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" MEDI UM Background of the Invention 1. Fi el
present invention relates an image coding app
nmet hod, - an i mage decodi ng apparatus, an i magejd
nedlun1and an irmage'transmtting met hod, and
codi ng apparatus and an inage coding nethod
an i mage decodi ng nethod, a record nedLun1and
capabl e of producing a prediction |na e mnt a _higher i.nage quality in a
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met hods, there is one image conpressing nethod which conpresses by thinning
(subsarrpl I NQ) ma@gﬁogﬁdziﬁ thédaQention However, when pi xel data produced by
sinply thinning an'1nage to conpress the t hi nned image is directly coded,
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The present invention relates an image coding apparatus, an
image coding method, an image decoding apparatus, an image
decoding method, a record medium and an image transmitting
method, and more specifically, to an image coding apparatus and an
image coding method, an image encoding apparatus, an image
decoding method, a record medium and an image transmitting
method capable of producing a prediction image with a higher image
quality in a high efficiency by executing less data process operation.
2. Description of the Related Art '

Conventionally, various sorts of image compressing methods
have been proposed. Among these conventional image compressing
methods, there is one image compressing method which compresses
by thinning {subsampling} pixels of an image.

However, when pixel data produced by simply thinning an image
to compress the thinned image is directly coded, the tbtal amount of
data to be processed becomes huge. Therefore, because of the
huge processing requirements, prediction images having a high
image quality could not effectively be obtained effectively.
Accordingly, it would be desirable to obtain a high efficiency
prediction image with a higher image quality utilizing a small amount
of data.

Summary of the Invention
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It is an object of the present invention to efficiently code
image data.



data to be processed becones huge. Therefore, because of the huge
processi ng requirenents, prediction inmages having a high inmage quality
could not effectively be obtained effectively. Accordingly, it would be
desirable to obtain a high efficiency prediction imge with a higher inmage

quality utilizing a small anpunt of data. Summary of the Invention

It is an object of the present invention to efficiently code .inage data.
- 2- It is a feature of the present invention to provide high image
quality utilizing a small anount of data _ It is an advantage of the

present invention to reduce the amount of transmtted or recorded data

necessary to provi dé ihadieature ot the peagest invention tp praddadngh iMROR an

aspect of the donvent | for coding image data having a
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plurality of
: It is an advantage of the present invention to reduce the
amount of transmitted or recorded data necessary to provide high
quality images.

| In accordance with an aspect of the present invention an
apparatus for coding image data having a plurality of pixels includes
means for reducing a number of pixels of original image data to
generate compressed data, means for limiting a level of pixels of the '
compressed data to generate limited compressed data, means for
correcting the limited compressed data to generate corrected data,
means for predicting the original image data in accordance with the
corrected data and for generating predicted data having a plurality of
predicted pixels, means for calculating, with respect to the original
image data, a predictive error of the predicted data, means for
determining suitability of the corrected data as coded data based
upon the predicted error and means for outputting the corrected data
as coded data of the original image data based upon the determined
suitability.

According to another aspect of the present invention an
apparatus for decoding coded data genefated by coding image data
includes means for receiving the coded data, and means for
decoding the coded data and generating decoded image data,
wherein the coded data is generated by the steps of reducing a
number of pixels of original image data to generate compressed
data, limiting a level of pixels of the compressed data to generate
limited compressed data, correcting the limited compressed data to
generate corrected data, predicting the original image data in
accordance with the corrected data and generating predicted data
having a plurality of predicted pixels, calculating, with respect to



means for reducing a nunber of pixels of original inage data to generate
conpressed data, neans for limting a | evel of pixels of the conpressed
data to generate limted conpressed data, nmeans for correcting the limted
conpressed data to generate corrected data, neans for predicting the
original image data in accordance with the corrected data and for
generating predicted data having a plurality of predicted pixels, neans for
calculating, with respect to the original inmage data, a predictive error of
the predicted data, neans for determmng suitability of the corrected data

as coded data based .upon the predicted error an ans .for outputting the
corrected dat: és?rggjiﬂgb"'ﬁ%ﬂ"adgfa'ﬁB“?ﬂdiﬂjY%&’Fmi'ﬁgg}g‘gdﬁﬁg'%ﬁ%%tgpon t he

det er m ned_sui diBinididg suitability A aBkcidtedied Uitk e et ghtdtbaddie Present
i nvention an appar at ug or eXO ing code ata generate y codi ng i mage

data i ncl udesupmratbe fpredictexk erongrepeatiogdbe stapayf corceatranantibbthe decodi ng

the coded data and generating decoded | mage data erein the coded data
i s generated bYOHH ‘gﬁﬁwc%ﬁ%épr@tﬁnuﬁhﬁ%@?c@ﬂ %‘t}aepgg(ﬂutgm@pgm i mge

data to generayf Sﬁﬂﬁ{u‘?ﬁ%%grec‘i’@d Fatd hYidodag @atg_evel of pixels of the

conpressed data to generate Ii1mted conpressed data, correcting the
limited conpressed Astarding tgeyetrartcthenaspedtenf thet prespntthivention a he

O el TR i sOU SR cite Bobiia s ShiRACHL SRl Balbinc: °Li 18

respect to the steps of reducing a number of pixels of original image data to
generate compressed data, limiting a level of pixels of the
compressed data to generate limited compressed data, correcting the
limited compressed data to generate corrected data, predicting the
original image data in accordance with the corrected data and
generating predicted data having a plurality of predicted pixels,
calculating, with respect to the original image data, a predictive error
of the predicted data, determining suitability of the corrected data as
coded data of the original image based upon the predicted error, and
outputting the corrected data as coded data of the original image
data based upon the determined suitability.

~ According to a further aspect of the present invention a

method for decoding coded data generated by coding image data,
includes the steps of receiving the coded data, and.decoding the
coded data and generating decoding image data, wherein the coded
data is generated by the steps of reducing a number of pixels of
original imagé data to generate compressed data, limiting a level of
pixels of the compressed data to generate limited compressed data,
correcting the limited compressed data to generate corrected data,
predicting the original image data in accordance with the corrected
data and for gene}ating predicted data having a plurality of predicted
pixels, calculating, with respect to the original image data, a
predictive error of the predicted data, determining suitability of the



-3- the original image data, a predictive error of the predicted data,
determning suitability of the corrected data as coded data based upon the
predicted error, repeating the step of correcting until the corrected data
becomes an opti mum corrected data, and outputting the optinmm corrected
data as coded dat a. According to yet another aspect of the present

I nvention a nethod for coding i mge data having a plurality of pixels

i ncludes the steps of reducing a nunber of pixels of original imge data to
generate conpressed data, limting a-lgvel of pixels of the conpressed data
to generate limted conpressed data, correcting the |limted conpressed data
to generate ceewectashdata as codedi datarhpsedeupon ghe predioter:etrar aand

accordance wth,t corrected data and generatin edi ct.ed .data having a
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i mage data, adatLBaséd Dof HY déferfifedsaRAKIIRH data, determ ning
suitability of the corrected data as coded data of the original inage based

upon the predi ct ed Ancosdingatedyeta futthenaspaet obthepreserddnventionaded dat a
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decodi ng i nagémagedatartorgenerateeconsassid datas aylimiting sircuit fone steps of
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compressed data, a correcting circuit for correcting the limited

compressed data to generate corrected data, a predicting circuit for

predicting the original image data in accordance with the corrected

data and for generating predicted data having a plurality of predicted

pixels, a calculator for calculating, with respect to the original image

data, a predictive error of the predicted data, a determining circuit

for determining suitability of the corrected data as coded data based

upon the predicted error, and an output circuit for outputting the '

corrected data as coded data of the original image data based upon

the determined suitability. '

According to an additional aspect of the present invention an
apparatus for decoding coded data generated by coding image data
includes a circuit for receiving the coded data, and a decoder for
decoding thé coded data and generating decoding image data,
wheréin the coded data is generated by the steps of reducing a
nuniber of pixels of original image data to generate.compressed
data, limiting a level of pixels of the compressed data to generate
limited compressed data, correcting the limited compressed data to
generate corrected data, predicting the original image data in
accordance with the corrected data and for generating predicted
data having a plurality of predicted pixéls, calculating, with respect
to the original image data, a predictive error of the predicted data,



pi xel s of the conpressed data to generate |imted conpressed dat a,
correcting the limted conpressed data to generate corrected data,
predicting the original inmage data in accordance with the corrected data
and for generating predicted data having a plurality of predicted pixels,

calculating, wth respect to the original inage data, a predictive error of
the predicted data, determning suitability of the

-4- corrected data as coded data based upon the predicted error, and
outputting the corrected data as codedl data of the original imge data
based upon the determ ned suitability. According to yet a further
aspect of t hedgtesmining suitatilitynobtheappuectedsddtaras coded) datmbesedt a having a
plurality of pixel i ngl ydes a subsaml.i ciycuit for, reduci ng.a,nunber
bt b xel 3 or BpPGthe PreAieled efhy’ B0 Rk Wi Sblrectie ARRIE B8eRaIY g
circuit for |iggtd bPehe origwedl iffage! dithDaded! disorr i@ UetsAfing@t a to generate
limted conpressed data, a correcting circuit for correcting the limted

conpr essed dasuitabilitysnerate corrected data, a predicting circuit for
predicting the origin

and for generating glﬁﬁﬁlé’gg eagstﬁg%é{;maéggé%ﬁg?@ﬁt@%%h ?é’%lgc%ggecj data
transmitting image data having a plurality of pixels, includes the
steps of reducing a number of pixels of original image data to
generate compressed data, limiting a level of pixels of the
compressed data to generate limited compressed déta, correcting the
limited compressed data to generate corrected data, predicting the
original image data in accordance with the corrected data and for
generating predicted data having a plurality of predicted pikels,
calculating, with respect to the original image data, a predictive error
of the predicted data, determining suitability of the corrected data as
coded data based upon the predicted error, outputting the corrected
data as coded data of the original image data based upon the
determined suitability, and transmitting the outputted corrected data.

According to a further aspect of the present invention a

recording medium has an encoded digital signal recorded thereon,
the recording medium being prepared by the steps of reducing a
number of pixels of original image data to generate compressed
data, limiting a level of pixels of the compressed data to generate
limited compressed data, correcting the limited compressed data to
generate corrected data, predicting the original imége data in
accordance with the corrected data and for generating predicted
data having a plurality of predicted pixels, calculating, with respect
to the original image data, a predictive error of the predicted data,
determining suitability of the corrected data as coded data based

upon the predicted error, outputting the corrected data as coded



pi xel s, a calculator for calculating, with respect to the original inage
data, a predictive error of the predicted data, a determning circuit for
determning suitability of the corrected data as coded data based upon the
predicted error, and an output circuit for outputting the corrected data as
coded data of the original imge data based upon the determ ned
suitability. According to an additional aspect of the present

i nvention an apparatus for decodi ng coded data generated by codi ng i mage
data includes a circuit for receiving the coded data, and a decoder for
decodi ng the coded data and generating decodi ng i mnage data, wherein the
coded data isd@éﬂ&*é@é&'ﬁ)”?‘h@@ﬂ%ﬁgt%hﬁ%Hepgdhﬁ etarmkyedof pi xel s of
original inmg 10 r Ll 1 | of

o1 xel o of ¢ ho SuiBbfid 208 18601 dind BB U the (LAl RO,
correcting the |imAecordbngteancadditibnalt aspegt drthbepresentitivedtioat a1,

predicting the original image data in accordance with the corrected data
and for gener dneHpdfeaceding datathaving mrpjurally @f gareptess ingludpsthey pi xel s,
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compressed data, limiting a level of samples of the compressed data
to generate limited compressed data, correcting the limited
compressed data to generate corrected data, predicting the original
data in accordance with the corrected data and generating predicted
data having a plurality of predicted samples, calculating, with
respect to the original data, a predictive error of the predicted data,
determining suitability of the corrected data as coded data of the
original data based upon the predicted error, and outputting the
corrected data as coded data of the original data based upon the
determined suitability.

According to yet another aspect of the present invention, a
method for decoding coded data generated by coding data, includes
the steps of receiving the coded data, and decoding the coded data
and generating decdding data, wherein the coded data is generated-
by the steps of limiting a level of samples of the compressed data to
generate limited compressed data, correcting the limited compressed
data to generate corrected data, predicting the originat data in
accordance with the corrected data and for generating predicted
data having a plurality of predit;ted samples, calculating, with
respect to the original data, a predictive error of the predicted data,
determining suitability of the corrected data as coded data based _
upon the predicted error, and outputting the corrected data as coded
data of the original data based upon the determined suitability.

According to a further aspect of the present invention, an

apparatus for coding data having a plurality of samples includes a



determning suitability of the corrected data as coded data based upon the
predicted error, and outputting the corrected data as coded data of the
original inmage data based upon the determ ned suitability. Accordi ng
an aspect of the present invention a nmethod for transmtting i nage data
having a plurality of pixels, includes the steps of reducing a nunber of

pi xel s of original imge data to generate conpressed data, limting a | eve
of pixels of the conpressed data to generate |inmted conpressed data,
correcting the limted conpressed data-o generate corrected data,
predicting the original ipmage data in accordance with the corrected data
and for gener a84bgpmpling etreditdar seduging @ nupber of sanries gf efigiral dataxel s,
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dat a based upogarpRespéEthetehpeesstd datat fougémergtd limited cotpesksadt a as coded
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upon the predicted error, and an output circuit for outputting the
corrected data as coded data of the original data based upon the
determined suitability.

According to yet another aspect of the present invention an
apparatus for decoding coded data generated by coding data,
includes a circuit for receiving the coded data, and a decoder for
decoding the coded data and generating decoding data, wherein the
coded data is generated by the steps of reducing a number of
samples of original data to generate compressed.data, correcting the
compi;essed data to generate corrected ddta, predicting the original
data in accordance with the corrected data and for generating
predicted data having a plurality of predicted samples, calculating,
with respect to the original data, a predictive error of the predicted
data, determining suitability of the corrected data as coded data
based upon the predicted error, and outputting the corrected data as
coded data of the original data based upon the determined
suitability.

According to an aspect of the present invention, an apparatus
for coding image data having a plurality of pixels includes means for

extracting a plurality of pixels of the image data and generating class

oo



upon the predicted error, outputting the corrected data as coded

-6- data of the original imge data based upon the determ ned suitability,
and recording the coded data on the recordi ng nmedi um According to an
addi tional aspect of the present invention a nethod for coding data having
a plurality of sanples, includes the steps of reducing a nunber of sanples
of original data to generate conpressed data, |limting a |l evel of sanples
of the conpressed data to generate limted conpressed data, correcting the
limted conpressed data to generate corrected data, predicting the origina
data in accordance with the corrected 8afa and generating predicted data
havi ng a pl ur iformpatipnmrarsespording tplobaracteristicaof the extracted pparalityt o t he

oui fabi 11ty oP! PPRoPIRaNeda dpAnG il RTINS TR SATGPRER dat 4 based
upon the predingdfts RIr@adird)Fhappimy chbefbienNe P daRh! Absslahaans fepded data
of the original data based upon the determ ned suitability.

According to yeadingomhppingspeefficisnts noriaspoading ty the class information

-' and for producing corrected data using the image data and the read
mapping coefficients, and means for producing coded data by
limiting a level of pixels of the corrected data.

According to another aspect of the present invention, an
apparatus for decoding coded data generated by coding image data,
includes means for receiving the coded data, and means for
decoding the coded data to produce decoded image data, said coded
data generated by the steps of extracting a plurality of pixels of the
image data and generating class information corresponding to
characteristics of the extracted plurality of pixels, storing mapping
coefficients for each class, reading mapping coefficients for each
class, reading mapping coefficients corresponding to the class
information and for producing corrected data using the image data
and the read mapping coefficients, and producing coded data by
limiting a level of pixels of the corrected data.

- According to yet a further aspect of the present invention, a
method for coding image data having a plurality of pixels, includes
the steps of extracting a plurality of pixels of the image data and
generating class information corresponding to characteristics of the
extracted plurality of pixels, storing mapping coefficients for each
class, reading mapping coefficients for each class, reading mapping
coefficients corresponding to fhe class information and for producing
corrected data using the image data and the read mapping

coefficients, and producing coded data by limiting a level of pixels of
the corrected data. '



nmet hod for decodi ng coded data generated by coding data, includes the
steps of receiving the coded data, and decodi ng the coded data and
generating decoding data, wherein the coded data is generated by the steps
of limting a | evel of sanples of the conpressed data to generate |imted
conpressed data, correcting the limted conpressed data to generate
corrected data, predicting the original data in accordance wth the
corrected data and for generating predicted data having a plurality of
predi cted sanples, calculating, with- $espect to the original data, a
predictive error of the predicted data, determning suitgbility of the
corrected data as ARRYING te BAC VQﬁﬂfﬁtpﬁéhﬁﬁgﬁ? BVeptep, agngd

outputting th ?eﬁ; : &ik | i based
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t he present i rinehtiestheatepsppacetiving the codedidatimt andhdecoding thleur al i ty of
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for correctingidtacard genhedtingnglaes irfdrmhatian corresponding to

characteristics of the extracted plurality of pixels, étoring mapping

coefficients for each class, reading mapping coefficients for each

class, reading mapping coefficients corresponding to the class

information and for producing corrected data using the image data

and the read mapping coefficients, and producing coded data by

limiting a level of pixels of the corrected data.

According to an additional aspect of the present invention, a
method for transmitting image data having a plurality of pixels,
includes the steps of extracting a plurality of pixels of the image
data and generating class information corresponding to
characteristics of the extracted plurality' of pixels, storing mapping
coefficients for each class, reading mapping coefficients for each
class, reading mapping coefficients corresponding to the class
information and for producing corrected data using the image data
and the read mapping coefficients, producing coded data by limiting
a level of pixels of the corrected data, and transmitting the coded
data.

According to an aspect of the present invention, a method for
transmitting image data having a plurality of pixels, includes the
steps of extracting a plurality of pixels of the image data and
generating class information corresponding to characteristics of the
extracted plurality of pixels, storing mapping coefficients for each
class, reading mapping coefficients for each class, reading mapping
coefficients corresponding to the class information and for producing



to generate corrected data, a predicting circuit for predicting the
original data in accordance with the corrected data and for generating
predi cted data having a plurality of predicted sanples,a cal culator for
calculating, with respect to the original data, a predictive error of the
predicted data, a determining circuit for determning suitability of the
corrected data as coded data based upon the predicted error, and an out put
circuit for outputting the corrected data as coded data of the original
data based upon the determ ned suitabipity. According to yet another

aspect of the present invenfiion an apparatus for decodi ng coded data
gener at ed by GBHieﬁﬁeéiétaa? Usig ﬂ'&ﬁeg"ﬁg%ﬂﬁ&ﬁf‘df B TeaddnIPWHSt he coded dat a,
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gener ati ng cl astering mapping coefficients for each class, reading mapping
coefficients for each class, reading mapping coefficients
corresponding to the class information and for producing corrected
data using the image data and the read mapping coefficients,
producing coded data by limiting a level of pixels of the corrected
data, and recording the coded data on the recording medium.

According to a further aspect of the present invention, an
apparatus for coding image data having a plurality of pixels, includes
a subsampling circuit for extracting a plurality of pixels of the image
data and generating class information corresponding to
characteristics of the extracted plurality of pixels, a memory storing
mapping coefficients for each class, a circuit for reading mapping
coefficients for each class, a circuit for reading' mapping coefficients
corresponding to the class information and for producing corrected
data using the image data and the read mapping coefficients, and a
limiting circuit for producing coded data by limiting a level of pixels
of the corrected data. |
According to another aspect of the present invention, an

apparatus for decoding coded data generated by coding image data,
includes a circuit for receiving the coded data, and a decoder for
decoding the coded data to produce decoded image data, said coded
data generated by the steps of extracting a plurality of pixels of the



-8- information corresponding to characteristics of the extracted plurality
of pixels, neans for storing mapping coefficients for each class, neans for
readi ng mappi ng coefficients for each class, nmeans for readi ng mappi ng
coefficients corresponding to the class information and for producing
corrected data using the inmage data and the read mapping coefficients, and
means for producing coded data by limting a | evel of pixels of the
corrected data. Accordi ng to another aspect of the present

I nvention, an apparatus for decoding'tdded data generated by codi ng i mage
data, includes nmeans for receiving the coded data, and means for decoding
the coded dat dMagefataend GenstRing plags intarmation; epreespandiag do0gener at ed by

generat i gl eeiaragrics, & teekdlo @ MR ofpikelf, FERRCRREPT
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readi ng mappi ng coefficients for each class, reading nmappi ng coefficients
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According to an additional aspect of the present invention, a
method of transmitting coded image data, includes the steps of recei
ving the coded image data, and transmitting the coded image data,
wherein the coded image data is produced by the steps of reducing
a number of pixels of original image data to generate compressed
data, limiting a level of pixels of the compressed data to generate
limited compressed data, correcting the timited compressed data to
generate corrected data, predicting the original image data in
accordance with the corrected data and for generating predicted
data having a plurality of predicted pixels, calculating, with respect
to the original image data, a predictive error of the predicted data,
determining suitability of the corrected data as coded data based
upon the predicted error, and outputting the corrected data as coded
data of the original image data based upon the determined
suitability. '

These and other objects, features, advantages and aspects of

" the invention will become apparent when considered with reference
to the following description and the accompanying drawings.

Brief Description of the Drawings

Figure 1 is a block diagram showing a configuration of an

embodiment of the present invention applied to an image processing
system.



the steps of extracting a plurality of pixels of the innage data and
generating class information corresponding to characteristics of the
extracted plurality of pixels, storing mapping coefficients for each

cl ass, reading mapping coefficients for each class, readi ng mappi ng
coefficients corresponding to the class information and for producing
corrected data using the inmage data and the read mapping coefficients, and
produci ng coded data by Iimting a | evalz of pixels of the corrected data.

- 9- Accordi ng to anot her aspect of the present invention, a nethod
for decodi ng coded Qatzﬁgenerated by codi ng inmage data, includes the steps
of receiving the cigereddisa binak sbagrenmghowing sacexanple eonfigwaties decoded

i mage data, saj . r ds by the steps of extracting a
plurality of %f&gﬁgc?%?mﬁﬂg%%g)&garg%{%é and generating class information
correspondi ng to clrgaet 8hs 3t blogk Aiagiaen @ftd fitstammbodingdnitiof e pi xel s,

storing mapping coefficients for each class, reading mapping coefficients
for each cl asgranssiiting appesatvg t odfigurecdtlexelydingspondi ng to the cl ass

i nformation ar{?ar(s%itﬂﬁ&ﬂ@%%nﬁ%fe%&et ?g).dat a using the image data

Figure 4 is a flow chart illustrating the operation of the
transmitting apparatus 1 of Figure 3.

Figure 5 is a block diagram of the compressing unit 21 of each
of Figures 3, 19 and 21.

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

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

Figure 8 is a block diagram of the local decoder 22 of
Figure 3.

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

Figure 10 is a flow chart illustrating the operation of the local
decoder 22 of Figure 8.

Figure 11 is a block diagram of the error calculator 23 of
Figures 3 and 28,

Figure 12 is a flow chart illustrating the operations of the error
calculator 23 of Figure 11. |

Figure 13 is a block diagram of the determining unit 24 of
Figure 3.

Figure 14 is a flow chart illustrating the operation of the
determining unit of Figure 13.

Figure 15 is a block diagram of the receiving apparatus of

Figure 1 for use in connection with the transmitting apparatus of
Figure 3.



and the read mapping coefficients, and produci ng coded data by limting a

| evel of pixels of the corrected data. According to an additional
aspect of the present invention, a nmethod for transmtting i mage data
having a plurality of pixels, includes the steps of extracting a plurality
of pixels of the image data and generating class information correspondi ng
to characteristics of the extracted plurality of pixels, storing mapping
coefficients for each cl ass, readi ng Jregpi-ng coefficients for each cl ass,
readi ng mappi ng coefficients corresponding to the class information and for
producing corrected data using the inmage data and the read mapping
coefficients, prodUdgute d6dsd bleck diggramiofithg lacaldagodsr Zgﬂﬂaflps of the
corrected dat i gﬂad Pr ansnmtting the coded data. According to an
aspect of the pg se% “invention, a method for transmtting i nage data

having a plurality Figup 19lis.a biwkudiagrdmefsircemboldiresht a€anrighagepl ural ity
of pixels of the inmage data and generating class information corresponding
to charact eri spiosessing: appasatusafarceplewlatingithe pyedistivel eoeflicients dorappi ng

Feadi ng mappi nGeLE T B RTebaRS B HARRL RENT L oL IR 8.0f vt on and T or
produci ng Figure 18 is a block diagram of a transmitting apparatus 1 of

Figure 2 {excluding transmitting/recording device 16} according to a

fourth and fifth embodiment of the invention.

Figures 18{A}, 19(B} and 19(C) are diagrams‘which illustrate
the ADRC process. '

Figure 20 is a flow chart illustrating the operation of the
transmitting apparatus of Figure 18.

Figure 21 is a block diagram of an image processing
apparatus, according to a fourth embodiment, for performing the
learning operation used to obtain mapping coefficients.

' Figure 22 is a flow chart illustrating the operation of the image
processing apparatus of Figure 21.

Figure 23 is a block diagram of the local decoder 127 of
Figure 21. '

Figure 24 is a flow chart illustrating the operation of the local
decoder 127 of Figure 23. '

Figure 25 is a block diagram of an image processing
apparatus, according to a fifth émbodiment, for performing the
learning operation used to obtain mapping coefficients.

Figure 26 is a flow chart illustrating the operation of the image
processing apparatus of Figure 25.

Figure 27 is a block diagram of a receiving apparatus of Figure
1 for use in connection with the transmitting apparatus Figure 18.

Figure 28 is a block diagram of a transmitting apparatus
according to a second embodiment of the invention.



- 10 - corrected data using the i mage data and the read nmapping
coefficients, producing coded data by limting a | evel of pixels of the
corrected data, and transmitting the coded data. According to an
addi ti onal aspect of the present invention, a recording nedium has an
encoded digital signal recorded thereon, the recordi ng nedi um bei ng
prepared by the steps of extracting a plurality of pixels of the inmage data
and generating class information corresponding to characteristics of the
extracted plurality of pixels, storing mapp ng coefficients for each class,
readi ng mappi ng coefficients for each class, reading mapping coefficients
corresponding to tHdgurea2g is & Hewaehart ilusirating theoaperatigncef that ed dat a

using the inm . | coefficients, producing coded

data by Iim t%ﬁﬂ@ﬁ&@@%@%‘%{"@g&f@?p‘% Ir’?g‘correct ed data, and recording the
coded data on the rrgarelB0dsEblo¢k diagram ofﬁa:tx@hdnmin?oa@pénaméﬂer aspect of
the present invention, an apparatus for coding inmage data having a

plurality of proesrding tecpdbed embodisaent ohthecinventionf or extracting a

plurality of pixels J : | ' rmation
corresponding to ch%iggcr:% gﬁl'@?@?“ﬁ?"?ﬁ?“@i@?@ﬁ ?‘dé %%Sr%’ﬁqﬁf;?* g’ggpi xels, a
menory stori narangrpittitgCanidratiscof Piguee 3mch class, a circuit for reading

mappi ng coefficients for each class, a circuit for readi nglm€%g
coefficients correshoHEe 8¢ s blpck-diagsamaion lgal decadar ) ci ng

corrected dat %rﬂﬁ%rﬁgtihgeaw%usda{‘ g@ggdés%‘n.e read mappi ng coefficients, and
or “pr'oduc a

alimting circul I'ng co a by limting a | evel of pixels
of the corrected daFigure 33 is a fibe¢ ehditniflusfatingttheropesation obfthé hecalr esent
i nvention, an apparatus for, decgdi ng coded data generated by codi ng i nage
dat a, decoder 22’ of Figure 32,
Figure 34 is a block diagram of a determining unit 24" of the
transmitting apparatus of Figure 30. _
‘Figure 35 is a flow chart illustrating the operation of
transmitting apparatus of Figure 34.
Figure 36 is a block diagram of a receiving apparatus of Figure

1 for use in connection with the transmitting apparatus of Figure 30.

Detailed Description of the Preferred Embodiments
In order to clarify the corresponding relationship between each

of the means of the various embodiments described herein, certain
characteristics of the present invention are first briefly described
with reference to the Figures. It is to be understood that the term
"unit" is to be interpreted in the broadest sense, including a hard
wired circuit, a main frame loaded with appropriate software, a
programmed microprocessor or micro-controller, or a combination of
these.

Figure 1 illustrates an arrangement of an embodiment of an
image processing apparatus to which the present invention is

applied. To a transmitting apparatus 1, digitalized image data is



Includes a circuit for receiving the coded data, and a decoder for

decodi ng the coded data to produce decoded i nage data, said coded data
generated by the steps of extracting a plurality of pixels of the

| mage data and generating class information corresponding to
characteristics of the extracted plurality of pixels, storing mapping
coefficients for each class, reading mappi ng coefficients for each cl ass,
readi ng mappi ng coefficients corresponding to the class information and for
produci ng corrected data using the rhééE‘data and the read mappi ng
coefficients, and produci ng coded data by Iiniping a level of pixels of the
corrected dat asupplied. Abedransigitting appatriusilbthins dspmely.dpdupes fhesent

A L e LA R MR L A
wherein the conigsgé dagetélebmmpressicodeand thihrddcinfdgerdatd inf deritby a nunber
of pixels of original inage data to generate conpressed data, limting a

| evel of pixel QL n wededdmagesdata, @adaecordrethis godedidataan adrpewtingd dat a,
COLLEE I nD. | herbilihes OB PR ik aSRBGh Ak opLARAE 0! =

magnetic tape, and other recording media, otherwise transmits this

coded data via a transmission path 3 such as ground waves, a

satellite line, a telephone line, a CATV network or other paths.

In a receiving 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 expanded and decoded to obtain a
decoded image which is supplied to a display (not shown) so as to
be displayed on this display.

it should also be noted that the above-described image
processing apparatus may utilized with image recqrdinglreproducing
apparatuses, for instance, an optical disk apparatus, a
magneto-optical disk apparatus, a magnetic tape apparatus, and the
like. Alternatively, this image processing apparatus may be utilized
with to image transferring apparatuses, for example, a television
telephone appératus, a television broadcasting system, a CATV
system and the like. Also, since a data amount of coded data
outputted from the transmitting apparatus 1 is small, the image
processing apparatus of Figure 1 may be utilized with, for example,
a portable telephone, and other portable terminal, the transfer rates
of which are low.

Figure 2 shows an example of an arrangement of the
above-described transmitting apparatus 1.

An IfF {Interface) 11 is provided to perform a reception process
of image data externally supplied thereto, and a transmission



accordance with the corrected data and for generating predicted data having
a plurality of predicted pixels, calculating, with respect to the original

i mage data, a predictive error of the predicted data, determ ning
suitability of the corrected data as coded data based upon the predicted
error, and outputting the corrected data as coded data of the original

I mge data based upon the determ ned suitability. These and ot her

obj ects, features, advantages and aspects of the invention will becone
apparent when considered with reference,to the follow ng description and

t he acconpanyi ng draw ngs. Brief Description of the Draw ngs

Figure 1 is a prboeks of apdac ddtawvith respeot tgartransmittihghecerdingi nent of the

oot e dles 3%, ASROR tBerd AlyimaAT OBl A TP Riarinea GERBFaTr at i on

of the transm o ifp0IFPAA#AY BPodram Loading), and other programs. A RAM
(Random Access Memory) 13 is employed so as to store therein a
system program {i.e., an operating systerﬁ) saved in an external
storage device 15, an application program, and also data required for
operation of a CPU {Central Processing Unit) 14. The CPU 14
extends the system program and the application program from the
external storage apparatus 15 in accordance with the |IPL program
stored in the ROM 12 to RAM 13, and also executes a decoding
process operation (will be explained later) as to image data supplied
from the I/F 11 by executing the application program under control
of this system program. The external storage apparatus 15 is
constituted by, for example, a magnetic disk apparatus, and as
previously described, stores therein the system program and the
application program executed by the CPU 11, and further stores data
required in operations of the CPU 14. The transmitting/recording
device 16 records the coded data supplied from the I/F 11 on the
recording medium 2, or transmits this coded data via the
transmission path 3.

It should be noted that the above-described I/F 11, ROM 12,
RAM 13, CPU 14, and external storage apparatus 15 are mutually
connected via a bus 17.

In the transmitting apparatus 1 constructed in the above manner,
when image data is supplied to the I/F 11, this image data is
supplied to the CPU 14. The CPU 14 codes the image data, and
then supplies the resuitant coded data to the I/F 11. Upon receipt of
the coded data, the I/F 11 supplies this coded data to the
transmitting/recording apparatus 16. In the transmitting/recording
apparatus 16, the coded data derived from the I/F 11 is recorded on



Figure 3 is a block diagramof a first enbodiment of the transmtting
apparatus 1 of Figure 2 (excluding transmtting/recording device 16).
Figure 4 is a flowchart illustrating the operation of the transmtting
apparatus 1 of Figure 3. Figure 5 is a block diagramof the
conpressing unit 21 of each of Figures 3, 19 and 21. _Figure 6 is a
flow chart illustrating the operation of the conpressing unit 21 of Figure
5. Figure 7 is an illustration 9; the process of the thinning-out
unit 31 of Figure 5. Figure 8 is a block diagramof the |oca
decoder 22 of Figure 3. . Figures 9(A) and 9(B) illustrate a class

cl assi fyi ng prdbegecording megdiugniZe orgs iteansntitted \iaahe tranamissioni patht he
operation of t | ocal decoder 22 of Figure 8. Figure 11 is a block
di agram of the €rror calculator 23 of Figures 3 and 28. Figure 12
is aflowchart illustrating the operations of the error calculator 23 of
Figure 11. . Figure 13 is a block diagramof the determning unit 24
of Figure 3. First Embodigent 14 is a flow chart illustrating the operation

o the oLl Wetefig Sl Bourend. 0, TGS 32, T oo
transmtting apged,al’ s ednfiglirdtiof of a first embodiment of the invention is

described. Figure 3 is a functional block diagram for showing an

internal arrangement of the transmitting apparatus 1 of Figure 2

except for the transmitting/recording device 16.

The image data (the original image data) to be coded is supplied
to a compressing unit 21, a local decoder 22, and an error calculator
23. The compressing unit 21 compresses the image data by simply
thinning pixels (subsampling) of this image data, and also corrects
such compression data (namely, image data which has been thinned
and level-limited) under control of the determining unit 24 by limiting
the levels of the extracted pixel data. The corrected data obtained.
by correcting the compression data in the compressing unit 21 is
supplied to the local decoder 22 and the determining unit 24.

The local decoder 22 predicts an original image based on the
corrected data supplied from the compressing unit 21, and then
supplies predicted values to the error calculator 23. As will be
described later, the local decoder 22 executes an adaptive process
operation so as to obtain predictive coefficients used to calculate the
predicted values by way of the linear coupling with the correction
data. Based upon these predictive coefficients, the local decoder 22
obtains the predicted values, which are in turn supf)lied to error
calculator 23. The resultant predictive coefficients are supplied to
the determining unit 24.

The error calculator 23 calculates a prediction error of the
predicted values derived from the local decoder 22 with respect to



- 13 - Figure 16 is a block diagramof the |ocal decoder 22' of

Fi gure 28. Figure 17 is a block diagram of an enbodi nent of an inmage
processi ng apparatus for calculating the predictive coefficients for
storage in the predictive coefficient ROM 81 of Figure 16. Fi gure 18

Is a block diagramof a transmtting apparatus 1 of Figure 2 (excluding
transmtting/recordi ng device 16) according to a fourth and fifth

enbodi ment of the invention. Figures 19(A), 19(B) and 19(C) are

di agrans which illustrate the ADRC proces.- Figure 20 is a flow chart
il lustrating the operation of the transmtting apparatus of Figure 18.
Figure 21 is athd odginal fpagendata dorigimad émpye); eghichgisaamerest imto thiscording to

Tapp ng coet 11 BNBHCICWato? 35 TN Presieton eriasis SVBPISR BBATRGL i ng Lhe |

oD onl LSRR SR pacT FOe 2 [oure 2

is a flow chart i Based oattihegertrbeinfpanationrdevivedhizohrotha error calculator
23, the determining unit 24 judges whether or not the corrected data
outputted from the compressing unit 21 is correctly equal to the
coded result of the original image. Then, when the determining unit
24 judges that the corrected data outputtéd from the compressing
unit 21 is not equal to the coded result of the original image, this
determining unit 24 controls the compressing unit 21 to further
correct the compression data, so that newly obtained corrected data
is outputted from this compressing unit 21. Also, when the
determining unit 24 judges that the corrected data outputted by the
compressing unit 21 is correctly equal to the coded result of the
original image data, the corrected data supplied from the
compressing unit 21 is furnished to a multiplexor 25 as optimum
compression data (to be referred to as "optimum compression data"”
hereinafter, if necessary}, and the predictive coefficients supplied
from the local decoder 22 is supplied to the multiplexor 25. |

The multiplexor 25 multiplexes the optimum compression data

derived from the determining unit 24 with the predictive coefficients,
and then supplies the multiplexed result as coded data to the
transmitting/recording device 16 (Figure 2).

Referring now to a flow chart of Figure 4, the operation of the
transmitting apparatus of Figure 3 is further explained. When the
image data (the original image data} is supplied to the compressing
unit 21, the compressing unit 21 first compresses this image data,
at a step S1, while thinning the image data (namely, extracting plural
pixels from a large number of pixels). At a step S2, levels of the
extracted pixel data are limited by extracting 2 bits of this pixe! data



decoder 127 of Figure 23. Figure 25 is a block diagramof an inmage
processi ng apparatus, according to a fifth enbodinment, for performng the
| earni ng operation used to obtain mapping coefficients. Figure 26 is
a flowchart illustrating the operation of the inmge processing apparatus
of Figure 25. Figure 27 is a block diagram of a receiving apparatus
of Figure 1 for use in connection with the transmtting apparatus Figure

18. Figure 28 is a block di ag_rﬂlgg of a transmitting apparatus
according to a second enbodi nent of t i nventi on.

- 14 - Figure 29 is a flow chart illustrating the operation of the
transm tting appthieaMBB efderthaunesf. 2T hen, this pikel data 39 ouspatted aokthdi agr am of

a transmtting apparatus accordjng to a third eppodinent of the i.nvention.
et Tn | " SorRiiocouar (28 AnaShe PG HBa PIHGH I CPMERUAN {1 ng
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corrected data derived from the compressing unit 21 is locally
decoded. This corrected data is equal to such a compression data
that, as previously explained, the image data is simply thinned and
also level-controlled in the beginning.

In other words, at the step S3, the adaptive process operation
for obtaining predictive coefficients used to calculate predicted
values of the original image data is cartied out by way of the linear
coupling operation with the correction data from the compressing
unit 21. Then, based on these predictive coefficients, the predicted
values are calculated. The predicted values calculated in the local
decoder 22 are supplied to the error calculatdr 23, and the predictive
coefficients are supplied to the determining unit 24.

In this case, an image constructed of the predicted values
outputted from the local decoder 22 is identiqal to the decoded
image obtained on the side of the receiving apparatus 4 (Figure 1).

- When the predicted values of the original image data are received
from the local decoder 22 by the error calculator 23, at a step S4,
the error calculator 23 calculates the prediction error of the predicted
values derived from the local decoder 22 with respect to the original
image data, and supplies this prediction error as the error information
to the determining unit 24. When the error information is received
from the error calculator 23, the determining unit 24 judges at a step
85 as to whether or not the corrected data outputted from the
compressing unit 21 is correctly equal to the coded result of the
original image data.

In other words, at a step S5, for instance, a judgment is made as
to whether or not the error information is less than a predetermined



Figure 33 is a flow chart illustrating the operation of the |ocal decoder

22" of Figure 32. Figure 34 is a block diagramof a determ ning unit
24" of the transmtting apparatus of Figure 30. Figure 35 is a flow
chart illustrating the operation of transmtting apparatus of Figure 34.
Figure 36 is a block diagramof a receiving apparatus of Figure 1 for use
I n connection with the transmtting apparatus of Figure 30. Detail ed
Description of the Preferred Enbodineg&s; In order to clarify the
correspondi ng rel ati onshi p between eac of the means of the various

enbodi ments described herein, certain characteristics of the present
i nventi on ar ettirpsieldpyalue| "¢ d et the step Wh: whert Brisseciudgedribatitheres. 1t is

LS, UTaer ocBr WRtptg BBt sobEbian e hEedel ARBPLREbAS O odest
appropri ate sogt v@recognitibhqs nedde that theOddrPéGe8datarowtpatedchid ol |l er, or
a conbi nation of these. Figure 1 illustrates an arrangenent of an

enbodi nent of thecomprgesipgavit 2ilng naseaual de the cadedhdatacofptesent i nventi on
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step S6 at which the determining unit 24 controls the compressing

unit 21 so as to correct the compression data. The compressing unit

21 varies a correction amount {namely, correction value "A" will be

discussed later) under control of the determining unit 24 in order to

correct the data. The resultant corrected data is outputted to the

local decoder 22 and the determining unit 24. Theﬁ, the process

operation is returned to the previous step S3, and a similar process

operation will now be repeatedly carried out.

On the other hand, at the step S5, when it is so judged that the
error information is less than the predetermined threshold value "&",
a recognition that the corrected data outputted from the
compressing unit 21 is correctly equal to the coded result of the
original image data. The determining unit 24 outputs the correction
data when the error information less than the predetermined
threshold value "e" as the optimum correction data in combination
with the predictive coefficient to the multiplexor 25. At a step §7,
the muitiplexor 25 multiplexes the predictive coefficient with the
optimum compressed data derived from the determining unit 24, and
outputs the multiplexed result as the coded data. Then, the -
process operation is ended.

As previously explained, since the corrected data produced by
correcting the compressed data, such a condition that the error
information becomes less than a preselected threshold value "&" is
used as the coded result of the original image data, it is possible to

obtain such an image substantially identical to the original image



supplied. The transmtting apparatus 1 thins (nanely, reduces the pixel
nunber thereof, for exanple by subsanpling) the inputted i mage data to
conpress/code the thinned inage data in order to obtain coded i mage dat a,
and records this coded data on a recording nedium 2 such as an opti cal

di sk, a magneto-optical disk, a magnetic tape, and other recordi ng nedia,
otherwi se transmts this coded data via a transm ssion path 3 such as
ground waves, a satellite line, a tetedhone |line, a CATV network or other
pat hs. In a receiving apparatus 4, the coded data which has been
recorded on the recording nmedium2 is reproduced, or the coded data which
has been transffta Based anithis cpHRStRd datmon dhe sifde of the secaiMingand thi s
coded data is §F§M694and decoded to obtain a decoded i mage which is
supplied to a pl'ay (not shown) so as to be displayed on this display.

It should al so beNegt,cfigureab illbstratesvan daangehnentioftbe qompressingguapar at us
may utilized vm'thg ge recordi ng/ reproduci ng apparatuses, for instance, an
optical disk appa®fkigire 3.nagnet o- opti cal disk apparatus, a magnetic tape

apparatus, and thepbiikg eA(![Iét%r('i‘I?é o¥iSinal i&\'%'gé ddtiffo B%%bed%% ﬂqr\éﬂﬂgﬁa? us may

be utilized with to imagde transferrirng appdratuses, tor exanp

t el evi si on t el éptbanchiapiray ahits30.a Thel thinsingrurdit 80dwag tthirgtise Riprittech  CATV
system and the_like., Al so, é\ilnce a data ampunt of cqded datﬁ outputted from
the transmitti fgadpsatabysN Asadesults sech gagwpressiea datadhabg at us of

Figure 1 may DgnibbldA89s Wohlbreb88d BYHM & outputted from the thinning unit
30. This compression data is entered into a level limiting unit 31 so
as to limit the level of this compression data by extracting, for
instance, only 2-bit data of the respective pixel data on the side of
the MSB thereof, and this pixel data is expressed by 8 bits. Then,
the.level-limited compression data is supplied to a correcting unit 32.

In response to a control signal sent from the determining unit 24
(Figure 3}, the correcting unit 32 supplies an address to a correction
value ROM 33, so that the correction value "A" is read out from this
ROM. 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 compression data from the level limiting unit
31, and then supplies the produced corrected data to the local
decoder 22 and the determining unit 24. The correction value ROM
33 stores therein combinations of various sorts of correction values
A {for instance, a combination of corrected values for correcting
compression data for 1 frame) so as to correct the compression data
outputted from the level limiting unit 31. A combination of -
correction values A corresponding to the address supplied from the
correcting unit 32 is read from this correction value ROM 32 to be
supplied to the correcting unit 32.

Referring now to Figure 6, the operation of the compressing unit
21 shown in Figure 5 is further explained.



a portable tel ephone, and other portable termnal, the transfer rates of

which are | ow.’ Figure 2 shows an exanple of an arrangenent of the
above-described transmtting apparatus 1. An I/F (Interface) 11 is
provided to performa reception process of imge data externally supplied
thereto, and a transm ssion - 16 -

process of coded data with respect to a transmtting/recording device 16. A
ROM (Read Only nenory) 12 stores therein a programfor an IPL (Initial
Program Loadi ng), and other programs._AfRAM (Random Access Menory) 13 is
enpl oyed so as to store therein a systemprogram (i.e., an operating
systen) saved in Bor exdmplealwbentheémdgeidata 161 1aframepkisupiplied tprtbhgr am  and

al so data required for operation af a CPU. ( t.ral Processing Unit) 14. The
GPU 14 ext endsCRRECUYE BN BB cHIGANBAMS HETt L RS thisinaseRarh 8 iR o

ext er nal storaﬂgﬁg&fﬁ% ohfbt?t@ctﬂﬁq%gﬁgam £ dibh dRELYS e Stored in

the ROM 12 to and al'so executes a decoding process operation (wll
be expl ai ned | lvel Jimiting anitn®ye data supplied fromthe I/F 11 by executing
the application pjogram undel isfasied in Fig 7, the thinning unit 30 is |
designed to thin the image data by, for instance, 1/9. That is, the
thinning unit 30 extracts only a pixel value about a central pixel
(portion indicated by symbol "@" in Figure 7) in each unit, while 9
pixels of 3 x 3 (transverse direction x longitudinal direction) are used
as 1 unit, and also deletes other portions {portions indicated by
symbol "O" in Figure 7). It should be noted that the thinning unit
30 performs the above-described process operation in unit of, for
instance, 1 frame. As a result, the data produced by that image
data for 1 frame is thinned by 1/9) is supplied as the compression
data from the thinning unit 30 to the level limiting unit 31. It also
should be noted that the thinning process operation executed in the
thinning unit 30 may be alternatively carried out in such a manner
that an image of 1 frame is subdivided into several blocks, and the
thinning process operation is performed in units of one block.
Upon receipt of the supply of the pixel data thinned by 1/9 from
~ the thinning unit 30, at step S12 the level limiting unit 31 limits the
level of the thinned pixel data by extracting 2-bit data from the pixel
data indicated by 8 bits, from the MSB side thereof. In other words,
as a consequehce, the respective pixel data are expressed by 2 bits,
so that the subsequer_it process operation may be made simple.
Upon receipt of the compression data from the level limiting unit
31, the correcting unit 32 judges as to whether or not a control
signal sent from the determining unit 24 {Figure 3) is received.
When it is so judged at the step 813 that the control signal is not

yet received, the process operation is advanced to a step S16, at



of this system program The external storage apparatus 15 is constituted
by, for exanple, a nmagnetic disk apparatus, and as previously descri bed,
stores therein the system program and the application program executed by
the CPU 11, and further stores data required in operations of the CPU 14.
The transmtting/recording device 16 records the coded data supplied from
the I/F 11 on the recording nedium2, or transmts this coded data via the

transm ssion path 3. It should be noted that the above-described I/F
11, ROM 12, RAM 13, CPU 14, and exterr® -storage apparatus 15 are nutually
connected via a bus 17. In the transmtting apparatus 1 constructed in

the above manméhich tieerorrenting uaita32 dirsofipldusputsotheheompFession dats | mage
suppl i o5 the deElpdremoieagvatimitio il 31 S Fprragyin sl B e e coded
data, the |/F dbkogepRid &5d ithe det@dairdplait!Zs.t Mhen! tRE pRbéédsng/ recor di ng
apparatus 16. In the transmtting/recording apparatus 16, the coded data
derived from tdperation is retarmed o dbel step S13.
- 17 That is to say, as explained above, the determining unit 24

controls the compressing unit 21 {correcting unit 32) based on the

error information. Since the error information is not yet acquired

immediately after the compression data is received by the level

IMMMQmm31wmmmemeamHMWmmbnhn&oMmMuHmm

the error calculator 23), no control signal is outputted from the

determining unit 24. As a result, just after the compression data is

outputted from the level limiting unit 31, the correcting unit 32 does

not correct this compression data (to correct by add 0), but directly

outputs this compression data as the corrected data to the local

decoder 22 and the determining unit 24.

On the other hand, in the case that it is so judged at the step

$13 that the control signal from the determining unit 24 is received,

the correcting unit 32 outputs an address defined in accordance with

this control signal to the correction value ROM 33 at a step S14. As

a result, at this step S14, the combination (set} of the correction

values A stored at this address and used to correct the compression

data for 1 frame 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 respective compression data for 1 frame, so that the

corrected data produced by correcting the compression data for 1

frame is calculated at a step $15. Thereafter, the process operation

is advanced to a step S16, at which the correction data is outputted

from the correcting unit 32 to the local decoder 22 and the



the recording nedium?2, or is transmtted via the transm ssion path 3.
First Enbodi nent Wth reference nowto Figures 3, 4, 5 6, 8, 10, 11,
12, 13, 14 and, 15 a configuration of a first enbodi ment of the invention
is described. Figure 3 is a functional block diagramfor show ng an

I nternal arrangenent of the transmtting apparatus 1 of Figure 2 except for
the transmtting/recordi ng device 16. The inmage data (the original imge
data) to be coded is supplied to a coerrzéSS'i ng unit 21, a local decoder 22,
and an error calculator 23. The conpressing unit 21 conpresses the inmage
data by sinply thinning pixels (subsanpling) of this inmage data, and al so
corrects such detemnining onitd24 aatdahen ys rétwiged datthe wtiep 15 s VWeem it hi nned

d | | -1im,ted der, .cont the d L ni it_ 24 by limti th
ovel 5 of 1 ho ' REIDRANAIPP GE S thatE cERHAL A AR B0 ALel by
correcting t heuhafibs Sthfhadbeh Tebfived WHCHE ddteriding Lirlif 28V pRe 1 €d to

the | ocal decoder 22 and the determning unit 24. The | ocal decoder 22

predi cts an orprgceass is retgenédhsedtem Sie wberecthecthivning wnip B0 thing oot t he

conpressing unit 21 and_then suppliges edi ct.ed yal to the error

cal cul at or 23%‘}%“\7@?‘? L8 iR gleR ggr] q”ét@&,a"{cﬁb%ﬁq g‘ﬁ@’&ﬁ'&'@r 22 executes an

adapti ve proceassmprset d4taSe procéssedinetHe samdiwhyyve coefficients used to
b f

calculate the predicted values by way of the |linear coupling with the
correction data. Aspeevigpsly expleimed; dbe compressianf unit @t epeatedlyocal

decoder 22 0t 81 {83ud Won At ke s ot e Lo b B BRERL 1 o
the det er m ni n@ataninto 2e various values under control of the determining unit 24.

It should be noted that when the coding operation as to the
image of 1 frame is accomplished, the determining unit 24 supplies
to the compressing unit 21, such a control signal for indicating this
completion of the coding operation. Upon receipt of this control
signal, the compressing unit 21 executes the process operation
defined in the flow chart of Figure 6 with respect to an image of the
next frame.

Also, in the above-described case, the compreséion data is
produced by the thinning unit 30 by extracting only the pixel data
{pixel value) about the central pixel of the 3 x 3 pixels.
Alternatively, for example, an average value of the 3 x 3 pixels is
calculated, and thus, the compression data may be produced by
using this average value as the pixel value of the central pixel in the
3 x 3 pixels.

Next, Figure 8 illustrates an arrangement of the local decoder 22
shown in Figure 3.

The corrected data derived from the compressing unit 21 is
supplied to a block making unit for class classification 41 and a
block making unit for predicted values calculation 42. The block
making unit 41 for the class classification makes clgss classifying

blocks centered about the noted corrected data in units used to



The error calculator 23 calculates a prediction error of the predicted
val ues derived fromthe |ocal decoder 22 with respect to

- 18 - the original image data (original imge), which is entered into
this error calculator 23. This prediction error is supplied as error
information to the determning unit 24. Based on the error information

derived fromthe error cal culator 23, zghg determ ning unit 24 judges

whet her or not the corrected data outpltted fromthe conpressing unit 21 is
correctly equal to the coded result of the original imge. Then, when the
determ ning uni{ Z‘éyj udges that the corrected data outputted fromthe
conpressi ng unflassifyithe carrected daty intee.a pseralested tlasyidananding 4PRAI i nage,
this determni | ntrols the conpressing unit 21 to further
correct the corgrg}de{gg gﬁérgg?a, so that newly obtained corrected data is

out putted from t hirsotherpverds, rfor imithned, agdumingwiew thiae inl€igureili ng unit 24
judges that the corrected data outputted by the conpressjng unit 21 is

correctly equaF°fr§°f?FédéEﬂj@EP'T‘B%Q?F{O%W"{%é°br9'§?'ﬁéP°Wﬂﬂg@ tgd hyhe
corrected dat aggHipli*e®) fJcated B 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 41 for the class classification will constitute a class
classifying block arranged by 5 pixels in total, namely, a pixe! "X,"
of interest and the following 4 pixels adjacent to this pixel of interest
at upper, left, right, and lower positions: Xy.y;e Xigne Xige e Xgrye
This class classifying block is supplied to a class classification
adaptive processing circuit 43.

It should be noted, in this case, the class classifying block is
constituted by a cross-shaped block, but the shape of the class
classifying block is not required to be such a cross shape.
Alternatively, other shapes, for example, a rectangular shape, a
square 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 & pixels.

The block making unit for the predicted value calculation 42
processes the corrected data to make a predicted values calcijlating
block centered about the noted corrected data in units qsed to
calculate ;he predicted values of the original image data. ln' other
words, in Figure 7, assuming now that pixel values of 9 pixels
{= 3 x 3) in an original image data, while positioning the corrected
data Xij {portion denoted by symbol *+* in Figure 7) are expressed
from the leftmost direction to the rightmosj: direction, and from the
upper direction to the lower direction, by: Y{1), Y(2), Y;5(3), Y4},
Y,(5), Y;(6), Yy(7), Y,(8), Y,(9), the block making unit for the
predicted values calculation 42 will constitute a square-shaped



conpressing unit 21 is furnished to a nultiplexor 25 as opti num conpressi on
data (to be referred to as "opti mum conpression data" hereinafter, if
necessary), and the predictive coefficients supplied fromthe |ocal decoder
22 is supplied to the multiplexor 25. The mul tipl exor 25 nultipl exes
the opti mum conpression data derived fromthe determning unit 24 with the
predictive coefficients, and then supplies the multiplexed result as coded
data to the transmtting/recording device 16 (Figure 2). Ref erri ng
nowto a flow chart of Figure 4, the-operation of the transmtting
apparatus of Figure 3 is further explained. Wen the inmage data (the
original i rrageptmtie@edi alsiep wal@dating bhecic inprdes tongaiculate ppadicted:

t t t hj t S1, whil
hi nning. t he | NalEses % pRR Vi1 RraBl e BIke) ShoT UF StpRRAd | 2 go
nunber of pi Xebﬁhes'“éalé‘ul%hﬁa %ck'n@‘é?ﬂaﬁg@& ﬁ?gr%&hﬁ%ﬂé?ﬁw&' xel data are

limted by extracting 2 bitsS of this piXel
- 19 - on thebHEBvsnelmmmsd é@fplxﬁseh= % bxi 8}, pivhit¢ adeixel Xgisosetpas med to the
| ocal decoder %1 he d erm' nit 2 W|tho any orrec jon in the

begi nning. In PﬁB ji2die fzn'a -2 S ePi-BB- 21 t He 1121 « 1k Ao
xti-mjnp X(i-ﬂ(i«l-Ztl Xupzp Xi(i-u' xq' X:un;v Xi(i+zav x(H‘ll{j—Zl' x(i+1)(i-1)f xuuur
Xﬁnmn): xﬁ+ll(j+2)' x(i+2m-z): x(i+2)(j~1)' Xti+2)i' x(i+2l(j+1)' x(i+2)ti+2)'

Concretely speaking, for instance, in Figure 7, to calculate the
predicted values of the pixels Y33(1) to Y33(9) in the original image
data surrounded by a rectangle, the predicted values calculating
block is constructed by the following pixels: X,;, Xiz: Xy3, Xy Xis/
x21' Xzz: X23' X24' XZS! x31' X32, x33l X34' XSS' X41' x42! X43, XMI X45,
X51' xszw xﬁaf X54' X55'

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

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

Also, when the above-explained block making process is carried
out (similar to process operations other than block inaking), there are
no corresponding pixels near the image frame of the image. In 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 circuit 43 is arranged
by a class classifying unit 45, and an adaptive processing unit 46,



corrected data derived fromthe conpressing unit 21 is |locally decoded.
This corrected data is equal to such a conpression data that, as previously
expl ained, the inage data is sinply thinned and al so | evel-controlled in

t he begi nni ng. In other words, at the step S3, the adaptive process
operation for obtaining predictive coefficients used to cal cul ate predicted
val ues of the original imge data is carried out by way of the |linear
coupling operation with the correction data fromthe conpressing unit 21.
Then, based on these predictive coeffidients, the predicted val ues are
cal cul ated. The predicted values calculated . in the | ocal decoder 22 are
supplied to tlﬁf“glsr desighed fpnesform clagsclassifipation adaptive PEpeessiRGt s are

supplied to th‘gpdéj‘%rﬁﬁhm ning unit 24. In this case, an inmage constructed
of the predict val ués outputted fromthe |local decoder 22 is identical to

t he decoded i nageAaiass cledsificatiba =iaptivef probessiagaparationmpties tsatl (Fi gure
1). When t he predicted val ue,?,gof t he ori Fi nal image data are received
i

from the | ocal a&yyHcsignal is,classitiad into 2k alagsesbased op f@?é‘ﬂ'_e§4, t he
error cal cul at ﬁ%r%%fdg@-ld:tﬂéﬂ %h Egﬁe\ﬂ/ﬁ%&és@?ﬁ{%ﬁ{:ﬂCgui{aﬁ?e ot g val ues

derived fromt decoder respec e original 1nmage data,
and suppl i es ttheseptiassey isoexeyuted fos thd inpitrsignalrdfosank obthése t he

determ ning unit 24. en r\t1|he error information is receiyved fromthe error
cal cul ator 23, °\aﬁ§eﬂe¥&"rﬂ Y fgeaking. sis; clagsclagsifigation pdeplive RIGCRBRt her or

not the corr ecsgg?qms%u%&m@a iHcPQ‘_élgf‘s Ii%%a@gigﬁgg'tbg%rtieéés l%ketat%hﬁpr rectly

equal to the co resul t the origin er words,
at a step S5, and amadaptive pro¢essgomeration. tade as to whether or not the

error informati OnNioav,l l%st t gac ags %Eaesds? |ceartlrgnng%cess operation and the
adaptive process operation will be simply explained.

First, the class classification processing operation will now be
explained.

It is now assumed that, for instance, as indicated in Figure 9{A),
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 thaving any one of level
"0" and level "17). In this case, as indicated in Figure 9(B}, a block
of 4 pixels {2 x 2) may be classified into 16 (= {2,),), 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
may be carried out, taking account of also activities {complexity of
image), (strength of change} of an image {image within 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 5 pixels. As a
result, when the class classification process operation is performed

with respect to such a class classifying block constituted by the



- 20 - threshold value "[err]". At the step S5 when it is so judged that
the error information is not |ess than the predeterm ned threshold val ue
"[err]" a recognition is nade that the corrected data outputted fromthe
conpressing unit 21 is not equal to the coded data of the original inmage
data. Then, the process operation is advanced to a step S6 at which the
determning unit 24 controls the conpressing unit 21 so as to correct the
conpressi on data. The conpressing unit varies a correction anount
(nanmely, correction value "A" will be di"scussed |ater) under control of the
determining unit 24 in order to correct the data. The resultant corrected
data is out putariginab(a -bit) pbaals, thés biteok B2classifiet dnttesectmianhuge aumbe4.

Then, the proce s operatio g returned to the previous step S3, and a
simlar proces$ B‘E@g i iftre h now be repeatedly carried out. On the
other hand, at thg, S | ddaes t ror information
Is | ess than t he prégg%)(gr %cﬁgg@pﬁresfhmﬁ gmvua ue%H eé&;;ﬂ‘i.)ré\hé Qgcognition t hat
the corrected ebgttainema, pthettnﬂnhmhertdfetheqnpeblssnedgced|(ted11:be|dsfrom Bectly

54" Gutputs ¢ hebE0 o Btahirithe R THES arVGR P ShAGINSRUTRE Than the
predeterm ned tasesd delvred§10b8 ("L {2248, t he optinum correction data in

conbinatio
Subsequently, the adaptive process operation will now be

described.

For instance, considering now that a predicted values Ely] of a
pixel value "y" of the image is calculated by a linear prirﬁary coupling
model. This linear primary coupling model is defined by pixel values
X4, X,, - of several pixels located around this pixel value {will be

referred to as “"learning data” hereinafter, if required), and also linear

coupling of preselected predictive coefficients W,, W,, . In this
case, the predicted values E[y] may be expressed by the following
formula:

Elyl = W X; + WX, 4+ - WyeXoe + WO .., (1),
where symbol "WOQ" is an offset coefficient which is added so as to
express E[y] by 8 bits, because the original 8-bit data "Xi" has been
converted into the 2-bit data.

Thus, to generalize this formula, when a matrix W made of a set
of the predictive coefficient w, a matrix X made of a set of the
learning data, and a matrix Y’ made of a set of the predicted values
Ely] are defined by [formula 1], '

the following observation equation can be satisfied:



with the predictive coefficient to the nultiplexor 25. At a step S7, the
mul tiplexor 25 nultiplexes the predictive coefficient wwth the optinum
conpressed data derived fromthe determning unit 24, and outputs the

mul ti pl exed result as the coded data. Then, the process operation is ended.
As previously expl ained, since the corrected data produced by correcting
the conpressed data, such a condition that the error infornmation becones

| ess than a preselected threshold valge -[err]" is used as the coded
result of the original inmage data, it is possible to obtain such an inmage
substantially identical to the original inmge

- 21 - data based on this corrected data on the side of the receiving
appar atus 4. Next, Figure 5 ill %f alqus xn angenent of the
conpressing unit 21 of Fi gure 3. mage)ga a (the original inmage
data) to be coded is |nputted in i g t 30. The thinning unit 30

may thin the inputted image data b 1/N As_a result, such conpression data
that the imauge data is conpressed Ry 1/ N'i s out’p tted from the thinni ng

unit mf ‘m2 -~ “‘mp

w) (A
W, Ely]

\Wa) Ely:l)

XW =Y’ . (2},

Then, considering now that the predicted values Ely]
approximated to the pixel value y of the original image data 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 original image data {will be referred to as
“teacher data"” hereinafter, if necessary}, and another matrix E made
of a set of remainder of the predicted values Ely] with respect to the
pixel value y of the image are defined by [formula 2}, the below-
mentioned remainder equation may be satisfied from the formula (2):

(&) (#)
E= &y y- Yo
\Em) Vn)

XW=Y + E e (3).



30. This conpression data is entered into a level limting unit 31 so as to
limt the level of this conpression data by extracting, for instance, only
2-bit data of the respective pixel data on the side of the MSB thereof, and
this pixel data is expressed by 8 bits. Then, the level-limted conpression
data is supplied to a correcting unit 32. In response to a control
signal sent fromthe determining unit 24 (Figure 3), the correcting unit 32
supplies an address to a correction value ROM 33, so that the correction
value "[err]" is read out fromthis~™ R ~Then, the correcting unit 32
produces the corrected data by, for exanple, add| ng the correction value A
read from the colnrdhds caae.valmedlmmelfbcm%heWouwdamlcaicm&eatﬁer om t he

I || t t 31 th d cted data t
the T ocal dechERCtes GayBE FVTEPadifRRte 9 e Bl el 5000 on val e Row
33 stores thebﬁgma«vmge%atarfﬁa%eveéwmu%e&Bytxﬁuﬁﬁuﬁﬁg ARG doRArY alreps [err]

(for instance, a conbination of corrected values for Correcting conpression
data for 1 friiﬁmwm%s to correct the conpression data outputted fromthe
|l evel Iimting unit 31. A conbination of correction values [err]
corresponding to the address supplied f&aomthe correcting unit 32 is read
fromthis correction value ROM 32 to b aafpplied to the correcting unit 32.
Referring now to Figure 6, the operati @ of the conpressing unit 21 shown
in Figure 5 is further expl ained.

- (3}
As a consequence, the above-described square error is
differentiated by the predict coefficient Wi becomes 0, namely, the
predictive coefficient Wi capable of satisfying the following formula
becomes an optimum value used to calculate the predicted values
Elyl approximated to the pixel value "y" of the original image data.
[formula 4]
de; 0Os, oe,,

e, v =0 i=1,2,....n
18w,+928w,+ +aw, ( )

. ... {4).
Thus, firstly, since the formula {(3) is differentiated by the
predictive coefficient Wi, the below-mentioned formula can be
satisfied:
[formula 5]

38, ae, oe, .
X '] =X, seay — i=1 ,2,-.-’m
awi ( L aw2 2 awn I ( )

. {5).
Based on the formulae (4} and {5}, formula {6) may be obtained:
[formula 6]



- 22 - For exanple, when the inmage data for 1 frane is supplied to the
correcting unit 30, the thinning unit 30 thins this inmage data by 1/N at a
step Si 1, and outputs the resultant conpression data to the level limting
unit 31. In this case, as indicated in Fig 7, the thinning unit 30 is
designed to thin the image data by, for instance, 1/9. That is, the
thinning unit 30 extracts only a pixel value about a central pixel (portion
i ndi cated by synbol "[err]"” in Figure 7)3jmn each unit, while 9 pixels of 3
x 3 (transverse direction x |longitudinal direction) are used as 1 unit, and
al so del etes other portions (portions indicated by synmbol "[err]" in Figure

7). 1t should be noted that the thinping unit performs the
above-descri bed process oper e%{} e'lx (? f}n ance, 1 franme. As a
result, the data produced by4¥h T Bat’ Wt rame is thinned by 1/9)

IS supplled as the corrpressmn data fromthe th| nning unit 30 to the |evel
limting unit 31. It also should be noted that the thinning process
operation executed in the thinning unit 30 may be alternatively carried out
in such a manner that an inmage of 1 frarre is subdi vi ded i nto sevet@l

bl ocks, and the thin ocess. 0 erforned, in units of one
bl ock. Upon rp Ffﬁ"g%% B'Y 'Eﬁ%l%la"b%ﬂ%t'??ﬂ%@@%y 1/9 from
the thinning u ‘Fgegitﬁ,’lez e»l wh P s the
| evel of the t ?{r?n(g%' pt?'%e gfa b?/&g@t I‘ﬁicttl ng g‘ fé&&ggt g% ed pi xel

dat a i ndi cat edﬂtwranblrtdgr " onthimedSB &ned’emmadaoéquatmmdaﬁned\m the as a
consequence, tive pixel data. are e essed b so t hat,
t he subsequent P"ﬂm}ﬁ@gg?o'ﬁ& Qf’ﬁﬁﬁ ‘?’rg?/ °g’§ Hé&@xfgil IRg no¥mal & equatton

from the formula (6):
[formula 7]

[ m m m m
(}213 XX Wy + (IZ; XX Wy + oo + (§ XX Wf(%: XY

1O XXy + (O XXy + oo + (0 XX W= (3 Xe)
I=t =1 . =1 =1

m m m m
O XXy + (3 XX W + oo + (Y XX W, = (Y X))
71 x| =i =

. {7

The normal equations defined in the formula (7) may be
established, the number of which is the same as that of the
predictive coefficients w to be calculated. As .a resuit, an optimum
predictive coefficient w can be obtained by solving the formula (7).
it should be noted that to solve the formula {7}, for instance, the
sweep-out method (Gauss- Jordan’s erasing method) may be
applied.

As previously described, the adaptive processing operations is
carried out in such a manner that the optimum predictive coefficient

w, and further, the predicted values Elyl approximated to the pixel



Upon recei pt of the conpression data fromthe level Iimting unit 31, the
correcting unit 32 judges as to whether or not a control signal sent from
the determining unit 24 (Figure 3) is received. Wen it is so judged at
the step S13 that the control signal is not yet received, the process
operation is advanced to a step S16, at

- 23 - which the correcting unit 32 directly outputs the conpression data

derived fromthe level limting unit 3]32arls correction data to the | ocal
decoder 22 and the determ ning unit Z4.°“Then, the process operation is
returned to the step S13. That is to say, as explained above, the

det er m ni ng uniglu®4 afothe otiginahimagegats 8 vglculdted Mhsedoon ¢od forgnulai t  32)

based on the error inforpaption, Since jhe error_jnformation is not yet
acquired | mredith®¥ ysiogithis predicliFeeticientis aTHE AAARIIMFRIISESENG 1 ovel

L or o3 oot o HergABR Rkl o SRR pRtaRBRPinR UL o] 1o e
unit 24. As a redtishpujdubé naftéethaththis adaptiveipyocesding iopevatignuig ed from t he
level Timti ngdia‘li‘rt]zintant?’ilr’omt gwee lcn%{eltpeéiéii:igrg pl#g(i:et;ss?r%g %%%?ation. That is, in this
adaptive processing operation, a bompbnent is reproduced which is
contained in an original image data, but is not contained in a thinned
image data. In other words, the adaptive processing operation is
identical to the interpolation processing operation with employment
of a so- called "interpolation filter”, while considering only to the
formula (1). However, since the predictive coefficient w
corresponding to the tap coefficient of this interpolation fiiter is
calculated by using the teacher data "y", namely the learning
system, the component contained in thé original image data can be
reproduced. In view of this technical point, the adéptive processing
operation may be referred to as a process operation with an image
forming effect.
Referring now to a flow chart shown in Figure 10, the operation
of the local decoder 22 of Figure 8 further explained.
First, in the local decoder 22, at a steb ‘821, the corrected data
derived from the compressing unit 21 is processed to make blocks.
“In other words, in the block making unit for class classification 41,
the correction data is subdivided into a class classifying block made
of 5 pixels centered about the noted corrected data, which will be
then supplied to the class classification adaptive processing circuit
43. In the block making unit for the predicted values calculation 42,
the corrected data is subdivided into a predicted values 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 circuit 43.



not correct this conpression data (to correct by add 0), but directly
outputs this conpression data as the corrected data to the | ocal decoder 22
and the determ ning unit 24. On the other hand, in the case that it is
so judged at the step S13 that the control signal fromthe determ ning unit
24 is received, the correcting unit 32 outputs an address defined in
accordance with this control signal to the correction value ROM 33 at a
step S14. As a result, at this step S14,,.the conbination (set) of the
correction values [err] stored at thié’éﬁ%féss and used to correct the
conpression data for 1 franme is read at fromthe correction val ue ROM 33,
and then is supplAsgreviousiy explainedi imgaddition3e. thepelass elassifying bloek

ROV 3.t he od bt AP Vot fBiou it bRk, ohe BrlgEa tAsE 4R s
[err] to the r@fiMiel teetheodBES SHdsefichton dduptivel pBRssing éikalit 43¢ corrected
data- produced by correcting the conpression data for 1 frame is calcul ated

at a step S15.Thhelassfalassitying bivek tsssuppliedato the ¢lasa@lassifying und step S16,
at which the cgirecti;eh JalRion SHLAUIS bldOThl e SigiRe!intihe Gt 32 L9
are supplied to the adaptive processing unit 46.

At a step S22, the class classifying unit 45 performs the class
classification processing operation with respect to the class
classifying block. Namely, the class classifying unit 45 detects a
state of distribution of each of the pixel levels in the block, and then
judges to which class, this class classifying block belongs. This
class judging result is supplied as class information to the adaptive
processing unit 46.

It should be understood that in this embodiment, since the class
classification processing operation is performed with respect to the
class classifying block constructed of 5 pixels expressed by 2 bits,
each of the class classifying blocks is classified into any one of
1024 classes {= {2%%).

Then, the process operation is advanced to-a step $23, at which
the adaptive processing operation is carried out for each class based
on the class information supplied from the class classifying unit 45
to the adaptive processing unit 46. As a result, both the predicted
values and the predicted coefficients for each class of 1 frame of the
original image data are calculated.

That is, according to this embodiment, for instance, 25 x 9
predictive coefficients for each class are calculated using the
corrected data and the original image data for 1 frame, in such a
case that an attention is made of one certain correction data,
predicted values as to a total of 5 pixels, namely a pixel

corresponding to this correction data of interest, and also 4 pixels



determining unit 24, and then is returned to the step S13. Wen it is
determned in step S13 that a control signal having an end of operation
state has been received fromthe determning unit 24, the process is
returned to step S11, where the thinning unit 30 thins out this imge data
in step S11 by 1/N and then the follow ng conpressed data is processed in
the sane way. As previously explained, the conpressing unit 21
repeatedly outputs the corrected data gbtained by correcting the
conpression data into the various varuédé onder control of the deternini ng
unit 24. It should be noted that when the coding operation as to the

i mge of 1 framdjdgeerddoding pixebdaret talculated biyrexaputing: thesadaptpid es to t he

e T L

conpressi ng unidoefficieles Hh8iht HfteBicRed SalIRRCEAELRTINGBIbBR Mndde bI® % IBoW
chart of Figure 6 with respect to an inmage of the next frane. Al'so, in

t he above- descriixels wheke theheorrentiorhata wfdatesessinpeenterediimresponsehi nni ng
unit 30 by extr,acting.gnl .ne pi xel data (pixel value) about the central
pi xel of the BtQ%‘a’B%JQﬁPE%ahPPErnativel y, for exanple, an average val ue of

the 3 x 3 pixels ilf coceelerterths, 36€ ekntiple,liffs ABIPASSThEN tHAt 8l1a8BY be
produced by usi n? this average val ue as the pixel value of the central

pi xel in the 3 infagmatian € is outputted: from the elagsidlassifying upithbaandingenent
o e Lol SohaPabe i B EAMiSa Yo e siagt KBRS 2 0o} vl
leési Ih fe I E?E) IC En donstitdted] by B ebrreBlibRaatal X,,f K, PXEIDGL e, alvHere cal cul ation
correction data Xy; shown in Figure 7 is centered. Also, it is now
assumed that as the predicted values calculating block
corresponding to the class classifying block, a predicted values
calculating block is outputted from the predicted values calculating
block making unit 42. This prediction calculating block is arranged
by x11l X12' X13l x14l X15' X21' X22l x23' x24l x25' xav X‘32' X33* X34'
Xase Xage Xazr Xaar Xagr Xags Kerr Xgze Xosr Xsar Xgso Where correction
data X;; is centered. First, while the correction data for constituting
this predicted values calculating block is set to the learning data, and
. the pixel values Y33 (1) to Y, {9) of the 3 x 3 pixels {a portion
surrounded by a rectangle in Figure 7} where the corrected data X,
'is centered in the original image data are set to the teacher data, the
normal equation indicated in the formula (7} may be established.
Moreover, for example, for 1 frame, the normal equation is
similarly established as to other predicted values 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 predictive coefficient W,(k) to a predictive
coefficient W,g(k) used to calculate a predicted values E[Y,,(k)] of a
pixel value Ya3(k) (k = 1, 2, -, 9} can be calculated, these normal

equations are solved, so that an optimum predictive coefficient w,(k)



making unit 41 for the class classification nakes class classifying blocks
centered about the noted corrected data in units used to

- 25 - classify the corrected data into a presel ected cl ass, depending
upon a nature thereof. In other words, for instance, assum ng now t hat
in Figure 7, corrected data (conpression data) (or, pixel) (portion

I ndi cated by synbol "[err]") located 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 41 for-th® <€lass classification will
constltute a class classifying block arranged by 5 pixels in total, nanely,

a pixel "X er rprampppimumeyedigtive: sreffisiansw k) arqapa'@ubatgdj\ab@htarvo this

i xel of inter [
E([ err], Xerr] %ﬁ{aﬁ%! #ﬁ)ggl?h"gtﬁ‘at 51 b%% ?:‘183 ’{{gg\ﬁ,’i?@@? .og tggg’pﬂ( g‘?%)
class classif 'L QIK)Cas o8l 8iRé ickRsshineerpaaticty CCi Thuidbodé-describet sredidtivebe
noted, in this case, the class classifyi n2$bl ock is constituted by a

cross- shaped tresfficiants “vnerequiree26+ strise 25 pieces efsthe Iparing data fos not

required o beostiling e Bl bRR vaibbl 878 Tbd St rbtS! cRBHHSen O
coefficient is required in this embodiment. Also, the process
operations for establishing the normal equations are executed at step
$23 until the above-described number of normal equations can be
obtained. The above processing is carried out for each class, 256 x 8
predictive coefficients are calculated. Then, in accordance with the
below-mentioned formula corresponding to the formula {1}, the
predicted values EY,3(k)] is obtained using 25 x 8 predictive
coefficients corresponding to class information and the 25 pixels in
the predicted value calculating block:

ElYslK)] = wy(k)Xqy + WolkiXy, + Wslk)X;s

wi(kIX, s + wglk)X s + welk)X,,

WylKIX;, + WelkIX,3 + welk)Xy,

WiolKIXas + Wy (k)X

Wia(k) X3, + Wiglk}Xas

Wy{kIXsy + Wiglk}Xgs

Wielk)Xsy + wWiAdKIX,,

wyalk} X s + wiglkIX,,

Wao(K)Xgs + Way(k}Xg,

Wya{K)X5s + Waalk)Xsa

+ W (k¥Xgs + Waplk)Xss + Wolk} ...(8).
In step 823, after 25 x 9 predictive coefficients for each class

are calculated, 3 x 3 predicted values are calculated in units of 3 x 3

pixels centered about the noted corrected data. Thereafter, in step

824, the 25 x 9 predictive coefficients for each class are provided to

determining 24, and predicted values are provided to error calculator

+

+ o+ 4+ 4+ + + + 4



square shape, and other arbitrary shapes may be enpl oyed. Al so, a total
nunber of the pixels for constituting the class classifying block is not
limted to 5 pixels. The bl ock nmaking unit for the predicted val ue

cal cul ation 42 processes the corrected data to nake a predicted val ues

cal cul ating bl ock centered about the noted corrected data in units used to
calcul ate the predicted values of the original imge data. In other words,
in Figure 7, assum ng now that pixel vglﬂés_of 9 pixels (=3 x 3) in an
original inmage data, while positioning t corrected data Xij (portion
denoted by synbol "[err]"” in Figure 7) are expressed fromthe |eftnost
direction to tR8 forgachognit of xt3 pixelainStep &Rt iscthepprmtutiiadetn Aod to t he

| ower directio by: Y[err]l(1 Y[ err].t2 Ylerr] (3 Ylerrl(4), Y[err](5),

VEorr] (6) v ofiq BYime'idasst ib remesiethpbgarid kot bXdmeldph 5eghiand o | fe

predi cted val uggmgal cul ation 42 will constitute a square-shaped

- 26 - predicted values calculating block in order to calcul ate gredi cted
t

val ues of the pi xbextYFigure (11)illustreteshan lexapiplelof ¥reanranggmenmtiof the edi ct ed
val ues cal cul ateirr%g cballé)lﬁlétérszéxrorﬁ_qg&r% Qy for exanple, the

To the blocking, the original image data, is supplied. In this case,
the blocking unit 51 processes the input image data to make 9 pixel
blocks in correspondence with the predicted values outputted from
the local decoder 22. The resultant image blocks {e.g., blocks of 3 x
3 pixels as surrounded by a rectangle in Figure 7) constructed of
3 x 3 pixels are supplied from the block making unit 51 to a square
error calculating unit 52. As previously explained, in addition to the
blocks supplied from the block making unit 51, the predicted values
derived from the local decoder 22 is supplied in unit of 9 pixels
{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 values with respect to the originat
image data, and then supplies this calculated square error to an
integrator 55.

That is to say, the squate error calculating unit 52 includes
calculators 53 and 54. The calculator 53 subtracts the
corresponding predicted values from each of the block-processed
image data outputted from the block making unit 51, and then
supplies this subtraction value to the calculator 54. The calculator
54 squares the output (a difference between original image data and
predicted values thereof) of the calculator 53, and supplies the
squared value to the integrator' B5.

Upon receipt of the square error from the square error calculating
unit 52, the integrator 55 reads a stored value of a‘memory 56, adds
this stored value to the square error, and again supplies the added



bel ow- nentioned 25 pixels (=5 x 5), while a pixel Xerr] is set as a
center: Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr],
Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr],
Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr] Concretely
speaking, for instance, in Figure 7, to calculate the predicted val ues of
the pixels Y33(1) to Y33(9) in the original imge data surrounded by a
rectangl e, the predicted values calculating block is constructed by the
followi ng pixels: Xerr], Xerr], Xert], Xerr], Xerr], Xerr], Xerr],
Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], err], Xerr],
Xerr], X[err]Yalb(FéPr‘}h,e megary, 56seras to bg([sé?'] ,tW%'Pr]T?‘(&{‘eF'JPq, Xerr].
The predicted 3 N aleP C ' ' ' unit
for the. pred: cloaVe QpbRlbdd Pheffici RtbgRstal B b InietiaR 64, S5 5hara

cl assi fi cat i onmadidplied/ ealueosietha sguarerertor (effr distribbitivin} arFurthérheorease of
the class classifying bl ock, the pixel  nunmber and the shape as to the

predi ct ed val ugdedgtheintegration fosia pegselecsed Iamﬁtfrbtd(f?b"ﬁ’ﬁ eBRBOUBEcr i bed
examples. 11 Shguh GrlfioDB Siuafd Brold & nBlotS BEGOh Sl 55O
e ed vVa a IS pre

constituting t predi c ues calcu I'ng bl'oc erabl'y made

| arger than t hintegtatbr S8nteadsadut fpomethds irtegratedtvalue frumtthe méawsy

cl assi fyi ng bl ggk. Al so, whep the aboye-expl ained bl qck maki ng process
s carried oub&nsithen TuPHIies dBis inSperaled JRlucen 2be ErAY IBIERURII ng) ,
there are no GoRAETRALHHRP KR! 24.N%WAIL e STBIEA 41388 of thbfiofBRge. |1
this case, for exanple, the process operation nmay be perfornmed, assum ng
now t hat the s&feane clebedhevedyotimef the process operatipr b toi hrdigené issne are

| ocated outside this, i e class classifi C{ﬁt ion adaptive

f ) T
processi ng ci reempia%eﬁﬂgr%&ﬁggaa‘w of the,inteqratrhP SIREPA e S and an
adaptive proceﬁé,ggrwlgist. 46,

Referring now to a flow chart shown in Figure 12, the operation
of the error calculator 23 is further exélained. First, at a step 831,
in the error calculator 23, the stored value of the memory 56 is
cleared to become, for example, "0". Then, the process operation is
advanced to a step S32, at which the image data is block-processed
in the above-described manner by the blocking unit 51, and the
resulting block is supplied to the square error calculating unit 52. In
the square error calculating unit 52, at a step $33, a calculation.is
made of the square error between the original image data, which
constitutes the block supplied from the blocking unit 51, and the
predicted values supplied from the local decoder 22.

In other words, at a step §33, in the calculator 53, the
corresponding predication value is subtracted from each of the image
data, which has been block-processed and supplied by the blocking
unit 51, and then the subtraction value is furnished to the calculator
54, Further, at a step S33, the output from the calculator 53 is

squared by the calculator 54, and the squared value is supplied to
the integrator 55.



- 27 - and is designed to performclass classification adaptive processing
oper ati on. A class classification adaptive processing operation inplies
that an input signal is classified into several classes based on features

t hereof, and then, an adaptive process operation suitable for each of these
classes is executed for the input signal of each of these classes. Roughly
speaking, this class classification adaptive process operation is

subdi vided into a class classification process operation and an adaptive
process operation. Now, both the clgss classification process operation
and the adaptive process operation wll be sinply expl ai ned. First, the

cl ass cl assi fi catUpanpeoeips ©if the cyaerane iemorva'uupliadvbrmn mepetcajaﬁechrror It is

now assuned t ha for instapce, as indicated in F| 9 A ck cl ass
cl assi fyi ng bicigylating unik gg g‘?"ﬁf”ﬁ@‘?"% %t‘?‘ﬂc %1\"6 (

e @ﬁﬁﬂb?fevéf‘es‘i ).
In this case, aakitmgmdhrsa@ad stnrda yalue & 8)e squirecerkor at a step S34. The
integrated value of the square error integrated in the integrator 55 is
supplied to the memory 56, and is overwritten on the preceding
stored value so as to be stored.

Then, at a step S35, in the integrator 55, a judgment is made as
to whether or not the integrations of the square errors as to a
preselected amount, for instance, one frame data are completed. At
the step §35, when it is so judged that the integrations of the
square errors for 1 frame data are not accomplished, the process
operation is returned to the step $32, at which the process
operation defined from the step S32 is again repeated. At the step
S35, when it is so judged that the multiplications of the square
errors for 1 frame data are accomplished, the process operation is
advanced to a step S$36. At this step S36, the integrator 55 reads
out the multiplied value of the square efrors for 1 frame data, stored
in the memory 56, and then outputs this multiplied value as the error
information to the determining unit 24. Then, the process operation
is returned to the step S31, at which the process operations defined
from the step S31 are repéated.

As a consequence, in the error calculator 23, assuming now that
the original image data is Yij{k), and the predicted values thereof
processed from the corrected data in the local decoder 22 is
E[Yij(kM, the error information Q may be calculated by executing a
calculation in accordance with the following formula:

Q = I (Y; (k) - 1Y, (KI?,

where symbo! "X" implies a summation of 1 frame data.



of 4 pixels (2 x 2) may be classified into 16 (= (2[err])[err]), 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 may be carried out, taking account
of also activities (conplexity of image), (strength of change) of an inage
(i mage wit hin bl ock). Normally, in this exanple, for instance, 8 bits
or nore are allocated to each of pixé&9.- Also, in this enbodinent, as
previously explajned,_ the class classifying blogk is arranged by 5 pixels.
As a result, whextnEigurads? rapsesentscan pxamploetan aspangament ?E*}ﬁar f or med

Wi th respect tda‘)ﬁté"{‘gi?%'?q )ﬁhgff‘ll%lgﬁ ifey4Ng bl ock constituted by the

- 28 - origin Xe i's block is classified into such a huge
nunber of cl assed\ predictivé Zpeffidightenmemory 61 Bheresftheeginabeqréditgivieo t hi s

enbodi nent, as previously explained, the bit nunher of the pixel is reduced
(reduced from%® '?@M’%SQPBFF(Q‘%?’%W% qaé@@FOHPh??Fn‘@WQCtSQ,da% that the

nunber of cl asRgsory €L56EE thdid the cohettdd bigtd Edpplied from the

compressing unit 21,

it should be noted that when the compression data is newly
corrected, and therefore the newly corrected data is supplied, the
corrected data memory 62 stores therein the newly corrected data
instead of the previously stored corrected data (namely, previous
corrected data). Also, at such time that such a corrected data has
been updated by the newly corrected data, a set of new predictive
coefficients for each class corresponding to this newly corrected
data is outputted from the local decoder 22, Also, in the predictive
coefficient memory 61, in such a case that a new predictive
coefficient for each class is supplied thereto in the above manner,
this new predictive coefficient is stored instead of the previously
stored predictive coefficient for each class (namely, preceding
predictive coefficient for each class).

The error information memory 63 stores therein the error
information supplied from the error calculator 23. It should also be
noted that the error information memory 63 stores therein the error
information which has been supplied from the error calculator 23 in
the previous case, in addition to the presently supplied error
information (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 memory 63 is cleared every time the process operation
for a new frame is commenced.



Subsequently, the adaptive process operation will now be descri bed. For
I nstance, considering now that a predicted values E[y] of a pixel value "y"
of the image is calculated by a linear primary coupling nodel. This linear
primary coupling nodel is defined by pixel values Xerr], Xerr], --- of
several pixels located around this pixel value (will be referred to as

"l earning data" hereinafter, if required), and also |inear coupling of
presel ected predictive coefficients Weyy], Werr], ---. In this case, the
predi cted values E[y] may be expressed tThe follow ng fornmula: E[ y]
- err] X[err] + Werr]X[err] + --- Werr]Xerr] + W ... (1). where
sy\ri\lié)ol : V\g) i]s arf m’gt‘?fe%‘ff iCOMRAres A predeterpined tbbeﬂ‘?‘éd’a“&(pFess E[y]
by 8 bits, be el - bi ", ted into the
2bit data. - WHARREregEhl Wpofied it tbormhdtSiifdn HEMRI ) mae of

a set of the ipfadnator enemefyf 68| ant further/"aiay conipapdthepresestly of the
| earning data, and, a matrjx Y' made of a set of the predicted values E[y]

are defined bySYRRriied grsor \nformation with the mspviewshgseriad,erPbn equati on can
be satisfied: jnormation, if required. A comparison result obtained from the

comparator 64 is supplied to a controller 65.

The controller 65 judges whether or not the corrected data
stored in the corrected data memory 62 is correctly {optimally) equal
to the coded result of the original image data based on the
comparison result obtained from the comparator 64. When it is
recognized {judged) that the corrected data is not optimally equal to
the coded result, the controller 65 supplies a control signat for
reqﬁesting an output of new corrected data to the compressing unit
21 {(correcting unit 21} (Figure 5). To the contrary, when the
controller 65 recognizes that the corrected data stored in the
corrected data memory 62 is optimally equal to the coded result of
the image, the predictive coefficient for each class stored in the
predictive coefficient memory 61 is read out to be outputted to the -
multiplexor 25, and also the corrected data stored in the corrected
data memory 62 is read to be outputted as the optimum corrected
data to the multiplexor 25. Furthermore, in this case, the controller
65 outputs a control signal to the compressing unit 21, and this
control signal indicates such a message that the coding operation for
1 frame image is accomplished. As a result, as previously explained,
the controller 65 causes the compressing unit 21 to commence the
process operation for the next frame.

Next, operations of the determining unit 24 is further described
with reference to Figure 14. At a first step S41, in the determining
unit 24, the comparator 64 judges as to whether or not the error
information is received from the error calculator 23, When the



- 29 - [err] : Then,
considering now that the predicted values E[y] approximated to the pixel

value y of the original inmage data is obtained by applying the m ni num
squaring method to this

- 41 -

comparator 64 judges that the error information is not received, the
process operation is returned to the step S41. On the other hand,
when the comparator 64 judges that the error information is
received, namely when the error information is stored in the error
information memory 63, the process operation is advanced to a step
S42. At this step S42, the comparator 64 compares a

' predetermined threshold value "&" with the presently stored error
information (present error information) so as to judge that any one of
these values is larger. ‘

At this step $42, when it is so judged that the present error
information is larger than or equal to a predetermined threshold value
"g", the comparator 64 reads out the preceding error information
stored in the error information memory 63. Then, at a step $43, the
comparator 64 compares the preceding error information with the
present error information so as to judge whether or not the
preceding error information is larger than the present error
information.

In such a case that the process operation for 1 frame'image is
commenced, and the error information is first supplied, since the
preceding error information is not stored into the error information
memory 63, in this case, the process operations defined after the
step S43 will not be perforined in the determining unit 24. The
controller 65 outputs a control signal for controlling the correcting
circuit 32 {Figure 5} in order to output a predetermined initial
address.

When it is so judged at the step S43 that the present error
information is less than or equal to the preceding error information,
namely, when the compression data is corrected to thereby reduce
the error information, the process operation is advanced to a step

S44. At this step S44, the controller 85 outputs to the correcting



observation equation. In this case, when a matrix Y made of a set of pixel
val ues of the original imge data (wll be referred to as "teacher data"
herei nafter, if necessary), and another matrix E made of a set of renminder
of the predicted values E[y] with respect to the pixel value y of the inage

are defined by [formula 2], the bel ow nentioned renai nder equation may be
satisfied fromthe fornmula (2): [err]

- 30 - In this case, a predictive gog ficient W used to calculate the
predi cted val ues E[y] approximated to thé&“pixel value y of the original

| mage data may be cal culated by mnimzing the square-error [fornula 3].
[err] circuit 32, such a control signal for instructing that the correction

value A is changed in a similar manner to that of the preceding case.
Then, the process operation is returned to the step S41. To the
contrary, when it is so judged at the step $43 that the present error
information is larger than the preceding error information, namely
when the error information is increased by correcting the
compression data, the process operation is advanced to a step S45.
At this step S45, the controller 65 outputs to the correcting circuit
32, such a control signal for instructing that the correction value A is
changed in a manner opposite to that of the preceding case. Then,
the process operation is returned to the step S41.

It should also be noted that when the continuously reduced error
information is increased at certain timing, the controller 65 outputs
such 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 process operations defined from the step 841 to
the step S45 are repeated, the error information is decreased. As a

- result, in the case that it is so judged at the step S42 that the
present error information is smaller than a predetermined threshold
value "g", the process operation is advanced to a step 846. At this ~
step S46, the control circuit 64 reads out the predictive coefficient
for each class stored in the predictive coefficient memory 61, and
also reads out the corrected data of 1 frame stored in the corrected
data memory 62. Then, these optimum compressed data and
predictive coefficients for each class are supplied to the multiplexor
25, and the process operation is ended.

Thereafter, the process operations are again repeated in
accordance with a flow chart shown in Figure 14, while waiting for

the supply of the error information about the next frame,



As a consequence, the above-described square error is differentiated by the
predi ct coefficient W becones 0, nanely, the predictive coefficient W
capabl e of satisfying the follow ng formul a becomes an opti nmum val ue used
to calculate the predicted values E[y] approximted to the pixel value "y"

of the original imge data. [formul a 4] [err]
Thus, firstly, since the fornmula (3) is differentiated by the predictive
coefficient W, the bel ownentioned foppula can be satisfied: [formul a

5] [err]

it should also be noted that in the correcting circuit 32, as to the
correction of the compression data, all of the compression data for 1
frame may be corrected, and only a portion of this compression data
for 1 frame may be corrected. When only a portioﬁ of the
compression data is carried out, for instance, the pixels capable of
giving a strong influence to the error information is detected by the
controller 65, and only the compression data about such pixels may
be corrected. The pixels capable of giving the strong influence to
the error information may be detected by way of the following
manner, for instance. That is, first of all, the process operation is
carried out by directly utilizing the level-controlled compression data
as to the remaining pixels after thinning, so that this error
information is acquired. Then, such a control signal is supplied from
the controller 65 to the correcting circuit 32, by which executes a
process operation for correcting the compression data as to the
remaining pixels after thinning by the same correction value A every
one pixel. The resulting error information is compared with such an
error information that is obtained when the compression data is
directly utilized. Then, a pixel about the error information where a
comparison difference becomes larger than, or equal to a
predetermined value may be detected as the pixel capable of giving
the strong influence to the error information.

As previously described, the correcting operation of the
compression data is repeated until the error information is reduced,
or decreased smaller than a preselected threshold value "e". The
corrected data obtained when the error information becomes smaller
than the preselected threshold value "e" is outputted as the coded
result of the image. Accordingly, in the receiving apparatus 4
(Figure 1), it is possible to produce the decoded image {decoded
image with high image quality) identical to (or, substantially identical



Based on the formulae (4) and (5), formula (6) may be obtai ned:
[formul a 6] y )

[err] Furthernore, considering the relationship anong the |earning
data "x", the predictive coefficient "w', the teacher data "y", and the
remai nder "e" contained in the remainder equation defined in the fornula
(3), it is possible to obtain the follow ng normal equation fromthe
formula (6): [formul a 7] _[g&rl

to} the original image data from the corrected data {optimum
corrected data) where the pixel values of the pixels for constituting
the thinned image 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 level limiting process operation and the
class classification adaptive process operation, it is.possible to
obtain the coded data with the very high compression rate. It
should be noted that the above-explained coding process operation
executed in the transmitting apparatus 1 may be referred to as a
"combined coding process operation”, since the compression
process operation by the thinning operation is organically combined
with the class classification adaptive process operation so as to
realize the high efficiency compression.

Referring now to Figure 15, a decoder for use with the first
embodiment of the invention is now described. Figure 15 illustrates
an example of an arrangement of the receiving apparatus 4 shown in
Figure 1.

- In a receiving/reproducing unit 71, coded data recorded on the
recording medium 2 is reproduced, or coded data transmitted via the
transmission path 3 is received, and is supplied to a separating unit
72. In the separating unit 72, the coded data is separated into
corrected data and a predicted coefficients for each class. The
corrected data is supplied to a blocking unit for class classifyihg 73
and a blocking unit for predicted value calculation 77, whereas the
predictive coefficients for each class are supplied to a predicting unit
76 and then are stored in a memory {not shown} for example.

It should be understood that the blocking unit for class
classifying 73, the class classifying unit 75, or the blocking unit for
predicted value calculation 77 are arranged similar to the class



The normal equations defined in the fornula (7) may be established, the
nunber of which is the sane as that of the predictive coefficients wto be
calculated. As a result, an optinmum predictive coefficient w can be
obtained by solving the formula (7). It should be noted that to solve the
formula (7), for instance, the sweep-out nethod (Gauss- Jordan's erasing
net hod) may be appli ed. As previously described, the adaptive
processing operations is carried out in-sggh-a manner that the optinum
predictive coefficient w, and further, the predicted values Efy]
approxi mated to the pixel ) L .

classification block circuit 41, the class classifying unit 45, or the

predicted values calculation block making unit 42, shown in Figure
8. As aresult, in these blocks, a similar process operation to that of
Figure 8 is carried out. As a result, a predicted values calculating
block is outputted from the blocking unit for predicted value
calculation 77, or class information is outputted from the class
classifying unit 75. These predicted values calcutation block and
class information are supplied to the predicting unit 76.

In the predicting unit 76, 25 x 9 predictive coefficients are read
out from the memory (not shown) in response to class information,
and a calculation is made of a 3 x 3 predicted valués in accordance
with the formula (1) by using the read predictive coefficient
corresponding to the class information, and also the 5 x 5 correction
data for constituting the predicted values calculation block supplied
from the blocking unit for predicted value calculation 77. Then, an
image for 1 frame constituted by such a predicted values is
outputted as a decoded image. As previously explained, this
decoded image is substantially equal to the original image.

1t should also be noted that even when the receiving apparatus 4
as shown in Figure 15 is not employed at the reception end, the
normal interpolation is carried out without using the predictive
coefficient by such an apparatus for decoding a thinned image by
way of a simple interpolation, so that it is possible to obtain a

decoded image. In this case, an image quality (resolution) of this
resultant decoded image is deteriorated.

Second Embodiment
In the first embodiment of the invention, the predictive
coefficient is obtained in the local decoder 22 of Figure 3, and then

the predicted values is calculated by using this predictive coefficient.



32 - wvalue y of the original image data is cal cul ated based on the fornul a
(1) by using this predictive coefficient w This adaptive processing
operation is performed in the adaptive processing unit 46. It should be
noted that this adaptive processing operation is different fromthe

I nterpol ati on processing operation. That is, in this adaptive processing
operation, a component is reproduced which is contained in an original

i mage data, but is not contained in a thinned i mage data. In other words,
the adaptive processing operation is rdédttcal to the interpolation
processi ng operation with enploynent of a so- called "interpolation
filter", whil éAltematistelyi, the oabpedtive beedlotelumaue&)nav-lbammmatdmce t he

predictive coeff cien W Ccorrespon he ta fficient, of ,this
i nt er pol ati on Wﬁt*‘?‘é'f" taiping the, @G’d %8?% Icient @éﬁ\@ﬁ@?a'd%%%od%; 22.nanel y
the |earning systemh fubthe? YIRENCHbeCORd HIUienk M el iAbadiod ROC data can

be- reproduced. In view of this ‘technical point, the adaptive processi ng
oper ati on may describedrwith reference tprtbme‘sansmﬁtlaglanpamms afnFigoee 28 or mi ng

6L o "R RAPBARNS Brf A AU, o L0 P8 Fid LB o
| ocal decoder é’r?or é&lcﬁla%PBfﬁ?g"u el {'f, H@Eétrﬁﬂuﬂﬁtdhlt QPFiQ(ﬁ‘Q 13 @Ayt he

conpressing unit is processed to make blocks.~ In other words, in the
bl ock maki ng uthiet Iefammgldmsce:fmssarerdncme ooefficientsiof Kigureed i oFhelata i s

TERMERR R L S PAREIE S e SN R M S
classificationjaggatdd i Piglir6I."ExELHE HS lotherwise noted, the compressing
unit of Figure 5, the error calculator of Figure 11, the determining
unit of Figure 13 and the receiving apparatus of Figure 15 operate as
previously described with respect to the first embodiment of the
invention.

With reference now to Figure 28, the transmitting apparatus
of the second embodiment differs from that of Figure 3 in that the
local decoder 22’ of Figure 28 operates differently from that of local
decoder 22 of Figure 3, as further explained below.

Referring now to Figure 16, Figure 16 illustrates another
embodiment of the local decoder 22 of Figure 3. It should be
understood that the same reference numerals shown in Figure 8 will
be employed as those for indicating the corresponding circuit
bortions. That is, instead of the adaptive processing circuit 46, a
predictive coefficient ROM 81 and a predicting unit 82 are employed
in the local decoder 22’ of Fig 16. Otherwiée, other circuit
arrangements thereof are similar to those of Figure 8.

The predictive coefficient ROM 81 stores therein predictive
coefficients with respect to classes, which have been obtained by
way of learning {will be discussed later). Upon receipt of class
information outputted from the class classifying unit 45, the

predictive coefficient stored at an address corresponding to this



43. In the block making unit for the predicted values cal culation 42, the
corrected data is subdivided into a predicted values calculating block
made of 5 x 5 pixels centered about the noted corrected data, which wll
be then supplied to the class classification adaptive processing circuit
43. - 33 - As previously
explained, in addition to the class classifying block and the predicted
val ues cal cul ating block, the original image data is supplied to the class
cl assification adaptive processing citchft=43. The class cl assi fying bl ock
I's supplied to the, class plassifyin% unit 45, anpd. the predictian

cal cul ati ng bl ¢ags infermatiop is Jead oyt feem this predictive, spefficierbREM 8dapt i ve
processi ng uni : : : I | assifying unit 45
performns the c%gégh%?gzé%?ﬁggi?@ﬁﬁ%%%%gggpﬁéﬁﬁgg?étion Wi th respect to the
cl ass cl assi fyi ngnbthecpredieting unitt82, alcakulaticrs & Mnadegfuailinedd detects a

state of distribution, of each of the pixel levels in the block, and then
j udges-to whi cRA¥ALRR ,'n‘I'ﬁ??dc'Pa@:? ItjquE-g‘P ?}/’i "GF‘H@LV seeakpe: fathis cl ass

{J mjgi Zg. resul t o) Smpt HohRti8)f S emblbyihgthe FediBrdd' GaRRIREdI¥RaRhGCEsS! NY
block derived from the block making unit for the predicted values
calculation 42, and also the predictive coefficient ROM 81. As a
result, a predicted values of the original image data is calculated.

As a result, in accordance with the class classification adaptive
processing circuit 43 shown in Figure 16, this predicted values can
be calculated without employing the original images data. 25 x 9
predictive coefficients for each class stored in the predictive
coefficients ROM 81 are outputted to determining unit 24 in the
above embodiment.

As indicated in Figure 16, when the local decoder 22’ is
arranged, the receiving apparatus 4 shown in Figure 15 may be
arranged in such a manner that the poét stage of the
receiving/reproducing apparatus 71 is constituted similar to the class
classification processing circuit 43 of Figure 16.

With reference now to Figure 29, the operation of the local
decoder 22’ of Figure 16 is explained in further detail. First, in the
local decoder 22/, at a step $21, the corrected data derived from the
compressing unit 21 is processed to make blocks. In other words, in
the block making unit for class classification 41, the correction data
is subdivided into a class classifying block made of 5 pixels centered
about the noted corrected data, which will be then suppliéd to the
class classification adaptive processing circuit 43. In the block
making unit for the predicted value calculation 42, the corrected
data is subdivided into a predicted values calculating block made of
5 x b pixels centered about the noted corrected data, which will be



It should be understood that in this enbodi nent, since the class
classification processing operation is perfornmed with respect to the cl ass
cl assifying block constructed of 5 pixels expressed by 2 bits, each of the
class classifying blocks is classified into any one of 1024 classes ( =
(2[err])[err]). Then, the process operation is advanced to a step S23,
at which the adaptive processing operation is carried out for each class
based on the class information suppliedd8remthe class classifying unit 45
to the adaptive processing unit 46. As a result, both the predicted val ues

and the predi fificients for each.class, of r i gi nal
| mge data ar Z&@gl %‘Fﬁepzi egdf.o the c‘f%ﬁtc ﬁséﬂfl%%t&o& aﬁgﬁ%&\(%p% ess(%&}#)gg?g’ént , for
i nstance, 25 x49. predictive coefficients for each class are cal cul ated

using the corrected data and the origi nal image data for 1 frame, in such
a case that an aAs@evignslysexplained; theaslass clapsifyingileck imsupplied to

predh cLed Vel Uik gk I Rl 5 UE e e Bfbuietmg ELERP N S
- 34 - adj acegipplied ¥ the pr&dicting arteBgul at ed by executing the adaptive

At a step 522, the class classifying unit 45 performs the class
classification processing operation with respect to the class
classifying block. Namely, the class classifying unit 45 detects a
state of distribution of each of the pixel levels in the block, and then
judges to which class, this class classifying block belongs. This
class judging result is supplied as class information to the predictive
coefficient ROM 81.

It should be understood that in this embodiment, since the class
classification processing operation is performed with respect to the
class classifying block constructed of 5 pixels expressed by 2 bits,
each of the class classifying blocks is classified into any one of
1024 classes {= (2%°).

Then, the process operation is advanced to a step $23’, at which
predictive coefficients corresponding to each class are read. iIn step
24’ an adaptive process is executed by predicting unit 82 to
calculate predictive values. In step S25°, the predictive coefficients
for each class are output by predictive coefficient FiOM 81-, while the
predictive values are output by predicting unit 82. Step S21 is then
returned to and the same process is repeated thereafter, for
example, for each one frame. ,

Next, Figure 17 illustrates a structural example of an image
processing apparatus for executing a learning operation so as to

obtain the predictive coefficients stored in the predictive coefficient
ROM 81 shown in Figure 16.



processi ng operation with enploynment of the 25 x 9 predictive coefficients
and the predicted values cal culating block nade of 5 x 5 pixels where the
correction data of interest in centered in response to class information.
In concrete terns, for exanple, it is now assuned that class information C
I's outputted fromthe class classifying unit 45, and this class information
Cis related to a class classifying block constituted by 5 correction data
Xerr], Xerr], Xerr], Xerr], Xerr]; 4here correcti-on data X err] shown
in Figure 7 is centered. Also, it is now assuned that as the predicted

val ues cal cul ati bl ock corresponding to the class cIa sifying hlock, a
predi cted val uesnefhlactlfpﬁl‘m ingdaNt f%‘g'ﬁﬂffb%ﬂt%éda‘ﬁ dnblpgk TpRKIAGYRIY val ues

| cul ati bl 4 Lot k
;?r glrjrggdl B?/ X[febﬁlr(tr g@ﬁz[r@ ?nirﬁr@%%ﬁaﬂpng’r er rﬁ%q@?é‘?‘?}f%g%@}a?f"@ﬂ%ﬁ I)([Ser r,
Xerr], Xerr] (ac&bedmbly,mge]datx[tmfb}e b&{ngrtrh]r;n@ﬁ)es rs}rpp}({edrwﬂuphX[ser r],
X[err], X[err], err Xerrl Xerr]lf err X[.err] err wher e

correction dat 'és t@@rﬁ'@ﬂ ivercoafficiefts pp [“F@"EGP@M hta for
titut t hi t the |
constituting IS }pé u;é.@dwgkﬁ%w i %,r RY ,m.,gcéq ?§tr§@’t fgrt he lear ni ng

data, and the plxel err x 3 pixels (a
portion surr oumieamtg; 25 pec&isu(r’g‘l;eSimxﬂ'sgaf a ;R)sr%rmieetdtmnshrpr ected data X33

is centered in,tf eor naI e data set. to the feacher data, the

hor mal - oquat | olRAISRIR of he penteradapoyt mryna*ee{evsg Eloute 7,

Mor eover, -for %ﬁﬁ?ﬂ\ﬁm rﬂ"te&nﬁ%@%at h&nc‘i“ﬁ"\ ﬁﬂ%sbﬁ% 'asbioékm larly
er 0

establrshed as to ot predi ct ‘ues ca atin cks correspondi ng
to other cl asscohat:mwghbygtl'kelsecz& pitels lasar keacrhlagsbltbcledlo a lewel litmitined ass

predi cti ve. coePMtEncing BV fihe clept s B hedeuris e nPier | (k)
Vrorr] (k) (k =Pie! SaRACEhe Bt Ul ek Rted el ditao PLkRs L0t ons are
sol ved, so t hatlassifging uﬁlm%k eold & Ieamtogefa‘tacnambrw\p@r r](k) :
Also, in the block making unit for teaching 92, for example, a
block constituted by 9 pixels {3 x 3 pixels} centered about the noted
pixel is produced from the input image data, and then a block
constituted by these 9 pixels is supplied as a teacher block to a
teacher data memory 98.
It should also be noted that when the learning block constructed
of, for example, the 25 pixels located irt the positional relationship
indicated by symbol “-" shown in Figure 7 in the learning block
making unit for learning 91, the teacher block of 3 x 3 pixels
surrounded by a rectangle shown in Figure 7 is produced from the
block making unit for teaching 92.
The class classifying unit 93 extracts central 9 pixels (3 x 3
pixels} from the 25 pixels for constituting the learning block, and
then executes a class classification with respect to the block made
of these 9 pixels. The level limiting circuit 93 limits the level of the
inputted pixel data, and outputs the level-limited pixel data to a class

classifying unit 94 and a learning data memory 96. The resulting



- 35 - to an optimum predictive coefficient werr] (k) are cal cul ated which
are suitable for calculating the predicted values [Y[err] (k)] of the pixel
value Y[err](k) as to the class information C. The above-descri bed
predictive coefficients "W' require 26, since 25 pieces of the |earning
data for obtaining one predicted values are used and further, one offset
coefficient is required in this enbodi nent. Al so, the process operations
for establishing the normal equations are executed at step S23 until the
above-descri bed nunber of normnal equéti6h§ can be obtai ned. The above

i i ' . for. h ¢l e 29 X0 Q dicti ffjcient
B e cal cul at oG eomBOTRtion 3 sEBATRS M A tefminBLI Bt ST P dbPe
cor respondi ng lg&rnif dad MErAokyl D6 dritb 1y eskcHeedatdImiemoky derr] (k)] is
obtained using 25 x 9 predictive coefficients corresponding to class

i nformation and thdhedegining data maaogy 86 er sbe Jeachercdateunamary 98.ock:
el L, Fntliehrlibg b blnled Sk She Sl lursiniplGird it b8! B the
W err] (k) X[ er rieachif Block(sutsiutted fronmtied biddk) making unit for teaching 92
is stored at an address (AD) corresponding to the class information
supplied thereto.
As a result, assuming now that, for example, the block
constituted by 5 x 5 pixels shown by symbo! “" in Figure 7 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 rectangle is stored as the teacher
block at the same address as the above- described address.
Subsequently, a similar process operation is repeated as to 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 values is calculated in
the local decoder 22 of Figure 16 by employing the predicted values
calculating b(oc;k constituted by 25 corrected data having the same
positional relationship as that of the 25 pixels for constituting this
learning block.
Since a plurality of information is stored at the same addresses in
the learning data memory 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 as to all of the
learning images are stored into the learning data memory 96 and the
teacher data 98, the switch 85 which has selected 'the terminal "a"

is changes this terminal into another terminatl "b", so that an output



+ Werr](k)Xerr] + Werr] (k)X err] + Werr] (k)X err] +
wWerr](k)Xerr] + Werr](k)Xerr] +V\[err](k)X[err]
+ Werr](k)Xerr] + wWerr] (k)X err] + Werr](k)Xerr] +
werr] (k)X err] +vv[err](k)X[err] + Werr] (k)X err]
+ Werr](k)Xerr] + Werr] (k)X err] + Werr](k)Xerr] +
vv[err](k)X[err] +vv[err](k) ... (8). In step S23, after 25 x 9

predictive coefficients for each cl ass gpare calculated, 3 x 3 predicted
val ues are cal cul ated |n unlts of 3 x 3 plxels centered about the noted

corrected data, There S24, redicfive
coefficients fdf23&Up ésgrug b?@\ﬂsd%aggresa t}‘ﬁ?‘ﬁgﬁﬂ”%é} a8 predict ed
val ues are prome@i*&lrytgaearne%ecfaa%leafd@ta memory 98. The counter 97
- 36 - 23 for each'unit of 3 x 3 pixels. Step S21 is then returned to and

t he sanme proceesumts a@peéﬁtsdmm claicketo, otput @xearntevalge theresd, one frane.
Next, FOUre Lottt S RoatRing B Foflord b6y B Bathe? st o7 O"
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, to the calculating unit 99, a set of learning blocks,
and also a set of teacher blocks of the class corresponding to the
count value of the counter 97 are supplied.

Upon receipt of a set of learning blocks and also a set of teacher
blocks as to a certain class, the calculating unit 89 calculates a
predictive coefficient capable of minimizing an error 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,, X;, ---, and also
predictive coefficients to be required are w,-, W,, Wy, —, the
predictive coefficients w,, w,, w,, -, must satisfy the following
formula 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
values:

Y = WyXy + WoX, 4 WX + -~ + W,

As a consequence, the predictive coefficients w,, w,, w,, -, w,
may be calculated in the calculating unit 99 in such a way that the
normal equation indicated in the above-described formula {7) is
established and solved, while these predictive coefficients minimize
a square error of the predicted values w;x; + WyX, + WyX, + -— +
w, with respect to a true value "y" from both the learning block in
the same class and the teacher block corresponding thereto.



To the bl ocking, the original imge data, is supplied. In this case, the
bl ocking unit 51 processes the input imge data to nmake 9 pixel blocks in
correspondence with the predicted val ues outputted fromthe | ocal decoder
22. The resultant image bl ocks (e.g., blocks of 3 x 3 pixels as surrounded
by a rectangle in Figure 7) constructed of 3 x 3 pixels are supplied from
the bl ock making unit 51 to a square error calculating unit 52. As
previously explained, in addition to the,blocks supplied fromthe bl ock
making unit 51, the predicted val ues defived fromthe |ocal decoder 22 is

supplied in U”"l“he?éfo?ePQ!Se)l 9 ﬁr@HQﬁNe‘J&éfﬁefen%s &ﬁe&%ela%k drg the square

error calculating unit his square error calculating unit 52 cal cul ates
a square error mk:tdamdeuv carwmgapubtthe)fabbhes)rpcm forexhchatiaes. wi t h respect

h i ginal i d h | hi I d
Lo an it eqrat or 388 Predicie Soelmaines Wk EsactsB ahBrEp St BBERRRG uni

52 incl udes C%ﬁfghaér‘éréaléé"la?é'djx@ﬂ\e Eﬁl‘éufaﬁir@l’uﬁi ‘9'9 te SUBpligg ks o he

correspondi ng predicted values fromeach of the bl ock-processed. inage data
out putted frommémoy dQO. rrkmomjleunmemw'y TG0 dtheheountsughpe i suppliexd

bt ract lue to the cal T | t
out put (8 i 11 dFORCBeLRYEEh o Aupdeiion dBe diedesita Caprligiente dogurdos

t hereof ) of thefrsmlﬁw@é;emaﬁ% tﬂﬂthSUpNs'aeFeshhemW%élﬂoWahgg tRe t he
I nt egrator 55. Upon recel pt of the square error fromthe square error

cal cul ati ng urpredBivet ¢eeffintends sievived Srorodhie cmks:latlw umtl 98 aré storedhory
56, adds this storediyalue Lo Lhe SaHAS b QunViaIalbatarsss the
the counter 97,
As described above, the optimum 25 x 9 predictive 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 predictive coefficients for each class stored in the memory
100 in the above-described hanner are stored in the predictive
coefficient ROM 81 of Figure 16. In the second embodiment, since
predictive coefficients for each class are not calculated in the local
decoder 22’ of Figure 18, it is possible to raise processing speed.

As indicated in 'Figure 16, with the configuration of the local
decoder 22’, the receiving apparatus 4 shown in Figure 15 may be
arranged in such a manner that the post stage of the
receiving/reproducing épparatus 71 is constituted similar to the class
classification processing circuit 43 of Figure 16.

Third Embodiment

In the first embodiment of the invention, the predictive
coefficient is obtained in the local decoder 22 of Figure 3, and then
the predicted values is calculated by using this predictive coefficient.

Alternatively, the respective predictive coefficients need not be



- 37 - value to the nenory 56 so as to be stored therein. Then, the
above-descri bed operation is repeated by the integrator 55, so that a
mul tiplied value of the square error (error distribution). Furthernore,
when the integration for a presel ected amount (for instance, amount for 1
frame) of square errors is conpleted by the integrator 55, this integrator
55 reads out fromthis integrated value fromthe nenory 56, and then
supplies this integrated value as the erdpr_ information to the determ ning
unit 24. Wiile the stored values of the nmenory 56 are cleared every tine
the process o ' t | , ues of the
I nt egr at or 55%@‘?%%’3?“& lﬁ ﬁ?esafdrng{régr%/égéﬁ&’gh%ﬁgft&rﬁ%ﬁng&%g?gﬂé fl ow chart
shown i n Fi gurrecdédinghendotremrataleniatéd ivrithiara cecebahgudpdaratud3 is further

expl ained. First, at tep, S31, in the error calcylator 23, the stored

val ue of the rrermr;]"‘Sé”ﬁ?fcqeéﬁ eﬁtPBdt?é’e*b?\‘ﬁ[“%PféESHﬂY%?t”’%"? Then, the
process operat} ' : | Enf B tais

bl ock- prOcesSe%@%bﬁi%di@ﬁ?&i&g@%gﬁoﬁ@%pﬁgﬁﬁg}tﬁhe"%ﬁﬁg%ﬂt&%&ﬂ n gﬁemgfé’Sl, and
t he resul ting theocdmpsessingp unitdot Biguhe 55 ghalecat idegsbderlof Figurer®2,uthet 52. I n

t he square error calculating unit , at a step S33, a.caJculation is made
of thg squar e %"F?E)Paﬁé‘i%éﬁ?tﬁ'ﬂ}‘@rigiaﬁgltheréﬂép‘ﬂﬁl‘%g"Wl'ﬁ‘&#ﬁ@b‘ﬁ%@i“t'ut es the
blrock suppl | edris eErbASATaRGs 1Y bse Witt?Bls 'tid R difghty@! ues suppl i ed

fromthe | ocal decoder
illustrated in Figure 36. Except as otherwise noted, the compressing

unit of Figure 5 and the error calculator of Figure 11 operate as
previously described with respect to the first embodiment of the
invention.

With reference now to Figure 30, the transmitting apparatus
of the third embodiment differs from that of Figure 3 in that the local
decoder 22’ of Figure 28 operates differently from that of local
decoder 22 of Figure 3, as further explained below. Furthermore,
the determining unit 24’ of Figure 30 does not output predictive
coefficients for each class, and therefore, there is no need for a
multiplexor 25 as in Fiéures 3 and 28.

With reference now to Figure 31, the operation of the
transmitting apparatus of Figure 30 is explained. When the image
data is supplied to the compressing unit 21, the compressing unit 21
first compresses this image data, at a step S1, while thinning the
image data {namely, extracting plural pixels from a large number of
pixels}). At a step S2, levels of the extracted pixel data are limited
by extracting 2 bits of this pixel data on the MSB side thereof.
Then, this pixel data is outputted to the local decoder 22'’ and the
determining unit 24 without any correction in the béginning. In the
local decoder 22", at a step S3, the corrected data derived from the
compressing unit 21 is locally decoded. This corrected data is equal



In other words, at a step S33, in the calculator 53, the corresponding
predi cation value is subtracted fromeach of the imge data, which has
been bl ock-processed and supplied by the blocking wunit 51, and then the
subtraction value is furnished to the calculator 54. Further, at a step
S33, the output fromthe calculator 53 is squared by the cal cul ator 54,
and the squared value is supplied to the integrator 55.

- 38 - Upon recei pt of the square ejgaqr supplied fromthe square error
calculating unit 52, the integrator 55 reads out the stored value of the

menory 56, and.,i t : : (of his read
stored val ue S 8 t"{?ggés%hgfpe&ggp}é?d%? tQB‘S't%p%@ﬁﬁg"?ﬁ"&%’a@d’%% of the
square error iduteds aireplyi thinded and eldsalevel-gbntralled imithe belinrdihg. menory 56,

and is overwitten on them{i‘{ecedin stored value so as to_be stored.
Then, at a step 29sthe;steppes the pypdictrd xalues grg gteds ThBe as to whet her

or not the intGarRtleNals (AEURMRIE RS Idat dRBolEr 22P SRSLARIIRH AMOUNt .
at rﬁe.gt?esgep 3,\/\7n

for instance, one frane a are conp enit is so
j udged that t htheiert@geaitulater 28. t he

In this case, an image constructed of the predicted values
outputted from the local decoder 22’’ is identical to the decoded
image obtained on the side of the receiving apparatus 4 {Figure 1}.

When the predicted values of the original image data are received
from the local decoder 22'* by the error calculator 23, at a step S4,
the error calculator 23 calculates the prediction error of the predicted
values derived from the local decoder 22'’ with respect to the
original image data, and supplies this prediction error as the error
information to the determining unit 24’. When the error information
is received from the error calculator 23, the determining unit 24’
judges at a step S5 as to whether or not the corrected data
outputted from the compressing unit 21 is correctly equal to the
coded result of the original image.

In other words, at a step S5, for instance, a judgment is made as
to whether or not the error information is less than a predetermined
threshold value "g". At the step S5, when it is so judged that the
error information is not less than the predetermined threshold value
"g", a recognition is made that the corrected data outputted from
the compressing unit 21 is not equal to the coded data of the
original image. Then, the process operation is advanced to a étep
S6 at which the determining unit 24’ controls the compressing unit
21 so as to correct the compression data. The compressing unit 21
varies a correction amount {namely, correction value "A" will be
discussed later) under control of the determining unit 24’ in order to
correct the data. The resultant corrected data is outputted to the



square errors for 1 frane data are not acconplished, the process operation
Is returned to the step S32, at which the process operation defined from
the step S32 is again repeated. At the step S35, when it is so judged that
the nultiplications of the square errors for 1 frane data are acconpli shed,
the process operation is advanced to a step S36. At this step S36, the

I ntegrator 55 reads out the nmultiplied value of the square errors for 1
frame data, stored in the nenory 56,_@@% t hen outputs this nultiplied val ue
as the error information to the determning unit 24. Then, the process

operation i LU Aahde? I sRliSheSherdinil bR 340 RHRERS BRELAL! ons

defined fromt are repeate a consequence, 1n the error

cal cul at or 23,o;maﬁﬂhrwrmmédm6 théhﬁe@iibuglsneb S3regal daﬁmliaﬁp?ﬁde(sk) , and
the predicted val ues thereof process d fromthe corrected data in the

| ocal decoder operafonpyillnqw)he rapgatedlyparrigd QUtati on Q may be cal cul at ed
I A b e LT
a sunmat i on ofertod ioEmadémis less than the predetermined threshold value "e",- 39 -
a recognition that the corrected data outputted from the
compressing unit 21 is correctly equal to the coded result of the
original image data. The determining unit 24 outputs as optimum
compressed data when the error information less than the
predetermined threshold value "&". Then, the process is ended.

As previously explained, since the corrected data produced by
correcting the compression data, such a condition that the error
information becomes less than a preselected threshold value "&" is
used as the coded result of the original image data, it is possible to
obtain such an image substantially identical to the original image
data based on this corrected data on the side of the receiving
apparatus.

Referring now to Figure 32, a block diagram of the local
decoder 22’ is shown. In contrast to the local decoder 22' of
Figure 16 {of the second embodiment) the local decoder 22" does
not output from predictive coefficients ROM 81’ predictive
coefficients for each class.

With reference now to Figure 33, the operation of the local
decoder 22" of Figure 32 is explained. First, in the local decoder
22", at a step S21, the corrected data derived from the compressing
unit 21 is processed to make blocks. In other words, in the block
making unit for class classification 41, the correction data is
subdivided into a class classifying block made of 5 pixels centered
about the noted corrected data, which will be then supplied to the

class classification adaptive processing circuit 43. in the block



Next, Figure 13 represents an exanple of an arrangenent of the determ ning
unit 24 of Figure 3. A predictive coefficient nenory 61 stores therein
the predictive coefficients supplied fromthe |ocal decoder 22. A corrected
data nenory 62 stores therein the corrected data supplied fromthe
conpressing unit 21. It should be noted that when the conpression data
is newy corrected, 'and therefore the newly corrected data is supplied, the
corrected data nmenory 62 stores ther@rgéryanemﬁy corrected data instead of
the previously stored corrected data (nanely, previous corrected data).

A so. at such b % 815K BradHPL 8o Iaiu e iR £ 8Y the nevly

corrected data, VE Ccoe cients’'for eac ass

correspondi ng d#tatibisubdivited ¢oto 8 predicted qalues @atquiatieg blockmidde dfocal
decoder 22. Also, in the predictive coefficient nenory in such a case

61,
t[\)at a new pre'élixg:'éiniée‘§d‘@ﬂ;?@d¢ﬁ@°lﬁoiheeﬁ%%dcq%$%ctﬁg dﬁlﬁp%‘f"é@h il ey ohi n the
, A { t
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predictive coefigj cient for each class). The error information nmenory 63

stores therein the error information supcﬂied fromthe error cal cul ator 23.
It shoul d al so beAr@reviousht exmained, dhe iclassrolassi BN bRk isssupplisdeto t herei n

the error inf opiRbia80 UGN AnRAS, ahPRhd Breditroh R ikt pigtichl! ator 23
in the previous case, 1T n addition to the presently supplied error

i nformation (eyepplidibto tie adaptiee peocessiry mmiti4th i s supplied, the
previously stored error information is saved until_ the further new error

information is sufp@i _ﬁ&?.sg&?sﬁ‘,e F'ﬁés@éﬁﬁs'éfm"_%?'niﬂ@ E?PfBFmFﬁhSr"rﬂﬁﬁ on menory
63 is cleared gugbMicHiBR ArdGeBsiRG oerafibn Wity Peddlict ol diagy™ | s

commenced.
classifying block. Namely, the class classifying unit 45 detects a

state of distribution of each of the pixel levels in the block, and then
judges to which class, this class classifying block belongs. This
class judging result is supplied as class information to the predictive
coefficient ROM 81.

It should be understood that in this embodiment, since the class
classification processing operation is performed with respect to the
class classifying block constructed of 5 pixels expressed by 2 bits,
each of the class classifying blocks is classified into any one of
1024 classes {= (2%5),

Then, the process operation is advanced to a step §23', at which
predictive coefficients corresponding to each class are read. In step
24’ an adaptive process is executed by predicting unit 82 to
calculate predictive values. In step 825/, the predictive values are
output by predicting unit 82. Step 821 is then returned to and the
same process is repeated thereafter, for example, for each one
frame.

Referring now to Figure 34, the determining unit 24’ of the
third embodiment is explained. In contrast to the determining unit of
both the first and second embodiments as illustrated in Figure 13,



- 40 - A conparator 64 conpares a predeterm ned threshold value "[err]"”
with the presently supplied error information stored in the error

i nformati on nmenory 63, and further, may conpare the presently supplied
error information with the previously supplied error information, if
required. A conparison result obtained fromthe conparator 64 is supplied
to a controller 65. The controll er 65 judges whether or not the
corrected data stored in the cqrrected7ata nenory 62 is correctly
(optimally) equal to the coded result of the original imge data based on

the compal | s0fhd EauhionaPs! T FAGASA NS HRAARGS pPhuicHiPBobtic

recogni zed (] u that the correc y equa tSto t he

coded result, fbheach)mas@zl | Burthérraonep [the lesereniningolinisi ¥ adodonot equest i ng an
out put of new_carrected data to fhe conpressing unit 21 (correcting unit

21) (Figure 5)nclygde @pregdistive 9eftmﬁmﬁ@og6@§r§hq\@p Gl Qg&ﬁﬂ@e that the
corrected data Sto\ﬁﬂn'r@férgﬁcgq ,‘t"%d%gatﬁae HFQF%E 6@5 e Q&érmlh equal to

the coded result of e’pre Ive coe |C|ent eac cl ass
stored in theuyniegdtof Fgweeﬁlt ls:fwmempmy\edl As withdhe detémmibingut put t ed
to the unit of Figure 13, at a first step S41, in the determining unit 24, the
comparator 64 judges as to whether or not the error information is
received from the error calculator 23, When the comparator 64

judges that the error information is not received, the process

operation is returned to the step S41. On the other hand, when the
comparator 64 judges that the error information is received, namely

when the error information is stored in the error information memory

63, the process operation is advanced to a step S42. At this step

$42, the comparator 64 compares a predetermined threshold value

"&" with the presently stored error information (present error

information) so as to judge that any one of these values is larger.

At this step S42, when it is so judged that the present error
information is larger than or equal to a predetermined threshold value
"€", the comparator 64 reads out the preceding error information
stored in the error information memory 63. Then, at a step S43, the
comparator 64 compares the preceding error information with the |
present error information so as to judge whether or not-the
preceding error information is larger than the present error
information.

In such a case that the process operation for 1 frame image is
commenced, and the error information is first supplied, since the
preceding error information is not stored into the error information
memory 83, in this case, the process operations defined after the
step S43 will not be performed in the determining unit 24. The

controller 65 outputs a control signal for controlling the correcting



mul ti pl exor 25, and also the corrected data stored in the corrected data
menory 62 is read to be outputted as the optinumcorrected data to the
mul ti pl exor 25. Furthernore, in this case, the controller 65 outputs a
control signal to the conpressing unit 21, and this control signa

I ndi cates such a nmessage that the coding operation for 1 franme inmage is
acconplished. As a result, as previously explained, the controller 65
causes the conpressing unit 21 to coqnggce t he process operation for the
next frame. Next, operations of thé&¥determning unit 24 is further

descri bed wi f ' 4 j d..401n the
det er m ni ng Eﬁf{lﬁ% ﬁ?ﬁgr%:ghg%rg;k?%rt%ﬁu%égaeé}e;d?t?@i\?‘ﬁgﬁﬁé}alor not the
error informatdmess.s received fromthe error cal cul ator 23. \Wen the

- 41 - conparator. 64_judges that the error inforpmation is not received,

the process oper ¥Yhehitiig socludiosdcpt e Hep P that theprassBt 6£106r hand, when
the conparat Ofnfﬁflmla'ﬁgﬂ% léé?{hér{‘gr %gﬁglrtd ﬂ{eog%tehmbn?ﬁ'o'f SFfritationnamel y
roinfo in the |

when the erro romation IS store rror ormati on nenbry 63,

t he process openslyowhen thivemmpdedsiom datejs corrected to thereby reduce

' the error information, the process operation is advanced to a step
S44. At this step S44, the controller 65 outp&ts to the correcting
circuit 32, such a control signal for instructing that the correction
value A is changed in a similar manner to that of the preceding case.
Then, the process operation is returned to the step $41. To the
contrary, when it is so judged at the step S4 that the present error
information is larger than the preceding error information, namely
when the error information is increased by correcting the
compression data, the process operation is advanced to a step S45.
At this step S45, the controller 65 outputs to the correcting circuit
32, such a control signal for instructing that the correction value A is
changed in a manner opposite to that of the preceding case. Then,
the process operation is returned to the step S41.

It should also be noted that when the continuously reduced error
information is increased at certain timing, the controller 65 outputs
such 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 process operations defined from the step S41 to
the step S45 are repeated, the error information is decreased. As a
result, in the case that it is so judged at the step $42 that the
present error information is smaller than a predetermined threshold
value "e", the process operation is advanced to a step S46. At this
step S48, the control circuit 64 reads out the corrected data of 1
frame stored in the corrected data memory 62. Then, the optimum



S42. At this step S42, the conparator 64 conpares a predeterm ned threshold
value "[err]" with the presently stored error information (present error
information) so as to judge that any one of these values is |arger. At
this step S42, when it is so judged that the present error information is
| arger than or equal to a predeterm ned threshold value "[err]", the
conparator 64 reads out the preceding error information stored in the error
information nenory 63. Then, at a steg¢S43, the conparator 64 conpares the
preceding error information with the present error information so as to

j udge vhet her gimiralsLi%Rs SFE UBBES 18thd HaloirirdcdriAgifgyitbian the

present error 1 nforna case e process operation
for | frame i ragethespooeseiseddednd the error information is first
supplied, since the precedjng error information i s not st&ned into the

error informatior NPERRITGF, GBS ArACes: eperations afe qaar EReABE AL i ons def i ned
after the st enoodihde with (REABR! ERARRMoWh I Fighfl SuTIhAY Wilihg 2% The

controller 65 outputs a control signal for con ing the Sorredti ng
circuit 32 (Fifguthe Supply of tes etror infopmiatianatedrttthemextdramet i al addr ess.

e o s S ek o M sPheshBla Shemmt e o ' °
e oomy i, PRI BN SR BERE /g AEHGR. SR g ot on (he
control | er 65 rectiving appatdtas odrthedirshgnd second embodiments (Figure 15},

since predictive coefficients for each class are not provided to the

receiving/reproducing unit 71, there is no need for a separating unit

72 as in Figure 15. Furthermore, since predictive coefficients for

each class are not provided to the receiving/reproducing unit 71, a

predictive coefficients ROM 78 is utilized to provide predictive

coefficients for each class to the predicting unit 76. Otherwise, the

operation of the receiving apparatus 4’ of Figure 36 is the same as

that of receiving apparatus 4 of Figure 15. .

It should be understood that the predictive coefficients are not
stored at the addresses corresponding to the respective classes in
the predictive coefficient ROM 81’ and 78, but average values of the
pixel values for constituting the teacher blocks may be stored. In
this case, when the class information is supplied, the pixel value
corresponding to this class is outputted. Accordingly, in the lbc'al
decoder 22 of Figure 16, neither the block making unit for the

" predicted values calculation 42, nor the predicting unit 82 is
provided.

it should be understood that although the squared summation of
the errors is employed as the error information in this embodiment,
other factors such as an absolute value summation of errors and a

summation of cubed errors may be used as the error information. A



- 42 - circuit 32, such a control signal for instructing that the

correction value Ais changed in a simlar

case. Then, the process operation is returned to the step S41. To the
contrary, when it is so judged at the step S43 that the present err

information i

to that of the préce rocess ration iS rTeturned to

or

manner to that of the preceding

s larger than the preceding error information, nanmely when the
error informati-on is increased by correcting the conpression data,
process operation is advanced to a step0S45. At this step S45, the
controller 65 outputs to the correcting circuit 32, such a control

for instruct id&iéigﬁtiﬁﬁ%d%g@gsﬁ%k@% ‘Mﬂ{@g‘%"iﬁ qu@%ggg 6&3% SRNpET opposite
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At this

case that an image is transmitted in real time, the process operation
for 1 frame must be ended within a predetermined time period.
There is no definite condition such that the error information is
converged within such a time period. Therefore, since an upper limit
value is provided with the times of the correction, when the error
information is not converged less than the threshold value “&" within
a predetermined time period, the process operation for this frame is

accomplished '(at this time, the cotrected data is recognized as the

p S42

p $46.

coded result), and then the process operation for the next frame may

be commenced.

Furthermore, in this embodiment, the block is constituted by the
image for 1 frame. Alternatively, the block may be constituted by
pixels at the same positions over a plurality of time-sequential
frames.

Also, in this embodiment, in the compressing unit 21, the image
is simply thinned, namely, the central pixel in the block made of 3 x
3 pixels is extracted, and then this is used as the compression data.
Alternatively, the compressing unit 21 may calculate an average
value of 9 pixels for constructing the block, and reduces (thins) the
pixel number thereof by setting this average value as the pixe! value
of the central pixel in the block, so that this reduced data may be
used as the compression data.



step $S46, the control circuit 64 reads out the predictive coefficient for
each class stored in the predictive coefficient nenory 61, and al so reads
out the corrected data of 1 frame stored in the corrected data nenory 62.
Then, these optimum conpressed data and predictive coefficients for each
class are supplied to the nmultiplexor 25, and the process operation is
ended. Thereafter, the process operations are again repeated in
accordance with a flow chart shown in Figure 14, while waiting for the
supply of the error i nformati on about the next frane.

- 43 - LfmbRe NOted that in the correcting circuit 32, as to
t he correctlon o t e conpression data, all of the conpression data for 1
frame may be corredt tslrtiarehisodishent pdrthednveitidhisnoangesayibiednwitht a for 1
frame may be c%{rected \When onl¥ a portion of the conpression data is

carried out, felerencs it ihe ansmyiting apparsivs é’fcffg‘{:fﬁﬂ Bgthe 88FRYAYG i nfl uence
to the error '@t/ﬂ.fenﬂ;r'rﬂgﬂbﬁngd%éﬂ‘?fc?e‘i‘\t?%ftﬁ@ur‘éoﬁ'f eréJ I%_Fﬁpéec&?k?r &nly the

conpressi on data about xel's nmay be torrecte e pI xel's capabl e of
gi ving the st Figuei23) amhctbeﬂ@ammg devioe fonpoedietive costljcibrtsdet ect ed by way
of the foll C)WIF?ggure 17. The receiving apparatus for use with this fourth

embodiment is illustrated in Figure 27. Except as otherwise noted,

the learning device for predictive coefficients of Figure 17 operates

as previously described with respect to the second embodiment of

. the invention.
With reference now to Figure 18, the transmitting apparatus

of the fourth embodiment is explained.

Image data to be coded is provided to a block making unit 111,
The block making unit 111 processes the image data to make a class
classifying biock centered about the noted pixel corresponding to the
unit for classifying this image data into a predetermined class,
depending upon a nature thereof, and then supplies this class
classifying block to an ADRC (adaptive dynamic raﬁge coding)
processing uni’; 112 and a delay unit 115.

The ADRC processing unit 112 executes the ADRC processing
operation for the block (class classifying block) derived from the
block making unit 111, and fhen supplies a block constructed of the
resultant ADRC code to a class classifying unit 113.

In this case, according to the ADRC processing operation, the bit
number of the pixels for constituting the class classifying block can
be reduced.

That is to say, for example, for the sake of a simple explanation,
as indicated in Figure 19{A), considering such 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



manner, for instance. That is, first of all, the process operation is
carried out by directly utilizing the |evel-controlled conpression data as
to the remaining pixels after thinning, so that this error information is
acquired. Then, such a control signal is supplied fromthe controller 65 to
the correcting circuit 32, by which executes a process operation for
correcting the conpression data as to the remaining pixels after thinning
by the sane correction value A every onebdixel. The resulting error
information is conpared with such an error information that is obtained

e, e o AR o A ek MR TR e P A

.error informati on ere a conpari erence becones or

equal to a preD& er MAXd MiNUs usey dica itaiat diyadmic ramge pif thé blogigbihe of
giving the strong influence to the error infornatjon. previously

As
descri bed, thePtst Valuasef Biscpixelsofer sonstitutingfhe Sladdnatrfeayantizeddst ed
il th I+ [ L. d [ 1 th
e e ok, B o MRS gipc” eased smiLer than 2

al ue e¥Correct ed data obtai ned when the

error informati onlrbethsresoads | therminiani ReluprMie issubtrattuc tlooh davhl ue
"[err]" is outputted as the coded result of the inmage. Accordingly, in the

recei vi ng appaPhihe pixgl palips within ithe blogks afidsthen thepsupiaetiomyaliiacisded
| mage (decodeddwgg BR/, IRs| dTRARHIYAL rbitdrHUILE ¥ cbAVERET into a

substantially 1|
‘ code (ADRC code) corresponding to the divided value. Concretely

stated, for example, in a case where k = 2, as indicated in Figure
19(B), a judgment is made as to whether or not the divided value
belongs any one of such ranges obtained by equally dividing the
dynamic range DR by 4 (= 23%. In the case that the divided value
belongs to the lowermost level range, the second lowermost level
range, the third lowermost level range, or the uppermost level range,
each of the divided values is coded into 2 bits such as 00B, 01B,
10B, or 11B {symbol "B" represents binary number). Then, on the
decoding side, the ADRC code 00B, 01B, 10B, or 11B is converted
into a center value LOO of the lowermost level range, a center value
LO1 of the second lowermost level range, a center value L10 of the
third lowermost level range, or a center value L11 of the uppermost
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 Figure 19(C), contrary to this
non-edge matching, there is a so-called improved "non-edge
matching” corresponding to an ADRC processing operation. That is,
in this ADRC processing operation, either the ADRC code Q0B or the
ADRC code 11B is converted into an average value MIN’ of the pixel
values belonging to the lowermost level range obtained by equally
dividing the dynamic range DR by 4, or another average value MAX'



- 44 - to) the original imge data fromthe corrected data (optinmum
corrected data) where the pixel values of the pixels for constituting the
t hi nned i mage are nmade as the nost proper values used to recover the
original inage data. Since the inmage i s conpressed by way of the

t hi nni ng process operation, and also by the level Iimting process
operation and the class classification adaptive process operation, it is
possible to obtain the coded data with the very high conpression rate. It
shoul d be noted that the above-expl ai ne codi ng process operation executed

in the transm gt .appar f ) [,ned codi ng
process operatqfothg?p'glgﬁgiﬂ%ﬁ}ei%@ﬁgggit‘&ﬁ @&?g‘é’%?é%’zer‘g??ﬁﬁn@gﬁe t hi nni ng
operation is dghntheaADRCCeo8esed Brand) 10Beare! Gsrsvettatbiid iCleivepn adapti ve
process operation so as to realize the high efficiency conpression.

Ref erri ng now Qtsainieguby enyally dividingp dvsiamie sange PR’ riefinadsby enbodi ment of

the i nvention j§ escrd bed I Qur | a exanpl e of an
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recei ving/ r epr odug sReuldnbé nbled ¢REES détdied @6surifridbroredaidingr ®eer di ng medi um
2 is reproduced, or coded data transmtted via the transmssion path 3 is

recei ved, and ADR& pmaessingoperationristdisgjosed in, fop examplecJapanasst | gg uni t
, th ded ' . '
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coefficients f ass correc a I'ed To a bl ocking
unit for cl asshad beenfprevioush firadby tihe Adpplisgntinit for predicted val ue

cal culation 77, whereas the predictive coefficients for each class are
supplied to a preds @revigusty explained, the number of classes may be reduced
by executing the ADRC processing operation such that the
requantization is performed based on the bit number smaller than the
bit number which is allocated to the pixels for cons.tituting the block.

Returning back to Figure 18, the class classifying unit 113
executes a class classifying process operation for classifying the
block outputted from the ADRC processing unit 112 into a
predetermined class, depending upon a nature thereof, and then
supplies such information for indicating that this block belongs to
any class as class information to a mapping coefficient memory 114.

In such a case that, for instance, 8 bits or more are allocated to
each of pixels, the class classifying block is arranged by 9 pixels
centered about the noted pixel {= 3x3}). 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., (28)°. _

Therefore, according to this embodiment, the ADRC process
operation is éafried out for the class classifying block in the ADRC
processing unit 112. As a result, the class number is reduced by
decreasing the bit number of the pixels for constituting the class
classifying block, and further the class number is also reduced. That
is, for example, when the ADRC processing operation of 1 bit is



76 and then are stored in a nenory (not shown) for exanple. It should
be understood that the blocking unit for class «classifying 73, the class

classifying unit 75, or the blocking unit for predicted value cal culation
77 are arranged simlar to the class

- 45 - classification block circuit 41, the class classifying unit 45, or
the predicted val ues cal cul ati on bl ock making unit 42, shown in Figure 8.
As a result, in these blocks, a simlargprocess operation to that of Figure
8 is carried out. As a result, a predicted values cal culating block is

cl'aSs i nf or rat (8PS 0BG bog APBEsPeRETEy I LIZHTR SRsE MuRhbSDs "rhece
predi cted val uggdGeéd ftorh i(2%)° hRCI2'§) thaphdlg 20180 Dr mat i on are supplied to

the predicting unit 76. In the predicting unit 76, 25 x 9 predictive
coefficients are fesloddialse e notedrtbabiry aceerdasrewithithis embediment cl ass

accor dance i ¢ e aRAlph RyOREToIE0 cheradbuti b EReH FLIMET  of en
correspondi ng tdladd6latbilginig UHioN T8 baved apéh ahe ADRE dode Sunitterr-t i on data
for constituting.the predicted val ues cal cul ati on bl ock supplied

from the ADRC processing unit 112, This class classification

processing operation may be performed with respect to such data

which have been processed by, for instance, DPCM (predictive

decoding), BTC (block truncation coding), VQ (vector quantization),

DCT (discrete cosine conversion), and Hadamard conversion.

Again, returning back to Figure 18, as will be discussed later, the
mapping coefficient memory 114 stores therein the mapping
coefficients obtained from learning operations {mapping coefficient
learning) every class information. While using the class information
supplied from the class classifying unit 113, the mapping coefficient
stored at this address is 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 coefficient corresponding to the
class information of this block is read out from the mapping
coefficient 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, so that such 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,,



fromthe blocking unit for predicted value calculation 77. Then, an inmage
for 1 frame constituted by such a predicted values is outputted as a
decoded i mage. As previously explained, this decoded imge is substantially
equal to the original inage. It should al so be noted that even when the
recei ving apparatus 4 as shown in Figure 15 is not enployed at the
reception end, the normal interpolation is carried out w thout using the
predictive coefficient by such an apparatus for decoding a thinned i mage by
way of a sinple interpolation, so thar $% ts possi ble to obtain a decoded

i mage. In this,case,, anp ine ' |\ ed PR3 o ant
decoded i mage e détlfa‘r‘ ilp%'r gﬁggyﬂﬂ@gg%ng{%@gﬁthgmﬂ%s 5QIa?]glt"‘rﬁlgH#slt'rst
enbodi nent of That is)whetpirel, valoes pfatieaespectivvopixels famconstnaitirg) thed i n t he

| ocal decoder f Figure 3, and the the predi d values is cal cul ated
by using this E '%‘t‘?ﬂ%@%gﬁ’i’éhﬁ oc making unit 1 are Vi: Va, - and
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which are outputted from the mapping coefficient memory 114 are
k1, k2, --. T.his calculated function value "f* {y,,-Ya. -, Ky, Ky, =)
is outputted as, for instance, a pixel value of a center pixel among
the pixels for constructing the block {class classifying block}
outputted from the block making unit 111.

Accordingly, assuming now that the number of pixels for
constructing the class classifying block outputted from the block
making unit 111 is equal to N pixels, the calculating unit 116 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 outputted from the
calculating unit 116 is not such data which is produced by selecting
to output 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,,
Y2 = Ky, ko, ) defined by the N pixels for cornistituting this block.
Considering it from the different point of view, this function value
" {¥1 Y2 = Kqe Kge =) ma\'(' be such 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 coefficient and the pixels

for constituting the block will also be referred as "correction data", if
required.



wi t hout obtaining the predictive coefficient in the | ocal decoder 22.

In further detail, a second enbodi ment of the invention is described with
reference to the transmtting apparatus of Figure 28, the conpressing unit
of Figure 5, the local decoder of Figure 16, the error calculator of Figure
11, the determning unit of Figure 13 and the |earning device for
predictive coefficients of Figure 17. The receiving apparatus for use with
this second enmbodinment is illustrated.iggFigure 15. Except as otherw se
noted, the conpressing unit of Figure 5 the error calculator of Figure 11,

the determning upnit of Figure 13 and the recejving apparatus of Figure 15
operate as previ d%@pytmge!%%mvpmpe{sgwtq "‘tﬂlﬁ Pglt%é‘{at%%'ﬁﬂérﬁg of the

i nvention. ' C | : Wt
apparat us of 1HEYE bERSAUE S BIPY drDcbu b Eratidn foR TpnRERE AR | e
the | ocal decodalue@df the rEspective Bixepe fart constit@firg ¢he lcyadsr classihdhgof | ocal
decoder 22 of Figure 3, as further explajned below, Referring nowto
gizgu][ eF_16, Fi gglPieﬂl‘B‘;PPthgtl?\éﬁé%%m mﬁmge%'&dgﬁemméhetffecpeea decodler

of Figure sho e__\un ; efier enc meral s
shown in Fi gur‘eY‘B il '6&%@#0%%&8?5";@%2@& f‘%’r ﬁt|lar1§lltitﬁ(§sa‘¥‘i' r%’ t h'eﬁs"gHJ

correspondi ng in such & prpoess opsratiomwill be refarterhtb ab "mhappidgpt i ve
processing circuij,. 46, @ redi ctjive coeff.icient 81 and redi cting
it 82 are enppedisientsh (The Falculatingcotruit 338 ypnieg the CAtRedREdS. of her
circuit arran?fgp@ i iifg7zsimlar to those of Figure 8. The
predictive coerti civtgml%;gfimgg o?es therein predictive coefficients with
respect to cl assefhe\dval Hiniiting undt 7obxteacte R-bit dataofdahel M&Brsidg ofwi | | be

ch soussed | 2t el ool digs 5 oS s Simmle e kR Pl 2R L0, o
correspondi ng gatd,HoSthe transmitting/recording unit 118.

The transmitting/recording unit 118 records the correction data
supplied as the coded data from the level limiting unit 117 on the
recording medium 2, or transmits this correction data via the
transmission path 3.

Referring now to a flow chart of Figure 20, the operation of the
transmitting apparatus of Figure 18 is further explained.

The image data is supplied in units of, for instance, 1 frame
{field) to the block making unit 111. In the block making unit 111,
at a step S61, the image for 1 frame is processed to make the class
classifying block. That is, for example, as indicated in Figure 7 by
surrounded by a rectangle, the block making unit 111 subdivides the
image data into the class classifying block constitut-ed 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 to the
delay unit 115,

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



- 47 - class information is read out fromthis predictive coefficient ROM
81 and then is supplied to the predicting unit 82. In the predicting
unit 82, a calculation is made of a |linear equation indicated in the
formula (1) (concretely speaking, for exanple, fornula (8)) by enploying
the predicted val ues cal cul ating bl ock derived fromthe bl ock making unit
for the predicted values calculation 42, and also the predictive
coefficient ROM81. As a result, a prgd%gtgd val ues of the original inmge
data is cal cul at ed. As a result, in accordance with the class

cl assificati onraglaBbl adeFRIAS SoMihstanda)id rebtaShagr, a Rrésdshape,fand hi s
predi cted val ues can be cal cul ated wit hout enpl oyi ng the original i1nmages

data. 25 x 9 prodbecarhirannehapes.efiisofaitotahonmbaisef ixglsetorin the
Pbove enbod norrettitia B fiass as AHBH 515k LenSERBIRHN"D RS secoder 22
i s arranged, tHRarRHE JixNY pAREIST.aFufthermBeyNtHenclasg ¢l sifyintpllokR igr r anged
i n~such a manner that the post stage of the
not arranged by the adjoining pixels, but may be alternatively
arranged by such pixels located apart from each other, it ;hould be
noted that the shape and the pixel quantity of the class classifying
block must be made coincident with those during the learning
operation (mapping coefficient learning operation, will be discussed
later). |

At a step 562, upon receipt of the class classifying block from
the block making unit 111, the ADRC processing unit 112 executes,
for example, the ADRC process operation of 1 bit with respect to
this block, so that a block constituted by pixels expressed by 1 bit is
accordingly made. The class classifying block which has been
ADRC processed is furnished to the class classifying unit 113.

In the class classifying unit 113, at a step S63, the class
classifying block derived from the ADRC processing unit 112 is
classified into a class, and thus the resultant class information is
supplied as an address to the map'ping coefficient memory 114. As
a consequence, the mapping cdefficient corresponding to the class
information furnished from the class classifying unit 113 is read out
from the mapping coefficient memory 114, and then is supblied to
the calculating unit 116.

On the other hand, in the delay unit 115, the class classifying
block derived from the block making unit 111 is delayed, and the
delayed class classifying block is supplied, while waiting for the
mapping coefficient corresponding to the class information of this
block is read out from the mapping coefficient memory 114, Ata
step 564, in the calculator 116, the above-described function "f(4"



recei vi ng/ reproduci ng apparatus 71 is constituted simlar to the class

classification processing circuit 43 of Figure 16. Wth reference
now to Figure 29, the operation of the | ocal decoder 22' of Figure 16 is
explained in further detail. First, in the |ocal decoder 22', at a step

S21, the corrected data derived fromthe conpressing unit 21 is processed
to make bl ocks. In other words, in the block making unit for class
classification 41, the correction data i.§ subdivided into a class
classifying bl ock nmade of 5 pixels cent &ed about the noted corrected dat a,

which wll be | i 0 t. | | a&si.fj ' ti. rocessin
circuit 43. |1 niwbﬁﬁgg fpﬁgef'ﬁg ’Hﬁtﬁs ﬁ%}t@ﬁgﬁprtégﬁg%%sggv%‘?%g dé%?cgl ation °
42, the correciatiedafd v,s--suded vhalgsing tioeficiphidk ;tied -vRisiesicarked byt | ng

bl ock made of 5 x 5 pixels centered about the noted corrected data, which
will be employing the pixel values of the respective pixels foneensiityinged to t he

O ane oLl 1 8k GRS SBHUB DS i FLOLBOBELY, ),
unit 45, and t hike pigshingicvefficieatd pdadgubiroak the nsappihg @defficiehe predicting
unit 82 memory 114. As a result, it is possible to calculate such correction

data produced by correcting the pixel value of the central pixel for

constituting the class classifying block. This correction data is

outputted as the coded image data to the levetl limiting unit 117.

In the level limiting unit 117, at a step S65, the coded data of 8
bits is supplied as the 2-bit data of the MSB side thereof to the
transmitting/recording unit i18. In the transmitting/recording unit
118, at a step S86, the coded data supplied from the level limiting
unit 117 is recorded on the recording medium 2, or transmitted via

. the transmission path 3.

Then, the process advanced to a step S67, at which a judgment
made as to whether or not the process operation for the image data
for 1 frame is accofnplished. At this step §67, when it is so judged
that the process operation for the image 'data for 1 frame is not yet
completed, the process operation is returned to the previous step
S62, at which the process operation defined after the step S62 is
repeated for the next class classifying block. To the contrary, when
it is so judged at the step S67 that the process operation for the
image data for 1 frame is completed, the process operation is
returned to the step S61, at which the process operation defined
after the step S61 is repeated for the next frame.

Next, Figure 21 illustrates a block diagram of an image
processing apparatus for executing a learning {mapping coefficient

learning) process operation used to calculate the mapping



At a step S22, the class classifying unit 45 perforns the class
classification processing operation with respect to the class classifying
bl ock. Nanely, the class classifying unit 45 detects a state of

di stribution of each of the pixel levels in the block, and then judges to
whi ch class, this class classifying block belongs. This class judging
result is supplied as class information to the predictive coefficient ROM
81. It should be understood that_iggthis enbodi nent, since the class
classification processing operation is perfornmed with respect to the class

classifying bl agd¢fiepints sedredinOtheSmBps RIS ceitRI it GfleMbry 1014 Showacih of the

class classifying blocks is classified into any one of 1024 cl asses (=
(2[err])[err])kigure 18aen, the process operation is advanced to a step S23',

at which predictjve c fici S COLT | . C read. In
step 24' an adaplbit\%g 'S‘?&E"e’!sﬁ.i' E@?e@@ﬁégﬂﬁgé‘%98%%%?’?‘&%‘“3@?3'8@%?%
cal cul ate predifdn Ye&rambklUoshich fis SURBbIRXor thé hearPimfipfddese (wARel cients  for
each class are output by predictive coefficient 81, while the

predi ctive val (aferraddoas putlearping image’i hereimattergif nepegsaspliisi sforethn
cach one frame BiOBK HEIE' @if22 AdRRRL e B bR i Mla BRI ¢ ot
i mage processiipg, appatitites d Slaseetausifyiity Bldckatdentigalofetalticditpatteds t 0
obtain the predictive coefficients stored in the predictive coefficient
ROM 81 shown i from ghe blagk making unit 111 shown in Figure 18, and then

supplies the block to an ADRC processing unit 123 and to a

calculating unit 125,

Either the ADRC processing unit 123 or the class classifying unit
124 executes a similar process operation to that of the ADRC
processing unit 112 or the class classifying unit 113 shown in Figure
18. As a result, the class information of the block outputted from
the block making unit 122 is outputted from the class classifying
unit 124. Then, this class information is supplied as an address to
the mapping coefficient memory 131.

The calculating unit 125 performs the same calculation as that of
the calculating unit 116 of Figure 18 by emploving the pixels for
constituting the block supplied from the block making unit 122, and
also the mapping coefficient supplied from the mapping coefficient
memory 131. Thus, the calculating unit 125 provides compressed
data to a level limiting unit 126. This level limiting unit 126 limits
the levels of the pixels of the compressed data and then supplies or
126 supplies the resultant correction data {function "f* () to the
local decoder 127. _

Based upon the correction data supplied from the level limiting -
circuit 126, the local decoder 127 predicts (calculates} a predicted
values of an original learning image data {namely, predicted values of
pixel values of pixels for constructing block outputted from block



- 49 - To a block making unit for learning 91 and a bl ock maki ng unit
for teaching 92, imge data for a | earning purpose (learning inage)
(accordingly, image data before being thinned) is supplied which is used to
obtain predictive coefficients applicable to any inmages. The | earning
bl ock making unit for learning 91 extracts, for instance, 25 pixels (5 x 5
pi xel s) of a positional relationship indicated by synbol "[err]" centered
about the noted pixel in Figure 7, fro he inputted i mage data, and
thereafter supplies a block constituted Dy these 25 pixels as a |earning

block to a level,.limti nit 93. The level limti ircuit 93 limts the
| evel of the i"ﬁﬂﬂ?@é’(ﬁ“bi?ggﬁ mg:‘e'hﬁ'dp%ﬁspﬁ\esprteﬁécwgg’(ﬂ?‘-‘? i%?riaf’e‘?fr?)ri xel data
to a class claarduiationd 281 Th3%erfedcAclRR6N 1 DY rdads a'BINBY ValB6 (true Al SO, in
the bl ock making unit for teaching 92, for exanple, a block constituted by

9 pixels (3 xvalyshaf & Jearnimgeimapeabouespordingttedhpipretlicted yabubsced from t he
I nput i nmage data, ,.and th bl.ock cpnstiduted by t e 9 pixels.Jjs

suppl i ed as a5%‘898%%3’%7‘35&%8“&@&%5Z'riija“taz"% r@eeg%c.ts) 5 PrEdictiodul d al so
be noted that gphsiiof te prRAidteB Y 4MES WiPREPRUE t6 T bixd Valdxafphig. the 25
pi xels located in the positional relationship indicated by synbol "[err]"

shown i n Fi gudearpingimhge, and then sbppli¢s thikicalpulated predidtmar eriroga®1, t he
teacher bl ock of 3

e oK o hloRrlarhE AR sk Fafrt ange shown T Figure 7
: The determining unit 129 compares the error information
supplied from the error calculator 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 determining unit 129, the mapping coefficient setting unit 130
sets {changes) a set of mapping coefficients, the number of which is
identical to the number of classes obtained by the class classifying
unit 124, and then supplies the changed set of the mapping
coefficients to a mapping coefficient memory 131.

The mapping coefficient memory 131 temporarily stores therein
the mapping coefficient supplied from the mapping coefficient
setting unit 130. It should be understood that the mapping
coefficient memory 131 contains storage regions capable of storing
mapping coefficients {set of mapping coefficients}, the number of
regions equal to the number classes to be classified in the class
classifying unit 124. In each of the storage regions, when a new
mapping coefficient is supplied from the mapping coefficient setting
unit 130, this new mapping coefficient may be stored instead of the
previously stored mapping coefficient.

Also, the mapping coefficient memory 131 reads the mapping
coefficient stored at the address corresponding to the class
information supplied from the class classifying unit 124, and then

supplies the read mapping coefficient to the calculating unit 126.



The class classifying unit 93 extracts central 9 pixels (3 x 3 pixels) from
the 25 pixels for constituting the | earning block, and then executes a
class classification with respect to the bl ock nade of these 9 pixels. The
level limting circuit 93 limts the |evel of the inputted pixel data, and
outputs the level-limted pixel data to a class classifying unit 94 and a

| earning data nenory 96. The resulting

- 50 - class information is supplied vi aha termnal "a" of a switch 95 to
the |l earning data nenory 96 and the teddhér data menory 98. In the

out put tad 1 om tREeratRro i e R et 632 BB et e et " O
out putted frogetige fol esdppiRgicoeflicichts i@rfurgre UixpriRddl s stored at an
address (AD) corresponding to_the class_information supplied thereto.

As a result, assﬂﬁstngtﬁﬁﬁ\lieph%pr_ the mapging eoeftficient) satkingoinit 180t ed by 5 x 5
S Gertain SutardSBaf el Valuph o sMHfadnid PERRRE oliiuk Bonst T uct ea
of 3 x 3 pi xehambedi £ €o itRe ichdssedt3\WeglagsifiedUnrtberclask Blastitgingect angl e
Is stored as the teacher block at the sane address as the above- described
addr ess. 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 coefficient {initial value} derived from the
mapping coefficient setting unit 130 is stored a the address of the
- corresponding class.
Then, at a step S72, the block making unit 122 processes all of
the learning images stored in the memory 121 to make blocks
constituted of 3 x 3 pixels centered about the noted pixel in a similar
manner to that executed in the block making unit 111 shown in
Figure 18. Furthermore, the block making unit 122 reads out this
~ block from the memory 121, and sequentially supplies the read block
to.the ADRC processing unit 123 and the calculating unit 125.
At a step §73, similar to the process operation by the ADRC
processing unit 112 of Figure 18, the ADRC processing unit 123
performs the ADRC processing operation of 1 bit for the block
outputted from the block making unit 122, and then supplies the
ADRC-processed block to the class classifying unit 124,
At a step S124, 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 a step S765,
a mapping coefficient is 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 coefficient is supplied to the calculating unit 126.



Subsequently, a simlar process operation is repeated as to all of the
prepared | earning i mages, so that the |learning block and the teacher bl ock
are stored at the same addresses in the learning data nenory 96 and the
teacher data nmenory 98. The teacher block is arranged by 9 pixels, in which
the predicted values is calculated in the | ocal decoder 22 of Figure 16 by
enpl oyi ng the predicted val ues cal cul ating bl ock constituted by 25
corrected data having the sanme position rel ati onship as that of the 25

pi xel s for constituting this |earning bfbck. Since a plurality of

information is st ed t sane addresses i the learnin ta nory 96
and the teacher d G’ ckds rgceived, é?mttﬁ?eg?to?léé??ﬁ'ﬂg %"8&22 éﬂge

plurality of t &%h@{emia E88F R fent LR o%nﬁd“?o%l?é‘%a%@dé Block ~ Wien
3 P er bl oc feéﬁéee

t he | earning b ocks an teac as to all arning
i mges are st oissrkdeived froen Itiwma'ppjnglabaffnmetm#memaranwlhﬁweteacher dat a

O e o O Ao 2 LS Fleb Yo Bl By fuRoBOAVAR {1
- 51 - of a ceynykely emiSyiRgRRld RAppIhdBoSIIEGRS ah8 thBSikeRAILBY ofat a
the pixels for constituting the block supplied from the block making
unit 122 at a step $76. This calculation result is furnished to the
level limiting unit 126 as the compressed data obtained by correcting
the pixel value of the central pixel of the block supplied from the
block making unit 122. Then, as a consequence, at a step 877, 2
bit data from the MSB side is selected from 8 bit data, and the pixel
data, the 2-bit data of which is bit-limited, is supplied to the local
decoder 127,

In other words, for instance, in Figure 7, assuming now that the
block of 3 x 3 pixels surrounded by the rectangle is outputted from
the block making unit 122, the calculating unit 125 calculates
correction data produced by correcting the pixel values of the pixels
denoted by symbol *-" in this drawing, and this corg'ec'tion data is
level-limited by the level limiting unit 126, and thereafter outputs this
calculated correction data to the local decoder 127.

As a consequence, 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 the local decoder 127.

Returning back to Figure 22, ‘the process operation is advanced
to a step S78, at which a check is made as to whether or not the
correction data about all of the learning images stored in the memory
121 have been calculated. When it is so judged at the step S78 that
the correction data about all of the learning data are not yet
calculated, the process operation is returned to the previous step
§73. Then, the process operations defined after the S73 to the step



menory 96 and the teacher data nenory 98. The counter 97 counts a
predeterm ned clock to output a count val ue thereof, whereas in the

| earning data nmenory 96, or the teacher data nenory 98, either the |earning
bl ock 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,
to the calculating unit 99, a set of |earning bl ocks, and al so a set of

t eacher bl ocks of the cl ass correspond;gg to the count value of the counter
97 are suppli ed. Upon recei pt of"a et of |earning blocks and also a

f h k ' I h | qul at.i it 99
cal cul at oo . (TRURER Toeetel bR RerpBrerar AR SRRy "oy vy
of the m ni Minyagesrfetib@dtdy, usi ng these bl ock sets. I n ot her words,

for instance, assum ng now that pixel values of pixels for constituting a
| ear ni ng bl ock aM¥hgndt iy so jpdgeq at e stgp S78-thahte spyectpadiadei ve

Coer i crants LR APIYLIE ool fbs: rt sl o e By o 1 v
formula in ordginricd Mhagé GoaldbyIbtumedowhith i8fpradassd My tHmmal di0st
constituting a teacher block by way of a |inear equation of these val ues:

y = W err] x[ erthp leacing igapes rstorediinethe] sapeary 121 by+149, ghejprocess As a

Lt edi.cti fficient STy
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establ i shed and solved, while these predictive coefficients mnimze a
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t hereto. thinned image produced by simply thinning the learning image data

by 1/9, but equal to another thinned image obtained by calculating

the mapping coefficient to acquire the pixel value. Then, these

predicted values are supplied to the error calculator 128,

In this case, the image constituted by the predicted values
obtained in this local decoder 127 {noting that, as will be explained
fater, the image obtained when error information outputted from
error calculator 128 becomes smaller than the threshold value £1}-is
identical to the decoded image obtained on the side of the receiving
apparatus 4 (Figure 1).

In the error calculator 128, the learning image is read out from
the memory 121 at a step S80, and then a prediction error of the
predicted values supplied from the local decoder 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 values thereof outputted from the local decoder 127 is
expressed as "E[Y;]", error dispersion (namely, squared summation
of error) "Q" indicated by the following formula is calculated in the
error calculator 128. This error dispersion is supplied as error

information to the determining unit 129,



- 52 - Therefore, 25 x 9 predictive coefficients for each class are

cal cul ated by carrying out the above process for each cl ass. The
predictive coefficients with respect to the respective classes, which are
calculated in the calculating unit 99, .are supplied to a nenory 100. Into
the nenory 100, the count value is supplied fromthe counter 97 in addition
to the predictive coefficients derived fromthe calculating unit 99. As a
result, in the nmenory 100, the predictivescoefficients derived fromthe
calculating unit 99 are stored at the addresses corresponding to the count

val ues out putted GLoFvt EYAPURVREreSFymbol "PSindesatss Resurhtaton sha1opt i mum

25 x 9 predictive coeffiimén_ts used to predict the 3 x 3 pixels of the
bl ock in this pixglsohthe lnaphiag imagese addresses corresponding to the

respective cl ass i h 100.. h redpcti gefficients for
each cl ass storegafﬂ'q;rkggﬁgﬁg&bgﬁ%ri’Hf?rﬁéa-gﬁﬁ"o@gﬁ‘dg?c%*&&am% fare
stored in the ppgditiké idéeerpiiRig Ghie M2REBPLr&Y tHit @rior idformdtidn@ighecond
enbodi ment, since predictive coefficients for each class are not cal cul ated

in the |local dthwpegsetectedithreshold valie 1411, ansojudgps astte whietherpprocessi ng
speed. not this error information is farger than the threshold value "¢1" at a

step $81. When it is judged at the step S81 that the error
information is larger than, or equal to the threshold value "g1",
namely in the case that no recognition is made that the image
constituted by the predicted values obtained in the local decoder
127 is equal to the original learning image data, the determining unit
129 outputs a control signal to the mapping coefficient setting unit
130. At a step S82, in response to the control signal derived from
the determining unit 129, the mapping coefficient éetting unit 130
changes the mapping coefficient, and causes this changed mapping
coefficient to be newly stored into the mapping coefficient memory
131.

Then, the process operation is returned to the previous step S73,
at which the process operations defined after the step $73 are again
repeated by employing the changed mapping coefficient stored in
the mapping coefficient memory 131.

Now, it should be understood that the mapping coefficient may
be varied at random in the mapping coefficient setting unit 130.
Alternatively, in such a case that the present error information
becomes smaller than the preceding .error information, the mapping
coefficient may be changed in accordance with a tr_end similar to the
preceding trend. Also, in the case that the present error information
becomes larger than the preceding error information, the mapping

coefficient may be changed in accordance with a trend opposite to
the previous trend.



As indicated in Figure 16, with the configuration of the |ocal decoder 22',
the receiving apparatus 4 shown in Figure 15 may be arranged in such a
manner that the post stage of the receiving/reproduci ng apparatus 71 is
constituted simlar to the class classification processing circuit 43 of

Fi gure 16. Third Enbodi nent In the first enbodi nent of the

I nvention, the predictive coefficient is obtained in the |ocal decoder 22
of Figure 3, and then the predicted vggues is calculated by using this
predi ctive coefficient. Alternatively,'“tRe respective predictive

coef fici ents needrutehierdfore, the mapping coefficient may be changed as to all of53 -
cal cul ated, but instead may be omitted fromtransm ssion and/ or recording

and then cal cuths elgsega.roma poréeriofithg classasat\Yaen only thermpeppinger detai |,
2, L, erood el e RYSLADY PR B A THPRRIBRC I e
| ocal decoder gficadliags 83pabiaeof giving a strong influence to error information

is detected, and then only such a mapping coefficient may be varied.

A class capable of giving a strong influence to error information ri\ay

be detected as follows. That is, first of all, the process operation is

carried out by employing an initial value of a mapping coefficient to

thereby obtain error information thereof. Thereafter, the mapping

coefficient is changed by the same amount every 1 class, and the

resulting error information is compared with the error information

obtained when the initial value is employed. The class in which the

comparison difference becomes larger than, or equal to a

predetermined value may be detected as the class capable of giving

a strong influence to the error information.

Also, in such a case that a plurality of mapping coefficients such
as the above-described k,, k,, - are set as 1 set, only the mapping
coefficient capable of giving the strong influence to the error
information among then may be changed.

Furthermore, in the above case, the mapping efficient ére set
every class. Alternatively, the mapping efficient 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
coefficient is independently set every block , there are some
possibilities that plural sets of mapping coefficients are acquired with
respect to a certain single class (conversely, there are some
possibilities that a class will occur where a set of mapping
coefficient could not be obtained). Finally, since the mapping

coefficient should be determined every class, as explained before,



error. cal cul ator of Figure 11 and the determ ning unit of Figure 34. The
recei ving apparatus for use with this third enbodinent is illustrated in
Figure 36. Except as otherwi se noted, the conpressing unit of Figure 5 and
the error calculator of Figure 11 operate as previously described with
respect to the first enbodi nent of the invention. Wth reference now
to Figure 30, the transmtting apparatus of the third enbodi ment differs
fromthat of Figure 3 in that the | ocal g%coder 22'' of Figure 28 operates
differently fromthat of |ocal decoder "22%of Figure 3, as further explained

bel ow. Furth , fhe det 1_Ni | t...24' of Fi , 0 t . out put
ol o Fur e 5 o 5 e R A 0 SR,
a nul tiplexor 2fysgs aidérﬁiﬁ;ﬁrséeé’s 8péeratdn, merge oplratioh Vrefdtde now to

Figure 31, the operation of the transmtting apparatus of Figure 30 is
expl ai ned. Whenperatiamdgcamiediout feuths plugalt sets iod m@mnes@nefgcmnks, 21, the

i it 21 fi t t hi.s. i t t . t S1, whil
Chihning the. | RRdBRHENE $es HaRooPRa, comTF IRy Arntdre Besdmifedom a | arge
number of pi xel s) orfthePofe?hand, WikdetSisFo mgewtrmet@%%rggﬂhm ar e

limted by extracting 2 bits of this pixel ‘data on the si de thereof.
Then, this pixefrogantermation becarsds soatiee than the thresbeld gatuediad ™ he

et e 19 iy WAL oRBUo RO sl HETTE PPbRnd s, Lo
unit 21 is | ocahé pre@ietste dalubli chtaRiedant $@ 1daaedécoRIURIT is identical to
the original learning image data, the process operation is completed.

At this time, the mapping coefficients every class, which have
been stored in the mapping coefficient memory 13i , are set into the
mapping coefficient memory 114 of Figure 18 as the optimum
mapping coefficients capable of obtaining the correction data by
which the decoded image (predicted values) recognizable as the
same image as the original image data can be reproduced.

As a consequence, since the correction data is produced by
using such a mapping coefficient, it is possible to.obtain the image
substantially identical to the original image data on the side of the
receiving apparatus 4 (Figure 1).

As previously described, in the embodiment of Figure 21, the
image is subdivided into the block constituted by 9 pixels centered
about the noted pixel {3 x 3 pixels) by the block making unit 122,
whereas the ADRC processing operation of 1 bits is carried out for
the image block in the ADRC processing unit 123. Asa
consequence, the number. of classes obtained by the class
classification by the class classifying unit 124 is equal to 512
(={2"%%). Accordingly, 512 sets of mapping coefficients are
obtained.

Next, Figure 23 illustrates an example of an arrangement of the
local decoder 127 shown in Figure 21.



- 54 - to such a conpression data that, as previously explained, the inage
data is sinply thinned and also | evel-controlled in the beginning. At
the step S3 the predicted values are cal cul ated. The predicted val ues
calculated in the | ocal decoder 22" are supplied to the error cal cul ator

23. In this case, an inmage constructed of the predicted val ues
outputted fromthe | ocal decoder 22'' is identical to the decoded inage
obtai ned on the side of the receiving ggparatus 4 (Figure 1). When t he
predi cted val ues of the original imge‘data are received fromthe | ocal

23 calcul at es.  ho' 1 GateEE WaehsriyB; el e BBL I BoR (2% o3 7om (he

| ocal decoder Rigurav2tihisrgipstiet! fooa bisclomagtintplnitfogelabat classifidatiompl i es
this prediction error as the error information to the determni ngzunlt 24" .

When the error _Tf‘ﬂ\fm Adrock making wnit forpredisted mabie ealclatirod 423, t he
det ermi ni ng uml‘#n? ﬁéc&Hpaqglﬁ%?Jrr\itafost’thgsssaag%fiwﬁmeltilﬁhaqgesnag?é he corrected
g uni 'S

data out putted e conpressin correctly equal” to the coded

result of the ekasgifying bloBRS centeretrabtiutahe witdd cortected idata Fpunftor
I nstance, a judgnent is nade as to whether or not the error information is

| ess than a prused 8o elassify: theceorseeteddata infeamreselgetadiglagsep S5, when it
is so judged tbébfﬁé}ﬁ?%&{ air{gtﬁF érggfi s not |less than the predeterm ned
||1 a .

t hreshol d val ue err recognition i's made that the corrected data
outputted -from In other words, for instance, assuming now that in Figure 7, the

correction data {(compression data), (ofherwise, pixel) {indicated by
symbol "+ in Figure 7) located 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 141 for the class classification will
constitute a class classifying block arranged by 5 pixels in total,
namely, a pixel "X;" of interest and the following 4 pixels adjacent
to this pixel of interest at upper, left, right, and lower positions:
Xeage Xigaye Xigenye Xg1ye  This class classifying block is supplied to a
class classifying unit 144.

It should be understood that the class classifying block obtained
in the block making unit for class classification 141 of Figure 23 is
constituted in order to determine the class of the block used to
calculate the predicted values. At this point, this class classifying
block is different from the class classifying block produced in the
block making unit 111 of Figure 18 so as to determine the class of
the block for calculating the correction data.

The block making unit for predicted values calculation 142
processes the correction data to make a predicted values calculating
block centered about the noted corrected data in unit used to
calculate the predicted values of the original image data (namely, in
this case, leaning image data). In other words, in this embodiment,

pixel values of 9 pixels (= 3x3) in the original image data centered



the conpressing unit 21 is not equal to the coded data of the original

I mge. Then, the process operation is advanced to a step S6 at which the
determning unit 24' controls the conpressing unit 21 so as to correct the
conpression data. The conpressing unit 21 varies a correction anount
(nanely, correction value "[err]"” will be discussed |ater) under control of
the determning unit 24' in order to correct the data. The resultant
corrected data is outputted to the -

55 - local decoder 22" and the determ nt]ng unlt 24' Then the process
operation is returned to the, previoys ste m_| ess
operation wil IafﬂBWB e&@ﬁ&&tt@mg Y jagg © B[esse ayﬂt’e at the

step S5, when yjg) Sﬁtqadlv;fﬁsue.,ma (]%!??Yel@'iorTHe%E%Q@tt\!rﬂ Qed %néfsé han't ne

predet erm ned t & reco tiron that the corrected
dat a out puttechtamwdtherrcﬂﬁmmelsl(ng Sixdi) tcehteried aroundcthieypirgliaX;“to the coded

result of the gri a. ,The determgning ynit 24 outputs as
opt i mum conpr é@'!‘?ég ggtpéx% td??%m@prh)\f )?th':%umn *e@ns Haarnt he

predeterm ned yhreshgt d valy Then, yxt he ces n As
D1 cvi ous! y. xlHRRE St eV CRF M B Mo kb daa ) o e

Xx(3+2)f xli-tﬂ(j 23 X(H-‘INH)' Xta-n),r X(I+1){1+ﬂ' xﬁ+1}(j+2i' X('+2Kr2)' x(x+2)(i-ﬂ'
X(H—Z}j' xll+2)(j+1)' Xﬁ+2m+23

Concretely stated, for instance, in Figure 7, to calculate the
predicted values of the pixels Y33(1) to Y33(9) in the original image
data surrounded by a rectangular, the predicted values calculating
block is constructed by 25 the following pixels (correction data): X,,,
X12’ X13! X14' X15' x21* X22' XZS' XZM X250 X31' XSZ' X33f XSM x35' x41f
x42' x43' x44f x45' X5‘l' x52' x63r XSM X55'

The predicted values calculating block obtained in the block
making unit for predicted value calculation 142 are supplied to a
predicting unit 146,

Similar to the case of the class classifying block, the pixel -
number and the shape as to the predicted values calculating block
are not limited to the above-described examples. It should be noted
that the total number of pixels for constituting the predicted values
calculating block in the local decoder 127 is preferably made farger
than the total number of pixels for constituting 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. In this
case, for example, the process operation may be performed,
assuming now that the same pixels carried out {similar to process
operations other than block making), there are no corresponding
pixels near the image frame of the image. In this case, for example,



correcting the conpression data, such a condition that the error

I nformati on becones | ess than a preselected threshold value "[err]" is used
as the coded result of the original imge data, it is possible to obtain
such an image substantially identical to the original imge data based on
this corrected data on the side of the receiving apparatus.

Referring now to Figure 32, a block diagramof the | ocal decoder 22" is
shown. In contrast to the |ocal decodeF922' of Figure 16 (of the second
enbodi ment) the | ocal decoder 22" does not output from predictive
coefficients 81' predictive coefficignts for I Wth
ref erence now t6 ﬁio&?gg ra?%rén%apyeﬁgtqeaf?rmedf ﬁésﬁﬁ‘iﬂﬁl?‘aﬁi%%ﬁ% of
Figure 32 is exdthaipigéls dsi thelse foh coRstiting tHCRESRY frade ar@locatédep S21,
the corrected data derived fromthe conpressing unit 21 is processed to
make bl ocks. |euGideethigdmage framehe bl ock making unit for class

cl 2551 fying bl ock MRaPsS AR i Fed R M o B N e daca,
which will be {HieBlosknbhkig GMit ¥5€cRbs Thassification T41] aRdafaRtdupplisocessi ng
circuit 43. In the bl ock - 56 -

the classified result as class information to a predictive coefficient

ROM 145. The predictive coefficient ROM 145 stores therein

predictive coefficients for each class, and when the class

information is received from the class classifying unit 144, a

predictive coefficient stored at an address corresponding to this

class information is read to be supplied to a predicting unit 146. It

should be noted that the predictive coefficient stored in the

predictive coefficient ROM 145 are obtained by way of learning

process operation {predictive coefficient learning, will be discussed

later).

The predicting unit 146 calculates {predicts} a predicted values of
an original image data {learning image data) by employing the
predicted values calculation block derived from the block making unit
for predicted value calculation 142, and also the predictive
coefficient read from the predictive coefficient ROM 145.

Referring now to the flow chart of Figurg 24, the operation of the
local decoder 127 of Figure 23 is further explained.

First, in the local decoder 127, at. a step S91, the correction data
derived from the level control unit 126 is sequentially received to be
processed to make blocks. In other words, in the block making unit
for class classification 141, the correction data is subdivided into a
class classifying block made of 5 pixels centered about the noted
corrected data, which will be then supplied to the class classifying
unit 744. In the block making unit for predicted values calculation
142, the correction data is subdivided into a predicted values



maki ng unit for the predicted value calculation 42, the corrected data is
subdi vided into a predicted val ues cal cul ating bl ock made of 5 x 5 pixels
centered about the noted corrected data, which will be then supplied to the
class classification adaptive processing circuit 43. As previously
expl ai ned, the class classifying block is supplied to the class classifying
unit 45, and the prediction calculating block is supplied to the adaptive
processi ng unit 46. At a step S22- gbe-class classifying unit 45
perforns the class classification processing operation with respect to the

class classifyin l,ock mel v, t | ass _classifyin It 45 detects a
state of distr Fﬁ@PFq}H\%PloﬁcW%P ‘?Hﬁg"%l‘%ﬁﬁs P&Uéﬁrgdiarp“?ﬁgﬂﬁlrwgﬁql and t hen
judges to whi cRofreassd datd Swhicdswilf basthiehsupplibd a6 khegdreBtingTimie ! ass
judging result is suppli ed as class infornation to the predictive

coefficient ROWS$L. It should be understood that in this enbodinent,
since the class cl.assification pro s| ng,0 ation,is perforned with
respect to the cl L%@‘%f'%\?g?‘? §ng°t8ﬁg‘§ﬁ£ggm%os[? e'Ei'aBP_%B 'it;_gf gFaéﬁpressed by
2 bits, each oflddafficdtRrs18agtd thé Bbdk maknd enitlfas prddiced vdligeany one of
1024 cl asses (= g’[ler_r])[err ). Then, the process ogeratlon I s advanced
to a step S23' calpulalinr 42;thaicarresponging classmlassifbying biaokdand the each

cl ass are read. . ' ' |.S.Lexec edi cting
ini 82 to caiceriespenBingipredtiied by St RaRi bR iiklucRY T, ¢

val ues are outipus say, it BiHck making uhitddr cRiserclgssificstidhaad1r ¢burned to and
the same process is repeated thereafter, for exanple_ for each one frane.

Referring now tistangar when aiessielassifyingiockimadesof §rpikels centered
around the correction data X, of Figure 7 is produced, whereas a

predicted values calculating block constituted by 5x5 pixels centered
around the same correction data X;, is produced in the predicted
values calculating block.

At a step S92, the class classifying unit 144 executes the class
classification processing operation with respect to the class
classifying block, namely, detects states of distribution of each of
the levels of the corrected data in the block, to thereby judge as to
such a class to which this class classifying block belongs. This
class judgment result is supplied as the class information to the
predictive coefficient ROM 145,

it should be understood that in this embodiment of Figure 24,
since the class classification processing operation is performed with
respect to the class classifying block constructed of 5 pixels where
1 pixel is expressed by 2 bits, each of the class classifying blocks is
classified into any one of 512 classes { = (2%5).

Then, the proéess operation is advanced to a step $93, at which
predictive coe:fficients are read out from the address of the
predictive coefficient ROM 145, which corresponds to the class
information supplied from the class classifying unit 144. At a step

894, the predicting unit 1486 calculates a predicted values Ely] of a



third enbodinment is explained. In contrast to the determning unit of both
the first and second enbodi nents as illustrated in Figure 13,

- 57- the controller 65 of Figure 34 does not output predicted
coefficients for each class. Furthernore, the determ ning unit 24" does not
I nclude a predictive coefficient nenory as shown at 61 of Figure 13.

Wth reference to Figure 35, the operation of the determning unit 24" of
Figure 34 is further explained. As with the determ ning unit of Figure 13,

at a first step S41, in the determning 8hit+ 24', the conparator 64 judges
as to whet her or not th? er [, o

informati on is received fromthe error
cal cul at or 23. Prafigied yalyeim¥hr 3# gS‘Pe 8&'9}’1?3@‘@39? H’%&a ﬁYee’é‘Pquer ﬁg'ér mation is
not received, LREiIRNCESSHTRRGHI2hATHhEDY Bixel VaRiesFot RRNStiIAR RS the On the
ot her hand, when the conparator 64 judges that the error information is
recei ved, nanepredidted valeescaloulatingobloakistpplied ftamndbieipredieted vabires

thi s step Saz. oRUedBRPSK B SROTRa BLhdhg BUSMARTREY Prielitl  vai ue
“lerr]™ with the gpgsenily st@r,e¢d £rrak,,kf orwglion (present error
I nformation) so as to judge t hat any one Of these values is |arger.

: where symbols w,, w,, -, w, represent predictive coefficients, and
symbols x,, x,, —-- denote pixel values (correction data) of pixels for
constructing the predicted values calculating block, especially
symbols w,, which is an offset coefficient which is added so as to
express Ely] by 8 bits, because the original 8-bit data "x, has been
converted into the 2-bit data.

Now, in the embodiment of Figure 23, as previously explained,
the predicted values of the 9 pixels may be calculated from the 25
pixels for constituting the predicted values calculating block.

Concretely stated, for example, it is now assumed that class
information C is outputted from the class classifying unit 144, and
this class information C is related to a class classifying block
constituted by 3x3 corrected data X,,, Xa3: Xogr Xsar Xazr Xaar Xear
Xasr Xaq. Where correction data X, shown in Figure 7 is centered.
Also, it is now assumed that as the predicted values calculating
block, a predicted values cafculating block making unit 142. This
prediction calculating block is arranged by X5, Xy2, Xy3: X1ar Xise
Xa1e Xaze Koz Koar Kase Xars Xaze Xase Xaar Xase Xags Xaze Koz Xaar Xas:
Xsir Xga, Xgar Xgor Xgs, Where correction data X,,, is centered.

Moreover, it is assumed that w,(k) to \;vza(k), and wy(k) are
stored as a set of predictive coefficients ‘at an address corresponding
to the class information C in the predictive coefficient ROM 145,

In. this case, predicted values E[Y4,;{1)] through E[Y4,(9}] of the
pixel values Y3;3(1)} to Y,,(9) of the 3x3 pixels (namely, a portion
surrounded by a rectangle in Figure 7) in the original image data



At this step S42, when it is so judged that the present error information
Is larger than or equal to a predetermned threshold value "[err]", the
conparator 64 reads out the preceding error information stored in the error
i nformati on nenory 63. Then, at a step S43, the conparator 64 conpares the
preceding error information with the present error information so as to

j udge whet her or not the preceding error iznformation Is larger than the
present error informtion. In such &2case that the process operation
for 1 frame image is comenced, and the error information is first
supplied. sinCEehiifed RiGGARE!IRE rfdtidn 4t RL! #8 dalodBted IPaECbiAhEe ! N
error informatron nenory , In I'S case, the process operafions 8ef| ned
after the stepitithevfdllowirly foorpdaf orned in the determining unit 24. The

control |l er 65 out pyt contrql signal for contrglling the correcting

- 58 - circuit SZEMQ@‘N& =5)W1i?'ﬁ))§n d’érwt(li?)éut ]ﬂiu‘("sﬁ‘)gnedet ermined initial

addr ess. When it is sp d at t - hat the present error
P IR, % LR R

information is | ess than or rn¢flerror information,
nanely, when the conpressiwpkidia+ svglldd,gct agh{kiXf her eby reduce

+ wiolk)Xps + Wy lkiXs,
+ wilk) Xy, + wialk)Xs,
+ Wigfk)Xgq + Wislk)Xss
+ Wig(k)Xg + Wipkk)Xy,
+ WyalkiXg3 + WioglkiXy,
+ Woolk) X s + Wi (K} X,
+ Wy ki Xgy + Witk Xg,
+ Wiy fkiXgs + Woslk)IXgs + wglk)

When 9 pieces of the predicted values are obtained at the step
$94 in the above-described manner, the process operation is
returned to the previous step S91, at which the process operations
defined from the step $91 to the step S94 are repeated, so that the
predicted values are calculated in unit of 9 pixels.

An image processing apparatus for executing the learning
operation (predictive coefficient learning) used to acquire the
predictive coefficients stored in the predictive coefficient ROM 145
of Figure 23 is constructed in a similar manner to that of Figure 17.
Thus explanations thereof are omitted.

Next, Figure 27 represents a illustrates an embodiment of a
receiving apparatus 4’ corresponding to the transmitting apparatus

1 of Figure 18.

In a receiving/reproducing device 191, the coded data recorded

on the recording medium 2 is reproduced, or the coded data

transmitted via the transmission path 3 is received to be supplied to
a decoder 192.



the error information, the process operation is advanced to a step $S44. At
this step S44, the controller 65 outputs to the correcting circuit 32, such
a control signal for instructing that the correction value A is changed in
a simlar manner to that of the preceding case. Then, the process operation
Is returned to the step S41. To the contrary, when it is so judged at the
step S4 that the present error information is larger than the preceding
error information, nanely when the erroB3information is increased by
correcting the conpression data, the process operation is advanced to a

step 45 Al thi Shelddtodbe 192 hohffis #1DiSck AfainY BHitsrot @iddae cor rect i ng

circuit 32, such a control signal for instructing that the correction val ue
[err] is chang&aﬂssnﬂnailqmmﬁarthaplmis atpredictingaunid fl 8hevhichceatresporaise. Then,

th ti ' to th t houl d al b
noted Chat whaR tPRGTEREIRRagRaRon Aotk 8iekg PG K bANERYSHE | nereased at
certain tim nq»reau%ngquf%'seémﬁﬁwdtﬁ% IBESIdEc M 127 shb@Rgin T or

instructing that the correction value [err] Is decreased by, for exanple,
1/2, and is cIﬁglg'@dZ-'Bn As auesult, bpthesdecoder 1921 prefdicted yalues ats case.

Th h ' f the ste the st
S5 ar o 1 epeatBtUIRE GPRDFOfEPERRsatey And tot b 8ige sheiftireelhy: i b the
case that it Itﬁew;ﬂrwta@éu PhlueBas Dutputtéd a%"@ﬂe&b@ed nhagem aSdifrar

information is smaller than a predeterm ned threshold value "[err]", the
process operatmannqarstcammnpetattcmsapfstmolosa‘ademdarm 27 ofthigu . the control
3;{ ;u:ntem?fyr g reﬁlﬁ;ﬁ{yet (P(P.l ol r ﬁ]tjﬁgdegc class sjtoreJ in pre 18t5\?edcbgff}ctt]§ntgor rected
ROM 197 are the same as predictive coefficients used in mapping
coefficients for the learning process.
Since the correction data causes the error information to be less
than a predetermined threshold value,- it is possible to obtain an
image substantially equal to the original image data in the receiving
apparatus 4. In these embodiments, although each process is
carried out for one frame, each process may be carried out for one
field, for two frames or more than two frames. ‘
It should be understood that when the normal interpolation is
carried out by an apparatus for decoding a thinned imagé by way of
the interpolation on the reception side, the decoded image may be
obtained even if fhe receiving apparatus 4 shown in Figure 27 is not
used. However, in this alternative case, the image quality
(resolution) of the resultant decoded image is deteriorated.
Although the image for 1 frame has been subdivided to make the
image block in this embodiment, this block may be formed by
collecting, for instance, pixels located at the same positions in a
plurality of frames which are time-sequentially continued.
Also, in this embodiment, as the error information, the square
summation of the errors is employed. Alternatively, for example, a

summation of absolute values of the errors, and a summation of



- 59 - conpressed data are supplied to the transmtting/recordi ng device,
and the process is ended. Thereafter, the process operations are again
repeated in accordance with the flow chart shown in Figure 34, while
waiting for the supply of the error information about the next frane.

Wth reference now to Figure 36, a receiving apparatus 4' for use with the
third enbodi ment is explained. In contBést to the receiving apparatus of
the first and second enbodi nents (Figure 15), since predictive coefficients
for each class are not provided to the receiving/reproducing unit 71, there

i's no need fautedseporainaybe @iniplddedasithefdrepi iafdimation.t edebiston si nce
predictive coefficients for each class are not provided to the

recei vi ng/ r egf 608@¢ Mehighivalue is gmplexad-as e egorintaramatiorRdM 78 is utili zed
to provide predichi fELLGI f . the predicting unit
76. O herw se%ﬁi‘ﬁeé%'g%?@%f’éh%gﬁtmg %aég%v‘ﬁghﬁggaéﬁa}f us 4' of Figure 36 is
the sane as that of receiving apparatus 4 of Figure 15. It should be
understood that the predictive coefficients are not stored at the addresses
cor r espondi ngfFHfty Embodimeatt i ve cl asses in the predictive coefficient ROM

81' and 78, but avgrage eﬁ%@ﬁ}e%tﬁ%eﬁwéﬁti%@gé’n@ﬁg 88?&%’6?& 'kr#iﬂa“ ng the

t eacher bl ocks may be store n I'S case, class intformation is
suppl i ed, thergferericevial thee transedttiovgdaparatugt of Bigurads,ithedsamivig ed.

Accordingly, élgvitcg efoul' (r)ncaaplping coefficients of Figure 25 and the local decoder of
Figure 23. The receiving apparatus for use with this fifth
. embodiment is illustrated in Figure 27. Except as otherwise noted,
the transmitting apparatus of Figure 18, the local decoder of Figure
23 and the receiving apparatus of Figure 27 operate as previously
described with respect to the fourth embodiment of the invention.
With reference now to Figure 25, the learning device for
mapping coefficients for use in the fifth embodiment is now
explained. Figure 25 shows the structure of an image processing
apparatus for performing a learning {mapping coefficient learning)
process used to calculate mapping coefficients for storage in the
mapping coefficient memory 114 of Figure 18.
it should be noted that according to the image processing '
apparatus of Figure 21, even when the function "f"-is expressed by,
for instance, the linear equation, and further the non-linear equation,
and the secondary, or more equations, the optimum predictive
coefficient may be obtained. To the contrary, in the image
processing apparatus of Figure 25, only when the function "f" is
expressed by the linear equation, the optimum predictive coefficient
may be calcufated.
In other words, the image processing apparatus of Figure 25 may
be used in the following case. That is, in Figure 18, when the pixel
values of the respective pixels for constituting the block made of 3 x



decoder 22 of Figure 16, neither the block making unit for the predicted
val ues cal cul ation 42, nor the predicting unit 82 is provided. I t
shoul d be understood that although the squared summati on of the errors is
enpl oyed as the error information in this enbodi nent, other factors such as
an absol ute val ue sunmation of errors and a sunmati on of cubed errors may
be used as the error information. A

- 60 - decision is made which error inf Oé'mation i s enpl oyed based on, for
exanpl e, the convergence characteristic™t ?reof . Also, in this

it | the err o PTb e R RS BEeBee biBck kRS T 118 e e Shbra val ve
"lerr]". At er-nﬁ}t\}g\!%hﬂ’tHetmiaﬁPﬁigSeo@HﬁﬁérﬁhQ)dtQuﬁBBQré&h e mapping i M t val ue
as to the tines of the correcting operation for the conpression data. That
is, in such a m&ici&ﬁﬁtmamoil’vrdgk‘igase setats kisthedsi n-rlaltheigniculatieg pr ocess
operation 19 dok B oBkHe s FETRo ARG BATIel Lo e, BeT Lo
Wi thin such a §idBrdafee With the tRieWemehtioned 35rHbiaco bbAIR correction
data,
f {1 = Ky tkaya + -+ KoY
To an optimum correction data calculating unit 160, a learning
image data suitable for a learning operation is supplied in unit of, for
instance, 1 frame. The optimum correction data célculating unit 160
includes a compressing unit 170, a level limiting unit 171, a
correcting unit 172, a local decoder 173, an error calculating unit
174, and a determining unit 175. The optimum correction data
calculating unit 160 calculates a pixel value {will be referred to as
"optimum correction data" hereinafter, if necessary) for constituting
an optimum image used to predict the original image data, being an
image whose pixel number is reduced, from the learning image .
entered into this optimum correction data calculating unit 160, and
then supplies this calculated pixel value to a buffer unit 1.76.
In other words, the learning image data supplied to the optimum
correction data calculating unit 160 is supplied to a compressing unit
170 and an error calculating unit 174. The compressing unit 170
simply thins (subsamples) the learning image data at the same rate
as the rate under which the pixels are thinned by the calculating unit
116 of Figure 18, so that the learning image data is compressed and
the compressed image data is supplied to a level limiting unit 171.
That is, in this embodiment, the learning image data is simply
thinned by 1/2 {when 9 pixels of 3 x 3 pixels are set as 1 block,
only a central pixel of this block is extracted). In the level limiting



value is provided with the times of the correction, when the error
information is not converged | ess than the threshold value "[err]” within a
predeterm ned tine period, the process operation for this frame is
acconplished (at this tinme, the corrected data is recogni zed as the coded
result), and then the process operation for the next frame nay be
comenced. Furthernore, in this enbodiment, the block is constituted by
the image for 1 frane. Alternatively, the block may be constituted by

pi xel s at the sane positions over a plurgkity of tine-sequential frames.

Also, in this e L Jren [,h the. c ressing. unif 21, the i e .is sinply
t h?gneltl, namel Vmﬂaﬁ%ﬁﬂ Q?e tﬁv éf’?iqﬁe Phel ﬂ%&‘,ks mdoﬁh% '%’ne‘?%”ﬂt%! sis
extracted, andphlefdatdisolfputtedtathé B8reeRRyLHH 9p2data.  Alternatively,
the conpressing unit 21 may cal cul ate an average val ue of 9 pixels for

constructing the Bhe&erresting eaitdg? ¢ompets)dathaundsrceintroirdfethet her eof by

bl ock. so t hat eI ETIR s 78 eRiiE detd i funlied BSetTin kel Brridaaa
- 61 - unit 171, and simply thinned and compressed, the level of which is

limited to 2 bits by selecting 2 bits of the MSB side from 8-bit data

(will be referred to as "compression data" hereinafter, if necessary).

Then, the resultant data corrected in the correcting unit 172 is

supplied to the local decoder 173, and this corrected data will be

referred to as "correction data" hereinafter, if necessary, since as to

this data, the pixel value of the central pixel in the block made of 3 x

3 pixels is corrected in a similar manner to the output from the

calculating unit 116 of Figure 18. .

Similar to the case of the local decoder 127 of Figure 21, the
local decoder 173 predicts the original image data {learning image
data} based on the correction data derived from the correcting unit
172, and then supplies this predicted values to the error calculator
174,

Similar to the case of the error calculator 138 of Figure 21, the
error calculating unit 174 calculates a prediction error of a predicted
values derived from the local decoder 173 with respect to the
original image data, which is entered into this error calculating unit
174. This prediction error is supplied as error information to the
determining unit 175.

Based on the error information derived from the error calculating
unit 174, the determining unit 175 judges as to whether or not the
correction data outputted from the correcting unit 172 is properly
equal to the compressed original image data. Then, when the
determining unit 175 judges that the correction data outputted from

the correcting unit 172 is not properly equal to the compression



Fourth Enbodi nent A fourth enbodi nent of the invention is now
described with reference to the transmtting apparatus of Figure 18, the

| earning device for nmapping coefficients of Figure 21, the local decoder of
Figure 23, and the learning device for predictive coefficients of Figure
17. The receiving apparatus for use with this fourth enbodinent is _
illustrated in Figure 27. Except as otherw se noted, the |earning device
for predictive coefficients of Figure 17 operates as previously described
with respect to the second enbodi nent eof 8¢he i nvention. . 1\‘Nthth
reference now to Figure 18, the transmtting apparatus o e four

enmbodi ment is '@ﬁﬂﬁaﬁ nie original iraege data the %éeﬁbt!@m ugitpt G icvedrad® a bl ock

making unit 1 : 50 [ SSES | e data to nake
a class cl assilt%hg‘/a [ (%W%gé@i ié‘cn Ee{ﬁ Z‘?’e%”gg%ﬁf‘égﬁglrrggﬁe%’%p?é&sr%%ﬁ?e%gﬁgﬁd| ng to
the unit for csmsisatf ghengewly sbtaingd cdaicetiontdata ipottsired] NRdoChtieh
dependi ng upon _a %Jat ure thereof _ _and then supplies this class classifying

block to an ADRE {eEAMRI0E Whddbdudangasdedv g§he;5rQidE§stmgC%me°zidn 12 and a
o beLetny ap<Pan oyl AR TR BERSERNAR N 11T G RGIACTRE,  or
the bl ock makicompnidsidri tesuitdf theorigimglimage aldvh ote 6onettivsidagaof the
recor ding to CTHPABRCTAM B SPRECHRa IR HA2 T MupBiied A8raRSIMM t he pi xel s
gtot BRbE¥S SPHECHRG LN bAZ 18 pi xel
for constltull grrbdfort dats 16 oABaHEY LR Feck can be reduced. That is to
say, for exanple, for the sake of a sinple explanation, as indicated in
Figure 19(A), corbhelbuffeg unich76 dorainstdiaternory tPOA! foraitering fthéram xel s
aligned on a S{l{ea(ia Eltnulnlw r:‘:%’rre%%&:pl fatg‘;ﬂp%“erand from the optimum correction
data calculating unit 160. Furthermore, the buffer unit 176 reads
out such an optimum correction data corresponding to the central
pixel of the block read from a memory 177A of a block making unit
177, among the optimum correction data stored in the memory
176A. It should be noted that when the correction data for 1 frame
is stored in the memory 176A, the buffer unit 176 outputs to the
block making unit 177 a control signal for indicating this data
storage.
To the block making unit 177, similar to the optimum correction
data calculating unit 160, the learning image data is supplied in units
of 1 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 buffer unit 178, the block
making unit 177 subdivides the learning image data stored in the
memory 177A into a block constructed of 3x3 pixels in a similar
manner that of the block making unit 111 of Figure 18. Then, this
block is sequentially 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



val ue "MAX" and a m nimumvalue "M N' of this pixel value are

- 62 - detected in the ADRC process operation. Then, assum ng now t hat
DR = MAX - MNis used as a |local dynam c range of the bl ock, the pi xel
val ues of the pixels for constituting the block are requantized to Kk
bits, based on this dynam c range DR In other words, the m ni num
value M N is subtracted from each of the pixel values within the bl ock,
and then the subtraction value is di Wgled by DR/ 2[err]. As a result, the
resultant value is converted into a code (ADRC code) corresponding to the

di vi ded val ue. Canr t el stated, fo le, In ase 2, as
i ndi cated in Isi'%llﬁ dn ‘QPB% of 3 BBﬁ'ﬁ'@ﬁPfr@'?rE%ka@ the aH Fhé‘F"toﬁﬁol?”t he

di vi ded val ue ¢ ' gﬁgh di vi di ng
t he dynami c rang f?%%?m?ﬁi’(ﬁor}ﬁscﬂloa?)%??ﬁ@ %eéﬁgse?d? ngm‘i d val ue
bel ongs to t hel 7hAss mwdgmmdain respphisettocthiecontol sigealiomid tlearglas range,
the third | owernpst |evel ran or the uppernpst |evel r each of

the divided vAR'B¥OYSY explaing e DRIImamLERE GO data 6emesPondng 1§ 118
ot ook PR AR AR (T8 o iy orrRD e, Lhe
is, as a result, both a certain block constituted by 3x3 pixels and the
optimum correction data corresponding to this block are supplied at
the same time to the memory 180.

The ADRC processing unit 178 and the class classifying unit 179
are arranged similar to the ADRC processing unit 112 and the class
classifying unit 113 of Figure 18, respectively. The class
information about the block derived from the block making unit 177,
outputted from the class classifying unit 179 is supplied as the
address to the memory 180. "

The memory 180 stores therein the optimum cotrection data
supplied from the buffer unit 176, and the block supplied from the
block making unit 177 with establishing a correspondence
relationship at an address corresponding to the class information
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 correction data and the
block corresponding to certain class information can be stored.

A calculating unit 181 reads out both the 9 pixels v, v,, ..., Yo
for constituting the block of 3x3 pixels of the learning image data,
and the optimum correction data y’ corresponding to this block,
stored in the memory 180. Then, the minimum square method is
applied to them, so that the mapping coefficients k,, to k, are
calculated every class to be supplied to a memory 182. The

memory 182 stores therein the mapping coefficients k, to k4 every



into a center value LOO of .the | owernost |evel range, a center val ue LO1
of the second | owernost | evel range, a center value L10 of the third

| ower nost | evel range, or a center value L11 of the uppernopst | evel
range. Then, the mininmmvalue MN 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 '§1§ "non-edge matching". As
indicated in Figure 19(C), contrary fo°this non- edge matching, there is a
so-cal l ed i nproved "non-edge mat chi ng" corresponding to an ADRC

processing operation. That is, in this ADRC processi r&g operation, either
the ADRC code ¢jass supplied frompthe calpulatingungt t8h @t the addsess an aver age

value M N of &m?%mdng_té%&e@ﬁggl onging to the | owernost |evel range
I Vi

obt ai ned by equal ing e dynam c range DR by 4, or another
aver age val ue MAReferring now to the flow chart shown in Figure 26, operalion of t he

pi xel val ues bel onging to the uppernost |eyel [ﬁgge. Al so, both the ADRC
codes 01B and HuEimage pERAssing appates b Figureptais Barthsr explained. di vi ding a

Sunare "N, O Wi e e eyt nfited e W gRtes ore
data is stored in the memory 177A of the block making unit 177,
and supplied to the optimum cortection data calculating unit 160.

At a step S101, upon receipt of the learning image data the optimum
correction data calculating unit 160 calculates the optimum
correction data as to this learning image data.

The process operation defined at this step S101 is similar to the
process operation of the flow chart shown in Figure 4. That is, first,
at a step S1, the compressing unit 170 produces the compression
data by thinning the learning image by 1/9. At a step $S2, this data
is limited by the fevel limiting unit 171, and thereafter the
level-limited data is firstly outputted via the correcting unit 172 to -
the local decoder 173 without any correction. In the local decoder
173, at a step S3, a calculation is made of a predicted values of the
original image data based upon the correction data (as explained
above, such compression data produced by simply thinning image
data in the beginning) supplied from the correcting unit 172 (namely,
local decoding operation is carried out). These predicted values are
supplied to the error calculator 174.

When the predicted values of the original image data are received
from the local decoder 173, the error calculator 174 calculates a
prediction error of the predicted values derived fforﬁ’ the locat
decoder 173 with respect to the original image data at a step S4,
and then supplies the calculated prediction error as error information
to the determining unit 175. Upon receipt of the error information

from the error calculator 174, the determining unit 175 judges as to



ADRC processing operation is disclosed in, for exanple, Japanese Lai d-open
Pat ent Application No. 3-53778 opened in 1991, which has been previously
filed by the Applicant. As previously expl ai ned, the nunber of classes
may be reduced by executing the ADRC processing operation such that the
requanti zation is perforned based on the bit nunber smaller than the bit
nunber which is allocated to the pixels for constituting the bl ock.

Ret urni ng back to Figure 18, the clasf classifying unit 1 13 executes a
class classifying process operation O} classifying t he bl ock outputted

fromthe ADRC processing unit 112 |nt redet er cl ass, .dependi ng
upon a nature% Hior ngtdherarestinn 8@%3 g‘éﬁ?f‘\‘t? gIPFﬁaf &ROFEFLNG ANt i ng

that this bl ool R RgibrhyPedtil 6! #acdifiplsai {sALA SFHLBriEMaRiriRRD! "

coefficient me n such a case for I nst nce |ts or
nmore are al |l ochte basedamc thisferpndiafarmation at aﬁep:l&ﬁsm fying block is

arranged by 9 pixels centered abhout the_not i.xel 3x3) ., Wien the cl ass
cl'assigf i ca%/i onppryi'a@ég@' WIREAS Fﬁﬁ“’l st %‘5’%?@“@%*? Iﬁ“‘?‘é“‘sﬁ%ép whetgs1ra cI ass
classifyi "9 blg A}Wr[ mfa atrén%%’%’%'tﬁhﬁ% Ccorgﬁlﬁmea thy ﬁéhd?&”véﬁi

cl asses, i.e (2lerr erefore gtot enbodi nent
the ADRC procé'seé' oYdrent |tos sios;udged iatthestefp &5 tHat theersorcinfismndtiomés bl ock

e DR e M eraderdied Bhehehold el A0S e DS oo
?L?SZ;;%PE, bmﬁbe SARf tfh‘é"t Eﬁ??ggﬁfﬁgﬂgﬁg%gﬁeg%ﬂﬁ@cbﬁ‘r‘éeﬁﬁg unfthat is,

172 is not properly equal to the compression result of the original

image data. Then, the process operation is advanced to a step $6,

at which the determining unit 175 controls the correcting unit 172

to thereby correct the compression data outputted from the level

control unit 171. The correcting unit 172 varies the correction

amount {correction value "A") so as to correct the compression data

under control of the determining unit 1756. The resultant correction

data is outputted to the local decoder 173. Then, the process

operation is returned to the step S3, at which a similar process

operation is repeated.

It should be noted that the compression data may be corrected in
a similar manner to, for example, changing of the mapping
coefficient as previously explained in Figure 21.

On the other hand, when it is so judged at the step S5 that the
error information is less than the predetermined threshold value "¢",
the determining unit 175 recognizes that the correction data
outputted by the correcting unit 172 is properly equal to the
correction result of the original image data, and causes the
correcting unit 172 to output the correction data produced when the
error information less than the predetermined threshold value "&" is
acquired, as the optimum correction data, to the buffer unit 176.
Then, this optimum correction data is stored into the memory 176A



- 64 - carried out in the ADRC processing unit 112, the class nunber is
reduced from (2[err])[err] into (2[err])[err], nanely to 512. It should
al so be noted that in accordance with this enbodi ment, the class
classification processing operation is carried out in the class classifying
unit 113 based upon the ADRC code outputted fromthe ADRC processing unit
112. This class classification processing operation may be perfornmed with
respect to such data which have been progéssed by, for instance, DPCM
(predictive decoding), BTC (block truncation coding), VQ (vector

guanti zation), DCT (discrete cosine cqnversion), and Hadanmrd, conversion.
Agai n, returni ﬁ@”@é‘é‘kd frbﬂP’F"ngfgerl‘G?'t zl%swalnfj t&@ RIPSERS QRAMAUATEIS t he mappi ng
coefficient NmepR{yndg.14 stores therein the mapping coefficients obtained
from | earning operations (mapping coefficient |earning) every class

i nformati on. Wi | Asuymenipushe debseriised, thercmteativnsdgual oletdirfedbbyt he cl ass
classifying unit 113, the mapping, coefficient stored at this address is
read out from pﬂrrgcrf@aagy COFPEESSQN ﬁwq%r%wgeeéh&ﬁrm idotmation 16,

Thedel ay. uni ¢ ;b3 dela%hl SIRBlA G BosROld A 80 RboHs BRbagsu ¢ 111

until the mapping coerficlient corresponding to t s'information of
this block is teadptimurhraoreédtiomdpta imgo ¢tbeiercopn 768énohtystididd bend t hen
supplies the del 2 fther Sace'tRis optimar corrachion dats chiisés the error
information to be less than the predetermined threshold value "&",
when the predicted values is calculated by employing this optimum
correction data, it is possible to produce the image substantially
identical to the original image data.

Referring again to Figure 26, when the buffer unit 1786 stores the
optimum correction data for 1 frame into the memory 176A thereof,
the buffer unit 176 outputs the control signal to the block making
unit 177. Upon receipt of the control signal derived from the buffer
unit 176, at a step S102, the block making unit 177 subdivides the
learning image stored in the memory 177A into the block
constructed of 3x3 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 buffer unit 176. In
response to this control signal, the buffer unit 176 recognizés the
block of 3x3 pixels read from the memory 177A, reads out the
optimum correction data corresponding to the central pixel of this

block, and then supplies this read optimum correction data to the
memory 180.



The calculating unit 116 perforns a predeterm ned cal cul ati on 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, so that such coded data is calculated, which is obtained by thinning
(or reducing) the pixel nunber of this inage to code this imge. |In other
words, the calculating unit 116 cal culates a preselected function val ue
(ylerr], - 65 - yferr], ---,
k[err], k[err], ---), while using the fo??omnng val ues as argunments. That
is, the pixel valﬂm ,dhetgdrecess peadvarced tceBsatémSkQﬁ)satrwdmdmg’\a he bl ock

out uttedfromth o] ar e and the
rrapgi ng coefflt&lpg ér@gﬁbﬂ% ﬁ@ci‘d’“? @'gc"l"Hgé%éf t%ébﬁﬂ’%}d&? sedhi ch are
outputted f rO”&r‘i&‘?ur'fﬁBP'tﬂih S%&fibcdté‘éktclﬁﬁﬂw lﬂjtﬂei\:'l@séq‘,!%&]fym [lﬂﬁf] T
This cal cul ated function val ue (ylerr], ylerr], ---, Kk[err [err]

---) is outputiég. 'EhISbeasalﬁmmegswft si sugiplied | assthef aadmatterthpl xel anong
t he pixels for constrjtlg{)ll ng the bl ock (class classifying bl ock) outputted
fromthe bl ock™REk it 111. Accordi ngly, assum ng now that the

nunber of pixels f\t)"a step S104, the memory 180 stores therein the optimum
correction data supplied from the buffer unit 176, and the block
(learning data) supplied from the block making unit 177 with having
the corresponding relationship at the address corresponding to the
class information supplied from the class classifying unit 179.

Then, the process operation is advanced to a step S105, at
which a check is done as to whether or not both the block for 1
frame and the optimum correction data are stored in the memory
180. When it is so judged at the step S105 that both the block for
1 frame and the optimum correction 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 correction data corresponding to this
read block is read from the buffer unit 176. Then, the process
operation is returned to the step S103, at which the process
operations defined after the step S103 are repeated.

To the éontrary, when it is so judged at the step S105 that the
block for 1 frame and the optimum correction data are stored in the
memory 180, the process operation is advanced to a step S106 at
which a check is done as to whether or not the process operations
for all of the Ie’arﬁing images are completed. At the step S106, itis
judged that the process operations for all of the learning image data
are not yet ended, the process operation is returned to the step

S$101, at which the process operations defined after the step S101

are repeated for the next learning image.



constructing the class classifying block outputted fromthe bl ock making
unit 1 11 is equal to N pixels, the calculating unit 116 thins the i mge
data by 1/N, and outputs the 1/N-thinned data as the coded dat a. I t
shoul d be understood that the coded data outputted fromthe cal cul ating
unit 116 is not such data which is produced by selecting to output the
center pixel of the block arranged by the N pixels, nanely produced by
executing a sinple thinning process operation, but, as previously
described, is equal to the function vabye "f" (y[err], y[err], ---, k[err],
k[err], ---) defined by the N pixels for constituting this bl ock.

Consi dering it fromthBertflef hahanivhw ftlis ldgedeu thdbtep’ SNOBithAat wré ue "f"
(y[err], y[err], ---, Kk[err], k err%, ---) may be such an optinum val ue.
That is, the pprosiessaipesations fer aleef the lgarping imagedata argccompiathdi s

obtai ned from jhe. sinnle LPARLA e [ [ f ed as the
opti mum val ue %\}pg%%ce@%gfo%eg%gﬁhil%aﬂ%ﬁﬁ@%fitc%!%né(? blérlrg%%’ %ta%"[brggﬁ% on the
pi xel val ues | gglatiRding anitd 8 isadsebdthathePoptimunfesriedtita datatdnd dhat a
obt ai ned by cal cul ati ng the mappi ng coefficient and the pixels for

constituting theck stekedin theymamedy | 8Pavesy chass; and: then establishes | f

required. the normal equation shown in the formula (7§ b&€d on these data
and block. Furthermore, at a step S108,the calculating unit 181
solves this normal equation so as to calculate the mapping
coefficients capable of minimizing the error every class. This
mapping coefficient is supplied to the memory 182 so as to be
stored therein at a step S109, and then this process operation is
ended.

In the case that the function "{" 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 Figure 18, and the optimum correction data can be
obtained by using this mapping coefficient.

It should be noted that there are the following difficulties. That
is, a sufficient number of normal equations capable of obtaining the
mapping coefficient could not be obtained. In tﬁis case, in the
caleulating unit 116 of Figure 18, such a mapping coefficient is set
as a default value, namely k, to k, = 1/9, from which for example,
an average value of the 9 pixels for con‘stituting the block of 3x3 .
pixels outputted from tﬁe block making unit 111 is outputted.

. While the present invention has been described about the image
processing apparatus, such image processing apparatus may have
especially advantages in the following cases that, for example, the
standardized television signal (NTSC TV signal} is cbded, and a

so-called "high-definition” television signal containing a large amount
of data is decode.



Al so, the calcul ation process executed in the calculating unit 1 16 may be
concei ved as such a process operation for mapping the pixel values of the

respective pixels for constituting the class classifying block outputted by
t he bl ock making unit 111 into the function "f" (y[err], y[err], --- '

k[err], k[err], ---). Accordingly, the coefficients k[err], k[err], ---,
used in such a process operation will be referred to as "mappi ng
coefficients". The calculating circuit 116 supplies the coded data to the
level limting unit 117. The | evel- B4m-ting unit 17 extracts 2-bit data

of the MSB side of the coded data of 8 bits and supplies the coded data,

limted to 2-bit dalrasumendripe the aoafigtiatiog’ ot firstembodtinierittof the The
transmtting/recording unit 118 records the correctiogn data supplied as the
coded data f r olieREONKAPIISes theJrapsmittingzapparatits EEIWEE Y thedi um 2, or

transmts this 1l On | I } SS : . rring
nowto a fl ow gﬁ'g{lp {’r gﬁ*@i“é‘ﬂ‘?{’aﬁgﬁuﬁ? tr?g%g%é%?mo%%g% Ptoﬁgi'élr'%ng'nmet IB%P
appar atus of Fegleuatds of Figuret hkandxthleadetermining ufiteof Figgee A3t aThe suppl i ed

inunits of, for instance, 1 fram field) to the plock, making unit 111. In
the bl ock maki FRFei¥ng appai?%?@@%ﬂé%‘ f,utf'ﬁsdiwﬁgé?‘ﬁcﬂf% frame is

Preeates | PekbodieRl o SheLaNOR I Aiocctielenboclflnesntl o, o5,
111 subdi vi desinventiomgemgeites ithe dransenittiras apparasss oy iFigurel 28 ktheonst i t ut ed
o oclton anc PR seabRAL BT Ry i hob st ST T L L e
LSSV 19 ) fer GUSHBCAUAE 152 P Mg B ot ikl gy ¢

the learning device for predictive coefficients of Figure 17. The

receiving apparatus of Figure 15 is utilized with the second

embodiment. The configuration of the third embodiment of the

invention comprises the transmitting apparatus of Figure 30, the

compressing unit of Figure 5, the local decoder of Figure 32, the

error calculator of Figure 11 and thé determining unit of Figure 34.

The receiving apparatus of Figure 36 is utilized with the third

embodiment. The configuration of the fourth embodiment comprises

the transmitting apparatus of Figure 18, the learning device for

mapping coefficients of Figure 21, the local decoder of Figure 23

and the learning device for predictive coefficients of Figure 17. The

receiving apparatus of Figure 27 is utilized with the fourth

embodiment. The configuration of the fifth embodiment comprises

the transmitting apparatus of Figure 18, the learning device for

mapping coefficients of Figure 25 and the local decoder of Figure

23. The receiving apparatus of Figure 27 is utilized with the fifth

embodiment.

Although only certain embodiments have been described in
detail, those having ordinary skill in the art will certainly understand

that many modifications are possible without departing from the



squar e- shaped bl ock made of 3 x 3 pixels. Alternatively, the shape of this
class classifying block is not [imted to the square shape, but

- 67 - may be nade from for instance, a rectangular, a cross-shape, and
other arbitrary shapes. Al so, a total nunber of pixels for constituting the
class classifying block is not limted to 9 pixels (nanely, 3 x 3 pixels).
Furthernore, the class classifying block is not arranged by the adjoining
pi xel s, but may be alternatively arrangeg by such pixels located apart from
each other. It should be noted that the s%ape and the pixel quantity of the
class classifying bl ock nust be made coincident with those during the

| ear ni ng oper atteaphingappragf.c #df such emdifiestionisgrecipeermdéddto bei | | be

di scussed | ater t a step,.S62, upo ecei pt, of the class classifying
bl ock fromthe %ch&p??%ﬁdn‘ﬂ'tbﬁﬁhﬁﬁ?pgﬂg t'%b%@"g‘?’mge%'@ifﬁﬁ- unit 112

executes, for exanple, the ADRC process operation of 1 bit wth respect to
this block, so that a block constituted by pixels expressed by 1 bit is
accordingly nmade. The class classifying bl ock which has been ADRC processed
is furnished to the class classifying unit 1 13. In the cl ass
classifying unit 113, at a step S63, 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 nmenory 114. As a consequence, the
mappi ng coefficient corresponding to the class information furnished from
the class classifying unit 1 13 is read out fromthe mapping coefficient
menory 114, and then is supplied to the calculating unit 116. On the
ot her hand, in the delay unit 115, the class classifying block derived
fromthe block making unit 111 is del ayed, and the delayed cl ass
classifying block is supplied, while maLt'gg_for the mapping coefficient
correspondi ng MSEtCIsAMMIAass i nformati on of “This block is read out fromthe
mappi ng coefficient nenory 114. At a step S64, in the calculator 1 16, the
above-descri bed function "f([err])"

- 68 - (synmbol "[enr]™ ' | | 1OkL o Ty o i C .a set of
pi xel val ues y[err] ,1'y[ e?ﬁfﬁﬁﬁé@uéaﬁ?f %%%Béﬂg ge%tficri\ae\;ﬁ'?g ak?@ﬁﬁ]ty [err],
---) is cal cul pixalsbgomppilsmg:ng t he pi xel values of the respective pixels

for constituting the class cl a?si fying block derived fromthe delay unit
115. and al so means for reducing a number of pixels of original image

data to generate compressed data;

means for limiting a level of pixels of the compressed
data to generate limited compressed data;

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

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

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

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

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

2. The apparatus of claim 1, wherein the means for
predicting comprises: ‘
means for generating class information of the corrected

data; and

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

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

R O Y



t he mapping coefficients read out fromthe mappi ng coefficient nmenory 114.
As a result, it is possible to calculate such correction data produced by
correcting the pixel value of the central pixel for constituting the class
classifying block. This correction data is outputted as the coded i mage
data to the level limting unit 117. In the level Iimting unit 1 17,
at a step S65, the coded data of 8 bits is supplied as the 2-bit data of
the MSB side thereof to the transmitting/&%cording unit 118. In the
transmtting/recording unit 118, at a step S66, the coded data supplied
fromthe level imting unit 117 is recorded on the recordi ng medium 2, or
transmtted via the transwassifongeaetatihg predidtivencoetficigntsdmsedadgyemced to

a step S67, at which a jud t_ade as to whether or not the process
operation for the iﬂlfg%é’ﬁagge‘f@?tal fane is acconpl i shed. At this step S67,
when it is so judged thamddng fef YePsratiRftid bRIMIERY pikels BRARY ggés for 1
frame is not yet conpleted, the process operation is returned to the

previ ous step S62, the wnhirehtachdata and $he ppediative cogtficiants.after the step

S62 is repeated for the next class classifying block. To the contrary, when
It is so judged at the step S67 that the process operation for the inage

data for 1 frame is4conpitpeashpdrBisP6OEIARA ORRRSIIPIhE édigHdied to the
step S61, at which the process operation defined after the step S61 is

repeated for tpeedietingfcoamprises: Next, Figure 21 illustrates a block _
coolfi clent 1 earning) proRS RS R P UMD olBs o el TR RR ol g
plurality of pixels of the corrected data;
means for generating predictive coefficients for each
class based upon the original image data and the corrected
data; and
méans for generating the plurality of predicted pixels
based upon the predictive coefficients corresponding to

information of each class and the corrected data.

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

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

a memory for storing predictive coefficients for each
class; _

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

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

A



- 69 - coefficients stored in the mapping coefficient menory 1 14 shown in
Fi gure 18. In the nenory 121, the digital inmage data for training for
nore than 1 frame, which is suitable for the |learning process (wll be
referred to as a "learning i mage" hereinafter, if necessary) is stored. A
bl ock making unit 122 reads the inmage data stored in the nmenory 121,
constitutes a class classifying block identical to that outputted fromthe
bl ock making unit 111 shown in Figure 43 _and then supplies the block to an

ADRC processing unit 123 and to a calculating unit 125. Ei t her the ADRC
processing unit 123 or the class classifying unit 124 executes a simlar
process operation th thakheapparatuorCciaiocéswhegeinrihe gredictive t he cl ass

cl assi fying uni wn_i.n resul t

t 13 .sho i gure 18. a the ¢ S
nformati on oftqaticRREE rteeelass il % PebiErare AP toA Basac
out putted fromdmoggm irhb s dty 9B 1dathingl 24. Then, this class information
I's supplied as an address t0 the nmapping coefficient nmenory 131. The

calculating unit 125 perforns the same cal cul ation as that of the
calculating unit 1 J6 of,Fiqure 18 b | gyi the,.pi xel s f.or constituting
the bl ock supplied TomY*h%gBPeiﬂjI”ﬁé’?fﬁi%Bh?y tw_r}%ﬁ‘,n gﬁ’d"}ﬁa& fgﬁe mappi ng
coefficient supppueting cRphiethEbeeddtd daaeiith-tiRnNpretide cdafficieitys, the

calculating unit 125 provi des conpressed
. for each class.

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

correction values.

10. The apparatus of claim 1, wherein

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

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

11.  An apparatus for decoding coded data generated by
coding image data, comprising:
means for receiving the coded data; and
means for decoding the coded data and generating
decoded image data, wherein the coded data is generated by
the steps of:
reducing a number of pixels of original image data to

generate compressed data;
-
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data to a level limting unit 126. This level limting unit 126 limts the
| evel s of the pixels of the conpressed data and then supplies or 126
supplies the resultant correction data (function "f" ([err])) to the | ocal
decoder 127. Based upon the correction data supplied fromthe |evel
limting circuit 126, the |ocal decoder 127 predicts (cal cul ates) a

predi cted values of an original |earning inmage data (nanely, predicted
val ues of pixel values of pixels for consjqucting block outputted from

bl ock - 70 - making unit 122), and
t hen supplies the predicted value to an error calculator 128. The error
cal cul ator 128 reads a pliniing allerel(@frpiseleanfthe eomaressadrdatg torage
corresponding to the re?%gte CIvaI ues supp ited fromthe | ocal decoder 127,
cal cul ates (detect s?e & TSRO RPIECE1 94 e predi cted values with

respect to the pixel val ggrreétingithe fiffifeti Bmpr@gied da tohgensriapp! i es this
cal cul ated prediction error as error information to a determning unit 129.

The det er mi ni ng uni coxgotesbdpi® es the error information supplied fromthe
FLOT ool culator 126wt uRhag S L b8 YRh ey Gk o
the corrected data and generating predicted data having a
plurality of predicted pixels;
calculating, with respect to the original image data, a
predictive error of the predicted data;
determining suitability of the corrected data as coded
data based upon the predicted error;
repeating the step of correcting until the corrected data
becomes an optimum corrected data; and

outputting the optimum corrected data as coded data.

12. The apparatus of claim 11, wherein the decoding means
comprises:
means for generating class information of the coded
data; and
means for producing the decoded image data in
accordance with the class information.

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

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

A 0 o
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unit 130 in accordance with this conparison result. Under control of the
determning unit 129, the mapping coefficient setting unit 130 sets
(changes) a set of mapping coefficients, the nunber of which is identical
to the nunmber of classes obtained by the class classifying unit 124, and
then supplies the changed set of the mapping coefficients to a nmapping
coefficient nmenory 131. The mappi ng coefficient nmenory 131 tenporarily
stores therein the mapping coefficiqn& guppl i ed fromthe mapping
coefficient setting unit 130. It shoul'd be understood that the mapping
coefficient nmenory 131 contains storage regions capable of storing mapping
coefficients (set d#.nagherappavatus cf elaim)11,twheraimitbe codedealgtens equal to

t he nunber classes to be classified in the clgss classifyi unit 124. In
each of the sIB4Tes PERAIGRYS SRRUIFEN AT B85 Tor L IR PIORGHIM s suppl i ed
from the mappigegodes i gbed‘éta,sﬁﬁﬂ 'the rﬁé‘éﬁs fotledddig R8W Lng coefficient
may be stored instead of the previously stored mappl ng coefficient.

Al so, the mappi ng coef f inseans foregeneyatiitg ciasadafdrheatimppsing « phiralityi ent

stored at the addresgs.cqrrespondi o, the class information supplied from
the class classifyi d"ﬁ%ﬁ@ ltg&,c"éﬂ’g’ %"I’F@n suppl i es the read mapping

coefficient to the cal cyhgdnd'briptodudi#y the decoded image data using the

predictive coefficients corresponding to the coded data.

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

a memory for storing predictive coefficients for each
class;

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

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

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

17. A method for coding image data having a plurality of
pixels, comprising the steps of:
reducing a number of pixels of original image data to
generate compressed data;
limiting a level of pixels of the compressed data to
generate limited compressed data;

[
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- 71 - Referring now to the flow chart of 22, operation of the |earning
devi ce for mapping coefficients is further explained. First, at a step
S71, the nmapping coefficient setting unit 130 sets a set of initial values
of the mapping coefficients by only the nunber equal to the classes to be
classified in the class classifying unit 124, and then supplies the set of
these initial values to the mapping coeffiiggi ent memory 131. In this mapping
coefficient nenory 131, the mapping coefficient (initial value) derived
fromthe mapping coefficient setting unit 130 is stored a the address of

t he correspondi ng cl ass. Then, at a step S72, the block making unit 122
processes all of the | ea¢orrectingrtiyelimitedreampressed datadoyganerate make

bl ocks constituted of 3 83 i.xel s centered about the noted pixel in a
simlar manner to tﬁ%?egé c%%'84 in the bl ock maki ng unit 111 shown in

Figure 18. Furthernore, bd‘éﬂi&il@&\é@ﬁ?ﬁﬁl inhge Hata it adsoddndeivithbl ock from
the menory 121, and sequentially supplies the read bl ock to the ADRC

processi ng unit 123themedorraeteskdatal and ggneratingipmdicted gatahaving aS73,

simlar to the proce erat i on t.he ADRC processing unit 112 of Figure
18, the ADRC pr ocesgﬁ‘iﬁl n?f?p}fgéctgérq”égﬁt t he ADRC processi ng operation of

1 bit for the block outpgafcafbtingWith eespetitonthiél dviginal imdge dadd)ta t hen
suppl i es the ADRC-processed bl ogli to thée}:L cl ass cl(gggsi fyi nég&;unit 124. At

a step S124, in theptedictive eiosiof thapredicted gdataia decision is made of a

cl ass of the bl ock suppli . t rQcess| nj 3 this
class information is supsgfeéh{@?ga%ﬁ%a@ms@ @% fiﬁ&gngggp#éntgal%sog???%i ent
menory 131. As a codaeflgftise original imhge baded uporefhis peedierid égbgnind s read
out from an address of the mappi ng coefficient rrermrg 131, which

e

corr esponds to the cl assopml&ﬁﬂﬂtﬁ rporrected data as coded data of the
original image data based upon the determined suitability.

18. The method of claim 17, wherein the step of 'predicting
comprises the steps of:
generating class information of the corrected data; and
generating the predicted pixels in accordance with the

class information.

19. The method of claim 17, wherein the step of predicting,
comprises the steps of:
generating predictive coefficients based upon the
corrected data; and
generating the predicted pixels based upon the
corrected data and the predictive coefficients. '

20. The method of claim 17, wherein the step of predicting
comprises the steps of:
generating class information based upon a plurality of
pixels of the corrected data;

R O



supplied fromthe class classifying unit 124, and then the read mappi ng
coefficient is supplied to the calculating unit 126.

- 72 - When the block is received fromthe block making unit 122, and
al so the mappi ng coefficient corresponding to the class of this block is
received fromthe mapping coefficient nmenory 131, the calculating unit 125
cal cul ates the above-explained function value "f([err])" by enploying this
mappi ng coefficient, and the pixel val uedoaf -t he pi xels for constituting

t he bl ock supplied fromthe block making unit 122 at a step S76. This
calculation result is furnished to the level limting unit 126 as the
conpressed data obt ai ne@epgrating peadietive peefficiants\far gachiclassebasad ral pi xel

of the bl ock suppl f ' |

consequence, at a g g é%&rtié)ﬁg #tn‘?%éh ggﬁgﬁq;iﬁéetc&é% ?%_Ieag?as’%g ected from8
bit data, and the pi xel gé&teﬁaudghm&pmramdraéfapmfduoveuwxets Baded wport ed, is
supplied to the | ocal decoder 127, In other words, for instance, in

Figure 7, assuningthewresistive oeffigiertoeonespendingdpedniarmatigniefi by t he
rectangl e i s output tagﬂ Jéé’%hg%g'&?}%éf@g'd}%“”' t 122, the calculating unit

125 cal cul at es

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

coefficients for each class.

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

storing predictive coefficients for each- class;

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

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

23. The method of claim 22, wherein stored predictive
coefficients for each class are generated based upon original image
data for learning.

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

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

A




correction data produced by correcting the pixel values of the pixels

denoted by synbol "[err]"” in this drawing, and this correction data is
| evel -limted by the level limting unit 126, and thereafter outputs this
cal cul ated correction data to the |ocal decoder 127. As a consequence,

in the calculating unit 126, the nunber of pixels for constituting the

| earning i mage data is thinned by 1/9, and thus the thinned pixel nunber is
supplied to the | ocal decoder 127. Ret urni ng back to Figure 22, the
process operation is advanced to a step ,_at which a check is made as to
whet her or not the correction data about all of the |earning i mges stored

in the menory 121 have bgfgRngaldrtdcdtictvallibsNwherdin the ddtfprshsat ddta step
S78 that the correction data about all of the |earning data are not yet

cal cul ated, the prdsa&sirentedasinththe couegtineyalues.he previ ous step S73.
Then, the process operations defined after the S73 to the step
- 73 - S78 are repeated until the correction data about all of the

| earni ng i mages arezgeal cph@igsthod ofVigini17,iwhéRin Ygedemoft he step S78
that the correction data
determining suitability comprises the steps of:
detecting whether the predicted error is less than a
prescribed threshold value; and
outputting the corrected data as the coded data if the

predicted error is less than the prescribed threshold value.

27. A method for decoding coded data generated by coding
image data, comprising the steps of:

receiving the coded data; and

decoding the coded data and generating decoding
image data, wherein the coded data is generated by the steps
of: '

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

limiting a level of pixels of the compressed data to "
generate limited compressed data;

correcting the limited compressed data to generate
corrected data;

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

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

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

I
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about all of the learning images are cal cul ated, nanely when such a thinned
i mge could be obtained which is produced by thinning all of the |earning

i mges stored in the nmenory 121 by 1/9, the process operation is advanced
to a step S79 at which this 1/9-thinned inage is | ocal-decoded in the | ocal
decoder 127, so that a predicted values of the original |earning i mage data
is calculated. It should be understood that this 1/9-thinned i mage i s not
equal to such a thinned i nage produced by sinply thinning the | earning

i mage data by 1/9, but equal to another-tHl4dned i mage obt ai ned by

cal cul ating the mappi ng coefficient to acquire the pixel value. Then, these
predi cted val ues are supqsxjtbedttmg)théleomcwd datacalé abded H2®a of thel n this
case, the inage consti, tut ed the Péﬁl cted v ues .obtained jn this |ocal
decoder 127 (noti ngHgigg! "'%\%9 F’fa Bgs gran the é?ré‘i"“egtﬁ“ﬁ i8¥%- obt ai ned
when error information outputted fromerror cal culator 128 becones snal |l er
than the threshold value [err]1) is identical to the decoded i nage obtai ned
on the side of the Za.cei'thmahpdrdtdaimzwivgmmrﬂ.ihe step bfidebediagr or

cal culator 128, the, |l rnln image js read out fromthe nenory 121 at a
step S80, and We?P%chg@EﬁE g?ﬂb? sgeprs Hg predi cted val ues supplied from

the | ocal decoder 127 W GbndRREdIaddinkDiriafiS G thEcRRE ddMadEndal a | s

cal cul ated. In other wor e pl xe ue o | earni ng i mage data
is expressed as " Y[ err] prwiud:mmmepdedodecédnagé data imaceocfdameputthed from
t he | ocal decoder ES exlggpessed as "E[Y[err]]", error dispersion
(namely, squared su ¢lags iflormatigny o' i ndi cated by the fol | owing formul a
is calculated in the error cal cul ator 128. This error dispersion is
supplied as error information to the determ ning unit 129.

29. The method of claim 27, wherein the coded data

includes predictive coefficients to produce the decoded image data,
and the step of decoding the coded data comprises the step of:
generating the decoded image data based upon the
predictive coefficients and the coded data.

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

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

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

31. The method of claim 27, wherein the step of decoding
the coded data comprises the steps of:
storing predictive coefficients for each class;
generating class information using a plurality of pixels
of the coded data; and

I
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- 74 - Q=[err](Y[err]-EY[err]])[err], where synbol "[err]" indicates a
summation of all pixels of the |earning inages. Upon recei pt of the
error information fromthe error calculator 128, the determning unit 129
conpares this error information with the preselected threshold val ue
"[err]1", and judges as to whether or not this error information is |arger
than the threshold value "[err]1" at a step S81. Wien it is judged at the
step S81 that the error information is | égﬂ_than, or equal to the
threshold value "[err] 1", nanely in the case that no recognition is nade
that the inmage constituted by the predicted values obtained in the | ocal

decoder 127 is equal to tdueliny tige peeditthae ciortficisngecsiatsporidiag dotthen ni ng
unit 129 outputs a control signal to the mapping coefficjent setting unit
130. At a step S82, clags i 6@2’@“&50%@‘%6}?@?‘%\’ andyagneing,/ e from t he

determ ning unit 12g..4ileHEBI DGnGARE! fealTHedRtive! C¥bifiBldntd JRqGhHanges the
H s chang

mappi ng coefficient; and causes nappi ng coefficient to be
new y stored into tbededptag coefficient nenory 131. Then, the process
operation is returned to the previous step S73, at which the process
operations defined after the step S73 are again repeated by enpl oying the

changed mapping coekbi i §Rk MbHdflof Blaim 31, wherein the stored predictive

coefficients for each class generated using original image data for

learning.

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

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

a limiting circuit for limiting a level of pixels of the
compressed data to generate limited compressed data;

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

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

a calculator for calculating, with respect to the original
image data, a predictive error 6f the predicted data;

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

an output circuit for outputting the corrected data as
coded data of the original image data based upon the
determined suitability.

_—
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t he mappi ng coefficient nenory 131. Now, it should be understood that
t he mappi ng coefficient my be varied at randomin the mappi ng coefficient
setting unit 130. Alternatively, in such a case that the present error

i nformati on becones snaller than the preceding error information, the
mappi ng coefficient may be changed in accordance with a trend simlar to
the preceding trend. Also, in the case that the present error information
becones |arger than the preceding error jqf ormation, the nmapping
coefficient may be changed in accordance wth a trend opposite to the
previ ous trend.

. . - 79 -
Furthernmore, the medthi ngiheoappa@tesnef elaimyd3cwhegeld e predigtingf ¢ he

cl asses, or a [t ..Lhe classes. Wien only the mapping coefficient as
to a portion 00? tu}# 8@?‘&&'3%% i s changed, for exanple, such a class capable

of giving a strong infl uesiteuit dFoeyeneratingoclass irformatidatafcthed, . and t hen
only such a mapping coefficient may be varied. A class capable of giving a
strong influence t FXFecedidatar aadi on may be detected as fol lows. That is,

first of all, the pr Ocesécﬁ@ﬁ?%&%%@n%&tﬁ@{Heeﬂre%ﬁteaypiﬁgfgliRyi ng an initial

val ue of a mapping coefficie
accordance with the class information.

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

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

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

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

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

information of each class and the corrected data.

37. The apparatus of claim 36, wherein output circuit
.outputs the coded data with the predictive coefficients for each

class,

KR o



t hereby obtain error information thereof. Thereafter, the mapping
coefficient is changed by the sane anount every 1 class, and the resulting
error information is conpared with the error information obtained when the
initial value is enployed. The class in which the conparison difference
beconmes | arger than, or equal to a predeterm ned value may be detected as
the class capable of giving a strong influence to the error information.

Al so, in such a case that a plurality of ygppi ng coefficients such as the-
above-descri bed k[err], k[err], --- are set as 1 set, only the mapping
coefficient capable of giving the strong influence to the error information

anong then may be c3@ngeThe appafdtus dromine 33| Rvlidreiratt prezticting t he mappi ng
efficient are set ,every class. Alternatively, the mapping efficient may be
i ndependent | y He&xULLOMPISepect to, for instance, each of the blocks, or in

wnen the mappi ng coefi ct CRmPLY foraeERBNERIRANRITb s sefeafiaTT o c

sonme possibilities dlagé; pl ural sets of mapping coefficients are acquired
with respect to a certain si ngtl e class (conversely, there are sone
possibilities that a cl a8$irgui fosqaneraiing slagssdaforpratipapbashyd uban @ ci ent

coul d not be obtai n@q‘] : i[;}aé. i BGE 1R, Wals) ef ficient should be
determ ned every cl ss?htgs e ‘%)‘F!’fl ﬁfegﬁb(e:{’%rg% &atdd ahe
a circuit for reading from the memory the predictive
coefficients corresponding to the information of each class
and for generating the predicted pixels based upon the read

predictive coefficients and the corrected data.

39. The apparatus of claim 38, wherein the predictive
coefficients for each class stored in the memory are generated based

upon original image data for learning.

40. The apparatus of claim 39, wheréin the output circuit
outputs the coded data with the predictive coefficients for each
class.

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

42. The apparatus of claim 33, wherein

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

R )



- 76 - when plural sets of mapping coefficients are obtained as to a
certain class, a certain process operation, nerge operation or select
operation is carried out for the plural sets of mapping coefficients, so
that one set of mapping coefficient nust be determ ned. On the ot her
hand, when it is so judged at the step 881 that the error information
becones smaller than the threshold value "[err]1", nanely when a
recognition is nmade that the imge constjituted by the predicted val ues
obtained in the |ocal decoder 127 is ideM%cal to the original |earning
| mage data, the process operation is conpl-eted. At this tinme, the
mappi ng coefficients evehg amltpas mmhitodutbatetﬁmeorrecmcbdatmas llee Mappi ng

coefficient nenory 1 i nt mappi ef ficient ry 1 14 of
Figure 18 as the op‘f‘?‘#ﬂ*rgﬁ@p'slth@ RI8 'PF‘? ?Hﬁfésiegsﬁa H@WB’[?LSSFEgag t he

correction data by W‘P%ﬁ% giecoded image (predicted val ues) recognizable
as the same inmage as ori g| naI I mge data can be reproduced. As a
consequence, since the correction data is produced by using such a napping
coefficient, it is gs& le to obtag helmae%él tantlall |dent|cal to
the original inage R aaparatusfogdecding tad ﬁ%t%ﬁﬁﬁpéq bY (Fi gure
1). As pre P S b e enbodi nent of Figure 21 t he i nmage
i s subdi vi ded ?%?ggt%é&%&é ?gwstfbt"il ‘ed by 9 pixels centered about the

noted pixel (3 x 3 pixel a)mrbwttibe rbd:ewlngrtﬂe codedidatd;2@d wher eas the ADRC
processing operat i on of 1 bt 3ol fo 8o the dded Blial AP GeRbA " L1
decoding image data, wherein the coded data is generated by
the steps of:
reducing a number of pixels of original image data to
generate compressed data;
limiting a level of pixels of the compressed data to
generate limited compressed data;
correcting the limited compressed data to generate
corrected data;
predicting the original image data in accordance with
the corrected data and for generating predicted data having a
plurality of predicted pixels;
calculating, with respect to the original image data, a
predictive error of the predicted data;
determining suitability of the corrected data as coded
data based upon the predicted error; and
_ outputting the corrected data as coded data of the
original image data based upon the determined suitability.

44, The apparatus of claim 43, wherein the decoder
comprises:
a circuit for generating class information of the coded
data; and

_—
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consequence, the nunber of classes obtained by the class classification by
the class classifying unit 124 is equal to 512 (=(2[err])[err]).

Accordi ngl'y, 512 sets of mapping coefficients are obtained. Next ,
Figure 23 illustrates an exanple of an arrangenent of the |ocal decoder
127 shown in Figure 21. - 77 -

The correction data derived fromthe level limting unit 126 of Figure 21

is supplied to a block making unit for gééass classification 141 and to a
bl ock nmaking unit for predicted value caltulation 142. The bl ock making

unit for class classification 141 makes class cl assifying bl ocks centered
about the noted correct ealciteuit fon producingetiret deasidedsinhgge Hatacby r ect ed dat a

into a preselected cl as dependi on. a nature thereof. I n ot her
words, for instance?c%aaﬁf'?ldwﬁb%ﬂ?ﬁg%si 'ﬁ'??—'i"é?ﬁ’%n?, the correction data
(conpression data), (otherw se, pixel) (indicated by synbol "[err]" in
Figure 7) located at an i-th position fromthe upper position and at a j-th
position fromthe |46t pObetapparatuscofpeleits kB, awherein the coded data

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

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

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

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

47. The -apparatus of claim 43, wherein the decoder
comprises:
' a memory for storing predictive coefficients for each
class;

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

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

_
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"Xerr]", the block making unit 141 for the class classification wll
constitute a class classifying block arranged by 5 pixels in total, nanely,
a pixel "X err]" of interest and the following 4 pixels adjacent to this

pi xel of interest at upper, left, right, and |lower positions: Xerr],
Xerr], Xerr], Xerr]. This class classifying block is supplied to a cl ass
classifying unit 144. It should be understood that the class

cl assifying block obtained in the bl ock making unit for class
classification 141 of Figure 23 is constituted in order to determ ne the

cl ass of the bl ock edto calculate,the predicted values.. At this point,
this class classifylhg gﬁ&cﬁp"?%’.a%ﬁ'? PEFB’HP 4?’9}%%1&5’3“3%38?8&0&’& fying bl ock
produced in t heepfiGiektd Rt dubHiBiaks Stdrel ifthbl bRy Gré Yeddrdt@ddpfigg m ne the
cl ass of the block for calculating the correction data. The bl ock

maki ng unit f @riginadmageddatal fiesdearmingyl ati on 142 processes the correction
data to nmake a predicted values cal cul ati ng bl ock centered about the noted
corrected data in unit used to calculate the predicted val ues of the

original inmage datag.nankinlethod fofitParitsitting RABGE AataWaAQIr#Ah Pluralify ot her
words, in this enbodi nent, pixel values of pi Xel s (= 3x i'n the original
i mage data cemfepixgls, comprising the steps of:
reducing a number of pixels of original image data to
generate compressed data;
limiting a level of pixels of the compressed data to
generate limited compressed data;
correcting the limited compressed data to generate
corrected data;
predicting the original image data in accordance with
the corrected data and for generating predicted data having a
plurality of pfedicted pixels;
calculating, with respect to the original image data, a
predictive error of the predicted data;
determining suitability of the corrected data as coded
data based upon the predicted error;
outputting the corrected data as coded data of the
original image data based upon the determined suifabiﬁtv; and
" transmitting the outputted corrected data.

50. The method of claim 49, wherein the step of predicting
comprises the steps of: '
generating class information of the corrected data; and
generating the predicted pixels in accordance with the
class information.

_—
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- 78 - around the correction data Xij are expressed by: Y[err] (1),
Ylerr](2), Y[err](3), Y[err](4), Y[err](5), Y[err](6), Y[err](7),
Y[err](8), Y[err](9). These pixel values may be obtained from25 pixels (=
5x5) centered around the pixel "X err]". These 25 pixels are defined by:
Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr],
X[err], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr],
Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr]. Concretely
stated, for instance, in Figure 7, to caltdikt & the predi cted val ues of the
pi xel s Y33(1) to Y33(9) in the original imge data surrounded by a

rectangul ar, the pridi ctie nethed ofallaim 49 nehdreivcthd stepoo praditting by 25
the follow ng pixels (correction data): X err], Xerr], Xerr], Xerr],

X[err], X errcompusesthegteps|otixierr], Xerr], Xerr], Xerr], Xerr],
err] Xerr] ! err] ! iighog HB8Ekyo ootfliont Shid birL: Xt

X[err], Xerr], Xerr]. Icte ues calc I'ng ck obt ai ned
in the bl ock nmaki ngarmedteflafatps eddct ed val ue cal cul ation 142 are supplied
to a predicting unit 146. imlar to the c SE?Of t he cl ass cl assifying

Sin . .
bl ock, the pixel number SfNErating dhepsedicted i ged PR thel es
| cul ati bl ock | ALt @,}g;y erided les. It
cal cul ati ng ocC %&rﬁﬁbd di(\ra aﬁﬁnﬂg}bf)@' Fggﬁﬁ%dtlg? exanpl es

shoul d be noted that the tot pl xe or constituting the
predi cted val ues cal culating block in the | ocal decoder 127 is preferably

made | arger than t total nunber, o | Xe for constituti t he .cl ass

cl assi fyi ng bl ock. hgz' Af'%%,‘“%@ﬂ ?é}gg%gﬁi‘ggﬁﬁ'%‘ ﬁé@l %?%BE%HE‘P(‘FHBQW ocess
is carried oWorhptiBks Me tfefl BfESS operations other than bl ock making),
there are

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

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

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

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

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

storing predictive coefficients for each class;

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

reading from the memory the predictive coefficients
corresponding to the information of each class and for
generating the predicted pixels based upon the read predictive
coefficients and the corrected data. '
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no correspondi ng pi xels near the inmage frane of the image. In this case,
for exanple, the process operation nay be perfornmed, assum ng now that the
sanme pixels carried out (simlar to process operations other than bl ock
maki ng), there are no corresponding pixels near the image frame of the
image. In this case, for exanple, -

79 - the process operation nmay be perfornmed, assum ng now that the sane
pi xel s as those for constituting the imge,frame are | ocated outside this
i mage frane. The class classifying unit 144 classifies the bl ock

supplied fromthe bl ock making unit for class classifi-cation 141, and then
suppl i es the cl assi Pbed Themethad af clabniG#, ovhetdinstdredapreditivet | ve

coefficient 5. Th redj ctive coefficije 145 stqQres therein
predictive c%%ﬁ%‘?ﬂ@%gﬁgf&@ﬁﬁﬁ %@sge%{at%d;éﬁ%%\fepena?wmﬂf'm ionis
received from §hg fdrqggrrﬁﬂ,@ssi fying unit 144, a predictive coefficient

stored at an address corresponding to this class information is read to be
supplied to a predicting unit 146. It should be noted that the predictive

ffici ER th di.ct fficient. 145 bt ai ned b
\?\gg O:c C: ggﬁ nﬂ]gr ed 6B. ' "Th8'method of clalm gé,cvlvﬁgrem the codegrfatg is athed by

output with the predictive coefficients for each class.

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

is corrected using the correction values.

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

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

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

limiting a level of pixels of the compressed data to
generate limited compressed data;

correcting the limited compressed data to generate
corrected data;

-
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process operation (predictive coefficient learning, will be discussed

| ater). The predicting unit 146 cal culates (predicts) a predicted

val ues of an original inmage data (learning i mage data) by enploying the
predi cted val ues cal cul ati on bl ock derived fromthe bl ock making unit for
predi cted val ue cal cul ation 142, and al so the predictive coefficient read

fromthe predictive coefficient ROM 145. Referring now to the flow
chart of Figure 24, the operation of the |ocal decoder 127 of Figure 23 is
further expl ai ned. First, in the lockd3 decoder 127, at a step S91, the

correction ddta derived fromthe I evel control unit 126 is sequentially

received to be processegredictimkthebrigial irmagetdata inacdsrddntet Withbl ock
maki ng unit for class classi f [ cat ion 141, the correction data |s subdivided
into a class clas &W‘?\"@e tacand for genprating Redicted dalaH@VInthd not ed

corrected data, wh I |lied to the class classifying unit
e?rg.E?ngg df rﬁ}?d 4164 FRER

144. I n the bl ock Icted val ues cal cul ati on 142, the
correction data is subdd:aAbdtad'nlgntmtIa respatitctoethevadigiaal image data, a

$ B0 caeulating Bhogle BROF oY e probloied dafey™ o o0 aboUt the noted
determining suitability of the corrected data as coded
data based upon the predicted error;
outputting the corrected data as coded data of the
original image data based upon the determined suitability; and

recording the coded data on the recording medium.

61. The recording medium of claim 60, wherein the step of
predicting comprises the steps of:
" generating class information of the corrected data; and
generating the predicted pixels in accordance with the

class information.

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

63. The recording medium of claim 60, wherein the step of
predicting comprises the steps of:
generating class information based upon a plurality of
pixels of the corrected data;
generating predictive coefficients for each class based
upon the original image data and the corrected data; and

_—
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corrected data, which will be then supplied to the predicting unit 146.

It should also be noted that in the block making unit for class
classification 141 and the bl ock making unit for predicted val ue

cal cul ation 142, the correspondi ng class classifying block and the
correspondi ng predicted values cal cul ating bl ock are produced. That is to
say, in block making unit for class classification 141, for instance, when
a class classifying block nade of 5 pixehggqcentered around the correction
data X/ err] of Figure 7 is produced, whereas a predicted val ues cal cul ating
bl ock constituted by 5x5 pixels centered around the sanme correction data
X[err] is produced in thegepeeating ¢ phirakity chpedicted mixelsdudsed upondt a step
S92, the class classjfyi nit 144 executes the, cl ass flassific tion

ng. u .

processi ng operati of Wp(rﬁg‘fcé'gﬁé%ﬁe figiepfceirgsroNding LorpforNalRT nanel v,

detects states of diggh i&Hé%QHdQBe%‘Fde%Ed%@ | evel s of the corrected data
t

in the block, to thereby judge as to such a c?'ass to which this class

cl assifying block belongs. This class judgnment result is supplied as the
class information tao, jhe predictive coaffici e(_g% Rg&%% I't, shoul d be
under st ood that in toffs erotRGREAINgGMediyn of cleim 8Dy, turthgg comptising

classification tHE%@ﬁgfpg operation is performed with respect to the class
cl assifying bl ock constructed of 5 pixels where 1 pixel is expressed by 2
bits, each of the class outputting the bbded dats withashe predictiveo any one of

512 classes (= (2[err])l}.err Then, the process operation is advanced
to a step S93, at mﬁi%‘"ﬁf’ﬁ%?%&?%@ E@QFH cients are read out fromthe
address of the predictive coefficient ROM 145, which corresponds to the

class information supplied fromthe class classifying unit 144. At a step
S94, the predicting 6%t Thiesrecordingamesiummfeelrion 89, wiherein the ptarf ofy

predicting comprises the steps of:

storing predictive coefficients for each class;

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

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

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

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

68. The recording medium of claim 60, wherein the step of
correcting comprises the step of:
storing correction values, wherein the compressed data

is corrected using the correction values.
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- 81 - predicted values "y" of the original imge data by enploying this
predictive coefficient, and the 25 pixel values for constituting the
predi cted val ues cal cul ati ng bl ock supplied fromthe predicted val ues
cal culating block in accordance with the follow ng |inear equation:

Ely] = wWerr]x[err] + Werr]x[err] + --- wWerr]x[err] + wWerr], where
synbols wWerr], Werr], ---, wWerr] represent predictive coefficients, and
synbols x[err], x[err], --- denote pixel a3 ues (correction data) of pixels

for constructing the predicted val ues cal cul ati ng bl ock, especially synbols
werr], which is an offset coefficient which is added so as to express E[y]

by 8 bits, because69he TheJebotdifghéditad of cidiey 60, bamrbipethecotepestt ed into
the 2-bit data. . Now, .in _the enbadi nent of Fi grgre 23, as previously
expl ai ned, t heelrEiningesuitahilityscomprines $hesi@Rssofmy be cal cul ated fromthe

25 pixels for constitut idggeéti}‘é Rh%q‘%‘&l %M}‘Pédi'@édﬁf?ﬂ{ﬁﬂsa"g%gq“% ck.

Concretely stated, for exanp S now assune ass Information C

i's outputted from phesoribagisthebsissidivdlog; amdt 144, and this class
information Cis related to a cl ass classif%/i g bl ock constituted by 3x3

corrected data X err], Ruspyitingghe porresdes, ?t,r; 9§ the podsg datp if geerr]

predicted error is less than the prescribed threshold value.

70. A method for coding data having a plurality of samples,
comprising the steps of:

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

limiting a level of samples of the comﬁressed data to
generate limited compressed data;

correcting the limited compressed data to generate
corrected data;

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

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

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

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

71. The method of claim 70, wherein the step of predicting
comprises the steps of:
generating class information of the corrected data; and
generating the predicted samples in accordance with
the class information.
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X[err], Xerr], where correction data X33 shown in Figure 7 is centered.
Al'so, it is now assuned that as the predicted values cal cul ati ng bl ock, a
predi cted val ues cal cul ati ng bl ock maki ng unit 142. This prediction
calculating 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 correction data Xfekt§,-is centered. Mor eover ,
it is assunmed that wWerr](k) to wWerr](k), and werr](k) are stored as a

set of predictive coefficients at an address corresponding to the class
information C in thé4pr eﬁﬁ‘%t’“%%d@f‘?‘?@ it wigneinmthe step °f predictingase,

predi cted val rough E[Y[err](9)] of the pixel values
Y[err](1l) to $i erF éfrﬂ(r‘)% %t%#e éﬂB pi xel s (nanely, a portion surrounded by
a rectangle in Figure 7)gemerating@redictize doudficiertd based upon the

- 82 - centered around the correctlon data X[ err] are calculated in
accordance with theCPEeEEH d3tas dhdul a E[Y33(k)] = wWerr] (k)X err] +

vv[,[ g; H E :8 é% 2; H I vv[,[ 2; ; } %%ﬁ%ﬁaﬁﬁp]ﬁ\e predicted sampTe%ﬁé&% Eu%%ﬁ[tw AR
werr] (k)X err] + w[:mre:]:‘(eld) datarand the predictive coeffidients] (k) X[ er r] +

vv[err](k)X[err]
73. The method of claim 70, wheréin the step of predicting
comprises the steps of:

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

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

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

74. The method of claim 73, furthef comprising the step of:
outputting the coded data with the predictive
coefficients for each class.

75. The method of claim 70, wherein the step of predicting
comprises the steps of:

storing predictive coefficients for each class;

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

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

predictive coefficients and the corrected data.
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rl(k)X[err] + wWerr](k)Xerr] + Werr](k)Xerr] +
(k)X err] + Werr](k)Xerr] + Werr] (k)X err]
rl(k)X[err] + werr](k)Xerr] + Werr](k)Xerr] +

(k)X err] + Werr](k)X[err] + Werr] (k)X err]
+ Werr](k)Xerr] + Werr](k)Xerr] + werr] (k) When 9 pieces of the
predi cted values are obtained at the step S94 in the above-descri bed
manner, the process operation is returned to the previous step S91, at
whi ch the process operations defined fromihe.step S91 to the step S94 are
repeated, so that the predicted values are calculated in unit of 9 pixels.
An [ TRge pr ocessi Ng7EPDATRE WiethBl S¥AGHA 78] Wherdif 3 ¢YeRh kIRl On
(predictive coefficient |earning) used to acquire the p Ictive
coefficients stanfligiants tfheepcf@dzla:asl are @@ﬁrateﬂ basemm@:@hatﬁaﬁxrfer 23 is
construct ed |g\ea simlar manner to that of Figure 17. Thus expl anations

t hereof are ontfrege: Next, Figure 27 represents a illustrates an
enbodi ment of a receiving apparatus 4" corresponding to the transmtting
apparatus 1 of Figure 18. In a receiving/reproduci ng device 191, the

coded data recorded77on Themmimddmhgianncﬁﬁ;mvbereanrthpmmﬂede@lataos t he coded

P acoder" 6 S8t GithRe'grBREVE S SEHBRnts Yof 8adff Qfasts® 10 Pe supplied to

78. The method of claim 70, wherein the step of correcting
comprises the step of:
storing correction values, wherein the compressed data
is corrected using the correction values.

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

80. A method for decoding coded data generated by coding
data, comprising the steps of:
receiving the coded data; and
decoding the coded data and generating decoding data,
wherein the coded data is generated by the steps of:
limiting a level of samples of the compressed data to
generate limited compressed data;

correcting the limited compressed data to generate
corrected data;
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- 83 - The decoder 192 includes a block making unit for class
classification 193 through a predicting unit 198, which correspond to the
class classification block naking unit 141 through the predicting unit 146
enployed in the | ocal decoder 127 shown in Figure 23. As a result, in the
decoder 192, predicted values are calculated fromcorrection data, and then
an i mage constituted by these predicted values is outputted as a decoded
image in a simlar manner to the operati 48 of the | ocal decoder 127 of
Figure 23. Predictive coefficients for each class stored in predictive

coefficients ROM 197 ar ?f%ﬂgﬁﬁéqﬁe%g‘?ﬁ%&ii?‘eacw?ﬁﬁ'r]cc‘éﬂi‘{?stﬂésEd in

mappi ng coefficients fo arni ng’ process. e correction

data causes the ercofrectédatd aad fop gefetathiny predlicteddatddiaaing aed t hreshol d
value, it is possible to obtain an inage substantially equal to the
original image dat®ralibhef peedictad semplesi at us 4. In these enbodi ments,

al t hough each process i%(??ﬁ?%fﬁf?ﬁf'mﬁ’%r'{f%ew& Méagﬁ?wga](a?&\%r?cess may be

carried out for one fiel S OF nore r ames. | t

shoul d be under st ogdediictive Wreor ¢ihthenpredidtedrdatapol ation is carried out by
an apparatus for decodi r&gﬁa t hi nned 1 nage bihway of the interpalation on
the reception side, thedesegiNg saebiliy ohthe spuestad dataas codre recei vi ng

apparatus 4 shown i [ ' ) IJ.:Q,)AE‘1 , in this alternative
case, the inmage quﬁtgﬁ?r&gsﬁoﬂﬁ‘oﬁ?%t §ﬁeereéu %l;mt gdecoded i mage is
deteri orat ed. outputting the corrected data as coded data of the

original data based upon the determined suitability.

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

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

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

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

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

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



Al t hough the inmage for 1 franme has been subdivided to nmake the image bl ock
in this enbodinent, this block may be formed by collecting, for instance,
pi xel s | ocated at the same positions in a plurality of franes which are

ti me-sequentially continued. Al'so, in this enbodinent, as the error

I nformation, the square summation of the errors is enpl oyed.

Alternatively, for exanple, a summation of absolute values of the errors,
and a summation of - 84 - cubed

errors may be enployed as the error infolddfitiron. A decision is nmade which

val ue i s enpl oyed the error information, by considerin he convergence
characteristic theél of . The lf‘i‘?‘[hl?dliﬂgﬁ’é?rﬁtﬁﬁ' w ere'"ﬁ‘?i?‘?ﬂ qgr?iﬁ?ﬂ’ﬂ%t of the
i nvention is iﬁ%v‘bg&’écfﬂia?ﬁeom;ﬁr&ers%%rﬁgpg df0 the transmitting apparatus of

Figure 18, the learning device for mapplng coefficients of Figure 25 and
the |l ocal decoder of Fi gtaring2fredittive eoefficientsafiop@ashudassyr use with this
fifth enbodinment is illustrated in FL'%ure 27. Except as otherw se noted,
generating class ifformation using a plurality of samples
of the coded data; and
reading the predictive coefficients corresponding to the
class information from the memory and generating the
predicted sample using the read predictive coefficients and the

coded data.

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

coefficients for each class generated using original data for learning.

86. An apparatus for coding data having a plurality of
samples, comprising: .

a subsampling circuit for reducing a number of samples
of original data to generate compressed data;

a limiting circuit for limiting a level of samples of the
compressed data to generate limited compressed data;

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

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

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

a determining circuit for determining suitability of the

corrected data as coded data based upon the predicted error;
and
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the transmtting apparatus of Figure 18, the | ocal decoder of Figure 23 and
the receiving apparatus of Figure 27 operate as previously described with
respect to the fourth enbodi nent of the invention. Wth reference now
to Figure 25, the |l earning device for mapping coefficients for use in the
fifth enbodi ment is now expl ained. Figure 25 shows the structure of an

| mage processing apparatus for performng a |l earning (mapping coefficient

| earni ng) process used to cal cul ate mappi coefficients for storage in the
mappi ng coefficient nenory 114 of Figure 18. It should be noted that
according to the image processing a ratus of Figure 21, even when the
functi ong"f" i s expressef W,%p‘f‘to%r?ﬁg?%rn@ét,p“?{\%g Itﬁﬁé‘é?t"e&ﬁﬁ‘ildia%,asand
further the non-linggdedddtd bPthe dRGirdl Yat£ BABERLPonOthe"BERrRMHEY | ONS, the
optimum predictive coefficient may be obtained. To the contrary, in the

i mage processi ng appuéitahility.of Figure 25, only when the function "f" is
expressed by the |linear equation, the optinum predictive coefficient may be
cal cul at ed. In other words, the inmage processing apparatus of Figure 25

Vel s of the respective. e iaparstes oAk 8o, MmcTet U BRaRISd or°5"
circuit comprises:
a circuit for generating class information of the
corrected data; and
a circuit for generating the predicted samples in

accordance with the class information.

88. The apparatus of claim 66, wherein the predicting
circuit, comprises:
a circuit for generating predictive coefficients based
upon the corrected data; and .
a circuit for generating the predicted samples based
upon the corrected data and the predictive coefficients.

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

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

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

a circuit for generating the plurality of predicted
samples based upon the predictive coefficients corresponding
to information of each class and the corrected data.
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- 8 - 3 pixels outputted fromthe block making unit 111 are set to
y[err], y[err], ---, y[err], and the mapping coefficients outputted from
t he mapping coefficient nenory 114 are set to k[err], k[err], k[err], ---,
k[err], the calculating unit 11 6 cal culates the function "f" (y[err],
ylerr], ---, k[err], k[err], ---) in accordance with the bel ow nentioned
formula to obtain correction data. f ([err]) =
k[err]y[err]+k[err]y[err]+...+k[err]y[efr§21 - To an optimum correction
data calculating unit 160, a learning image data suitable for a | earning

operation is suppli i i { st /RC fr .. The optinmm
correction data cal%l aﬁﬂr%ééﬁlﬁani‘%gf FL%%%QS%Qei%'hpsﬁﬁtﬁgcﬁh€t 170, a
level |inmtinguipits fiklcoded dateeiittgheiprédidtive caetHsishtsIrsrasih 173, an
error cal cul at Lan unit 174, and a determning unit 175. The opti num

correction daf® | culating unit 160 cal cul ates a pixel value (wll be
referred to as "optimum correction data" hereinafter, if necessary) for
constituting an optimum i nage used to predict the original inage data,

bei ng an image whos# .pi XkHe app@eitus of ickalnc 88, whigsin tie pfictRy | nage.
entered into this_optimuymcorrection data calculating unit 160, and then
suppl i es thi s HEUEFANRHSBSxel value to a buffer unit 176. I n ot her

wor ds, the | earning im"%Uﬁ’f‘?’gﬁ*ﬁqp&!ﬁbﬁﬂg:,%e&%vggédfrrfﬁ@eﬁ%rf 'ﬁtﬁé n data

calculating unit 160 is s toac ressin error
cal culating unit 1®assthe conpressing unit 170 sinply thins (subsanples)
the learning inmage data at,the sanme rate as the rate under which the pixels
are thinned by the cal cdt SFFHG fanoenerating clasg infermatioacbasest upor a ear ni ng

i mage data i s conpragafRy ¥bahies VIRHELHbdBAUALA 1 S Supplied to a

level limting unit 171.
a circuit for reading from the memory the predictive

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

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

93. The apparatus of claim 92, wherein the output circuit
outputs the coded data with the predictive coefficients for each
class. '

94. The apparatus of claim 86, wherein the correcting
circuit comprises:

a memory for storing correction values, wherein the
correcting circuit corrects the compressed data using the
correction values.

95. The apparatus of claim 86, wherein

—_—
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That is, in this enbodinment, the learning inmage data is sinply thinned by
1/9 (when 9 pixels of 3 x 3 pixels are set as 1 block, only a central pixel

of this block is extracted). In the level limting
- 86 - unit 171, after the level of the pixel data is limted, the
| evel -limted pixel data is outputted to the correcting unit 172. The

correcting unit 172 corrects data under control of the determ ning unit
175, and this data is supplied fromthe levwely limting unit 171, and sinply
t hi nned and conpressed, the level of which is limtedto 2 bits by

| ecti 2 bit f the \VSB de. f, dat a dt
Sgore}grlaggl on Llatsao her2|W&fqezlfm%lq”r'iggé’ggdi";’??m’ﬁ? r?“"{ B%Vecgftﬁ?‘f?;ﬁt dgt :S

corrected in the C%dr?ﬁtbagddtﬁ'ﬁy é@f’ec‘tiﬁgSWHB{Hé?GEhE%r(ehﬁztb@%%lor%%r 173,
and this corrected data will be referred to as "correction data"

hereinafter, if nec’ré@saawesnrrb@d theesholdvaluejeard the pixel value of the
central pixel in the blo ed in asimlar

3.X 3
manner to the out put fro%etﬁ‘gtp(‘,‘zilc&?f"&?‘?%% %ttae f?geB?e‘{:E@{?r gs thae Simlar
to the case of the tqued dderadae ﬂr@alc%d eir@i€ lesh tHanetHeOslscrBe@der 173

predicts the original imge data (learning inmage
threshold value.

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

a circuit for receiving the coded data; and

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

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

correcting the compressed data to generate corrected
data;

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

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

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

outputting the corrected data as coded data of the
original data based upon the determined suitébi!ity.

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

A



data) based on the correction data derived fromthe correcting unit 172,
and then supplies this predicted values to the error calculator 174.
Simlar to the case of the error calculator 138 of Figure 21, the error
calculating unit 174 calculates a prediction error of a predicted val ues
derived fromthe | ocal decoder 173 with respect to the original inage data,
which is entered into this error calculating unit 174. This prediction
error is supplied as error information rolgge‘deternining unit 175. -

Based on the error information derived fromthe error calculating unit 174,

the determning unit 175 wé&%?oageﬁigrzﬂ{agas&s HfonPlatibRGCPe &5ddPn data

outputted fromthe correcting uni properly equal to the conpressed
original inmge datalatdhend when the determning unit 175 judges that the

correction data outputted from,the corr.ectjng, unit .1 i.s not properl
equal to the corrpregsi orf c{rcuxt for producing the Hetoded Ja%a in accordance 8)7/ )

result of the origiggh ﬁgetggsfﬂ{farmgggngeterm ning unit 175 controls the
correcting unit 172, and further corrects the conpression data, so that the

new y obtained correction data is outputted. Al so, when
98. The apparatus of claim 96, wherein the coded data
includes predictive coefficients to produce the decoded data, and the
decoder comprises:
a circuit for generating the decoded data based upon

the predictive coefficients and the coded data.

99. The apparatus of claim 98, wherein the coded data
includes predictive coefficients for each class to produce the
decoded data, and the decoder comprises:

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

a circuit for producing the decoded data using the
predictive coefficients corresponding to the 6oded data. -

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

a memory for storing predictive coefficients for each
class;

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

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

[
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the determining unit 175 judges as to whether or not the correction data
outputted fromthe correcting unit 172 is properly equal to the conpression
result of the original inage data, the correction data supplied fromthe
correcting unit 172 is supplied as optinmumcorrection data to a buffer unit
176. The buffer unit 176 contains a nmenory 1 76A for storing therein the
opti mum correction data supplied fromthe opti mum correction data
calculating unit 160. Furthernore, the-bub#te~ unit 176 reads out such an
optimum correction data corresponding to the central pixel of the block

read froma nmenory 7A_of a bl ock I.n it 177, anong fhe optinmum
correction data st o%%ﬂ' i ¢ ﬁepﬁ@qu%lf%g?%r "%‘?Fdﬁl‘ljgbeep W8 hat when
the correctio i | b OB By gdriérhted DSinguf f er
unit 176 out p&iﬁg:glé;rﬁ%fﬁﬁ gémisl%ns;tbﬁéfﬁ t1'{7127 a contr(ﬁ/gsi gna? fo‘rnlé

i ndi cati ng t hierigiaehdsteofaadearning.To t he bl ock making unit 177, simlar to

the optimum correction data calculating unit 160, the |earning inmage data
is supplied in units of 1 frane. The block naking unit 177 contains a

mermory 177A for stotppg Aheéﬁdd?afdsefdr%dm%bgg%tgmi@ammw er et o.

Upon receipt of the control 'signal sent fromt buffer unit 176, the bl ock
maki ng unit 17@ixelshdiomprsinghe | earni ng i mage data stored in the nmenory 1
77A into a bl ock constructed qf 3x i.xe

| s ln @tvSiimjaF TTE ner that of the
bl ock making unit 1 11 of*ENGURE SXTECHAE T PIHIFEYLPLRRCISC ﬂh"uﬁﬂ?ﬁl% ly read
to be supplied to agaf hhd RfePerstiid Bldd8iihfokifatRdndcdrr 88BN dIng 86- When the
block is read fromthe nenory 17/7/A contained in the block making unit 177,
the bl ock naking uncharErtedstins oktheextactes plurality of pixels;
' means for storing mapping coefficients for each class;
means for reading mapping coefficients for each class;
means for reading mapping coefficients corresponding
to the class information and for producing corrected data
using the image data and the read mapping coefficients; and
means for producing coded data by limiting a level of

pixels of the corrected data.

103. The apparatus of claim 102, wherein means for
producing corrected data produces the corrected data where a
number of pixels for the image data is reduced, by using the image
data and the read mapping coefficients. '

104. The apparatus of claim 103, wherein the means for
producing corrected data comprises:
means for extracting a plurality of pixels from the image
data; and
means for producing the coded data where a number of
pixels for the image data is reduced, by calculating the

extracted plurality of pixels and the read mapping coefficients.

I
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- 88 - signal indicative of a position of this block to the buffer unit
176. In the buffer unit 176, the block of 3 x 3 pixels read fromthe nenory
177A is recognized in response to this control signal, and then, as

previ ously expl ai ned, the optinmum correction data corresponding to the
central pixel of this block is read fromthe nenory 176A. That is, as a
result, both a certain block constituted by 3x3 pixels and the optinum
correction data corresponding to this block are supplied at the sane tine
to the nmenory 180. The ADRC processi¥P unit 178 and the cl ass
classifying unit 179 are_arranged sim|ar t he ADRC processing unit 112
and the class cl assﬁq‘*?ri nd " URPR f“?;SB?n ‘ﬂha§31§Vﬁ1err8§bectivel y. The class

i nformation about the bItggkmgggl‘)ibée@oéfﬁgmﬁté%#)bgak S A8 deHdrated

outputted fromthe class cla ing unit 179 is supplied as the address to
t he menory 180. uslimg omigireal ymbgeé datarfes ledreirgg.n t he opti num correction
data supplied fromthe buffer unit 176, and the bl ock supplied fromthe

bl ock making unit 177 with establishing a correspondence relationship at an

address correspondi {\gg! OThd@pphAtas ot Q4RO vigein €d fromthe class
classifying unit 179. Note tﬁat In the nenory 180, a plurality of
i nformati on can be st or etheamappigadoefficients for each class are generated

so that predicted error between predicted data of original

image data for learning, using the coded data and the original

image data, is minimized.

107. The apparatus of claim 103, wherein

the mapping coefficients for each class are generated
so that predicted error between predicted data of original
image data for learning, predicted using the coded data and
the original image data, is less th_an prescribed fhreshold

values.

108. The apparatus of claim 103, further comprising:

means for generating mapping coefficients for each
class by

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

limiting a leve! of pixels of the corrected data and
generating limited corrected data; '

predicting the original image data for learning in
accordance with the limited corrected data and generating

predicted data having a plurality of predicted pixels;

ORI O



As a result, plural sets of both the optinmumcorrection data and the bl ock
corresponding to certain class informati on can be stored. A cal cul ati ng
unit 181 reads out both the 9 pixels y[err], y[err], ..., y[err] for
constituting the block of 3x3 pixels of the | earning inmage data, and the
optinmum correction data y' corresponding to this block, stored in the
menory 180. Then, the m ninmum square nethod is applied to them so that the
mappi ng coefficients k[err], to k[err] ar al cul ated every class to be
supplied to a menory 182. The nmenory 182 gggrés t herein the mapping
coefficients k[err] to Egerr . ever

89 - class supplied fPERFE E‘Q:af%ﬁﬁt&fji ¢TEer R the predigted data of theg

correspondi ng to tRrigifdl dhage datBFoPIddrAthg Withi respBEt td e ofigiHal Shown in
Figure 26, operation of the inmage processing apparatus of Figqure 25 is
further explai ned. image\data tffoeldagaingi ng i mage data is inputted, this
| earning i mage data is stgr ed in the meanhﬁ 1. 77A of the bl O%E Faki ng unit
177, and supplied to t h&PORHNAMPRBINGLLTS legit i egfFe QPPnYtNe 160. At a
step S101, upon regRedbtétf ekrdf Unfifthé WappiRg odMidiehtiCarRPbptitilim

mapping coefficients; and

determining the optimum mapping coefficients.

109. The apparatus of claim 103, further comprising:

means for generating mapping coefficients for each
class by

generating compressed data by reducing the number of
pixels of original image data for learning;

limiting a level of pixels of the compressed data and
generating limited compressed data;

correcting the limited compressed data and generated
corrected data; .

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

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

repeating the step of correcting until the corrected data
is optimum corrected data; and

generating optimum mapping coefficients for each class

using the original image data for learning and the optimum
corrected data,

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

I



correction data calculating unit 160 cal cul ates the opti num correcti on data
as to this | earning i mage dat a. The process operation defined at this
step S101 is simlar to the process operation of the flow chart shown in
Figure 4. That is, first, at a step S1, the conpressing unit 170 produces

t he conpression data by thinning the learning i mage by 1/9. At a step S2,
this datais limted by the level limting unit 171, and thereafter the
level -limted data is firstly outputted-vitd7t he correcting unit 172 to the
| ocal decoder 173 without any correction. In the |local decoder 173, at a

step S3, a calculation is made of g predicted val ues of the original inmage
dat a based upon the cor FE@nsdpr dasaivingstheprdsheataif®, such conpression

data produced by i mply oidiare:pdoBRAfy 62 Baléy Wata BEraBLogUesaRY | o0 from

the correcting unit 172 INng operatiron s carrred out).
These predicted valmege aata,ssqi¢|dogiédt datahgererated bplthalsaéps of:74. When

the predicted values of the aqriginal i,magfg ,da{sz fare received frgmthe | ocal
decoder 173, the error EXI@GHRYG PHrality-ol-pixgtseel the,iaage tathaBRr or of the

predi cted val ues deg, . %Eﬁf m(‘?qll dg&pg%.; ' it Lo the
original imge dat g"egg%ﬂg g‘%k , Jarm Chen s ;ﬂrfdﬁg\te%eéﬁgg?%ﬁglg%
prediction error asfdhe@xtratted pidnality b6 pixets;det erm ning unit 175. Upon

recei pt of the error inforpation f,romtfefe ,erro* cal (i‘ul ator 174, the
determining unit 175 j udbingEnarping coefticients for each class;

reading mapping coefficients for each class;

reading mapping coefficients corresponding to the class
information and for producing corrected data using the image
data and the read mapping coefficients; and

producing coded data by limiting a level of pixels of the

corrected data.

111. The apparatus of claim 110, wherein the corrected data
is data where a number of pixels of the image data is reduced by
using the image data and the read mapping coefficients.

112. The apparatus of claim 111, wherein the decoding
means comprises:
a memory 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 coded
data and generating class information corresponding to the
extracted plurality of pixels; and

means for reading predicted coefficients corresponding
to the class information and preducing decoded image data
hsing the coded data and the read predicted coefficients.

-
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- 90 - whether or not the correction data outputted fromthe correcting
unit 172 is properly equal to the conpression result of the original inage
data based on this error information at a step S5. I n other words, at
the step S5, a check is nmade as to whether or not the error information is
| ess than a predeterm ned threshold value "[err]". Wen it is so judged at
the step S5 that the error information is not I ess than this predeterm ned
threshold value "[err]", a recogniticnfi%?QERKesuch that the correction
data outputted by the correcting unit 172 is not properly equal to the

conpressi on result t original i e d . . Then, the process operation
i s advanced to a stﬁﬁ@sgfh%t”@ma?ffst@ﬂ&? ztﬁﬁr mmed'euhit 175 controls the
correcting unit 172 to t{Ry gRMiGRHr Qsffibidfts RIMERISLRBs tab Yepdteht ed from
the level control unit 171. The correcting unit 172 varies the correction

amount (correction wsihgeoriginalrimagesdatasfardearoingct t he conpressi on data
under control of the determning unit 175. The resultant correction data is
outputted to the | ocal decoder 173. Then, the process operation is returned

to the step S3, at WhachTRe WpPatdtusRifanains 19ASdhérth | S I epeat ed. 't
shoul d be noted that the conpression data nmay be corrected in a simlar

manner to, for exanple, tramappingtcoefficientsfongacbalassarengenerapedyi ously

expl ained in Figure i e and. when it is so judged at the
step- S5 that the er?%ﬁ%?ﬂ%?%@%ﬁe ﬁépﬁ {eogrs]e?wg}?’t he predeterm ned threshol d
value "[err]", the determning unit 175 recogni zes that the correction data

outputted by the correcting unit 172 is properly equal to the
_ 115. The apparatus of claim 111 wherein

the mapping coefficients for each class are generated
so that predicted error between predicted data of the
original image data for learning, predicted using the

coded data and the original image data, is minimized.

116. The apparatus of claim 111, wherein

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

117. A method for coding image data having a plurality of
pixels, comprising the steps of: '
extracting a plurality of pixels of the image data and
generating class information correspbnding to characteristics
of the extracted plurality of pixels;
' storing mapping coefficients for each class;

reading mapping coefficients for each class;



correction result of the original imge data, and causes the correcting
unit 172 to output the correction data produced when the error information
less than the predetermined threshold value "[err]" is acquired, as the
optimum correction data, to the buffer unit 176. Then, this optinum
correction data is stored into the menory 1 76A _ _

- 91 contained in this buffer unit 176, and the process operation is

ret ur ned. As previously descri bed,_tgf correction data obtained by
correcting the conpression data acquire 3\/nen the error information is |ess
than the predeterm ned threshold val ue "g‘er_r]" may be stored as the optimm
correction data into the'&ASiRg ynapprmg\ copfficipots eoespanding tthahegilasse thi s

ti correction t -1 n 1,0 Q. be less than the
gPeldreTrenr m ned thr esﬁg{;ﬁnva: ugﬁ’d[%r?ﬂ%{méﬂgnéé}kge@%be‘{ht%_t%sﬂf_’%é}l'%é'g?g%
cal cul ated by enpl ogtategandhitise opad mapping lrmﬂiaﬁnfbata_a;q it I i's poss:jblt eto
' bstantially identical to the original inmage data.
Ref er v ng agai n to.Fi gur BrOsciieadenadaimeimiing a19eiafopslorofetiupt | mum
correction data forgdybégiEgifai © the memory 1 76A thereof,

118. The method of claim 117, wherein the step of
producing corrected data produces the corrected data where a
number of pixels for the image data is reduced, by using the image
data and the read mapping coefficients.

119. The method of clairﬁ 118, wherein the step of
producing corrected data comprises the steps of:
extracting a plurality of pixels from the image data; and
producing the coded data where a number of pixels for
the image data is reduced, by calculating the extracted
plurality of pixels and the read mapping coefficients.

120. The method of claim- 118, wherein

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

121. The method of claim 118, wherein
the mapping coefficients for each class are generated
so that predicted error between predicted data of original

image data for learning, using the coded data and the original
image data, is minimized.

122. The method of claim 118, wherein

) )



the buffer unit 176 outputs the control signal to the block nmaking unit

177. Upon receipt of the control signal derived fromthe buffer unit 176,
at a step S102, the block making unit 177 subdivides the |earning inmage
stored in the nenory 177A into the block constructed of 3x3 pixels. Then,
the bl ock making unit 177 reads out the block of the |learning i nage data
stored in the nenory 177A, and supplies this read block to the ADRC
processing unit 178 and the nmenory 180- 130 At the same time, when the
block is read out fromthe nenory 177A, the block making unit 177 supplies

the-control signal indigati f the.position of this block to the buffer
unit 176. In response ttg"%t'h%g?@’@né?%meﬁ%éﬁé?f e3¢ ClasFr e 9pnara

recogni zes the bl aakttedt é&icﬂbd@rﬁorr&%ﬂré‘dnoﬁﬁeﬁhﬁemékflgﬂdinﬂ eads out
the optimumcorrection data corresponding to the central pixel of this

bl ock, and then suppragesdats forleamingtpredintedusing thmcaded datateind nenory

180. S . - 92 - Then, .the process
i s advanced to a sttg;()e cgi%gai 'ﬁa%fi%a’tlﬁées&m Qf&swgﬁdftp[ﬁﬁhto bl ock
making unit 177 is \AllRés.pr ocessed,

123. The method of claim 118, wherein the step of

generating mapping coefficients for each class corr{prises the steps

of:
extracting a plurality of pixels of the original image data
for learning and generating class information corresponding to
characteristics of the extracted plurality of pixels;
limiting a level of pixels of the corrected data and
generating limited corrected data;
predicting the original image data for learning in
accordancé with the limited correéted data and generating
predicted data having a plurality of predicted pixels;
generating predicted error of the predicted data of the
original image data for learning with respect to the original
image data for learning;
updating mapping coefficients in accdl:dance with the
predicted error until the mapping coefficients are optimum
mapping coefficients; and
determining the optimum mapping coefficients.
124. The method of claim 118, further comprising the‘steps
of:

generating mapping coefficients for each class by

generating compressed data by reducing the number of
pixels of original image data for learning;
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and further, this block is class-classified in the class classifying unit
179. This classification result is supplied as the address to the nenory
180. At a step S104, the nmenory 180 stores therein the optinum
correction data supplied fromthe buffer unit 176, and the block (Iearning
data) supplied fromthe block making unit 177 with having the correspondi ng
rel ati onship at the address corresponding to the class information supplied
fromthe class classifying unit 179. Then, the process operation is
advanced to a step S105, at which a check3iis-done as to whether or not both
the block for 1 frane and the optimum correction data are stored in the

memory 180. Wen it is d@nifinggeipvel of pixels o the eorapresseddata ABdp| ock for 1
frame and the opti wgggﬁﬁg?ip&i&ra[ﬁgﬁ@(@g{eygitayet stored in the nenory 180,
romthe bl ock ma

t he next block is read out Ihg unit 177, and also the

opti mum correction data cosrectiygptid lgpited ¢dmpressad didtacind gemerated r om t he
buffer unit 176. Then, th rocess operation is returned to the step S103,
at which the proces“s°"6‘?fé¢?§t‘faéﬁ;s defined after the step S103 are repeat ed.

To the contrary, when ig’}@ai&ﬁ‘gﬁ*@gggﬁgl HQ&Hg@céhQﬁcéh@&h%Hs bl ock for 1

frame and the optimumc ectl ata“are stored 1n the nmenory 180, the
process operation icoreebtedctatatandagehenatifgOsredictedidata dhasfreg b plaralitpe as to
whet her or not the cﬁ)éocess (()iper tions for all of the Iearning inmages are
conpl eted. At the st%Prediefgd pixelss j udged that the process operations for

all of the learning i mg@ai@@ﬁa@i\?ﬁrﬁfeafﬁﬁ\b@érrspQ?%e PREdiBtf 8t QRGT ALION s
returned to the step S101, at i'ch the process operations defined after
the step S101 are rmgspettto tbe originaldmiagecdatai fog learning;
repeating the step of correcting untit the corrected data
is optimum corrected data; and
generating optimum mapping coefficients for each class
using the original image data for learning and the optimum

corrected data.

125. A method for decoding coded data generated by coding
image data, comprising the steps of:

receiving the coded data; and

decoding the coded data to produce decoded image
data, said coded data generated by the steps of:

extracting a plurality of pixels of the image data and
generating class information corresponding to characteristics
of the éxtracted plurality of pixels;

storing mapping coefficients for each class;

reading mapping coefficients for each class;

reading mapping coefficients corresponding to the class
information and for producing corrected data using the image
data and the read mapping coefficients; and .

producing coded data by limiting a level of pixels of the
corrected data.

o
-
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- 93 - On the other hand, when it is judged at the step S106 that the
process operations for all of the |earning i mage data are conpl eted, the
process operation is advanced to a step S107, at which the calculating unit
181 reads both the optinmum correction data and the bl ock stored in the
menory 180 every class, and then establishes the normal equation shown in
the formula (7) based on these data and bl ock. Furthernore, at a step
S108,the calculating unit 181 sol ves t-hilsornmal equation so as to

cal cul ate the mapping coefficients capable of minimzing the error every

cl ass. This mappin ef. |C|en S | i to the as to be
stored therein at g“ﬁ‘? J( %‘ﬁd’ﬁ‘#%ﬁ‘ t1§ VI IERY %ﬁ@&&f’ﬁ‘é’na?? Ended.

In the case thfattatvbﬁerfeumhh%br &t pibcalseefpfrf‘e%ﬁﬁégémaims tdiRRY RAUsHgon. the
mappi ng coefficients stored in the nenory 182 Tn the above-descri béd manner

are stored i nttbetimagesdatarand thd réad srappingoopfficiantst Figure 18, and the
opti mum correction data can be obtained by using this mapping coefficient.
It should be noted that there are the following difficulties. That is, a

sufficient nunber of270rTRe nfstHaH FSairR AP, SvRéreiPitiRé Btéls of BBcoding
comprises the steps of:

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

extracting a plurality of pixels of the coded data and
generating class information corresponding to the extracted
plurality of pixels; and

reading predicted coefficients corresponding to the
class information and producing decoded image data using the

coded data and the read predicted coefficients.

128. The method of claim 126, wherein
the predicted coefficients for each class are generated
using original image data for learning.

129. The method of claim 126, wherein
' the mapping coefficients for each class are generated
using original image data for learning.

130. The method of claim 126 wherein
~ the mapping coefficients for each class are
generated so that predicted error between predicted
data of the original image data for iear_ning, predicted

using the coded data and the original image data, is
minimized. '



mappi ng coefficient could not be obtained. In this case, in the cal culating
unit 1 16 of Figure 18, such a mapping coefficient is set as a default

val ue, nanely k[err] to k[err] = 1/9, fromwhich for exanple, an average
value of the 9 pixels for constituting the block of 3x3 pixels outputted
fromthe block making unit 111 is outputted. VWil e the present

I nvention has been descri bed about the inmge processing apparatus, such
i mage processing apparatus nmay have espés8Bally advantages in the follow ng
cases that, for exanple, the standardized television signal (NTSC TV

signal) is coded, anq aTh@ ,ﬁa{g]cﬁplof Biaﬂﬂ %I%bf@ﬂ tel evi si on signal

cont ai ning a Iarge amount of data is decode.
- 94 - I n summary, thﬂ'\e:ma‘ppgmgabeffmmhtstﬂme dachselassriaerli ment of t he

t the t tt fF 3, ,th
ni ¢ of Figur6 5. the | SERPAYBR S0 Bred e, S bRt VEPR pHetioted ot or of |

Figure 11 and the deter gafd BﬁtHé“ohgﬂ‘falFﬂnﬁgéQiaztg foﬂlﬁhrhﬁf@e'ﬂbﬂﬁté’d)par atus of
Figure 15 is utilized with the first enbodi ment. The com"lguratlon of the
second enbodi nent of t hesing the coded data and the original image data, is less

than prescribed threshold values.

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

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

storing mapping coefficients for each class;

reading mapping coefficients for each class;

reading mapping coefficients corresponding to the class
information and for producing corrected data using the image
data and the read mapping coefficients;

producing coded data by limiting a level of pixels of the
corrected data; and

transmitting the coded data.

133. The method of claim 132, wherein the step of
producing corrected data produces the corrected data where a
number of pixels for the image data is reduced, by using the image
data and the read mapping coefficients.

134. The method of claim 133, wherein the step of
producing corrected data comprises the steps of:

extracting a plurality of pixels from the image data; and

_—
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I nvention conprises the transmtting apparatus of Figure 28, the
conpressing unit of Figure 5 the |ocal decoder of Figure 16, the error
calculator of Figure 11, the determining unit of Figure 13 and the | earning
device for predictive coefficients of Figure 17. The receiving apparatus of
Figure 15 is utilized with the second enbodi nent. The configuration of the
third enbodi mnent of the invention conpri ses the transmtting apparatus of
Figure 30, the conpressing unit of Fi gL5h3e , the local decoder of Figure
32, the error calculator of Figure 11 4a dlthe determ ning unit of Figure
34. The receiving appar d

enbodi nent. The configtﬁgtulagﬁig ﬁ‘legﬁég?%grajtt \%Hr%gc?zﬁgw}t%(}:% )Fes%rs}b{ he
transmtting apparﬁbumag‘e dalisaetidced hby loatoulating dlee iextraicted mappi ng
coefficients of Fi;?lu t.he Io@a decoder of F?ﬁ {e 23 and t he | earning
devi ce for predi ctPHER Eﬁé’fffﬂ'ﬁ?lérﬁ the msaglmarping efigfficientsyi ng apparat us of
Figure 27 is utilized with the fourth enbodi nent. The conflguration of the
fifth enbodi nent conprises the transmtting apparatus of Figure 18, the

| ear ni ng devi ce fol36apPhagetbetfofcclairsl 38, Whgmime 25 and the | ocal decoder

f Fi 23. Th t fF til dwth th
fi fth erbodi ment . rece'%ﬁmﬁﬁy{%‘eﬁ S L S
described in detai w dYk QhfH o ¥adlivg] in the art will certainly
under st and t hat rralr"lf/ ED |cat|ons afrye pOSgI blée wi t hout departing fromthe

136. The method of claim 133, wherein

the mapping coefficients for each class are generated
so that predicted error between predicted data of original
image data for learning, using the coded data and the original

image data, is minimized.

137. The method of claim 133, wherein

the mapping coefficients for each class are generated
so that predicted error betWeen predicted data of original
image data for learning, predicted using the coded data and
the original image data, is less than prescribed threshold
values.

138. The method of claim 133, wherein the step of
generating mapping coefficients for each class comprises the steps

of:
extracting a plurality of pixels of the original image data
for learning and generating class information corresponding to
characteristics of the extracted plurality of pixels;
limiting a level of pixels of the corrected data and
generating limited corrected data;
e
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- 95 - teachings hereof. Al such nodifications are intended to be

enconpassed within the scope of the follow ng clains. VE CLAI M
- 96 - 1. An apparatus for coding inmage data having a plurality
of pixels, conprising: means for reducing a nunber of pixels
of original inmge data to generate conpressed data;

means for limting a | evel of pixels of the conpressed data to
generate limted conpressed data; - 135 - '

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

generating predicted error of the predicted data of the
original image data for learning with respect to the original
image data for learning;

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

determining the optimum mapping coefficients.

139. The method of claim 133, further comprising the steps
of:

generating mapping coefficients for each class by

generating compressed data by reducing the number of
pixels of original image data for learning;

limiting a level of pixels of the compressed data and
generating limited compressed data;

correcting the limited compressed data and generated
corrected data;

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

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

repeating.the step of correcting until the corrected data
is optimum corrected data; and

generating optimum mapping coefficients for each class

using the original image data for learning and the optimum
corrected data.



means for correcting the limted conpressed data to generate

corrected data; means for predicting the original inmage data
in accordance with the corrected data and for generating

predi cted data having a plurality of predicted pixels; means
for calculating, with respect to the original inage data, a
predictive error of the predicted data; nmeans for determ ning
suitability of the corrected data as coded data based upon the

predi cted error; and means fon3éutputting the corrected data
as coded data of the original imuge data based upon the, determ ned
suitability. 1402 A regprding mesive bavieg snencodgedigivel sighakeans for

predicting co | : ; | I | mat i on
of the corr ec?g%ér%%% the&%?%’; thaengfcorgﬁ%nﬁleﬁﬂfm%%ﬂ%g‘#%ﬁr}egetﬂé@aé[ P{neg;st he
predi cted pi xelfs i n accordance with the class information. 3.

The apparatus of claim1, wherein the means for predicting, conprises:
extracting a plurality of pixels of the image data and

generating class information corresponding to characteristics
of the extracted plurality of pixels;

storing mapping coefficients for each class;

reading mapping coefficients for each class;

reading mapping coefficients corresponding to the class
information and for producing corrected data using the image
data and the read mapping coefficients; -

producing coded data by limiting a level of pixels of the
corrected data; and

recording the coded data on the recording medium.

141. The recording medium of claim 140, wherein the step
of producing corrected data produces the corrected data where a
number of pixels for the image data is reduced, by using the image
.data and the read mapping coefficients.

142. The recording medium of claim 141, wherein the étep
of producing corrected data comprises the steps of:
extracting a plurality of pixels from the image data; and
producing the coded data where a number of pixels for
the image data is reducéd, by calculating the extracted
plurality of pixels and the read mapping coefficients.

143. The recording medium of claim 141, wherein
the mapping coefficients for each class are generated

using original image data for learning.
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- 97 - means for generating predictive coefficients based

upon the corrected data; and neans for generating the
predi cted pixels based upon the corrected data and the predictive
coefficients. 4. The apparatus of claim1l, wherein the nmeans for
predi cting conprises: means for generating class information
based upon a plurality of pixels of. 4§ corrected data;

means for generating predictive coefficients for each cl ass based
upon the original imge data and the corrected data; and

means for generati h lural ity of .predicted pixel . based upon the
predictive coeffi cﬁg*]‘{'sﬁﬁ&%rrreggb@ﬁéirﬁﬁd of claim ﬁ?‘ir P?af%'sw of each cl ass
and the corrected data. the mappingcoefiBRnEPRSH édchSchabs @rdigngrateer ein the
means for outputting outputs t%e coded data with the predictive

coefficients for easonthatgsedicted error between predicted data of original
image data for learning, using the coded data and the original

image data, is minimized.

145. The recording medium of claim 141, wherein

the mapping coefficients for each class are generated
so that predicted error between predicted data of original
image data for learning, predicted using the coded data and
the original image data, is less than prescribed threshold

values.

146. The recording medium of claim 141, wherein the step
of generating mapping coefficients for each class comprises the
steps of:

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

limiting a level of pixels of the corrected data and
generating limited corrected data;

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

generating predicted error of the predicted data of the
original image data for iearning with respect to the original
image data for learning;

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

_—

W



6. The apparatus of claim1l, wherein the nmeans for predicting conprises:

a nenory for storing predictive coefficients for each cl ass;

means for generating class information based upon a plurality of

pi xel s of the corrected data; and means for reading fromthe
menory the predictive coefficients corresponding to the information
of each cl ass and for generating the predicted pixels based upon the
r ead predictive coefficients andiige. corrected data.

- 98 - 7. The apparatus of claim®6, wherein the predictive

original imge data fordateHpining the optlmumgnapprpﬁec steftes of claim 7,

wherein the nmeans for outputting outputs the coded data with the predictive
coefficients

‘coefficients for each class stored in the nenory are generat ed based upon

147. The recording medium of claim 141, further comprising
the steps of:

generating mapping coefficients for each class by

generating compressed data by reducing the number of
pixels of original image data for learning;

limiting a level of pixels of the compressed data and
generating limited compressed data;

correcting the limited compressed data and generated
corrected data;

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

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

repeating the step of correcting until the corrected data
is optimum corrected data; and '

generating optimum mapping coefficients for each class

using the original image data for learning and the optimum
corrected data.

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

a subsampling circuit for extracting a plurality of pixels
of the image data and generating class information
corresponding to characteristics of the extracted plurality of
pixels;

a memory storing mapping coefficients for each class;

a circuit for reading mapping coefficients for each class;

AR




for each cl ass. 9. The apparatus of claim1l, wherein the nmeans

for correcting conprises: a nenory for storing correction

val ues, wherein the means for correcting corrects the conpressed data
using the correction val ues. 10. The apparatus of claim1l
wher ein the means for determning determnes suitability of

t he corrected data by detecting whether the predicted error is |ess
than a prescribed threshold value; and - 139 - t he means for
outputting outputs the corrected data as the coded data if the

redicted error is less than_the \ rescrib t hreshol d val ue.
El. IAn appar at uls for dBEYGHH 0668%@“86[{‘59@%‘:"%&%&8'%5(985‘?%537‘9'1&’@9 dat a,

conpri si ng: . to the cla¥B3RforhitioresRd Yo BrddiRing ¢8fredtddidatild.
nmeans for decoding the coded data and generating decoded i mage dat a,

wherein the coded daing_ﬁhs igeger datgdi_:rn;/tht_a read mapping epeffigients; and
reducing a number of bl X6kt G 5 ploB8hg 8ded Gata by imREY ' °

level of pixels of the corrected data.

149. The apparatus of claim 148, wherein the circuit for
producing corrected data produces the corrected data where a
number of pixels for the image data is reduced, by using the image
data and the read mapping coefficients.

150. The apparatus of claim 149, wherein the circuit for
producing corrected data comprises:
a circuit for extracting a plurality of pixels from the
image data; and
a circuit for producing the coded data where a number
of pixels for the image data is reduced, by calculating the
extr_acted plurality of pixels and the read mapping coefficients.

161. The apparatus of claim 149, wherein
the mapping coefficients for each class are generated
using original image data for learning.

152. The apparatus of claim 149, wherein

the mapping coefficients for each class are generated
so that predicted error between predicted data of original
image data for learning, using the coded data and the original

image data, is minimized.

153. The apparatus of claim 149, wherein

A



- 99 - limting a | evel of pixels of the conpressed data to

generate limted conpressed data; correcting the limted
conpressed data to generate corrected data; predicting the
original imge data in accordance with the corrected data and
generating predicted data having a plurality of predicted pixels;
calculating, with respect to the original inmage data, a predictive
error of the predicted data; determning suitability of the
corrected data as coded dat a basddQpon the pr edi ct ed error;

repeating the step of correct| rjg unt| the corre a conmes an
opti mum corrected dat a; tAHh&apping coef iciepts fafea ﬁ% a&%ﬂeﬁ‘ﬁfﬁt@ rrected

data as coded datag, that predidted dfBr %@P@B@ﬁﬁe&fcté’& Jafta H’orig‘ﬂ?dle' n the
decodi ng nmeans conpri ses. means Tor generating
i nformati on of theimagediata for ledanimg, predicted using the coded data and

the original image data, is less than prescribed threshold
values.

154. The apparatus of claim 149, further comprising:

a circuit for generating mapping coefficients for each
class by

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

limiting a level of pixels of the corrected data and
generating limited cortected data;

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

generating predicted error of thé predicted data of the
original image data for learning with respect to the original
image data for learning;

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

determining the optimum mapping coefficients.

1565. The apparatus of claim 149, further comprising:
means for generating mapping coefficients for each

class by

generating compressed data by reducing the number of
pixels of original image data for learning;

AR R R




means for producing the decoded i nage data in

cl ass i nformati on.

data, and the neans for decodi ng conpri ses: means for
generating the decoded i mage data based upon the predictive
coefficients and the coded dat a.

- 14. The apparatus of claim1l 1, wherein the coded data includes
predictive coefficients for each class tldiproduce the decoded i nage data,

and the neans for decodi,ng.conpyises; . neans r..generating
class information usi nguH‘gBT‘ﬁE{ei"Fﬁﬁ pixels gf the ﬁ@@"ﬁ?s*’t‘{]@a@oﬂé dat a;
means for produci ngehBeatiRs ifféd co8Bréiaka dithng the predictive

coefficients corresponding to the coded dat a.

correcting the limited compressed data and generated
corrected data;

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

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

repeating the step of correcting until the corrected data
is optimum corrected data; and

generating optimum mapping coefficients for each class
using the original image data for learning and the optimum
corrected data.

156. An apparatus for decoding coded data generated by

coding image data, comprising:

a circuit for receiving the coded data; and

a decoder for decoding the coded data to produce
decoded image data, said coded data generated by the steps
of:

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

storing mapping coefficients for each class;

reading mapping coefficients for each class;

reading mapping coefficients corresponding to the class
information and for producing corrected data using the image
data and the read mapping coefficients; and

A

accordance with the
13. The apparatus of claiml1l 1, wherein the
coded data includes predictive coefficients to produce the decoded i mage

100



15. The apparatus of claim 11, wherein the neans for decodi ng conprises:
a nenory for storing predictive coefficients for each cl ass;
means for generating class information using a plurality of pixels of
t he coded data; and means for reading the predictive
coefficients corresponding to the class information fromthe nenDry
and generating the predicted pixel using the read predictive
coefficients and the coded dat a. 14216.  The apparatus of claim 15,
wherein the predictive coefficients for ‘éach class stored |n the menory are
generated using original image data for learnin A et hod
for coding image data h@rpAycigpreded data by lﬁ!?“lféégsa leyshpf |D§F61§ of thest eps

of : nber of pixels of original inage data to
generate conpr esseﬁgﬁ%&gdada% limting a | evel of pixels of the

conpressed data to generate limted conpressed data;
157. The apparatus of claim 158, wherein the corrected data
is data where a number of pixels of the image data is reduced by

using the image data and the read mapping coefficients.

1568. The apparatus of claim 157, wherein the decoding
means comprises:

a memory 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 coded
data and generating class information corresponding to the
extracted plurality of pixels; and

means for reading predicted coefficients corresponding
to the class information and producing decoded image data
using the coded data and the read predicted coefficients.

159. The apparatus of claim 157, wherein
the predicted coefficients for each class are generated
using original image data for learning.

160. The apparatus of claim 157, wherein
the mapping coefficients for each class are generated
using original image data for learning.

161. The apparatus.of claim 157 wherein
the mapping coefficients for each class are generated

so that predicted error between predicted data of the

L
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- 101 - correcting the limted conpressed data to generate

corrected data; predicting the original inage data in
accordance with the corrected data and generating predicted data
havi ng a plurality of predicted pixels; calculating,.with
respect to the original imge data, a predictive error of the

predi cted dat a; det er m ni ng iu%tgbility of the corrected data
as coded data of the original imgé based upon the predicted error;

and outputting the corrected data as coded data of the

original inmge data based u ntheg%t rm ned suitai{ﬁiﬁ - 18. The

met hod of claim 17, mhe?'é?‘ﬂgfﬁgag? %%30(319@8?'89’! Hbecgf) ¥§‘5§ tpﬁe steps of:

generating class inforngbdéd data aha tﬁ@rdr?lﬁﬁdm’a}{eﬁd?%ﬂds minimized.
ance w e

generating the predicted pixels in accor cl ass
I nf ormati on. 19. The method of claim 17, wherein the step of

B L % bt T8 R dobRall gf gl TppePgRy 21 79 Precietive
the mapping coefficients for each class are generated
so that predicted error between predicted data of the original
image data for learning, predicted using the coded data and
the original image data, is less than prescribed threshold
values.

163. A method of transmitting coded image data, comprising
the steps of:

receiving the coded image data; and

transmitting the coded image data,

wherein the coded image data is produced by the
following steps:

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

limiting a level of pixels of the compressed data to
generate limited compressed data;

cofrecting the limited compresséd data to generate
corrected data;

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

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

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

s
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generatlng the predlcted plxels based upon the corrected data and the

predi ctive coefficients. 20. The nethod of claim 17, wherein the
step of predicting conprises the steps of: generating cl ass

i nformati on based upon a plurality of pi xel s of the corrected dat a;

- 102 - generating predictive coefficients for each class
based upon the original inmage data and the corrected data; and
generating the plurality of predicted ptxk4% based upon the predictive
coefficients correspondi ng to information of each class and the
corrected data. 21. The thod of .c| ai m 20, rther nprising the
step of: ouPBtR‘ttF‘ﬁg gL mRRtad dJétté a\ﬁ‘i?fiqql”jugaﬁﬁ' %ﬁﬁlﬁ i ve

coefficients for egnfif ffdge data based upon the determined suitability.

164. The method of claim 163, wherein the step of
predicting comprises the steps of:
generating class information of the corrected data; and
generating the predicted pixels in accordance with the

class information.

165. The method of claim 183, wherein the step of
predicting, comprises the steps of:
generating predictive coefficients based upon the
corrected data; and
generating the predicted pixels based upon the
corrected data and the predictive coefficients.

166. The method of claim 163, wherein the step of
predicting comprises the steps of:

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

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

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

167. The method of claim 166, further comprising the step
of:
outputting the coded data with the predictive
coefficients for each class.

A



22. The nethod of claim 17, wherein the step of predicting conprises the
steps of: storing predictive coefficients for each class;
generating class information based upon a plurality of pi xel s of the
.corrected data; and reading fromthe nenory the predictive
coefficients corresponding to the informati on of each class and for
generating the predicted pixels based upon the read predictive
coefficients and the corrected dat a. 23. The nethod of claim 22,
wherein stored predictive coefficients-fbt5each class are generated based

upon original img t ' : : d of claim 23,
wherei n the coded glaéi% ?Eﬂegﬁ}ééﬁﬁavﬁfﬁa'%ésgf é’“d?%’?i"v@bgﬁ{e% ?gl ents for each
cl ass. prefictingheomptibesl thé stép 0f:17, wherein the step of correcting
conprises the step of: . Lo .
storing predictive coefficients for each class;
generating class information based upon a plurality of
pixels of the corrected data; and
reading from the memory the predictive coefficients
corresponding to the information of each class and for
generating the predicted pixels based upon the read predictive

coefficients and the corrected data.

169. The method of claim 168, wherein stored predictive
coefficients for each class are generated based upon original image

data for learning.

170. The method of claim 169, wherein the coded data is
output with the predictive coefficients for each class.

171. The method of claim 163, wherein the step of
correcting comprises the step of:
storing correction values, wherein the compressed data
is corrected using the correction values.

172. The method of claim 163, wherein the step of
determining suitability comprises the steps of:
detecting whether the predicted error is less thah a
prescribed threshold value; and '
outputting the corrected data as the coded data if the

predicted error is less than the prescribed threshold value.

\\\\

R 0 e g

¢ L 5 b



- 103 - storing correction values, wherein the conpressed data
Is corrected using the correction val ues. 26. The nmethod of claim
17, wherein the step of determining suitability conprises. the steps of:
detecting whether the predicted error is less than a prescri bed

t hreshol d val ue; and outputting the corrected data as the
coded data if the predicted error is |less than the prescribed

t hreshol d val ue. 27. A nethod for decodi ng coded data generated by
codi ng i mage data, conprising the steps ©fe - receiving the
coded data; and decodi ng the coded data and generating

decodi ng iV dUANGVAPPRRATURS EMAEH eab;u &y the

st eps of : reduci ng a nunb i xel's oT orlglnal I mage

data to gener TECODINGY SETEODJATAAGE DECODING APi’Aﬂ'fﬂl@,g a | evel of
pi xel s of the conpressed data to generate limted conpressed data;

correcting the | IMAGEUDADAPTRASSMI TIEING IMETIROITE (ANIE RECORDING MEDIUM

ABSTRACT OF THE DISCLOSURE

in order to produce a decoded image substantially identical to an
original image by processing a small amount of data, utilizing a
thinning circuit {subsampler) a level of compression data obtained by
extracting 9 pixels of an original image by 1 pixel is limited by a level
limiting circuit by extracting 2 bits thereof from an MSB. In a local
decoder, the original image is predicted based on correction data to
output a predicted values thereof. Then, in an error calculator, a
prediction error of the 'predicted values with respect to the original
image-is calculated. The compression data is corrected by a

correcting circuit in such a manner that this prediction error becomes
small.

FIGURE 3



corrected dat a; predicting the original inage data in

accordance with the corrected data and for generating predicted data
havi ng a plurality of predicted pixels; cal cul ati ng,
with respect to the original image data, a predictive error of the
predi cted data; determning suitability of the corrected data
as coded data based upon the predicted error; and

- 104 - outputting the corrected data as coded data of the

ori gi nal inage data based upon the determr¥ed suitability. 28. The
met hod of claim 27, wherein the step of decoding the coded data conprises
the steps of: generating class information of the coded dat a;
and prigdgcithg the decoded i mage data in accordance with

the class informati on.
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29. The nethod of claim27, wherein the coded data includes predictive
coefficients to produce the decoded i nage data, and the step of decoding

t he coded data conprises the step of: generating the decoded

i mage data based upon the predictive coefficients and the coded dat a.
30. The nethod of claim 27, wherein the coded data includes predictive
coefficients for each class to produce the decoded i nage data, and the step

of decoding the coded data conprises the steps of: generati ng
class information using a plurality of pixels of the coded dat a;
produci ng the decoded i mage data using the dm&dictive coefficients
corresponding to the coded dat aw, g 31. The nmethod of claim 27,
wherein the step pfiglesodi ng t&é @oded data conprises the steps of:
storing predictive coefficients{£8 each class; generating
class information using a pluréé gy of pixels o of the coded data; and
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- 105 - reading the predictive coefficients corresponding to

t he class information fromthe nenory and generating the

predi cted pixel using the read predictive coefficients and the coded
dat a. 32. The nethod of claim 31, wherein the stored predictive
coefficients for each class generated using original inmage data for

| ear ni ng. 33. An apparatus for coding i mage data having a
plurality of pixels, conprising: a subsanmpling circuit for
reduci ng a nunber of pixels of original inmage data to generate
conpressed dat a; alimting circuit for limting a | evel of
pi xel s of the conpressed data to generate limted conpressed dat a;
a correcting circx%tpféﬁ' correcting the I3i/A%ted conpressed data to
generate corrected ddta, a predicting circuit for predicting
the original inmge data in accordance with the corrected data and
for generating predi cted data having a plurality of predicted

pi xel s; a calculator for calculating, with respect to the

ori gi nal
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i mge data, a predictive error of the predicted data; a
determning circuit for determning suitability of the corrected
data as coded data based upon the predicted error; and

an output circuit for outputting the corrected data as coded data of
the original image data based upon the determ ned suitability.

- 106 - 34. The apparatus of claim33, wherein the predicting
circuit conprises: a circuit for generating class information
of the corrected data; and a circuit for generating the
predicted pixels in accordance w t HA3Be cl ass i nformation.

35. The apparatus of claim33, wherein the predicting circuit, conprises:
acircuit for gendrpsimp predictive coefflcbents based
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upon the corrected data; and a circuit for generating the

predi cted pi xels based upon the corrected data and the predictive
coefficients. 36. The apparatus of claim 33, wherein the
predicting circuit conprises: a circuit for generating class
i nformati on based upon a plurality of pixels of the corrected data;
a circuit for generating predictive coefficients for each cl ass
based upon the original inmge data and the corrected data; and

a circuit for generating the plurality of predicted pixels based
upon the predictive coefficients corresponding to i nformation of
each class and the corrected data. 5,35 3/. The apparatus of claim 36,

wher ei n out put cibguit out puts the codeé data with the predictive
coefficients for Edéh 6l ass.
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- 107 - 38. The apparatus of claim 33, wherein the predicting
circuit conprises: a nenory for storing predictive coefficients

for each cl ass; a circuit for generating class
i nformati on based upon a plurality of pixels of the corrected data;
and acircuit for

reading fromthe nmenory the predictive
coefficients corresponding to the informati on of each cl ass and for

generating the predicted pixels based upon the read predictive
coefficients and the corrected data. 39. The apparatus of claim
38, wherein the predictive coefficients for each class stored in the nenory
are generated based upon original inmage data for |earning. 40.

The apparatus of claim 39, wherein the output circuit outputs the coded
data with the predictive coefficients for each class. 41. The
apparatus of claim33, wherein the correcting circuit conprises:
a nenory for $tHRihly correction val uéé3s wherein the correcting
circuit corrects the conpressed data using the
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correction val ues. 42. The apparatus of claim 33, wherein

the determning circuit determnes suitability of the corrected data
by detecting whether the predicted error is |ess than a prescri bed

t hreshol d val ue; and - 108 -

the output circuit outputs the corrected data as the coded data if
the predicted error is |less than the prescribed t hreshol d val ue.

43. An apparatus for decodi ng coded data generated by codi ng i nage data,
conpri si ng: acircuit f(y;ﬁﬁce|V|ng t he coded data; and

a decoder for decoding the coded data and generating decodi ng |nage

data, wherein the coded date is gener?t ed by

for each <l
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the steps of: reduci ng a nunber of pixels of original inmage
data to gener ate conpressed dat a; limting a | evel of
pi xel s of the conpressed data to generate limted conpressed data;
correcting the limted conpressed data to generate corrected data;
predicting the original inage data in accordance with the corrected
data and for generating predicted data having a plurality of

predi cted pixel s; calculating, with respect to the origina

i mge data, a predictive error of the predicted data;

determning suitability of the corrected,data as coded dat a based
upon the predicted error; and outputting the corrected data as
coded data of thepyg gy oOriginal imge data based upon the detern ned
suitability. ' 14. The apparatus of claim43, wherein the decoder
conpri ses: a circuit for generating class information of the
coded data; and

(a) pixel of interest
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- 109 - : a circuit for producing the decoded i mage data in
accordance with the class information. 45. The apparatus of claim
43, wherein the coded data includes predictive coefficients to produce the
decoded i mage data, and the decoder conprises: acircuit for
generating the decoded i mage data based upon the predictive
coefficients and the coded data. 46. The apparatus of claim 43,
wherein the coded data includes predictive coefficients for each class to
produce the decoded i mage data, and the decoder conpri ses: a
circuit for generating class informatiomssusing a plurality of pixels
of the coded data; a circuit for producing the decoded inage
data using tmﬁepr dictive coefficients corresponding to the coded
dat a. 471F Qgparatus of claim 43, wherein the decoder conprises:
a nmenory for storing predictive coefficients for each cl ass;

a circuit for generating class information using a
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plurality of pixels of the coded data; and acircuit for
reading the predictive coefficients corresponding to the cl ass
information fromthe nmenory and generating the predicted pixel using
the read predictive coefficients and the coded dat a.

- 110 - 48. The apparatus of claim47, wherein the predictive
coefficients for each class stored in the nenory are generated using
original inmage data for |earning. 49. A method for transmtting

i mge data having a plurality of pixels, conprising the steps of:

reduci ng a nunber of pixels of original inmge data to generate

conpr essed dat a; limting a {gmgl of pixels of the conpressed
data to genenghe1hﬁnited conpressed dat a; correcting the
limted conpressed data to generate corrected data;
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predicting the original inage data in accordance with the corrected

data and for generating predicted data having a plurality of

predi cted pixel s; calculating, with respect to the origina
i mge data, a predictive error of the predicted data;

determning suitability of the corrected data as coded dat a based
upon the predicted error; outputting the corrected data as
coded data of the original inmge data based upon the determ ned
suitability; and transmtting the outputted corrected data.
50. The nethod of claim49, wherein the step of predicting conprises the
steps of: generating class information of the corrected data;
and %enerating t he predicted; pisxel s in accordance with the
class i nformationlFlG. 12] 51. The nethod of claim49, wherein

the step of predicting,
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conpri'ses the,steps of: generating predictive coefficients

based upon the corrected data; and generating the

predi cted pixels based upon the corrected data and the predictive
coefficients. 52. The nethod of claim49, wherein the step of

predi cting conprises the steps of: generating cl ass

i nformati on based upon a plurality of pi xel s of the corrected data;
generating predictive coefficients foryeaph class based upon the
original inmgdfFdat a3and the corrected data; and generating the
plurality of predicted pixels based upon the predictive coefficients
corresponding to infornmation of each class and the corrected data.
53. The nethod of gl aim 52, further conprising the step of:

outputting the codéd data with the predictive coefficients for each
cl ass. iﬁe met hod of claim49, wherein the step of predicting
conprises the step 5 storing predictive coefficients for
each cl ass; g-% generatigg class information based upon a
plurality of < xel s of thé corrected data; and r eadi ng
fromthe nmenory the gredl ctive c<§eff|0| ents ’
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corresponding to the information of each class and for generating
the predicted pixels based upon the read predictive coefficients and
the corrected data. - 112 -

55. The method of claimb54, wherein stored predictive coefficients for
each class are generated based upon original imge data for |earning.

56. The nethod of claim55, wherein the coded data is output with the

predictive coefficients for each class. 57. The method of claim
49, wherein the step of correcting conprises the step of:
storing correction val ues, wherein the cbi¥sessed data I's corrected

using the correction val ues.
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58. The nethod of claim49, wherein the step of determning suitability

conpri ses the steps of: detecting whether the predicted error
is less than a prescribed threshol d val ue; and
outputting the corrected data as the coded data if the predi ct ed
error is less than the prescribed threshold val ue. 60. A
recordi ng medi um havi ng an encoded digital signal recorded thereon, the
recordi ng medi um bei ng prepared by the steps of: reduci ng a
nunber of pixels of original inmage data to generate conpressed dat a;
limting a |l evel of pixels of the conprquﬁﬁsdata to generate limted
conpr essed dat a; correcting the limted conpressed data to
generate corrected data;
[FIG. 15]
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- 113 - a8 predicting the original inage data in accordance with
the corrected data and for generating predicted data having a

plurality of predicted pixels; calculating, with respect to the
original inage data, a predictive error of the predicted data;
determning suitability of the corrected data as coded dat a based
upon the predicted error; outputting the corrected data as
coded data of the original inage data based upon the deternined
suitability; and recor g ngg sthe coded data on the recording
medi um 61. The recording ium of claim®60, wherein the step of
predi cting conprises the steps oﬁ? generating class information
of the corrected data; and generating the predicted pixels in
accordance with the cl ass Epf rmation. " 62. The recording
medi um of claim 60, wherein the é% of predicting, conprises the steps of:
generating predictive coefficients “ased upon the corrected data; and
generating the predicted pixels based upon t he corrected data and the
predictive coeff|C|ents g %
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63. The recordi ng nedium of claim60, wherein the step of predicting
conpri ses the steps of: generating class information based
upon a plurality of pi xel s of the corrected dat a;
generating predictive coefficients for each class based
original inmage data and the corrected data; and

upon the

- 114 - generating the plurality of predicted pixels based
upon the predictive coefficients corresponding to infornmation of

each class and the corrected dat a. 16/3964. The recordi ng medi um of

cl ai m 60, furthﬁ% |S|ng the step of: out putting the coded
data with the pr dbe coefficients flor ggach cl ass. 65. The

. . . or s (o)
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predi cting conprises the steps of: storing predictive
coefficients for each cl ass; generating class information
based upon a plurality of pi xel s of the corrected data; and

reading fromthe nenory the predictive coefficients corresponding to
the information of each class and for generating the predicted pixels
based upon the read predictive coefficients and the corrected data.
66. The recordi ng nedi um of claim65, wherein stored predictive
coefficients for each class are generated based upon origi nal imge data
for |earning. 67. The recording/medi um of claim66, wherein the
coded data is output wwth the predictive coeﬁf|C|ents for each cl ass.

68. The recordi ng nmedi um of claim 60, mherepn the step of correcting

conprises the stgggﬁxal storing €orrection val ues, wherein the
conpressed data corrected using th& correction values
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69. The recordi ng nedium of claim60, wherein the step of determ ning
suitability conprises the steps of: det ecti ng whet her the
predicted error is less than a prescribed threshold val ue; and
outputting the corrected data as the coded data if the predi ct ed
error is less than the prescribed threshold val ue. 70. A nmethod for
coding data having a plurality of sanples, conprising the steps of:

reduci ng a nunber of sanples of original data to generate conpressed
dat a; liniting a level of sdfpfes of the conpressed data to
generate limited comﬁ"és%&‘)dat %P‘e“’a‘“e correcting the limted
conpressed data to generate corrected dat a; predicting
the original data in accordance wth corrected data and
generating predicted data havi ngaaj- ralLi of predicted sanples;
calculating, with respect to the o |g| d ta, a predictive error
of the predicted data; MIN
corrected data as coded dat a of

predi cted error; and

ing suitability of the
riginal data based upon the
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outputting the corrected data as coded data of the original data
based upon the determ ned suitability. 71. The nethod of claim 70,
wherein the step of predicting conprises the steps of:

generating class information of the corrected data; and

generating the predicted sanples in accordance with t he cl ass
i nformation. - 116 - 72.
The net hod of claim 70, wherein the step of predicting, conprises the steps
of : generating predictive coefficients based upon the
corrected data; and generating the predicted sanpl es based upon
t he corrected data and the predicti V& %oefficients. 73. The
met hod of claim 70, wherein the step of predicting

[FiG. 20]
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conprises the steps of: generating class information based

upon a plurality of sanpl es of the corrected data;

generating predictive coefficients for each class based upon t he

original data and the corrected data; and generating the

plurality of predicted sanpl es based upon the predictive coefficients

corresponding to information of each class and the corrected data.

74. The nethod of claim 73, further conprising the step of:

outputting the coded data with the predictive coefficients for each

cl ass. 75. The nmethod of claim70, 2ejerein the step of predicting

conpri ses the steps of: storing predictive coefficients for

each cl ass; generating class information based upon a

plurality of [F‘ngﬁﬁles of the corrected data; and r eadi ng

fromthe nmenory the predictive coefficients corr neli 0 the

i nformati on of each class and for 1 generating t %%ggdﬁﬁﬁgg&gzhples

based upon the read 121 predictii% coefficieﬁi% ang t he cl@arected data.
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- 117 - 76.

coefficients for each class are generated based upon ori gi nal
The net hod of claim 76, wherein the coded data is
coefficients for each cl ass.

| ear ni ng. 77.
output with the predictive

The nethod of claim75, wherein stored predictive

data for

78. The

met hod of claim 70, wherein the step of correcting conprises the step of:

storing correction val ues,

usi ng the correction val ues.

wherein the conpressed data
79.

is corrected

The nmet hod of claim 70, wherein

the step of determining suitability conpnisses the steps of:

detecting whether the predicted error is less than a

t hreshol d val ue; and
coded data if the

t hreshol d val ue. [FIG. 22]
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80. A nethod for decodi ng coded data generated by codi ng data, conprising

the steps of: recei ving the coded data; and
decodi ng the coded data and generating decodi ng data, wherein the
coded data is generated by the steps of: limting a | evel of
sanpl es of the conpressed data to generate limted conpressed data;
correcting the limted conpressed data to generate corrected data;
predicting the original data in accordance with the corrected data and
for generating predicted data having a %2/3plurality of predicted sanpl es;
calculating, with respect to the original data, a predictive error of
the predicted data; determning suitability of the corrected
data as coded dat a based upon the giedicted error; and
outputting the céft®cd®H data as coded daf a of the
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original data based upon the determined suitability. 81. The net hod
of claim80, wherein the step of decoding the coded data conprises the
steps of: generating class information of the coded data; and
produci ng the decoded data in accordance with the class information.
82. The nethod of claim 80, wherein the coded data includes predictive
coefficients to produce the decoded data, and the step of decoding the
coded data conprises the step of: generating the decoded data
based upon the predictive coefficients and the coded dat a.

83. The nethod of claim 80, wherein the coded data includes predictive
coefficients for each class to produce the degnded data, and the step of

decodi ng t he COdﬁ? ga%a conprises the steps of: generati ng
cl ass informati ontFd& 6]a plurality of sanples of the coded dat a;
produci ng the decoded data using the predictive coefficients

corresponding to the coded dat a.
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- 119 - 84. The nethod of claim80, wherein the step of decoding the

coded data conprises the steps of: storing predictive
coefficients for each cl ass; generating class information
using a plurality of sanples of the coded data; and
readi ng the predictive coefficients corresponding to the cl ass
I nformati on fron&gﬂ§ ggrnry and generating the predi cted sanpl e using
the read predicti T ficients and the coded dat a. 85. The
met hod of claim84, wherein the stored predigdive coefficients for each
cl ass generated U&Lﬂg~Q[LgLQ§L~data for | earning. 86. An
apparatus for coding data having a plurality of sanples, conprising:
a subsanpling cirtuit fo redu0|ng a nunber .of sanples of ori gi nal
data to generate tonpres @ j¥ imting circuit for
linmiting a level pf |sanpy NiheB co&b&; bd data to generate
limted conpressed dat a; 54 ! % a corfectithg circuit for correcting
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conpressed data to generate corrected data; a predicting
circuit for predicting the original data in accordance with the
corrected data and for generating predi cted data having a plurality
of predicted sanples; : a calculator for calculating, with
respect to the original data, a predictive error of the predicted
dat a; a determining circuit for determning suitability of

t he corrected data as coded data based upon the predicted error;
and - 120 - an
output circuit for outputting the corrected data as coded data of the
original data based upon the determ ned 25/35 suitability. 87. The
apparatus of claim86, wherein the predicting circuit conprises:

acircuit for g@pg;aéﬁpg class information of the corrected data; and
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a circuit for generating the predicted sanples in

accordance with the
cl ass i nformati on. 88.

The apparatus of claim 86, wherein the
predicting circuit, conprises: a circuit for generating
predictive coefficients based upon the corrected data; and

a circuit for generating the predicted sanpl es based upon the
corrected data and the predictive coefff&{®nts. 89. The apparat us
of claim86, wherein the predicting circwit conprises: a
circuit for generating class infornation'?%sed upon a plurality of
sanpl es of the corrected data; "~ ga circuit for generating

predictive coefficients for each clsas$ based upon the original data
and the corrected data; and ircuit for generating the

plurality of prﬁgﬁgt sanpl es basedgupon the predictive
coefficients co ﬁ%ﬁding

to infornati on of each class and the
corrected dat a.
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- 121 - 90. The apparatus of claim 89, wherein output circuit
outputs the coded data with the predictive coefficients for each class.
91. The apparatus of claim 86, wherein the predicting circuit conprises:

a nmenory for storing predictive coefficients for each cl ass;

a circuit for generating class informati on based upon a plurality of
sanples of the corrected data; and a circuit for reading from
the nenory the predictive coefficients corresponding to the

i nformati on of each cl ass and for gﬁqz%gting the predicted sanpl es
based upon the read predictive coefficients and the corrected data.

92. The apparatus of cFaign$4, wherein the predictive coefficients for

each class stored in the nmenory.age generated based upon original data for

| ear ni ng. 93. The apffgtus of claim92, wherein the output

circuit outputs the coded dataggth the predictive coefficients for each
N
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94. The apparatus of claim 86, wherein the correcting circuit conprises:

a nenory for storing correction values, wherein the correcting
circuit corrects the conpressed data using the correction val ues.
95. The apparatus of claim86, wherein
- 122 - the determining circuit determnes suitability of the
corrected data by detecting whether the predicted error is |ess t han
a prescribed threshold val ue; and the output circuit outputs
the corrected data as the coded data if the predicted error is |less
than the prescribed t hreshol d val ue. 96. An apparatus for
decodi ng coded data generated by
28/35
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codi ng data, conprising: a circuit for receiving the coded

data; and a decoder for decoding the coded data and generating
decodi ng data, wherein the coded data is generated by the steps of:
reduci ng a nunber of sanples of original data to generate conpressed
dat a; correcting the conpressed data to generate corrected
dat a; predicting the original data in accordance with the
corrected data and for generating predicted data having a plurality
of predicted sanples; calculating, with respect to the
original data, a predictive error ofyt;ge predicted data;
determ ning suitability of the corrected data as coded dat a based
upon the predicted error; and ,_, outputting the corrected data as
coded data of the - origi@ﬁ %kua.based upon the determ ned
suitability. ‘97. The pgaratus of claim96, wherein the decoder
conpri ses: FiG. 3D S < Q
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- 123 - a circuit for generating class information of the

coded data; and a circuit for producing the decoded data
i n accordance with the class informtion. 98. The appar at us
of claim 96, wherein the coded data includes predictive coefficients to
produce the decoded data, and the decoder conprises: acircuit
for generating the decoded data based upon the predictive
coefficients and the coded dat a. 99. The apparatus of claim 96,
wherein the coded data includes predictive coefficients for each class to
produce the decoded data, and the decoder conprises: acircuit
for generating class information using a plurality of sanples of the
coded dat a; acircuit for ?ﬁy0|ng t he decoded data using the
predictive coefficients corresponding to e coded dat a. 100. The
apparatus of claim96, wherein the decoder conprises: a nmenory

for storing predFEGng;coefficients for each
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cl ass; a circuit for generating class information using a
plurality of sanples of the coded data; and a circuit for
readi ng the predictive coefficients corresponding to the class
information fromthe nenory and generating the predicted sanple
using the read predictive coefficients and the coded dat a.

- 124 - 101. The apparatus of claim 100, wherein the predictive
coefficients for each class stored in theyggory are generated using
original data for [|earning. 102. An apparatus for coding i mage data
having a plurality of pixels, conprising: means for extracting
a plurality of pixels of the inmage dé%a and generating cl ass

i nformation corresponding to characteglstlcs of the extracted
plurality of pixels; v neans for %Qorlng mappi ng coefficients
for each class; fF1G.34 t '
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means for readi ng mappi ng coefficients for each class; means

for readi ng mappi ng coefficients correspondi ng to the cl ass

i nformation and for producing corrected data usi ng the image data and
t he read mappi ng coefficients; and means for producing coded
data by limting a | evel of pi xel s of the corrected data.

103. The apparatus of claim 102, wherein neans for producing corrected data
produces the corrected data where a nunber of pixels for the inage data is
reduced, by using the inmage data and the read nmappi ng coefficients.

104. The apparatus of claim 103, wherein the nmeans for producing corrected

data conpri ses: means for extracting a plurality of pixels
fromthe inage data; and 32,35 heans for producing the coded
data where a nunber of pi xel s for the inmage data is reduced, by
cal cul ating the extracted plurality of pixels and the read mapping

coefficients. rjG 332
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- 125 - 105. The apparatus of claim 103, wherein t he mappi ng
coefficients for each class are generated using original inmge data for

| ear ni ng. 106. The apparatus of claim 103, wherein t he mappi ng
coefficients for each class are generated so that predicted error between
predi cted data of original inmge data for |earning, using the coded data
and the original imge data, is mnimzed. 107. The apparatus of claim
103, wherein t he mappi ng coefficients for each class are generated
so that predicted error between predicted data of original inage data for
| earni ng, predicted using the coded g%t% and the original image data, is
| ess t han preschbQﬁ'BQreshold val ue 5108. The apparatus of claim 103,
further conpri sing: nmeans for generating mapping coefficients for
each cl ass by extracting a plurality of pixels of the original inmge
data for learning and generating class information corresponding to
characteristics of the extracted plurality of pixels;
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limting a |l evel of pixels of the corrected data and generating limted
corrected data; predicting the original inmage data for learning in
accordance with the limted corrected data and generating predicted data
having a plurality of predicted pixels;

- 126 - generating predicted error of the predicted data of the
original inmage data for learning with respect to the original i mage
data for | earning; updati ng nmappi ng coefficients in accordance
with the predicted error until the ngﬁfing coefficients are optinmum
mappi ng coefficients; and det er’f/AP ng t he opti mum mappi ng
coefficients. 109. The apparatus of claim 103, further conprising:
means for generating mapping coefficients for each cl ass by
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generating conpressed data by reducing the nunber of pi xel s of

original inmage data for |earning; limting a |l evel of pixels of
t he conpressed data and generating limted conpressed data;
correcting the limted conpressed data and generated corrected data;
predicting the original data in accordance with the corrected data
and generating predicted data having a plurality of predicted pixels;
calculating predictive error of the @gyygxexidata W th respect to
the original inmage data for |earning; repeating the step of
correcting until the corrected data is optimum corrected data; and
generating optinum mappi ng coefficients for each class using the
original imge data for |earning andd he optinum corrected data.
110. An apparatus for decodi ng coded%ﬁata generated by codi ng i nage data,
conpri si ng: = '
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means for receiving the coded data; and
or decoding the coded data to produce decoded i mge data, said

co data generated by the steps of: extracting a plurality of
prxels of the i mage data and generating cl ass infof
corresponding to characteristics of the extracted éﬁﬂﬁéﬁﬁﬁ%ﬁﬁﬁfsﬁﬁﬁl S;
storing mappi ng coefficients for each class; readi ng mappi h
coefficients for each class; _ %?geadi ng mappi ng jcogfd iaticeme s
corresponding to the class i nfor Ton and for prijoduci ng correctgd
data using the imagé data and the read mappi ng cgeffTcrents;—amd
produci ng coded data by limting a |l evel of pixels of tihe corrected
dat a. 111. The apparatus of claim 110, wherein the corrected data
is data where a nunber of pixels of the imge data is reduced by using the
i mage data and the read mappi ng coefffgsnt 112. The apparatus of
claim 111, wherein the decodi ng nea EGp i X a nenory for
storing predicted coefficients for each cl ass used to generate the
mappi ng coefficients for each cl ass; means for
extracting a plurality of pixels of th& coded
1 4
/ /
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data and generating class information corresponding to the extracted

plurality of pixels; and means for reading-predicted
coefficients correspondi ng to the cl ass infornatfbﬁﬁ

decoded i mage data usi ng the coded data and the ead pgggﬂg?gﬁm%?
coefficients. -1 12 113

The apparatus of claim 111, wherein t he preC|c?éﬁﬁ&%%@91c ents
for each class are generated using original inmadelidata for |earhing.
1 14. The apparatus of claim 111, wherepn3s the mapping
coefficients for each class are generated usi ng - iLoage data
for |earning. 115. The apparatus of claim 111 wherein

t he mappi ng coefficients for each class are generated so t hat

predi cted error between predlcbed data of the
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original inmge data for |earning, predicted using th
data and the original inage data, is mnimzed.
of claim 111, wherein t he mapping coeffj

e coded

116. The apparat us

clents for

.each cl ass
are generated so that predicted error betweenRFEOACSH@NGatigiof| t he
ori gi nal i mge data for learning, predicted u ?%Er%géﬁg” el #: a and
the original inage data, is less than prescribed th e;hol% val yes
1 17. A method for coding i mge data having a pluraki yéb #%ﬂi@%ﬁ,
conprising the steps of: ext g5 ng a plutality.of pixd of
the i mage data and generating class informati pn correspondi ng o
characteristics

of the extracted plurality of

storing mappi ng coefficients for each class;

coefficients for each class;
FIG. 4
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readi ng mappi ng coefficients corresponding to the cl ass i nformation
and for producing corrected data using the inmage data and the read
mappi ng coefficients; and produci ng coded data by limting a
| evel of pixels of t he corrected data. 118 of

claim 117, wherein the step of producing corrected‘daﬂﬁﬂgmﬁaﬁgéﬁﬁﬂ¥
corrected data where a nunber of pixels for the inpge data 1S rediced, by
using the inmage data and the read mappi ng coefficigen S5 g AU 1119.
met hod of claim 118, wherein the step of producing ¢ rrecteé§§2Za conpri ses

t he steps of: extracting a plgsality o

data; and produci ng the coded data where a nunber of pixels for
the image data is reduced, by calculating the extracted pturality of
pi xel s and the read nmappi ng coefficients. 120. The nethod of claim
118, wherein the mappi ng coeff|CEents for each class are

gener at ed using original inmage data f o5 | ear ni ng. 121. The
met hod of claim 118, wherein t he 8rappi ng coefficients for each

cl ass are generated

(to local decoder unit, determini
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so t hat predi cted error between predicted data of original i mage data

for learning, using the coded data and the original i mage data, is

m ni m zed. 122. The nethod of claim 118, wherein

- 130 - the mapping coefficients for each cl ass are generat ed
so that predicted error between predicted data of &gLH ge dat a
for learning, predicted using the coded data and mage
data, is less than prescribed threshold val uf 145“’ he

nmet hod of claim 118, wherein the step ofsggnerating Magpp fijcigents
for each class conprises the steps of: { extracti n@ gl rality
of pixels of the original imge data for |eayntm t §ng

class information corresponding to .
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characteristics of the extracted plurality of pixels;
a level of pixels of the corrected data and
corrected data; predi cting the origina
| earning in accordance with the limted corr
predi cted data having a plurality of predicted pix
generating predicted error of the predicted data o
i mage data for learning with respect to t

| ear ni ng;
t he mapping coefficients are

rigi nal
updati ng nmappi ng c§Z§$icien sl ind
{pi.loum

limting

i mage data for
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steps of:

124. The nethod of claim1 1
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- 131 - limting a | evel of pixels of the conpressed data and

generating limted conpressed dat a; correcting the limted
conpressed data and generat ed corrected data; predicting
the original data in accordance with the cor rected data.and nerating
predi cted data having a plurality of predict %ﬁ%@h@ﬁm Sr{"ET

cal culating predictive error of the predicted data -7 regpgct to
the original image data for |earning; r epeat. i te'p of
correcting until the corrected data is optifpu e?ogr% iggsdclt a; and
generating optimum mappi ng coefficientsg &ar each ¢l usiag |t he
original inmage data for |earning and the opti mum corrected data.

125. A nethod for decodi ng coded&dat a generated by—eedi-rg-+rage~data,

conprising the steps of:

decodi ng the coded data to prod
data generated by the steps of:
pi xel s of the imge data and gener ating class information
corresponding to characteristicsgg s)f the extracted plurality of

pi xel s; storing map@“hg c@fficients for each class;

readi ng mappi ng coefficients foradch & ass; readi ng mappi ng
coefficients corresponding to thek clasd

receiving the coded data; and
€, decgded i mge data, said coded
extracting a plurality of
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sach clas
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information and for producing corrected data using the inmge data and
the read mappi ng coefficients; and produci ng coded data by
limting a | evel of pixels of the correct gd—dat-a
- 132 - 126. The method of clai m 125, mher@bﬂ}ﬂﬂﬁﬁ&ﬂﬁ&ﬁﬁﬁﬁ data is
data where a nunber of pixels of the imge data il|s {reduced™by s} ng t he

i mge data and the read mappi ng coefficiepts, ngt hod of
claim 126, wherein the step of decoding cgﬁ%$ises heziféﬁgﬂﬁﬁ? 5

storing predicted coefficients for each class usqd lt gerel aje the
mappi ng coefficients for each cl ass; extractlng a plurality of
pi xel s of the coded data and gener ati ng cl ass=rnformatTorn
corresponding to the extracted plurality of pixels; and

readi ng predicted coefficients corresponding to the class information
and produci ng decoded i nage data using the
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coded data and the read predicted coefficients. 128. The net hod of

claim 126, wherein the predicted coefficients for each cl ass
are generated using original inage data for [earning. 129.
The net hod of claim 126, wherein t he mappi ng coeff|C|ents for
each class are generated usi ng original inmge o —+-ear-pi-ng
130. The nethod of claim 126 wherein LﬁﬁﬁﬁﬁhﬁSSﬁEﬁT
coefficients for each class are gener at ed o tha t d
error between predicted data of the orig $§§@aﬂ%?-z

| earni ng, predicted usi ngot/kg coded dat

i mage data, is mnimzed.

- 133 -

FIG. 10
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131. The nethod of claim 126, wherein t he mappi ng

coefficients for each class are generated so that predicted
error between predicted data of the original imge data for

| ear ni ng, predicted usi ng the coded data and

data, is less t han prescribedlév shol d val ugs\t L uEuﬁmﬁiggE
nmet hod for transmtting i mage data havi ng B urality of gpijxels, n
the steps of: extracting a plurality of pixelisjofagt qaﬂf
data and generating class information correspondin J Zé?EUG
characteristics of the extracted plurality of pixels;

storing mappi ng coefficients for each class; readlng napplng

coefficients for each cl ass; reading mappi ng coe
corresponding to the class i nformation and for producing corrected
data using the inmage data and the read mappi ng coefficients;
produci ng coded data by limting a | evel of pixels of the corrected
data; and transmtting the coded data. 133. The

met hod of claim 132, wherein the step of producing corrected data produces
the corrected data mhere a nunber of pixels Eor the image data i s reduced,
by using the i mage data and the read nappldgmpoeff|C|ents
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134. The nethod of claim 133, wherein the step of producing corrected data

.conprises the steps of: extracting a plurality of pixels from
the i mage data; and : - 134 -
producing the coded data where a nunber of pixels for }; T e

is reduced, by calculating the extracted pl ural ity ¢f~pt

read mappi ng coefficients. 135. The nethod of cf aj m 13

t he mappi ng coefficients for each class are generated

i mge data for | earning. 136. The st hod of cl di

t he mapping coefficients for each class are generated
predi cted error between predicted data of original

| earni ng, using the coded data and the ori gi nal
m ni m zed.
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137. The method of claim 133, wherein t he mappi ng coefficients

for each class are generated so that predicted error between

predi cted data of original i mage data for |earning, predicted using
t he coded data and the original image data, is |ess than prescribed
t hreshol d val ues. 138. The nethod of clai '

step of generating mapping coefficients for each cl ass - Ns?é@%@

of : extracting a plurality of pixels of tHhe forigiiar—imeey
dat a for learning and generating class informatidgn cogr&eiggnf%?pg
characteristics of the extracted plurality 8f3§i xel's; ¥ m
a |l evel of pixels the corrected data angj / genet att !
corrected dat a;

{to multiplexor)

—— predictive coefficients for each class S,

s~ control signal (to compressor)
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predicting the original inmage data for learning in
limted corrected data and generating predi cted data having a

‘plurality of predicted pixels;

mappi ng coefficients in accordance with the

mappi ng coefficients are optinmum mappi ng coeffic'

determ ni ng the opti num mappi ng coefficients.
claim 133, further conprising the stepsi®fis

coefficients for each class by generating

i mage data
limting a | evel of pixels of the.conpressed data and

reduci ng the nunber of pi xel s of original

limted conpressed dat a;

p

accordance with the

reagi

generati ng predlcted error of
the predicted data of the original inmage data fo :

respect to the original i mage data for Iearnlngf

generatlng
L correcting the limted conpressed

data and generated correct ed?dat a; predi cting the
original data in accordance with t he corrected data and generating
predi cted data having a plurality £ of predicted pixels;
calculating predictive error of the pgedicted data with respect to
the original inage data for Iearning;% repeating the step of
correcting until the corrected data £3 is optinmum corrected data; and
generating opti mum mappi ng coeffi ci%ngsw gagh cl ass
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using the original imge data for |earning and the optinum corrected
dat a. - 136 - 140. A

recordi ng medi um havi ng an encoded digital signal recorded thereon, the
recordi ng nmedi um bei ng prepared by the steps of: extractlng a

plurality of pixels of the i mage data and gener i
i nformati on corresponding to characteristics of }
plurality of pixels; storing mapping co
cl ass; readi ng mappi ng coeffii;gsents for

readlng mappi ng coefficients correspondlng to the cl

and for producing corrected data using the imge e~
imting ailevel

mappi ng coefficients; produci ng coded d
of pixels of the corrected data; and recordi ng
coded data on the recordi ng nedi um o
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141. The recordi ng nmedi um of claim 140, wherein the step of producing
corrected data produces the corrected data where a nunber of pixels for the
i mge data is reduced, by using the image data and the
coefficients. 142. The recordi ng nedi um of cl ai
step of producing corrected data conprises the steps
extracting a plurality of pixels fromthe i mage dat a;
produci ng the coded data where a nunber of pixels for
is reduced, by calculating the extracted5/35 pl ur al;

read mapping coefficients. 143. The recordin
wher ei n the mappi ng coefficients for each C
using original inage data for Ieanﬂlng
- 137 - 144. The recordi ngg medi um of claim 141, wherein
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t he mapping coefficients for each class are generated
predi cted error between predicted data of original
usi ng the coded data and the ori ginal i mag

145. The recordi ng medi um of claim 141,
t he mapping coefficients for each class are generated

predi cted error between predicted data of original ;
predi cted using the coded data and t he of
val ues.

| ear ni ng,
m nim zed.

| ear ni ng,

is less than prescribed threshold

nmedi um of claim 141, wherein the step of §eAd%ating mappi
for each class conprises the steps of:

of pixels of the original
class information corresponding to

plurality of pixels;

corrected data and

predi cting the original
the limted corrected data and generating

i mge data

plurality of predicted pixels;

the predicted data of the
respect to the original
updati ng mappi ng coefficients
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predicted error until the mapping coefficients are optinum mappi ng
coefficients; and - 138 -

determ ning the opti mum mappi ng coefficients. 147. The recording
medi um of claim 141, further conprising the steps of: -

generati ng mappi ng coefficients for each class by ‘
conpressed data by reducing the nunber of pi xel sf o

data for | earning; limting a |level of pikels,of the
conpressed data and generating limted conpresg dgt%@ﬂﬁ %97
correcting the limted conpressed data and generated § orrect edi dat a;
predicting the original data in accordaf3s with the # at a
and generating predicted data having a pluralityg T edi
pi xel s; calculating predictive errop of the predlcted
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respect to the original inmage data for |earning:; repeating the

step of correcting until the corrected data i's optinmum corrected
data; and generating opti mum mappi ng coefficients for each

cl ass using the original inage data for Iearnlng',qnqtlr Joisys
corrected data. 148. An apparatus for coding |“.br i;aﬂ %RSHEE?
plurality of pixels, conprising: a subsampliing circtl
extracting a plurality of pixels of the image dgta an

class information corresponding to characteristfcs r cted
plurality of pi xel s; 18/3snenory stof|ng T

coefficients for each cl ass; a circuit fok

coefficients for each cl ass;

ir i ng nma ng coefficients correspondlng
to t he cl ass mformaﬁm aﬁpr% 85&?9 corrected data
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using the image data and the read mapping coefficients; and a
limting circuit for producing coded data by Iimting a | evel of
pi xel s of the corrected data. 149. The apparatus of claim 148,

wherein the circuit for producing corrected data produc,e
data where a nunber of pixels for the imge data is

i mge data and the read mappi ng coefficients.
claim 149, wherein the circuit for producing correctgd d
acircuit for extracting a plurality ofgpsxels fromfh¢
and a circuit for producing the coded dht a—wh
of pixels for the imge data is reduced, by cal cul atin
plurality of pixels and the read mappi ng coefficients.

apparatus of claim 149, wherein t he mapping coefficients for
each cl ass are generated usin ﬁc;gigzt)inage data for | earning.
152. The apparatus of claim 149, wher t he mappi ng
coefficients for each class are generated so that predicted error
bet ween predi cted data of original i mge data for |earning, using
t he coded data and the ori ginal
start
Iy
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Y
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I mage data, is mnimzed. 153. The apparatus of claim 149, wherein
- 140 - t he mappi ng coefficients for each class are generated so that
predicted error between predicted data of original image data for |earning,

conpri si ng: a circuit for generating mapping coefffijci
cl ass by extracting a plurality of pixels of theg
for learning and generating class inforpaya®n correspof
characteristics of the extracted plurality of pixels;
| evel of pixels of the corrected data and

FIG. 21

122
121 : 123 124
digital Z block | ADRC pl?ss ti clas
. information ass
image data —+memory > making *processing >| classifying
for training unit unit unit
Y Y
. AD
~Jcalculatin
125 eat g mapping coefficients [~ 131
memory
compressed t
§ data
level limiting mapping coefficients
unit | 126 setting unit 130

4

4

local decoder}~127

‘ predicted value

| ermor
™ calculator [~128

y error information

determining| control signal

€1~ unit

129



generating limted corrected data; predicting the original inmge
data for learning in accordance with the limted corrected data and
generating predicted data having a plurality of predicted. pixels;
generating predicted error of the predicted data of the .
data for learning with respect to the original inmage d
updating mapping coefficients in accordaiggsnvth the g

determi ning the optimum mapping coefficients. 155. ¥he
claim 149, further conprising: r generajih
coefficients for each class by Fl@eaﬁtl ng conj
reduci ng the nunber of pixels of original inage data
- 141 -

( start )

y

set initial value of mapping coefficients [~571
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make block §72
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Iinfting a level of pixels of the conpressed data and generati ng

Limted conpressed dat a; correcting the limted conpressed data
and generat ed corrected data; predicting the original data
in accordance with the corrected data and generating predlcted dat a
having a plurality of predicted pixels;

predictive error of the predicted data with respg
i mge data for | earning; repeating the step
the corrected data is optinmum corrected data; angd j
generating optimum mappi ng coefficients £8v38ach cl ass
original inmage data for |learning and the optinum
156. An apparatus for decoding coded data generated by

conpri si ng: acircuit for rece|V|ng t he cdoe- ‘ 2
a decoder for decoding the coded data to prod decoded i mge data
sai d coded data generated by the steps X extracting a
plurality of pixels of the i mtage data and % generating cl ass
information corresponding to characteristics 3 of the extracted
plurality of pixels; storing nappﬁng coefficients for each
cl ass; readi ng mappi ng coefficients for each cl ass;
readi ng mappi ng coefficients corresponding to the class i nformation
and for producing corrected data using the i e
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data and the read mappi ng coefficients; and
- 142 - produci ng coded data by limting a | evel of pixels of
t he corrected data. 157. The apparatus of claim 156, wherein
the corrected data is data where a nunber of pixels of the |mage data is

reduced by using the inmge data and the read mappi ngé Oat |k

158. The apparatus of claim 157, wherein the decodin
a nmenory for storing predicted coeffici er3y 3Bor each

generate the mapping coefficients for each cl B4 geans
for extracting a plurality of pixels of the coded ’ dat a an@%ee ating
class information corresponding to the extract ’ p! xel s;
and

~S91

classify class S92

h 4

read predictive  [~S93
coefficients

Y

calculate predicted [~S94
value




means for reading predicted coefficients correspondi ng to the cl ass

I nformati on and produci ng decoded i mage dat a using the coded data and
the read predicted coefficients. 159. The apparat us
wherein the predicted coefficients for each ¢
gener at ed using original inmage data for |earning. )
apparatus of claim 157, wherein the mapping c eff|C|ents 0
each class are generat ed using original inage data %ﬁAUQgQW
161. The apparatus of claim 157 wherein t he
coefficients for each class are generated 24,35 so
error between predlcled data of the_
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original inmge data for |earning, predicted using the coded

data and the original inmage data, is mnimzed. 162. The apparat us
of claim 157, wherein t he mappi ng coefficients for each cl ass
are generated so that predicted error between predicted data of the
ori gi nal i mge data for |earning, predicted usw; ata and
the original image data, is | ess than prescribed thress RHES .
163. A method of transmtting coded inpge3slata, conpfi i ng 1 S 574gf :
receiving the coded i mage data; and transnf t

i mge dat a, wherein thﬂﬁdrzﬁge dat 1995y t he
foll ow ng steps: redu er i Xe .ai nal {i mage
data to generate conpressed dat a; of

pi xel s of the conpressed data to generate limted ¢ - dat a;
correcting the limted conpressed data to generate corrected dat a;
predicting the original inmage data in accordance with the corrected
data and for generating predicted data having a plurality of

predi cted pixels; calculating, with respect to the origina

i mge data, a predictive error of the predicted data;

{ START )
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calculate most suitable corrected data $101
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blocking ~§102
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determning suitability of the corrected data as coded dat a based
upon the predicted error; and -
144 - outputting the corrected data as coded data of the
original inmage data based upon the determ ned suitabi/dity. 164. The
met hod of claim 163, wherein the step of predicting of :
generating class information of the corrected data;
generating the predicted pixels in accord?gyfngth t
i nformation. 165. The nethod of claim 163,
predi cting, conprises the steps of: ge
coefficients based upon the correct e& dat a;
generating the predicted pixels based upon Ehe
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corrected data and the predictive coefficients. 166. The net hod of
claim 163, wherein the step of predicting conprises the steps of:
generating class information based upon a plurality of pi xel s of the
corrected data; generating predictive coefficients for each

cl ass based upon the original inmge data and the"""tﬁr‘*r«ee«t-7 .and
generating the plurality of predicted pixels based upon RE LACEMQ?H‘ SHE}%Z

predictive coefficients corresponding to information of i’“‘““"each—ej
and the corrected data. 167. The net hod of cl ai ?% QH\rﬁgher
conprising the step of: ongztjgi ng the ¢oge a!tl Yh 1 He
predictive coefficients for each class:
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168. The nethod of claim 163, wherein the step of predicting conprises the

steps of: storing predictive coefficients for each class;
generating class information based upon a plurality of pi xel s of the
corrected data; and reading fromthe nennry t he predictive
coefficients corresponding to the informationfgf eacie and for

generating the predicted pixels based upon the read]Pradia ;
coefficients and the corrected data. 169. The[net hod or—cHai 168,
wherein stored predictive coefficients for each cla hased
upon original inmage data for |earning. 170 ckaim

169, wherein the coded data is output with the predi ctr clénis for
each cl ass. 171. The nethod of ghagsn 163, wherein the step D f
correcting conprises the step of: storing corre val ues,
wherein the conpressed data is corrected using the correctl on

val ues. 172. The nethod of claim 163, wherein the step of
determning suitability conprises t ps of: detecting
whet her the predicted error is Iess%q Zb
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outputting the corrected data
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predi cted error

prescribed threshol d val ue;
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