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IMAGE CODING AND DECODING USING MAPPING COEFFICIENTS
CORRESPONDING TO CLASS INFORMATION OF PIXEL BLOCKS

Background of the Invention
1. -Field of the Invention

The present invention relates to an image coding apparatus
and imége coding method, image decoding apparatus, recording
medium and image processing apparatus and image transmitting
method, and more particularly relates to the image coding apparatus
and image coding fnethod. image decoding apparatus, recording
" medium and image processing apparatus and image transmitting
method capable of thinning-out {subsampling) and compression
encoding an image in such a manner that a decoded image is almost
identical to a source image. |
2. Description of the Related Art

Conventionally, various methods have been proposed as
methods for compressing images. One such method employs the
original image data (i.e., the image to be encoded) as an image of a
"first hierarchy" {(uppermost hierarchy). An image of a second
hierarchy and an image of a third hierarchy are formed by reducing
the number of pixelé {i.e., resolution is successively lowered).

" In accordance with a conventional hierarchical coding system,.
images of plural hierarchies are transmitted from a transmitting
device tld-a.receiving device. At the receiving device, images of the
respective hierarchies may be displayed (e.g., on a monitor) in
response to each of these images of the plural hierarchies.

Moreover, in accordance with a conventional hierarchical
decoding system, an error correction process operation is carried out
for data about the image in the lowermost hierarchy {namely, the
image with the lowest resolution) but not for the images of the other
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higher hierarchies. As a result, when an error happens to-occur, no

etror correction can be made as to the images of the hierarchies
other than the lowermost hierarchy. As a result, under any error
condition, only the data of the image of the lowermost hierarchy can
be acquired and corrected. Images of the hierarchies higher than the
lowermost hierarchy do not have data for error recovery and,t thus,
may be obtained only by way of, for example, an interpolation
process operation from the data about the image of the lowermost
hierarchy on the receiver end. Therefore, the robustness
characteristic with respect to the error can be improved in
“accordance with the hierarchical coding system.

Fig. 36 illustrates one example of a conventional image coding
apparatus for performing the above-described hierarchical coding
operation. Image data to be coded is supplied as data of a first
hierarchy (uppermost hierarchy) to a thinning (i.e., sub-sampling)
unit 11 and a signal processing unit 501.

In the thinnfng unit 11.' the pixel duantit\} of the image data of
the first hierarchy is thinned, so that image data of a second
hierarchy (lower than the first hierarchy by one hierarchy) is formed,
and the formed image data is supplied to a thinning unit 12 and the
signal processing unit 501. In the thinning unit 12, the pixel
quantity of the image data of the second hierarchy is thinned, so
that image data of a third hierarchy (further lower than the second
hierarchy by one hierarchy) is formed, and this image data is
supplied to the signal processing unit 501.

In the signal processing unit 501, an error cotrection process
and other necessary signal processing operations are carried out
with respect to the image data of the first hierarchy, the second
hierarchy and the third hierarchy. Thereafter, the signal processed
image data are multiplexed and the multiplexed image data is



-3- : -

outputted as the coded data. It should be noted that in the signal
~ processing udit 501, the image data of the third hierarchy is

processed by executing the stronger error correction than that of the

. data of other hierarchies.

Fig. 37 illustrates an example embodiment of a conventional
image decoding apparatus for hierarchically decoding the coded data
outputted from the image coding apparatus of Fig. 36.

In a signal processing unit 601, the coded data is separated
into the coded image data of the first hierarchy, the second
hierarchy and the third hierarchy. In addition, the signal processing
unit 601, the error correction process and other necessary process
operations are carried out with respect to the separated image data.
The image data of the first hierarchy is directly outputted as a
decoded image of a first hierarchy. The image data of the second
hierarchy is supplied to an interpolating unit 602. The interpolating
unit 602 executes the interpolating process with fespect to the
image' data of the second hierarchy so as to produce image data
having the same pixel number as that of the image data of the first
hierarchy (higher than that of the second hierarchy by one
hierarchy). Then, this produced image data is outputted as a
decoded image of a first hierarchy. _

The image data of the third hierarchy is supplied to another - - - -
interpolating unit 603. The interpolating unit 603 executes the
interpolating process operation for the image data of the third
‘hierarchy to thereby produce image data of the same pixel number
as that of the image data of the second hierarchy (higher than this
third hierarchy by one hierarchy}, némely a decoded image of a
second hierarchy. The decoded image of the second hierarchy is
outputted to another interpolating unit 604. The interpolating unit
604 executes a similar interpolation process to that of the
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interpolating unit 602 on the output of the interpolating unit 603, so

that image data having the same pixel number as that of the image
data of the first hierarchy (further higher than the second hierarchy
by one hierarchy) is produced, and then this image data is outputted
as a decoded image of the first hierarchy. ‘

As a result, even when the image data of the first hierarchy
could not be obtained for some reason, the decoded image of the
first hierarchy may be obtained from the image data of the second
hierarchy in the image decoding apparatus. Similarly, even when the
image data of the first hierarchy and the image data of the second
hierarchy could not be obtained due to same reasons, it is possible
to obtain the decoded images of the first hierarchy and the second
hierarchy from the image data of the third hierarchy.

However, the image qija‘lity of the decoded image of the upper
hierarchy, being interpolated from the image(s) of the lower
hierarchies, is considerably deteriorated.

it would be desirable to provide a system capable of obtaining

a decoded image with a high image quality even if only'obtained
from coded data of a lowermost h_iérarchy.

Summary | |

An image coding apparatuS and/or method in accordance with
an embodiment of the invention corrects the image data of the
second hierarchy to output correction data. A prediction value of
. the image data of the first hierafchy is predicted from the correction
data. A prediction error of thé brediction value is calculated with
respect to the image data of ti\e first hierarchy, a correction of the
cotrection data outputted from the correcting means is judged based
upon the prediction error. As a consequence, it is possible to obtain
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a decoded image with the high image quality from the correctly
judged correction data on the decoded side.

In accordance with other embodiments of an image coding
apparatus and method in accordance with the invention, the image
data of the first hierarchy is a predetermined block, the block is
classified into predetermined classes in accordance with a nature
thereof, and the image data of the second hierarchy is calculated
whose pixel number is smaller than that of the image data of the
first hierarchy by executing a predetermined calculation by
‘'employing pixel values of pixels for constituting the block. The
mapping coefficient is determined that corresponds to the class of
this block. As a consequence, it is possible to produce the decoded
image with the high image quality from the image data of the second
hierarchy on the decoding side.

The invention also includes a recording medium having data
recorded thereon so encoded. For example, a recording medium in
accordance with an embodiment of the has recorded thereon coded
data containing at least image data of a second hierarchy whose
pixel number is smaller than that of image data of a first hierarchy.
The coded data is produced by correcting image data of the second
hier:'m::hy to output correction data. A prediction value of the image

data of the first hierarchy is predicted from the correction data. A
' prediction error of the prediction value is calculated with respect to
the image data of the first hierarchy, a correction of the correction
.data outputted from the correcting means is judged based upon the
prediction error. Accordingly, it is possible to produce the decoded
image with the high image quality from this coded data.
An image decoding apparatus andfor method in accordance
with an embodiment of the invention decodes the image of the first
hierarchy based upon coded data containing at least such correction
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data produced by correcting image data of a second hierarchy

whose pixel number is smaller than that of image data of a first
hierarchy, and by being judged as correct data based upon a
prediction error of a predicﬁon value of the image data of the first
hierarchy predicted from this correction data. )

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

" Fig. 1 is a block diagram for indicating an arrangement of an
image processing system according to an embodiment of the present
invention.

Fig. 2 is a block diagram for representing an arrangement of
the transmitter apparatus of Fig. 1 according to a first embodiment.

Fig. 3 is a diagram for explaining process operations of the
thinning units 11 and 12 of Fig. 2.

Fig. 4 is a diagram for explaining process operations of the
thinning units 11 and 12 of Fig. 2.

Fig. 5isa block diagram for indicating a structural example of
the optimum corrected data calculating unit 13 (14) of Fig. 2.

Fig. 6 is a flow chart for explaining process operation of the
optimum corrected data calculating unit 13 of Fig. 5.

Fig. 7is a block diagram for showing a structure example of
. the correcting unit 21 of Fig. 5.

Fig. 8 is a flow chart for explaining operations of the
correcting unit 21 of Fig. 7. '

Fig. 9 is a block diagram for indicating a structural example of
the local decoding unit 22 of Fig. 5.
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Fig. 10 is a diagram for explaining process operations of the
class classifying block making unit 41 of Fig. 9.

Fig. 11 is a diagram for explaining the class classifying
process operation.

Fig. 12 is a diagram for explaining the ADRC procéssing
operation.

Fig. 13 is a flow chart for describing operations of the local
decoding unit 22 of Fig. 9.

Fig. 14 is a block diagram for showing a structural example of
the error calculating unit 23 of Fig. 5.

Fig. 15 is a flow chart for describing opérations of the error
calculating unit 23 of Fig. 14.

Fig. 16 is a block diagram for showing a structural example of
the judging unit 24 unit 23 of Fig. 5.

Fig. 17 is a flow chart for describing operations of the judging
unit 24 of Fig. 16.

Fig. 18 is a block diagram for showing an arrangement of the
receiver apparatus 4 of Fig. 1.

Fig. 19 is a block diagram for indicating a structural example
of the predicting unit 72 shown in Fig. .1 8. I

Fig. 20 is a block diagram for indicating a structural example
of the predicting unit 73 shown in Fig. 18.

Fig. 21 is a block diagram for indicating another structural.
exaniple of the local decoding unit 22 of Fig. 5. _

Fig. 22 is a block diagram for represénting an arrangement of
an image processing apparatus, according to an embodiment, for
calculating the prediction coefficients stored in the prediction
coefficient ROM 88 of Fig. 21.

Fig. 23 is a block diagram for showing another structural
example of the decoding unit 80 shown in Fig. 19.

D
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Fig. 24 is a block diagram for indicating an arrangement of the
* transmitter apparatus 1 of Fig. 1, according to a second
embodiment.

Fig. 25 is a block diagram for indicating a structural example
of the optimum correction data calculating unit 101 ( 10i) of Fig. 24.

Fig. 26 is a flow chart for explaining operations of the
optimum correction data calculating unit 101 of Fig. 25. -

Fig. 27 is a block diagram for showing an arrangement of an
image processing apparatué, according to a first embodiment, for
performing the learning operation used to obtain the mapping
coefficient. '

Fig. 28 is a flow chart for explaining operations of the image
processing apparatus of Fig. 27.

Fig. 29 is a block diagram for showing an arrangement of an
image processing apparatus, according to a second embodiment, for
performihg the learning operation used to obtain the mapping
coefficient. - -

Fig. 30 is a flow chart for explaining operations of the image
processing apparatus of Fig. 29.

Fig. 31 is a diagram for explaining a method for decoding a
first hierarchy accdrding _tb th'e.'present invention.

Fig. 32is a diagrain for explaihfng a method for decoding a
second hierarchy according to the present invention.

Fig. 33 is a diagram for showing an arrangement of the
- transmitter apparatus 1-of Fig. 1, accoi'ding to a third embodiment.

Fig. 34 is a block diagram for shovshng a structural example of
the optimum corrected data calculating' unit 201 of Fig. 33.

Fig. 35 is a flow chart for describing operations of the
optimum corrected data calculating unit 201 of Fig. 34.
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Fig. 36 is a block diagram for showing one structural example
of the conventional image coding apparatus for performing the
hierarchical coding operation.

Fig. 37 is a block diagram for showing one structural example
of the conventional image decoding apparatus for performing the
hierarchical decoding operation.

Fig. 38 is a block diagram showing an alternate embodiment
of an optimum corrected data unit,

Fig. 39 is a flow chart describing operations of the optimum
corrected data calculating unit of Fig. 38.

Fig. 40 is a block diagram showing another alternate
embodiment of an optimum corrected data unit.

Fig. 41 is a flow chart describing operations of the optimum
corrected data calculating unit of Fig. 40.

Fig. 42 is a block diagram showing an alternate embodiment

of a local decoding unit.

Fig. 43 is a flow chart describing operations of the local
decoding unit of Fig. 42.

Fig. 44 is a block diagram of a determining unit 24.

Fig. 45 is a flow chart describing operations of the
determining unit 24,

Fig. 46 is a block diagram of an alternate embodiment of a
predicting unit.

- Fig. 47 is a block diagram of an alternate embodiment of an

. optimum corrected data calculating unit.

Fig. 48 is a flow chart describing operations of the optimum
corrected data calculating unit of Fig. 47.

Detailed Description
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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
with reference to the Figures. [t is to be understood that the term
"unit" is to be interpreted in its broadest sense, includiné a hard-
wired unit, a main frame co}r\puter loaded with appropriate software,

"a programmed microprocessor or microcontroller, or a combination
of these. _

Fig. 1 illustrates an-embodiment of an image processing
system in accordance with the present invention. Digital image data

- is supplied to a transmitting apparatus 1. The transmitting apparatus
1 hierarchically codes the input image data to obtain coded image
data, and records this coded data on a recording medium 2 such as
a optical disk, a magneto-optical disk, a magnetic tape, and other
recording media. Otherwise (or in addition}, the coded data is
transmitted via a transmission path 3 such as ground waves, a
satellite fine, a telephone line, a CATV network, and other paths.

In a receiver apparatus 4, the coded data which has been
recorded on the recording medium 2 is reproduced, or the coded
data which has been transmitted via the transmission path 3 is
received, and this coded data is hierarchically decoded to obtain a
decoded image which is supplied to a display (not shown).

It should also be noted that the above-described image

processing system may be applied to image recording/reproducing
- apparatuses,. for instance, -an optical disk apparatus, a
magneto-optical disk apparatus, a magnetic tape apparatus, and the
like. Alternatively, this image processing system may be applied to
image transferring apparatuses, for example, a television-telephone
g@pparatus, a television broadcasting system, a CATV system and the
like. Also, since a data amount of coded data outputted from the
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transmitting apparatus 1 is relatively small, the image processing
systeni of Fig. 1 may be applied to, for example, a portable
telephone, and other portable terminal.

Fig. 2 shows an example of an arrangement of the
above-described transmitter apparatus 1. '

The digital images data to be coded {i.e., the image data of
the first, or uppermost, hierarchy) is directly supplied as the decoded
data of the first hierarchy to the signal processing unit 15. The
image data of the first hierarchy is also supplied to a thinning unit 11
and to an optimum correction data calculating unit 13. In the
thinning unit 11, the pixel number of the image data of the first
hierarchy is thinned, so that image data of a second hierarchy (lower
than that of the first hierarchy by one hierarchy) is formed. In other
words, for example, as shown in Fig. 3, in the thinning unit 11, the
image data of the first hierarchy (in this drawing, a portion indicated
by symbol "0") is simply thinned (e.g., subsampled} by 1/9 (being
thinned by 1/3 in both transversé direction and fongitudinal
direction). As a result, the image of the second hierdrchy (in this
drawing, a portion indicated by symbol "0"} _i.s' formed. This image
data of the second hierarchy is supplied to the thinning unit 12 and
the optimum correction data calculating unit 13.

In the thinning unit 12, the pixel number of the image data of
the second hierarchy is thinned, so that image data of a third
hierarchy further lower than that of the second hierarchy by one

- hierarchy is formed. That is, in the thinning unit 12, for examble,
similar to the case in the thinning unit 11, the image data of the
second hierarchy is simply thinned by 1/9, so that the image data of
the third hierarchy indicated by symbo! "X" in Fig. 3 is formed. This

image data of the third hierarchy is supplied to another optimum
correction data calculating unit 14.
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As-shown in Fig. 4, in the thinning units 11 and 12, both the
image data of the sécond hierarchy and the imagée data of the third
hierarchy are formed from the image data of the first hierarchy
(namely, original image data) in the above-described manner.

The optimum correction data calculating unit 13 calculates
optimum correction data (referred to herein as "optimum correction
data of a second hierarchy™) which is suitable to obtain a decoded
image of a first hierarchy from the image data of the second

“hierarchy is calculated. This calculated optimum correction data is
output as coded data of a second hierarchy to the signal processing
unit 16. In the optimum correction data calculating unit 14, another
optimum correction data (referred to herein as "optimum correction
data of a third hierarchy”) which is suitable to obtain optimum
correction data outputted from this optimum correction data
calculating unit 14 is calculated. This optimum correction data is
supplied as coded data of a third hierarchy to the signal processing
unit 15. . ' '

In this case, since the optimum correction data of the third
hierarchy is suitable to obtain the optimum correction data of the
second hierarchy, and also the optimum correction data of the _
second hierarchy is suitable to obtain the decoded image of the first
hierarchy, the optimum correctfon data of the third hierarchy may be
suitable to obtain the decoded image of the first hierarchy similar to

the optimum correction data of thie second hierarchy.

' “In the signal processing unit 15, a prediction coefficient
(prediction coefficient of the first hierarchy, discussed later) is

‘derived and the coded data of the second hierarchy includes the
prediction coefficient of the first hierarchy. In addition, the coded
data of the third hierarchy includes the prediction coefficient of the
second hierarchy. Then, in the signal processing unit 15, an error
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correction process and other necessary signal processing -operations
are executed with respect to the coded data of the first hierarchy to
the third hierarchy. Thereafter, the signal-processed coded data are
multiplexed and then the multiplexed data is outputted as finally
coded data. it should be understood that, as to the coded data of
the third hierarchy {which is the lowermost hierarchy), the error

- correction process carried out is stronger than that for the coded
data of other hierarchies.

The coded data which is outputted from the signal processing
unit 15 in the above-described manner is recorded on the recording
- medium 2 and/or transferred through the transfer path 3.

As described above, the thinning operations are carried out at
the same rate in both the thinning units 11 and 12. However, it is
not required that the thinning rate of the thinning unit 11 be identical
to that of the thinning unit 12,

Next, Fig. B indicates an embodiment of an arrangement of
the optimum correctidn data calculating unit 13 shown in Fig. 3. It
should be noted that since the optimum correction-data calculating
unit 14 may be similarly arranged, the description thereof is omitted.

The image data of the second hierarchy derived from the
thinning uﬁit 11 is supplied to a correcting unit 21, and the image
data of the first hierarchv' is sdpplied to a local decoding unit 22.
Further, the image data of the first hierarchy is also supplied to an
error calculating unit 23.

The correcting unit 21 corfects the image data of the second
hierarchy in response to a control signal supplied from a judging unit
‘24, The correction data obtained from the correcting operation by

the correcting unit 21 is supplied to the local decoding unit 22 and
the judging. unit 24, -
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The local decoding unit 22 predicts predicted values of a first
hierarchy (higher than the second hierarchy by one hierarchy) based
upon the corrected data outputted from the correcting unit 21,
namely, the correction result of the image data of the second
hierarchy. The term "predicted values" is meant to include a
plurality of pixel values, where each pixel value corresponds to a
pixel of the image data of the second hierarchy. The predicted
values are supplied to the error calculating unit 23.

As will be described-later in this specification, the local
decoding unit 22 executes a process operation so as to obtain
prediction coefficients for each class used to calculate the predicted
value of the first hierarchy by way of the linear coupling with the
correction data using image data of the first hierarchy and the
correction data. Based upon these prediction coefficients, the local
decoding unit 22 executes an adaptive process operation so as to
obtain the predicted values of the first hierarchy. The resultant
prediction coefficients for each class is also supplied to the judging
unit 24.

The error calculating unit 23 calculates a prediction error of
the predicted values derived from the local decoding unit 22 with
respect to the image data {original image) of the first hierarchy. This

prediction error is supplied as error information to the judging unit
24,

Based on the error information derived from the error

- calculating unit 23, the judging unit 24 judges whether the corrected

data outputted from the correcting unit 21 is substantially equal to

‘the coded result of the original image (namely, in this case, the

image of first hierarchy). When the judging unit 24 judges that the
corrected. data outputted from the correcting unit 21 is not
substantially equal to the coded result of the original image, the
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judging unit 24 controls the correcting unit 21 to further correct the
image data of the second hierarchy, so that newly obtained
corrected data is outputted from this cofrecting unit 21. Also, when
the judging unit 24 judges that the corrected data outputted by the
correcting unit 21 is substantially equal to the coded result of the
original image, the corrected data supplied from the correcting unit
21 is furnished-to a multiplexing unit 25 as optimum correction data
{optimum correction data of second hierarchy). In addition, the
prediction coefficients supplied from the local decoding unit 22 is
supplied to the multiplexing unit 25.

The multiplexing unit 25 multiplexes the optimum correction
data derived from the judging unit 24 with the prediction coefficients
for each class, and then outputs the multiplexed result as coded data
of the second hierarchy.

Referring now to the flow chart of Fig. 6, the operation of the
optimum correction data calculating unit 13 is described. When the
image data of the secornid hierarchy is supplied to the correcting unit
21, the correcting unit 21 first directly outputs the image data of the
second hierarchy to the local decoding unit 22 and to the judging
unit 24. At step S2, in the local decode unit 22, the corrected data
derived from the correcting unit 21, namely, as previously. explained,
image data of second hierarchy is directly local-decoded.

In other words, at the step 2, the adaptive process operation

~ for obtainirig the prediction coefficients for eac_:h class is carried out
; on the image data of the first hierarchy, and i.ising the corrected

data, to calculate the predicted values of the first hierarchy {higher
than the second hierarchy by one hierarchy) by way of the linear
coupling with the corrected data derived from the correcting unit 21.
Based upon the prediction coefficients, the predicted values are
obtained and then supplied to the error calculating unit 23.



-16-

When the predicted values of the first hierarchy is received
from the local decoding unit 22 by the error calculating unit 23, at
step S3, the error calculating unit 23 calculates the prediction error
of the predicted values derived from the local decoding unit 22 with
respect to the image data of the first hierarchy, and supplies the
prediction error as the error information to the judging unit 24.
When the error information is received from the error calculating unit
23, the judging unit 24 judges at step S4 as to whether the
corrected data outputted from the correcting unit 21 is substantially
equal to the coded result of the image of the first hierarchy.

In other words, at step S4, a judgment is made as to whether
the error information is smaller than a predetermined threshold value
"g". At step S4, when it is so judged that the error information is
not smaller than the predetermined threshold value "&", a recognition
is made that the corrected data outputted from the correcting unit
21 is not substantially equal to the coded data of the image of the
first hierarchy. Then, the process operation is advanced to step S6
at which the judging unit 24 controls the correcting unit 21 so as to
correct the image' data of the second hierarchy. The correcting unit
21 varies a correction amount (ﬁamely, correction value "A", which
will be discussed later} under control of the judging unit 24 in order
to correct the image data of the second hierarchy. The resultant
corrected data is outputted to the local decoding unit 22 and the
judging unit 24. Then, prbcessing returns to the previous step S2,

~ and a similar process opération'is repeated. :

On the other hand, at step S4, when it is so judged that the
error information is smaller than the predetermined threshold value
"g", this indicates that the corrected data output from the correcting
unit 21 is substantially equal to the coded result of the image of the
first hierarchy. The judging unit 24 outputs the correction data
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when the error information smaller. than, or equal to the
- predetermined threshold value "&" as the optimum correction data in
combination with the prediction coefficients for each class to the
multiplexing unit 25. At step S6, the nﬁultiplexing unit 25
.. multiplexes the prediction coefficients for each class with the
optimum correction data derived from the judging unit 24, and
outputs the multiplexed result as the coded data of the second
hierarchy. Then, the process operation is ended.
-As previously explained, since the corrected data produced by
correcting the image data of the second hierarchy under the
- condition that the error information becomes smaller than a
preselected threshold value "€" is used as the coded result of the
image of the first hierarchy, it is possible to obtain from the coded
image data of the second hierarchy ‘an image substantially identical
to the original image data {image data of first hierarchy} based on
the corrected data {namely, optimum correction data} on the side of
"the receiver apparatus 4.

It should be noted that, as previously explained; the
processing operation for obtaining the prediction coefficients for
each class used to calculate the predicted values-of the-first -
hierarchy (higher than the second hierarchy by one hierarchy} by
way of the linear coupling. with the correction data is performed in
the optimum correction data calculating unit 13 by employing the
image data of the first hierarchy, whereas the adabtive processing

. operation is carried .out by employing the optimum correction data
outputted by the optimum correction data calculating unit 13.
Alternatively, the optimum correction data calculating unit 14 may
perform the adaptive process operation for the image data of the
second hierarchy output from-the thinning unit 11.
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Next, Fig. 7 indicates an example of an arrangement of the

-correcting unit 21 shown in Fig. 5.

The image data of the second hierarchy is supplied to a
correcting unit 32, In response to a control signal provided from the
judging unit 24 {Fig. 5), the correcting unit 32 supplies an address to
a correction value ROM 33, so that the correction value "A" is read
out from the ROM 33. Then, the correcting unit 32 produces the
corrected data by, for example, adding the correction value A read

-. .from the correction value ROM 33 to the image data of the second

hierarchy, and then supplies the produced corrected data to the local
decoding unit 22 and the judging unit 24. The correction valie ROM
33 stores therein combinations of various sorts of correction values
A (for instance, a combination of corrected values for correcting
image data of the second hierarchy for 1 frame) so as to correct the
image data of the second hierarchy. A combination of correction
values A corresponding to the address supplied from the correcting
unit 32 is read from’the correction value ROM 33 to be supplied to
the correcting unit 32.

Referring now to Fig: 8, processing of the correcting unit 21
shown in Fig. 7 will be explained.

For example, when the image data of.the second hierarchy for

one frame is supplied to the correcting unit 32, the correcting unit™ ™

32 receives this image data of the second hierarchy at step 811, and.
at step 812, judges as to whether or not the contro!l signal is
received from the judging unit 24 (Fig. 5). At step $12, when itis
so judged that the control signal is not received, the process
operation skips over the steps S13 and S14, and continues at step
§15, at which the correcting unit 32 directly outputs the image data
of the second hierarchy as the.corrected-data to the local decoding

TR %
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unit 22 and the judging unit 24. Then, processing returns.to the
previous step S12.

In other words, as described above, the judging unit 24
controls the correcting unit 21 (correcting unit 32) based on the
error information. . Since the error information has not yet been
acquired immediately after the image data of the sécond*hierarchy is-
received by thé correcting unit 32 (because the «error.information is
not outputted from the error calculating unit 23);: no control signal is

. outputted from the judging unit 24. As a result, just after the image
data of the second hierarchy is received, the correcting.unit. 32 does .
not correct this image data of the second hierarchy but, rather, |
directly .outputs this image data as the corrected. data to the local
decoding unit 22 and the judging unit 24.

On the other hand, when it is judged at step-S12 that the
control signal from the judging unit 24 is received, the cotrecting
unit 32 outputs an address defined in accordance with the control
signal to the correction vaiue ROM 33 at step $13. As a result, at
step 813, the combination {set} of the -correction values A stored :at
the address is read at from the correction value ROM 33, and then is

: supplied to the correcting unit 32. Upon.receipt of the combination
of the correction value A read from the correction value ROM 33,
the correcting unit 32 adds the corresponding correction values A to
the fespective image data of the second hierarchy for 1 frame, so
that the corrected data produced by correcting the image data of the
second hierarch\} is calculated at step S14. Thereafter, the process
operation is advanced to step S15, at which the correction data is
output from the correcting unit 32 to the local decoding unit 22 and
the judging unit 24, and processing returns to step S12.

As previously discussed, the correcting unit 21 repeatedly
outputs the corrected data obtained by correcting the image data of
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the second hierarchy into the various values under control of the
judging unit 24.

~ It should be noted that, when the coding operation as to one
frame of the image is accomplished, the judging unit 24 supplies to
the correcting unit 21 a control signal for indicating the completion
of the coding operation. Upon receipt of this control signal in step
$12, the correcting unit 21 finishes the processing operation with
respect to an image of the present frame, and executes the process
operation defined in the flow chart of Fig. 8 for the next frame of the
image.

Next, Fig. 9 illustrates an example embodiment of an
arrangement of the local decode unit 22 shown in Fig. b.

The corrected data derived from the correcting unit 21 is
supplied to a block making unit for class classification 41 and a
block making unit for predicted value calculation 42. The block
making unit for class classification 41 makes class classifying blocks
used centered about the noted corrected data to classify the
corrected data into a preselected class, depending upon a nature
thereof.

For example, assuming now that in Fig. 10, while a pixel
indicated by symbol "0" constitutes the image of the first hierarchy,
and another pixel indicated by symbol "e" constitutes the image of
the second hierarchy (corrected data}, corrected data (otherwise,
pixelllocated at an i-th position from the upper position and at a j-th
position from the left position is expressed as "X;", the block making
unit for class classification 41 will generate a class classifying block
having 9 pixels in total, namely, a pixel "X;" of interest and the
following 8 pixels adjacent to this pixel of interest at upper left,
upper, upper right, left, right, tower left, and lower right positions:

xﬁ‘"(j"“’ X“’”i’ x(i-ﬂ(j-i-‘l}l xiq.": Xi(j+1)l Xﬁ-ﬂﬁ'”' X(i‘”i’ X(“,"(“.“. The Oiass
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classifying block is supplied to a class classification adaptive
processing unit 43.

It should be noted that, in this case, the class claséifying
block is a regular square-shaped block having 3 x 3 pixels, but the
shape of the class classifying block is not required to be such a
regular square. Alternatively, other shapes, for example, a
_ fectangular shape, a cross shape, and other arbitrary shapes may be
employed. Also, a total number of the pixels for constituting the
class classifying block is not limited to 9 pixels (= 3 x 3 pixels).

The block making unit 42 for predicted value calculation
processes the corrected data to make a predicted value calculating
block, centered about the noted corrected data, used to calculate
the predicted value of the image of the first hierarchy. in other
words, in Fig. 10, assuming now that pixel values of 9 pixels (= 3 x
3} in an original image data (in this case, image data of first
hierarchy), while positioning the corrected data Xij {portion denoted
by symbol "®" in Fig. 10) are expressed from the leftmost direction
to the rightmost direction, and from the upper direction to the lower
direction, by: Y;(1), Yy{(2), Y\(3), Y4, Y;{6), Yi{6), Yi(7), Yi{8),
Y9}, the block making unit 42 for the predicted value calculation
constitutes a square-shaped prediction value calculating block in
order to calculate.predicted values of the pixels Y,{1) through the
pixel Y;{9). This predicted value calculating block is arranged by, for
example, the below-mentioned 25 pixels (= 5 x 5), while a pixel X;
is set as a center: Xyo42 Xeagne Xozy Xeagens Xoagear Xengar
Xe11-41e Xinie X(i-1)ﬁ+w Xi-tig+ 210 Xigar Xignre Xir Xigape Xige2e Xisrigare
Xasngay X+ e Xgrngens x(i+‘n(j+2}! X+ 2620 Xoeagne Xoszie Xes2gey
X(i+21(j+2)'

Referring to a concrete example using Fig. 10, to calculate the
predicted values of the nine pixels Y33(1) to Y33(9) in the image
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data of the first hierarchy surrounded by a rectangular, the predicted
value calculating block is constructed by the following corrected
data: Xyq, Xyze Xyze Xyar Xygoe Xp10 Xg2 X23' Xaar Xase Xa1o Xazr Xaar Xaar
Xase Xaze Xage Xaar Xase Xgrr Xoze Xozr Xsar Xese

The predicted value calculating block obtained in the block
making unit 42 for the predicted value calculation is supplied to the
class classification adaptive processing unit 43.

Similar to the case of the ciass classifying block, the pixel
number and the shape as to the predicted value calculating block are
not limited to the above-described examples. It should be noted,
though, that the total number of pixels of the predicted value
calculating block is preferably made larger than the total number of
pixels of the class classifying block.

Also, when the above-explained block making process is
carried out {similar to process operations other than block making),
there are no corresponding pixels near the image frame of the image
data. lﬁ this case, for example, the process operation may be
performed, assuming now that the same pixels as those for
constituting the image frame are located outside this image frame.

The class classification adaptive processing unit 43 includes
an ADRC (adaptive dynamic range coding} processing unit 44, a
class classifying unit 45, and an adaptive proéessing unit 46, and
performs a class classification adaptive processing operation.

By class classification adaptive processing operation, it is
meant that an input signal is classified into several classes based on
features thereof, and an adaptive process operation suitable for each
of these classes is executed for the input signal of each of these
classes. Roughly speaking, the class classification adaptive process

operation is subdivided into a class classification process operation
and an adaptive process operation.
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Now, both the class classification process operation and the
adaptive process operation are described.

First, the class classification processing operation will now be
explained. For the purposes of discussion, it is assumed that, as
indicated in Fig. 11A, a block (class classifying block} made of 2 x 2
pixels is constructed of a pixel of interest, and three pixels located
adjacent thereto, and each of these pixels is expressed by 1 bit
(having either a level "O" or a level "1"). In this case, as indicated in
Fig. 118, a block of 4 pixels {2 x 2} may be classified into 16 (=
{2,)4), depending upon level distributions of the respective pixels.
Such a pattern classification corresponds to the class classification
process, which is performed in the class classifying unit 45.

It should be noted that the class classification process
operation preferably takes into account characteristics of the image,
e.g., complexity of the image and strength of change of the image
within the block. ,

Normally, in this example, for instance, 8 bits or more are
allocated to each of pixels. Alsd, in this embodiment, as previously
explained, the class classifying block is arranged by 9 pixels (= 3 x
3). As a result, when the class classification process operation is
performed with respect to such a class classifying block, this block
is classified into such a huge number of classes, i.e., (25),.

Therefore, according to this embodiment, the ADRC process
operation is carried out for the class classifying block in the ADRC
processing unit 44, As a result, the class number is reduced by
decreasing the bit number of the pixels in the class classifying block.

That is to say, for example, for the sake of simple explanation,
as indicated in Fig. 12A, considering a block that is constructed of 4
pixels aligned on a straight line, both a maximum value "MAX" and a
minimum value "MIN" of this pixel value are detected in the ADRC
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process operation. Then, assuming now that DR = MAX - MiN is
used as a local dynamic range of the block, the pixel values of the
pixels for constituting the block are requantized to k bits, based on
this dynamic range DR.

in other words, the minimum value MIN is subtracted from
each of the pixel values within the block, and then the subtraction
value is divided by DR/2,. As a result, the resultant value is
converted into a code {ADRC code) corresponding to the divided
value. Using a concrete example, if k = 2, as indicated in Fig. 12B,
a judgment is made as to whether or not the divided value belongs
to any one of such ranges obtained by equally dividing the dynamic
range DR by 4 (= 2,). In the case that the divided value belongs to
the lowermost level range, the second lowermost level range, the
third lowermost fevel range, or the uppermost level range, each of
the divided values is coded into 2 bits such as 00B, 01B, 10B, or
11B (symbol J:y represents binary number) that represent the range.
Then, on the decoding side, the ADRC code 00B, 01B, 10B, or 11B
is converted into a center value Ly, of the lowermoét level range, a
center value L,, of the second lowermost level range, a center value
Ly, of the third lowermost level range, or a center value L11 of the
ubpermost level range. Then, the minimum value MIN is added to
each of these values, so that the decoding operation is carried out.

In this case, such an ADRC process operation is referred to as
"non-edge matching™. As indicated in Fig. 12C, contrary to this
- non-edge matching, there is another ADRC processing technique
called improved non-edge matching. In the improved non-edge
matching ADRC processing operation, either the ADRC code OOB or
the ADRC code 11B is converted into an average value MIN’ of the
pixel values belonging to the lowermost level range obtained by
equally dividing the dynamic range DR by 4, or another average
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value MAX' of the pixel values belonging to the uppermost level
range. Also, both the ADRC codes 01B and 10B are converted into
a level obtaineé by equally dividing a dynamic range DR’ defined by
MAX’-MIN’ by 3, so that the ADRC codes are decoded. -

It should be noted that a detailed description about this ADRC
processing operation is disclosed in, for example, Japanese
Laid-open Patent Application No. 3-53778 opened in 1991, which
has been previously filed by the assignee of the present application.

As previously explained, the number of classes may be
reduced by executing the ADRC processing operation such that the
quantization is performed based on a bit number smaller than the bit
number which is allocated to the pixels for constituting the block.
Such an ADRC processing operation is carried out in the ADRC
processing unit 44. ' _

In this embodiment, the class classification processing
operation is carried out based upon the ADRC code outputted from
the ADRC processing unit 44 in the class classifying unit 45.
Alternatively, the class classification process operation may be
carried out with respect 'to such data which are processed by way of
‘other processing operations, for example, DPCM (predictive coding},
BTC {block truncation coding}, VQ (vector quantization), DCT
{discrete cosine conversion)’,‘ and Hadamard conversion.

The adaptive process operation is now described.

For instance, considering now that a predicted value of a
pixel value "y" of the irﬁage data of the first hierarchy is calculated
by a linear primary coupling model. This linear primary coupling -
model is defined by pixel values X,, X,, - of several pixels located
around this pixel value (in this case, corrected data obtained by
correcting image data of second hierarchy, will be referred to as
"learning data” hereinafter, if required), and also linear coupling of
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preselected prediction coefficients W,, W,, —. [n this case, the
predicted value may be expressed by the following formula:
= W1X, + WzXz + - wen (1).

Thus, to generalize this formula, when a matrix W made of a
set of the prediction coefficient w, a matrix X made of a set of the

learning data, and a matrix Y’ made of a set of the predicted value
are defined by,

Xy Xip oo xln}
x= X1 X +e. XN
Xml sz an‘)
A Ely,])
. - Ely,)
W,y E{y,])

the following observation equation can be satisfied:

XW =Y’ : (2).

The predicted value approximated to the pixel value y of the
image data of the first hierarchy is obtained by applying the
minimum squaring method to this observation equation. In this
case, when a matrix Y made of a set of pixel values of the image
data of the first hierarchy (will be referred to as "teacher data”
hereinafter, if necessary), and another matrix E made of a set of
remainder of the predicted value with respect to the pixel value y of
the image data of the first hierarchy are defined by, the

below-mentioned remainder equation may be satisfied from the
formuta (2): '

. .(2).
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€ Y1
g=| |, v<| 72
€n Y
XW=Y+E .. L(3).

In this case, a prediction coefficient Wi-of the first hierarchy
used to calculate the predicted value approximated to the pixel

value y of the image data of the first hierarchy may be calcutated by
minimizing the square error.

L4
2ol
bt

As a consequence, the above-described square error is
differentiated by the prediction coefficient and the square error is set
to 0. The prediction coefficient Wi capable of satisfying the
following formula becomes an optimuin value used to calculate the

predicted value approximated to the pixel value "y" of the image
data of the first hierarchy.

de, de, oe
ey —=—=+ __'+ccv+——2 . ‘=1 2 PR ¢ |
2 Fw, %, w, 0 UL2....n)

..o (4).
Thus, first, since the formula {3).is differentiated by the

prediction coefficient Wi of the first hierarchy, the below-mentioned
formula can be satisfied:
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Based on the formuiae (4) and {5), formula {6) may be
obtained:
m o n
Y ex4,=0, Y, €;%;,=0, ... Y e;%;,=0
is1 in) =1
. (6).

Furthermore, considering the relationship .among the learning
data "L", the prediction coefficient "w", the teacher data "y", and
the remainder "e" contained in the remainder equation defined in the

formula {3}, it is possible to obtain the following normal equation
from the formula (6):

'

m m . n ot
(; Xy3Xyg) Wyt (; Xy X W+ oo+ ; X1 Xin) Wy= (?_‘, Xq1V)
=) . . =y : =y =Y

= N m m m
YO Xesaa) i+ (L Faakaa W+ o+ (3 XugXand W= (3 Xea¥ )

n 'n m y ]
(; KyinXKsy) Wy + (E KinXia) Wat oo ¥ (Z KynXyp) Wy = (2 XinV i)
| i=1 I=) I=1 i=1

.. (7).
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The number of normal equations defined in the formula (7) is
the same as the number of the prediction coefficients w to be
calculated. As a result, an optimum prediction coefficient w can be
obtained by solving the formula (7). It should be noted t_hat one way
of solving the formula {7) is to use the sweep-out method
{Gauss-Jordan’s erasing method). )

As previously described, the adaptive processing operation is
carried out in such a manner that the optimum prediction coefficient
w of thé first hierarchy for each class, and further, the predicted
value .approximated to the pixel value y of the image data of the
first hierarchy is calculated based on the formula (1) by using this
prediction coefficient w. This adaptive processing operation is
performed in the adaptive processing unit 46.

It should be noted that the adaptive processing operation is
different from the interpolation processing operation. That is, in the
adaptive processing operation, a component is reproduced which is
contained in an original image data (in this embodiment, the image
data of the first hierarchy), but is not contained in a thinned image
{in this embodiment, the image data of the second hierarchy}. In
other words, the adaptive processing operation is identical to the
interpolation processing operation with employment of a so-cafled
"interpolation filter” if only the formula {1} is considered. However,
since the prediction coefficient w corresponding to the tap
coefficient of this interpolation filter is calculated by using the
teacher data "y", namely. the learning system, the component
contained in the original image data can be reproduced. In view of
this technical point, the adaptive processing operation may be
reférred to as a process operation with an image forming effect,

Referring now to a flow chart shown in Fig. 13, the process
operations of the local decoding unit 22 of Fig. 9 will be explained.
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First, in the local decoding unit 22, at step S21, the corrected
data derived from the correcting unit 21 is processed to make
blocks. In other words, in the block making unit 41 for the class
classification, the corrected data is subdivided into a class
classifying block ot 3 x 3 pixels centered about the noted corrected
data, which will then be supplied to tbe class classification adaptive
processing unit 43. In the block making unit 42 for the predicted
value calculation, the corrected data is subdivided into a predicted
value calculating block made of 5 x 5 pixels centered about the
noted corrected data, which will be then supplied to the class
classification adaptive processing unit 43.

As previously explained, in addition to the class classifying
block and the predicted value calculating block, the image data of
the first hierarchy is supplied to the class classification adaptive
processing unit 43. The class classifying block is supplied to the
ADRC processinQ unit 44, and the predicted value calculating block
and the image data of the first hierarchy are supplied to the adaptive
processing unit 46,

Upon receipt of the class classifying block, the ADRC
processing unit 44 executes the ADRC processing operation of, e.g.,
1 bit (ADRC for executing requantization by 1 bit} with respect to
this class classifying block at step $S22. As a result, the corrected
data is converted into 1 bif {namely, coded) which is outputted to
the class classifying unit 45. _At step 8§23, the class classifying unit
45 executes the class classification processing operation with
respect to the ADRC-processed class classifying block (namely,
detects a state of distribution of each of the pixel levels in the
block), and judges to which class this class classifying block

belongs. This class judgement result is supplied as class information
to the adaptive processing unit 46,
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It should be understood that in this embodiment, since the
class classification processing operation is performed with respect to
the class classifying block constructed of 9 pixels {= 3 x 3) to
which the ADRC processing operation 6f 1 bit has been carried out,
each of the class classifying blocks is classified into any one of 512
classes {= (2')%),

Then, the process operation is advanced to step 824, at
which the adaptive processing operation is carried out for every
class based on the class information supplied from the class
classifying unit 45 in the adaptive processing unit 46. As a result,
both the prediction coefficients for each class of the first hierarchy
and the predicted values of one frame are calculated.

That is, according to this embodiment, 25 x 9 prediction
coefficients for each class are calculated, from the corrected data
and the image data of the first hierarchy, for one certain corrected
data. In addition, predicted values as to a total of © pixels, namely a
pixel of an‘image data .of a first hierarchy corresponding to this
corrected data of intereét, and also 8 pixels adjacent to this pixel;
are calculated by executing the adaptive processing operation,
employing the prediction value calculating block having 5 x 5 pixels,
where the pixel corresponding to the corrected data is centered
within the predicted value calculating block.

Now, using the examble of class information C being
outputted from the class classifyihg. unit 45, and this class
information C being related to a class classifying block having by
3 x 3 corrected data X22, X23, X24, X32, X33, X34, X42,
X43,X44, where corrected data X33 shown in Fig. 10 is centered.
Also, it is now assumed that as the predicted value calculating
block, a predicted value calculating block corresponding to the class
classifying block is outputted from the predicted value calculating
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block making unit 42. This predicted value calculating block is
arranged by Xqy, Xyar Xiar Xyar Xisr Xa1s Xozr Xaar Xoar Xosr Xage Xaar
Xaar Xaar Xasr Xasr Xazr Xaar Xage Xasr Xo1r Xs2r Xoze Xsar Xgs, Where
corrected data X33 is centered. First, while the corrected data of
the predicted value calculating block is set to the learning data, and
the pixel values Yg, (1) to Y, {9) of the 3 x 3 pixels (a portion
surrounded by a rectangular in Fig. 10} where the corrected data
X33 is centered in the image data of the first hierarchy are set to the
teacher data, the normal equation indicated in the formula (7) may
be established.

Moreover, the normal equation, for example for one frame, is
similarly established as to other predicted value calculating blocks
corresponding to other class classifying blocks which are classified
into the class information C. When the normal equations are
established by which a prediction coefficient W1(k} to a prediction
coefficient Ws(k) used to calculate a predicted value of a pixel
value Yzafk) (k = 1, 2, -, 9) can be calculated, these normal
equations are solved, so that an optimum prediction coefﬁcient wy(k)
to an optimum prediction coefficient wglk) are calculated which are

- suitable for calculating the .predicted value of the pixel value Yg,(k)
-as to the class information C. The above-described prediction
coefficients w(k) to w,5(k) require 25, since 25 pieces of the
learning data for obtaining one predicted value are used in this
embodiment. Also, the process operations for establishing the
normal equations are executed at step S24 until the above-described
number of normal equations can be obtained. This process is carried
out for each class -- 25 x 9 predictive coefficients are calculated for
each class. Then, in accordance with the below-mentioned formula
corresponding to the formula (1}, the predicted value is obtained
using the 25 x 9 predicted coefficients corresponding to class
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information ¢ and the 25 corrected data in the predicted value
" calculating block:
= WlkEX;; + wolkiX, + walk}X s
+ Welk)X s + wWg(kiX s + wWelkiXz _
+ wWlkiX,s + WelKIXys + welk)Xy,
+ WilkIXas + wyy{k) Xy,
+ WiplkiXq, + Wiglk)Xss
+ Wiglk)X3s + Wyglk)Xgs
+ WiglkEXgy + wip(KIX,,
+ Wyglki X + Wyglk} X,
+ WaolK) X s + Wafk) X4
+ WylKIXgy + wWiyglkhXgy
+ Wy (k) Xss + Waglk)Xgs ... (8).

In step S23, after 25 x 9 prediction coefficients for each class
are calculated, 3 x 3 predicted values are calculated in units of 3 x 3
pixels centered about the noted corrected data. Thereafter, in step
8§24, the 25 x 9 prediction coefficients for each class are provided to
the determining unit 24 and predicted values are 'provided for an
error calculation for each 3 x 3 pixels. Processing then returns to
step $21, and processing is repeated for the next frame. .

Next, Fig. 14 indicates an embodiment of the error calculating
unit 23 of Fig. b. |

The original image data (namely the image data of the first
hierarchy) is supplied to the block fnaking unit 51. In this case, the
block making unit 51 processes the input image data to make 9
blocks that correspond with the predicted values of the first
hierarchy output from the local decoding unit 22. The resuitant
image blocks, constructed of 3 x 3 pixels, are supplied from the
block making unit 51 to a square error calculating unit 52. As
previously described, in addition to the blocks supplied from the
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block making unit 5, the predicted value of the first hierarchy derived
from the local decoding unit 22 is supplied in units of 9 pieces {block
unit of 3 x 3 pixels) to the square error calculating unit 52. This
square error calculating unit 52 calculates a square error as a
prediction.error of this predicted value with respect to the image
data of the first hierarchy, and then supplies this calculated square
error to-a multiplying unit 55.

The square error calculating unit 52 includes calculators 63
and 54. The calculator 53 subtracts the corresponding predicted
value from each of the block-processed image data output from the
block making unit 51, and then supplies the result of the subtraction
to the calculator 54. The calculator 54 squares the output of the
calculator 58, and supplies the squared value to the multiplying unit
55.

Upon receipt of the square error from the square error
calculating unit 52, the multiplying unit 55 reads a stored value of a
memory 56, adds this stored value to the square error, and again
supplies the added value to the miemory 56 for stofage in fhe
memory 56. Then, the multiplying unit 55 repeats the
above-described operation to produce a multiplied. value of the
square error {error distribution). Furthérmore, when the
multiplication for a preselected amount {for instance, for one frame)
of square errors is completed by the multiplying unit 55, the
multiplying unit 55 the mulitiplied value from the memory 56, and
then supplies the multiplied value as the error information to the
judging unit 24. The values in the memory 66 are cleared every
time each frame is processed, and the output.values of the
multiplying unit 55 are stored into the memory 56.

Referring now to the flow chart in Fig. 15, operation of the
error calculating unit 23 is described. First, at step 31, in the error
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calculating unit 23, the stored value of the memory 56 is cleared
{e.g., to "0"). ‘Then, processing continues at step S32, where the
image data of the first hierarchy is block-processed by the block
making unit 51. The resulting block is éupplied to the square error
calculating unit 52, At step S33, the square error calcul::;ting unit 52
calculates the square of the error between the image data of the
image of the first hierarchy, which constitutes the block supplied

_ from the block making unit 51, and the predicted value of the first
hierarchy supplied from the local decoding unit 22.

In other words, at step S33, in the calculator 63, the
_corresponding predicted values are subtracted from each of the
image data of the first hierarchy, which has been block-processed
and supplied by the block making unit 51, and then the subtraction
value is furnished to the calculator 54. Further, at step S33, the
output from the calculator 52 is squared by the calculator 54, and
the squared value is supplied to the multiplying unit 55.

Upon receipt of the square error supplied from the square
error calculating unit 62, at step S34 the multiplying unit 55 reads
out the stored value from the memory 56 and calculates the
multiplied value of the square error by adding this value read from
the memory 56 to the square error. The multiplied value of the
square error calcula;ted inthe multiplying unit 55 is supplied fo the
memory 56, where the multiplied value of the square error is written
over the previously stored value.

Then, at step S35 in the multiplying unit 55, a judgment is
méde as to whether the multiplications of the square errors as to a
preselected amount, for instance, one frame data are completed. At
step S35, when it is judged that the multiplications of the square
errors for one frame data have not been accomplished, processing
returns to step S32. On the other hand, when at step §35 it is
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judged that the multiplications of the square errors for one frame
data have been accomplished, processing proceeds at step $36. At
step 836, the multiplying unit 55 reads out, from the memory 66,
‘the multiplied: value of the square errors for one frame data, and then
outputs this multiplied value as the error information to the judging
unit 24. Then, processing returns to step S31.

As a consequence, in the error calculating unit 23, assumir.'ng
now that the image data of the first hierarchy is Y{k}, and the
predicted value of the first hierarchy processed from the corrected
.. data in the local decoding unit 22 is, the error information Q may be

calculated by executing a calculation in accordance with the
following formula:

Q = Z(Yy(k) - 2,
where symbol "X" implies a summation of 1 frame data.

Next, Fig. 16 is an illustration of one embodiment of the
judging unit 24 of Fig. 5.

A prediction coefficient memory 61 stores therein the
prediction coefficients for each class supplied from the local
.decoding unit 22. A corrected data memory 62 stores therein the
cotrected data supplied from the correcting unit 21,

It should be noted that when the image data of the second
hierarchy is newly corrected, and therefore the newly corrected data
is supplied in the correcting unit 21, the corrected data memory 62
stores therein the newly corrected data instead of the previously
stored corrected data (i.e., previous corrected data). Also, after the
corrected data has been replaced by the newly corrected data, a set
of new prediction coefficients for each class corresponding to the
newly corrected data is output from the local decoding unit 22.
Also, when a new prediction coefficients for each class are supplied
to the prediction coefficient memory 61, the new prediction
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coefficients for each class are stored in place of the previdusly
stored prediction coefficients {i.e., preceding prediction coefficient
for each class).

The error information memoty 63 stores therein thg error
information supplied from the error calculating unit 23. it should
also be noted that the error information memory 63 stores therein
the error information which has been supplied from the error
calculating unit 23 in the previous case {the preceding error
information), in addition to the presently supplied error information
{present error information). That is, even when the new error
information is supplied, the previously stored error information is
saved until the further new error information is suppliéd. Also, the
content of the error information memory 63 is cleared every time a
new frame is processed (e.g., at commencement of processing a
new frame). |

A comparing unit 64 compares a predetermined threshold
value "&" with the presently supplied error information stored in the
error information memory 63, and further, may compare the
presently supplied error information with the previously supplied
-error information, -if required. A ;::omparison result obtained from the
comparing unit 64 is supplied to a control unit 65. :

The control unit 65 judges whether the corrected data stored
in.the corrected data memory 62 is substantially {optimally) equal to
the coded result of the image based on the comparison result
obtained from the comparing unit 64. When it is judged that the
corrected data is not substantially equal to the coded resuit, the
control unit 65 supplies a control signal for requesting an output of
new corrected data to the correcting unit 21 (Fig. 5). On the other
hand; when the control unit 65 recognizes that the corrected data
stored in the corrected data memory 62 is substantially equal to the
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coded result of the image, the prediction coefﬁcients for each class
stored in the prediction coefficient memory 61 are read out for
-output to the multiplexing unit 25, and also the corrected data
stored in thé corrected data memory 62 is read to be output to the
multiplexing unit 25 as the optimum corrected data. Furthermore, in-
this case, the control unit 65 outputs a control signal to the
correcting unit 21, and this control signal indicates that the coding
operation for one frame image has been accomplished. As a result,
as previously explained, the control unit 65 causes the correcting
unit 21 to commence the process operation for the next frame.

Next, operations of the judging unit 24 are described with
reference to Fig. 17. At a first step S41, in the judging unit 24, the _
comparing unit 64 judges whether the error information is received
from the error calculating unit 23. When the comparing unit 64
judges that the error information is not received, the processing
returns ‘to step S41. On the other hand, when the comparing unit
64 judges that the error infofmation is received, namely when the
error information is stored in the error information memory 63, the
process operation is advanced to step S42. At step S42, the
comparing unit 64 compares a predetermined threshold vatue g
with the. presently stored error information (present error -
information) so as to judge whether the present'error information is
smaller than the predetermined threshold value.

At step S42, when it is judged that the present error
information is not-less than the predetermined threshold value "&",
the comparing unit 64 reads out the preceding error information
stored in the error information 63. Then, at step S43, the comparing
unit 64 compares the preceding error information with the present

error information to judge whether the preceding error information is
larger than the present error information.
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When the processing is commenced, and the error information

is first supplied, since the preceding error information is not stored
into the error information memory 63, in this-case, the process

- operations defined after the step $43 will not be performed in the -
judging unit 24. The control unit 65 outputs a control si;_:;nal for
controlling the correcting unit 32 {Fig. 7} to output a predetermined
initial address.

When it is judgéd at step S43 that the present error
information is less than or equal to the preceding error information,
namely, when the image data of the second hierarchy is corrected to -
thereby reduce the error information, the processing continues at
step $44. At step S44, the control unit 65 outputs. to the correcting
unit 32, a control signal to instructing that the correction value is
changed in a similar manner to that of the preceding case. Then,
processing returns to step S41. On the other hand, when itis
judged at step S43 that the present error information is larger than
the preceding error information (i.e., that the error information is
increased by correcting the image data of the seéond.hierarchy, the
processing advances to step S45. At step S45. the control unit 65
outputs, to the corrécting unit 32, a control signal to instruct that
the correction value A is.changed in.a.manner opposite to that of the
precéding case. Then, processing--cohtinues at step S41. _

It should also be noted that when.the continuously reduced
error information is increased with a certain timing, the control unit
65 outputs a control signal for instructing that the correction value A
.is decreased by, for example, 1/2, and is changed in a manner
opposite to that of the previous case.

Then, since the processing of step S41 to step S45 is
repeated, the error information is decreased. As a result, in the case
that it is judged at the step S42 that the present error information is
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smaller than the predetermined threshold value "g", the process
operation is advanced to step S46. At step S46, the control unit 64
reads out the prediction coefficients for each class, stored in the

- prediction coefficient memory 61, and also reads out the corrected
data of one frame stored in the corrected data memory 62. Then,
these prediction coefficients for each class and corrected data are
supplied to the multiplexing unit 25, and the processing is ended.

Thereafter, the process operations are repeated in accordance
with the flow chart of Fig. 17, while waiting for the supply of the
error information about the next frame.

It should also be noted that in the correcting unit 32, as to the
correction of the image data of the second hierarchy, either all of the
image data for one frame may be corrected, or only a portion of the
image data for one frame may be corrected. When only a portion of
- the image data of the second hierarchy is corrected (e.g., when
pixels capable of giving a strong influence to the error information
are detected by the control unit 65), only the data about this portion
{e.g., about the pixels capable of giving a strong influence} may be
corrected. An example of the manner in which pixels capable of
giving the strong influence to the error information may be detected
is.now discussed. First, the process operation is carried out by
directly utilizing the image data of the second hierarchy, so that the
. error information is acquired. Then, a control signal is supplied from .
the control unit 65 to the correcting unit 32, which executes
processing for correcting the image data of the second hierarchy by
the same correction value A every one pixel. The resulting error
information is compared with such the error information that is
obtained when the image data of the second hierarchy is directly
utilized. Then, a pixel about the -error information where a
comparison difference becomes larger than, or equal to a
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predetermined value may be detected as the pixel capable-of giving
the strong influence to the error information. .

As previously described, the correcting operation of the image
- data of the :second hierarchy is repeated until the error information is
reduced, or decreased to be smaller than the preselected ‘threshold
value "¢". The corrected data obtained when the error information
becomes smaller than the preselected threshold value "€" is output
as the coded result of the image. Accordingly, in the receiver
apparatus 4 (Fig..1)}, it is possible to produce the decoded image
identical.to {(or, substantially identical to) the original image data
from the corrected data (optimum corrected data} where the pixel
values of the pixels of the thinned image data are made as the most
proper values used to recover the original image data.

Since the image is compressed by way of the thinning process
operation, and also by the ADRC process operation and the class
classification adaptive process operation, it is possible to obtain
coded data with the very high compression rate. It should be noted
that the above-described coding processing executed in the
transmitting apparatus 1.may.be referred to as a "combined coding
process operation”, since the compression process opet:ation by the
thinning operation is organically combined with the class
classification adaptive process operation so as to realize the high
efficiency compression.

Then,. Fig. 18 indicates an example of an arrangement of the
receiving apparatus 4 shown in Fig. 1. ‘

The coded.data recorded on the recording medium 2 is
reproduced in the signal processing unit 71, and also, the coded
data which is transmitted via the transmission path 3 is received to
be supplied to the signal processing unit 71. In this signal
processing unit 71, the coded data is separated into the coded data
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of the first hierarchy, of the second hierarchy-and of the third
hierarchy. In addition, the error correcting process operation and
other process operations are performed by the signal processing unit
11. Also, the-signal proceéssing unit 71 copies the prediction
coefficients for. each class of the first hierarchy from the coded data -
of the third:hierarchy to be used in coding the coded data of the
second hierarchy. The signal processing unit thereafter outputs the
coded data of the first-hierarchy through the coded data of the third
hierarchy.

The coded.data of the first hierarchy is directly outp'ut as a
decoded image data of a first hierarchy. Also, the coded data of the
second hierarchy and of the third hierarchy is outputted to a
predicting unit 72 and predicting unit 73, respectively.

Based: upon the coded data of the second hierarchy, a:
-predicted values of the image of the first hierarchy are calculated in
the-predicting unit 72, and .then are outputted as the decoded image
of the first hierarchy. Also, in the predicting unit 72, a predicted
values of a first hierarchy are calculated based on the decoded
image data of the third hierarchy to be outputted.

. - Fig. 19 illustrates an embodiment of the predicting unit 72.
_ The coded data of the second hierarchy derived from the
signal processing unit.71 (Fig. 18) is supplied to a separating unit 81
that separates out optimdm corrept.ion data of the second hierarchy
and prediction coefficients for éach class of the first hierarchy. The
corrected data of the second hierarchy and-the prediction
coefficients for each class of the first hierarchy are supplied to a
decode unit 80. '

The decoding unit 80 includes a block making unit for class
classification 82, a block making unit for predicted value calculation
83, an ADRC processing unit 84, a class classifying unit 85, and a
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predicting unit 86. These elements of the decoding unit 80 are
arranged in a manner similar to the arrangement of the block making
unit-for class classification 41, the block making unit for predicted
value calculation 42, the ADRC processing unit 44, and the class
--classifying unit 45 respectively. As a consequence, in these blocks
operate in a similar manner.
The optimum corrected data provided from the separating unit
81 is input to the block making unit for class classification 82 and
the block making unit for predicted value caloulation 83, whereas
.the prediction coefficients, for each class, of the first hierarchy are
input to the predicting unit 86 and then are stored.in a memory {not
shown).
The predicted value calculating block output from the block
making unit for prediction value calculation 83 supplied to the
. predicting unit 896. The class information outputted from the class
classifying unit 85 is ADRC processed by the ADRC processing unit
84.. The ADRC processed class information is also provided to the
predicting unit 86.
In the predicting unit 86, a 3 x 3 predicted values of a first
- --hierarchy are calculated in accordance with the formula (1) by
employing the read 25 x 9 prediction coefficients of the first
hierarchy corresbondﬁ{ag fo thé class information among the ,
brediction coefficients for each class of the first hierarchy stored in
the memory (not shown) in response to the class information, and
also employing the 5 x 5 optimum corrected data of the predicted
value calculating block supplied from thé block making unit 83 for
the predicted value calculation. The calculated predicted value of
the first hierarchy is outputted frc_:m the decoding unit 80 as the
decoded image of the first hierarchy.
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As described above, the optimum corrected data of the
second hierarchy is used to execute the prediction in the predicting
unit 86, so that the error between the predicted value of the first
hierarchy and the image data of the first hierarchy is made to be
smaller than the threshold value "g". As a consequence, in
accordance with the optimum corrected data of the second
hierarchy, it is-possible to obtain the decoded image data of the first
hierarchy with high resolution.

Then, Fig. 20 shows an example embodiment of the predicting
unit 73 of Fig. 18.

The coded data of the third hierarchy derived from the signal
processing unit 71 {Fig. 18) is supplied to a separating unit 221 that
separates the coded data of the third hierarc:hy into optimum
corrected data of the third hierarchy, a prediction coefficients for -
each class of a second hierarchy, and a prediction coefficients for
each class of a first hierarchy. Both the optimum corrected data of
the third hierarchy and the prediction coefficient for each class of

“the second hierarchy are supplied to a decode unit 222, whereas the
prediction coefficients for each class of the first hierarchy are
supplied to another decoding unit 223.

The decoding unit 222 is arranged in a similar to that of the
decoding unit 80 shown in Fig. 19. As a consequence, similar to
the above-explained case, in this decoding unit 222, a predicted
value of the image corrected data of the second hierarchy is
calculated from the optimum correction data of the third hierarchy
and the prediction coefficients for each class of the second
hierarchy, and then the calculated predicted value is supplied to the
decoding unit 223. The decoding unit 223 is also arranged similar to
the decoding unit 80. Thus, a predicted value of the first hierarchy
is calculated from the predicted value of the second hierarchy and
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the prediction coefficient of the first hierarchy, and then the
calculated prediction value is outputted as a decoded image of the
first hierarchy.

The prediction coefficients for each class of the second
hierarchy are calculated in the optimum correction data éalcu!aﬁng
unit 14 of Fig. 2 in order to obtain optimum data as the optimum
corrected data of the second hierarchy. As previously explained,
since the decoded image data of the first hierarchy having the high
resolution can be obtained in accordance with the optimum
corrected data of the second hierarchy, it is also possible to obtain
the decoded image data of the first hierarchy with high resolution in
accordance with the coded data of the third hierarchy.

As previously explained, when a portion, or even all, of the
coded data of the first hierarchy and the coded data of the second
hierarchy are lost due to some reason, the decoded image having the
high resolution can be obtained from the coded data of the third
hierarchy (the lowermost hierarchy), namé!y the optimum corrected
data of the first hierarchy in combination with the prediction
coefficients for each class of the first hierarchy and of the second
hierarchy.

Also, for example, in the case of the receiving apparatus
which can receive only the coded data of a third hierarchy (that is,
the optimum corrected data of the third hierarchy, predicted
coefficients for each class of a first and second hierarchy}, it is
possible to decode a decoded image having high resolution.
Furthermore, in the case of the receiving apparatus which can
receive only the coded data of the second hierarchy and the coded
data of a third hisrarchy (that is, the optimum corrected data of a
second hierarchy, predicted coefficients for each class of a first and
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second hierarchy), it is possible to decode a decoded image having a
high resolution.

it should be understood that in the described embodiment, the
optimum correction data of the second hierarchy is contained in the
coded data of the second hierarchy. Alternatively, the image data of
the second hierarchy itself, as opposed to the optimum corrected
data of the second hierarchy, may be contained in the coded data of
the second hierarchy.

Also, the coded data of the first hierarchy, the coded data of
the second hierarchy and the coded data of the third hierarchy are
contained in the coded data output from the signal processing unit
15. As previously described, since the coded imaée with the high
image quality can be produced only from the coded data of the third
hierarchy {optimum corrected data of the third hierarchy and
prediction coefficients for each class of first hierarchy and of second
hierarchy), it is alternatively acceptable to include only the coded
data of third hierarchy in the coded data outputted from the signal
processing unit 15. )

Furthermore, as shown in Fig. 2, the optimum corrected data
of the second hi¢rarchy output from the optimum corrected data
calculating unit 13 is supplied to the optimum corrected data
calculating unit 14, so that tﬁe optimum prediction coefficient for
each class is calculated to obtain the optimum corrected data of the
second hierarchy. Alternatively, instead of the optimum corrected
data of the second hierarchy, the image data of the second hierarchy
itself may be supplied to the optimum correction data calculating
unit 14, so that the optimum prediction coefficient for each class for
obtaining the image data of the second hierarchy may be obtained.

In the above-described case, the prediction coefficients for
each class of the first hierarchy are obtained in the local decoding
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unit 22 of Fig. 9 (and the prediction coefficients for each class of the
second hierarchy in local decode unit 22 for constructing optimum
corrected data calculating unit 14), and then the prediction values of
the first hierarchy are calculated by using the prediction coefficients
for each class of the first hierarchy. Alternatively, the respective
prediction values of the first hierarchy may be calculated without
obtaining the prediction coefficients for each class in the local
decode unit 22.

That is, Fig. 21 illustrates another embodiment of the local
decode unit 22. it should be understood that the same reference
numerals shown in Fig. 9 will be employed as those for indicating
the corresponding portions. Specifically, in place of the adaptive
processing unit 46, a prediction coefficient ROM 88 and a predicting
unit 89 are employed in the local decoding unit 22 of Fig 21, and
other units may be arranged similar to those of Fig. 9.

The optimum corrected data calculating unit 13 that may
include the Fig. 21 local decoding unit 22 is shown in Fig. 38. The
Fig. 38 optimum corrected data calculating unit 13 is similar to the
Fig. 6 optimum corrected data calculating unit 13 except that the
image data of the first hierarchy {optimum correction data of the
second hierarchy} is not provided to the local decoding unit 22 of
the Fig. 38 optimum correction data calculating unit. As discussed
in detail below, the embodiment of the local decode unit of Fig. 21
does not require the image data of the first hierarchy {optimum
correction data of the second hierarchy}.

Referring now to Fig. 21, the prediction coefficient ROM 88
stores therein prediction coefficients with respect to classes, which
have been obtained by way of {earning {to be described later in the
specification}). Upon receipt of class information output from the
class classifying unit 44, the prediction coefficients stored at an
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address corresponding to this class information are read out from
this prediction coefficient ROM 88 and is supplied to the predicting
unit 89.

In.the predicting unit 89, a calculation is made of a linear
equation indicated in the formula (1) (formula (8) shows a concrete
application. of formula (1)) by employing the predicted value
calculating block derived from the block making unit 42 for the
prediction value calculation, and also the prediction coefficient
ROM 88. As a result, a prediction value of the original image is
calculated without employing the original images of the respective
hierarchies.

As a result, in accordance with the class classification
adaptive processing unit 43 shown in Fig. 21, this prediction value
can be calculated without employing the original images of the
respective hierarchies. 25 x 9 predictive coefficients for each class
stored in the predictive coefficients ROM 81 are output to
determining unit 24 in a manner similar to the manner previously
described.

Fig. 39 is a flowchart that iflustrates the process by which the
Fig. 21 local decoding unit 22’ operates. The process by which the
Fig. 21 local decoding unit 22’ operates is similar in some sense to
the process illustrated in Fig. 13. For example, steps S21 - $23 are
identical. However, at step S23A, the prediction coefficients for the
classified class are read from the prediction coefficient ROM 88.
Then, at step S23B, in the predicting unit 89 executes an adaptive
process to calculate a predicted value. Meanwhile, at step 23C, the
prediction coefficients ROM provides the prediction coefficients for
the classified class are provided to the judging unit.

Next, Fig. 22 illustrates an embodiment of an image
processing apparatus for executing a learning operation so as to



-49-
obtain the prediction coefficients stored in the prediction coefficient
ROM 88 shown in Fig. 21.

Image data for a learning purpose (learning image) is supplied
" to a block making unit 91 for learning and a block making unit 92 for
a teacher. As described below, these image data are used to obtain
prediction coefficients applicable to any images. It should be noted
that when the prediction coefficients for each class of the first
hierarchy is obtained, the image data of the first hierarchy is
supplied as the learning image to the learning block making unit 91
and the teacher block making unit 92. Also, when the prediction
coefficients, for each class, of the second hierarchy are obtained,
the image data of the second hierarchy is supplied as the learning
image to the learning block making unit 91 and the teacher block °
making unit 92.

The learning block making unit 91 extracts, for example, 25

pixels {5 x 5 pixels) centered about the noted pixel of a positional

| relationship indicated by symbol "e" in Fig. 10, from the inputted
image data, and thereafter supplies a block having these 25 pixels as
a learning block to the ADRC processing unit 93 and a learning datfa
memory 96.

. Also, in the teacher block making unit 92, for example, a
block constituted by 9 pixels {3 x 3 pixels) is produced from the
input image data, and then a block having these 9 pixels is supplied
as a teacher block to a teacher data memory 98. |

It should also.be noted that when the fearning block
constructed of, for example, the 25 pixels located in the positional
relationship indicated by symbol "®" shown in Fig. 10 centered
about the noted pixel in the learning block making unit 91, the
teacher block of 3 x 3 pixels surrounded by a rectangle shown in
Fig. 10 is produced from the teacher block making unit 92.
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The ADRC processing unit 93 extracts central 9 pixels (3 x 3
pixels} from the 25 pixels for constituting the learning block, and
then executes an ADRC process operation of 1 bit with respect to
the block made of these 9 pixels in a similar manner to the ADRC
processing unit of Fig. 21. The block of 3 x 3 pixels processed by
the ADRC processing operation is supplied to a class classifying unit
94. In the class classifying unit 94, the block from the ADRC
processing unit 93 is class-classified to obtain class information. .
This class information is supplied via a terminal "a" of a switch 95 to
the learning data memory 96 and the teacher data memory 98.

In the.learning data memory 96, or the teacher.data memory
98, the learning block outputted from the learning block making unit
91, or the teacher block outputted from the teacher block making
unit 92 is stored at an address corresponding to the class
information supplied thereto.

As a result, assuming now that, for example, the block having
5 x B pixels shown by symbol "e" in Fig. 10 is stored as the
learning block at a certain address of the learning data block 96, the
block constructed of. 3x3 plxels indicated in this drawing and
surrounded by the rectangle is stored as the teacher block at the
same address as the above-described address. .

Subsequently, a similar process is repeated for all of the
prepared learning images, so that the learning block and the teacher
block are stored at the same addresses in the learning data memory
96 and the teacher data memory 98. The teacher block is arranged
by 9 pixels, in which the predicted value is calculated in the local
decoding unit 22 of Fig. 21 by employing the predicted value
calculating block constituted by 25 corrected data having the same
positional relationship as that of the 25 pixels of the learning block.
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Since a plurality of information is stored at the same
addresses in the learning data memory 98 and the teacher data
memory 98, a plurality of learning blocks and a plurality of teacher
blocks can be stored at the same addresses. _ .

. When the learning blocks and the teacher blocks for all of the
learning images are stored into the learning data memory 96 and the
teacher data 98, the switch 95 which has been selected to the
terminal "a” is changed to be selected to the terminal "b", so that an
output of a counter 97 is supplied as an address to the learning data
memory 96 and the teacher data memory 98. The counter 97
counts a predetermined clock to output a sequential count value
thereof, whereas in the learning data memory 96, or the teacher
data memory 98, either the learning block or the teacher block
stored at an address corresponding to this count value is read out to
be supplied to a calculating unit 99.

As a result, a set of learning blocks and a set of teacher
blocks of the class are provided to the calculating unit 99,
corresponding to the count value of the counter 97 are supplied.

Upon receipt of a set of learning blocks and a set of teacher
blocks as to a certain class, the calculating unit 99 calculates
predicﬁbn coefficients to able of mihimiziﬁg an érror by way of the
minimum square method by using these block sets.

In other words, for instance, assuming now that pixel values
~ of pixels for constituting a learning block are X, X,, Xs, ~, and also
prediction coefficients to be required are w;, w,, wy, -, the
prediction coefficients w,, w,, w,, -, must satisfy the following
formula in order to obtain a pixel value "y" of a certain pixel for

constitutiqg a teacher block by way of a linear equation of these
values:

Y = WX, 4 WoXy + WaXg + ---
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As a consequence, the prediction coefficients w,, w,, wg, -,
may be calculated in the calculating unit 99 in such a way that the
+ normal equation indicated in the above-described formula {7} is
established and solved, while these prediction coefficients minimize
a square error of the predicted values wx; + W,X, + WyXy + -
with respect to a true value "y" from both the learning block in the
same class and the teacher block corresponding thereto. Therefore,
25 x 9 predictive coefficients are calculated for each class by
carrying out the above-described process for each class.

The prediction coefficients with respect to the respective
classes, which are calculated in the calculating unit 99, are supplied
to @ memory 100. The count value is supplied from the counter 97
to the memory 100, in addition to the prediction coefficients derived
from the calculating unit 99. As a result, in the memory 100, the
prediction coefficients derived from the calculating unit 99 are stored
at the addresses corresponding to the count values outputted from
the counter 97.

As described above, the 25 x 9 optimum prediction
coefficients used to predict the 3 x 3 pixels of the block in this class .
are stored at the addresses corresponding to the respective classes
in the memory 100.

The prediction coefficients for each class stored in the
memory 100 in the above-described manner are stored in the
prediction coefficient ROM 88 of Fig. 21.

It should be understood that the prediction coefficients are not
stored at the addresses corresponding to the respective classes in
the prediction coefficient ROM 88. However, average values of the
pixel values of the teacher blocks may be stored. In this case, when
the class information is suppiied, the pixel value corresponding to
this class is outputted. Accordingly, in the local decoding unit 22 of
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Fig. 21, neither the block making unit 42 for the predicted vatue
calculation, nor the predicting unit 89 is provided.

As a consequence of using the local decoding unit shown in
Fig. 21, either-the predicting unit 72 or the predicting unit 73 shown
.in Fig. 19 or Fig. 20 may be such as not to employ either the
separating unit 81 or the separating unit 221. [n addition, the
decoding unit 80 of Fig. 19 {similar to decoding.units 222 and 223
of Fig. 20} should be arranged as shown in Fig. 23. In other words,
in this case, the decoding unit 80 may include the class
classification block making unit 41, the predicted value calculation
block making unit 42, the ADRC processing unit 44, the class
classifying unit 45 and the prediction coefficient ROM 88 employed
in the local decoding unit 22 shown in Fig. 21; or the decoding unit
80 may include the class classification block making unit 141, the
predicted value calculation block making unit 142, the ADRC
processing unit 144, the class classifying unit 145, the prediction
coefficient ROM 1486, or the predicting unit 147, which correspond
thereto in the predicting unit 89.

It should be understood that, as previously discussed with
reference to Fig. 9, the p.rediétion coefficients are successively
calculated to thereby obtain the prediction values, which will be
referred to as a "sequenltial; method®, whereas as pre'\;rious!y
discussed with referenpeﬂto #.ig. 21, the prediction coefficients for
each class are previouély stored in the prediction coefficient ROM
88, and these stored prediction coefficients for each class are used
to obtain the prediction value, which will be referred to as an "ROM
method".

in accordance with a third embodiment of a transmitting
apparatus 1 of the invention, as shown in Fig. 40, an optimum
correction data cafculating unit 13 is provided for use with the local
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decoding unit 22 shown in Fig. 21. Referring to Fig. 40, in this
further embodiment, in the transmitting apparatus 1 {Fig. 2}, the
image data of the first-hierarchy need not be supplied to the local
-decoding unit 22’. Further, unlike the optimum-corrected data
calculating unit 13 shown in-Fig. B, with the Fig. 40 optimum
correction data calculating unit 13, the prediction coefficients for
each class are not provided to the signal processing unit.
Furthermore, the image data of the first hierarchy (or the optimum
corrected data of the second -hierarchy) is not needed by the local
decoding. unit and, thus, is not provided thereto.

Fig. 41 is a flowchart that illustrates the processing performed-
by the optimum corrected data calculating unit 137 of Fig. 40.
Referring to Fig. 41, the flowchart is similar to the flowchart of
Fig. 6, except that at step S$6' (as opposed to step S6 in Fig. 6) of
the Fig. 40 flowchart, while the optimum corrected data as the
coded data is output, the predictive coefficients for each class are
not output.

Fig. 42 illustrates the local decoding unit 22 of the Fig. 40
optimum corrected data calculating unit 13. The local decoding unit
22 fllustrated in Fig. 42 is similar to the local decoding unit 22
illustrated in Fig..21, except.that the predictive coefficients are not
- provided outside the focal decoding unit 22.

Fig. 43 illustrates a procedure for operating the local decoding
unit 22' shown in Fig: 42. The Fig. 43 flowchart is very similar to
the flowchart of Fig. 13 that illustrates the operation of the Fig. 9
local decoding unit. For example, steps S21 - 823 are identical.
However, at step $24, the predictive coefficients for the classified
class are read from the predictive coefficients ROM 88, Then, at
step S24A, the predicting unit 89 executes an adaptive process to
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calculate predicted values. At step S24B, the predicted values are
output.

* Fig. 44-illustrates the judging unit 24 of the Fig. 42 local
decoding unit. The Fig. 44 judging unit 24 differs from the Fig. 24
judging unit-24 in that the Fig. 44 judging unit 24 does n.ot include a
prediction coefficient memory 61. Likewise, the Fig. 44 judging unit
24 does not provide prediction coefficients to the multiplexing unit.

Fig. 45 is a flowchart illustrating the operation of the Fig. 44
judging unit 24 of the Fig. 42 local decoding unit. The Fig. 45
flowchart is similar to the Fig. 17 flowchart {which illustrates the
operation of the Fig. 16 judging unit, except that at step $46, the
prediction coefficients for each class {which are not generated by
. the Fig. 44 judging unit) are not output.

Fig. 46 illustrates g predicting unit for third hierarchy for use
in the recelving apparatus 4 that is con{ptementary to the third
embodiment tfénsmitting apparatus discussed above. In particular,
as can be seen from Fig. 46, no corrected data or prediction
coefficients for each class are passed between the decoding unit
222 and the decoding unit 223.. Rather, the detoding unit 222
receives coded data of the third hierarchy, and provides to the
decoding unit 223 predicted values of the second hierarchy. From
the predicted values .of the second hierarchy, the decoding unit 223
determines predicted values of the first hierarchy {which, in fact, is
the decoded image of the first hierarchy).

Fig. 24 illustrates a fourth embodiment of the transmitting
apparatus 1 shown in Fig. 1. It should be noted that the same
reference numerals shown in Fig. 2 are employed as those for
denoting the same or similar components of Fig. 24.

In the Fig. 24 embodiment, only the image data of the first
hierarchy is supplied to an optimum corrected data calculating unit
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101, and then optimum corrected data of a second hierarchy is
calculated from the image of the first hierarchy wherein. Then, this
calculated optimum- correction data of the second hierarchy is

- supplied as coded data of the second hierarchy to a signal
processing unit 15. Only image data of the second hierarchy
outputted from a thinning unit 11 is supplied to an optimum
corrected data calculating unit 102, in which optimum corrected
data of a third hierarchy is calculated from the image data of the
second hierarchy. Then, this calculated optimum corrected data of
.the third hierarchy is suppli.ed as coded data of a third hierarchy to
the signal processing unit 15.

Next, Fig. 25 represents an example of an arrangement of the
optimum correction data calculating unit 101 shown in Fig. 24.
Since this optimum correction data calculating unit 102 is arranged
similar to the optimum correction data calculating unit 101, the
explanation thereof is omitted.

The image data of the first hierarchy (image data of second
hierarchy, in case of optimum.corrected data calculating unit 102) is
provided to a block making unit 111. The block making unit 111
processes the image data of the first hierarchy to make a class
classifying block centered about the noted pixel which is a unit for .
classifying this image data of the first hierarchy into a predetermined
class, depending upon its nature, and thus supplies the image block
to an ADRC processing unit 112 and to a delay unit.115.

The ADRC processing unit 112 executes an ADRC processing
operation for the block (class classifying block) derived from the
block making unit 111, and thereafter supplies the resulting block
constituted by an ADRC code to a class classifying unit 113.

The class classifying unit 113 executes a élass classifying - -
process operation for classifying the block outp;itted from ;h-e _Ab,RC
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processing unit 112 into a predetermined class, depending upon a
nature thereof, and then supplies such information for indicating that
this block belongs to any class as class information to a mapping
coefficient memory 114,

As will be discussed later, the mapping coefﬁcienf memory
114 stores therein the mapping coefficients obtained from learning
operations {mapping coefficient learning) every class information.

- While using the class information supplied from the class classifying
unit 113, the mapping coefficients stored at this address are read
out from this memory. 111 to be supplied to a calculating unit 116,

The delay unit 115 delays the block supplied from the block
making. unit 111 until the mapping coefficients corresponding to the
class information of t‘nis block is read out from the mapping
coefficients memory 114, and then supplies the delayed block to the
calculating unit 116.

The calculating unit 116 performs a predetermined. calculation
by employing the pixel values of the pixels for constructing the block
supplied from the delay unit 115, and further, the mapping
coefficient corresponding to the class of this block, which is supplied
from the mapping coefficient memory 114. From these, the coded
data is calculated, which is obtained by thinning (or reducing) the
pixel number of this image to code this image. In other words, the
calculating unit 116 calculates a preselected function value "f" {y,,
Ya. ===+ Kqs Kz, —}, while using the following values as arguments.
That is, the pixel values of the respectiv;e pixels for constructing the
block outputted from the block making unit 111 are vy,, y,, -, and
the mapping coefficients corresponding to the class of this block,
~ which are outputted from the mapping coefficient memory 114 are
Ky, ky, -~-. This calculated function value "f" (y,, ¥s, ~=, K¢, Ko, ==} i8

outputted as, for instance, a pixel value of a center pixel among the
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pixels for constructing the block {class classifying block} outputted
from the block making unit 111.

Accordingly, assuming now that the number of pixels for
caqnstructing the class classifying block outputted from the block
making unit 111 is equal to N pixels, the calculating unit 16 thins
the image data by 1/N, and outputs the 1/N-thinned data as the
coded data.

it should be understood that the coded data output from the
calculating unit 116 is not such data which is produced by
extracting the center pixel of the block arranged by the N pixels,
namely produced by executing a simple thinning process operation,
but, as previously described, is equal to the function value "f" {y,,
Yz == Ky, ky, -~} defined by the N pixels for constituting this block.
In other words, this function value "f" ly,, v, -/ K¢s kg, =}
determines an optimum value. That is, the pixel value of the central
pixel in the block, which is obtained from the.simple thinning
process operation, is corrected as the optimum value capable of
obtaining the original image data based on the pixel values located
around this central pixel. Accordingly, the data obtained by
calculating the mapping coefficients and the pixels for constituting
the block may be referred to as "optimum correction data”.

- Also, the calculation process executed in the calculating unit

116 may be conceived as such a process operation for mapping the ~
pixel values of the respective pixels for constituting the class
classifying block outputted by the block making unit 111 into the
function "f* (Y1, Yar = kyq, ko, -—). Accordingly, the coefficients k,,
ks, --3, used in such a process operation will Be referred to as
"::napping coefficients".

Referring now to a flow chart of Fig. 26, operations of the
process operation will be explained.
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The image data of the first hierarchy is supplied in units of one
frame {for example) to the block making unit 111. In the block
making unit 111, at step S101, the image of the first-hierarchy for
one frame is processed to make the class class‘lfyiﬁg block. Thatis,
for exampl.e', as indicated in Fig. 10 by the pixels surrouﬁded by a
_rectangtilar, the block making urit 111 subdivides the image data -~
ii’\to the class classifying block constituted by 9 pixels centered
about the noted pixel {3 x 3 pixels along transverse direction and
longitudinal direction), and successively supplies this class
classifying block to.the ADRC processing unit 112 and the delay unit
116.

In this case, the class classifying.block is arranged by the
square-shaped block made of 3-x 3 pixels. Alternatively, the shape
of this class classifying block is not limited to the square shape, but
may be made from, for instance, a r_ectangular, a cross-shape, and
other arbjtrary shapes. Aiso, a total number of pixels for
constituting the class classifying block is not limited to 9 pixels
{namely, 3 x 3 pixels). Furthermore, the class classifying block need
not be adjoining pixels, but may be alternatively arranged by such -
pixels located apart from each other. It should be noted that the
shape and the pixel quantity of the class classifying block must be -
made coincident with the shape and pixel quantity of the class
classifying block used during the learning operation {i.e., the
mapping coefficient Iearning operation, which is discussed later in
this specification).

At step S102, upon receipt of the class classifying block from
the block making unit 111, the ADRC processing unit 112 executes
the ADRC process operation of one bit with respect to this block, so
that a block of pixels expressed by one bit results. The class
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classifying block which has been ADRC-processed is furnished to the
class classifying unit 113.

In the class classifying unit 113, at step S103, the class
classifying block derived from the ADRC processing unit 112 is
classified into_a class, and thus the resultant class information is
supplied as an address to the mapping coefficient memory 114. As
a consequence, at step ST103A, the mapping coefficients
corresponding to the class information furnished from the class
classifying unit 113 are read.out from the mapping coefficient
memory 114 and then is supplied to the calculating unit 116. -

On the other hand,.in the delay unit 115, the class classifying
biock derived from the block making unit- 111 is delayed, and the
.delax;ed'class classifying block is supplied, while waiting for the
mapping coefficients corresponding to the class information of this
block are read out from the mapping coefficient memory 114, At
step $104, in the calculator 116, the above-described function
"f{®)" {symbol "#" appearing in this function "f" indicates a set of
pixel values vy,, v,, ---, and mapping coefficients k,, k,, -~} is
calculated based upon the pixe! values of the respective pixels for :
constituting the class classifying block derived from the delay unit
1185, and also based.upon the mapping coefficients reéd odi: from
the mapping coefficient memory 1_14. Thus, it is possible_to
calculate an optimum corrected data produced by correcting the
pixel value of the central pixel of the class classifying block to
generate an optimum pixel value. - This optimum corrected data is
outputted as the coded data of the second hierarchy to the signal
processing unit 15 (Fig. 24) at step S105. '

Then, at step S106, a judgment is made as to whether the
processing for the image data of the first hierarchy for one frame has
been accomplished. At step $S106, when it is judged that the



-6.1-

process operation for the image data of the first hierarchy for one
frame is not yet completed, processing returns to the previous step
‘8102, at which the process operation defined after the step S102 is
repeated for the next class .classifying block. On the other hand,
when it is judged at step S106 that the process operation for the
image data of the fiist hierarchy for one frame is completed, the
process operation is returned to the step S101, at which the process
operation defined after-the step S101 is repeated for the next frame.

Next, Fig. 27 indicatés a structural example of an image
' processing.apparatus for executing.a learning (mapping coefficient
learning)} process operation used to calculate the mapping
coefficients stored in the-:mapping coefficient memory 114 {Fig. 25).

In the memory 121, the image data-.c;f the first hierarchy for
more than one frame, which is suitable for the learning process {will
be referred to as a "learning image" hereinafter}.is stored. It should
be noted that the mapping coefficients stored in the mapping
coefficient membry 114 for constituting the optimum correction data
calculating unit 102 (Flg :24) are calculated, the image data of the
second hierarchy is stored in. the memory 121. :

A block m,aklng.,unlt-1.22.reads the i smage data stored in the
memory. 121 and generates:a‘class classifying block like that output
from the block making unit 111 shown in Fig. 25, and then supplies
the block to an ADRC processmg umt 123 and a calculating unit
126.

The. ADRC bi'oéés'sihg unit 123 and the class classifying unit
124 execute operations similar to that of the ADRC processing unit
112 and the class classifying unit 112 {Fig. 25}, re.spectively. As a
result, the class information of the block output from the block
making unit 122 is output from the class classifying unit 124. Then,
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this class information is supplied as an address to the mapping
coefficient memory 131.
The calculator 126 performs the same calculation as that of
the calculating unit 116 of Fig. 25 by employing the pixels for
constituting the block supplied from the block making unit 122, and
also the mapping coefficients supplied from the mapping coefficient
memory 131. Thus, the calculator 126 supplies the resultant
correction data (function “f" (@)} to the local decoding unit 127,
{The local decoding unit 127 may be any one of the local decoding
device shown in Figs. 9, 21 and 42.)
Based upon the. corrected data supplied from the calculating
unit 126, the local decoding unit 127 predicts {calculates) a
predicted value of an original ledrning image-data {(namely, predicted
value of pixel values of bficéié for cénstrﬁcting block output from
Jblock making unit 122) in accordance with the above-described ROM
method (i.e., "sequential method"), and then supplies the predicted
value to an error calculating unit 128. iIn the case of use of the
. sequential method, image data of learning from the memory 12 is
provided to the local decoding unit {Fig. 7). The error calculating
unit 128 reads a pixel value {true value) of a learning image data
corresponding to the predicted value supplied from the local -
decoding unit 127, calculates (detects) a prediction error of the
predicted value with respect to the pixel value of this learning image

- data, and then supplies this calculated prediction error as error
information to a judging unit 129.

The judging unit 129 compares the error information supplied
from the error calculating unit 128 with a predetermined threshold
value "€1", and then controls a mapping coefficient setting unit 130
in accordance with this comparison result. Under control of the
judging unit 129, the mapping coefficient setting unit 130 sets
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{changes) a set of mapping coefficients, the number of which is
identical to.the number of classes obtained by the class classifying
unit 124; and-then supplies the changed set of the mapping
-coefficients to a mapping coefficient memory 131.

The mabping coefficient memory 131 temporarily —stores
therein the mapping coefficients for each class supplied from the
mapping coefficient setting unit 130. !t should be understood that
the mapping coefficient memory 131 has storage regions capable of
storing mapping coefficients (set of mapping coefficients). The
number of storage regions is equal to the number classes to be
classified in the class classifying unit 124, In each of the storage
regions, when new mapping coefficients for gach class are supplied
from the mapping coefficient setting unit 130, this new mapping
coefficients for each class are preferably stored therein in place of
the previously.stored mapping coefficients for each class.

Also, the mapping coefficient memory 131 reads the mapping
coefficients .stored at the address corresponding to the class
.information supplied from the class classifying unit 124, and then
supplies the read mapping coefficients to the caléulating unit 126.

Referring now to a flow chart shown in Fig. 28, operations
thereof will be explained. |

First, at step S151, the mapping coefficient setting unit 130
sets a set of initial values of the mapping co.elfficients by only the
number equal to the classes to be classified in the class classiinnQ :
unit 124, and then supplies the set of these initial values to the
mapping coefficient memory 131. In this mapping coefficient
memory 131, the mapping coefficients for each class {initial value}

derived from the mapping coefficient setting unit 130 is stored a the
address of the corresponding class.
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Then, at step S152, the block making unit 122 processes all

of the learning images stored in the memory 121 to- make blocks
- having 3.x 3 pixels centered about the noted pixel in a manner
similar.to that of the.block making unit 111 shown in Fig. 25.
Furthermore, the block making unit 122 reads out the block from the
memory 121, and sequentially supplies the read block to the ADRC -
processing unit 123 and the calculating unit 126.

At step S153, similar to the processing operation of the ADRC
processing unit 112 of Fig. 25, the ADRC processing unit 123
performs the ADRC processing operation of one bit for the block
output.from the block making unit 122, and then supplies the
ADRC-processed-block to the class classifying unit 124. At step
81864, in the class.classifying unit 124, a decision is made of a class
of the block supplied from the ADRC processing-unit 123, and this
class information is supplied as an address to the mapping
coefficient memory 131. As a consequence, at step S155, a
mapping coefficients are read out from an address of the mapping
coefficient memory 131, which.corresponds to the class information
supplied from the class classifying unit 124, and then the read
mapping coefficients are supplied to the calculating unit 126.

At step S156, when the block is received from the block
making unit 122, and also the mapping coefficients corresponding to .
the class of this block is received from the mapping coefficient
memory 131, the calculating unit 126 calculates the above-explained
function value "f{®)" by employing based on the mapping
coefficients and the pixel values of the pixels of the block supplied
from the block making unit 122. This calculation result is furnished
to the local decoding unit 127 as the corrected data obtained by

correcting the pixel value of the central pixel of the block supplied
from the block making unit 122.
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In other words, for instance, in Fig. 10, assuming now that
the block of 3x 3 ~pixe'ls surrounded by the rectangle is outputted
from the block making unit 122, the calculating unit 126 calculates
corrected data produced by correcting the pixel values of the pixels -
-denoted by symbol "®" in this drawing, and then outpu’té this
calculated corrected data to the local decoding unit 127.

- As a consequencs; in the calculating unit 126, the number of
pixels for constituting the learning image -data is thinned by 1/9, and
thus the thinned pixel number is supplied to thé local decoding
unit 127.

- After the correction data is calculated at the step S1586,
processing continues at step S157, where a check is made as to
whether the correction data for all of the learning image data stored
in the memory 121 have been calculated. When it is judged at step
$1567 that the corrected data of all of the learning image data are not
yet calculated, processing returns to the previous step 8153. Then,
the processing of steps S153 to S157 are repeated until the
correction data about all of the learning image data is calculated.

When it is judged at step S157 that the correction data for all
of the learning image data have been calculated (i.e., that a thinned
. image could be obtamed which i is produced by thmnmg all of the .
learning i |mage data stored in the memory 121 by 1/9, the process
‘operation is advanced to step S158, at which this 1/9-thinned image
is local-decoded in the local decodmg unit 127, so that a prediction
value of the original learning image is calculated. It should be
understood that this 1/9-thinned image is not equal to a thinned
image produced by simply thinning thé learning image by 1/9.
Rather, the 1/9-thinned image is equal to another thinned image data
obtained by calculating the mapping coefficients to acquire the pixel
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value. Then, the predicted value is supplied to the error calculating
unit 128.
In the error calculating unit 128, the lgarning image is read out
. from the memory 121 at step S159, and then a prediction error of’
the predicted valus supplied from the local decoding unit 127 with .
respect to this read learning image data is calculated. In other
words, when the pixel-value of the learning image data is expressed
as "Y,", and the predicted value thereof outputted from the local
decoding-unit 127 is expressed as "*, error dispersion {namely,
squared summation of error) "Q" indicated by the following formula . .
is calculated in the error calculating unit 128. This error dispersion
is supplied as error information to the judging unit 129.
Q= (Yy)?, where symbol "X™ indicates a summation of all
pixels of the learning image data.

.Upon receipt of the error information from the error calculating
unit 128, the judging unit 129 compares this error information with
the preselected threshold value "£1", and judges whether the error
information is larger: than the threshold value "e1" at step S160.
When it is judged at the step S160 that the error information is not
less than the threshold value "e1" {i.e., no recognition is'made that -
the image constituted by the predicted value obtained in the local - -

- decoding unit 127 is substantially equal to the original learning
image data), the judging unit 129 outputs a control signal to the
mapping coefficient setting unit 130. At step S161, in response to
the control signal derived from the judging unit 129, the mapping
coefficient setting unit 130 changes the mapping coefficients for
each-class, and causes this changed mapping coefficients for each
class to be newly stored into the mapping coefficient memory 131.

Then, the process operation is returned to the previous step

$153, at which the process operations defined after step S153 are
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again repeated by employing the changed mapping coefficients for
each class stored.in the mapping coefficient memory 131.
Now, it-should be understood that the mapping coeftficients
may be varied at random in th¢ mapping.coefficient setting unit 130,
Alternatively, if the present error information becomes smaller than
the preceding error information, the mapping coefficients may be
changed in accordance with:a trend similar to the preceding trend.
Also, if the present error information becomes larger than the
preceding error information, the mapping coefficients may be
chéng_ed in accordance with a trend opposite to the previous trend.
Furthermore, the mapping coefficients may be changed as to
all of the classes, or a portion of the classes. When only the
mapping coefficients as to a portion of the classes is changed, for
example, such a class capable of giving a strong influence to error
information is detected, and then only such mapping coefficients
"may be varied. A class capable of giving a strong influence to etror
information may be detected as follows. First, the process operation
is carried. out by employing initial value of mapping cosfficients to
thereby obtain error information thereof. Thereafter, the mapping
coefficients are changed by the.same amount every one class, and
the resulting error information.is compared. with-the error information
obtained when the initial values are employed. The class in which
the comparison difference becomes not less than predetermined
values may be detected as the class capable of giving the strong
influence to the error information.
Also, if a plurality of mapping coefficients such as the
above-described k,, ,, --- are set as one set, only the mapping

coefficient capable of giving the strong influence to the .error
information among then may be changed.
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Furthermore, in the above case, the mapping coefficients are
set every class. Alternatively, the mapping efficients may be
independently set with respect to, for instance, each of the blocks,
-or in unit of the adjoining Blocks. -

It should be.noted that, for example, when the mapping
coefficiants are independently set every block, it is possible that
plural.sets of mapping ccefficients are acquired with respect to a
certain single class. {conversely, it is possible that a class will occur
where a set of mapping coefficient could not be obtained). Finally,
since the mapping coefficients should be determined every class, as
-explained before, when plural sets of mapping coefficients are
obtained as to a vertain class, -a certain process operation is carried
out for the plural sets of mapping coefficients, so that one set of
mapping coefficients must be determined.

-On the other hand, when it is judgad at the step S160 that
the error information has become. smaller than the threshold value
"e1", namely when a recognition is made that the image constituted
by the predicted value obtzined in the locat decoding unit 127 is
substantially identical tb the original learning image data, the process
operation is completed.

At this time, the mapping coefficients of every class, which
have been stored in the mapping coefficient memory 131, are set
into the mapping coefficient memory 114 of Fig. 25 as the optimum
- mapping coefficients capable of obtaining the corrected data by

- which the decoded image data {predicted value) recognizable as
substantially the same image as the original image data can be
reproduced.

As a consequence, in accordance with the optimum correction

data obtained by using such a mapping coefficients, it is possible to
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obtain the image data substantially identical to the original image
data.

- As previously described, in the embodiment of Fig. 27, the
about the noted-pixel (3 x 3 pixels) by the block. making'unit 122,
-whereas the ADRC processing.operation of one bit is carried out for
the image block in the 'ADRC'processing unit 123. As a
. consequence, the number of classes obtained by the class
classification by the class classifying unit 124 is equal to 512
(={2,)s). Accordingly, 512 sets of mapping coefficients are
obtained.

- - The Fig. 46 predicting unit 73 may be employed, as part of
the receiving apparatus 4, for decoding the coded image data (more
specifically, the coded image data of the third hierarchy} produced
by the Fig..24 transmitting apparatus.

-Fig. 29 shows another structural example of an image
processing apparatus for performing learning (mapping coefficients .
learning) process oparation used to calculate the mapping

. coefficients stored in the mapping coefficient memory 114 of
Fig. 25.

.. It should be noted that according to the image processing
app;ratus of Fig. 27, even when the function "f" is expressed by,
for instance; a linear equation, and further the non-linear equation,
and the secondary, or more equations, the optimum prediction
coefficient may be obtained: . On the other hand, in the image
processing abparatus of Fig. 29, only when the function "f* is
expressed by the linear equation may the optimum prediction
coefficient be calculated.

In other words, the image processing apparatus of Fig. 29
may be used in the following case. That is, in Fig. 26, when the
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pixel values of the respective pixels for constituting the block made
of 3 x 3 pixels output from the block making unit 111 are set to y,,
Y2 i Yei-and the-mapping coefficients output from the mapping
~ccsffictent memory:-+114 are-set to Kk,, k,, kg, -, ke, the calculating
unit 116 calculates the -function “f* {y,, v, -—. Ky, ky, =) in
accord:nce with the below-mentioned formula to obtain corrected
data. |
- 1(®) = Kyyy Ky, + 000 +Kkgy,

Image data cf a first hierarchy, functioning as a learning image
data suitable for a.learning purpose, is supplied in units of {for
example} one frame to a thinning unit 171. In the thinning unit 171, .
the pixel number of the imagc data of the first hierarchy is thinned,
so that image data of a second hiérarchy is produced. it should be
undarstood that-when the mapping coefficients are calculated to be
stored in the mapping coefficient memory 114 for later use by the
optimum corrected data calculating unit 102 (Fig.-24}, the image
data of the second hierarchy is supplied to the thinning unit 171 so
that the image data of the third hierarchy is formed.

" The image data of the second hierarchy obtained in the

thinning unit 171 is supplied to an optimum cnrrected data

- caleulating unit 170. The optimum corrected data calculating unit
170 is arranged by a correcting unit 172, a local decoding unit 173,
an error calculating unit 174 and a judging unit 175 {which are
similar to the above-described correcting unit 21, local decoding unit
22, error calculating unit 23, and judging unit 24, respectfully --
either of Fig. 5, Fig. 38 or Fig. 40). In this optimum corrected data
calculating unit 170, the optimum corrected data as to the input
image, namely, the image of the second hierarchy is produced and
then is supplied to a latch unit 176. in the case of using the
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optimum corrected data calculating unit of Fig. 5, image data for
learning is provided to the local decoding unit.

-The latch unit 176 includes a memory 176A for storing therein
the optimum corrected data supplied from the optimum corrected
data calculating unit 170. Furthermore, the latch unit 176 reads out

such an.optin-um corrected data corresponding to the central pixel of
the block read from a memory 177A of a block making unit 177,
among the: optimum corrected data stored in the memory 176A. it

- should be noted that whan the corsection data for one frame is
stored in the memory 176A, the latch unit 1768A outputs to the
block miaking unit 177 a control signal for indicating this data
storage. |

.The same image data as the image data supplied to the
thinning unit 171, namely the image data of the first hierarchy, is
supplied to the block making unit 177 in units of one frame. The
‘block. making unit 177 contains a memory 177A for storing therein

.the learning image data supplied thereto. Upon receipt of the control
signal sent from the latch unit 176, the block making unit 177
subdivides the learning image data stored in the memory 177A into a
block constructed of 3.x 3 pixels, .centered about the noted pixel, in
‘a similar manner to.that of the block making unit 111 of Fig. 25.
Then, this block is seﬁuentially read to be supplied to an ADRC
processing unit 178 and a memory 180.

When the block is. read from the memory 177A contained in
the block making unit 177, the block making unit 177 supplies a
control signal, iﬁdicaﬁve of a position of the block, to the latch unit
176. In the latch unit 176, the block of 3 x 3 pixels read from the
memory 177A is recognized in response to this control signal, and
then, as previously explained, the optimum correction data
corresponding to the central pixel of this block is read from the
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;'nemory 176A. That is, as a resuit, both a certain block having.

3 x 3 pixels and the optimum correction data corresponding to- this
block are supplied at the same time to the memory 180..

The ADRC processing unit-178.and:the class:classifying-unit-
179 are similar to the ADRC processing unit 112 and the class.
classifying unit 113 of Fig. 25, respectively. Then, the class-
information about the block derived froin the block making unit 177;
output from the class ciassifying unit 179, is supplied. as the address -
to a memory 180.

The memory 180 stores therein the optimum corrected data
supplied from the latch unit 176, and the block supplied from the
block making unit 177, establishing a relationship of an address
corresponding to the class infdrmaticn supplied from the class
classifying unit 179. Note that in the memory 180, a plurality-of
information can be stored at one address. As a result, plural sets of
both the optimum corrected data and the block corresponding to
certain class information can bé stored.

A calculating unit 181 réads out both the nine pixels v, Yo,
-, yg of the block of 3 x 3 pixels of the learning image, and the
optimum corrected data y*. corresponding to- this block, stored in the -
memory 180. Then, the minimum square method'is. abplied to them,
s0 that the mapping coefficients k,, to kq-are calculated every class
to be supplied to a memory 182. The memory 182 stores therein
the mapping coefficients k, to k, every class supplied from the
catculating unit 181 at.the address corresponding:to this.class.

Referring now to the flow chart shown in Fig. 30, operation of
the Fig. 29 apparatus is described. :

When the image data of the first hierarchy is inputted as the
learning image data, this learning image data is stored in the memory
177A of the block making unit 177, and supplied to the thinning unit
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171. In this thinning unit 171, the image data of the second
hierarchy is formed from the-image data of the first hierarchy, and
then is supplied to the optimum corrected data calculating unit-170.

Upon receipt of the image data of the second hierarchy; .the ..
aptimum corrected data calculating unit 170 calculates the optimum .
corrected data of the second hierarchy at step 8131, and supplies - -
the calculated optimum corrected data to the memory 176A of the .
tatch unit 17€ so.as to be stored therein.

Then, when the optimum corrected data for one frame is
stored in the memory 176A, the latch unit 176 outputs the control
signal to the block making unit 177. Upon receipt of the control
signal derived from the latch unit 176; at step $132, the block
making unit 177 subdivides the learning image data stored in the
memory 177A into the block constructed of 3 x 3 pixels. Then, the
block making unit 177 reads out the block of the learning image data
stored in the memory 177A, and supplies this read block to the
ADRC processing unit 178 -and the memory 180.

At the same time, when the block is.read out from the
memory 177A, the block making unit 177 supplies the control signal
indicative of the position of this block to the.latch unit 176. In-
response to the control signal, the latch unit 176 recognizes the
block of 3 x 3 pixels read from.the memory 177A, reads out the
optimum corrected data corresponding to the central pixel of this
block, and then supplies this read optimum corrected data to the
memory 180.

Then, at step S133, the block derived from the block making
unit 177 is ADRC-processed, and further, this block is
class-classified in the class classifying unit 179, This classification
result is supplied as the address to the memory 180.
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At step S134, the memory 180 stores therein the optimum

corrected data supplied from the latch unit 176, and the -block
{learning data) supplied from'the block mdking unit 177 with having
the corresponding relationship at the ‘address corresponding to the
class information supplied from the class classifying unit 179.

Then, the process operatior. is advanced to step S$135, at
which a check is done as to whether or not both the block for one
frame and the optimum corrected data are stored in the memory
180. When it is so judged at the step S135 that both the block.for
one frame and the optimum corrected data are not yet stored in the
memory 180, the next block is read-out from the block making unit
177, and also the optimum corrected data corresponding to this read
block is read from the latch unit 176. Then, processing returns to
step S133, where the processing operations defined after step S133
are repeated. :

On the other hand, when it is judged at step S135 that the -
block for one frame and the optimum corrected data have been
stored in the memory 180, processing proceeds at step S136, where
a check is performed as to whether the processing for all of the
learning images has.been completed. If it is judged that the '
processing operations for all of the learning images. have not-yet
been completed, processing returns to step S131, and the steps:
thereafter are repeated for the next learning image data. .

On the other hand, when itis judged at.step S136 that the
process operations for alt of the learning images data has been .
completed, processing is advanced to step S137, where the
calculating unit 181 reads both the optimum corrected data and the
block stored in the memory 180 for every class, and then establishes
the normal equation shown in the formula {7) based on these data
and block. Furthermore, at step S$138, the calculating unit 181
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solves this normal equation to calculate the mapping coefficients

- capable of minimizing the error for every class. At.step S139, the
.. calculated mapping coefficients are supplied to the memory 182 for
storage therein. Then, processing ends.

If the function "f" is expressed by the linear equation, the.
mapping coefficients stored in the memory 182 in the
above-described manner are stored into the-mapping coefficient

~memory 114 of Fig. 25, and the optimum corrected data can be
obtained by using these mapping coefficients.

However, in some cases, a sufficient number of normal
equations capable of obtaining the mapping coefficients cannot be
obtained. In these cases, in the calculating unit 116 of Fig. 25,
mapping coefficients are set as a default value, namely k, to k, =
1/9, from which for example, an average value of the 9 pixels for
the block of 3 x 3 pixels outputted from the block making unit 111
is output.

The structure of a receiving apparatus for each of fourth and-
fifth embodiments is similar to the structure of Fig. 18. Also, edch
structure of predicting units for a second and third hierarchy is
similar to the structure of Fig. 23 and Fig. 46.. However, predictive
coefficients for each class stored in predictive coefficients ROM
cotresponds to {is the same as) the predictive coefficients used in
the mapping coefficients learning device. .

In the casé of Fig. 2, first, as illustrated. in Fig. 31A, the"
following optimum corrected data is calculated in the optimum
corrected data calculating unit 13. This corrected data is produced
by correcting the image data of the second hierarchy, capable of
obtaining the predicted value of the first hierarchy in which the error
{error information) from the image data of the first hierarchy is made
to be smaller than a preselected threshold value "&". Thereafter, as
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shown in Fig. 31B, the following optimum corrected datais

calculated in the optimum corrected data calculating unit 14. This
corrected data is produced by correcting the image data of the third
:hierarchy, capable of obtaining the predicted value of the second: .
hierarchy in. which the error (error information) from the bpt‘tmum-
-cofrect.d data of the second hierarchy is made to be smaller than a
preselected threshold value "e*. For example, as shown in Fig.:32,
. alternatively, the optimum correction data of the third hierarchy
corresponding to the lower most hierarchy may be obtained.

That is to say, the predicted value of the second hierarchy.is
calculated from the corrected data produced by correcting the image
data of the third hierarchy. Furthermore, the predicted value of the
first hierarchy is calculated by directly using the calculated predicted -
value of the second hierarchy. Then, such a corrected data that the
predicted error (error information) of this prediction value of the first -
hierarchy is made smaller than a predetermined threshold value "&”
is used as tﬁe opﬁmum corrected data of the third hierarchy.

Fig. 33 illustrates a sixth embodiment of the transmitting
apparatus 1 capable of obtaining the optimum corrected data of the-
third hierarchy in the above-described manner. It should be noted |
that the same reference numerals shown in Fig. 2 are employed to
denote corresponding portions of Fig. 33.

In the Fig. 33 embodiment, the image data of the first to third
hierarchies are supplied to-an optimum corrected calculating unit - -
201. In the calculating unit 201, a.predicted value of a second*
hierarchy is calculated from the corrected data obtained by
correcting the image data of the third hierarchy. Furthermore, a
predicted value of a first hierarchy is calculated by directly using the
calculated predicted value of the second hierarchy. Then, when
corrected data is obtained such that the prediction error {error
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information} of the predicted value of the first hierarchy is made to

be smaller than a predetermined threshold value. '&", the optimum .

corrected data calculating unit' 201 outputs, to the signal procéssing . -

unit 15, this calculated cortected data-as the optimum- corrected
data of the third hierarchy and the coded data of -the"thh:d'hisrarchy.

In the embodiment of Fig. 33, the image data of the first
hierarchy is directly supplied as the coded data of the first - hierarchy
to the signal processing unit 15. However, the image data of the
second hierarchy is not provided to the signal processing unit.  in an
enhanced embodiment, the.image data of the second embodiment . .
may be provided thereto as the coded data of the second hierarchy.

Next, Fig. 34 shows an example embodiment of the optirium
corrected data calculating unit 261 of Fig. 33. The same reference
numerals shown in Fig. 5 are employed in Fig. 33 to denote
corresponding portions of Fig. 33. Furthermore, the optimum
- corrected data calculating unit 201 is similar to the optimum
corrected data calculating unit 13 of Fig. 5, exéept that the local
decoding unit 231 is sornewhat different from the local decoding
unit 22 of Fig. 5. . )

In the Fig. 33 embodiment, image dat'a of the third hierarchy
is input to the correcting unit 21, and corrected data obtained by
correctihg this image data of the third .hiei'archy is output. ‘Both the
corrected data output from the correcting unit 21, and the image
data of the second hierarchy, are provided to the local decoding unit
22. In this decoding unit 22, the predicted value of the'second
hierarchy is calculated to be outputted. In addition, the predicted
value of the second hierarchy outputted from the local decoding unit
22, and also the image data of the first hierarchy are inputted into

the local decoding unit 231, in which the -prediction value of the first
hierarchy is calculated to be derived.



-78-

In accordance with this embodiment, the predicted values are
calculated by the "sequential method", previousiy described, in-the
local decoding units 22 and 231. Alternatively, the predicted values
may be calculated by the "ROM method* (Fig. 21), previously -
described, in the local decoding units. 22 and 231, '

The processing of the optimum currected data calculating unit
of Fig. 34 is described with reference to the flow chart Fig. 35.

When the image data of the third hierarchy is supplied to the.
correcting unit 21, at step S201, the correcting unit 21 does not
first execute the correcting operation. Rather, the correcting.unit.21
first directly outputs the image of the third hierarchy to the locai
decoding unit 22 and to the judging unit 24. At step S202, in the
locat decoding unit 22, the corrected data (as explained above,

- image data of third hierarchy itself is outputted when the process
first starts) output from the correcting unit 21 is local-decoded.

In other words, in a manner similar.to the processing of Fig. 9,
at step S202, the prediction coefficients of each class of the second
hierarchy Is calculated. Furthermore, based on this prediction
coefficients, the predicted value of the second hierarchy is.
calculated and supplied to the local decoding unit 231, .

in the local decoding unit 231, at step. $203,. the predicted
value of the second hierarchy from the local decoding-unit 22 is
local-decoded. _

That is, similar to the processing in the local decoding unit 22,
at step S203, the prediction coefficients-of each class of the first
hierarchy is calculated, and further, the predicted value of the first
hierarchy is calculated based on this prediction coefficients and then :
supplied to the error calculating unit 23.

Subsequently, the processing at.steps S204 to 8207 is similar
to the processing of steps S3 to S6 of the Fig. 6 flowchart. As a
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consequence, it is possible to obtain the optimum corrected data of
the third hierarchy capable of reducing. the predicted. value of the
first hierarchy lower than the threshold value "e". -

As a consequence, even when the -opt'mium':corme'gted -data of - -
the third hierarchy obtained in this manner is employed, the decoded
image with the high image quality can be obtained.

It should be understood that in the embodiment shown in
Fig. 33, the image data of the second. hierarchy is not provided.
Alternatively, for instance, the.predicted value.of the second
hierarchy outputted from the local decoding unit. 22 may be used as
the decoded data of the second hierarchy. - Also, for example, the
optimum corrected data calculating unit 13.shown in Fig: 2 is
employed, and the optimum corrected data of the second hierarchy
outputted therefrom may be used as the coded data of the second
hierarchy. - : .

Also, in the case of the embodiment of Fig. 33, all of the
coded data of the first hierarchy to the third hierarchy need-not.be
included in the coded data derived from thie signal prozessing unit
15. For example, only the coded data of the third hierarchy may be
contained. _ :

- The coded data output from the transmitting apparatus shown
in Fig. 33 may be decoded by the.receiving apparatus 4 shown in
Fig. 18 and predicting unit shown-in: Fig. 20.

In accordance with a seventh embodinient, the optimum *
correcting data calculating unit 201 of the Fig. 33 transmitting
apparatus is as shown in Fig. 47. The Fig. 47 optimum correcting
data calculating unit 201 is very similar to Fig. 34 optimum
correcting data calculating unit, except that with the Fig. 47
optimum corrected data calculating unit, the local decoding unit 231
does not utilize the image data of the first hierarchy.
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Fig. 48 is a flowchart that illustrates the operation of the.-
Fig. 47 optimum corrected data calculating unit 201. - The flowchart
is similar to the Fig. 35 flowchart that illustrates the operation of the
Fig. 34 optimum corrected data. calculating anit; except that step
8207 of the Fig. 48 flowchart'is a step for outputting opﬁmum. SRR
corrected data. (Step S207 of the Fig. 35 flowchart includes
multiplexing optimum corrected data and predictive coefficients for -
each class and outputting'coded 'data.} |

tt should be noted that embodiments of the invention may be
utilized to code and decode many different kinds of image signals,
from television signals in standard formats {e.g., NTSC) to
high-definition television signals that include a relatively large
amount of data. Furthermore, in these embodiments, although each
process has been described as being carried out for one frame, each
process may be carried aut for one field,<or for two or more frames.

In addition, while block coding has been described as being
carried out on images.one frame at a time, the blocks can also be,
for example, configured by-gathering together pixels of the same
position in a plurality of time-sequence frames. -

" Furthermore, the error information has been described as .
being the square sum of the.error but, for example, the absolute -
value of the error or the sum of the cube {or higher order) of the
error can also be used as error information. Which type of
information to use as the error information can be decided based on
statistical properties {e.g.; the convergence). .

Furthermore, although the images are described as being
coded in the three hierarchies, the number of hierarchies is not
limited to being three.

As to the optimum correction data of the third hierarchy
{equal to the lowermost hierarchy}, for example, the prediction errors
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of the prediction values in the respective hierarchies may be

. caloulated, and correction data calculated such that the totat error

for all or some of the prediction values-combined is lower than a
preselected vajue. -
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What is claimed is:

1. An apparatus for performing a hierarchical coding, comprising:

means for forming an image data of a second hierarchy having
a number of pixels which is smaller than that of an image data of a
first hierarchy; -

means for correcting the image data of the second hierarchy
and generating a corrected data;

means for predicting the image data of the first hierarchy in
accordance with the corrected data and generatilng a predicted data
of the first hierarchy having a plurality of predicted pixels;

means for calculating predictive error of the predicted data of
the first hierarchy with respect to the-image data of the first
hierarchy;

means for determining suitability of the corrected data in
accordance with the predicted error; and

means for outputting the corrected data as the image data of
the second hierarchy in accordance with the determined result.

2. An apparatus according to claim 1, wherein said predicting
means includes:

means for generating class information for the corrected data;
and

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

3. An apparatus according to claim 1, wherein said predicting
means includes:

means for generating predictive coefficients based upon the
corrected data; and

N
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means for generating the predicted data of the first -hierarchy

based upon the corrected data and the predictive coefficients.

4, An apparatus accordiﬁg to claim 1, wherein said predicting
means includes: .

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

means for generating predictive coefficients for each class
using the image data of the first hierarchy and th‘e corrected data;
and

means for generating the predicted pixels of the first hierarchy
using the predictive coefficients corresponding to the class
information and the corrected data.

5. An apparatus according to claim 4, wherein said outputting
means outputs the image data of the second hierarchy with the
predictive coefficients for each class.

6. An appafatus according to claim 1, wherein said predicting
means includes: ; _

memory storing predictive coefficients for each class;

means for generating class inf_ormiafion using a plurafity of
pixels of the corrected data; and

means for reading the predictive coefficients corresponding to
the class information from the memory and therating the predicted

pixels of the first hierarchy using the read predictive coefficients and
the corrected data.

\\
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7. An apparatus according to claim 6, wherein said predictive

coefficients for each class stored in said memory are generated
using an image data for learning.

8. An apparatus according to claim 7, wherein said 6utputting
means outputs the image data of the second hierarchy with the
predictive coefficients for each class.

1

9. An apparatus according to claim 1, wherein
said correcting means includes a memory storing correction
values to correct the image data of the second hierarchy; and

said correcting means corrects the image data of the second
hierarchy using the correction values.

10. An apparatus according to claim 1, wherein

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

said outputting means outputs the corrected data as the

coded data in response to the predicted error being less than the
prescribed threshold value.

/

11.  An apparatus for decoding data represented by a hierarchical
coding of an image, comprising:

means for receiving the coded data including at least image
data of a second hierarchy having a number of pixels which is
smaller than that of an image data of a first hierarchy;

means for decoding the image data of the first hierarchy from
image data of the second hierarchy by steps of:

\
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forming the image data of the second hierarchy and
generating a corrected data;

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

calculating predictive error of the predicted data of the
first hierarchy with respect to the image data of the first
hierarchy; 1

determining suitability of the corrected data in
accordance with the predicted error;

repeating the correcting operation as necessary until the
corrected data becomes an bptimum corrected data; and

outputtting the optimum corrected data as the image
data of the second hierarch.y.

12. An apparatus according to claim 11, wherein
said decoding means includes means for genérating class
information of the image data of the second hierarchy; and

means for predicting the image data of the first hierarchy in
accordance with th_e class information.

13. An apparatus according to claim 11, wherein

said coded data includes predictive coefficients to predict the
image data of the first hierarchy; and

said decoding means includes means for predicting the image

data of the first hierarchy using the predictive coefficients and the
image data of the second hierarchy.

14. An apparatus according to claim 11, wherein

[T
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said coded data includes predictive coefficients for each class
to predict the image data of the first hierarchy; and

said decoding means includes:

means for generating class information using a plurality
of pixels of the image data of the second hierarchy; and

means for predicting the image data of the first
hierarchy using the predictive coefficients corresponding to
the class information and the image data of the second
hierarchy. |

15. An apparatus according to claim 11, wherein said decoding
means includes:

memory storing predictive coefficients for each class;

means for generating class information using a plurality of
pixels of the image data of the second hierarchy; and

means for reading the predictive coefficients corresponding to
the generated class information from the memory and generating the
image data of the first hierarchy using the read predictive
coefficients and the image data of the second hierarchy.

16. An apparatus according to claim 15, wherein said predictive
coefficients for each class stored in memory are generated using an
image data for learning.

17. An apparatus for performing a hierarchy coding comprising:

means for extracting a plurality .of pixels of image data of a
first hierarchy and generating class information corresponding to
characteristics of the extracted plurality of pixels;

means for storing mapping coefficients for each class; and

-_—

R O D



-87-
means for reading mapping coefficients corresponding to the
class information and predicting image data of a second hierarchy
using the image data of the first hierarchy and the read mapping
coefficients, the image data of the second hierarchy having a

number of pixels which is smaller than that of the image.data of the
first hierarchy.

18. An apparatus according to claim 17, wherein said predicting
means includes:

means for exfracting a plurality of pixels from the image data
of the first hierarchy; and

means for predicting the image-data of the second hierarchy
where a number of pixels of the image data of the first hierarchy is

reduced, based upon the extracted -plurality of pixels and the read
mapping coefficients.

19. An apparatus according to claim 17, wherein

the mapping coefficients for each class are génerated using an
image data for learning. |

20. An apparatus according to claim 17, wherein the mapping
coefficients for each class are generated so that the predicted error
between predicted data of the image data of the first hierarchy for
learning predicted using the image data of the second hierarchy and
the imége data of the first hierarchy for learning is minimum.

21. An apparatus according to claim 17, wherein
the mapping coefficients for each class are generated so that
predicted error between predicted data of the image data of the first

hierarchy for learning predicted using the image data of the second

Ty
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hierarchy and the image data of the first hierarchy for learping is less
than a prescribed threshold value.

22. An apparatus according to claim 17, wherein the mapping for
each class is generated by the steps of: -
extracting a plurality of pixels of image data of a first
hierarchy for learning and generating class information corresponding
to the characteristics of the extracted plurality of pixels;
predicting image data of the second hierarc‘:hy where a number
of pixels for the image data of the first hierarchy for learning using
the image data of the first hierarchy for learning and mapping
coefficients corresponding to the class information;
predicting the image data of the first hierarchy for learning in
accordance with the coded data and generating predicted data
having a plurality of predicted pixefs;
generating a predicted error of the predicted data of the image
of the first hierarchy for learning with respect to the image data of
the first hierarchy for learning; '
updating the mapping coefficients in accordance with the
, predicted error until the mapping coefficients are optimum mapping
coefficients; and '

determining the optimum mapping coefficients.

23. An apparatus according to claim 17, wherein the mapping for
each class is generated by the steps of:

forming an image data of the second hierarchy having a
number of pixels that is .smaller than that of an image data of the
first hierarchy for learning;

correcting the image data of the second hierarchy and
generating a corrected data;

s
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predicting the image data of the first hierarchy for learning in
accordance with the corrected data and generating a predicted data
of the first hierarchy for learning having a plurality of predicted
pixels;
calculating the predictive error of the predicted data of the
first hierarchy for learning with respect to the image data of the first

hierarchy;

determining suitability of the corrected data in accordance
with the predicted error;

repeating the correcting operation until the corrected data is
an optimum corrected data; and
generating optimum mapping coefficients for each class using

the image data of the first hierarchy for learning and the optimum
corrected data.

24, An apparatus for decoding a coded data hierarchical coding an
image data comprising:

means for receiving the coded data including-at least image
data of the second hierarchy, the image data of the second hierarchy
having a number of pixels which is smaller than that of an image
data of the first hierarchy; and

means for decoding the image data of the first hierarchy from
image data of the second hierarchy,

said coded data generated by the steps of:

extracting a plurality of pixels of an image data of a first
hierarchy and generating class information corresponding to
characteristics of the extracted plurality of pixels; and

reading mapping coefficients corresponding to the class
information from a memory in which mapping coefficients for each

class are stored and predicting an image data of the second

e
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hierarchy using the image data of the second hierarchy having a

number of pixels which is smaller than that of the image data of the
first hierarchy. )

25. An apparatus according to claim 24, wherein said decoding
means includes:

memory for storing predicted coefficients for each class used
to generate the mapping coefﬁcienfs for each ciass;

means for extracting a plurality of pixels 011 the image data of
the second hierarchy and generating class information corresponding
to the extracted plurality of pixels; and

means for reading predicted coefficients corresponding to the
class information and predicting a decoded image data of a first

hierarchy using the image data of the second hierarchy and the read
predicted coefficients.

26. An abparatus according to ctaim 28, wherein

-the predicted coefficients for each class are generated using
an image data for learning.

27. An apparatus according to claim 24;. wherein

the mapping coefficients for each Class are generated using an
image data for learning.

28. An apparatus according to claim 24, wherein

the mapping coefficients for each class are generated so that
predicted error between predicted data of the image data of the first
hierarchy for learning is predicted using the image data of the

second hierarchy and the image data of the first hierarchy for
learning is minimum.,

(T
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29. An apparatus according to claim 24, wherein

the mapping coefficients for each class are generated so that
predicted error between predicted data of the image data of the first
hierarchy for learning is predicted using image data of the second
hierarchy and the image data of the first hierarchy for learning is less
than prescribed threshold values.

30. An apparatus for performing a hierarchical coding, comprising:

means for forming an image data of a secénd hierarchy having
a number of pixels which is smaller than that of an image data of a
first hierarchy;

means for forming an image data of a third hierarchy having a
number of pixels which is smalter 'tfhan that of an image data of the
second hierarchy;

means for correcting the im'a.ge data of the third hierarchy and
generating a corrected data of the third hierarchy;

first predicting means for generating predicted data of the
second hierarchy, having a plurality of pixels, in acg'o.rd_a_nce with the
corrected data of the third hierarchy;

second predicting means for generating a predictioﬁ value of
the first hierarchy, having a plurality of pixels, in accordance with
the prediction value of the second hierarchy;

error generating means for generating a predicted error of the
prediction value of the first hierarchy with respect to the image data
of the first hierarchy;

means for determining suitabifity of the corrected data of the
third hierarchy in accordance with the predicted error; and

means for outputting the correcte_d data as the image data of

the third hierarchy in accordance with the determined resulit.

-_

R



-92.-
31. The apparatus of claim 30, wherein said first predicting means
includes:

means for generating class information for the corrected data
of the third hierarchy; and
means for generating the prediction value of the second

hierarchy in accordance with the class information.

32. The apparatus of claim 30, wherein said first predicting means
includes: |
means for generating predictive coefficients of the second
hierarchy based upon the corrected data of the third hierarchy; and
means for generating the predicted data of the second
hierarchy based upon the corrected data of the third hierarchy and
the predictive coefficients of the second hierarchy.

33. The apparatus of claim 30, wherein said second predicting
means includes:

means for generating class information for theé predicted value
of the second hierarchy; and

means for generating the prediction value of the first hierarchy
in accordance with the class information,

34. The apparatus of claim 30, wherein said second predicting
means includes:

means for generating predictive coefficients of the first
hierarchy based upon the predicted value of the second hierarchy;
and

means for generating the predicted value of the first hierarchy
based upon the predicted value of the second hierarchy and the

predictive coefficients of the first hierarchy.
_—
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35. An apparatus according to claim 30, wherein first predicting
means includes:

means for generating class information using a plurality of
pixels of the corrected data of the third hierarchy;

means for generating predictive coefficients for each class
using the image data of the second hierarchy and the corrected data
of the third hierarchy; and

means for generating the predicted value qf the second

hierarchy using the predictive coefficients corresponding to the class
information and the corrected data.

36. An apparatus according to claim 35, wherein said outputting
means outputs the correction data’of the third hierarchy with the
predictive coefficients for each class.

37. An apparatus according to claim 30, wherein said first
predicting means includes:

memory storing predictive coefficients for each class;

means for generating class information using a plurality of
pixels of the corrected data of the third hierarchy; and

means for reading the predictive coefficients corresponding to
the class information from the memory and generating the predicted
pixels of the second hierarchy using the read predictive coefficients
and the corrected data of the third hierarchy.

38. An apparatus according to claim 37, wherein said predictive
coefficients for each class stored in said memory are generated
using an image data for learning.

\
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39. An apparatus according to claim 38, wherein said outputting
means outputs the corrected data of the third hierarchy with the
predictive coefficients for each class.

40. An apparatus according to claim 30, wherein
said correcting means includes a memory storing correction
values to correct the image data of the third hierarchy; and

said correcting means corrects the image data of the third
hierarchy using the correction values.

41. An apparatus according to claim 30, wherein

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

said outputting means outputs the corrected data of the third
hierarchy as the coded data in response to the predicted error being
less than the prescribed threshold value.

42. An apparatus according to claim 30, wherein second
predicting means includes:

means for generating class information using the plurality of
pixels of the predicted value of the second hierarchy;

means for generating predictive coefficients for each class
using the image data of the first hierarchy and the predicted value of
the second hierarchy; and

means for generating the predicted value of the first hierarchy
using the predictive coefficients corresponding to the class

information and the predicted value of the first hierarchy.

\\
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43. An apparatus according to claim 42, wherein said outputting
means outputs the predicted value of the second hierarchy with the
predictive coefficients for each class.

44.  An apparatus according to claim 30, wherein said second
predicting means includes:

memory storing predictive coefficients for each class;

means for generating class information using a plurality of
pixels of the predicted value of the second hierar‘chy; and

means for reading the predictive coefficients corresponding to
the class information from the memory and generating the predicted
value of the first hierarchy using the read predictive coefficients and
the predicted value of the second 'f:xierarchy.

45. An apparatus according to claim 44, wherein said predictive
coefficients for each class stored in said memory are generated
using an image data for learning.

46. An apparatus according to claim 45, wherein said outputting
means outputs the predicted value of the second hierarchy along
with the predictive coefficients for each class.

47. A method of performing a hierarchical coding, -comprising:
forming an image data of a second hierarchy having a number
of pixels which is smaller than that of an image data of a first

hierarchy;

correcting the image data of the second hierarchy and
generating a corrected data;

—_—

R O Y



-96-

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

calculating predictive error of the predicted data of the first
hierarchy with respect to the image data of the first hierarchy;

determining suitability of the corrected data in accordance
with the predicted error; and

outputting the corrected data as the image-_ data of the second

hierarchy in accordance with the determined result.

48, A method according to claim 47, wherein said predicting step
includes:
generating class information for the corrected data; and

generating the predicted pixels in accordance with the class
information.

49, A method according to claim 47, wherein said predicting step
includes:

generating predictive coefficients based upon the corrected
data; and

generating the predicted data of the first hierarchy based
upon the corrected data and the predictive coefficients.

50. A method according to claim 47, wherein said predicting step
includes:

generating class information using a plurality of pixels of the
corrected data;
generating predictive coefficients for each class using the

image data of the first hierarchy and the corrected data; and
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generating the predicted pixels of the first hierarchy using the
predictive coefficients corresponding to the class information and the
corrected data.

51. A method according to claim 50, wherein said outputting step
outputs the image data of the second hierarchy with the predictive
coefficients for each class.

52. A method according to clainr 47, wherein said predicting step
includes:

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

reading from a memory predictive coefficients corresponding
to the class information from the nﬁéfn'ofy and generating the
predicted pixels of the first hieraréﬁy using the read predictive
coefficients and the corrected data.

53. A method according to claim 52, wherein said predictive
coefficients for each class stored in said memory are generated

using an image data for learning.

54. A method according to claim 53, wherein said outputting step

outputs the image data of the second hierarchy with-the predictive
coefficients for each class.

55. A method according to claim 47, wherein

said correcting step corrects the image data of the second

hierarchy using correction values stored in a memory.

56. A method according to claim 47, wherein

S
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said determining step determines suitability of the corrected
data by detecting whether the predicted error is less than a
prescribed threshold value; and
said outputting step outputs the corrected data as the coded

data in response to the predicted error béing less than the prescribed
threshold value.

57. A method of decoding data represented by a hierarchical
coding of an image, comprising:
receiving the coded data including at least image data of a
second hierarchy having a number of pixels which is smaller than
that of an image data of a first hierarchy;
decoding the image data of the first hierarchy from image
data of the second hierarchy by steps of:
forming the image data of the second hierarchy and
generating a corrected data;
predicting the image data of the first hierarchy in
accordance with the corrected data and generating a predicted
data of the first hierarchy having a plurality of predicted
pixels;
calculating predictive error of the predicted data of the
first hié.zrérchy,with respect to the image data of the first
hierarchy;
determining suitability of the corrected data in
accordance with the predicted error;
repeating the correcting operation as necessary until the
corrected data becomes an optimum corrected data; and

outputtting the optimum corrected data as the image
data of the second hierarchy.

A A
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58. A method according to claim 57, wherein )
said decoding step includes step for generating class

information of the image data of the second hierarchy; and

predicting the image data of the first hierarchy in accordance
with the class information.

59. A method according to claim 57, wherein

said coded data includes predictive coefficients to predict the
image data of the first hierarchy; and ‘

said decoding step includes step for predicting the image data

of the first hierarchy using the predictive coefficients and the image
data of the second hierarchy.

60. A method according to claim-57, wherein
said coded data includes predictive coefficients for each class
to predict the image data of the first hierarchy; and
said decoding step includes:
generating class information using a plurality of pixels
of the image data of the second hierarchy; and
predicting the image data of the first hierarchy using
the predictive coefficients corresponding to the class
information and the image data of the second hierarchy.

61. A method according to claim 57, wherein said decoding step
includes: .

generating class information using a plurality of pixels of the
image data of the second hierarchy; and
reading from a memory predictive coefficients corresponding

to the generated class information and generating the image data of
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the first hierarchy using the read predictive coefficients and the

image data of the second hierarchy.

62. A method according to claim 61, wherein said predictive

coefficients for each class stored in memory are generated using an
image data for learning.

63. A method of performing a hierarchy coding compri-sing:

extracting a plurality of pixels of image déta of a first
hierarchy and generating class informaﬁon corresponding to
characteristics of the extracted plurality of pixels;

storing mapping coefficients for each class; and

reading mapping coefficien’%s corresponding to the class
information and predicting image data of a second hierarchy using
the image data of the first hierarci':-y and the read mapping
coefficients, the image data of the second hierarchy having a

number of pixels which is smaller than that of the image data of the
first hierarchy.

64. A method according to claim 63, wherein said predicting step
includes:

extracting a plurality of pixels from the image data of the first
hierarchy; and

predicting the image data of the second hierarchy where a
number of pixels of the image data of the first hierarchy is reduced,

based upon the extracted plurality of .pixels and the read mapping
coefficients.

65. A method according to claim 63, wherein

R
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the mapping coefficients for each class are generated using an
image data for learning.

66. A method according to claim 63, wherein the mapping
coefficients for each class are generated so that the predicted error
between predicted data of the image data of the first hierarchy for
learning predicted using the image data of the second hierarchy and

the image data of the first hierarchy for learning is minimum.

67. A method according to claim 63, wherein

the mapping coefficients for each class are generated so that
predicted error between predicted data of the image data of the first
hierarchy for learning predicted‘us’i?ng the image data of the second
hierarchy and the image data of the first hierarchy for fearning is less
than a prescribed threshold value.. .

68. A method according to claim 63, wherein the mapping for
each class is generated by the steps of:

extracting a plurality of pixels of image data of a first
hierarchy for learning and generating class information corresponding
to the characteristics of the extracted plurality of pixels;

predicting image data of the secorid hierarchy where a number
of pixels for the image data of the first hierarchy for {earning using
the 'imgge data of the first hierarchy for learning and mapping
coefficients corresponding to the class information;

predicting the image data of the. first hierarchy for learning in
accordance with the coded data and generating predicted data

having a plurality of predicted pixels;
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generating a predicted error of the predicted data of the image

of the first hierarchy for learning with respect to the image data of
the first hierarchy for learning;

updating the mapping coefficients in accordance with the
predicted error until the mapping coefficients are optimun mapping

coefficients; and

determining the optimum mapping coefficients.

69. A method according to claim 63, wherein the mapping for
each class is generated by the steps of:

forming an image data of the second hierarchy having a
number of pixels that is smaller than that of an image data of the
first hierarchy for learning;

correcting the image data of the second hierarchy and
generating a corrected data;

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

calculating the predictive error of the predicted data of the
first hierarchy for learning with respect to the image data of the first

hierarchy;

determining suitability of the corrected data in-accordance
with the predicted error;

repeating the correcting operation until the corrected data is
an optimum corrected data; and

generating optimum mapping coefficients for each class using

the image data of the first hierarchy for learning and the optimum
corrected data.
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70. A method of decoding a coded data hierarchical coding an
image data comprising:

receiving the coded data including at least image data of the
second hierarchy, the image data of the second hierarchy having a
number of pixels which is smaller than that of an image data of the
first hierarchy; and

decoding the image data of the first hierarchy from image
data of the second hierarchy,

said coded data generated by the steps of:.

extracting a plurality of pixels.of an image data of a first
hierarchy and generating class information corresponding to.
characteristics of the extracted plurality of pixels; and

reading mapping coefficients corresponding to the class
information from a memory in which mapping coefficients for each
class are stored and predicting an image data of the second
hierarchy using the image data of the s_econd hierarchy having a

number of pixels which is smaller than that of the image data of the
first hierarchy.

71. A method according to claim 70, wherein said decoding step
includes:

extracting a plurality of pixels of the image data of the
second hierarchy and generating class information corresponding to
the extracted plurality of pixels; and

reading from a memory predicted coefficients corresponding
to the class information and predicting-a decoded image data of a

first hierarchy using the image data of the second hierarchy and the
read predicted coefficients.

72. A method according to claim 71, wherein
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the predicted coefficients for each class are generated using
an image data for learning.

73. A method according to claim 70, wherein

the mapping coefficients for each class are generated using an
image data for fearning.

74. A method according to claim 70, wherein _

the mapping coefficients for each class aré generated so that
predicted error between predicted data of the image data of the first
hierarchy for learning is predicted using the image data of the

second hierarchy and the image data of the first hierarchy for
learning is minimum.

. 75. A method according to claim 70, wherein
the mapping coefficients for each class are generated so that
predicted error between predicted data of the image data of the first
hierarchy for learning is predicted using image data of the second

hierarchy and the image data of the first hierarchy for learning is less
than prescribed threshold values.

76. A method of performing a hierarchical coding, comprising:
forming an image data of a second hierarchy having a number
of pixels which is smaller than that of an image data of a first
hierarchy;
forming an image data of a third hierarchy having a number
of pixels which is smaller than that of an image data of the second

hierarchy;

correcting the image data of the third hierarchy and

generating a corrected data of the third hierarchy;
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first predicting step for generating predicted data of the
second hierarchy, having a plurality of pixels, in accordance with the
corrected data of the third hierarchy;

second predicting step for generating a prediction value of the
first hierarchy, having a plurality of pixels, in accordance with the
prediction value of the second hierarchy;

error generating step for generating a predicted error of the
prediction value of the first hierarchy with respect to the image data
of the first hierarchy; |

determining suitability of the corrected data of the third
hierarchy in accordance with the predicted error; and

outputting the corrected data as the image data of the third
hierarchy in accordance with ‘the cfetermined result.

77. A method according to clairﬁ. 76, wherein said first predicting
step includes:

generating class information for the corrected data of the
third hierarchy; and

generating the prediction value of the second hierarchy in
accordance with the class information.

78. A method according to claim 76, wherein said first predicting
step includes:
,generating predictive coefficients of the second hierarchy
based upon the corrected data of the third hierarchy; and
generating the predicted data of the second hierarchy based
upon the corrected data of the third hierarchy and the predictive
coefficients of the second hierarchy.
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79. A method according to claim 78, wherein said second
predicting step includes:
generating class information for the predicted value of the
second hierarchy; and

generating the prediction value of the first hierarchy in

accordance with the class information.

80. A method according to claim 76, wherein said second
predicting step includes: |

generating predictive coefficients of the first hierarchy based
upon the predicted value of the second hierarchy; and

generating the predicted value of the first hierarchy based
upon the predicted value of the'second hierarchy and the predictive
coefficients of the first hierarchy. |

81. A method according to claim 76, wherein first predicting step
includes:

generating class information using a plurality of pixels of the
corrected data of the third hierarchy;

generating predictive coefficients for each class using the
image data of the second hierarchy and the corrected data of the
third hierarchy; and

generating the predicted value of the second hierarchy using

the predictive coefficients corresponding to the class information and
the corrected data.

82. A method according to claim 81, wherein said outputting step

outputs the correction data of the third hierarchy with the predictive
coefficients for each class.
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83. A method according to claim 76, wherein said first predicting
step includes:

generating class information using a plurality of pixe!s of the
corrected data of the third hierarchy; and

reading from a memory the predictive coefficients -
corresponding to the class information and generating the predicted
pixels of the second hierarchy using the read predictive coefficients
and the corrected data of the third hierarchy.

84. A method according to claim 83, wherein said predictive
coefficients for each class stored in said memory are generated

using an image data for learning.

85. A method according to claim-84, wherein said outputting step

outputs the corrected data of the fhird hierarchy with the predictive
coefficients for each class.

86. A method according to claim 76, wherein
said correcting step corrects the image data of the third

hierarchy using correction values read from a memory.

87. A method according to claim 76, wherein
said determining step determines suitability of the corrected

data by detecting whether the predicted error is less than a
prescribed threshold value; and

said outputting step outputs the-corrected data of the third
hierarchy as the coded data in response to the predicted error being
less than the prescribed threshold value.
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88. A method according to claim 76, wherein second predicting
step includes:

génerating class information using the plurality of pixels of
the predicted value of the second hierarchy;

generating predictive coefficients for each class using the
image data of the first hierarchy and the predicted value of the
second hierarchy; and

generating the predicted value of the first'hierarchy using the
predictive coefficients corresponding to the class information and the
predicted value of the first Eierarchy.

89. A method according to claim 88, wherein said outputting step
outputs the predicted value of the 'second hierarchy with the
predictive coefficients for each class.

90. A method according to claim 76, wherein said second
predicting step includes:

generating class information using a plurality of pixels of the
predicted value of the second hierarchy; and

reading from a memory the predictive coefficients
corresponding to the class information and generating the predicted
value of the first hierarchy using the read predictive coefficients and
the predicted value of the second hierarchy.

91. A method according to claim 90, wherein said predictive
coefficients for each class stored in said memory are generated

using an image data for learning.
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92. A method according to claim 91, wherein said outputting step
outputs the predicted value of the second hierarchy along with the

predictive coefficients for each class.

93. A method of performing a hierarchical coding, comprising:

forming an image data of a second hierarchy having a number
of pixels which is smaller than that of an image data of a first
hierarchy; _

correcting the image data of the second hierarchy and
generating a corrected data;

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

calculating predictive error of the predicted data of the first
hierarchy with respect to the image data of the first hierarchy;

determining suitability of the corrected data in accordance
with the predicted error; and

transmitting the corrected data as the image data of the

second hierarchy in accordance with the determined result.

94. A method according to claim 93, wherein said predicting step
includes:

generating class information for the corrected data; and

_generating the predicted pixels in accordance with the class
information.

95. A method according to claim 93, wherein said predicting step
includes:

generating predictive coefficients based upon the corrected

data; and //
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generating the predicted data of the first hierarchy based

upon the corrected data and the predictive coefficients.

96. A method according to claim 93, wherein said predicting step
includes:

generating class information using a plurality of pixels of the
corrected data;

generating predictive coefficients for each class using the
image data of the first hierarchy and the corrected data; and

generating the predicted pixels of the first hierarchy using the

predictive coefficients corresponding to the class information and the
corrected data.

97. A method according to claim-96, wherein said transmitting
step transmits the image data of the second hierarchy with the
predictive coefficients for each class.

98. A method according to claim 93, wherein said predicting step
includes:

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

reading from a memory predictive coefficients corresponding
to the class information from the memory and generating the
predicted pixels of the first hierarchy using the read predictive
coefficients and the corrected data.

99. A method according to claim 98, wherein said predictive
coefficients for each class stored in said memory are generated

using an image data for learning.
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100. A method according to claim 99, wherein said transmitting

step transmits the image data of the second hierarchy with the

predictive coefficients for each class.

101. A method according to claim 93, wherein

said correcting step corrects the image data of the second

hierarchy using correction values stored in a memory.

102. A method according to claim 93, wherein

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

said transmitting step transr?ﬁts the corrected data as the

coded data in response to the predicted error being less than the
prescribed threshold value. .

103. An article of manufacture having recorded thereon coded
image data, the article of manufacture produced by ‘the following
steps of: |

forming an image data of a second hierarchy having a number
of pixels which is smaller than that of an image data of a first
hierarchy;

correcting the image data of the second hierarchy and
generating a.corrected data;

predicﬁng the image data of the first hierarchy in accordance
with the corrected data and generating a predicted data of the first
hierarchy having a plurality of predicted pixels;

calculating predictive error of the predicted data of the first

hierarchy with respect to the image data of the first hlerarchy,
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determining suitability of the corrected data in accordance
~with the predicted error; and
recording the corrected data as the image data of the second

hierarchy in accordance with the determined result.

104. An article of manufacture according to claim 103, wherein
said predicting step includes:
generating class information for the corrected data; and

generating the predicted pixels in accordance with the class
information.

105. An article of manufacture according to claim 103, wherein
said predicting step includes:

generating predictive coefficients based upon the corrected
data; and

generating the predicted data of the first hierarchy based

upon the corrected data and the predictive coefficients.

106. An article of manufacture according to claim 103, wherein
said predicting step includes:

generating class information using a plurality of pixels of the
corrected data;

generating predictive coefficients for each class using the
image data of the first hierarchy and the corrected data; and

generating the predicted pixels of the first hierarchy using the

predictive coefficients corresponding to the class information and the
corrected data.
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107. An article of manufacture according to claim 106, wherein

said recording step records the image data of the second hierarchy.

with the predictive coefficients for each class.

108. An article of manufacture according to claim 103, wherein
said predicting step includes:

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

reading from a memory predictive coefficiénts corresponding
to the class information from the memory and generating the
predicted pixels of the first hierarchy using the read predictive

coefficients and the corrected data.

109. An article of manufacture according to claim 108, wherein
said predictive coefficients for each class stored in said memory are

generated using an image data for teafning.

110. An article of manufacture according to claim 109, wherein
said recording step records the image data of the second hierarchy

with the predictive coefficients for each class.

111. An article of manufacture according to claim 103, wherein
said correcting step corrects the image data of the second

hierarchy using correction values stored in a memory.

112. An article of manufacture according to claim 103, wherein
said determining step determines suitability of the corrected

data by detecting whether the predicted error is less than a
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said recording step records the corrected data as the coded

data in response to the predicted error being less than the prescribed
threshold value.

113. A method of transmitting code image data, the coded image
data produced by the following steps of:

forming an image data of a second hierarchy having a number
of pixels which is smaller than that of an image data of a first
hierarchy; .'

correcting the image data of the second hierarchy and
generating a corrected data;

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

calculating predictive error of the predicted data of the first
hierarchy with respect to the image data of the first hierarchy; and

determining suitability of the corrected data in accordance
with the predicted error.

114. A method of transmitting according to claim 113, wherein
said predicting step includes:
generating class information for the corrected data; and

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

115. A method of transmitting according to claim 113, wherein
said predicting step includes:

generating predictive coefficients based upon the corrected
data; and
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generating the predicted data of the first hierarchy t_)ased

upon the corrected data and the predictive coefficients.

116. A method of transmitting according to claim 113, wherein
said predicting step includes:

generating class information using a plurality of pixels of the
corrected data;

generating predictive coefficients for eaCh_ class using the
image data of the first hierarchy and the corrected data; and

generating the predicted pixels of the first hierarchy using the

predictive coefficients corresponding to the class information and the
corrected data.

117. A method of transmitting according to claim 118, wherein
said recording step records the image data of the second hierarchy

with the predictive coefficients for each class.

118. A method of transmitting according to claim 113, wherein
said predicting step includes:

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

reading from a memory predictive coefficients corresponding
to the class information from the memory and generating the
predicted pixels of the first hierarchy using the read predictive
coefficients and the corrected data.

119. A method of transmitting according to claim 118, wherein
said predictive coefficients for each class stored in said memory are

generated using an image data for learning.
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120. A method of transmitting according to claim 119, wherein
said recording step records the image data of the second hierarchy

with the predictive coefficients for each class.

121. A method of transmitting according to claim 113, wherein
said correcting step corrects the image data of the second

hierarchy using correction values stored in a memory.

122. A method of transmitting according to clail"n 113, wherein
said determining step determines suitability of the corrected
data by detecting whether the predicted error is less than a
prescribed threshold value; and
said recording step records fhe corrected data as the coded

data in response to the predicted error being less than the prescribed
threshold value.

123. A method of transmitting hierarchically coded data, the
method comprising: '
receiving the hierarchically coded image data, and
transmitting the hierarchically coded image data,
wherein the hierarchically coded image data has been formed
by steps of:
extracting a plurality of pixels of image data of a first
hierarchy and generating class information corresponding to
characteristics of the extracted plurality of pixels;
storing mapping coefficients for each class; and
reading mapping coefficients corresponding to the class
information and predicting image data of a second hierarchy
using the image data of the first hierarchy and the read

mapping coefficients, the image data of the second hierarchy
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having a number of pixels which is smaller than that of the

image data of the first hierarchy.

124. The method according to claim 123, wherein said predicting
step includes:

extracting a plurality of pixels from the image data of the first
hierarchy; and

predicting the image data of the second hierarchy where a
number of pixels of the image data of the first hiérarchy is reduced,

based upon the extracted plurality of pixels and the read mapping
coefficients.

125. The method according 'to claim 123, wherein

the mapping coefficients for each class are generated using an
image data for learning.

126. The method according to claim 123, wherein the mapping
coefficients for each class are generated so that the predicted error
between predicted data of the image data of the first hierarchy for

learning predicted using the image data of the second hierarchy and
the image data of the first hierarchy for learning is minimum.

127. The method according to claim 123, wherein

the mapping coefficients for each class are generated so that
predicted error between predicted data of the image data of the first
hierarchy for learning predicted using.the image data of the second

hierarchy and the image data of the first hierarchy for learning is less
than a prescribed threshold value.

(L



-118-

128. The method according to claim 123, wherein the mapping for
each class is generated by the steps of:

extracting a plurality of pixels of image data of a first
hierarchy for learning and generating class information corresponding
to the characteristics of the extracted plurality of pixels;

predicting image data of the second hierarchy where a number
of pixels for the image data of the first hierarchy for learning using
the image data of the first hierarchy for learning and mapping
coefficients corresponding to the class informafic;n;

predicting the image data of the first hierarchy for learning in
accordance with the coded data and generating predicted data
having a plurality of predicted pixels;

generating a predicted error of the predicted data of the image
of the first hierarchy for learning with respect to the image data of
the first hierarchy for learning;

updating the mapping coefficients in accordance with the
predicted error until the mapping coefficients are optimum mapping

coefficients; and

determining the optimum mapping coefficients.

129. The method according to claim 123, wherein the mapping for
each class is generated by the steps of:

forming an image data of the second hierarchy having a
number of pixels that is smaller than that of an image data of the
first hierarchy for learning;

correcting the image data of the.second hierarchy and
generating a corrected data;

predicting the image data of the first hierarchy for learning in

accordance with the corrected data and generating a predicted data
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of the first hierarchy for learning having a plurality of predicted

pixels;

calculating the predictive error of the predicted data of the
first hierarchy for learning with respect to the image data of the first
hierarchy;

determining suitability of the corrected data in accordance

with the predicted error;

repeating the correcting operation until the corrected data is
an optimum corrected data; and _
generating optimum mapping coefficients for each class using

the image data of the first hierarchy for learning and the optimum
corrected data.

130. An article of manufacture having recorded thereon
hierarchically coded image data, the hierarchically coded image data
formed by the steps of:
extracting a plurality of pixels of image data of a first
hierarchy and generating class information cotresponding to
-characteristics of the extracted plurality of pixels;
storing mapping coefficients for each class; and
reading mapping coefficients ’corresponding to the class
information and predicting image data of a second hierarchy
using the image data of the first hierarchy and-the read
mapping coefficients, the image data of the second hierarchy

having a number of pixels which is smaller than that of the
image data of the first hierarchy.

131. The article of manufacture according to claim 130, wherein
said predicting step includes:
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extracting a plurality of pixels from the image data of the first
hierarchy; and ‘

predicting the image data of the second hierarchy where a
number of pixels of the image data of the first hierarchy is reduced,

based upon the extracted plurality of pixels and the read mapping
coefficients.

132. The article of manufacture according to claim 130, wherein

the mapping coefficients for each class are generated using an
image data for learning.

133. The article of manufacture according to claim 130, wherein
the mapping coefficients for each class are generated so that the
predicted error between predicted data of the image data of the first
hierarchy for learning predicted using the image data of the second

hierarchy and the image data of the first hierarchy for learning is
minimum.

134, The article of manufacture according to claim 130, wherein

the mapping coefficients for each class are generated so that
predicted error between predicted data of the image data of the first
hierarchy for learning predicted using the image data of the second
hierarchy and the image data of the first hierarchy for learning is less
than a prescribed threshold value.

135. The article of manufacture according to claim 130, wherein
the mapping for each class is generated by the steps of:

extracting a plurality of pixels of image data of a first
hierarchy for learning and generating class information corresponding
to the characteristics of the extracted plurality of pixels;
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predicting image data of the second hierarchy where a number

of pixels for the image data of the first hierarchy for learning using
the image data of the first hierarchy for learning and mapping
coefficlents corresponding to the class information;

predicting the image data of the first hierarchy for learning in
accordance with the coded data and generating predicted data
having a plurality of predicted pixels;

generating a predicted error of the predicted data of the image
of the first hierarchy for learning with respect to the image data of
the first hierarchy for learning;

updating the mapping coefficients in accordance with the
predictéd error until the mapping coefficients are optimum mapping

coefficients; and

determining the optimum mapping coefficients.

136. The article of manufacture according to claim 130, wherein
the mapping for each class is generated by the steps of:

forming an image data of the second hierarchy having a
number of pixels that is smaller than that of an image data of the
first hierarchy for learning;

correcting the image data of the second hierarchy and
generating a corrected data;

predicting the image data of the first hierarchy-for learning in
accordance with the corrected data and generating a predicted data
of the first hierarchy for learning having a plurality of predicted
pixels;

calculating the predictive error of the predicted data of the

first hierarchy for learning with respect to the image data of the first
hierarchy;
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determining suitability of the corrected data in accordance
with the predicted error;

repeating the correcting operation until the corrected data is
an optimum corrected data; and
generating optimum mapping coefficients for each class using

the image data of the first hierarchy for learning and the optimum
corrected data.



