’ adaptive
processing is carried out to calculate predicted values for each class.
Then at step S26 predictive coefficients for each class and predicted
values are output. Step S21 is then returned to and the same
process is repeated thereafter, for example, for each one frame.

Next, Figure 20 shows an example configuration of an image
processing apparatus for carrying out learning for obtaining
predictive coefficients for each class stored in the predictive
coefficients ROM 81 of Figure 18.

Image data (learning images) for learning use for obtaining
predictive coefficients suitable for all images are supplied to a
blocking unit for learning 91 and a blocking unit for teaching 92.
Such image data is selected beforehand to be representative of data
to be produced, i.e., to be representative of the types of scenes,
motion, visual impact, etc. | o |

The blocking unit for learning use 91 extracts 25 pixels (5 x 5
pixéls) of the positional relationship shown, for example, by the mark
® in Figure 7 from the inputted image data. The blocks comprising
these 25 pixels is then supplied to an ADRC processing unit 93 and
a learning data memory 96.

At the blocking unit for teaching 92 a block comprising, for

example, nine pixels arranged as 3 x 3 is generated from the
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inputted imége data. The block comprising these 9 pixels is then
supplied to a teaching data memory 98 as a block for teaching.

When a block for learning comprising 25 pixels of the
positional relationship shown, for example, by the mark ® in Figure 7
is generated at thé blocking unit for learning 91, a 3 x 3 pixel block
for learning _shown as being surrounded bylthe quadrilateral in Figure
7 is generated at the blocking unit for teaching 92.

‘The ADRC processing uhit 93 extracts the center 9 pixels (3 x
3 pixels) from the 25 pixels comprising the block for learning use,

with one-bit ADRC processing then being performed on this nine
" pixels block in the same way as the case for the ADRC processing
unit 44 of Figure 18. The ADRC-procéssed 3 x 3 pixels block is
then supplied to a class classifying unit 94. Blocks from the ADRC
processing unit 93 are class-classified at the class classifying unit 94
in the same way as the case for the class cléssifying unit 45, with
' the class information obtained being sent to the learning data
memory 96 and the teaching data memory 98 via terminal a of
switch 95. '

Blocks for learning use from the blocking unit for learning 91
and blocks for teaching use from the Blocking unit for teaching 92
are stored at addresses corfespond_ing to the provided class
information at the learning data memory 96 and the teaching data
memory 98, respectively.

At the learning data memory 96, when, for example, the block
comprising 5 x 5 pixels shown by the mark ® in Figure 7 is taken as
the block for learning use and stored at a certain address, the 3 x 3
pixels block shown to be surrounded by the quadrilateral in Figure 7

is stored as the block for teaching use at the same address as this
address at the teaching data memory 98.
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The same process is then repeated for all of the images for
learning use prepared beforehand. in this way, the block for learning
use and the block for teaching use comprising 9 pixels for which
predicted values are bbtained at the local decoder 22 of Figure 17
using blocks for predicted value calculation comprising 25 items .Of
corrected data having positional relationships that are the same as
the 25 pixels comprising this block for learning are stored at the
same addresses of the learning data memory 96 and the teaching
data memory 98. -

A plurality of information can be stored at the same address at
the learning data memory 96 and the teaching data memory 98. In
this way, it is possible to store a plurality of blocks for learning and
blocks for teaching at the same address. -

When the blocks for learning and blocks for teaching for all of
the images for learning are stored in the learning data memory 96
and the teaching data memory 98, the switch 95 selecting terminal a
is switched over to terminal b. The output of a counter 97 is then
supplied to the learning data memory 96 and the teaching data
memory 98 as the address. The counter 97 counts a prescribed
cloék and outputs this count value. The blocks for learning and the
blocks for teaching stored at the addresses corresponding to this
count value are then read from the learning data memory 96 and the
teaching data memory 98 and supplied to a calculating unit 99.

A set for the block for learning and a set for the block for
teaching corresponding to a certain class in accordance with the
count value of the counter 97 are then supplied to the calculating
unit 99. |

The calculating unit 99 receives the set for the block for

learning and the set for the block for teaching for a certain class and
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calculates predictive coefficients for a certain class that makes the
error a minimum using the least square method.

For example, when the pixel values of the pixels comprising
the blocks for learning are taken to be x;, X, X3, . . . and the
predictive coefficients to be obtained are taken to be w,, w,, w,, . .
. , blocks for learning use are configured using linear first order
coupling and in order to obtain a pixel value y for a‘ certain pixel it is
necessary for the predictive coefficients w,, w,, w;, . . . to fulfill the
following equation.

Y = WXy + WoXy + WX + ...

At the calculating unit 99, predictive coefficients w,, w,, wj, .
. . that make the square error for the predicted values w;x; + wyX,
+ wWs3X; + ... from blocks for learning of the same class and
corresponding blocks for teaching a minimum with respect to the
true value y by resolving the regular equation shown in equation (7).

The predictive coefficients obtained at the calculating unit 99
for each class are supplied to the memory 100. In addition to the
predictive coefficients from the calculating unit 99, count values are
also supplied to the memory 100 so that predictive coefficients from
the calculating unit 99 can be stored at addresses ddrresponding to
count values from the counter 97. Therefore, 25 x 9 predictive
coefficients for each class are calculated by carrying out the process
as above for each class.

The most appropriate predictive coefficients (here, this is the
25 x 9 predictive coefficients) for predicting 3 x 3 pixel blocks of
this class are stored at addresses corresponding to each class at the
memory 100.

In the first embodiment, the predictive coefficients for each

class are calculated in real time in the local decoder, and the
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predictive coefficients for each class stored at the memory 100 are
stored at the predictive coefficients ROM 81 of Figure 18. In the
second embodiment, since in the local decoder predictive
coefficients for each class are not calculated, it is possible to raise
processing speed. In a third embodiment, since predictive
coefficients for each class are not tfansferred, it is possible to raise
the efficiency of compressing.

With reference now to Figures 5, 6, 12, 13, 21, 22, 23, 24;
25, 26 and 27 the third embodiment of the transmitting apparatus 1
(excluding the transmitting/recording device 16) and the receiving
apparatus 4 is ekplained. In further detail, referring to Figure 21, the
transmission apparatus of Figufe 21 differs from that of Figure 17
with respect to a local decoder 22’* and with respect to a
determining unit 24'. More specifically, the local decoder 22'' does
not, as does the local decoder 22’ of Figure 19, provide predictive
coefficients for each class. Furthermore, as would be expected
given the output of local decoder 22’7, the determining unit 24’ of
Figure 21 outputs optimum compressed data, but does not output
predictive coefficients. .Therefore, the output data of determining
unit 24 need not be multiplexed {(with coefficient data) before
transmission or recording of such outpui: data.

Referring now to Figure 22, the operation of the transmission
apparatus of Figure 21 is e'xplained in further detail.: When image
data is supplied to the compressing :i]nit 21, in step S1 the
compressing unit 21 perfornis compression by thinning-out
(subsampling) this image data and first outputs this image data to
the local decoder 22’ and the determining part 24’ without carrying

out correction. Corrected data (initially this is compressed data
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where the image data has simply been thinned-out) is locally
decoded at the local decoder 22’ in step S2.

Namely, in step S2, the predicted values generated by the
local decoder 22’ are.then supplied to the error calculator 23.

Images comprised of the predictive values outputted from the
local decoder 22'* are the same as the decoded images obtained on
the side of the receiving apparafus 4’ (Figure 27).

- When predictive values for the original image are received
from the local decoder 22'*, the error calculator 23 calculates
prediction errors for the predicted values from the local decoder 22"/
in step S3 with respect to the original image data and supplies these
prediction errors to the determining unit 24’ as error information.

When error information is received from the error calculator 23, in
| step S4, the determining unit 24’ determines whether or not the
correctéd data outputted by the compressing unit 21 is suitable to
be taken as the coding results for the 6riginal image based on this
error information.

Namely, in step S4 a determination is made as to whether or
not the error information is less than the prescﬁbed threshold value
€. When it is determined in step S4 that the error information is not |
less than the prescribed threshold value &, the corrected data
outputted by the compressing unit 21 is confirmed to be
inappropriate as the coded data for the original image data, step S5
is proceeded to and the determining unit 24’ controls the
compressing unit 271 so that the compressed data is corrected. The
compressing unit 21 then changes the correction amount
(hereinafter referred to as the corrected value A) under the control of
the determining unit 24, the compressed data is corrected and the
resulting corrected data is outputted to the local decoder 22’' and
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the determining unit 24. Step S2 is then returned to and the same
process is then repeated thereafter.

On the other hand, when it is determined in step S4 that the
error information is less than the prescribed threshold value &, the
corrected data outputted by the compressing unit 21 is confirmed to
be suitable as the coding results for the origiﬁal image data. The
determining unit 24’ then at step S6’ outputs, for transmission or
recording, the corrected data for the case where the error
information is less than the prescribed threshold valide € is complete.

As described above, corrected data corrected from the
compression data when the error information is less the prescribed
threshold € is taken as the coded results for the original image data.
An image that is almost the same as the original image data (source
image data) can then be obtained on the side of the receiving
apparatus 4’ based on this corrected data.

Referring now to Figure 23, the local decoder 22’* of the third
embodiment is explained. In local decoder 22'' a bredictive
_coefficients ROM 81’ replaces the predictive coefficients ROM 81 of
the second embodiment. Since the local decoder 22’’ does not (as
does the local decoder 22’ of the second embodiment) generate
predictive coefficients for each class, such predictive coefficients are |
not output from the predictive coefficients ROM 81, but instead are
provided only to the predicting unit 82. In further detail, portions
that cdrrespond to portions in local decoder 22 of Figure 8 are given
the same numerals. This is to say that other than predictive
coefficients ROM 81 and a predicting unit 82 being provided in place
of the adaptive processing unit 46, the configuration of the local

decoder 22’ of Figure 19 is the same as the local decoder 22 of
Figure 8.
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The predictive coefficients ROM 81’ stores predictive
coefficients for each class that have already been obtained by
learning (to be described later), receives class information outputted
by the ADRC processing unit 44, reads predictive coefficients stored
in addresses corresponding to this class information, and supplies
this data to the predicting unit 82.

At the predicting unit 82 the |inéar first-order equation shown
in equation (1) (specifically, for example, equation (8)) using 5 x 5
pixel blocks for predicted value calculation from the blocking circuit
for predicted value calculation 42 and predictive coefficients from
the predictive coefficients ROM 81 predicted values for the original
image data can be calculated. Therefore, according to the class
classifying adaptive processing circuit 43 of Figure 23, these
predicted values can be calculated without using original images.

Referring now to Figure 24, the operation of the local decoder
22" of Figure 23 is explained. As with the local decoder of Figure
8, in step S21, the local decoder 22’’ puts corrected data from the
compressing unit 21 into the form of blocks. Namely, at the
blocking unit for class classification 41, the corrected data is put
into the form of 3 x 3 pixels blocks centered about the noted
corrected data for class classification and supplied to the class
classifying adaptive processing circuit 43. Further,-at the blocking
circuit for predicted value calculation 42, the corrected data is put
into the form of 5 x 5 pixel blocks centered about the noted
corrected data for predictive value calculation and supplied to the
class classifying adaptive processing circuit 43.

The blocks for class classification are supp|ied to the ADRC
procqssing circuit 44 and the b_locks for predicted value calculation

use are supplied to the adaptive processing circuit 46.
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In step S22, when the blocks for class classification are
received, the ADRC processing unit 44 subjects the blocks for class
classification to, for example, one bit ADRC (ADRC carried out using
one bit quantization) processing so that the corrected data is
converted (coded) into one bit and outputted to the class classifying
unit 45. In step S23, the class classifying unit 45 subjects the
blocks for'class classification that have been ADRC processed to
class classifying processing. Nameiy, the class classifying unit 45
detects a state of distribution of each of the levels in"the block and
determines the classes that these class classifying blocks belong to.
The results of this class determination are then supplied to the
adaptive processing unit 46 as class information.

In this embodiment, each of the blocks for .class classification
belong to one of the §12 {=(21)9) classes because class classifying
dividing has been carried out on the blocks for class classifying
comprising 9 pixels arranged as 3 x 3 that have undergone one-bit
ADRC processing.

_étep S24’ is then proceeded to and at such step predictive
coefficients are read in response to thé provided class information.
At step S25’ adaptive processing is carried out to calculate predicted
values. Then at step $26' predicted values are output. Unlike the
local decoder of Figure 17, predictive coefficients are not output.
Step S21 is then returned to and the same process is repeated
thereafter, for example, for each one frame.

Referring now to Figure 25, the determining unit 24’ of the
third embodiment is explained. In contrast to the determining unit
24 of the second embodiment as shown in Figure 14, the
determining unit 24 does not utilize a prediction coefficient memory

61. In operation, when newly corrected data is supplied by the
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compressing unit 21, the corrected data memory 62 stores the
newly corrected data in place of the corrected data (data corrected
the previous time) already stored. In this way a new set of
predictive coefficients corresponding to this new corrected data is
not outputted from the local decoder 22 when corrected data is
updated with new data in this way.

An error information memory 63 stores error information
supplied from the error calculator 23. As well as storing the error
information currently provided from the error calculator 23, the error
information memory 63 stores error information supplied the
previous time (already stored error information is held until new error
information is supplied even if new error information is supplied).
The error information memory 63 is then cleared every time
processing of new frames commences.

A comparator 64 compares error information for the current
time stored in the error information memory 63 and a prescribed
threshold value €, as well as comparing error information for the
current time and error information for the previous time if necessary.

The comparison results of the comparator 64 are then supplied to a
~ controller 65. '

The controller 65 determines whether corrected data stored in
the corrected data memory 62 is suitable (optimum) to be taken as
original image coding results based on the comparison results of the
comparator-64. When the corrected data is confirmed (determined)
not to be the most appropriate, a control signal requesting outputting
of new corrected data is supplied to the compres_sing unit 21
(correcting unit 32) (Figure 5). Further, the controller 65 reads out
corrected data stored in the corrected data memory 62, outputs this

data to the multiplexor 25 to thereby supply to transmission device
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and/or the recording device the optimum compressed data. Further,

in this case, the controller 65 outputs a control signal to
compressing unit 21 indicating completion of coding for one frame
of image, so that processing starts at the compressing unit 21 for
the following frame as described above.

Referring now to Figure 26, the operation of the determining
unit of Figure 25 is further explained. At the determining unit 24°,
whether or not error information has been received.from the error ‘
calculator 23 is determined in step S41 by the comparator 64.
‘When it is determined that error information has not been received,
step S41 is returned to. When it is determined in step S41 that
error information has been received, i.e., that error information is
stored at the error information memory 63, step S42 is proceeded
to. The comparator 64 then compares the error information
currently stored in the error information memory 63 (the current
error information) and the prescribed threshold value & and
determines which is the larger.

When it is determined in step S42 that the error information
for the current time is equal to or greater than the prescribed
threshold value &, the combarator 64 reads out error information for
the previous time stored in the error information memory 63. The
comparator 64 then compares the error information for the previous
time and the error information for the current time in step S43 and
determines which is larger.

When processing is then started for one frame and error
information is first provided, the error information for the previous
time is not stored in the error information memory 63. Therefore, in
this case, the processing from step S43 onwards is not carried out

at the determining unit 24. A control signal for controlling the
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correcting unit 32 {Figure 5) is then outputted and a prescribed initial
address is outputted.

When it is determined in step S43 that the current error
information is less or equal to tHan the error information for the
previous time, i.e. when the error information is reduced by carrying
out correction of compressed data, step S44 is proceeded to. The
controller 65 then outputs a control signal indicating that a
correction value A is to be changed in the same way as for the
previous time to the correcting unit 32 and step S41 is returned to.
Further, when it is determined in step S43 that the error information
for the current time is greater than the error information for the
previous time i.e., when the error information is increased by
carrying out correction of compressed data, step S45 is proceeded
to and the controller 65 outputs a control signal indicating that the
correction value A has been changed in a way that is the opposite of
that for the previous time to the correcting unit 32 and step S41 is
returned to.

When error information that continues to be reduced rises at a-
certain timing, the controller 65 outputs a control signal indicating
that the corrected value A is to be changed in a manner opposite to
that of the previous time to, for example, 1/2 the size of the case up
until that point in time.

The error information is then reduced by repeating the process
of steps S41 to S45. In this way, when the error information of the
current time is determined in step S42 to be smalle.r than the
presc_:ribed threshold value, step S46’ is proceeded to. The
controller 65 then reads corrected data stored in the corrected data

'memory 62 and the estimated valued is supplied to

transmitting/recording device as the optimum corrected data.
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After this, the error information for the following frame is
awaited and the process is repeated in accordance with the flow
chart shown in Figure 26.

With reference now to Figure 27 a receiving apparatus 4’ of
the third embodiment is described in detail. In contrast to the
receiving apparatus 4 (Figure 16) of the second embodiment,
receiving apparatus 4’ does not receive predictive c;defficients for
each class. Instead, receiving apparatus 4’ includes a predictive
coefficients ROM 78. Predictive coefficients ROM 78 is loaded with
the same data as is predictive coefficients ROM 81’ of Figure 23. In
further detail, at the receiving/reproducing device 71, coded data
recorded on the recording medium 2 is played-back or coded data
transmitted via a transmission path 3 is received and supplied to the
blocking unit for class' classification 73 and the blocking circuit 77
for predicted value calculation 77.

The blocking unit for class classification 73, an ADRC
processing unif 74, a class classifying unit 75 and a blocking unit for
predicted value calculation 77 have the same configuration as the
. blocking unit for class classification 41, the ADRC processing unit
44, the class classifying unit 45 and a blocking unit for predicted
value calculation 42. The same processles as for the case in Figure
23 are therefore carried out on these blocks so that blocks for
predicted value calculation aré outputted from the blocking circuit for
predictive value calculation 77 and class information is outputted
from the class classifying unit 75. The blocks for predictive value
calculating use and the class information is then supplied to the
predicting unit 76. _

3 x 3 predicted values are calculated at the predicting unit 76

in accordance with equation (1) using read predictive coefficients



54

corresponding to the class information and corrected data
comprising 5 x 5 pixel blocks for predicted value calculation

supplied from the blocking circuit for predicted value calculation 77.
Images for one frame comprised using these kind of predicted values
are then outputted by predictjhg unit 76 as the decoded image.

It is possible to store the mean values of the pixel values
comprising the teaching blocks at addresses corresponding to each
class at the ROM 81 rather than storing the actual predictive
coefficients. In this case, when the class information is considered,
pixel values corresponding to this class are outputted. The local
decoder 22 of Figure 19 in such an embodiment does not include the
blocking circuit for predicted value calculation 42 nor the predicting
unit 82. |

In the above, a description has been given of the present
invention applied to an irhage prbcessing apparatus but in addition to
coding television signals Iin standard formats such as the NTSC
format this kind of image processing apparatus is particularly
effective in the case of encoding so-called high definition format
television signals where there is a large amount of data.

~In this embodiment, the square sum of the error has been
used as the .error information but, for example, the absolute value of
the error or the sum of the cube or more of the error can also be
used as error information. Whichever value is used as the error
information can then be decided based, for example, on the
convergence etc. of this example. In this embodiment, although
each process is carried out for one frame, each process may be
carried out for one field, for two or more frames. Furthermore, block
coding is carried out taking images for one frame as the object, but

the blocks can also, for example, be configured by gathering
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togethef pixels of the same position in a plurality of frames linked by
a time series.

In this embodiment, correction of compressed data is repeated
until the error information is less than a prescribed threshold value €
but it is also possible for an upper limit to be put on'the number of
times of correcting the compressed data. Namely, for example,
when images. are transmitted in real time it is necessary for
processing of one frame to be finished within a prescribed period but
it is not necessary for the error information to converge within a
prescribed period of time. By providing an upper limit to the number
of times of correction, when error information does not converge to
be less than a threshold value € within a prescribed period of time,
processing for this frame can be completed (the corrected data at
this time is taken as the coded results) and processing for the next
frame can begin. | |

In this embodiment blocks are configured from images for one
frame but can also be configured from, for example, pixels at the
same position across a plurality of frames linked by a time series.

In this embodiment, at the compressing unit 21, the image is
simply thinned-out i.e. the center pixel occurring at'a 3 x 3 pixel
block can be extracted and taken as compressed data. However, at
the compressing unit 21, for example, the mean value for the nine
pixels comprising a block can also be obtained and taken as the pixel
value for the pixel at the center of this block. The number of pixels
can then be reduced (thinned out) and made into compressed data.

According to the coding apparatus of the present invention,
compressed data obtained by compressing the original image data to
a fewer number of pixels is corrected and the corrected data is

outputted. The original image data is then estimated based on the



56

corrected data and the predicted value is outputted. An estimation
error-is then calculated for the predicted value with respect to the
original image data. Suitability of the corrected data outputted by the
correction means is then determined based on the estimation error.
The corrected data is the outputted as the original image data coding
results in accordance with determination results. A decoded image
that is almost identical to the original data image can therefore be
obtained by using this corrected data.

According to coding method of the present invention,
correcting compressed data obtained by compressing the original
image data to a fewer number of pixels and outputting corrected
data, esﬁma’ting the original image data based on the corrected data
and outputting a predicted value and calculating an estimation error
for the predicted value with respect to the original image data is
repeated until the estimation error becomes less than a prescribed
threshold value. The corrected data at the time when the estimation
error is less then or equal to a prescribed threshold value is then
outputted as coding results for the original image data. A decoded
image that is almost identical to the original image can therefore be
obtained by using this corrected data.

According to the image decoding apparatus of the present
invention, at a decoding means, corrected data is decoded by
repeatedly compressing an original image to a fewer number of
pixels, correcting compressed data obtained by compressing the
original image data and outputting corrected data, estimating the
original image data based on the corrected data and outputting a
predicted value and calculating an estimation error for the predicted
value with respect to the original image data until the estimation

error becomes less than a prescribed threshold value. A decoded
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image that is almost identical to the original image data can therefore
be obtained by using this corrected data.

In the recording medium of the present invention corrected
data is recorde_d when an estimation error is less than a prescribed
value obtained by repeatedly compressing an original image to a
fewer number of pixels, correcting compressed data obtained by
compressing the original image data and outputting corrected data,
estimating-the original image data based on the corrected data and
outputting a predicted value and calculating an estimation error for
the predicted value with respect to the original image data until the
estimation error becomes less than a prescribed threshold value. A
decoded image that is almost identical to the original image data can
therefore be obtained by using this corrected data.

In summary, the configuration of a first embodiment of the
invention comprises the transmitting apparatus of Figure 3, the
compressing unit of Figure 5, the local decoder of Figure 8, the error
calculator of Figure 12, the determining unit of Figure 14 and the
receiving apparatus of Figure 16. The configuration of the second
embodiment of the invention cd.rﬁprises the transmitting apparatus of
Figure 17, the compressing unit of Figure 5, the local decoder of
Figure 18, the error calculator of Figure‘12, the determining unit of
Figure 14 and the receiving apparatus of Figure 16. The
configuration of the third embodiment of the invention comprises the
transmitting apparatus of Figure 21, the compressing unit of Figure
5, the local decoder of Figure 23, the error calculator of Figure 12,
the determining unit of Figure 25 and the receiving apparatus of
Figure 27.

Although only certain embodiments have been described in

detail, those having ordinary skill in the art will certainly understand
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that many modifications are possible without departing from the
teachings hereof. All such modifications are intended to be

- encompassed within the scope of the following claims.
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WE CLAIM:

1. An apparatus for coding image data having a plurality of
pixels, comprising:

means for reducing a number of pixels of original image
data to generate compressed data; N

means for correcting the compressed data to generate
corrected data; .

means for predicting the original imége data in
accordance with the corrected data and for génerating
predicted data having a plurality of predicted.pixels;

means for calculating, with respect to the original image
data, a predictive error of the predicted data;

means for determining suitability of the corrected data
as coded data based upon the predicted error; and

means for outputting the corrected data as coded data

of the original image data based upon the determined
suitability.

2. The apparatus of claim 1, V\_(herein the means for
predicting comprises:

means for generating class information of the corrected
data; and

means for generating the predicted pixels in accordance
with the class information.

3. The apparatus of claim 1, wherein the means for
predicting, comprises:

A AR
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means for generating predictive coefficients based upon
the corrected data; and
means for generating the predicted pixels based upon

the corrected data and the predictive coefficients.

4. The apparatus of claim 1, wherein the means for
predicting comprises:

means for generating class information based upon a
plurality of pixeis of the corrected data;

means for generating predictive coefficients for each
class based upon the original image data and the corrected
data; and '

means for generating the plurality of predicted pixels
based upon the predictive coefficients correspbnding to

information of each class and the corrected data.

5. The apparatus of claim 4, wherein the means for
outputting outputs the coded data with the predictive coefficients

for each class.

6.  The apparatus of claim 1, wherein the means for
predicting comprises:
a memory for storing predictive coefficients for each
class;
means for generating class information based upon a
plurality of pixels of the corrected data; and
means for reading from the memory the predictive

coefficients corresponding to the information of each class

A
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and for generating the predicted pixels based upon the read

predictive coefficients and the corrected data.

7. The apparatus of claim 6, wherein the predictive
coefficients for each class stored in the memory are generated based

upon original image data for learning.

. 8. The apparatus of claim 7, wherein the means for

outputting outputs the coded data with the p.redictive coefficients
for each class. '

9. The apparatus of claim 1, wherein the means for
correcting comprises:
a memory for storing correction values, wherein the

means for correcting corrects the compressed data using the
correction values.

i0. The apparatus of élaim 1, wherein

the means for determining determ’ines suitability of the
corrected data by detecting whether the predicted error is less
than a prescribed threshold value;: and L

the means for outputting outputs the corrected data as
the coded data if the predicted error is less than the
prescribed threshold value.

11.  An apparatus for decoding coded data generated by
coding image data, comprising:

means for receiving the coded data;

—_—
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means for decoding the coded data and generating
decoded image data, wherein the coded data is generated by
the steps of:

reducing a number of pixels of original image data to
generate compressed data;

correcting the compressed data to generate corrected
data;

predicting ithe original image data in accordance with
the corrected data and generating predicted data having a
plurality of predicted pixels;

calculating, with respect to the original image data, a
predictive error of the predicted data;

determining suitability of the corrected data as coded
data based upon the predicted error; and

| outputting the corrected data as coded data of the

original image data based upon the determined suitability.

12. The apparatus of claim 11, wherein the decoding means
comprises:

means for generating class information of the coded
data; and

means for producing the decoded image data in
accordance with the class information.

13. The apparatus of claim 11, wherein the coded data
includes predictive coefficients to produce the decoded image data,
and the means for decoding comprises:

means for generating the decoded image data based
' upon the predictive coefficients and the coded data.

R
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14. The abparatus of claim 11, wherein the coded data
includes predictive coefficients for each class to produce the
decoded image data, and the means for decoding comprises:

means for generating class information using a plurality
of pixels of the coded data;
means for producing the decoded image data using the

predictive coefficients corresponding to the coded data.

15. The apparatus of claim 11, wherein the means for
decoding comprises:

a memory for storing predictive coefficients for each
class;

means for generating class information using a plurality
of pixels of the coded data; and

means for reading the predictive coefficients
corresponding to the class information from the memory and
generating the predicted pixel using the read predictive
coefficients and the coded data.

16. The apparatus of claim 15, yvherein the predictive
coefficients for each class stored in the memory are generated using
original image data for learning.

17. A method for coding image data having a plurality of
pixels, comprising the steps of:

reducing a number of pixels of 6riginal image data to
generate compressed data;

correcting the compressed data to generate corrected
data;

—_—
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predicting the original image data in accordance with
the corrected data and generating predicted data having a
plurality of predicted pixels; .

calculating, with respect to the original image data, a
predictive error of the predicted data;

determining suitability of the corrected data as coded
data of the original image based upon the predicted error; and

outputting the corrected data as coded data of the

original image data based upon the determined suitability.

18. The method of claim 17, wherein the step of predicting
comprises the steps of:
generating class information of the corrected data; and

-generating the predicted pixels in accordance with the
class information.

19. The method of claim 17, wherein the step of predicting,
comprises the steps of:

generating predictive coefficients based upon the
corrected data; and

generating the predicted pixels based upon the
corrected data and the predictive coefficients.

20. The method of claim 17, wherein the step of predicting
comprises the steps of:

generating class information based upon a plurality of
pixels of the corrected data;

generating predictive coefficients for each class based

upon the original image data and the corrected data; and
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generating the plurality of predicted pixels based upon
the predictive coefficients corresponding to information of

each class and the corrected data.

21. The method of claim 20, further comprising the step of:
outputting the coded data with the predictive
coefficients for each class.

22. The method of claim 17, wherein the step of predicting
comprises the steps of:

storing predictive coefficients for each class;

generating class information based upon a plurality of
pixels of the corrected data; and

reading from the memory the predictive coefficients
corresponding to the information of each class and for
generating the predicted pixels based upon the read predictive
coefficients and the corfected data.

23. The method of claim 22, wherein storéd predicti\}e

coefficients for each class are generated based upon original image
data for learning. .

24. The method of claim 23, wherein the coded data is
output with the predictive coefficients for each class.

25. The method of claim 17, wherein the step of correcting
comprises the step of:

storing correction values, wherein the compressed data

is corrected using the correction values.
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26. The method of claim 17, wherein the step of
determining suitability comprises the steps of:
detecting whether the predicted error is less than a
prescribed threéh_old value; and
outputting the corrected data as the coded data if the

predicted error is less than the prescribed threshold value.

27. A method for decoding coded data generated by coding
image data, comprising the steps of: |
' receiving the coded data;
decoding the coded data and generating decoding
image data, wherein the coded data is generated by the steps
of:
reducing a number of pixels of original image data to
generate compressed data; |
correcting the compressed data to generate corrected
data; h
predicting the original image data in accordance with
the corrected data and for generating predicted data having a
plurality of predicted pixels;
calculating, with respect to the original image data, a
predictive error of the predicted data; _
determining suitability of the corrected data as coded
data based upon the predicted error; and
outputting the corrected data as coded data of the
original image data based upon the determined suitability.

28. The method of claim 27, wherein the step of decoding
the coded data comprises the steps of:

-
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generating class information of the coded data; and

producing the decoded image data in accordance with

the class information.

29. The method of claim 27, wherein the coded data
includes predictive coefficients to produce the decoded image data,
and the step of decoding the coded data comprises the step of:

generating the decoded image data based upon the
predictive coefficients and the coded data. -

30. The method of claim 27, wherein the coded data
includes predictive coefficients for each class to prdduce the
decoded image data, and the step of decoding the coded data
cémprises the steps of: ' '

generating class information using a plurality of pixels
of the coded data; '

producing the decoded image data using the predictive
coefficients corresponding to the coded data. '

31. The method of claim 27, wherein the step of decoding
the coded data comprises the steps of: '
stofing predictive coefficients for each class;
generating class information using a plurality of pixels
of the coded data; and
reading the predictive coefficients corresponding to the
class information from the memory and generating the

predicted pixel using the read predictive coefficients and the
coded data.
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32. The method of claim 31, wherein the stored predictive
coefficients for each class generated using original image data for
learning.

33. An apparatus for coding image data having a plurality of
pixels, comprising:

a subsampling circuit for reducing a number of pixels of
original image data to generate compressed data; _

a correcting circuit for correcting the compressed data
to generate corrected data;

a predicting circuit for predicting the original image data
in accordance with the corrected data and for generating
predicted data having a plurality. of predicted pixels;

 a calculator for calculating, with respect to the original
image data, a predictive error of the predicted data;

a determining circuit for determining suitability of the
corrected data as coded data based upon the predicted error;
and '

an output circuit for outputting the corrected data as

coded data of the original image data based upon the
determined suitability.

34. The apparatus of claim 33, wherein the predicting
circuit comprises:

a circuit for generating class information of the
corrected data; and

a circuit for generating the predicted pixels in

accordance with the class information.
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35. The apparatus of claim 33, wherein the predicting
circuit, comprises:
a circuit for Qenerating predictive coefficients based
upon the.corrected data; and
a circuit for generating the predicted pixels based upon
the corrécted data and the predictive coefficients.

36. The apparatus of claim 33, wherein the predicting
circuit comprises:

a circuit for generating class infoi'mation based upon a
plurality of pixels of the corrected data;

a circuit for generating predictive coefficients for each
class based upon the original image data and the corrected
data; and

a circuit for generating the plurality of predicted bixels
based upon the predictive coefficients corresponding to

information of each class and the corrected data.

37. The apparatus of claim 36, wherein output circuit

outputs the coded data with the predictive coefficients for each
class. '

38. The apparatus of claim 33, wherein the predicting
circuit comprises: |

_ a memory for storing predictive coefficients for each
class;

a circuit for generating class information based upon a
plurality of pixels of the corrected data; and
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a circuit for reading from the memory the predictive
coefficients corresponding to the information of each class
and for generating the predicted pixels based upon the read

predictive coefficients and the corrected data.

39. ' The apparatus of claim 38, wherein the predictive
coefficients for each class stored in the memory are generated based
upon original image data for learning.

40. The apparatus of claim 39, wherein the output circuit

outputs the coded data with the predictive coefficients for each
class.

41. The apparatus of claim 33, wherein the correcting
circuit comprises:
a memory for stéring correction values, wherein the
correcting circuit corrects the compressed data using the

correction values.

42. The apparatus of claim 33, wherein

the determining circuit determines suitability of the
corrected data by detecting whether the predicted error is less
than a prescribed threshold value; and

the output circuit outputs the corrected data as the

coded data if the predicted error is less than the prescribed
threshold value.

43. An apparatus for decoding coded data generated by
coding image data, comprising:
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a circuit for receiving the coded data;
a decoder for decoding the coded data and generating
"~ decoding image data, wherein the coded data is generated by
the steps of:

reducing a number of pixels of original image data to -
generate compressed data;

correcting the compressed data to generate corrected
data;

predicting the original image data in accordance with
the corrected data and for generating predicted data having a
plurality of predicted pixels; |

calculating, with respect to the original image data, a |
predictive error of the predicted data;

determining suitability of the corrected data as coded
data based upon the predicted error; and

outputting the corrected data as coded data of the
original image data based upon the determined suitability.

44, The. apparatus of claim 43, wherein the decoder .

comprises:

a circuit for generating class information of the coded
data; and

a circuit for producing the decoded image data in
accordance with the class information.

45. The apparatus of claim 43, wherein the coded data

includes predictive coefficients to produce the decoded image data,
and the decoder comprises: '

I
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a circuit for generating the decoded image data based

upon the predictive coefficients and the coded data.

46. The apparatus of claim 43, wherein the coded data
includes predictive coefficients for each class to produce the
decoded image data, and the decoder comprises: '

a circuit for generating class information using a
plurality of pixels of the coded data;
a circuit for producing the decoded image data using

the predictive.coefficients corresponding to the coded data.

47. The apparatus of claim 43, wherein the decoder
comprises:

a memory for storing predictive coefficients for each
class;

a circuit for generating class information using a
plurality of pixels of the coded data; and

a circuit for reading the predictive coefficients
corresponding to the class information from 1':he memory and
genierating the predicted pixel using the read predictive
coefficients and the coded data. '

48. The apparatus of claim 47, wherein the predictive
coefficients for each class stored in the memory are generated using
original image data for learning.

49. A method for transmitting image data having a plurality
of pixels, comprising the steps of:
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reducing a number of pixels of origihal image data to
generate compressed data;

correcting the compressed data to generate corrected
data;

predicting the original image data in accordance with
the corrected data and for generating predicted data having a
plurality of predicted pixels;

‘calculating, with respect to the original image data, a
predictive error of the predicted data;

determining suitability of the corrected data as coded
data based upon the predicted error; |

outputting the corrected data as coded data of the
original image data based upon the determined suitability; and

transmitting the outputted corrected data.

50. The method of claim 49, wherein the stép of predicting
comprises the steps of:
generating class information of the corrected data; and

‘generating the predicted pixels in accordance with the
class information. |

51. The method of claim 49, wherein the step of predicting,
comprises the steps of: '

generating predictive coefficients based upon the
corrected data; and

generating the predicted pixels based Gpon the
corrected data and the predictive coefficients.
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52. The method of claim 49, wherein the step of predicting
comprises the steps of:

generating class information based upon a plurality of
pixels of the corrected data;

generating predictive coefficients for each class based
upon the original image data and the corrected data; and

generating the plurality of predicted pixels based upon
the predictive coefficients corresponding to information of
each class and the corrected data. -

53. The method of claim 52, further comprising the step of:
outputting the coded data with the predictive
coefficients for each class.

+ B4.- The method of claim 4.9, wherein the step of predicting
compiises the steps of:

storing predictive coefficients for each class;

generating class information based upén a plurality of
pixels of the corrected data; and

reading from the memory the predictive coefficients
corresponding to the information bf each class and for
generating the predicted pixels based upon the read predictive
coefficients and the corrected data.

66. The method of claim 54, wherein stored predictive
coefficients for each class are generated based upon original image
data for learning.
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" a circuit for receiving the coded data;

a decoder for decoding the coded data and generating
decoding image data, wherein the coded data is generated by
the steps of:

reducing a number of pixels of original image data to
generate compressed data;

correcting the compressed data to generate corrected
data; |

predicting the original image data in accordance with
the corrected data and for generating predicted data having a
plurality of predicted pixels; '

calculating, with respect to the original image data, a
predictive error of the predicted data;

determining suitability of the corrected data as coded
data based upon the predicted error; and

outputting the corrected daté as coded data of the

original image data based upon the determined suitability.

44. The apparatué of claim 43, wherein the decoder
comprises:

a circuit for generating class information of the coded
data; and

a circuit for producing the decoded image data in
accordance with the class information.

45. The apparatus of claim 43, wherein the coded data

includes predictive coefficients to produce the decoded image data,
and the decoder comprises:
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a circuit for generating the decoded image data based

upon the predictive coefficients and the coded data.

46. The apparatus of claim 43, wherein the coded data
includes predictive coefficients for each class to produce the
decoded image data, and the decoder comprises: '

a circuit for generating class information using a
plurality of pixels of the coded data;
a circuit for producing the decoded image data using

- the predictive coefficients corresponding to the coded data.

47. The apparatus of claim 43, wherein the decoder
comprises:

a memory for storing predictive coefficients for each
class;

a circuit for generating class information using a
plurality of pixels of the coded data; and

a circuit for reading the predictive coefficients
corresponding to the class information from fhe memory and
generating the predicted pixel using the read predictive
coefficients and the codéd data. !

' 48. The apparatus of claim 47, wherein the predictive
coefficients for each class stored in the memory are generated using
original image data for learning.

49. A method for transmitting image data having a plurality
of pixels, comprising the steps of:
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reducing a number of pixels of original image data to

generate compressed data;

correcting the compressed data to generate corrected
data;

predicting the original image data in accordance with
the corrected data and for generating predicted data having a
plurality of predicted pixels;

calculating, with respect to the original image data, a
predictive error of the predicted data;

determining suitability of the corrected data as coded
data based upon the predicted error;

outputting the corrected data as coded data of the
original image data based upon the determined suitability; and

transmitting the outputted corrected data. |

50. The method of claim 49, wherein the step of predicting
comiprises the steps of:

- generating class information of the corrected data; and

generating the prédicted pixels in accordance with the
class information.

51. The method of claim 49, wherein the step of predicting,
comprises the steps of: '

generating predictive coefficients based upon the
corrected data; and

generating the predicted pixels based upon the

corrected data and the predictive coefficients.
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52. The method of claim 49, wherein the step of predicting
comprises the steps of:

generating class information based upon a plurality of
pixels of the corrected data;

generating predictive coefficients for each class based
upon the original image data and the correc ted daté; and

generating the plurality of predicted pixels based upon
the predicfive coefficients corresponding to information of
each class and the corrected data. -

53. The method of claim 52, further comprising the step of:
outputting the coded data with the predictive
coefficients for each class.

54. The method of claim 49, wherein the step of predicting
comprises the steps of:
storing predictive coefficients for each class; .
generating class information based upén a plurality of
pixels of the corrected data; and
reading from the memory the predictive coefficients
corresponding to the information 6f each class and for
" generating the predicted pixels based upon the read prédictive
coefficients and the corrected data.

55. The method of claim 54, wherein stored predictive

coefficients for each class are generated based upon original image
data for learning.
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56. The method of claim 55, wherein the coded data is

output with the predictive coefficients for each class.

57. The method of claim 49, wherein the step of correcting
comprises the step of:
storing correction values, wherein the compressed data
is corrected using the correction values.

58. The method of claim 49, wherein the step of
determining suitability compriseé the steps of:
detecting whether the predicted error is less than a
prescribed threshold value; and
outputting the corrected data as the coded data if the

predicted error is less than the prescribed threshold value.

60. A recording medium having an encoded digital signal
recorded thereon, the recording medium being prepared by the steps
of: ' -

reducing a number of pixels of original image data to
generate compressed data; _

éorrecting the compressed data to generate corrected
data;

predicting the original image data in accordance with
the corrected data and generating predicted data having a
plurality of predicted pixels;

calculating, with respect to the original image data, a
predictive error of the predicted data;

-
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determining suitability of the corrected data as coded
data based upon the predicted error;

outputting the corrected data as coded data of the
original image data based upon the determined suitability; and

recording the coded data on the recording medium.

61. The recording medium of claim 60, wherein the step of
predicting comprises the steps of:

generating class information of the corrected data; and

generating the predicted pixels in accordance with the

class information.

62. The recording medium of claim 60, wherein the step of
predicting, comprises the steps of: | )
generating predictive coefficients based upon the
corrected data; and _ -
generating the predicted pixels based upon the
corrected data and the predictive coeffié:ients.

63. The recording medium of claini'_60, wherein the step of
predicting comprises the steps of: '

generating class information based upon a plurality of
pixels of the corrected data;

generating predictive coefficients for each class based
upon the original image data and the correctéd data; and

generating the plurality of predicted pixels based upon
the predictive coefficients corresponding to information of
each class and the corrected data. '
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64. The recording medium of claim 60, further comprising
the step of: .
outputting the coded data with the prédictive

coefficients for each class.

65. The recording medium of claim 60, wherein the step of
predicting comprises the steps 'of:

storing predictive coefficients for each class;

generating class information based upon a plurality of
pixels of the corrected data; and

reading from the memory the predictive coefficients
corresponding to the information of each'class and for
generating the predicted pixels based upon the read predictive
coefficients and the corrected data.

66. The recording medium of claim 65, wherein stored
predictive coefficients for each class are generated based upon

original image data for learning.

67. The recording medium of claim '66; wherein the coded
data is output with the predictive coefficients for each class.

68. The recording medium of claim 60, wherein the step of
correcting comprises the step of:

storing correction values, wherein the compressed data
is corrected using the correction values.

69. The recording medium of claim 60, wherein the step of

determining suitability comprises the steps of: e
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detecting whether the predicted error is less than a
prescribed threshold value; and
outputting the corrected data as the coded data if the

predicted error is less than the prescribed threshold value.

70. A method for coding data having a plurality of samples,
comprising' the steps of:
| reducing a number of samples of original data to
generate compressed data;

correcting the compressed data to generate corrected
data;

predicting the original data in accordance with the
corrected data and generating predicted data having a plurality
of predicted samples;

calculating, with respect to the original data, a
predictive error of the predicted data;

determining suitability of the corrected data as coded
data of the original data based upon the predicted error; and

outputting the corrected data as coded data of the
original data based upon the determined suitability.

71. The method of claim 70, wherein the step of predicting
comprises the steps of: _
generating class information of the corrected data; and

generating the predicted samples in accordance with
the class information.

72. The method of claim 70, wherein the step of predicting,
comprises the steps of: '
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generating predictive coefficients based upon the
corrected data; and
generating the predicted samples based upon the

corrected data and the predictive coefficients.

73. The method of cl'a_irr_u 70, wherein the step of predicting
comprises the steps of:

generating class information based upon a plurality of
samples of the corrected data; '

generating predictive coefficients for each class based
upon the original data and the corrected data; and

generating the plurality of predicted samples based
upon the predictive coefficients corresponding to information

of each class and the corrected data.

74. The method of claim 73, further comprising the step of:

outputting the coded data with the predictive
coefficients for each class.

75. The method of claim 70, wherein the step of predicting
comprises the steps of: |
| storing predictive coeffibients for each class;
generating class information based upc'Jn a plurality of
samples of the corrected data; and
reading from the memory the predictive coefficients
corresponding to the information of each class and for
generating the predicted samples based upon the read

predictive coefficients and the corrected data.
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76. The method of claim 75, wherein stored predictive

coefficients for each class are generated based upon. original data for
learning.

77. The method of claim 76, wherein the coded data is

output with the predictive coefficients for each class.

78. The method of claim 70, wherein the step of correcting
comprises the step of: - _
storing correction values, wherein the compressed data

is corrected using the correction values.

79. The method of claim 70, wherein the step of
determining suitability comprises the steps of:
detecting whether the predicted error is less than a
prescribed threshold value; and
outputting the corrected data as the coded data if the

predicted error is less than the prescribed threshold value.

80. A method for decoding coded data generated by coding
data, comprising the steps of: o -

receiving the coded data;
decoding the coded data and generating decoding data,
wherein the coded data is generated by the steps of:

reducing a number of samples of original data to
generate compressed data;

correcting the compressed data to generate corrected
data;
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predicting the original data in accordance with the

corrected data and for generating predicted data having a
plurality of predicted samples; |
calculating, with respect to the original data, a
predictive error of the predicted data;

determining suitabilits.l of the corrected data as coded
‘data based upon the predicted error; and

outputting the corrected data as coded data of the
original data based upon the determined suitability.

81. The method of claim 80, wherein the step of decoding
the coded data comprises the steps of:
generating class information of the coded data; and

producing the decoded data in accordance with the
class information.

82. The method of claim 80, wherein the coded data
includes predictive coefficients to produce the decoded data, and the
step of decoding the coded data comprises the step of:

generating the decoded data based upon the predictive
coefficients and the coded data.

83. The method of claim 80, wherein the coded data
includes predictive coefficients for each class to produce the
decoded data, and the step of decoding the coded data comprises
the steps of:

generating class information using a plurality of samples
of the coded data;
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producing the decoded data using the predictive

coefficients corresponding to the coded data.

84. . The method of claim 80, wherein the step of decoding
the coded data comprises the steps of:
storing prédictive coefficients for each class;
generating class information using a pl_urality of samples
of the coded data; and
reading the predictive coefficients corresponding to the
class information from the memory and generating the '

predicted sample using the read predictive coefficients and the
coded data.

85. The method of claim 84, wherein the stored predictive

coefficients for each class generated using original data for learning.

86. An apparatus for coding data having a plurality of
samples, comprising:
' a subsampling circuit for reducing a number of samples

of original data to generate compressed data;

a correcting circuit for corrécfing "the compressed data
to generate corrected data;

a predicting circuit for predicting the original data in
accordance with the corrected data and for generating
predicted data having a plurality of predicted samples;

a calculator for calculating, with respect to the original
data, a predictive error of the predicted data;
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a determining circuit for determining suitability of the
corrected data as coded data based upon the predicted error;
and

an output circuit for outputting the corrected data as

coded data of the original data based upon the determined
suitability.

87. The apparatus of claim 86, wherein the predicting
circuit comprises:

a circuit for generating class information of the
corrected data; and

a circuit for generating the predicted samples in
accordance with the class information.

88. The apparatus of claim 86, wherein the predicting
circuit, comprises:

a circuit for generating predictive coefficients based

upon the corrected data; and

a circuit for generating the predicted samples based
upon the corrected data and the predictive coefficients.

89. The apparatus of claim 86, wherein the predicting
circuit comprises:

a circuit for generating class information based upon a
plurality of samples of the corrected data;

a circuit for generating predictive coefficients for each

class based upon the original data and the corrected data; and
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a circuit for generating the plurality of predicted

samples based upon the predictive coefficients corresponding

to information of each class and the corrected data.

90. The apparatus of claim 89, wherein output circuit

outputs the coded data with the predictive coefficients for each

class.

91. The apparatus of claim 86, wherein the predicting
circuit comprises:

a memory for storing predictive coefficients for each
class;

a circuit for generating class information based upon a
plurality of samples of the corrected data; and

a circuit for reading from the memory the predictive
coefficients corresponding to the information of each class
and for generating the predicted samples based upon the read
predictive coefficients and the corrected data.

92. The apparatus of claim 91, whereln the predictive
coefficients for each class stored in the memory are generated based
upon original data for learning.

93. The apparatus of claim 92, wherein the output circuit

outputs the coded data with the predictive coefficients for each
class.

94. The apparatus of claim 86, wherein the correcting
circuit comprises:
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a memory for storing correction values, wherein the
_correcting circuit corrects the compressed data using the

correction values.

95. The apparatus of claim 86, wherein

the determining circuit determines suitability of the
corrected data by detecting whether the predicted error is less
than a prescribed threshold value; and

the output circuit outputs the corrected data as the

coded data if the predicted error is less than the prescribed
threshold value.

96. An apparatus for decoding coded data generated by
coding data, comprising:
' a circuit for receiving the coded data;

a decoder for decoding the coded data and generating
decoding data, wherein the coded data is generated by the
steps of: _

reducing a number of samples of origirial data to
generate compressed data;

correcting the compressed data to generate corrected
data;

predicting the original data in accordance with the
corrected data and for generating predicted data having a
plurality of predicted samples;

calculating, with respect to the original data, a
predictive error of the predicted data; |

determining suitability of the corrected data as coded
data based upon the predicted error; and
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outputting the corrected data as coded data of the

original data based upon the determined suitability.

97. The apparatus of claim 96, wherein the decoder
comprises: " '
a circuit for generating class information of the coded
data; and
a circuit for producing the decoded data in accordance

with the class information. -

98. The apparatus of claim 96, wherein the coded data
includes predictive coefficients to produce the decoded data, and the
* decoder comprises:

a circuit for generating the decoded data based upon
the predictive coefficients and the coded .data.

99. The apparaths of claim 96, wherein the coded data
includes predictive coefficients for each class to produce the
decoded data, and the decoder comprises:

a circuit for generating class information using a
plurality of samples of the coded data; ’

a circuit for producing the decoded data using the
predictive coefficients corresponding to the coded data.

100. The apparatus of claim 96, wherein the decoder
comprises:

a memory for storing predictive coefficients for each
class; '
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a circuit for generating class information using a
plurality of samples of the coded data; and .

a circuit for reading the predictive coefficients
corresponding to the class information from the memory and
generating the predicted sample using the read predictive
coefficients and the coded data. |

101. The apparatus of claim 100, wherein the predictive
coefficients for each class stored in the memory are generated using
original data for learning.
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