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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,.
1mages of plural hierarchies are transmitted from a transmitting
device to 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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2. Description of the Related Art Conventional |y, various nethods
have been proposed as nethods for conpressing i nages. One such net hod

enpl oys the original imge data (i.e., the imge to be encoded) as an inmage
of a "first hierarchy" (uppernost hierarchy). An image of a second

hi erarchy and an inmage of a third hierarchy are forned by reducing the
nunber of pixels (i.e., resolution is successively |owered). I n
accordance with a conventional hierarchical coding system images of

plural hierarchies are transmtted froma transmtting device to a

recei ving device. At the receiving devixe, images of the respective
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hi erarchy (nanePthierhan thedewenmost hipsarchyesAs raemsult, junder my ersor f or t he
i mages of the offigition, 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



-2- higher hierarchies. As a result, when an error happens to occur, no
error correction can be nmade as to the inmages of the hierarchies other than
the | owernost hierarchy. As a result, under any error condition, only the
data of the image of the |owernost hierarchy can be acquired and corrected.
| mages of the hierarchies higher than the | owernost hierarchy do not have
data for error recovery andt thus, may be obtained only by way of, for
exanpl e, an interpolation process operation fromthe data about the inmage
of the | owernost hierarchy on the recelver end. Therefore, the robustness
characteristic with respect to the error3tan be i nproved in accordance with
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Is supplied to a thinning unit 12 and
image decoding apparatus for h(erarchlcally 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
fhird 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



signal processing unit 501. In the thinning unit 12, the pixel quantity of
the image data of the second hierarchy is thinned, so that imge data of a
third hierarchy (further | ower than the second hi erarchy 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 correction process
and ot her necessary signal processing operations are carried out with
respect to the imge data of the first hierarchy, the second hierarchy and
the third hierarchy. Thereafter, the signal processed i mage data are

mul ti pl exed and the mul tipl exed |nage data is
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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 hlerarchy is predicted from the correction
data. A prediction error of the predlctlon value is calculated with
respect to the image data of the 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



data of other hierarchies. Fig. 37 illustrates an exanpl e enbodi nent
of a conventional inage decodi ng apparatus for hierarchically decoding the
coded data outputted fromthe i mage codi ng apparatus of Fig. 36. In a
signal processing unit 601, the coded data is separated into the coded

| mage data of the first hierarchy, the second hierarchy and the third

hi erarchy. 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 inage data of the first
hierarchy is directly outputted as a decoded i nage of a first hierarchy.
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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



second hi erarchy. The decoded i mage of the second hierarchy is outputted to
another interpolating unit 604. The interpolating unit 604 executes a
simlar interpolation process to that of the

-4- interpolating unit 602 on the output of the interpolating unit 603, so
that i mage data having the sane pixel nunber as that of the imge data of
the first hierarchy (further higher than the second hierarchy by one

hi erarchy) is produced, and then this inmage data is outputted as a decoded
i mage of the first hierarchy. As a result, even when the inmage data
of the first hierarchy could not be obtagned for sone reason, the decoded
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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.



| mage data of the first hierarchy and the i mage data of the second

hi erarchy coul d not be obtained due to sane reasons, it is possible to
obtain the decoded i mages of the first hierarchy and the second hierarchy
fromthe inmage data of the third hierarchy. However, the inmage
quality of the decoded i mage of the upper hierarchy, being interpolated
fromthe image(s) of the Iower hierarchies, is considerably deteriorated.
It would be desirable to provide a system capabl e of obtaining a decoded
image with a high image quality even if _only obtained fromcoded data of a
| ower nost hi erar chy. Sunmary ﬁ |nage codi ng appar at us and/ or

"mge data of the - Eidkolis, AQHERARS FOT Skplainipd Broceek pustanBla otahd, i e on
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correction data. A iction error of the p ction value is cal cul at ed
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correction dat u omthe correcting neans is judged based upon
the predicti on%éé)&%% 6é§&3°@0nsequence it is possible to obtain

Fig. 12 is a diagram for explaining the ADRC processing
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.



-5- a decoded image with the high inmage quality fromthe correctly judged
correction data on the decoded si de. I n accordance with other

enbodi ments of an i mage codi ng apparatus and nethod in accordance with the
i nvention, the imge data of the first hierarchy is a predeterm ned bl ock,
the block is classified into predeterm ned classes in accordance with a
nature thereof, and the i mage data of the second hierarchy is cal cul ated
whose pi xel nunber is smaller than that of the inage data of the first

hi erarchy by executing a predeterm ned cal cul ati on by enpl oyi ng pi xel

val ues of pixels for constituting the blagck. The mapping coefficient is
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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
performmg the learning operatlon used to obtam the mapping
coefﬂctent.

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

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

Fig. 32 is a diagram 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.



accordance with an enbodi nent of the has recorded thereon coded data
containing at |east inmage data of a second hierarchy whose pi xel nunber is
smal l er than that of image data of a first hierarchy. The coded data is
produced by correcting image data of the second hierarchy to output
correction data. A prediction value of the inmage data of the first
hierarchy is predicted fromthe correction data. A prediction error of the
prediction value is calculated with respect to the imge data of the first
hi erarchy, a correction of the correction data outputted fromthe.
correcting nmeans is judged based upon the-prediction error. Accordingly, it

thi & coded data 1. 387s BHIBER sindfAh b ShERHERIRLERBelg, O
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h%erarchical goding operation. J .

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



-6- data produced by correcting i nage data of a second hierarchy whose

pi xel nunber is smaller than that of imge data of a first hierarchy, and
by being judged as correct data based upon a prediction error of a

predi ction value of the image data of the first hierarchy predicted from

this correction data. These and ot her aspects of the invention wll
becone apparent when considered with reference to the follow ng description
and the acconpanyi ng draw ngs. Brief Description of the Draw ngs

Fig. 1 is a block diagram for indicating an arrangenent of an inmage
processi ng system according to an enbodit®nt of the present invention.
Fig. 2 is a block diagramfor

entln an_ arrapgenept of the
transmtter apparatu grder; to C'f"g\& Spff& gngng.rpgq%oa%&mgﬁm??n egch _
Fig. 3is a di aa'f%ﬁefn%ar&xa# BV aoRd SRARRIPBRILHELIA hbflin! SbAINND NI ts
11 and 12 of Fig. 2. Fig. I's a diagram expl aining process
oper ati ons of tlabatadteritﬁ@s aohihe pﬂdsmdn\l&mfn Eregﬂrs& briefly desdfibed 5 is a

Ga e cal aop am | igh Pefet@haa t g Higliresn Tt is 20 b6 undarstood that the ferm ¢ <
umt“ is to be interpreted in its broadest sense, including 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



Fig. 6 is a flow chart for explaining process operation of the optinmm

corrected data calculating unit 13 of Fig. 5. Fig. 7 is a block

di agram for showing a structure exanple of the correcting unit 21 of Fig.
5. Fig. 8 is a flowchart for explaining operations of the
correcting unit 21 of Fig. 7. Fig. 9 is a block diagramfor

I ndicating a structural exanple of the |local decoding unit 22 of Fig. 5.
-7- Fig. 10 is a diagram for explaining process operations of the
class classifying block making unit 41 of Fig. 9. Fig. 11 is a

di agram for expl aining the class classrﬁﬁrng process operation. Fig.

12 is a di agr y@rsiiedne? bppatdtls e retitfvdly SHRAS tRE 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.



operati on. Fig. 13 is a flow chart for describing operations of the
| ocal decoding unit 22 of Fig. 9. Fig. 14 is a block diagramfor
showi ng a structural exanple of the error calculating unit 23 of Fig. 5.
Fig. 15 is a flow chart for describing operations of the error cal cul ating

unit 23 of Fig. 14. Fig. 16 is a block diagramfor show ng a
structural exanple 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 diagramfor show ng an arrangenent of the

receiver apparatus 4 of Fig. 1. "Ii?g. 19 is a block diagramfor
indicating a structyr: of . predi.cti upj t >N Lh Fig. 18.
Fig. 20 is a block é%?&oﬁ?ﬁﬁn% 'bgﬁﬁn@?@'gé #ﬁ%ufglanéﬁ%ﬁw tﬁb t he
predicting uniimage daeaof tie EEGond Bierarchy andritBe irﬁéf;éiia@a it ahl tHirdgr am f or

I ndi cating anot her structural. exanple of the |ocal decoding unit 22 of

Fig. 5. Fig. 2bierarchyiargderaed from therimage datnef the firstdieraigyrent of an
or edi ct1 on coeerts el iAGER deeRfin thel oG REbERNY aidinet 2o 86 of ki g.
21. Fig. 23 is a Whedptihagy csvréctiors davd oglcaringeunis liducslouRites
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



exanpl e of the decoding unit 80 shown in Fig. 109. Fig. 24
Is a block diagramfor indicating an arrangenent of the transmtter :
apparatus 1 of Fig. 1, according to a second enbodi nent. Fig. 25 is a
bl ock diagramfor indicating a structural exanple of the optinmumcorrection
data cal culating unit 101 (102) of Fig. 24. Fig. 26 is a flow chart
for explaining operations of the optinmumcorrection data cal cul ating unit
101 of Fig. 25. Fig. 27 is a block diagramfor showi ng an arrangenent
of an inmage processing apparatus, according to a first enbodi nent, for
performng the | earning operation usedtl3-obtain the nmappi ng coefficient.

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.

Thé.image data of the second hierarchy derived from the
thinning unit 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, -



Fig. 28 is a flow chart for explaining operations of the inmage processing
apparatus of Fig. 27. Fig. 29 is a block diagramfor show ng an
arrangenent of an inmge processing apparatus, according to a second
enbodi ment, for performng the | earning operation used to obtain the

mappi ng coefficient. Fig. 30 is a flow chart for explaining
operations of the inmage processing apparatus of Fig. 29. Fig. 31 is
a diagramfor explaining a nethod for decoding a first hierarchy according
to the present invention. Fig. 32_is a diagramfor explaining a

met hod for decoding a second hi erarchy adéor di ng to the present invention.

Fig. 33 is a diagranTh@y fih s g t\faﬁx@bﬂaeﬂ'
apparatus 1 of Fig. 1, a%?g?gcgalﬁugﬁt?rgd enbo@feg\‘eér? d lr.St34 is a

bl ock di agram fbnermbw (hg@rsthaudhars&boedamﬁnaeclw bwmaapteramhvachasedt ed
data cal cul ati n |ﬁ§3201 of

fl. h f
descri bi ng oper SP’E%ée‘g&gF%HFM?%EP&t@%PQ’% Egl ‘é’?'f#dc'uﬁlr: 28r1 of

Fig. 34 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

i

‘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



-9- Fig. 36 is a block diagramfor show ng one structural exanple of
t he conventional imge codi ng apparatus for perform ng the hierarchical

codi ng operation. Fig. 37 is a block diagramfor show ng one
structural exanple of the conventional inmage decodi ng apparatus for
perform ng the hierarchical decoding operation. Fig. 38 is a block

di agram showi ng an al ternate enbodi nent of an optinum corrected data unit.
Fig. 39 is a flow chart describing operations of the optinumcorrected data

calculating unit of Fig. 38. Fig. 40 is a block diagram show ng
anot her alternate enbodi nent of an opti'rrlcﬁn corrected data unit.

41 is a flow c ; bR i t tq r at a
cal cul ating unﬂﬁdé?ga g. ng%tﬁg&ﬁé ﬁ?g&cﬁbgidﬁggglf&ﬁ HI agérog‘r:r%cgﬁggvi ng an
al ternat e enboitnagatdatd of thecsEcodddieranghynéd that newly ébtainetB is a fl ow

chart describing operations of the cal decoding unit, of Fig. 42
c rrelctt):teda1 data |$s outputteJ g'om tt?is correcting unit 31 . 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

Fi g.

21 is furnished-to a multiplexing unit 25 as optimum correction data
{optimum correction data of second hierarchy). In éddition, 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.



Fig. 44 is a block diagramof a determ ning unit 24. Fig. 45 is a

fl ow chart describing operations of the determning unit 24. Fig. 46
is a block diagramof an alternate enbodi nent of a predicting unit.
Fig. 47 is a block diagram of an alternate enbodi nent of an optinmum

corrected data cal culating unit. Fig. 48 is a flow chart describing
operations of the optimum corrected data calculating unit of Fig. 47.
Det ai | ed Description -10-

In order to clarify the corresponding relationship between each

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



of the means of the various enbodi nents descri bed herein, certain
characteristics of the present invention are first briefly described wth
reference to the Figures. It is to be understood that the term "unit" is
to be interpreted in its broadest sense, including a hard- wred unit, a
mai n frame conputer | oaded with appropriate software, a programed

m cr oprocessor or mcrocontroller, or a conbination of these. Fig.
1 illustrates an enbodi ment of an inage processing systemin accordance
with the present invention. Digital inage data Is supplied to a

transmtting apparatus 1. The transm ttrh@-apparatus 1 hierarchically

codes the | nPUlwhERSRe 4#idh ihfbrARitBin s RNECHIdRa equifkasnand records this

coded data on a recordin um 2 such tical i sk, a
magnet o- opt i calpradetemanemgmeshold valoe "aa?olaa)thaeoptmumoomengomtata in
transm,tt

ah d
t raﬁgvn\q :gl ggr pi’af{]qwagg‘gt‘EH ‘Qghg}lﬁglﬂc{g \95‘2‘%"%{%‘0‘%‘5 foy ech Fﬁ?@ toathFel ephone

line, a CATV nehuRiglexingdiriit 26! m&kb‘b S8, the mulhﬂle&xﬂgeﬁﬁn% appar at us 4,
t he coded data whi ch hasS been recorded on the recording medium2 is

reproduced, or- mutiptexrsithe geadiction cneﬁmemdiortaaahmsa withthe the .
{ransim ssi on, Pobbub garERSh a0 ¥eb e BRTTASRR T 2yl <0 oLl
shown) . |t ShO%tﬁiﬁk@%@%tﬂﬂbﬁ&eH%&u&% Mﬁéwéﬁfd 8fthd §8&6hd Processing
system may be applied to_image recording/reproducing appar at uses, for
i nstance, an ophieearchyi s'ﬂmpptaeazroges&operauon 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.



magnet o- opti cal di sk apparatus, a magnetic tape apparatus, and the like.

Alternatively, this imge processing systemnay be applied to | mage
transferring apparatuses, for exanple, a television-tel ephone appar at us,
a television broadcasting system a CATV system and the | i ke. Also, since
a data anount of coded data outputted fromthe - transmtting
apparatus 1 is relatively small, the inage processing systemof Fig. 1 may
be applied to, for exanple, a portable telephone, and other portable .

term nal . Fig. 2 shows an exanple of an arrangenent of the _
above-described transmtter apparatus 1-18- The digital inmages data to

be coded (1211 (L1 NERAF2 7 dflcatdiCahiihpi8 or P ERGAmeRt BF Bhe"Y) | S
-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 S11, and.
at step S12, judges as to whether or not the control signal is
o, ~ 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



data of the first hierarchy to the signal processing unit 15. The inmage
data of the first hierarchy is also supplied to a thinning unit 1 1 and to
an optimum correction data calculating unit 13. In the thinning unit 11,

t he pi xel nunber of the image data of the first hierarchy is thinned, so
that i nmage data of a second hierarchy (lower than that of the first

hi erarchy by one hierarchy) is fornmed. In other words, for exanple, as
shown in Fig. 3, inthe thinning unit 11, the imge data of the first
hierarchy (in this drawing, a portion i gicated by synbol "O') is sinply
thinned (e.g., subsanpled) by 1/9 (beiﬁa thinned by 1/3 in both transverse

direction and (gt sk iGd&iRatd . r etss'l{ﬁ' tLUFR$ o ¢he t he second
hi erarchy (in trﬁ?s drawaﬁg,lﬁlgé'g‘ r%?g)r%qi n P?zg’[ Ed y 's ngeoP "ofg i% f or med.
Thi s i mage datprevioushstepe8d&d hi erarchy is supplied to the thinning unit 12

and the optinmum correction data calcul gti uni t 13, , . .0, the thinning
unit 12, the pixel W WPr4haS ﬁ%%wgb%‘fe' m?é“gg&ﬂ]&“ﬁigqfarchy i's

t hi nned, so t i 1 ' Heha : han t hat
of the second hi %ﬂrrg?ﬁ‘f dﬁ?{l"i‘%ﬁéﬁ@*\? r %rd c(ﬁ?/h:éga?g m‘%gmrﬁgté e#%ﬁhﬂé t he
thi nni ng unit dzor informetionl. eSincei thel emrot infotraation dhdasmaotpet béeemi ng uni t

that the | mageS TS ImAateY Alter taP JFG 448 e SRPrEpRIRSRIONY. 5 o g
oot oo OB PR BBl i kit 2ot
not outputted from the error calculating unit 23);: no control signalis -
. 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



-12- As shown in Fig. 4, in the thinning units 11 and 12, both the

I mge data of the second hierarchy and the image data of the third

hi erarchy are fornmed fromthe inmage data of the first hierarchy (nanely,
original imge data) in the above-described manner. The opti nmum
correction data calculating unit 13 cal cul ates optimum correction data
(referred to herein as "optinum correction data of a second hi erarchy")
which is suitable to obtain a decoded inage of a first hierarchy fromthe
i mage data of the second hierarchy is cah?ulated. Thi s cal cul ated opti num
correction data is output as coded data of a second hierarchy to the signa

processing uni Tthé@ecéﬁ? (G aP Bty TP{{rH‘etﬁgr\F (F?t\.{sg\/nﬂg?ée iﬁnEI@P SYhfb) P gl t 14,

anot her optinmum correction data rre nas "optinmum correction
data of a thirgjudgingamib4) which is suitable to obtain optinmum correction
data outputted f ro_mh? Qrimgulgpl;ei tr{gtrg t rz;t?%&lixeonnﬂgeagzgding 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:

Xangn Xoni Xoaygene Xigye Xigs13e Xotigre Xonyr Xgenygenye The class



calculating unit 14 is calculated. This optinmum correction data is supplied
as coded data of a third hierarchy to the signal processing unit 1 5.
In this case, since the optinmumcorrection data of the third hierarchy is

suitable to obtain the optinumcorrection data of the second hierarchy,
al so the optinumcorrection data of the second hierarchy is suitable to
obtain the decoded inmage of the first hierarchy,

the opti nmum correction

and

data of the third hierarchy may be suitable to obtain the decoded i nage of

the first hierarchy simlar to the opti

hi er ar chy.

coefficient (peledsifyingrblockis supplied td atdiasd classificatioarataptivéi scussed

later) is deri
predi cti on coef
of the third hi
hi erarchy. Then,

In the signal process{nég] unit 15, a prediction

correction data of the second

ved and the cqded data of the second hierarchy includes the
PrOGesfing Nt d3+¢ i r st hierarchy. In addition, the coded data

er ar CltysHaifid B@eﬁotba &hat, S thid 89sé7 Ot?\fef él5§§ Efasg ftyltge second

in the S|?na processi ng uni
block is a regular square-shaped block havmg 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

. rectangular 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), Y46), Y{7), Y(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: Xpag2an Xeagnr Xoay Xeagenr Xeagear Xonga
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+ 21042

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



-13- correction process and ot her 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

mul ti pl exed and then the nmultiplexed data is outputted as finally coded
data. It should be understood that, as to the coded data of the third

hi erarchy (which is the | owernost hierarchy), the error correction process
carried out is stronger than that for the coded data of other hierarchies.
The coded data which is outputted fromthe signal processing unit 15 in the
above-descri bed manner is recorded on Pﬁ@-recordlng medi um 2 and/ or

d d ab h
i ni ng. oper b Ra! M AsEHIBERenR BUikotdied aya PEIANGUIRT, R RERGISER nni ng

units 11 and lgaluboydedatingbldsk E@éoﬁ@tﬂﬂéﬁeﬂ%*'ﬁﬁéféﬂ&wﬁy GGtrEQtddite of the
thinning unit 11 be identical to that of the thinning unit . Next ,

Fig. 5 indicat dgtmrxﬁn%m X&ntxm,f Xegs %1 aﬁwe&gntxz@,f thghé(:apt)qamﬁhﬁdﬁyaect i on
opt { mum cor r ectReReta S#vc XM dutt Ay ot KezaXpty KL i i | ar Ly arranged. ¢ he.
ﬂ?:?;lr (I?Ll 03 t her 30; The ‘?ﬁuk?ﬁd value calcu}ﬂlg BRER dtﬁtlhﬁqe‘glf ttntfh% El%ﬁndt
y derived fromthe thinning uni is supplied to a correcting
unit 21, and t makinggait 42 for the predlcted value calcu!atlon 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.



data of the first hierarchy is supplied to a |ocal decoding unit 22.
Further, the image data of the first hierarchy is also supplied to an error
cal culating unit 23. The correcting unit 21 corrects the inage data
of the second hierarchy in response to a control signal supplied froma
judging unit 24. The correction data obtained fromthe correcting

operation by the correcting unit 21 is supplied to the |ocal decoding unit
22 and the judging unit 24. -14-

The | ocal decoding unit 22 predicts predicted values of a first hierarchy
(hi gher than the second hierarchy by one3i-erarchy) based upon the

correotion recult of NGW PREDYACEIAER IEEaEERu hlo e, STRYSN AR ther m
"predicted val uatlaptive pradess operstiondgreadescribed.

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. Also, 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



plurality of pixel values, where each pixel value corresponds to a pixel of
the inmage data of the second hierarchy. The predicted val ues 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 cal cul ate the
predi cted value of the first hierarchy by way of the linear coupling with
the correction data using i mage data of the first hierarchy and the
correction data. Based upon these prediction coefficients, the |ocal
decoding unit 22 executes an adaptive prétess operation so as to obtain the
predi cted values of the first hierarchy. The resultant prediction

coefficients fproegsshopétidni STAES CassifingeloWwhaf DR W MAX LMIN i34
The error calculating unit 23 calculates a prediction error of the
predi ct ed val ud§edeas adecal dynamie nepeslofdbedeipak, the pixebvalues ofethsect to

orror T suppl PR30 Bonk R fle bR 4renalpfigiR S s a0 Oy
on the error i nthiy dpiamic deigevBR. fromthe error calculating unit 23, the

judging unit 24 judqes whet her the corrected data outputted fromthe
correcting unit 21 i18 athgswatdsaths migimaum; value MIN isjeubtracted: from t he

e ot e RATBYtho el Uafuel Bt e, RO Sl e JUSHAEGHNY) "
correcting unitvaide issdivided 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 dynamit_: range DR by 4, or another average



substantially equal to the coded result of the original imge, the

- 15- judging unit 24 controls the correcting unit 21 to further correct
the i mage data of the second hierarchy, so that newly obtained corrected
data is outputted fromthis correcting unit 21. Al so, 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 fromthe correcting unit 21 is furnished to a

mul tiplexing unit 25 as optinum correction data (optimum correction data of
second hierarchy). In addition, the predisction coefficients supplied from

The multi pl ox AVEARG o HhemiRslalaless helongingthitae UPBBITGR B¥eh der i ved
fromthe judgigpgaguni Alsé? boith thé 'ﬁ@)ﬂ?@%d‘é&' @B SA8T1OF afd' tBnverted 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



for each class, and then outputs the nultiplexed result as coded data of
the second hierarchy. Referring nowto the flow chart of Fig. 6, the
operation of the optinmumcorrection data calculating unit 13 is descri bed.
When the image data of the second hierarchy is supplied to the correcting
unit 21, the correcting unit 21 first directly outputs the i mage data of
the second hierarchy to the | ocal decoding unit 22 and to the judging

unit 24. At step S2, in the |ocal decode unit 22, the corrected data
derived fromthe correcting unit 21, nanely, as previously, explained,

i mage data of second hierarchy is direeRky |ocal -decoded. PATENT, ot her
words, at the step S2, the adaptive process operation for obtaining the
predi cti on cdseselertas pradictiencnetficients W cMWsied buthiscasgethermge data of

or edi ot oa varneasrd VRS el bl BFBR BN hecP Bahd REVECLG e ar ony

by one hierarchy) hy wax,0% tWeX|i4ear coupling wth (ihe corrected data
derived fromthe correcting unit 21. Based upon the prediction

coefficients, the Tsitoraenaralizethis formytai waen anmatiie ¥V Jupde od@ to the
error cal cul afdy g ¢h3l Aredifetion 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
Xpy Xpz +vv Xg)
A Ely,])
. - Ely,]
Wy 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).



- 16- When the predicted values of the first hierarchy is received
fromthe | ocal decoding unit 22 by the error calculating unit 23, at step
S3, the error calculating unit 23 calculates the prediction error of the
predicted val ues derived fromthe | ocal decoding unit 22 with respect to
the i mage data of the first hierarchy, and supplies the prediction error as
the error information to the judging unit 24. Wien the error information is
received fromthe error calculating unit 23, the judging unit 24 judges at
step 34 as to whether the corrected data.eutputted fromthe correcting unit
21 is substantially equal to the coded résult of the i mage of the first

hi er ar chy. In other words, at step S4, a judgnment is nmade as to
whet her the error information is smal}erthan,a predeterm ned threshold
value "[err]". At step S4, when it i €o j udg dithat the error information

is not smaller than the predeterm nedq ehrieshol g,val ue "[err]", a
recognition is made that the corre&dd dqea¥oytpufted fromthe correcting
unit 21 is not substantially equal tqgt'hg codg¢d dpta of the image of the
first hierarchy. Then, the process opefat/i on A¥ma3tdvanced to step S5 at
which the judging unit 24 controls the correcting unit 21 so as to correct
the i mage data of thg(ﬁegopd_*_héerarchy. The correcting unit (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.

Oy de, de,
e "'e ‘—"—+c .« "'_ . ‘= « &0
1 aWi 2 aWi aWi =0 (J- 112: ln)

..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:



21 varies a correction amount (namely, correction value "A", which will be
di scussed | ater) 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,
processing returns to the previous step S2, and a simlar process
operationis repeated. On the other hand, at step S4, when it is so
judged that the error information is smaller than the predeterm ned
threshold value "[err]", this indicates that the corrected data out put
fromthe correcting unit 21 is subst am3& |y equal to the coded result of
the inmage of the first hierarchy. The judging unit 24 outputs the
correction data de de e -17- when the
error information ety ) =xpJ, equal L8=Khe preddterained,mhr eshol d
value "[err]" as th8optinmu¥eorrection &ka in

.. (B
Based on the formuiae (4) and {5), formula {6) may be
obtained:

... (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 . o . m o
(; Xy3X1g) Wy ¥ (; Xy Xig) Wt o oo+ ; X;1X35) Wy= (?_‘, X41Y1)
=) . . =y : =y =Y

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

n 'n m ]
(; Ky )W+ (Y KynXid Wt oo+ 0Y XyaXy) W= (Y Xpoys)
| i=1 i=) i=1 i=1

.. (7).



conbi nation with the prediction coefficients for each class to the

mul tiplexing unit 25. At step S6, the multiplexing unit 25 nmultipl exes the
predi ction-coefficients for each class with the optinmum correction data
derived fromthe judging unit 24, and outputs the nmultiplexed 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

i nformati on becones smaller than a preselected threshold value "[err]" is
used as the coded result of the inmage ok2B8he first hierarchy, it is

possible to obtain fromthe, codgd i e data of fhe second hierarchy an
i mage substantially itQ8MYBEET @ “PHBnglg?%#ms 1’?@'@@ Huthe ?‘P"M{Jé (ébﬂ?a of

firSt hi erar chyihbgani 85 thé Aufiticr YIRS SRR IOAIRHicidhts Wt ! r ecti on

data) on the side of the receiver apparatus be noted that, as
previously expl gelesdgtedheApaoesult ag aptimatm predictioroboeffivient whearpbedi cti on

[Tt hi or ar chy CPRRGRAIEY, FElMines thes etse A7 Er s 158 peoharont thaaaieywety vy

of the Iinear cw&b‘mag\ﬁmaffomﬁiacqgrig;ag%@g}ﬁgég%@%m&ﬁ% in the optimum

correction data calculating unit e I nmage data of the
first hierarchy{Gauss-dardariie esasipgimethod)cessi ng operation is car ri ed out
by enpl oying the opti,jum correctjon.data outputted by the opti num .
c)c/)rrgrc)t i )c/)n gat a caloc saPIi'qyéo y#efgl_'lbeé, the aé)apttlve prglcessmg perg]tjion is

carried put in such a manner that the optimum prediction coefficient
w of the 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
referred 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.



Al ternatively,

t he adaptive process operation for the image data of the second hierarchy

the optimum correction data calculating unit 14 may perform

output fromthe thinning unit 11. Next, Fig. 7 indicates
an exanpl e of an arrangenent of the correcting unit 21 shown in Fig. 5.
The i mage data of the second hierarchy is supplied to a correcting unit 32.
In response to a control signal provided fromthe judging unit 24 (Fig. 5),
the correcting unit 32 supplies an address to a correction val ue ROM 33,
that the correction value "[err]" is read out fromthe ROM 33. Then,

correcting uni
correction val
of the second

t he

SO

t 32 produces the correct€®-data by, for exanple, adding the
X . th ti I RO\@ to the i page data
ue A ﬁs(ragt? uf1 tRe tocal é:eocrord?r?g 'u%?t Xf, gtestep 319’, the correcteag

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,



hi erarchy, and then supplies the produced corrected data to the | ocal
decoding unit 22 and the judging unit 24. The correction val ue ROM 33
stores therein conbinations of various sorts of correction values [err]
(for instance, a conbination of corrected values for correcting i mage data
of the second hierarchy for 1 frame) so as to correct the image data of the
second hierarchy. A conbination of correction values [err] corresponding to
the address supplied fromthe correcting unit 32 is read fromthe
correction value ROM 33 to be supplied Lﬁllhe correcting unit 32.

e

Referring now to Fig 8, processing of t correcting unit 21 shown in
Fig. 7 wll be expl ta of the

d
second hi erarchy fo BHH'q‘ Paﬁ@qeés@ﬂﬂpéiaédf‘tt st%&cé‘f‘? |ma ¥ 32, the
correcting uniteiade clddefic ‘égﬁ g%es A oﬂfls PQ&O?%@WKH'@%%% at

step S1l1, and. at step Sl not the control signal
is received frthe class plaaglfmgtgihldpkmbr(sﬁng;teﬁ)of Npxelep=S3X% 3ben it is so

dged that th t d, ,th t
LKi be over t he B, e AP pragsedisg, apetatan ot 4 Bif nBediFercaaBidla "0 ¢ e
correcting unitegeh of 'tﬁ&biéés%l&&ﬂfﬁné %u@a&ecld@éiﬁed Mhto ey dPEVTIB N2 er ar chy

as the corrected-data to the | ocal™ decodi ng
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 pixei;
are calculated by executing the adaptive processing operation,
employing the prediction value calculating block having 5 x & 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



-19- unit 22 and the judging unit 24. Then, processing returns to the

previ ous step Sl12. 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

I medi ately after the inmage data of the second hierarchy is received by the
correcting unit 32 (because theerror information is not outputted fromthe
error calculating unit 23); no control signal is outputted fromthe judging

unit 24. As a result, just after the inggg_data of the second hierarchy is.
received, the corracting unit 32 does, not correct this inmage data of the

second hierarc ut, .kat her, , directl u ts this ingge data, as the

corrected dat at%fgﬁ H@kf'lﬂ:éfp'to%g'o i @pﬁ‘?fﬁ?%e%véHﬂ qq%%"f‘ﬂﬁ%itﬂ%c‘%l‘ﬁ tI 24. I
On the other h M, IR.J eg. aty st 2 at yt centr si gna
fromthe judgi %%Srglgtaq%xit"s' ’rtgégg\g}'eg,wt)ﬁ‘é' gg}'f% ?ér% ] xﬁ‘ﬁ%"‘""sggb'u?%ﬁt s an
addr ess def i ne@gsnXas Ngsd XageXu, st Kge Kgat X3l Xgi 0@l X, Xge wheresct i on

val ue ROM 33 atco%;eec‘@eg %Sa‘ta %é" i gesrlxjtletréd.a%irst, 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



step S13, the conbination (set) of the correction values [err] stored at
the address is read at fromthe correction value ROM 33, and then is
supplied.to the correcting unit 32. Upon recei pt of the conbination of the
correction value A fead fromthe correction value ROM 33, the correcting
unit 32 adds the corresponding correction values [err] to the respective

I mge data of the second hierarchy for 1 frame, so that the corrected data
produced by correcting the i mage data of the second hierarchy is

calcul ated at step Sl4. Thereafter, the pyfcess operation is advanced to
step S15, at which the correction data is output fromthe correcting unit

32 to the local, decoding unit _22.and the judging unit 24 and processing
returns to step'"giff.‘éj“orpc andIt%ZSrWT%EQ#dJ%QéQgE%@&?d'PW ¥8Mecting unit
21 repeatedly" cHotilathg BlBekcorrected data obtained by correcting the inmage
dat a of - 20-

= wi(kiX,; + wylkiX , + wya(kiX,s
Wlk)X,, + wglkiX s + welkiXs, _
W kI X, + WelKIXys + welk)Xy,
WiolK)Xzs + Wiqy{kIXgy
Wik} Xgz + Wislk)Xss
Wiglk)X3q + WyglK)Xgs
wiglkEXyy + wyylkiXg;
Wiglki X + wWiglk} Xy,
Waolk) Xgs + Wi KX,

+ Wy(KIXga + Waslk)Xgs

+ 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. |

+ 4+ + + + + + 4+

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 resultant
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



t he second hierarchy into the various val ues under control of the judging
unit 24. It should be noted that, when the coding operation as to one
frame of the image is acconplished, the judging unit 24 supplies to the
correcting unit 21 a control signal for indicating the conpletion of the
codi ng operation. Upon receipt of this control signal in step S12, the
correcting unit 21 finishes the processing operation with respect to an

i mage of the present franme, and executes the process operation defined in

the flow chart of Fig. 8 for the next franme of the image. Next, Fig.
9 illustrates an exarrpl e enbodi nent of agy.arrangenent of the |ocal decode
unit 22 shown in Fig The corrected data derived fromthe

correcting uniblogk mgklggptmst 8d the paedictedk vakiei ¢fgthmfltstfhsera¢ch\s derived
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the corrected data into a presel ect cl ass, dependi ng upon a nature .
t her eof . square erenpalsulatinguuwnih §2-celculates arsquage ermr ashal e a pi xel

o cat e 2 Sibuod o3 it ekl B S AR AR
second hi er ar cgty obtﬁetimdw:dﬁérahy, and theh eulippties thistdcuated 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



pi xel )l ocated at an i-th position fromthe upper position and at a j-th
position fromthe left position is expressed as "X err]", the block making
unit for class classification 41 will generate a class classifying block
having 9 pixels in total, nanely, a pixel "X err]" of interest and the
following 8 pixels adjacent to this pixel of interest at upper left,

upper, upper right, left, right, lower left, and | ower right positions:
Xerr]X[err] Xerr], Xerr], Xerr]Xerr]Xerr] Xerr]. The class

-21- classifying block is supplied to a class classification adaptive
processing unit 43. It should be not%ed that, in this case, the class

classifying block is..a regular square-shaped bl ock havi 3 x 3 pixels, but
t he shape of th%aﬁE'i‘%?dil"gEg' $he stefed walie orfcfher@ﬁflmof‘é%%t@ ¢learedch a

regular square. (ghht 85Na5" Y etan, PrdtbssiNFROMInLBE 2°6188'S32, Avhere 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



rectangul ar shape, a cross shape, and other arbitrary shapes may be

enpl oyed. Al so, a total nunber of the pixels for constituting the cl ass
classifying block is not limted to 9 pixels (= 3 x 3 pixels). The

bl ock making unit 42 for predicted value cal cul ati on processes the
corrected data to make a predicted value cal cul ati ng bl ock, centered about
the noted corrected data, used to calculate the predicted value of the

i mage of the first hierarchy. In other words, in Fig. 10, assum ng now t hat
pi xel values of 9 pixels (=3 x 3) in an original image data (in this case,
i mmge data of first hierarchy), while pdftioning the corrected data Xij
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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



-22- data of the first hierarchy surrounded by a rectangular, the predicted
val ue cal culating block is constructed by the follow ng corrected data:
Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr],
Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr],
Xerr], Xerr], Xerr], Xerr],Xerr] Xerr]. The predicted val ue

cal cul ating bl ock obtained in the bl ock making unit 42 for the predicted
value calculation is supplied to the class classification adaptive
processing unit 43. Simlar to the case of the class classifying

bl ock, the pixel number and the shape ag,to the predicted value calculating
block are not limted to the above-described exanples. It should be noted,
t hough, that teneffigients femersh olasgiarelstoted innplape efitbeqevigusly cal cul ating
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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



Al so, when the above-expl ai ned bl ock maki ng process is carried out (simlar
to process operations other than bl ock making), there are no correspondi ng
pi xel s near the image frane of the inage data. In this case, for exanple,
the process operation may be perfornmed, assum ng now that the sanme pixels
as those for constituting the image franme are | ocated outside this inmage
frane. The class classification adaptive processing unit 43 incl udes
an ADRC (adaptive dynam c range codi ng) processing unit 44, a class
classifying unit 45, and an adaptive processing unit 46, and perfornms a
class classification adaptive processi-8§-operati on. By cl ass
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executed for the 1nput signal of each of these «classes. Roughly speaking,
the cl ass cl agutitctat thenmadtipiexing pnit @& andoplsoahiecorrecteddiitai ded i nto a
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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.



- 23- Now, both the class classification process operation and the
adapti ve process operation are descri bed. First; the cl ass

cl assification processing operation wll

of di scussi on,

it is assunmed that, as indicated in Fig. 11 A a bl ock

now be expl ained. For the purposes

(class classifying block) made of 2 x 2 pixels is constructed of a pixel of

i nterest, and
pi xel s is expr
this case, as
classified int

the respective pixe

class cl assifi
unit 45.
operation pref
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indicated in Fig. 11 B, a block of 4 pixels (2 x 2) may

). In
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As a result, when the class classification process operation is

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



performed with respect to such a class classifying block, this block is
classified into such a huge nunber of classes, i.e., (2[err])[err].
Therefore, according to this enbodi nent, the ADRC process operation is
carried out for the class classifying block in the ADRC processing unit 44.
As a result, the class nunber is reduced by decreasing the bit nunber of
the pixels in the class classifying bl ock. That is to say, for
exanple, for the sake of sinple explanation, as indicated in Fig. 1 2A
considering a block that is constructed of 4 pixels aligned on a straight

i ne, both a maxi mrum val ue "MAX" and a-gpni mum value "M N' of this pixel
val ue are detect
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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



pi xel s for constituting the block are requantized to k bits, based on this
dynam ¢ range DR In other words, the m ninmumvalue MN is subtracted
fromeach of the pixel values within the block, and then the subtraction
value is divided by DR/ 2[err]. As a result, the resultant value is
converted into a code (ADRC code) corresponding to the divided value. Using .
a concrete exanple, if k =2, as indicated in Fig. 1 2B, a judgnent is mde
as to whether or not the divided val ue belongs to any one of such ranges
obt ai ned by equal |y dividing the dynam_gjirange DR by 4 (= 2[err]). In the
case that the divided value belongs to the | owernost |evel range, the

Coper most | evaresafaiiingd Wifls b Sq ot B e BRene! BapdB ¥, T ucn
as. 00B, 01 B, theBstrevg infliericeyttdte effor ffBFBalBhs bi nary nunber) that

represent the range, Then, on the decoding side, the ADRC code 00B, 01 B,
10B, or 11 B is condéprevouslyodescribede the gomectingreperstionnf theimadest | evel
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mat ching. I n téastheeodeddesaitofdtie 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



mat chi ng ADRC processi ng operation, either the ADRC code 00B or the ADRC
code 11 B is converted into an average value MN of the pixel values

bel onging to the | owernost | evel range obtained by equally dividing the
dynam c range DR by 4, or another average

-25- value MAX' of the pixel values belonging to the uppernost |evel range.
Al so, both the ADRC codes 01 B and 1 OB are converted into a | evel obtained
by equally dividing a dynam c range DR defined by MAX -M N' by 3, so that
t he ADRC codes are decoded. It should be noted that a detailed
description about this ADRC processing-8@eration is disclosed in, for

which has” eetane et LRFERG Stpe R orehipitehGiant 8 HIELBRE "app f cat i on. .
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



As previously expl ai ned, the nunber of classes may be reduced by executing
t he ADRC processing operation such that the quantization is perfornmed based
on a bit nunber smaller than the bit nunber which is allocated to the

pi xel s for constituting the block. Such an ADRC processing operation is
carried out in the ADRC processing unit 44. In this enbodi nent, the
class classification processing operation is carried out based upon the
ADRC code outputted fromthe ADRC processing unit 44 in the class

classifying unit 45. Alternatively, the class classification process
operation may be carried out with respe¢3-to such data which are processed
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coupling of 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 predxctson coefficients of the first
hierarchy correspondmg to the class information among the ,
predlctlon 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.



- 26- PATENT presel ected prediction coefficients

Werr], Werr], ---. In this case, the predicted value may be expressed by
the follow ng fornul a: = Werr] X[err] + Werr]X[err] + ---
(1). Thus, to generalize this fornmula, when a matrix Wnade of a

sef of the prediction coefficient w, a matrix X made of a set of the
| earning data, and a matrix Y' made of a set of the predicted value are
defi ned by, - X3, X12 . Ln' [err]

~44-

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



the foll ow ng observation equation can be satisfied: XWEY

: (2). The predicted val ue approxi mated to the pixel value y of
the inmage data of the first hierarchy is obtained by applying the m ninmm
squaring nethod 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
(wll 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 imge data of the first hierarchy are
defined by, the bel ow nentioned rerrai'rf’cé'r equation may be satisfied from

the formula (fpe: 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



-27- [err] XW Y + E .. (3).

In this case, a prediction coefficient W of the first hierarchy used to
cal cul ate the predicted value approximated to the pixel value y of the

i mage data of the first hierarchy may be cal cul ated by minim zing the
square error. [err] As a consequence, the above-described square
error is differentiated by the prediction coefficient and the square error

is set
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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



to 0. The prediction coefficient W capable of satisfying the follow ng
formul a beconmes an opti num val ue used to cal cul ate the predicted val ue

approximated to the pixel value "y" of the image data of the first
hi erarchy. [err]

(4). Thus, first, since the fornula (3) is differentiated by the

predi ction coefficient W of the first hierarchy, the bel ow nentioned
fornmula can be satisfied:
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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



-28- [err] ... (5). Based on

the formulae (4) and (5), formula (6) nmay be obtained: [err] .
... (6). Furthernore, considering the relationship anong the |earning
~48 -~

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



data "L", the prediction coefficient "wW', the teacher data "y", and the -
remai nder "e" contained in the remai nder equation defined in the formula
(3), it is possible to obtain the foll ow ng normal equation fromthe
formula (6): [err] _ - 29-

The nunber of normal equations defined in the formula (7) is the sanme as
the nunber of the prediction coefficients wto be calculated. As a result,
an optimum prediction coefficient wcan be obtained by solving the formula
(7). It should be noted that one way

-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.



of solving the formula (7) is to use the sweep-out nmethod (Gauss-Jordan's
erasi ng net hod). As previously described, the adaptive processing
operation is carried out in such a manner that the optinmum prediction
coefficient wof the first hierarchy for each class, and further, the
predi cted val ue approxi mated to the pixel value y of the inage data of the
first hierarchy is calculated based on the fornmula (1) by using this
prediction coefficient w This adaptive processing operation is perforned
in the adaptive processing unit 46. It should be noted that the
adaptive processing operation is diffeggnt fromthe interpolation
processing operation. That is, in the adaptive processing operation, a
conponent is repr od'[h%&mcm’o%s%wmlhgg extragts eentyah 81 pixelsdS ¥a a (in

contai ned | n- P RISHIARTHAE 28 phets 00 Congtitiing PFophthing bl dhd'ct
second hi er ar ctheh executedean ADRCSprddessastrirative of "obaswithgespestts on i s

identical to the jinterpolation processing operation wth enploynent of a
so-cal | ed "i nt Hiepblogkipade afithese & pixgls,in s simibaramaanen o the Cder ed.
However, since I G 1 QR COgH T 16l DRI i ap
coefficient of p{ | g?{nﬁ?%@%&?:ﬁ@b%flf iﬁ%rﬂiqc\g §§?c’§§§@g§'93§°§§#§P e teacher
data "y", nanethe ADRC processing ppereatior isesuppliedntond clayst classitying uniie

adapt i ve proseSd g Gcriass SIRRSYIGE P Ut 08 RIBCK T P8 ABBCOper ot fon
Wi th an i mge LeddBsithePlhRYS 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.3 x 3 pixels indicated in this drawing and
surrounded by the reétangle 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.



Referring nowto a flow chart shown in Fig. 13, the process operations of
the local decoding unit 22 of Fig. 9 will be expl ai ned.

- 30- First, in the local decoding unit 22, at step S21, the corrected
data derived fromthe correcting unit 21 is processed to make bl ocks. In

ot her words, in the block making unit 41 for the class classification, the

corrected data is subdivided into a class classifying block of 3 x 3 pixels
centered about the noted corrected data, which will then be supplied to the
class classification adaptive processing unit 43. In the bl ock nmaking unit

42 for the predicted value cal cul ati on51t-he corrected data i s subdi vi ded

2bout the not ed codieR ScPIHERIRY oRAMIGTAtoN 6 StOrAhab HIRLERER 1o the cf ass
classificati opqareids\ifi theAeamihg Yatd herfidry 96 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 + ---



As previously explained, in addition to the class classifying block and the
predicted val ue calculating block, the inmage data of the first hierarchy is
supplied to the class classification adaptive processing unit 43. The class
classifying block is supplied to the ADRC processing unit 44, and the

predi cted val ue cal cul ating block and the imge data of the first hierarchy

are supplied to the adaptive processing unit 46. Upon recei pt of the
cl ass classifying block, the ADRC processing unit 44 executes the ADRC
processing operation of, e.g., 1 bit ( for executing requantization by

1 bit) with respect to this class clasd fying bl ock at sltep 823 df‘sv\ﬂ ]
result, the correct ls.converted.into anely, code I C

is outputted to ?§§b§8élé%’§qq ﬁd’rﬁﬁl‘%oﬁ%weghc?ﬁgﬁ V& War War tTrass
classifying unhiay 35 callateRint 1R @élaﬁl%tnﬁb%ﬁt be%té&‘h QVVO@?%ﬁb{‘ﬂT&per ation

wth respect to the ADRC-processed class ‘classif nane
detects a st at &opnalpquationindinated ipathie @boveﬁdemn&ad farvalla (7h ig he Dbl ock),

and Judges, o WBkieikd3hd Bhtef] Al bR ArkibieR SRineRigRRIngs ° © ©°°
processi ng uni fa sfuare error of the predicted values w,x, + W,x, + WyXg + - -

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



-3 1- It should be understood that in this enbodi nent, since the
class classification processing operation is perfornmed with respect to the
class classifying block constructed of 9 pixels (= 3 x 3) to which the ADRC
-processing operation of 1 bit has been carried out, each of the class
classifying blocks is classified into any one of 512 classes (=
(2[err])[err]). Then, the process operation is advanced to step S24,
at which the adaptive processing operation is carried out for every class
based on the class information supplied fromthe class classifying unit 45
In the adaptive processing unit 46. AS33 result, both the prediction

coefficients for ch ass of the first hierarc and .t he predi cted val ues
of one frame f_?% %g‘l Eﬁﬁ_ﬁ?r_e \e block ma#'ﬁgtuq'tazg{oé%ﬁimﬁdlcaeq ﬁiag‘eem)odi nent ,
25 x 9 predi ctdamws@@rf\,fhsaﬁf&ﬁré&éti:@&ﬂit%@ﬁp%\ﬁde@.' culated, fromthe
corrected data and the image data of the first hierarchy, for one certain
corrected data. |n Asidgicdnsequeneeliof usihg theilecahdecodingt unitishowvrimi xel s,

namely a pixelggl 23" oldiBfthe Bétidhing uhld 72 of 'the Prafibthy (FERR hW O 1N s
.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 "sequential method”, whereas as pre'\;rious!y
discussed with referenpe“to #.ig. 21, the prediction coefficients for
each class are previously 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



corrected data of interest, and also 8 pixels adjacent to this pixel, are
cal cul ated by executing the adaptive processing operation, enploying the
predi ction value calculating block having 5 x 5 pixels, where the pixel
corresponding to the corrected data is centered within the predicted val ue
cal cul ati ng bl ock. Now, using the exanple of class information C
being outputted fromthe class classifying 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 centereds4-Also, it is now assuned that as the
predicted value calculating block, a predicted value cal cul ating bl ock

cor r espondi ngdeapding unitad2 shomes in Fig.ngl biReferring tauFigit4Qdnfthisn t he

predicted val yeucd! GHb8dintsht, in the transmitting apparatus 1 (Fig. 2), the - 32
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



bl ock making unit 42. This predicted value cal culating block is arranged by
X[err], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr],
Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr],
Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], where corrected
data X33 is centered. First, while the corrected data of the predicted

val ue cal culating block is set to the |earning data, and the pixel values
Y[err] (1) to Y[err] (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

| mage data of the first hierarchy are gt to the teacher data, the nornma

di (7 abl d Vb
he nor mal " cquFURtE PLRtEtel FRlss o At ABb S SH. HEPISHied \aJue A | shod as

to other predigjwdtval ue cal culating bl ocks corresponding to other class
classifying blocks which are classified into the class information C. \Wen
the normal equat i orﬁgaﬁé ilusuatassthedudginghunit. 24 pfﬁm Eig. 2 bl f i ci ent WL

Vel ueof B o deealing R, L The Hig. 4 itidgink %"“f?%é)ﬁ% e Bid 2L Lo
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coefficient werr]|(k) to an optinum |C|ent wWerr](k) are
cal cul at ed whi pieds nsabeﬁtmertfmerrmvcﬁn atleegﬁsb.ethB E. d4ejudgingiend§ t he

Blr )ég! CY?_LﬂecZE ich(eé)n‘?% Sﬂ%"&r“ﬁ? clng@oq&c&%?fiqwésr@q u&ﬁgg%gc‘gﬁe gr ;)nges
of the |earning, datpigf a5 &bﬁ%Wélﬂar@ﬂﬁxs&ra%b%ﬁ%a@hﬂénfo%ﬁsﬁs. kg this
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_receiving_ apparatus 4 that is con{ptementary to the third
embodiment transmitting 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 t_hird 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



enbodi ment. Al so, the process operations for establishing the nornal
equations are executed at step S24 until the above-described nunber of
normal equations can be obtained. This process is carried out for each
class -- 25 x 9 predictive coefficients are calculated for each cl ass.
Then, in accordance wth the bel ownentioned formul a corresponding to the

formula (1), the predicted value is obtained using the 25 x 9 predicted
coefficients corresponding to class

-33- information ¢ and the 25 correcied data in the predicted val ue
cal cul ati ng bl ock: V\[err]('l'ég([err] + Werr] (k) X[err] +

‘J'r"{ \?v{ re]r E ]k% fg ;{ 1,and then optimum corrected da}i\g\%[rfre% %%Qﬁ‘i[@?ﬁchy grrl(k)yxierr]
werr] (k)X erddlcdaﬂédi‘frbh{ theraage 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



+ Werr] (k)X err] + Werr] (k)X err] +
werr](k)Xerr] + Werr] (k)X err] + Werr](k)Xerr]
+ Werr] (k)X err] + Werr](k)Xerr] +
werr] (k)X err] + Werr](k)Xerr] + Werr](k)Xerr]
+ Werr](k)Xerr] + Werr] (k)X err] +
werr](k)X[err] + Werr] (k) X[er + Werr](k)Xerr]

rl
+ Werr] (k)X err] ... (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-37pi xels centered about the noted

corrected dat apmm%ﬁ‘g{,lﬁﬁé J 1!{2&@%&0%@?&6&“%3%‘5%@ c@&gghgﬁb‘?@%’?%ef ficients

for each class are pr erm ni-ng uni Ccted val ues

are provided fpature therenf, aad ahbatsuppliés such dhfodmationplox dhdicating akatsi ng
then returns to step S21, and processing is repeated for the next frame.
Next, Fig. 14 thisiblegkbelongsiornyielass@s elass infepnatian daiamapgingini t 23 of

Fig. 5. co ﬁﬁiée};&i@%gﬁ%i%e data (nanely the image data of the first

hi erarchy) is supp ck making unit 51. In this case, the

bl ock maki ng unit S5Aspwilcbe shiscused ifater; therepptiay coéfficlaitam8moddyocks t hat
correspond with_the Eés;ticwd val ues_ of the first  hjerarchy output from

the local decodilfigt® eimrthe mapping reefficients ahtained, fre@hgpmiBged of 3 x
3 pixels, o 5n§pa§i}?&%5(rﬁ$¢$aha%oe%&aht I@dthing) Gty elaskGnforiflitRine ©rror
- - 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



previously described, in addition to the bl ocks supplied fromthe

-34- block making unit 5, the predicted value of the first hierarchy
derived fromthe |l ocal 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 inmage data of the first

hi erarchy, and then supplies this calculated square error to a nultiplying
unit 55. The square error calculating unit 52 includes calculators 53
and 54. The cal cul ator 53 subtracts tB8-correspondi ng predicted val ue from

each of the bl,ocrﬂ-{orocessed ] maq%e dat a out put fromthe ?(Iock maki ng unit
51, and then R¥BR fascangtrycting theghlogkdclassgiassifying 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.



to the calculator 54. The cal cul ator 54 squares the output of the

cal cul ator 5B, and supplies the squared value to the nultiplying unit 55.
Upon recei pt of the square error fromthe square error calculating unit 52,
the multiplying unit 65 reads a stored value of a nenory 56, adds this
stored value to the square error, and again supplies the added value to the
menory 56 for storage in the nenory 56. Then, the nmultiplying unit 55
repeats the above-descri bed operation to produce a nultiplied value of the
square error (error distribution). Furthernore, when the multiplication for
a presel ected anount (for instance for9one frane) of square errors is

conpl eted by the LN 5 pI yin I £

mul tiplied val ue Fut ?’Hé §§BT'5 tdﬁ'leﬁ%rﬁ ¥df5;ﬁ“ﬂp§§g€% “i%st‘{‘e?need val ue
as the error ifhRig"HEbt 9ﬂaﬁ1@lé)h@ thedslbor mvalkihg Arhit The. vial thesbliokt he nenory
56 are cleared every tine each frame is processed, and the output values of

the multiplyi naaking usk b atissepS 0t .othermnagsef thefirst -hierarchydererr i ng
00 £ e, bekne e W gfdchoah 10 LS AR g iode! et "9 L1
- for example, as indicated in Fig. 10 by the pixels surrounded by a
rectangular, the block making unit 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



-35- calculating unit 23, the stored value of the nenory 56 is cleared
(e.g., to "0"). Then, processing continues at step S32, where the inage
data of the first hierarchy is bl ock-processed by the bl ock making unit 51.
The resulting block is supplied to the square error calculating unit 52. At
step S33, the square error calculating unit 52 cal cul ates the square of the
error between the inmage data of the inmage of the first hierarchy, which
constitutes the block supplied fromthe block making unit 51, and the

predi cted value of the first hierarchy supplied fromthe | ocal decoding
unit 22. In other words, at step@s33, in the calculator 53, the
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r eads 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



out the stored value fromthe nmenory 56 and cal cul ates the nmultiplied val ue
of the square error by adding this value read fromthe nenory 56 to the
square error. The multiplied value of the square error calculated in the
mul tiplying unit 55 is supplied to the menory 56, where the multiplied

val ue of the square error is witten over the previously stored val ue.

Then, at step S35 in the multiplying unit 55, a judgnent is made as to

whet her the multiplications of the square errors as to a presel ected
anount, for instance, one frame data ar@élconpl eted. At step S35, when it is
judged that the nultiplications of the square errors for one frane data

nave not been apRAHR GiidrioR 1B $5 iMlgk Hath Bt the fRLERistarehyFRrldife Other
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‘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 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,



data have been acconplished, processing proceeds at step S36. At step S36,
the multiplying unit 55 reads out, fromthe nenory 56, the nultiplied val ue
of the square errors for one frane 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, assum ng now that the image data of the first hierarchy is Y[err](k),
and the predicted value of the first hierarchy processed fromthe corrected
data in the |local decoding unit 22 is, the error information Q may be
cal cul ated by executing a cal cul ati on T accordance with the foll ow ng

f | a: wh |
surmat fon of 1 PigieR iftdriaitidn &' Synnié T8 SeBHER0e 1 TRkPIRG Dy of one
embodi ment of tdweffioibot rgemory 134.0f Fig. 5 : A prediction

coefficient nenory 61 stores therein the _prediction coefficients for each
cl as$ supplied from té calsgdator J2& perfgrmsithe samencalsulationeas dhatofrenory 62

Tt thoul d be noreabalEng ol AAETaP kR Jelly driPibkit i RS Bk, hy o
newl y correct edcomtctutxhgrthédﬂeck sapphed )frolﬁrthe@@@k fadking iupits12R) ked i n the

correcting unit t he co,rrect data ne stores therein the newy
coriected data ?‘ﬁgt Qﬁd"‘ﬁ?p‘f‘ﬁé’% GW%WP%?%fWGB?mwﬂgmﬁﬂené

previous correciRthaly f31. AU, tAE ‘Ricdidfor 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



corrected data has been replaced by the newy corrected data, a set
predi ction coefficients for each class corresponding to the newy
corrected data is output fromthe |ocal decoding unit 22. Al so, when a new

prediction coefficients for each class are supplied

coefficient nmenory 61, the new prediction
-37- coefficients for each class are stored in place of the previously

stored prediction coefficients (i
each cl ass).
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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, operatlons
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.

It should al so be



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 supplied. Also, the content of the error information nmenory
63 is cleared every tine a new frane is processed (e.g., at comencenent of
processing a new frane). A conparing unit 64 conpares a
predeterm ned threshold value "[err]"” with the presently supplied error
information stored in the error inforse4+on nenory 63, and further, may
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corrected data prefcessifigiuhit 123caid e edicidthg'BARY262 i s substantially
equal t C.) the 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.



-38- coded result of the image, the prediction coefficients for each class
stored in the prediction coefficient nenory 61 are read out for output to
the nultiplexing unit 25, and also the corrected data stored in the
corrected data nenory 62 is read to be output to the multiplexing unit 25
as the optinmum corrected data. Furthernore, 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 frane i nage has been
acconplished. As a result, as pFEVIOUS|% expl ai ned, the control unit 65
causes the correcting unit 21 to comefite t he process operation for the

th ehorence o (1ESErORSIE IO nhnd 0 O s euaser Bl
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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 i image is not equal to a thinned
image produced by simply thinning the 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



fromthe error calculating unit 23. Wien the conparing unit 64 judges that
the error information is not received, the processing returns to step $41..
On the other hand, when the conparing unit 64 judges that the error
information is received, nanely when the error information is stored in the
error information nmenory 63, the process operation is advanced to step $S42.
At step S42, the conparing unit 64 conpares a predeterm ned threshold val ue
“"[err]” with the presently stored error information (present error
information) so as to judge whether the present error information is
smal | er than the predeternined thresha®®-val ue. At step S42, when
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predet erm ned threshol d va npa unit readsS out the
precedi ng errokniti¥2B.mation stored in the error information 63. Then, at
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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



- 39- When the processing is commenced, and the error information is
first supplied, since the preceding error information is not stored into
the error information nmenory 63, in this case, the process operations
defined after the step S43 will not be perfornmed in the judging unit 24.
The control unit 65 outputs a control signal for controlling the correcting
unit 32 (Fig. 7) to output a predetermined initial address. When it
is judged at step S43 that the present error information is |less than or
equal to the preceding error informatigy._ nanely, when the inmage data of
the second hierarchy is corrected to thereby reduce the error information,

E) Ef processi NgagAAirepbffediby Shiflopihy thit cr%rfq@dsf%ppiﬁqecemiemits yptt 65
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i ncreased by correcting the image data of the second hierarchy, the
processing advéHematively: §thessesent erepirdaanation besames) smaller then
: -~ 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.



outputs, to the correcting unit 32, a control signal to instruct that the
correction value [err] is changed in a manner opposite to that of the
precedi ng case. Then, processing continues at step S$S41. It should
al so be noted that when the continuously reduced error information is
increased with a certain timng, the control unit 65 outputs a control
signal for instructing that the correction value [err] is decreased by,
for exanple, 1/2, and is changed in a manner opposite to that of the

previ ous case. Then, since the Brocessi ng of step S41 to step S45 is
repeated, the error information is de€Psased. As a result, in the case
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: 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



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 nenory 61, and al so reads out the corrected data of one frane .
stored in the corrected data nmenory 62. Then, these prediction coefficients
for each class and corrected data are supplied to the nultiplexing 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 abggt the next frarre It should

al so be noted that in the correcting unit 32, as to the correction of the

i mage data of ¢t@irsteoiidabe daes slbstaritial@idéitcadiotthe drighed ifige for one
frame may be corrected, or only a portion of the inmage data for one frane

may be cor r ect@@a. Wien onIy a portion of the inmage data of the second

hierarchy is correc g ong
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error informat ienimagablpok iddthe TADRC provedkingl usit 328, As @uppl ied fromthe
control unit 65 to the correcting unit 32, which executes processing for

correcting t heCPRsRfBIENSLa the wmbeg cforlassascebiaingd 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
appératus 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



the sane correction value [err] every one pixel. The resulting error

I nformation is conpared with such the error information that is obtained
when the inmage data of the second hierarchy is directly utilized. Then, a
pi xel about the error information where a conparison difference becones

| arger than, or equal to a -41-
predeterm ned val ue may be detected as the pixel capable-of giving the
strong influence to the error information. As previously descri bed,

the correcting operation of the imge data of the second hierarchy is
repeated until the error information-F8-reduced, or decreased to be smaller
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val ue " [err] "ofi 3 xo8 {pixéls 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(®) = Ky +Ky + 080 +k,y,

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



as the coded result of the imge. Accordingly, in the receiver apparatus 4
(Fig. 1), it is possible to produce the decoded inage identical to (or,
substantially identical to) the original image data fromthe corrected data
(opti mum corrected data) where the pixel values of the pixels of the
thinned i mrage data are nade as the nost proper values used to recover the
original inmage data. Since the image is conpressed by way of the
thinning process operation, and also by the ADRC process operation and the
class classification adaptive process oger ation, it is possible to obtain
coded data with the very high conpressién rate. It should be noted that the
above- descri bedpuawmg:oprme@ﬂamcamtr@uhh ofifag! Bairaage dang fappar at us 1

may be referre&@éo as, a c@l ned codi ng &cess .operation”, since the
conpressi on pr BaRIBAIgHravided 1o, thenlocahdesediggditit-ation i s organically
e e b Lhe R aflr il 2 A A RhENEr2 989 forcRBlAb! g 25 O
realize the high efficiency co hen, Fig. I ndi cat es an

exanpl-e of an #he apgmm'ntcwfedtbe date capplied frmp ahatoptirdumhecomedtedFi g. 1.
The coded. data recorde

si gnal process G5 GRlcH ?aﬁ!‘ng ;igg ﬁecggr ﬂ%ﬁ%‘%ﬁ%ﬁ‘meﬁﬁ% Hﬁ“c{fé’jggﬁe %\\I'%Qh: P te ed
o ocbnc no-uny £o2h O BB LhrEERl s Eorab RGeS
separat ed i nt o thedleckiexadifrom 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, indicative 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



-42- of the first hierarchy, of the second hierarchy and of the third
hierarchy. In addition, the error correcting process operation and ot her
process operations are perforned by the signal processing unit 71. Al so,

t he signal processing unit 71 copies the prediction coefficients for each
class of the first hierarchy fromthe 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

t hrough the coded data of the third hieyarchy. The coded data of the
first hierarchy is directly output as a decoded i mage data of a first

hi erarchy. Al soemory t36Ad Thatispastaeessdt; buothld eeraanxl*lyioahdxaying he third

et el 5. S P bt b R S b . o
: 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



predi cted values of the image of the first hierarchy are calculated in the
predicting unit 72, and then are outputted as the decoded i mage of the
first hierarchy. Also, in the predicting unit 72, a predicted values of a
first hierarchy are cal cul ated based on the decoded inmge data of the
third hierarchy to be outputted. Fig. 19 illustrates an enbodi nent
of the predicting unit 72. The coded data of the second hierarchy
derived fromthe signal processing unit 71 (Fig. 18) is supplied to a
separating unit 81 that separates out optinmumcorrection data of the
second hierarchy and prediction coeffiddents for each class of the-first

hi erarchy. The rr f . S e Vs prediction
coefficients fo??géc{ﬁqaggg@ﬂé?’gﬁﬁ%& p ?Ir1§ﬁﬁ§ﬁg}a§9 c%%ggér}ethg%ﬁtqggd to a-
decode unit 80. hierarchy is Toamdd drainrthetimdgeS@atanst thecfirst hidraedhyyadndig unit-
for class cl asa{fi atioq 82, a block making unit for predicted val ue

cal cutation g3thethisgyaplisdo-the eptimym carected-datascaleulatingyuniy 140t 85,
and a 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.



-43- predicting unit 86. These el enents of the decoding unit 80 are
arranged in a manner simlar to the arrangenent of the block nmaking unit
for class classification 41, the block nmaking unit for predicted val ue

cal cul ation 42, the ADRC processing unit 44, and the class classifying unit
45 respectively. As a consequence, in these blocks operate in a simlar
manner . The optinmum corrected data provided fromthe separating unit
8l is input to the block nmaking unit for class classification 82 and the

bl ock making unit for predicted value cal cul ati on 83, whereas the
prediction coefficients, for each class74ef the first hierarchy are input
to the predicting unAt s8&p &1384, the memosy Ai80Istores sherimtiye ppamuriown) .

The predicted val ue ul ati ng, bl ock qut put fromihe block  making unit

for prediction 937'88&?51&%{? %ngwdséoguﬁm E‘é‘éh UpTt 1158' prd aheblogk unit 896.
The cl ass infor ; r 4 [ Wi I is ADRC
processed by thgB aADrflg@ gfﬁ?&ﬁ&%ﬁ%%ﬁ@ﬁ?ﬁ%@s@@M c'}\%\gég
information is theoomesponidiagtreldtivnshiy atliies addressi dorBésponding to ithe t he
predicting unit %g a3 x 3 predicted values of a first hjerarchy are
calcul ated i n at@SEdafrmatiansynpliedsfram the elasslassifying 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



enploying the read 25 x 9 prediction coefficients of the first hierarchy
corresponding to the class information anong the prediction coefficients
for each class of the first hierarchy stored in the nmenory (not shown) in
response to the class information, and also enploying the 5 x 5 optinmum
corrected data of the predicted value calculating block supplied fromthe
bl ock making unit 83 for the predicted value calculation. The cal cul ated
predi cted value of the first hierarchy is outputted fromthe decodi ng unit
80 as the decoded image of the first hierarchy.

-44- As descri bed above, the-opti num corrected data of the

second hi er ar céylves thisatbrival @ggatiba tohsaldulatd €Hid ﬁfbdfpih% Beefficighet ing  unit
86, so that the error between the predicted value of the first

- 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



hi erarchy and the inmage data of the first hierarchy is made to be snaller
than the threshold value "[err]". As a consequence, in accordance with
the optimum corrected data of the second hi erarchy, it is-possible to
obtain the decoded i nage data of the first hi erarchy with high

resol ution. Then, Fig. 20 shows an exanpl e enbodi nent of the
predicting unit 73 of Fig. 18. The coded data of the third
hi erarchy derived fromthe signal processing unit 71 (Fig. 18) is
supplied to a separating unit 221 that separates the coded data of the

third hierarchy into optinmm correctd data of the third hierarchy, a
redi ction coefxkdwhantirsyf ' hy, and a
p bewhanlFig! 818, the 1olbwIPopiuh BBFABTLA UBLRILChY

predi ction coefficients™for eac | erarchy. Both the
opt i-num cor r eccalduligiedi inthe optimumitdartedted data icalculating enjtr 24l cihisn
coefficient for _each class. of t he second, hi erarch S lied.to a
decode unit 2250rTgRied.da at'ﬁé’roduﬁ?ggﬂyc‘f‘?réﬁc%%ﬁ?? 'Hpglé? gai?)r‘#gﬁg ﬁﬁlﬁjass of
‘the first hi er:are%nehgr %apabl%”@lobbﬁﬁhihg thBQIrRaIctEacRslid of e bedsrid: .
The decoding unit 222 is arranged in simlar to that of the decodi ng
unit 80 shown hiergichy ingwhigh thecemor {ereoxinfognationy from the pptimum.

of the I age copiaciantlm df e Brend Histatahnaedrafly e ShBlerhalfad® rom
the optimum coprexeléctad dhrasiold Varid MeT.d For @kandply, as shodm ineF@gl @, ction -
coefficients for each class of the second hi erarchy, and then the
cal cul ated pr egltemnatively.thej eptimpm reuection 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



decodi ng unit 223. The decoding unit 223 is also arranged simlar to .
decoding unit 80. Thus, a predicted value of the first hierarchy '
calcul ated fromthe predicted val ue of the second hierarchy and

-45- the prediction coefficient of the first hierarchy,

and then the

IS

t he

cal cul ated prediction value is outputted as a decoded i mage of the first

hi er ar chy. The prediction coefficients for each class of the second
hi erarchy are calculated in the optinmumcorrection data calculating unit 14
of Fig. 2 in order to obtain, optinumdata as the optinum corrected  data of
t he second hierarchy. As previously explZa ned, since the decoded i mage data

of the first hiigfofationdfitRe (gremcmk}gﬁﬁesa# ;Hét ﬁ&t%&aﬁ?@ﬁ

accordance with the optinmum corrected data o

e secon

A fdieded N.

| erarchy,

al sa possi bl e the sroademthan 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.

It

is



t he decoded i mage data of the first hierarchy with high resolution in
accordance with the coded data of the third. hierarchy. As previously
expl ai ned, when a portion, or even all, of the coded data of the first

hi erarchy and the coded data of the second hierarchy are | ost due to sone
reason, the decoded i mage having the high resolution can be obtained from
the coded data of the third hierarchy (the | owernost hierarchy), nanely the
optimum corrected data of the first hierarchy in conbination with the

predi ction coefficients for each class of the first hierarchy and of the
second hi erarchy. Al so, for exampBe, in the case of the receiving

S ot o canirf B6EbANGE with WRIONBAIRER, the brbdictél bapidigy (that

is, the optinmumcorrected data of the thir erarc redi
coefficients fofalelated ystheolsequentisl mettiodcprevidusly atesbsided, in. the

Phe case of i nottal BetPABEcnAT 22 anduadn Alibmatbielieopiepithd iR dat o
Che opt | mim cor  ae el Y B O et 1rig™ 2 D PP URUEL  Crent s
for each class deseribed,dn thedocal 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



-46- second hierarchy), it is possible to decode a decoded i mage having a
hi gh resol ution. It should be understood that in the described

enbodi ment, the optimum correction data of the second hierarchy is
contained in the coded data of the second hierarchy. Alternatively, the

| mage data of the second hierarchy itself, as opposed to the optinum
corrected data of the second hierarchy, nmay be contained in the coded data
of the second hierarchy. Al so, 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 dgaga output fromthe signal processing

t 15. As ly d th the_high
Qual i 1y can be COPSRAUEREST IS PPEHPHD BBt thePRUBIUTAPTIAAeE dAtR LT cny

(opt i mum oor  cehgdnialieichyeabBbieCoVeaRIIhe prbdle®dl wiilomiang! f1 of ent s

for each class of first hierarc second hi erar chy)
al ternatively aftrstabteablmhytlowetcﬂmdahemeshmd sallex"efht a of t h| rd hi erar chy
in the coded data O%so létéoendseiﬂigr%é,heevesn gvr}nen the -opttmum':cormegted -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 provaded.
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.



processing unit 15. Furthernore, as shown in Fig. 2, the optinmm
corrected data of the second hierarchy output fromthe opti mum corrected
data calculating unit 13 is supplied to the optinum corrected data
calculating unit 14, so that the optinmum prediction coefficient for each
class is calculated to obtain the optinmum corrected data of the second

hi erarchy. Alternatively, instead of the optinumcorrected data of the
second hierarchy, the inage data of the second hierarchy itself may be
supplied to the optimum correction data calculating wunit 14, so that the
optinmum prediction coefficient for each88kass for obtaining the inmage data

O Becond et SERLVASTY s OBt upusren tEpbbfpCHEpiec Per
are obtai ned i Fid.n47 loptimurtesordédted data calculating unit 201. - The flowchart
A 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



unit 22 of Fig. 9 (and the prediction coefficients for each class of the
second hierarchy in | ocal decode unit 22 for constructing optimum corrected
data calculating unit 14), and then the prediction values of the first

hi erarchy are cal cul ated by using the prediction coefficients for each
class of the first hierarchy. Aternatively, the respective prediction

val ues of the first hierarchy may be cal cul ated w t hout obtaining the
prediction coefficients for -each class in the | ocal decode unit 22.

That is, Fig. 21 illustrates another enbodi nent of the |ocal decode unit

22. It should be understood that the sanklreference nunerals shown in Fig.
9 wll be eanOﬁ?d as those for indicating the correspondlng portions.

Specifically, he peedictionvalinmin the rspestive hiprarshies awber edi cti on
coefficient ROM:GRHREd2; Haeéi'irgidtm 4&ial c%gulgfé'd gﬁfak W& tdthferrgF 2!
decodi ng unit 22 of Flg ther uni nmay be arranged simlar to

t hose of Fig. 9for allor soiﬁiaeoﬁme prediction ealued carhbineal |subatembaumot 13 that
may i nclude the Fi %% | ocal decoding unit 22 is shown in Fig. 38. The
Fig. 38 opti rrum%%%l% gd’eg'é?‘a calcul'ating unit 13 is sinilar to the Fig. 5
optinmum corrected data calculating unit 13 except that the inage data of
the first hierarchy (optinmumcorrection data of the second hierarchy) is
not provided to the |ocal decoding unit 22 of the Fig. 38 optinmm
correction data calculating unit. As discussed in detail below the

enbodi mrent of the | ocal decode unit of Fig. 21 does not require the inmage
data of the first hierarchy (optinmm



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 learning (to
be described later in the specification). Upon receipt of class

I nformati on output fromthe <class classifying unit 44, the prediction
coefficients stored at an - 48-

address corresponding to this class information are read out fromthis
prediction coefficient ROM 88 and is studptied to the predicting unit 89.
In the predicting uni t 89 a calculation is made of a |inear equation

I ndicated in th &r ‘H]s(forrmla (8) shows a concrete application of
formula (1)) by e oy| ng € predicted val ue

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



cal cul ating bl ock derived fromthe bl ock making unit 42 for the prediction
val ue cal cul ation, and also the prediction coefficient ROM88. As a result,
a prediction value of the original inage is cal cul ated without enploying
the original inmages 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 cal cul ated w t hout enpl oying the
original inmages of the respective hierarchies. 25 x 9 predictive
coefficients for each class stored in the predictive coefficients ROM 81
are output to determning unit 24 in agganner simlar to the manner

previously describedneans for gEhérating the Jﬁeﬁi&é\ﬁ*&"t& ot Rk firkt Hitbardhgs the
2171 I ng t 22

process by which the Fig. ocal deco uni operates. The process
by which the Filkpsegdiuper she doredtathdats and2he qyediative doeficisntsar in sone

sense to the process illustrated in Fig. 13. For exanple, steps S21 - S23
are identical. However, at step S23A, the prediction coefficients for the

classified cl asg, ar eapapbat i ddidr@ngiortial €AGhbickh 28l FMidihg Then, at

\ i
step S23B, in the predicting unit xecutes an adaptive process to
cal cul ate a premeanednelaies. Meanwhile, at step 23C, the prediction

coefficients ROM provides . the f‘)redj ction coefficients for the cl ?ssifi ed
class are provided tBePRE fPLEENEFRG; ¢lass informaRgn using g plyrsality Bfist r at es an

embodi ment of aRxERPGEthPEOTESRId PataPPar atus for executing a |earning
operation so as to ’

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 plurality 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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-49- obtain the prediction coefficients stored in the prediction
coefficient ROM 88 shown in Fig. 21. | mrage data for a |l earning .
purpose (learning image) is supplied to a block making unit 91 for |earning
and a block neking unit 92 for a teacher. As described bel ow, these image
data are used to obtain prediction coefficients applicable to any inmages.

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 imge to the Iﬁgrning bl ock making unit 91 and the
teacher bl ock making unit 92. Al so, whéR®*The prediction coefficients, for

each class, of the s =14 i ngd i f the
second hierarchy is ?ﬁgﬁ%&%ﬁggﬁfﬁgﬁﬁa@w& wHePéin W%r&?ﬁ;ﬂvg
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.

9. An apparatus according to claim 1, wherei‘n

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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I mage to the learning block making unit 91 and the teacher bl ock maki ng

unit 92. The | earning bl ock making unit 91 extracts, for exanple, 25
pi xels (5 x 5 pixels) centered about the noted pixel of a positional
relationship indicated by synbol "[err]"” in Fig. 10, fromthe inputted

| mage data, and thereafter supplies a block having these 25 pixels as a

| earning block to the ADRC processing unit 93 and a | earni ng data nenory
96. Al so, in the teacher block making unit 92, for exanple, a block
constituted by 9 pixels (3 x 3 pixels) 8§ produced fromthe input inmage
data, and then a bl ock having these 9 pirxels is supplied as a teacher block

to a teacher data Menory f8gning the 1mé§e aFfﬁbejtF?é 88c i RRFrahiyaid when the
| earni ng bl ock constructed of,” for exanple, the 25 pixels located in the

posi tional fel ati ongenerating @amm:bd:tyds%m‘bbl " [ er r] " shown in Fig. 10

centered about the noted pi in,the | earnin | o Ki n unit 91, the
t eacher block of 3 x 3 pi&@é?t@grﬁh&dﬁm ‘B?taa g\%q’g '?ﬁ WMn Fig. 10is

produced from the teachedamd With B 86rrbted dzta 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 the 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




- 50- The ADRC processing unit 93 extracts central 9 pixels (3 x 3

pi xel s) fromthe 25 pixels for constituting the | earning block, and then
execut es an ADRC process operation of 1 bit with respect to the bl ock nmade
of these 9 pixels in a simlar 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 bl ock fromthe ADRC processing unit 93 is class-classified to obtain
class information. This class |nfornat|%g is supplied via a term nal-."a" of
a switch 95 to the learning data nenory®396 and the teacher data nmenory 98.

|n the | earning dat 21§ Bodkd HataQholBEs (REGRAVE YR HABERES fotbacklGabear ni ng
bl ock outputted fromthe |l earning blo making unit 91, or the teacher

bl ock out put t edtof pradicththet imageedatsl otﬂ\erakstrrgemclny ;9and s stored at an
addr ess correspondi n%wo th .class inf o|rélmat|on supplied thereto. As
a result, assuning n tdr?zfp g, MeRRSHBFdeShe bl ock having 5 x 5 pixel s

shown by symbol "[err]" imeGh8 fol ehéra%fnq(@lﬁseﬁwfbhﬁahsmu&rﬁwamleﬁdﬁt@t a
certain address of the |earning data
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

-_—
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bl ock constructed of 3 x 3 pixels indicated in this drawi ng and surrounded
by the rectangle is stored as the teacher block at the sane address as the
above-descri bed address. Subsequently, a simlar process is repeated
for all of the prepared |earning inmages, so that the |earning block and
the teacher block are stored at the sane addresses in the | earning data
menory 96 and the teacher data nenory 98. The teacher bl ock is arranged

by 9 pixels, in which the predicted value is calculated in the |oca

decoding unit 22 of Fig. 21 by enploying the predicted value calcul ating
bl ock constituted by 25 corrected dat a8favi ng the sanme positional

rel ati onship as that t -

-51- Since a p %%QP}? y O ?‘m’ﬁ?{‘) %@E‘?ocr@%fﬁag ore'g"Q%&ﬂ?m% f9.8he
class information and predicting image data of a second hlerarchy
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 image 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




addresses in the |learning data nmenory 96 and the teacher data nmenory 98, a
plurality of |earning blocks and a plurality of teacher bl ocks can be
stored at the sane addresses. When the | earning blocks and the
teacher blocks for all of the learning images are stored into the |earning
data nenory 96 and the teacher data 98, the switch 95 which has been
selected to the termnal "a" is changed to be selected to the termnal "b",
so that an output of a counter 97 is supplied as an address to the | earning
data nmenory 96 and the teacher data nengry 98. The counter 97 counts a
predeterm ned clock to output a sequenti®al count value thereof, whereas in

t he | earning, ﬁg;ﬂg el t tﬁaﬁg . @,{{p ; el ..t he
| ear ni ng bl ockqg%'%{ e tééctﬁgrm%lggc 8 Dr'e egﬁsgzlﬁl&g re‘;c)sf l%%rnrl&%%% |Sng to
this count val thahsa pradribet thresholévppld.ed to a calculating unit 99.

As a result, a set of learning blocks and a set of teacher bl ocks of the
class are provided to the calculating unit 99, corresponding to the count

val ue of the c ter i : n | : of
| ear ni ng bl ockgz%'nd %ﬁégﬁﬁg?tﬁ#%%ghg@ngltgcﬁgl%g%ygﬁgg fnael ﬁ_\fagﬂgii?ort he
cal cul ati ng unigachSclass tsigaherated oFithiel steps@ff ficients to able of

m nimzing an error by way of the m ninmum square nethod by using these
bl ock sets. 19XtFAGHNG auplyrality ef pixels of dpaga dataohg@ fsW t hat pi xel

velues of B Xl h 995 Rorbty 44 Boh ORI Bpll e RRfed ot |
werr], W err ] .to-the clidracteristics 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



prediction coefficients werr], werr], werr], ---, nmust satisfy the
followng fornmula in order to obtain a pixel value "y" of a certain pixel
for constituting a teacher block by way of a |linear equation of these

val ues: y = Werr]x[err] + wWerr]x[err] + werr]x[err] +
-52- As a consequence, the prediction coefficients werr], wWerr],
werr], ---, may be calculated in the calculating unit 99 in such a way

that the normal equation indicated in the above-described fornula (7) is
establ i shed and sol ved, while these prggiction coefficients mnimze a
square error of the predicted values wWerr]x[err] + werr]x[err] +
werr]xferrr] + wtpradistiegthé imagé rdata vilthe firyt hietanchipdioh lédraingemr ni ng
bl ock in the same c| ass anﬂ hhe t eachgr bl 005 correspondi ng, t hgr et 0.
Therefore, 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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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 cl asses, which are cal cul ated
in the calculating unit 99, are supplied to a nenory 100. The count val ue
I's supplied fromthe counter 97 to the nenory 100, in addition to the

predi ction coefficients derived fromthe calculating unit 99. As a result,
in the nenory 100, the prediction coefficients derived fromthe cal cul ating
unit 99 are stored at the addresses coggesponding to the count val ues

outputted fromthe counter 97.

descri bed above, the 25 x 9

opti mum predi ¢iigranctopebingctheninsagis ddtd 6f B déddnd RRrdrchyhavinglas of the
block in this class are stored at the addresses corresponding to the

respective cl

duuakern of pixelsiigly is smaller than theteofihedmagedtetasdithieci ent s

for each cl as;raf Q[e«; rdhn the nenory 100 in the abowe-descri bed manner are

stored in the pre

N coefficient ROM 88 of Fi g. 21. It should be

understood that the pred| ction coefficients are not stored at the addresses
correspondi ng the respective classes in the prediction coefficient ROM
az/'gr

88. However,
be stored. In,%
val ue correspon

i

addh PRPgEatugraceredipptel cloim 2ds WE'PHES?‘QM“& ocks may
bis §6d éA,hen the class information is supplied, the pixel
Ing to t I's class is outputted. Accordingly, in the |ocal

decodi ng unit 22 ofmemory for storing predicted coefficients for each class used

to generate the mapping coefficients for each class;

means for 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

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



-53- Fig. 21, neither the block making unit 42 for the predicted val ue

cal cul ation, nor the predicting unit 89 is provided. As a
consequence of using the |ocal 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 enploy either the separating unit 81 or the
separating unit 221. In addition, the decoding unit 80 of Fig. 19 (simlar
to decoding units 222 and 223 of Fig. 20) should be arranged as shown in
Fig. 23. In other words, in this case,-4he decoding unit 80 may include the
class classification block making unit 41 , the predicted val ue cal cul ation

ni t 45 and the pr e LB R g R o e  The local

decodi ng unit 22 shdhe rhapping. caefficients far erntodiasg aneigenerated 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.

-_
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80 may include the class classification block making unit 141, the

predi cted val ue cal cul ati on bl ock nmaking unit 142, the ADRC processing unit
144, the class classifying unit 145, the prediction coefficient ROM 146, 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 prediction coefficients are successively
calculated to thereby obtain the prediction values, which will be referred

to as a "sequential nethod", whereas as previously discussed with .
reference to Fig. 21, the prediction tfficients for each class are

previously stoged iThé B@faafa&d"s%fidpﬂnﬁggt e8I sdfP¥rsBBredidithd hsesst or ed
prediction coefficients for each class are used to obtain the prediction

val ue, whi ch wheludes:referred to as an "ROM net hod". I n accor dance
with a third enbodi [ I L,tin rat f the jnvention, as
shown in Fig. 40, aﬁﬁg £ ﬁ%ﬁ%&%&g@a&ﬁ@c 'F%%ﬂgg?‘ﬁgﬁgﬁéﬁfgg‘? garréﬁfe[d %’},t% S
provi ded for usetivé third hierheshy; 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 thé 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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-54- decoding unit 22 shown in Fig. 21. Referring to Fig. 40, in this
further enbodinent; in the transmtting apparatus 1 (Fig. 2), the inmage
data of the first hierarchy need not be supplied to the |ocal decoding unit
22. Further, unlike the optinmumcorrected data calculating unit 13 shown in
Fig. 5, with the Fig 40 optinum correction data calculating unit 13, the
predi ction coefficients for each class are not provided to the signal
processing unit. Furthernore, the inmage data of the first hierarchy (or the
optimum corrected data of the second hierarchy) is not needed by the | ocal
decoding. unit and, thus, is not provF@ d t hereto. Fig. 41 is a

flowchart that3g| | ysg ra@baﬁathaaacebﬁmﬁ%f&brtgamgg?rm&eimﬁrétrrﬁeami!n@m

corrected data calculating unit 13 Fi g. Referring to Fig. 41, the

flowchart is gngansinaledesie fl owchart of Fig. 6, except that at step S6'
(as opposed to step..S6.in Fig. 6). of the Fig..40 flowhart . while the

opti mum correct ed dHan%gort ﬂ%’eréﬁﬂgd:lﬁﬁ E‘f‘?@q IR YEInG ﬁé’?‘tf?@m Eti ve
coefficients fokelgasihe asvected ddt@lofarbRWird hierarchyFi 9. 42 illustrates the
| ocal decoding unit 22 of the Fig. 40 optinmum corrected data cal cul ating

unit 13. The | ocal weaosferggemenating 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 of the second
hierarchy using the predictive coefficients corresi)onding 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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22 illustrated in Fig. 42 is simlar to the |ocal decoding unit 22
illustrated in Fig.21, except that the predictive coefficients are not
provi ded outside the |ocal decoding unit 22. Fig. 43 illustrates a
procedure for operating the |local decoding unit 22' shown in Fig. 42. The
Fig. 43 flowhart is very simlar to the flowhart of Fig; 13 that
Illustrates the operation of the Fig. 9 |I|ocal decoding unit. For exanple,
steps S21 - S23 are identical. However, at step S24, the predictive
coefficients for the classified class®4re read fromthe predictive.
coefficients ROM 88. Then, at step S24A, the predicting unit 89 executes
an adaptive piR&esdrn apparatus according to claim 38, wherein said outputting 55-
cal cul ate predicted val ues, At ste 24B, _t he r(ﬁl‘l cted val yes are out put.
means outputs the correctgd ata of the tl%r terarchy witn 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 c{ata 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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Fig. 44 illustrates the judging unit 24 of the Fig. 42 | ocal decoding unit.
The Fig. 44 judging unit 24 differs fromthe Fig. 24 judging unit 24 in
that the Fig. 44 judging unit 24 does not include a prediction coefficient
menory. 61. Li kew se, the Fig. 44 judging unit 24 does not provide
prediction coefficjents to the nultiplexing unit. Fig. 45 is a
flowchart illustrating the operation of the Fig. 44 judging unit 24 of the
Fig. 42 | ocal decoding unit. The Fig. 45 flowhart is simlar to the Fig.
17 flowchart (which illustrates the opﬁitlon of the Fig. 16 judging unit,
except that at step S46, the predictiorrtoefficients for each class (V\hlch
are not gener atdd b%rtuepa?lang ddcordiyg ty clanmt 42 awhengin said putputting Fig.
46 illustrates _a predi ctln uni t

fo ird erarch f.or e i.n the
ocei ving appaikene oLiphiT e Brsictedvelubiar g Seentu prarehg st
transm tting appsdigtivé cokFRAISRR0oR AR cthds Particular, as can be seen from
Fig. 46, no corrected data or prediction coefficients for each class are

passed between the decodi ng unit 222 and the decodi ng unit 223. Rather, the
decodi ng unit celves oded d rqd hi.erar and prOV|des
to the decodin un| "22@» ?ﬁa Y BEEY %\L&qg‘é§ #ﬂ “&@68’??05%55%9? $y. From the
predi cted val ugsedittihgmeSsPiHEIdd&: ar chy, the decodi ng unit 223 determ nes

predicted values of the first hierarchy (which, in fact, is the decoded
i mage of the first memanchtoring predictive goeﬁwleﬂtsdgt eack<lasst ourt h

ﬁg?ggi Fﬁg: ?Let ggn;rt%\asnrg ;otr gne%ergprgg cﬁzss in orma }Aonn u&ng a?blu%élitlytotsmu' d be
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 't: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;

—_—
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reference nunerals shown in Fig. 2 are enployed as those for denoting the

sane or simlar conponents of Fig. 24. In the Fig. 24 enbodi nent,
only the inmage data of the first hierarchy is supplied to an optinmum
corrected data cal culating unit - 56-

101, and then optinmum corrected data of a second hierarchy is cal cul ated
fromthe image of the first hierarchy wherein. Then, this calcul ated
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 froma t#imning unit 11 is supplied to an

optimum corrected dptelictng thairage datd o1 QRe first Miararbheph laduerdpideect ed
data of a third hierarchy 1s calculated fromthe image data of the second

hi erarchy. TheWith Hiescexpetaddatg apt Qﬁﬂ'ﬁﬁ?’é'@ﬂr%@f%ﬁc’@&t datgrof 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 resﬁlt.

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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the third hierarchy is supplied as coded data of a third hierarchy to the
signal processing unit 15. Next, Fig. 25 represents an exanple of an
arrangenent of the optinmumcorrection data calculating unit 101 shown in
Fig. 24. Since this optinmum correction data calculating unit 102 is
arranged simlar to the optimumcorrection data calculating unit 101, the
expl anation thereof is omtted. The i nmage data of the first

hi erarchy (image data of second hierarchy, in case of optinmmcorrected
data calculating unit 102) is providedtd a bl ock making unit 111. The

bl ock making unit 111 processes the inmage data of the first hierarchy to

make a class classif yeneratingCtheCsrabrited MRAYLFIthE et Afkricngl usihh@Rei s @
unit for classifying this inmage data of the first hierarchy into a

predet ermi ned dredistiveeetticiegts porrespendinguocthesgigss inforrsatipn iang thee i nage
bl ock to an ADRC processing unit 112 and to a delay unit.115. The
ADRC processi né’oﬁﬁqﬁe‘i Bxecutes an ADRC processing operation for the

bl ock (class classifying block) derived fromthe block making unit 111,
and thereafter supplies the resulting block constituted by an ADRC code to
a cl ass cl assi f34.ng Aimnethodia:cording to FlaimdQswheteis siald/ putputting sted

executes a ol ass L ASHY hide dBLOST IR LA Wkl Gly SHBSHY liedlie O 00k

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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-57- processing unit 112 into a predeterm ned cl ass,

dependi ng upon a

nature thereof, and then supplies such information for indicating that this
bl ock belongs to any class as class information to a nmappi hg coefficient
menory 114. As will be discussed |ater, the mappi ng coefficient
menory 114 stores therein the mapping coefficients obtained fromlearning
operations (mapping coefficient |earning) every class information. Wile
using the class information supplied fromthe class classifying unit 113,
the mapping coefficients stored at thisggddress are read out fromthis

menory 111 to be supplied to a calculating unit 116.

The del ay unit

115 del ays the bl oddaid deperivddiniy steptdigefrhbrls suMabilty wiithe kbkrasted! t he
mappi ng coeffi gi ergysdcorr.espogdi ng to the class informati on"of this bl ock
tMre

is read out f

REEgW

gtherithe dedictedgrier 19 Jessath@nthen suppl i es the

del ayed bl ock d,@stfiSed #h@ehaid ?Quh’f‘%dlla The calculating unit 116

perfornms a predeterm ned cal cul ation

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 hierarchy 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.
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by enpl oyi ng the pixel values of the pixels for constructing the bl ock
supplied fromthe delay unit 115, and further, the mapping coefficient
corresponding to the class of this block, which is supplied fromthe
mappi ng coefficient nenory 114. Fromthese, the coded data is cal cul ated,
whi ch is obtained by thinning (or reducing) the pixel nunmber of this inmage
to code this inmage. In other words, the calculating unit 116 cal cul ates a
presel ected function value "f" (y[err], y[err], ---, K[err], k[err], ---),

while using the follow ng values as argunments. That is, the pixel values o
the respective pixels for constructingy?t™he bl ock outputted fromthe bl ock

making unit 158.ar @ wiethéd ackbriing to-claim 870 vithstelRPPi ng coef fi ci ent s
corresponding to the class of this block, which are outputted fromthe
nmappi ng coef fi ci ensaidederading Mepinclufdes siep fqreganerating clapsi s cal cul at ed

function value 2f" (yler ylierr - err er ---) IS outputted
as, for inst aﬁ%fg?mgglé[wx%ﬂf’(;aﬁ@eoéiatg %feﬁ{ee?e‘]rﬂqé{"eé%%' ?ﬁé
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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pi xel s for constructing the block (class classifying block) outputted from
the bl ock making unit 111. Accordi ngly, assum ng now that the nunber
of pixels for constructing the class classifying block outputted fromthe
bl ock making unit 11 1 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 dat a.
It should be understood that the coded data output fromthe cal cul ating
unit 116 is not such data which is produced by extracting the center .pixel
of the block arranged by the N pixels, nanely produced by executing a
simpl e thinning, process operation, butl0Gs previously described, is equal

to the functi OﬂweVﬁJs‘iﬁhte archy LSy theYieddr dredictive &E(ﬁ'ﬁbi&ﬂtg aRlthe - - - .
defined by the N pixels for constituting this block. In other vvords this

functi on val ueimage gdatapf the gpeond hierarchyk[err], K[ er r], ---) determnes an
optimum value. That is, the pixel value of the central pi xel in the bl ock,
which is obtained fromthe sinple thinning process operation, is corrected

as the optinunpyal up GRERGY acebrdiRy 3 Udigh Bﬁ‘evﬂ{é gihnalid ipregiengat a based on
t he pi xel values | ocated aroﬁndr%s central pi xer Accordingly, the data

obt ai ned by catoetfwieénts foheanhmhassystooed in meno:sy anedgemwarﬁdw‘smgfm
constituting the bl ock rFm'y be .referred to as "optinmum correction data".
Al'so, the cal clia9% 879 f0c8ENBAecut ed in the cal cul ating unit

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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116 may be conceived as such a process operation for mapping the pixel

val ues of the respective pixels for constituting the class classifying

bl ock outputted by the bl ock naking unit 111 into the function "f"
(y[err], y[err], ---, k[err], k[err], ---). Accordingly, the coefficients
k[err], Kk[err], ---, used in such a process operation will be referred to
as "mapping coefficients". Referring nowto a flow chart of Fig.
26, operations of the process operation will be explained.

-59- The image data of the first _hpgrarchy is supplied in units of
one frame (for exanple) to the block making unit 111. In the bl ock naking

unit 111, at step SiRd mifsingroeeficibntforf ddch clabe e gBiefaded @Rfhdg BRNME IS
processed to make the class classifying block. That is, for exanple, as

i ndi cated i n Fijagedsiag fopteaspingl s surrounded by a

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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rectangul ar, the block making unit 111 subdivides the inage data into the
class classifying block constituted by 9 pixels centered about the noted

pi xel (3 x 3 pixels along transverse direction and | ongitudinal direction),
and successively supplies this class classifying block to the ADRC
processing unit 112 and the delay unit 115. In this case, the class
classifying block is arranged by the square-shaped bl ock made of 3 x 3

pi xels. Alternatively, the shape of this class classifying block is not
limted to the square shape, but nay be made from for instance, a
rectangul ar, a cross-shape, and ot her alfiZ-rary shapes. Al so, a total

nurmber of pixels fogemsﬁwbtwgiéwcieaeer%:agﬁtr% phedié tedndatll d¥cthel itndyet
limted to 9 pixels (nanely, x 3 pixel sg. Furthernmore, the class
cl assi fyi ng bl et kheéiest hietarpby £df tdanning withglespedito theyinmegeatatr ot i vel y

arranged by sugh, pi S | ocated, apart from each other. It should be noted
that the shapeﬁ'%ﬁrﬁ)%ﬁgg%ﬂrgﬁY f§h 'i“f’?' of the class classifying block nust

be made coi ncident wblBtiheehe AeashiAg CorFRAbnAUAdddordMcd MR HHRSS

classifying block used during the |learning operation (i.e., the mapping
coefficient | enrefigtpdogreertntihthenmaphingcoeificirngedre apgimum mapging
specification), i At _step S102, upon receipt of the class classifying
bl ock from thgo%ﬁg&ntﬁhépﬁg unit 111, the ADRC processing unit 1 12

executes the ADRC geeaafifingP®ieddpiiufi nipiktd todffidieritespect to this bl ock,
so that a block of pixels expressed by one bit results. The cl ass

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.

R



-60- 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 fromthe ADRC processing
unit 112 is classified into a class, and thus the resultant class
information is supplied as an address to the mapping coefficient nenory
114. As a consequence, at stop S103A, the nmapping coefficients
corresponding to the class information furnished fromthe class classifying
unit 113 are read out fromthe mappi ng_g¢ggificient nmemory 114 and then is
supplied to the calculating unit 116. On the other hand,. in the

del ay unit 11570t heAchettwdcbhidetddingd bboedk daex hicedrchicancoldindback maki ng
unit 111 is del ayed, and the del ayed class classifying blockK is supplied,
while waiting ! & fiata 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 second 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

D
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mappi ng coefficients corresponding to the class information of this block
are read out fromthe mapping coefficient nmenory 114. At step S104, in the
cal cul ator 116, the above-described function "f([err])" (synbol "[err]"
appearing in this function "f" indicates a set of pixel values y[err],
ylerr], ---, and mapping coefficients k[err], k[err], ---) is calculated
based upon the pixel values of the respective pixels for constituting the
class classifying block derived fromthe delay unit 1 15, and al so based
upon the mapping coefficients read out_ 6gp1the mappi ng coefficient:- nenory
114. Thus, it is possible to calculate an opti num corrected data produced

by correcting the ptheeprogidted WeftibianeLfdr dacHPbmel 06 geh8rdtbasiisg assi fying
bl ock to generate an optinum pi xel value. This optinumcorrecte ata is

out putted as t#@imggedataiar farning. second hierarchy to the signal
processing unit 15 (Fig. 24) at step S105. Then, at step S106, a
judgnent is nade as to whether the processing for the inmage data of the

first hierarchy3for AohetiddEEcdraiing BeeMmIRCPOMIHeriad. At step S106, when it
I's judged that the . .
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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-6 1- process operation for the inmage data of the first hierarchy for one
frame is not yet conpleted, processing returns to the previous step S102,
at which the process operation defined after the step S1 02 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 imge data of the first

hi erarchy for one frame is conpleted, the process operation is returned to
the step S101, at which the process operation defined after the step S101
is repeated for the next frane. 1 » Fig. 27 indicates a structural
exanpl e of an inmage processing appar at or executing.a |earning (nmapping
coefficient | earninfistpredietisgogtep £or genacatihgt precidted|dzte dfithemappi ng

I the morory S50 HBTIEYET B &P RN Pf B ancsRyanti Wiketenan one
frame, which i§oﬁ§é¥e@b&&afﬂtﬁé‘ﬁ1iﬂoeﬁ{e%ﬂaﬁypr00355 (Wil be referred to as a

"l earning i mage" hereinafter)ls stored. shoul d be noted that the mapping

coefficients stor ed8¢¢0rtd”|9rerdicp1]irig1gt&mé:frfgm&ratingmrweydicﬂzkﬁ\) ﬁ@(UeG:ﬁrt‘iBf&ai TUE i 39
the opti mum coLrecti on data cal cul atip nit 102. (Fi are cal cul at ed,
h fifsR AViat

2. (FI g. !
the i mge data FrEr RGOV IRY & Btk Rikelsedn pRCRIE@NAR Ml 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.

R
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A bl ock making unit 122 reads the imge data stored in the menory 121 and
generates a class classifying block |like that output fromthe bl ock making
unit 111 shown in Fig. 25, and then supplies the block to an ADRC
processing unit 123 and a calculating unit 126. The ADRC processing
unit 123 and the class classifying unit 124 execute operations simlar to
that of the ADRC processing unit 112 and the class classifying unit 112
(Fig. 25), respectively. As a result, the class informati on of the bl ock-

output fromthe block nmaking unit 1221ps-output fromthe class classifying
unit 124. Then -62- this

class informati®n iA nethed ageosdingritoaelaira 6.t wherain sajshserpnd  coef fi ci ent

{Tﬁg{)rgf 131. predicting st-EBG%nSQJId(éH! ator 126 performs the same cal cul ati on as

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.

A



the calculating unit 116 of Fig. 25 by enploying the pixels for
constituting the block supplied fromthe block making unit 122, and

al so the mappi ng coefficients supplied fromthe mappi ng coefficient
menory 1.3.1. Thus, the calculator 126 supplies the resultant

correction data (function "f " ([err]) to the |local decoding unit 127.
(The local decoding unit 127 may be any one of the | ocal decoding

device shown in Figs. 9, 21 and 42.) Based upon the. corrected
data supplied fromthe cal cul ating unit 126, the |ocal decoding unit
127 predicts (calculates) a predit%%ﬁrvalue of an original |earning

i mage data (naB®ly,Apnethod eccording ¥@khfmor 6 pivieeik dlaite sirgtf pridtieting f or
constructing bl ock output from bl ock maki ng unit 122) in accordance
with the aboveStgBdIBEiUgEs: ROV met hod (i.e., "sequential nethod"), and

t hen supplies the p{%giepétﬁfb class iN .’ﬁf"’t't"?’tﬁ%ﬂ?rﬁr%’ﬁﬂg%&ﬂg%’%fwt 128. In

the case of use of sequen ne IEar fi ng from

the menory 12 ¢mrrected gatavofded third hierarepgl afécoding unit (Fig. 7). The
error cal cul ating unit 128 reads a pixel value ég(ue value) of a
| ear ni ng i mage dat a feadingcfsemea pagrarry the predictive gpetfisdentsl 'ue supplied from

the 1ocal - decods Beutdind 36, 62hakd SAmGASH SR de b RiSS AL bpRIEILET of the

predi cted value wt es I xel "value I"'edrning 1 mage

data, and thenpixefspbf tee sbcond hieratotivedsipgatle cbhdpredictve adetfidionts
information to a,j i The judging unit 129 conpares

judgi ng unit 129, o
the error inf o?%tth%%%%'&ﬁ?‘i' data of the thisd tieragghor cal cul ating unit 128
with a predeterm ned threshold
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.

A



value "[err] 1", and then controls a mapping coefficient setting unit 130

I n accordance with this conparison result. Under control of the

judging unit 129, the mapping coefficient setting unit 130 sets

- 63- (changes) a set of mapping coefficients, the nunber of which is

i dentical to the nunber of classes obtained by the class classifying uni t
124, and then supplies the changed set of the mapping coefficients to
amappi ng coefficient nenory 131. The mappi ng coefficient nmenory
131 tenporarily stores therein the mappgng coefficients for each cl ass
supplied fromthe mappi ng coefficient setting unit 130. It should be

understood thag8. tAemst AgcHdaid techivih B Aherdidlsdeandsiredigiagr egi ons

capabl e of storing mapping coefficients (set of mapping coefficients).
The 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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nunber of storage regions is equal to the nunber classes to be classified
in the class classifying unit 124. In each of the storage regi ons, when
new nmappi ng coefficients for each class are supplied fromthe mappi ng
coefficient setting unit 130, this new mappi ng coefficients for each
class are preferably stored therein in place of the previously stored
mappi ng coefficients for each class Al so, the mappi ng coefficient
menory 131 reads the mappi ng coefflﬁ] its stored at the address
corresponding to the class i nf ormation supplied fromthe class
classifying unit 124, and then supplies the read mappi ng coefficients to
the cal cul ati ng2uni A rhéthod accordmg Rethimi 90, wherdio said batpidtiagtstehown i n
Fig. 28, operations thereof wi|l be expl ai at step

d. Fi.r st
S151, the rrapp@%@lléﬁéhmfﬁ@ﬁfe%mer@fm Gﬁggieh'ef%'ébg aé%%f"l”{ﬂsﬂi“hitial
val ues of the t’\?e Qg‘tfd' eQXh §4sthe nunber equal to the:
@:Easm I

cl asses to be ass C aSS|fy|ng unit 124, and then
supplies the set of these initi aI val ues to the mappi ng coeffi ci ent
menory 131. In_this mapp coeffi ci ent ry 131, the ma ng
coefficients f8p. ealnmet '&%‘go(flpﬁftqrﬁlmgfél tugwrcggggpq) B8 £PBISHE mappi ng

coefficient settingeihalddichSqs Ut s 3 4dd8nd hidHERY haling & Humber

correspondi ng cl ass.
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

[
UL

data; and



- 64- Then, at step S152, the block making unit 122 processes all of
the learning inmages stored in the nenory 121 to make bl ocks having 3 x 3
pi xel s centered about the noted pixel in a manner simlar to that of the
bl ock making unit 111 shown in Fig. 25. Furthernore, the block making. unit
122 reads out the block fromthe nmenory 121, and sequentially supplies the
read bl ock to the ADRC processing unit 123 and the calculating unit 126.
At step S153, simlar to the processing operation of the ADRC processing
unit 112 of Fig. 25, the ADRC processingginit 123 perfornms the ADRC
processi ng operation of one bit for the block output fromthe bl ock making
unit 122, and then sagneratisgithe prédif@ddetesbtt bitstdietarchheasédss
classifying unit 124. At ste 154, in the. class.classifying unit 124, a
decision is maHB(’BfZ(ﬁS ccqnéesqbieg&a% ﬁ@dbqh(?c@'eglﬁﬁmel REHiFBE-he ADRC processi ng
unit 123, and this <class information is supplied as an address to the
mappi ng coefficient nenory 131. As a consequence, at step S155, a

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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mappi ng coefficients are read out from an address of the mapping
coefficient nmenory 131, which corresponds to the class information

supplied fromthe 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 fromthe block making unit 122, and al so
the mapping coefficients corresponding to the class of this block is
received fromthe mapping coefficient menory 131, the calculating unit 126
cal cul ates the above-expl ai ned funct|o¥ Xglue "f([err])" by enploying
based on the mapping coefficients and ﬁ pi xel values of the pixels of

the bl ock supplo@d Afmetddecduraiily fklalte 38)i whérsin shid ranemdttingt i on resul t
is furnished to the |ocal decoding unit 127 as the corrected data obtained

by correcti ngteRrasieits fae inage dage of dhe sgeops tderagehy NathhIRRLk suppl i ed
fromthe bl OC%%Qt% &'Qéilhc?e%%s 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. B

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,



In other words, for instance, in Fig. 10, assum ng now that the block, of 3
X 3 pixels surrounded by the rectangle is outputted fromthe bl ock maki ng
unit 122, the calculating unit 126 cal cul ates corrected data produced by
correcting the pixel values of the pixels denoted by synmbol "[err]"” in this
drawi ng, and then outputs this calculated corrected data to the | ocal
decodi ng unit 127. As a consequence, in the calculating unit 126, the
nunber of pixels for constituting the learning inmage data is thinned by
1/9, and thus the thinned pixel nunber_{g, supplied to the |ocal decoding
unit 127. After the correction data is calculated at the step S156,
processi ng cont i nuedewtrmiting sultabjlitphdrtheacarhmxtid idataninl@cagraancehet her t he
correction data for all of the |learning imge data stored in the nenory 121

have been cal cWith He pigsictedierrarijagidyed at step S157 that the corrected
data of all of the ' | essing
I'f?tﬁfrﬂﬁbgtgeg%%gggghad&%e%&ﬁ{e edgd abtdbAHRsedBIRE

returns to the previous hen, the processing of steps S153 to
S157 are repeahidatuhty in adwrdanceetittotheldeteratined regult.of t he | earni ng i mage
data is cal cul at ed. Wien it is judged at step S157 that the
correction data for all of the learning i mage data have been cal cul ated

(i.e., that a yaaned, hipee tRiRR YN0 aing TOrRWEERiPY thi nni ng
all of the | ear1m4hg%?1n%ge dg?gh'ésrgg?ggﬂi@n t he r?ynttl{))r y 121 by 1/9, the process
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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operation is advanced to step S158, at which this 119-thinned inmage is

| ocal -decoded in the | ocal decoding unit 127, so that a prediction val ue of
the original learning inage is calculated. It should be understood that
this 1 /9-thinned inage is not equal to a thinned i mage produced by sinply
thinning the learning inmage by 1/9. Rather, the 1/9-thinned i mage is equal
to another thinned i nage data obtai ned by cal cul ati ng the mappi ng
coefficients to acquire the pixel

-6 6- value. Then, the predicted val ueuin]rs supplied to the error calculating
unit 1 28. In the error cal culating 1 128, the learning image is read
out fromthe negir A aiticle oﬁtmanﬁbﬁmreaautdrdmmqjabdimﬁ owheraior of the

predi cted val ue, su Iled fromthe | gcal decodin nit 127 ith respect to
this read | ears®% nggw steprecords,f 1@@@3%# ggglh%pecon ierarchy

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 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.

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 tearning.

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

I i
AR

prescribed threshold value; and




wor ds, when the pixel value of the learning image data i s expressed as
"Y[err]", and the predicted value thereof outputted fromthe | ocal decoding
unit 127 is expressed as "", error dispersion (nanely, squared summation of
error) "Q indicated by the followng fornula is calculated in the error
calculating unit 128. This error dispersion is supplied as error
information to the judging unit 129. Q= (Ylerr])[err], where synbo
“"[err]"” indicates a summation of all pixels of the |earning i mge data.
Upon receipt of the error information fromthe error calculating unit 128,
the judging unit 129 conpares this errofl4mformation with the presel ected

t hreshol d val ue "[ esaill Fecoating jstefy escostistthercortected data anfthe wadiedn i s

| arger. than the threshold value "[err] 1" at step, S 160. en it.is,judged

at the step sﬂ@tatq'?aﬁeSPH@S%ﬁ?GHeiw[’g‘F PUH'i@'?&glesﬁégénttﬁ\gﬁ"?ﬁ%”ti"fﬂ eshol d

value "[err] 1"th(rksﬁold {Qué.ecogni tion is nmade that the inmage constituted by
va

the predicted ue obtarned in the | ocal decoding unit 127 is
substantially equal to the original |earning i mage data), the judging unit

129 outputs a contral signal ,to the pappi .coeffjcient setting unit 130.

At step S161, ii3redpBitiaod Gfttf?é‘%m‘?gwggd'ﬁ‘ége&iﬁf’vﬂ?f F?%‘?’F’ f'ﬂ@g?udgi ng

unit 129, the I I, Gi i i# 130 changes the mapping
GRREDRAIRE! o) e TolRlrd Spdve

coefficients for e . caus i's changed mappi ng coefficients
for each class to béomaingyarsimagel diatd of aheecomdphietarcby fffavingamureberr y 131.

whi ch the brocBLPIEREAEIEBAs sauAle dheasbar of Ao apsatalp ot & frst> 1> &

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
sai& predicting step includes:
generating class information for the corrected data; and
generating the predicted pixels in accordance-with the class

informgtion. )

115. A method of transmitting according to claim 113, wherein
said predicting step includes:
generating predictive coefficients based upon the corrected

data; and

[ g



-67 - again repeated by enploying the changed mappi ng coefficients for
each class stored in the mapping coefficient nenory 131. Now, it
shoul d be understood that the mapping coefficients may be varied at random
in the mapping coefficient setting unit 130. Alternatively, if the present
error informati on beconmes snmaller than the preceding error information, the
mappi ng coefficients nay be changed in accordance with a trend simlar to
the preceding trend. Also, if the present error information becones | arger
than the preceding error information, _thg._mappi ng coefficients may be
changed in accordance with a trend opposite to the provious trend.
Furthernore, the nagsinegtingthe predictedndgtapefl tieafigddierarehy hpsedf t he

classes, or a pOLLRL Yhreci€y Ga8s 8Ra ¥} 2aRRVY d ¥ ficients.

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.

L



mappi ng coefficients as to a portion of the classes is changed, for
exanpl e, such a class capable of giving a strong influence to error
information is detected, and then only such nmapping coefficients may be
varied. A class capable of giving a strong influence to error information
may be detected as follows. First, the process operation is carried. out by
enploying initial value of mapping coefficients to thereby obtain error

i nformati on thereof. Thereafter, the nmappi ng coefficients are changed by
the sane anount every one class, and thgjgesulting error information is
conpared. with the error information obtalned when the initial values are
enpl oyed. The tRAssAi metiod lof tttansouttingg asoordiid teclaimel bBcwiteseifot | ess

th det er ni ned val be detected as th | i Vi
he 'strong | nf PABEEOTSNBIIoRPor e ey Ripgeoreta of (e SogePitefaghyl, 170,

of mappi ng coelfiitf g bleditfille ddetitden@bOY dudfasdied klerr] are set as one
set, only the mapping coefficient capable of giving the strong influence

to the error information anong then may be changed.

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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-6 8- Furthernore, 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
adj oi ni ng bl ocks. It should be noted that, for exanple, when the
mappi ng coefficients are independently set every block, it is possible that
plural sets of mapping coefficients are acquired with respect to a certain

single class. (conversely, it is possible that a class will occur where a
set of mappi ng coefficient could not b tained). Finally, since the
mappi ng coefficients should be determi “every class, as expl ai ned before,

when plural sets ofha#ipgicngueber bif dixels svhich isismalies dhar that of ther t ai n
class, a certain pr S e | op i.s.carried out for the plural sets of
mappi ng coeffi ci entls,aeieodgﬁaaéﬁm?eﬂgsett 'S?arﬁngpi ng coefficients nust be

det er m ned. On the other hand, when it is judged at the step S160
that the error information has becone smaller than the threshold val ue
"Terr]1", nanel¥4whthe methodpraording t© olatte 2@t whheein saigeprediating ut ed by
the predicted V%I W ained in the | ocal decoding unit 127 is

substantial ly PEENTFHR®St 0 the ori ginal learning image data, the process

operation is conpl eégdlacting 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



At this tinme, the mapping coefficients of every class, which have been
stored In the mapping coefficient menory 131, are set into the mapping
coefficient nenory 11.4 of Fig. 25 as the optinmum mapping coefficients
capabl e of obtaining the corrected data by which the decoded i mage data
(predicted value) recogni zable as substantially the sane inmage as the
original inmage data can be reproduced. As a consequence, in
accordance with the optinmum correction data obtained by using such a
mappi ng coefficients, it is possible Lgig-

- 69- obtain the inmage data substantia?ﬁy identical to the original inmge
dat a. As2®r ethensthod escordiad, toi alainhd 28yyohgneimtheomapping &, t he

i mage i s subdivided into the blgﬁy ﬁgpstituted by 9 pixels centered

each class is generated by 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

‘T



about the noted pixel (3 x 3 pixels) by the block making unit 122, whereas
t he ADRC processing operation of one bit is carried out for the inmage bl ock
in the ADRC processing unit 123. As a consequence, the nunber of cl asses
obtained by the class classification by the class classifying unit 124 is
equal to 512 (=(2[err])[err]). Accordingly, 512 sets of nmapping
coefficients are obtained. The Fig. 46 predicting unit 73 may be
enpl oyed, as part of the receiving apparatus 4, for decoding the coded

i mage data (nore specifically, the codﬁg”*nage data of the third . :
hi erarchy) produced by the Fig. 24 trar tting apparatus. Fig. 29
shows anot her of Itm{flmfalhleea(&hplfer ifaraing hagag apocaldyiofpragisaedt us. for
perform ng | earning (mapping coefficients |earning) process operation used
to cal cul ate tRE e#%pplng coefficients stored in the mapping coefficient

menory 114 of  Fi g. cdfulating the EPecﬁéW& drrbe of tRL giledidedd dﬁta)bﬂtmsg to t he
i mage processing apparatus of even when the function "

expressed by, fifstrhierarchnder Iwnmemthémaepbtp theimage dats of fae ﬁ‘b?ﬁ I i near
equation, and thg %ﬁondar y, or nore equations, the optimm prediction
coefficient may ?5 ained. On the other hand, in the image processing

appar at us of Fl g. 2%eterphiningsditabinty oneid oorrétted datacrproepsdahdey t he
li near equation may the optinmum prediction coefficient be cal cul ated.
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:

AW



In other words, the inmage processing apparatus of Fig. 29 nmay be used in
the following case. That is, in Fig. 25, when the

-70- pixel values of the respective pixels for constituting the bl ock nmade
of 3 x 3 pixels output fromthe block making unit 111 are set to y[err],

Y[err], ys and the-nmapping coefficients output fromthe mapping coefficient
menory 114 are set to k[err], k[err], k[err], ---, K[err], the calculating

unit 116 cal cul ates the function "f" (y[err], y[err] ---, K[err], k[err],

---)in accordance with the bel ow nmenti onePfornula to obtain corrected

dat a. f err = k[err err]+k[err err]+err]+k[e .err

| mage data of a(1[i rg%%rﬁpép[aracﬂé%lftu%fmi ﬁ\snejg‘&‘sth&’] lr@%giﬁ@[ 9,@1;%1;‘55&11
suitable for a | urpose, is supplied in units of (for exanple) one
frame to a thi Rkneﬁ%géﬂﬁ%tndi?l In the thinning unit 171,

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;

I

L



t he pi xel nunber of the inmage data of the first hierarchy is thinned, so
that i mge data of a second hierarchy is produced. It should be understood
t hat when the mappi ng coefficients are calculated to be stored in the

mappi ng coefficient nenory 114 for |ater use by the optinmum corrected data
calculating unit 102 (Fig. 24), the imge data of the second hierarchy is
supplied to the thinning unit 171 so that the inage data of the third

hi erarchy is fornmed. The i mage data of the second hierarchy obtained
in the thinning unit 171 is supplied tqlak(rji_opti mum corrected data
calculating unit 170. The optimum corrected data calculating unit 170 is
arranged by a corr ed@rpdigtingi imagexdata ofodel seranddniggarghy twhere, a ngmbarr or

cal cul ating uni j-udgi i y/ i r imlar to the
above descri be(ftfc%%é]g?ta?ﬁge dﬁggb%tg{aéég% fgg{cé\%r ljg%h%n{{%tr le%‘g?rlg@;@hg
cal cul ati ng unithe3fagandatausfoihedfirdtihierddchy Rsriiesiring layd-mapgingher of Fig.

5, Fig. 38 or Fig. 40). In this optinmumcorrected data calculating unit
170, the opti maaetticients earraspendisgtte theeclpspinformatier; nanmely, the i nage

of e second hi er angldihaPiatiossh 80 of BRNrlsk rURRLAPTLr Rafhibghih uni ¢
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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-71- optimum corrected data calculating unit of Fig. 5, image data for

| earning is provided to the |local decoding unit. The latch unit 176
i ncludes a menory 1 76A for storing therein the optimmcorrected data
supplied fromthe optinmum corrected data cal culating unit 170. Furthernore,
the latch unit 176 reads out such an optinum corrected data correspondi ng
to the central pixel of the block read froma nenory 1 77A of a bl ock
making unit 177, anong the optinmum corrected data stored in the nenory
176A. It should be noted that when the correction data for one franme is
stored in the menory 1 76A, the |atch adi22 -1 76A outputs to the block
maki ng unit 177 a aieterminirsg goaabifity of tlé catriected Hata tasecwdenage.

The sane inage data as the inage data supplied to the thinning unit 171,
nanely the irréﬁ@hég?é”ﬁi‘ctt%eﬂ%"st hierarchy, is supplied to the bl ock

making unit 177 in 4piLgnef AR opdiatioh! Bl theRErAGtEdidatd 79 cont ai ns
a nenory 1 77A for '?P%%ﬁﬂgt?ﬁg?éfn th%a-l ealr ning i mage data supplied
t heret o. Upon areoptipturnfcartexteddatay andi gnal sent fromthe latch unit 176,

the block making unit 177 subdivides the Ieafr.nir'l_& image daﬁa stared in the
memory 177A into a generating optimum mapping coefficiertts for each class using

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

corrected data.



bl ock constructed of 3. x 3 pixels, centered about the noted pixel, in a
simlar manner to that of the block nmaking unit 111 of Fig. 25. Then, this
bl ock is sequentially read to be supplied to an ADRC processing unit 178
and a nenory 180. When the block is read fromthe menory 1 77A cont ai ned
in the block making unit 177, the block nmaking unit 177 supplies a
control--signal; indicative of a positionh of the block, to the latch unit
176. In the latch unit 176, the bl ock of_§%§_3 pi xel s read fromthe nenory
1 77A is recogni zed in response to this C rol signal, and then, as
reviously explained, the optinmum correction_dat e | t he
(F:)ent ral of TMAGE G AN DECOPING: Hglgé Anp 6 O

pi xel

pi xel 5 and the opi ABRFERMIRENG 9 Gikss,aNPRERIFH O or PR Brtike'0 2

Abstract .

It is possible to produce a decoded image with a high image
quality from data of the lowermost hierarchy obtained during
hierarchical coding operation. An image of a first hierarchy equal to
an original image is successively thinned in thinning units so that an
image of a second hierarchy and an image of a third hierarchy are
formed. Then, in an optimum correction data calculating unit, the
image of the second hierarchy is corrected, a pre_adiction value of the
image of the first hierarchy is predicted from the- resultant correction
data, and correction data of the image of the second hierarchy is
generated to reduce a prediction error of the prediction value lower
than a preselected threshold. In another optimum correction data

calculating unit, correction data of the image of the third hierarchy is
similarly obtained.

Figure 2



bl ock are supplied at the sane tinme to the nenory 180. The ADRC
processing unit 178 and the class classifying unit 179 are simlar to the
ADRC processing unit 112 and the class classifying unit 113 of Fig. 25,
respectively. Then, the class information about the bl ock derived fromthe
bl ock making unit 177, output fromthe class classifying unit 179, is
supplied as the address to a nenory 180. The nmenory 180 stores
therein the optimum corrected data supplied fromthe latch unit 176, and

t he bl ock supplied fromthe block making unit 177, establishing a

rel ati onship of an address corresporidi48g to the class information supplied
fromthe class classifying unit 179. Note that in the nenory 180, a
plurality of information can be stored at one address. As a result, plural
sets of both the optinmum corrected data and the bl ock corresponding to
certain class information can be stored. A calculating unit 181
reads out both the nine pixels y[err], Y[err]' ---, y[err] of the block of
3 x 3 pixels of the learning imge, and the optinmum corrected data y'.
corresponding to this block, stored in the nenory 180. Then, the m ni num’
square method is applied to them so that the mapping coefficients k[err],
to k[err] are calculated every class to be supplied to a nenory 182. The
menory 182 stores therein the mapping coefficients k[err] to k[err] every
class supplied fromthe calculating unit 181 at the address correspondi ng
to this class. Referring now to the-flow chart shown in Fig. 30,
operation of
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the Fig. 29 apparatus is described. Wien the image data of the first
hierarchy is inputted as the |l|earning imge data, this | earning i nage data
is stored in the menory 1 77A of the block nmaking unit 177, and supplied
to the thinning unit -73- 171 In
this thinning unit 171, the inmage data of the second hierarchy is forned
fromthe image data of the first hierarchy, and then is supplied to the
optimum corrected data calculating unit 170. Upon recei pt of the

| mage data of the second hierarchy,%4ﬁ§(nninun1corrected data cal cul ati ng
unit 170 calcul gtes the optinumcorrected data of the second hierarchy at
step S131, andagupplies the cal cul ated optinmum corrected data to the nenory
1 76A of the ch unit 176 so as to be stored therein. " Then, when

t he optinunrébrgected data for one frame is
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stored in the menory 1 76A, the latch unit 176 outputs the control signal
to the bl ock making unit 177. Upon receipt of the control signal derived
fromthe latch unit 176 at step S132, ‘the bl ock making unit 177 subdivi des
the learning image data stored in the nmenory 1 77A into the bl ock
constructed of 3 x 3 pixels. Then, the bl ock nmaking unit 177 reads out the
bl ock of the learning imge data stored in the nenory 1 77A, and supplies
this read block to the ADRC processing unit 178 and the nenory 180.

At the sanme tinme, when the block is, ,read out fromthe menory 1 77A, the

bl ock making unit 177 supplies the ééﬁ?rol signal indicative of the
position of this block to the. latch unit 176. In response to the control
signal, the latch unit 176 recogni zes the block of 3 x 3 pixels read from
the nenory 1 77A, reads out the optimum corrected data corresponding to the
central pﬂppjg:qg!this bl ock, and then supplies this read opti num corrected
data to the nenorfy 180. Then, at step S1 33, the bl ock derived from
t he bl ock making unit 177 is ADRC processed, and further, this block is
class-classifigd n the class classifying unit 179. This classification
result is sﬁpﬁfiéﬁ as the address to the nenory 180.
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-74- At step S134, the nenory 180 stores therein the optinmum
corrected data supplied fromthe latch unit 176, and the bl ock (I earning
data) supplied fromthe block making unit 177 with having the corresponding
rel ati onship at the address corresponding to the class infornmation supplied
fromthe class classifying unit 179. Then, the process operation is
advanced to step S135, at which a check is done as to whether or not both
the bl ock for one frane and the optimum corrected data are stored in the
menory 180. When it is so judged at the step S135 that both the bl ock. for
one frame and the optimum corrected data are not yet stored in the nenory
180, the next block is read out fronf{4® bl ock maki ng unit 177, and al so
the opti mum corrected data corresponding to this read block'is read from
the latch unit 176. Then, processing returns to step S133, where the
processinqu&ﬁgﬂiions defined after step S133 are repeated. On the

ot her hand, ehit is judged at step S135 that the block for one frame and
the opti mum corrected data have been

pixel Y

first herarchy (originat image)
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stored in the nenory 180, processing proceeds at step S136, where a check
Is perforned as-to whether the processing for all of the |earning inmages
has been conpleted. If it is judged that the processing operations for al
of the learning i mges have not yet been conpl eted, processing returns to
step S131, and the steps thereafter are repeated for the. next |earning

| mage dat a. On the other hand, when it is judged at step S136 that
the process operations for all of the |earning i mages data has been

conpl eted, processing is advanced tg step S137, where the cal cul ating unit
181 reads both the optinun1correctea/ﬁ§ta and the block stored in the
menory 180 for every class, and then establishes the normal equation shown
in the formula (7) based on these data and bl ock. Furthernore, at step
S138, the calculating unit 181
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-75- solves this normal equation to cal cul ate the mapping coefficients
capable of mnimzing the error faor every class. At step S1 39, the
cal cul at ed mapping coefficients are supplied to the nenory 182 for storage
t herein. Then, processing ends. If the function "f" is expressed by
the linear equation, the mapping coefficients stored in the nmenory 182 in

t he above-descri bed nanner are stored into the mapping coefficient nenory
114 of Fig. 25, and the optimum corrected data can be obtained by using

t hese nmappi ng coefficients. However, in sonme cases, a sufficient
nunber of normal equations capabl e oé/4®tai ni ng the mappi ng coefficients
cannot be obtained. In these cases, in the calculating unit 116 of Fig. 25,
mappi ng coefficients are set as a default value, nanely k[err] to k[err]=
1/9, fromwhich for exanple, an average value of the 9 pixels for the block
of 3 x 3 pngbsﬁfgfputted fromthe block making unit 111 is output.

The structdre 0 recei ving apparatus for each of fourth and fifth

enbodi ments is simlar to the structure of Fig. 18. Al so, each structure of
predicting units for a second and third hierarchy is smlar to the
structure of Fig. 23 and Fig. 46. However, predictive coefficients for each
class stored in predictive coefficients ROM corresponds to (is the sane as)
the predictive coefficients used in the mapping coefficients |earning
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In the case of Fig. 2, first, as illustrated in Fig. 31A the follow ng
optimum corrected data is calculated in the optimum corrected data
calculating unit 13. This corrected data is produced by correcting the

i mge data of the second hierarchy, capable of obtaining the predicted
value of the first hierarchy in which the error (error information) from
the inmage data of the first hierarchy is nade to be smaller than a

presel ected threshold value "[err]". Thereafter, as

-76- shown in Fig. 31B, the follow ng optimum corrected data is cal cul ated
in the optinmum corrected data cal cul7gtdgng unit 14. This corrected data is
produced by correcting the inage data of the third hierarchy, capable of
obtaining the predicted value of the second hierarchy in which the error
(error information) fromthe opti nmum

[F16. 7]
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corrected data of the second hierarchy is made to be smaller than a

presel ected threshold value "[err]". For exanple, as shown in Fig. 32,
alternatively, the optinumcorrection data of the third hierarchy
corresponding to the | ower nost hierarchy may be obtai ned. That is
to say, the predicted value of the second hierarchy. is calculated from
the corrected data produced by correcting the inage data of the third

hi erarchy. Furthernore, the predicted value of the first hierarchy is
calculated by directly using the calcul ated predicted value of the second
hi erarchy. Then, such a corrected dagasghat the predicted error (error
information) of this prediction value of the first hierarchy is mde
smal l er than a predeternmined threshold value "[err]" is used as the
optinun1corrected data of the third hierarchy. Fig. 33 illustrates
a sixth e nﬁgt of the transmtting apparatus 1 capable of obtaining
the optinmum corréected data of the third hierarchy in the above-described
manner. It should be noted that the same reference nunerals shown in Fig.
2 are enployed to denote corresponding portions of Fig. 33. In the
Fig. 33 enbodinment, the imge data of the first to third T“hierarchies are
supplied to an opti nmum corrected cal cul ating unit 201. 'In the calculating
unit 201, a predicted value of a second hi erarchy is calculated fromthe
corrected data obtained by correcting the inmage data of the third

hi erarchy. Furthernore, a predi cted value of a first hierarchy is
cal cul ated by directly using the cal cul ated predicted val ue of the second
hi erarchy. Then, when
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corrected data is obtained such that the prediction error (error

-77- information) of the predicted value of the first hierarchy is mde
to be smaller than a predeterm ned threshold value. "[err]" ,the

opti nmum corrected data calculating unit 201 outputs, to the signal
processi ng unit 15, this calculated cortected data as the optinum
corrected data of the third hierarchy and the coded data of the third
hi er ar chy. In the enbodi ment of Fig.. 33, the imge data of the
first hierarchy is directly supp/#8d as the coded data of the first

hi erarchy to the signal processing ugit 15. However, the image data of the
second hierarchy is not provided tnggme signal processing unit. In an

enhanced enbodi nent, the inmage datagb* t he second enbodi nent . may be
provi ded thereto as the coded datg(of t he second hi erarchy. Next ,
Fig. 34 shows an exanpl e enbodinegﬂiof the optinmum
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corrected data calculating unit 201 of Fig. 33. The sane reference
nunerals shown in Fig. 5 are enployed. in Fig. 33 to denote

correspondi ng portions of Fig. 33. Furthernore, the optinmum corrected
data calculating unit 201 is simlar to the optinmm corrected date
calculating unit 13 of Fig. 5, except that the | ocal decodi ng unit 231
I's somewhat different fromthe |ocal decoding unit 22 of Fig. 5.

In the Fig. 33 enbodi nent, inage data of the third hierarchy i s input
to the correcting unit 21, and correiﬁ £5da1a obt ai ned by correcting
this inmage data of the third hierarc yFIS out put. Both the corrected
data output fromthe correcting unit 21, and the imge data of the
second hierarchy, are provided to the | ocal decodinhg unit ~ 22. In this
decoding unit 22, the predicted val ue of the second hierarchy is

cal cul at edpig.begqut putted. In addition, the predicted val ue of the
second hierarchy outputted fromthe | ocal decoding unit 22, and al so
the image data of the first hierarchy are inputted into t he | ocal
decoding unit 231, in which the prediction value of the first hi er ar chy

is calculated to be derived.
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- 78- In accordance with this enbodi ment, the predicted values are
cal cul ated by the "sequential nethod", previously described, in the |ocal
décoding units 22 and 231. Alternatively, the predicted val ues may be

cal cul ated by the "ROM net hod" (Fig. 21), previously described, in the

| ocal decoding units 22 and 231. The processing of the optinum
corrected data calculating unit of Fig. 34 is described with reference to
the flow chart Fig. 35. When the inage data of the third hierarchy is

supplied to the correcting unit 21, at step S201, the correcting unit 21
does not first execute the correcti hy/éperati on. Rather, the correcting
unit 21 first directly outputs the image of the third hierarchy to the

| ocal decoding unit 22 and to the judging unit 24. At step S202, in they

| ocal decoding unit 22, the corrected data (as expl ai ned above, inmage data
of third hierarchy itself is outputted when the process first starts)
output fromthe correcting unit 21 is | ocal -decoded. I n other words,
in a manner simlar.to the processing of Fig. 9, at step S202, the

predi ction coefficients of each class of the second hierarchy is
cal cul ated. Furthernore, based on this prediction coeff|0|ents t he

predi cted val ue of the. second hierarchy is
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cal cul ated and supplied to the | ocal decoding unit 231. In the |ocal
decoding unit 231, at step S203, the predicted value of the second
hi-erarchy fromthe | ocal ‘decoding unit 22 is |ocal-decoded. That is,
simlar to the processing in the |ocal decoding unit 22, at step S203, the
prediction coefficients of each class of the first hierarchy is cal cul at ed,
and further, the predicted value of the first hierarchy is cal cul ated based
on this prediction coefficients and then supplied to the error cal cul ating
unit 23. Subsequently, the processing atsteps S204 to S207 is
simlar to the processing of steps S32/d856 of the Fig. 6 flowchart. As a
-79- consequence, it-is possible to obtain the optinmum corrected data of
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the third hierarchy capable of reducing the predicted value of the first

hi erarchy | ower than the threshold value "[err]". As a conseqguence,
evenh when the optinmum corrected data of the third hierarchy obtained in
this manner is enployed, the decoded inmage with the high inmage quality can
be obt ai ned. It should be understood that in the enbodi nent shown in
Fig. 33, the image data of the second; hierarchy is not provided.

Al ternatively, for instance, the predicted value of the second hierarchy
outputted fromthe | ocal decoding unit 22 may be used as the decoded data
of the second hierarchy. Al so, for ;ﬁgggle, t he optimum corrected data
calculating unit 13; shown in Fig. Is “enpl oyed, and the optinum corrected
data of the second hierarchy outputted therefromnay be used as the coded
data of the second hierarchy. Al so, in the case of the enbodi nent of
Fig, 33, qHiRf1%he coded data of the first hierarchy to the third

hi erarchy need not be included in the coded data derived fromthe signal
processing unit 15. For exanple, only the coded data of the third hierarchy

may be cont ai ned. The coded data output fromthe transmtting
apparatus shown in Fig. 33 may be decoded by the receiving apparatus 4
showmn in Fig. 18 and predicting unit shown in Fig. 20. I n

accordance with a seventh enbodi nent, the optinmm correcting data
calculating unit 201 of the Fig. 33 transmtting
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apparatus is as shown in Fig. 47. The Fig. 47 optinmumcorrecting data
calculating unit 201 is very simlar to Fig. 34 optimum correcting data
cal culating unit, except that with the Fig. 47 optinumcorrected data
calculating unit, the local decoding unit 231 does not utilize the inage
data of the first hierarchy. Fig. 48 is a flowhart that
illustrates the operation of the. Fig. 47 optinumcorrected data
calculating unit 201. The flowchart is simlar to the Fig. 35 fl owhart
that illustrates the operation of the Fig; 34 optinumcorrected data.

cal culating unit except that step S2b¥/4% the Fig. 48 flowchart is a step
for outputting optinmum corrected data. (Step S207 of the Fig. 35 flowhart

i ncludes nul tiplexing optimum corrected data and predictive coefficients
for
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each class and outputting coded data.) It should be noted that

enbodi nents of the invention may be utilized to code and decode many
different kinds of image signals, fromtelevision signals in standard
formats (e.g., NISC) to high-definition television signals that include a
relatively | arge anount of data. Furthernore, in these enbodi nents,

al t hough each process has been descri bed as being carried out for one
frame, each process may be carried out for one field,or for two or nore
frames. I'n addition, while bligglygcodi ng has been described as being
carried out on inmages one frame at a tinme, the blocks can also be, for
exanpl e, configured by gathering together pixels of the sanme position in a
plurality of time sequence franes. Furthernore, the error

i nformati on has been descri bed as being the square sumof the error but,
for exanplg tpelsﬁsolute value of the error or the sumof the cube (or

hi gher ord F} f e error can also be used as error information. \Wich )
type of information to use as the error information can be deci ded based on

statistical properties (e.g., the convergence). Furt her nore,
al t hough the inmages are described as being coded in the three hierarchies,
the nunber of hierarchies is not |limted to being three.. As to the

optimum correction data of the third hierarchy (equal to the | owernpst
hi erarchy), for exanple, the prediction errors
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of the prediction values in the respective hierarchies” may be
cal cul ated, and correction data cal cul ated such that the total error for

all or some of the prediction values conbined is | ower than a presel ected
val ue.

|

l6/48
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-82- VWhat is clained is: 1. An apparatus for performng a hierarchical

codi ng, conpri sing: means for formng an i mage data of a second

hi erarchy having a nunber of pixels which is smaller than that of an image
data of a first hierarchy; means for correcting the inmage data of the
second hierarchy and generating a corrected data; means for

predicting the inage data of the first hierarchy in accordance wth the
corrected data and generating a predicted data of the first hierarchy

having a plurality of predicted pixels; means for cal cul ating
predictive error of the predicted ckk%f%?f the first hierarchy wth respect
to the-inmage data of the first hierarchy; nmeans for determ ning
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 hi gFgG:hyzin accordance with the determ ned result. 2. An

apparatus according to claiml, wherein said predicting neans includes:
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means for .generating class information for the corrected data; and
nmeans for generating the predicted pixels in accordance wwth the class

i nformati on. 3. An apparatus according to claim1, wherein said
predi cting means includes: means for generating predictive
coefficients based upon the corrected data; and
- 83- nmeans for generating the predicted data of the first hierarchy
based upon the corrected data and the predictive coefficients.
18/48
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4. An apparatus according to claim1l, wherein said predicting neans

i ncl udes: nmeans for generating class information using a plurality of
pi xel s of the corrected dat a; means for generating predictive
coefficients for each cl ass using the imge data of the first hierarchy and
the 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
claim4, wherein said outputting means outputs the imge data of the second
hierarchy with the predictive coeffi2{4%ts for each class. 6. An
apparatus according to claiml, wherein said predicting neans includes:
menory storing predictive coefficgents for each class; nmeans for
generating class information using a plurality of pixels of the corrected
data; and g

[FIG. 19]
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means for reading the predictive coefficients corresponding to the cl ass
information fromthe nmenory and generating the predicted pixels of the
first hierarchy using the read predictive coefficients and the corrected

dat a. " -84- 7. An appar at us
according to claim6, wherein said predictive coefficients for each cl ass
stored in said nenory are generated using an i mage data for |earning. 8.

An apparatus according to claim7, wherein said outputting neans outputs
the image data of the second hierarchy with the predictive coefficients for
each cl ass. 20/48
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9. An apparatus according to claim1, wherein said correcting neans
i ncludes a nenory storing correction values to correct the inmage data of -
t he second hierarchy; and said correcting neans corrects the inage
dat§ of the second hierarchy using the correction val ues. 10. An
apparatus according to claim1, wherein sai d determ ni ng neans

determ nes suitability of the corrected data by detecting whether the
predicted error is less than a prescribed threshold val ue; and sai d
out putting neans outputs the correc2egdglata as the coded data in response
to the predicted error being |l ess than the prescribed threshol d val ue.

11. An apparatus for decoding d  a represented by a hierarchical coding of

an. inage, conprising: mearws for receiving the coded data including
at |l east imge data of a second farchy having a nunber of pixels which
is smaller than that of an inmag afa of a first hierarchy; means for

decodi ng the i mage data of the1ﬁ85§ hi erarchy fromimge data of the
second hi erarchy by st eps of:
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- 85- - form ng the imge data of the second hierarchy and
generating a corrected data; predicting the inage data of the
first hierarchy in - accordance with the corrected data and generating a
predi ct ed data of the first hierarchy having a plurality of predicted
pi xel s; calculating predictive error of the predicted data of

t he first hierarchy wwth respect to the inmage data of the first

“hi erarchy; determning suitability of the corrected data in
accordance with the predicted error; 55,48 repeating the correcting
operation as necessary until the corrected data becones an opti nmum
corrected data; and
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outputtting the optimum corrected data as the inage data of the

second hi erarchy. 12. An apparatus according to claiml1 1, wherein

sai d decodi ng neans includes neans for generating class information of the
i mage data of the second hierarchy; and means for predicting the

| mage data of the first hierarchy in accordance with the class information.
13. An apparatus according to claiml1 1, wherein sai d coded data

i ncludes predictive coefficients:to predict the i nage data of the first"

hi erargchy; and sai d decodi ng n&3M8 i ncl udes neans for predicting the
| mage data of the first hierarchy using the predictive coefficients and the
I mge data of the second hierarchy. 14. -fAn apparatus according to claim
11, wherein = '
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- 86- sai d coded data includes predictive coefficients for each cl ass

to predict the image data of the first hierarchy; and sai d decodi ng
means i ncl udes: means for generating class information using a
plurality of pixels of the inmage data of the second hierarchy; and
means for predicting the image data of the first hi erarchy using the
predi ctive coefficients corresponding to the class information and
the i mage data of the second hi erar chy. 15. An apparatus according
to claim1l, wherein said decodi ng neans incl udes: menory storing
predictive coefficients for each cl @48 means for generating cl ass
information using a plurality of pixels of the inmage data of the second
hi erarchy; and means for reading the predictive coefficients
corresponding to
[FIG. 24]
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the generated class information fromthe nenory and generating the inmage
data of the first hierarchy using the read predictive coefficients and the
i mage data of the second hierarchy. 16. An apparatus according to claim
15, wherein said predictive coefficients for each class stored in nenory
are generated using an inmage data for |earning. 17. An apparatus for
perform ng a hierarchy coding conprising: nmeans 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 fo#544®ri ng mappi ng coefficients for each
class; and
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-87- means for readi ng mappi ng coefficients corresponding to the
class information and predicting i nage data of a second hierarchy using the
i mge data of the first hierarchy and the read mappi ng coefficients, the

i mage data of the second hierarchy having a nunber of pixels which is
smal l er than that of the inmage data of the first hierarchy. 18. An
apparatus according to claim 17, wherein said predicting neans includes:
means for extracting a plurality of pixels fromthe inage data of the first
hi erarchy; and means for predlctlng the i mage data of the second

hi erarchy where a nunber of pixels of i mge data of the first hierarchy
is reduced, based upon the extracted plurality of pixels and the read
mappi ng coefficients. 19. An apparatus according to claim 17, wherein

t he mapping coefficients for each class are generated using an inage data
for | earning.

[FIG. 26]
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20. An apparatus according to claim17, 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 |earning predicted using
the i mage data of the second hierarchy and the inage data of the first
hierarchy for learning is m nimum 21. An apparatus according to claim
17, wherein t he mappi ng coefficients for each class are generated so
that .predicted error between predicted data of the imge data of the first
hi erarchy for |earning predicted u%;}igrmainage data of the second

- 88-
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hi erarchy and the image data of the first hierarchy for learning is |less
than a prescribed threshold val ue. 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 imge data of a first hierarchy for

| ear ni ng and generating class information corresponding to the
characteristics of the extracted plurality of pixels; predi cting

i mge data of the second hierarchy where a nunber of pixels for the inmge
data of the first hierarchy for leargypng using the inage data of the first
hi erarchy for |earning and mappi ng coefficients corresponding to the class

i nformati on; predicting the inmage data of the first hierarchy for
| earning 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 inmage of the first hierarchy for learning with
respect to the imge data of the first hierarchy for |earning;

updating the mapping coefficients in accordance with the predicted error
until the mapping coefficients are optinmum mappi ng coeff|C|ents and

det er mi ni ngF16e28pt i num mappi ng coefficients.
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¢ : : , ,
23. An apparatus according to claim17, wherein the mapping for each

class is generated by the steps of: form ng an image data of the
second hierarchy having a nunber of pixels that is smaller than that of an
i mage data of the first hierarchy for | earning; correcting the

| mage data of the second hierarchy and generating a corrected data;

- 89- predicting the inmage data of the first hierarchy for learning in

accordance with the corrected data 3§g %enerating a predicted data of the
first hierarchy for |earning having /ﬁlurality of predicted pixels;
calculating the predictive error of the predicted data of the

[FIG. 29]
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first hierarchy for- learning with respect to the i nage data of the first

hi er ar chy; determning suitability of the corrected data in
accordance with the predicted error; repeating the correcting
operation until the corrected data is an opti numcorrected data; and
generating opti mum nmappi ng coefficients for each class using the inmge data

of the first hierarchy for learning and the opti mum corrected data. 24.
An apparatus for decoding a coded data hierarchical coding an i mage data
conpri si ng: means for receiving the coded data including at |east

i mge data of the second hierarchy, ¥®é8nage data of the second hierarchy
havi ng a nunber of pi xels which is smaller than that of an i mage data of

the first hi eL t? and means for decoding the inagée data of the
first hierarchy ronJ i mge data of the second hierarchy, sai d 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
readi ng ‘mappi ng coefficients corresponding to the class
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information froma nenmory in which mapping coefficients for each class are
stored and predicting an i nage data of the second

-90- hierarchy using the image data of the second hierarchy having a nunber
of pixels which is smaller than that of the imge data of the first

hi er ar chy. 25. An apparatus according to claim 24, wherein said decoding
nmeans i ncl udes: menory for storing predicted coefficients for each
cl ass used to generate the nmappi ng coefficients for each cl ass; nmeans

for extracting a plurality of pixels of the inmage data of the second
hi erarchy and generating cl ass infcw§¥¥£é3n correspondi ng
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to the extracted plurality of pixels; and means for reading

predi cted coefficients corresponding to the class information and

predi cting a decoded inmage data of a first hierarchy using the i nage data
of the second hierarchy and the read predicted coefficients. 26. An
apparatus according to claim25, wherein the predicted coefficients
for each class are generated using an i mage data for | earning. 27. An
apparatus according to claim 24, wherein t he mappi ng coefficients
for each class are generated using an i nage data for |earning. 28. An
apparatus according to claim24, wherein t he mapping coefficients
for each class are generated so that32psgdi cted error between predicted
data of the image data of the first hierarchy for learning-is predicted
using the _imge data of the second hierarchy and the i mge data of the
first hi efBlBR¥2br 1earning is ninimum
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~-91- 29. An apparatus according to claim 24, wherein t he mappi ng
coefficients for each class are generated so that predicted error between
predi cted data of the imge data of the first hierarchy for learning is
predi cted using i mage data of the second hierarchy and the i nage data of
the first hierarchy for learning is |l ess than prescribed threshold val ues.
30. An apparatus for performng a hierarchical coding, conprising:

means for formng an i nage data of a second hierarchy having a nunber of

pi xel s which is snmaller than that 8B/48 i mage data of a first hierarchy;
means for formng an image data of a third hierarchy having a
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nunber of pixels which is snmaller than that of an i mage data of the second
hi er ar chy; " means for correcting the imge data of the third

hi erarchy and-generating a corrected data of. the third hierarchy;

first predicting neans for generating predicted data of the second

hi erarchy, having a plurality of pixels, in accordance with the corrected
data of the third hierarchy; second predicting neans for generating
a prediction value of the first hig&§a?hy, having a plurality of pixels, in
accordance with the prediction value of the second hierarchy; error
generatingé?ﬁﬁp§$é?r generating a predicted error of the prediction val ue
of the fir I°€ chy with respect to the inage data of the first

hi erar chy; means for determining suitability of the corrected data
of the third hierarchy.n accordance with the predicted error; and

means for outputting thg corrected data & the imge data of the third

hi erarchy in accordanc%imﬁth the determ n®d result

c
2 2
g sERE|
g @3- 5
oy 'S
o o
&
o F §
2 Z
2L
A h od ___5:: [y
) U*ﬂsg
g R
o 1 & 52
B c =B 8e
g S Z8E | 5e
[+ o _Qm:, - .@’g
E| |sE_ 2| © of
o e ':-’%EE-’ gL
c = J.Q = 8 =5
%) - 'UE.._ L S
Vs 3% S pgol %
& 835 E ag £ ° 2
= . n o
E %»s&
PEE0
} ﬁ i a 5 gg ang s
33 s «
LA e c N P
Slae@le | & o £ 73
w | S | B S > st e £
HERERE: §6 | <8 g8 §°
S |88 g | BQE SE @
s €8 88 — 85 «#———VE £
7] Eg E c= Rl ] oo B
ol o > D.: o oO& ﬂ
B 8E| 86 =o gag =
Elcg EE S¢ Eg B
g |1SSIS5 B8 T o 8
=4 Sel|lEE y 2w o
= 'Ug O % o
E Pal@ b <] c
= |ev| &R ©~ c
Q. o < O ]
© EPpT !-'ﬁ B
oyP ¢ e .
2355 : .k
= 3
g E
O . a
- £
8 8
xid :
SE
o £
pr g
o)
o
&
EE
* This Sheet Has Been Replaced

IR

Il




-92- 31. The apparatus of claim30, wherein said first predicting neans

I ncl udes: means for generating class information for the corrected
data of the third hierarchy; and means for generating the prediction
val ue of the second hierarchy in accordance with the class information.

32. The apparatus of claim 30, wherein said first predicting nmeans

I ncl udes: nmeans for generating predictive coefficients of the second
hi erarchy 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 hiergrggy and the predictive coefficients

of .the second hi erarchy. 33. The apparat us of claim30, wherein said
second predicting nmeans includes:
[FI1G. 35]
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means for generating class information for the predicted value of the
second hi erarchy; and nmeans for generating the prediction val ue of
the first hierarchy in accordance with the class infornmation. 34. The
apparatus of claim 30, wherein said second predicting neans includes:

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

predi cted val ue of the second hierarchy and the predictive coefficients of

the first hierarchy. 36/48
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-93- 35. An apparatus according to claim 30, wherein first predicting
“means incl udes: 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 nmeans for generating the predicted value of the second hierarchy
using the predictive coefficients corresponding to the class information
and the corrected data. 36. An appaet us according to claim35, wherein
sai d outputting neans 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 nmeans includes:
menory storing predictive coefficients for each class; means for

generating class information using a pl urallty of pi xels of the corrected

data of the third hlﬂfﬁ;%ﬁyl and
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means for reading the predictive coefficients corresponding to the cl ass

I nformation fromthe nenory 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 nenory
are generated using an image data for | earning.

-94- 39. An apparatus according to claim 38, wherein said outputting
means out puts the corrected data of the third hierarchy with the predictive
coefficients for each cl ass. 38/48
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40. An apparatus according to claim 30, wherein said correcting
nmeans i ncludes a nenory storing correction values to correct the inage data
of the third hierarchy; and . said correcting neans corrects the inage
data of the third hierarchy using the correction val ues. 41. An
apparatus according to claim 30, wherein sai d determ ni ng neans
determ nes,suitability of the corrected data by detecting whether the
predicted error is less than a prescribed threshold val ue; and said’
out putting nmeans outputs the corrected data of the third hierarchy as the
coded data in response to the predi3x/d® error being |l ess than the
prescribed threshol d val ue. 42. An apparatus according to cl ai m 30,
wherei n second predicting neans includes: . means for generating cl ass
information using the plurality of pixels of the predicted value of the
second hi erarchy; means for generating predictive coefficients for
each class wusing the image data of the first hierarchy and the predicted
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t he second hierarchy; and means for generating the predicted val ue
of the first hierarchy wusing the predictive coefficients corresponding to
the class information and the predicted val-ue of the first hierarchy.

-95- 43. An apparatus according to claim42, wherein said outputting neans
out puts the predicted value of the second hierarchy with the predictive
coefficients for each cl ass. 44. An apparatus according to clai m 30,
wherein said second predicting nmeans includes: menory storing
predictive coefficients for each class;
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means for generating class information using a plurality of pixels of the
predi cted val ue of the second hierarchy; and nmeans for reading the
predictive coefficients corresponding to the class information fromthe
menory and generating the predicted value of the first hierarchy using the
read predictive coefficients and the predicted val ue of the second

hi er ar chy. 45. An apparatus according to claim44, wherein said
predictive coefficients for each class stored in said nmenory are generated
usi ng. an i mage data for | earning. 46. An apparatus according to claim
45, wherein said outputting means otlpt8s the predicted value of the second
hi erarchy along with the predictive coefficients for each cl ass. 47. A
nmet hod of perform ng a hierarchical coding, conpri.sing: form ng an

i mge data of a second hierarchy having a nunber of pixels which is snaller
than that of an inmage data of a first hierarchy; correcting the

i mge data of the second hierarchfgfnd(zfenez?;Lfg a corrected data;
(‘ 4 [ SO
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- 96- predicting the inmage data of the first hierarchy in accordance
with the corrected data and generating a predicted data of the first

hi erarchy having a plurality of predicted pixels; cal cul ating
predi ctive error of the predicted data of the first hierarchy with respect
to the image data of the first hierarchy; determning suitability of

the corrected data in accordance with the predicted error; and

outputting the corrected data as the inmage data of the second hierarchy in
accordance with the determ ned result. 48. A nethod according to claim
47, wherein said predicting step 42748 '
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i ncl udes: generating class information for the corrected data; and
generating the predicted pixels in accordance with the class information.
49. A method according to claim47, 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 nethod according
to claim47, wherein said predicting step includes: generati ng
class information using a plurality of pixéels of the corrected data;
generating predictive coefficients 4ot48ach cl ass using the inmage data of
the first hierarchy and the corrected data; and
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-97- 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 claimb50, wherein said
outputting step outputs the inmage data of the second hierarchy with the
predictive coefficients for each cl ass. 52. A nmethod according to claim
47, wherein said predicting step includes: generating cl ass

information using a plurality of pixels of the corrected data; and
readi ng f.rom a nmenory predictive coefficients corresponding to the class
information fromthe nenory and gendai4i8ng t he
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predi cted pixels of the first hierarchy using the read predictive
coefficients and the corrected data. 53. A nmethod according to claimb52,
wherein said predictive coefficients for each class stored in said nenory
are generated using an i mage data for | earning. 54. A met hod according
to‘claimb53, wherein said outputting step outputs the inmage data of the
second *hierarchy with the predictive coefficients for each cl ass. 55. A
nmet hod according to claim47, wherein said correcting step corrects
the image data of the second hierarchy using correction values stored in a
memory.  56. A nethod according t&&4&im 47, wherein
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- 98- said determ ning step determnes suitability of the corrected
data by detecting whether the predicted error is less than a prescribed

t hreshol d val ue; and said outputting step outputs the corrected data
as the coded data in response to the predicted error being less than the
prescribed threshol d val ue. 57. A method of decoding data represented by
a hierarchical coding of an inage, conprising: recei ving the coded
data including at |east inage data of a second hierarchy having a nunber of
pi xel s which is smaller than that of 4&4i8nage data of a first hierarchy;
decoding the inmage date of the first Qterarchy frominage data of the
second hi erarchy by steps of: 9 - formng the inage data of the
second hi erarchy and generatlngta corrected data;
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predicting the inmage data of the first hierarchy in accordance with

the corrected data and generating a predicted data of the first

hi erarchy having a plurality of predicted . pi xel s;

calculating predictive error of the predicted data of the first

hi erarchy with respect to the inage data of the first hi er ar chy;
determning suitability of the corrected data in accordance with the
predi cted error; repeating the correcting operation as
necessary until the correcteglzgaga becomes an optinmum corrected
data; and outputtting the opti mum corrected data as the inage

data of the second hierarchy.
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-99- 58. A nethod according to claimb57, wherein sai d decodi ng step
i ncl.udes step for generating class information of the inage data of the

second hi erarchy; and predicting the inage data of the first
hi erarchy in accordance with the class information. 59. A nethod
according to claim57, wherein sai d coded data includes predictive

coefficients to predict the inmage data of the first hierarchy; and
sai d decoding step includes step for predicting the image data of the first
hi erarchy using the predictive coefficients and the i mage data of the

second hi erarchy. 60. A nethod accggg&@g to claimb57, wherein sai d
coded data includes predictive coefficients for each class to predict the

i mge data of the first hierarchy; and sai d decodi ng 'step includes:
generating class information using a plurality of pixels of the

i mge data of the second hierarchy; and predicting the inmge
data of the first hierarchy using the predictive coefficients

corresponding to the class
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information and the i mage data of the second hierarchy. 61. A nethod 5
dccording to claim57, wherein said decoding step includes: '
- generating class information using a plurality of pixels of the i#ggemgata

et ve

of the second hierarchy; and reading froma nenory pred
coefficients corresponding to the generated class information and
gener atijag the innge.data of - 100-
the firdt REPERAGENMERY 8HEENO! t he read predilc/t4isve coefficients and the image
data of jth i rchy.
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62. A nethod according to claim61, wherein said predictive coefficients

fo; each class stored in nenory are generated using an i mage data for
A nmet hod of perform ng a hierarchy codi ng conpri sing:

| ear ni ng. 63.
extracting a pluralit pi xel s of image data of a first hierarchy and
generati ng 35~ ] gn corresponding to characteristics of the
extracted pkﬁhﬁ@ﬁ% —prixel s; storing mappi ng coefficients for each
cl ass; ang readi g ppi ng coefficients corresponding to the class

i nf or mati dn anqusgan image data of %/4&cond hierarchy using the image
.data of the first hlera Jy tand t he read mappi ng coefficients, the inmage
data of thé $ 11 er ar chy} havi ng a nunber of pixels which is smaller

t han t hat data~of the first hierarchy. 64. A nethod

accordi ng tk .|n163 wherein said predicting step includes:
extracting a plurality of pixels fromthe inma@e data of the first
hi erarchy; and predicting the i mage daga of the second hierarchy
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nunber of pixels of the imge data of the first hierarchy is reduced,

based upon the extracte lurality of pixels and the read mappi ng

coefficient w2t hod according to claim63, wherein

-101- ikpuﬁﬁﬂ ppLRgy cloefficients for each class are generated using an
A nmet hod according to claim63, wherein the

| mage data 46 ear ni ng. 66.
o:ffk%jggyaﬁﬂor each class are generated so that the predicted

mappi ng

error
3748

>R g

0O« x
ooooooooooooooo
0@00@00@00@00@0
ooooooooooooooo
ooooooooooooooo
O@OO@OO@OO@OO@O
®  Goo0000g00000000
(.'J O0000O0O
2 ©®000000000009 0
©00000000LODODOLOOGOG
0,000 0 0208080 0 0 0 0 0 o
i ® 0 Of O$0§@80 0 © 0 0 © o
Eooogoogog‘f]ggooooooo
900040 00/0d00000 00
o;@oo\@oox@:;00@00®o
20 00000d0o00000O G
§;§o§ooooodooooooo
50‘?59_9_9_9~9_§OO@OO@0
;og;ooooooooooooo

<



between predi ct ed data of the image data of the first hierarchy for

{1 earni ng predicted he i mage data of the second hierarchy and the

i mge dg Act‘:_ﬂéi‘&’fl .hterarchy for learning is m nimum 67. A nethod
accor di A grein t he mapping coefficients for each
class arg g t predicted error between predicted data of the
i mage dat al oft% hierarchy for l4aing predicted using the inmage
data of tihd rerarchy and the inage data of the first hierarchy for
| earning { escribed threshol d val ue. 68. A nethod
accordingito 35, Wherein the maFI fop each class is generated by
the steps of: extracting a plura rG pi xel s of imge data of a

first hierarchy for learning and generating class information correspondi ng
to the characteristics of the extracted plurality of pixels;

predicting i mage data of the second hierarchy where a nunber of pixels for
the image data of the first hierarchy for |earning using the inage data of
the first hierarchy for |phatving and mappi ng coefficients corresponding to
the class informtion; \\ predicting the inage data of the first

hi erarchy for |earning in agcordarce—w-th-the coded data and generating
predi cted data S~

first hierarchy (originaj image)

1/9
pixel X
.
/’ \\
AN second hierarchy
19

third hierarchy




having a plurality of predicted pixels;
~102- generating a predicted error of the predicted data of the imge

of the first hierarchy for learning with respect to the inmage data of the
first hierarchy for |earning; updating the mapping c '%g%{gnf${%gq§
accordance with the predicted error until the mapping coef §i & S ale .
opt i mum mappi ng coefficients; and determ ni ng the opti ;,um mappi ng
coefficients. 69. A nethod accordings}g cl ai m 63, wher eiin it heg rgdib

for each class is generated by the steps ? form nglan i mage data o

t he second hi erarchy having a
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nunber of pixels that is smaller than that of an inage dat
hierarchy for | earning; correcting the i nage dat ap.o

hi erarchy and generating a corrected data; predi cti Righl tftb'é’ Tmage #hatfa

of the first hierarchy for learning in accordance with the
and generating a predicted data of the first hierarchy f¢
a plurality of predicted pixels; cal cul ating the
the predicted data of the first hierarchy for |earning
i mge data of the first hierarchy; 6,48t ermning suit
corrected data in accordance with the predicted error;
correcting operation until the corrected data is an optlnu
and generating optimum mappi ng coefficients for eac
i mge data of the first hierarchy for |earning and the opt
dat a.
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-103- 70. A nethod of decoding a coded data hierarchic -Ag-—ah-t-FFage:
data conpri si ng: recei ving the coded data includi ®gPeACEREASt" | mag

the i mage data of the secdond—tierarchy having

data of the second hierarchy,

a nunber of pixels which is smaller than that of an inageg dﬁ%%gg,qéé}e ai st
hi erarchy; and decoding the inmage data of the fijgt erar c fiom
i mge data of the second hierarchy, sai d coded dat a t he
steps of: extracting a plurality of pixels of an | nage data of a
first hierarchy and generating class information correspendrng—to

characteristics of the extracted pluralit4s of pixels; and r eadi ng
mappi ng coefficents corresponding to the class information froma nenory in
whi ch mappi ng coefficients for each class are stored and predicting an

i mge data of the second hierarchy using the image data of the second

hi erarchy having a nunber of pixels which is snmaller than that of the inmage

data of the first hierarchy.
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71. A nmethod according to claim 70, wherein said decoding step includes:
extracting a plurality of pixels of fhe image data of the second hierarchy
and generating class information corresponding to the extracted

of pixels; and reading froma nenory predicted coef Emﬂ
correspondi ng to the class information and predicting a dego
of a first hierarchy using the imge data of the second hi
read predicted coefficients. 72. A nethod according to

-104- 8/48

FIG. 8
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the predicted coefficients for each class are generated using an

Um%pm%ﬁj
el BHEE!

for | earning. 73. A nethod according to claim70, wherei .
mappi ng coefficients for each class are generated using an il’ﬁﬁ@‘er"\ . —
| ear ni ng. 74. A nmethod according to claim 70, wherein e mappi i

of the first hierarchy for learning is m ninmm 75. A netjhod acc
to claim70, wherein t he mappi ng coefficients for each ass are
generated so that predicted error betfveen predicted data of the image data
of the first hierarchy for learning i® predicted using i mage data of the
second hierarchy and the inmage data &  the &irst hierarchy for learning is
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76. A nethod of perform ng a hierarchical coding, conprising:

form ng an i mage data of a second hierarchy having a nunber of pixels which
is smaller than that of an inmage data of a first hierarchy; form ng
an image data of a third hierarchy having a nunber of pixel '
smal l er than that of an inage data of the second hierarchy;
correcting the image data of the third hierarchy and gener

PLACEMENT SHEET
hg @ ¢corT

data of the third hierarchy; 1 SEP19_91705§ :
first predicting step for generating predi]ﬁéﬁgscdata of the sqcong } i
hi erarchy, having a plurality of pixels, in‘accordance wth t
data of the third hierarchy;

FIG. 10
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second predicting step for generating a prediction value of the first
hi erarchy, having a plurality of pixels, in accordance wt a&eﬁrqgt”"ﬁ
val ue of the second hierarchy; error generating ste éﬁ&%hﬁﬂﬁ’

predicted error of the prediction value of the first hier
to the inmage data of the first hierarchy; det er m niin
the corrected data of the third hierarchy in accordance wit
error; and outputting the corrected data as the

third hierarchy in accordance with the determ ned result.

according to claim76, wherein said firstippeglicting step
generating class information for the corrected data of the third hlerarchy

and generating the prediction value of the second hierarchy in
accordance with the class information. 78. A nethod according to claim

76, Wherein said first predicting step includes: generati ng
predictive coefficients of the second hierarchy based upon the corrected

data of the third hierarchy; and
FIG. 11A
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genérating the predicted data of the second hierarchy based upon the
corrected data of the third hierarchy and the predictive coefficients of

t he second hi erarchy. -106-_79. A
met hod according to claim76, wherein said second predict{ngpshemEnNtchudsgs:
ne U

generating class information for the predicted value of t S

hi erarchy; and generating the prediction value of the first :

hierarchy in accordance with the class infioragtion. 80. héx RER 1997
ncl udes:

according to claim 76, wherein said second predicting step

pixel value
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generating predictive coefficients of the first hierarchy based upon the

predi cted value of the second hierarchy; and

gener

ating the

predi cted value of the first hierarchy based upon the predicted val ue. Qfwem

the second hierarchy and the predictive coefficients of t
hi er ar chy. 81. A method according to claim 76, wherein
step incl udes:
pi xel s of the corrected data of the third hierarchy;

predictive coefficients for each class using the i mrage da

hi erarchy and the corrected data of the third hierarchy;
generating the predicted value of the second hierarchy us
coefficients corresponding to the class i hpggati on and t
82. A method according to claim8l, wherein said outputt
the correction data of the third hierarchy with the predi
for each cl ass.
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83. A nethod according to claim76, wherein said first predi S
i ncl udes: generating class information using a p R,E’p@h@ﬁ{\ﬁ?\ﬁf Sb?’fﬂel S

of the corrected data of the third hierarchy; and "Om\
P tii an

menory the predictive coefficients corresponding to th{ Iass ﬁj@Pﬂa
and generating the predicted pixels of the second hierg &S e Iread
predictive coefficients and the corrected data of the hlrd hi :
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84. A method according to claim83, wherein said predictive coefficients
for each class stored in said nenory are generated using an i mage data for

| ear ni ng. 85. A nmethod according to claim 84, wherei
step outputs the corrected data of the third hierarchy
coefficients for each cl ass. 86. A net hod according
said correcting step corrects the inmage data of the thi

correction values read froma nenory. 87. A nethod a¢

wherein said determ ning step determ nes suit abi

n

wh

t

b claim 76,

r¢ m'{pls@m7u5| N

cording to claijm

ty or the

P %@E%fﬁhﬂﬁve

is less than a

corrected data by detecting whether theg icted erro
prescribed threshold val ue; and sdzci)/@d

outputting step outputs the

riein

g
76,

corrected data of the third hierarchy as the coded data in response to the
predi cted error being | ess than the prescribed threshold val ue.
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-108 - 88. A nethod according to claim 76, wherein second predicting.step,
i ncl udes: generating class information using the p'“ﬁﬁ*&AQEMEWTpﬁﬁﬁws‘
of the predicted value of the second hierarchy; gen g :

of the first |

predictive coefficients for each class using the i mage dat

hi erarchy and the predicted val ue of the second hierarchy;{ahd?18 SEP 1997

generating the predicted value of the first hierarchy usin he predictiy
[ [ predi cted val ue

coefficients corresponding to the class infornmation and th
of the first hierarchy. 89. A nethod according to clainl88., wherein-said

outputting step
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out puts the predicted val ue
coefficients for
sai d second predicting step

of the second hierarchy with the predictive

A nmet hod accordi ng tg

each cl ass.
gener at i ng |cIREEEA

90.

i ncl udes:

using a plurality of pixels of the predicted value of the

reading froma nmenory the predictive coeffidj
|

and

to the class information and generating the predicted v

hi erarchy using the read predictive coeff.ici
A et hod accl(;,rc/é1

predictive coefficients for each class stored in said ne
| ear ni ng.

t he second hi erarchy. 91.

using an i nmage data for
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-109- 92. A nethod according to claim?9l, wherein said outputting step

outputs the predicted value of the second hierarchy ald
o BN

NF SHEET

predictive coefficients for each class. 93. A nethod
hi erarchi cal codi ng, conprising: form ng an i nmagd
hi erarchy having a nunber of pixels which is smaller than

data of a seco1d

t hBtSER 1997 i hm

a of the second

data of a first hierarchy; correcting the i nage dat
hi erarchy and generating a corrected dat®/48 pr edi

ijct™g thé 1 mage d

e
bt a

ng

of the first hierarchy in accordance with the corrected data and generat
a predicted data of the first hierarchy having a plurality of predicted

pi xel s;

calculating predictive error of the predicted data of the

first hierarchy with respect to the inmage data of the first hierarchy;
determ ning suitability of the corrected data in accordance with the

predicted error; and
data of the

—+ decoded image of first hierarchy
— decoded image of first hierarc

—decoded image of first hierarch

FIG. 18
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second hierarchy in accordance with the determ ned result.
according to claim93, wherein said predicting step includes:
generating class information for the corrected data; rerd %fp aging
the predicted pixels in accordance with the class infBERECEYRNT hEgE. A
ep I ncludes

met hod according to claim93, wherein said predicting
generating predictive coefficients based upon the corrgct.?g SE@%@? ahd

94. A net hod
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-110- generating the predicted data of the first hierarchy based

upon the corrected data and the predictive coefficients. 96. A nethod
according to claim93, wherein said predicting step includes:

generating class information using a plurality of pixel s—0f.the. corrected
dat a; generating predictive coefficients for each REFASSEMENThGHEHE

i mge data of the first hierarchy and the corrected datg; ;and

generating the predicted pixels of the first hierarchy ys n% tgg prgﬁictive
coefficients corresponding to the class_information and|the SHPEEPYM datla.
97. A nethod according to claim 96, whéPérR said transfitting step

transmts the i mage data of the second hier >‘§hy with the predictive
coefficients for each class. 98. A net hodg §ccording L o—eha-m-93—wherei n
said predicting step includes: genera@Eng class information using a

plurality of pixels of the P
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corrected data; and reading froma nmenory predictive coefficients
corresponding to the class information fromthe nenory and generatl ng the

predi cted pixels of the first hierarchy using the read pred
coefficients and the corrected data. 99. A nethod acco oﬁ&ﬁ’gA@wpévas

wherein said predictive coefficients for each class storefd
100. A net hod
n ?g $ER

are generated using an image data for | earning.
according to claim99, wherein said transmtting step tr 1997age

data of the second hierarchy with the g2
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predictive coefficients for each class. 101. A nethod ac
93, wherein said correcting step corrects the imge |
second hi erarchy using correction values stored in a nmenor
met hod according to claim93, wherein sai d deterninifng sfep
determnes suitability of the corrected data by detecting{wh
predicted error is less than a prescribedzgp gshold val uej &
transmtting step transmts the corrected data as the coded data in
response to the predicted error being | ess than the presc
val ue. 103. An article of manufacture having recorded thereon coded i mag

data, the article of manufacture produced by the fjq i ng steps of:
form ng an image data of a second hierarchy havingig 2 gy of pixels which
<€r gr|c

is smaller than that of an image data of a f}rst 2
correcting the image data of the second hierprchy hndE
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generating a corrected data; predicting the inmage data of the first
hi erarchy in accordance wth the corrected data and generatin aTB_Efdi cted
data of the first hierarchy having a plurality of predic ' g
calculating predictive error of the predicted data of the ?ﬂgﬁhéﬁﬂﬁﬁﬁéﬁﬁﬁy
with respect to the image data of the first hierarchy; o
determning suitability of the corrected data in accordanc
predi cted error; and recording thetogected data
of the second hierarchy in accordance with the determ ne

wi 81 aggy
the i mage dat
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104. An article of manufacture according to claim 103, wherein said

predi cting step includes: generating class information_for the
corrected data; and generating the predicted pixels i N pRs -T2
with the class informtion. 105. An article of nmanufactule  actor

cl aim 103, wherein said predicting step includes:

predi ctive coefficients based upon the corrected data; and
generating the predicted data of the first hierarchy based
corrected data and the predictive coeffiéféh®s. 106. Af arti < _
manuf acture according to claim 103, wherein said predictitng ep includes:
generating class information using a plurality of pixels of the correeted.)
dat a; generating predictive coefficients for each class using the

i mage data of the first hierarchy and the corrected data; and

generating the predicted pixels of the firsig hierarchy using the

predictive coefficients corresponding to th& class information and the

corrected data. 2
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-113- 107. An article of manufacture according to claim106, wherein said
recording step records the inage data of the second hierarchy with the
predictive coefficients for each class. 108. An article of

PLACE:ZFNT oME

according to claim 103, wherein said predicting step includes:
generating class information using a plurality of pixels of jt He corrected-

data; and reading froma nmenory predictive coefficient 1$i§$gomg ||

corresponding to the class information fromthe nmenory and g¢gepera
predi cted pixels of the first hierarchy uzssi/n498the read predict —\j
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coefficients and the corrected dat a. 109. An article of manufacture
according to claim108, wherein said predictive coeffici

é.
3
{

10. An article of manufacture according to claim 109, wh
recording step records the imge data of the second hier|

=

%é?a&%l

predictive coefficients for each cl ass. 111. An articl
according to claim103, wherein said correcting s epuggagﬁgggﬂL
i mage data of the second hierarchy usingggggrection values stored in a
menory. 112. An article of manufacture according to c

said determning step determnes suitability of the corrected data by
detecting whether the predicted error is less than a prescribed threshold
val ue; and
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-114- said recording step records the corrected data as the coded
data in response to the predicted error being | ess than scribhed

t hreshol d val ue. 113. A method of transnitting code inadéPoedia;=hg 'goded
i mge data produced by the foll ow ng steps of: f or{m rg—an—t+ rage-dat
of a second hierarchy having a nunber of pixels which i srrajléerggggh_n tTa
of an inmage data of a first hierarchy; correcting tihe e taj o
t he second hierarchy and generating a cA%/d& ed dat a; Jredictingl the

i mage data of the first hierarchy in accordance with th
generating a predicted data of the first hierarchy havi
predi cted pixels;

correct ed_ dat a

FIG. 27
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caléulating predictive error of the predicted data of the first hierarchy

wWth respect to the inmage data of the first hierarchy; and
determning suitability of the corrected data in accordanc
predicted error. 1 14. A method of transmitting accordi
wherein said predicting step includes: generati ng
for the corrected data; and generating the predicte
accordance with the class information.zg/4g1 15. A nethod
according to claim 113, wherein said predicting step inclju

n
C
d

generating predictive coefficients based upon the correctgd

N

w-t-h-—+-he
SS 1T
i xgl

f a%

W

Feah m T1ET
Tormatlon

ing
j

q

9.

data; and

-

FIG. 28

( start )

4

set initiat value of mapping coefficients for each class

S$151

y

3

coefficients for
each class

change ‘mapping

S161 y YES
end

make block S152
4
ADRC $153
execute class classification [~S154
generate mappin $155
coefficients for ezgh glass
calculate correction data [~S156
. i
-~ / o - S157
Nfﬂmg Image is ended ?
[YES
execute local decoding [~~S158
calculate error S159

{ :
FO@ error <€ 17 ?3160



-115- generating the predicted data of the first hie

upon the corrected data and the predictive coefficients.
of transmitting according to claim1 13, wherein said predifct
I ncl udes: generating class information using a pluradl

of the cprrected_data;

and
predictive coefficients corresponding to the class inforng

corrected data. 117. A nethod of transmtting according to claimT
wherein said recording step records the image data of the second hlerarchy

with the predictive coefficients for each cl ass.
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118. A nethod of transmtting according to claim1l 13, wherein said
predi cting step includes: generating class information using a
plurality of pixels of the corrected data; and reading froma
menory predictive coefficients corresponding to the class i WaTa »
the menory and generating the predicted pixels of the first] REHASERBYT SSHERD
the read predictive coefficients and the corrected data. 1%
transmtting according to claim1l 18, wherein said predictijvé c
for each class stored in said nenory are generated using an im
| ear ni ng. 30/48 -116-

FIG. 30
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120. A nethod of transnitti ng according to claim119, wherein said
recording step records the imge data of the second hi tTher—
predictive coefficients for each class. 121. A method BEPHACEMSH t»t*"ishb
according to claim113, wherein said correcting ste¢p corrects t e
i mge data of the second hierarchy using correction valiugs «ﬁ?’

menory. 122. A nethod of transmtting according to cliaim
said determ ning step deternmines suitability of the cofr
detecting whether the predicted error is |less than a pfescri bed threshol

er e|

d

val ue; and said recording step reqonugs the correcte ata as

coded data in response to the predicted error being | ess than the
prescribed threshol d val ue. 123. A nethod of transmitting hierarchically
coded data, the method conpri sing: receiving the hierarchically
coded i mage data, and transm ytimg—the—ht-erarchically coded image

dat a, wherein the hierarchigally coded i mage data has been forned
first hierarchy
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by steps of: extracting a plurality of pixels of imge data

of a first hi erarchy and generating class information correspondi ng
to characteristics of the extracted plurality of %IESEI,Q S
storing mappi ng coefficients for each class; and M_Efm_r'eadi ng‘-‘»‘
mappi ng coefficients corresponding to the class i nf or mati on and;j
predi cting i mage data of a second hierarchy usi g {t i ata of
the first hierarchy and the read mappi ng coeffi gi en?gg Stshmé%g{e
data of the second hierarchy 32/48 ] 147 -
havi ng a nunber of pixels which is smaller than that of {the i mage

data of the first hierarchy.
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124. The nethod according to claim 123, wherein said predicting step
i ncl udes: extracting a plurality of pixels fromthe i nage data of the

first hierarchy; and predi cting the i nage data of second

hi erarchy where a nunber of pixels of the i mage data of thg:fglgpﬁ .
i s reduced, based upon the extracted plurality of pixel ﬂjﬁfﬁ
123, wherer

mappi ng coefficients. 125. The nethod according to cl
for |earning. 126. The net hod accordi ng t38,048i m 123,
coefficients for each class are generated so that the

bet ween predicted data of the inage data of the first
| earning predicted using the image data of the second hierarchy an
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t he mapping coefficients for each class are generated so that predicted
bet ween predicted data of the inage data of the fi '

| earning predicted using the image data of the second hi
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the image data of the first hierarchy for |earning and mappi ng coefficients

corresponding to the class information; pr edi ctji i a of

the first hierarchy for learning in accordance with t efl wmﬁﬁfﬁfﬁw ‘

generating predicted data having a plurality of predi¢ted piXers;
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i mge data, the hierarchically coded i mage data fornmed by the ENT cur
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m ni mum
t he mappi ng coefficients for each class are generated
error between predicted data of the i mage data of the
| earni ng predicted using the image data of the second
i mge data of the first hierarchy for learning is |espg
t hreshol d val ue.

135. The article of manufacture atcc

134. The article of manufacture according to claim 130, wherein
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correcting the imge data of the second hierarchy and gengrating a
corrected data; predicting the inage data of the fj rgsgpt H »
| earning in accordance with the corrected data and gener gt ifRg ¢ i DirEd
data of the first hierarchy for |earning having a pluralifty of pr ecTT'&'t"é"d}

pi xel s; calculating the predictive error of the pge ic‘l&@{gﬁ@? of
ge_data of %e

the first hierarchy for learning wwth respect to the i
first hierarchy;
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predicted error; repeating the corl{fﬁté ng operation until the
corrected data is
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generati ng opti mum nmappi ng
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coefficients for each class using the inmage data of the first hierarchy for
| earning and the optimum corrected data.
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FIG. 43
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